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Abstract
Helicobacter pylori (H pylori), one of the most common
bacterial pathogens on human beings, colonizes the gastric
mucosa. In its 95 paralogous gene families, there is a
large outer membrane protein (OMP) family. It includes
32 members. These OMP are important for the diagnosis,
protective immunity, pathogenicity of H pylori and so on.
They are significantly associated with high H pylori density,
the damage of gastric mucosa, high mucosal IL-8 levels and
severe neutrophil infiltration. We introduce their research
progress on pathogenicity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is a noninvasive bacterium. Since
Warran and Marshell isolated H pylori successfully in 1983,
it has been identified as the major causative factor of chronic
gastric and peptic ulcer disease and closely related to the
occurrence and development of gastric carcinoma, mucosaassociated lymphoid tissue (MALT) lymphoma. In 1994
international cancer institute had determined it being type I
carcinogen[1]. Studies regarding the H pylori virulence have
primarily focused on urease, vacuolating cytotoxin, and
cytotoxin-associated antigen. However, in its 95 paralogous
gene families there is a large H pylori outer membrane protein
(Hop) family. It includes 32 members[2,3], such as adhesin

protein, proinflammatory protein, and micropore protein.
Although some functions of these OMP have still been
indefinite, the scholars at home and abroad have paid attention
to them on diagnosis, protective immunity, pathogenicity and
so on. The documents show that Hop is significantly
associated with high H pylori colonization, the damage of
gastric mucosa, high mucosal IL-8 levels, and neutrophil
infiltration. We will review these aspects of OMP.

OMP AND CHRONIC GASTRITIS AND PEPTIC
ULCERS
Adhesin protein
We have known that adherence to the epithelium is an
important premise that bacteria settle down in the body.
Adherence is believed to help protect the bacteria from
gastric acidity, as well as from displacement due to peristalsis.
HopZ, babA, and babB (blood-group antigen-binding gene),
alpAB (adherence-associated lipoprotein) in the OMP are
mainly related to adherence.
HopZ (HP9) is a vital adhesin protein. HopZ is primarily
located in the bacterial surface, the number of its amino
acids largely vary, ranging from 126 to 281. This is primarily
because that HopZ gene suffers length-short regulation of
different CT dinucleotide repetitive motif of different strains
in the translational level. Birgit Peck[4] discovered that the wildtype strain ATCC43504 (HopZ negative) adhered to human
gastric epithelial cells whereas a knockout mutant strain
showed significantly reduced binding to the cells. Yamaoka[5]
concluded: HopZ was significantly related to H pylori density
and colonization ability in the mouse model.
babA (HP1234) and babB (HP0896) are OMP of having
vital relation with adherence. Because their production binds
LewisB antigen of human gastric cells, so are called bloodgroup-antigen-binding gene. Moreover the activity that the
product of babA2 (allele of babA) binds LewisB antigen is
higher[6]. But because people discovered H pylori expresses
LewisB antigen, too. Therefore, some scholars doubt
whether gastric epithelial cell-LewisB is the receptor of
H pylori[7]. Ai-Fu Tang in China[8] persistently researched and
testified that LewisB antigen expressed by H pylori did not
affect H pylori adherence to LewisB and summit to secretion
of host (secretory people have LewisB antigen in humoral
fluid). But the author thought that the babA2 gene was not
related to peptic ulcer, the same type of LewisB antigen
expressed by H pylori as their host had the advantage of
evading host immune system to survive, then triggered
disease. Furthermore, host may trigger disease through
producing autoantibody aiming at LewisB antigen. The
research by Zambon[9] showed that babA2 and CagA-s1 and
m1(allele of Vac) in H pylori acted together, which could
obviously worsen the degree of inflammation.
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AlpAB is also concerned with adhesion of H pylori. At
present, it is being ascertained that AlpAB are two kinds of
channel-forming membrane pore: hopB and hopC, which
are organized in an operon[10]. Through designing the mutant
strain AlpA or AlpB, Odenbreit testified AlpAB-specific
adherence and concluded that the adherence was independent
of the composition of the lipopolysaccharide (LPS)[11].
Proinflammatory
oipA (outer inflammatory protein, oipA), encoding OMP
gene of relative molecular mass (M r) of 34 ku, is called
HopH (HP0638). The product is called proinflammatory.
As early as 1998, Yamaoka [12] discovered that Mr ranging
33 ku to 35 ku OMP were positively correlated with the
level of IL-8. However, there was no relationship between
other antigens including CagA and production of IL-8. The
33-35 ku antigen was present in 97.5% patients with gastric
or duodenal ulcer compared to 70% those with chronic
gastritis. In order to ascertain the genic position of the protein,
in 2000, Yamoka [13] designed the knockout mutant strain
HP0638(Mr34 ku), HP0796(Mr33 ku), HP1501(Mr32 ku),
compared with wild-type about inducing to secrete the level
of IL-8. The result showed HP0796 and HP1501 had no
significant effect on IL-8 product. However, knockout of
the HP0638 gene reduced IL-8 product approximately 50%.
Cag-negative strains that contained a functional HP0638
gene produced more than three-fold greater IL-8 than Cagnegative nonfunctional HP0638 strains. So the author denoted
HP0638 gene as outer inflammatory protein (oipA). The
recent data[14] showed that HP0638 frame status was correlated
strongly with CagA, vacA iceA genotypes. All of the strains
in which HP0638 was in frame were CagA positive and
vacAs1, whereas most of the strains in which HP0638 was
out of frame were CagA negative (80%) and vacAs2 (70%).
So the author thought it suggested that CagA positivity could
affect transcription of HP0638. But Yamaoka[15] discovered
in his further research that oipA status remained in the final
model to discriminate duodenal ulcer from gastritis. Functional
oipA was significantly associated with high H pylori density,
severe neutrophil infiltration and high mucosal IL-8 levels
and further research that polyclonal antisera to either a synthetic
oipA peptide or a recombinant oipA protein detected oipA
expression in H pylori and correlated with functional oipA
status determined by PCR sequence[16]. Moreover, the recent
research showed that the detecting of oipA+HP was 46.6%.
But oipA was detected in patients with gastric ulcer and the
rate was 100%, which was obviously higher than in patients
with gastritis. Thus, it indicated that oipA was significantly
more frequent in patients with gastric ulcer[17].

OMP AND GASTRIC CARCINOMAS
Before discovering H pylori, people believed that gastric
carcinomas evolved from superficial gastritis to chronic
atrophic gastritis , then intestinal metaplasia and turned into
gland cancer[18]. Hop played an important role in the process.
Zambon[9] research testified that coexpressed by the same
H pylori strain, CagA, s1 and m1Vac worded synergistically,
not only were worsening inflammation, but also were at higher
risk for intestinal metaplasia. The scholars in Taiwan[19] discovered
that a significant association was found between the serum
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antibodies against lower-molecular-weight proteins of H pylori,
especially 19.5 ku and 26.5 ku, and malignant outcome of
H pylori infection. Wei-Hong Yang[20] discovered that antibody
titre of 26.5 ku protein in gastritis group was higher than that in
ulcer group, in moderate, severe inflammatory gastritis was
higher than that in subinflammatory gastritis. These have
the advantage of the occurrence and development of tumor.
Therefore some scholars believe lower-molecular-weight OMP
may act as gastric carcinomas and its hypercrowd screening , it
is a kind of marking antigen[21,22].

OMP AND IMMUNITY
Cytokine
When infected by H pylori, inflammatory cytokine induced
by OMP plays an important role in H pylori pathopoiesis. It
has been definite that oipA is positively correlated with product
of IL-8 as former statement[12]. Petra[23]discovered that
HpaA and OMP18(Mr18 000) induced IL-12 and IL-10 to
secrete when researching their antigenicity . IL-8 is an main
inflammatory promoter and regulatory factor. IL-12 was
obviously positively correlated with the degree of T lymphoid
infiltration in the mucous membrane and worsen gastric
mucous inflammation[24].
Vaccinal research
Most OMP locates the surface of bacterial body, surface
exposing, conserving relatively, inducing humoral immunity
and so on. Thus, since early, people have begun researching its
protective immunogenicity, but can get partial effect on
protecting immunity[25,26]. Nowadays, many scholars have
researched polyvalent vaccine. Zheng Jiang succeeded in
constructing divalent vaccine of HpaA,OMP18 (Mr18 000)
and HpaA, OMP26 (26 000), which laid the foundation of
constructing H pylori protein vaccine[27,28].

CONCLUSIONS AND PERSPECTIVES
There are other OMP which deserve to be further studied.
For example, Ping Cao[29]through researching two HopQ alleles
discovered that type I HopQ alleles were found significantly
more commonly in cag+/s1-vacA strains from patients with
peptic ulcer disease than in cag-/s2-vacA strains from patients
without ulcer disease. But Akihiro[30 ]through researching
OMP29 (Mr29 000) from being isolated ATCC43504 strains
discovered that OMP29 could alter its antigenicity through
gene modifications mediated by nucleotide transfer. These
discovers are looking forward to further probing and studying.
At present, genome sequence of H pylori OMP have finished,
but the function of many OMP has been indefinite: how
on earth they induce to disease, the relation with other virulence
factor: Cag pathogenicity island and VacA, which antigenicity
is more. These are still not clear. However, there are many
questions in former research, for example , Yamaoka thought
oipA frame status was an unique index that discriminated
duodenal from gastritis. But the author didn’t examine gene
of encoding 35 ku protein. Wei-Hong Yang[20] in China did
the correlation research and discovered that in quantitative
study ,the antibody titre of 35 ku protein in original duodenal
bulb ulcer group was obviously higher than that in chronic
superficial gastritis group.

Shao SH et al. Progress on Hop

In a word, researching virulence and pathogenicity of
H pylori is a vital significance. This can discover new strains
and further illuminate pathogenic mechanism, on the other
hand, can provide basis for vaccinal screening, designing
and immunity strategy. This can avail the development of
a new particularity diagnosis reagent kit.
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Abstract
Although tumor gene therapy falls behind its clinical use,
the combination of irradiation and gene therapy is full of
promise in cancer therapy based on traditional radiotherapy,
chemotherapy and surgery. We have termed it as radiogenic
therapy. This review focuses on the following aspects of
radiogenic therapy in recent years: improvement of gene
transfer efficiency by irradiation, radiotherapy combined with
cytokine gene delivery or enhancement of the immunity of
tumor cells by transgene, direct stimulation by radiation to
produce cytotoxic agents, increase of tumor cell radiosensitivity
in gene therapy by controlling the radiosensitivity genes and
adjusting the fraction dose and interval of radiation so as
to achieve the optimum antitumor effect while reducing
the normal tissue damage, radioprotective gene therapy
enhancing radiation tumor killing effect while protecting
the normal tissue and organs with transgene using transfer
vectors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Among the therapies for malignant tumor, the main disease
threatening human health, traditional radiotherapy, chemotherapy and surgery still dominate at present. Nevertheless, because
the reaction of tumor cells is much severer to chemotherapy
than to radiotherapy, the later is so vital to the therapy of
tumors. During the past decade, the development in new
radiotherapy technologies, such as modern radiotherapy
equipment and tumor-shaped stereoadaptability treatment,
enables more patients to accept radiotherapy. The therapeutic

effect has been improved as well. On the other hand, radiotherapy
still faces difficulties, such as recurrence or metastasis after
radiation, damage of normal tissues around the tumor. Although
the history of tumor gene therapy is not as long as radiotherapy,
it has shown some promising results in many in vitro experiments. Because therapy of tumors covers many aspects
and is quite difficult, gene therapy has not made any
breakthrough and falls far behind its clinical application.
Molecular biology has provided a theoretical basis for tumor
radiotherapy at molecular level, and a breakthrough will be
made in increasing the radiation sensitivity and decreasing
the damage to normal tissues. Gene therapy technology is
also introduced into radiotherapy. How to organically
combine gene therapy and radiotherapy has become the
new topic in these fields.

R A D I AT I O N I M P R O V E S G E N E T R A N S F E R
EFFICIENCY
In 1980s, Perez and Skarsgard [1] successfully used X-ray,
ultraviolet radiation and 144 keV/µm of argon ion to
increase DNA-mediated gene transfer efficiency, and found
that the heavy ion was more noticeable in enhancing transfer
efficiency and this enhancement was related to the radiation
dose. It was also found that radiation could contribute to the
conformity of exogenous DNA and host DNA, as well as to
the expression of transferred genes and the expression time
was also longer than that with no radiation. Stevens et al[2] ,
found that 9 Gy of -ray radiation could increase the initial
transfection efficiency of DNA mediated by plasmid vectors
to 1 400 times. The copies of dissociated plasmid in cells
from the -ray radiated group were 50% of those from the
non-radiated group, but the cell quantity with conformed
plasmids was much more than that from non-radiated
group, and also the transfection efficiency of linear DNA
was higher than that of ring DNA. Zeng et al[3], also found
that low radiation dose of 3 Gy could increase the Ad5CMVlacZ-mediated gene transfer efficiency to 40 times.
Tang et al[4], used adenovirus vectors (AdCMVluc) to infect
lung cancer cells of mice radiated by -ray, and found that
the luc gene encoding products inside a cell increased in a
dose-dependent manner, and the efficiency could increase
as high as 24 times, which effectively controlled the tumor
growth. The mechanism of ion radiation-mediated gene
transfer might be as follows. Radiation makes receptors on
cell surface damage and perforate, which change both transit
of cytomembrane and its electrical level so that the exogenous
DNA with negative electricity can go into the cells. The
radiation results in DNA damage of cells and activation of
their restoration, so the exogenous DNA and host cells DNA
can be recombined and conformed[5]. In the later researches,
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all the DNA base analogs, H2O2, ultraviolet radiation, Xray, heavy ion had similar effects, indicating that cytotoxin
or radiotherapy could make the exogenous DNA go into
host cells easily. In addition, similar to the physically electrical
perforation-mediated gene transfer, there is no cell specificity
for the radiation-mediated gene transfer.

IMMUNE GENE THERAPY AND RADIOTHERAPY
OF TUMORS
Human tumor immunity is mostly weak and easy to escape
from body’s immune system monitoring. Additionally, tumor
cells can produce various immuno-suppressive factors so
as to suppress the host cellular and humoral immunity. In
aid of the molecular biology technology, some immunityrelevant factor genes are transferred to cells and expressed
in the body constantly or in tumor cells to stimulate the host
immune system or enhance the immunity of tumor cells so
that the body immune system can recognize them and take
certain killing actions. The combination of immune gene
therapy and radiotherapy in tumor treatment can theoretically
enhance antitumor immune effect while providing a quick
external killing radiotherapy. This kind of therapy can obtain
a better result than any single therapy as mentioned above.
The facts also proved that clinical use of single cytokines
for tumor therapy is not only expensive, but also brings
severe toxic and side effects in a large dose, and most clinical
applications did not achieve good results[6,7].
Radiotherapy combined with IL-2, INF, TNF cytokines,
has obtained preferable antitumor effects. The gene expression
of cytokines induced by radiation was first reported by
Hallahan et al [8] , and Sherman et al [9] . They found that
radiation not only could make DNA damage but also might
be related to the tumor killing effect caused by the increase
of cytokine secretion. After plasmid pEgr-TNF transfected
human tumor cells HL525, Weichselbaum et al[10], injected
it into squamous cancer cell line SQ-20B of nude mice
combined with 20 Gy of radiation. The outcome showed
that, in the simple radiotherapy group, the tumor itself
shrank by 1.1% on the 36th d and on the 50th d all the other
nude mice died except one (1/7); whereas in the combined
therapy group, all the other tumors in nude mice were
completely vanished on the 20 th d, except recurrence in
only one (1/7) on the 36th d. It indicates that the combination
of TNF and radiotherapy can achieve better therapeutic
effects than either one alone. As indicated in some animal
experiments[11], radiation combined with Ad-EGR-TNF 
vector was carried on human glioma cell line D54, and resulted
in complete tumor regression in 71% of xenografts. Its
histopathological results showed pronounced vessel thrombosis
and tumor necrosis, but no obvious effect was found on the
live D54 cells after being treated with TNF  or radiation.
Raben et al [12] , proved that expression of human carcinoembryonic antigen (CEA) could be induced on D54MG
human glioma cell line infected with adenovirus vector with
CEA gene in vitro, and could be recognized by COL-1
antibody of CEA marked by radionuclides. In China, Zhang
and Cao[13] and Wei et al [14] , used adenovirus vectors coexpressing the heterodimer of human IL-12 combined
radiation to treat mice with liver cancer. Compared with
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the methods mentioned above, this combination achieved
complete disappearance of 50% cancers. If the mice in
combined therapy group were inoculated again with tumor
cells, tumor would not form anyway. Moreover, the INF-
level was notably increased in mice blood serum from the
combined group, and induced specific and restricted T cell
activity.
On the basis of large experiments in vitro and in vivo,
TNF was also applied to some clinical therapies for solid
tumors, such as breast cancer, lung cancer, rectal cancer,
pancreatic cancer, melanoma, head and neck tumors. No
obvious effect of simplex radiotherapy or chemotherapy
was found. During phase I clinical experiment, Hanna et al[15],
observed seven patients who received Ad-EGR-TNF
injection at doses of 4×10 9-4×10 9.5 particle units with
concurrent radiotherapy. Of the seven patients, two had
complete responses, two partial responses, two minor shrinkage
and one no change. Meanwhile, the tumors which accepted
radiotherapy only at the same dose were not controlled. In
the above experiment, complete responses occurred in breast
and rectum tumors and the partial responses were observed
in pancreatic and lung cancers. There were no obvious toxic
and side effects except pain on the injection site and slight
chills. No virus was detected in blood or urine from any of
the patients. All these have shown the importance, effectiveness
and safety of radiogenic therapy.

G E N E T H E R A P Y O F T U M OR S IN D U CE D B Y
RADIAT ION
The safety and effectiveness of gene therapy of tumors
are the key factors in gene therapy, and its control mechanism
affects the targets of gene therapy. At present there are two
types of control mechanisms, one is called “transcriptional
target control”, which means to choose tumor-related antigens.
For example, some cis-effect elements (such as promoter,
enhancer) of AFP and CEA genes are formed into expression
boxes with their corresponding target genes, and then are
inserted into gene transferring vectors. In this case, the transgene
only expresses in tumor cells that produce tumor-related
proteins as mentioned above, thereby it can bring a specific
killing effect to tumor cells. The other is called “exogenous
control of transgene expression”, which means to use the
cis-effect elements, that can be induced by some factors to
express genes, are formed into expression boxes with
corresponding target genes and then are inserted into gene
transferring vectors. In this case, the transgene will be
directly controlled by corresponding inducible factors
whether it expresses in the body or not. Among the first
genes that were induced by radiation, the early growth gene
(EGR)[8] is related to the early growing reaction, c-Jun, -actin
and interleukin-1[16]. These gene encodings can bind to the
specific DNA sequences and control other gene expressions.
For instance, by means of increasing transcriptional induction
of the expression of c-Jun by ionizing, Jun protein could
combine DNA at Ap-1 site and activate the downstream
gene expression. The vectors constructed by radiationinduced EGR-1 gene and different therapeutic genes have
been studied most. EGR-1 encodes a nuclear phosphoprotein
containing 533 amino acids. The active oxygen generated
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by ionizing can act on the CC (A+T rich) 6GG structural
domain of this gene’s promoter and promote EGR-1 gene
expression[8].
Kawashita et al[17], constructed the plasmid vectors,
pEGR-TK and pEGR-luc, which meant to insert herpes
simplex virus thymidine kinase (HSV-TK) gene or report
gene luc into the downstream of early growing gene (EGR-1)
promoter. On the next day after the liver cancer cell line
was transfected by these two plasmid vectors, 10 Gy of radiation
was given and prodrug ganciclovir (GCV) was added as well.
As shown in the final results, after transfected by pEGRluc, the luc gene expression in radiated cells was 15-28 times
of that in non-radiated cells. Additionally, the expression
level was dependent on the radiation dose. The drug sensitivity
of liver cancer cell line transfected by pEGR-TK and
radiation to GCV increased by 103-104 compared with the
non-radiated group. The therapeutic effects were good on
other cancer cell lines when the vector contained EGR-1
and HSV-TK. Scott et al[18], and Marples et al[19], designed a
type of molecular switch with a recombination system of
bacteriophage to establish a radiation-induced gene
expression model. EGR-1 enhancer/promoter regulated the
expression of Cre recombinase. Through the recombination
of loxP site-mediation, the molecule switch was activated
and turned on, then was given 1 Gy of X-ray radiation to
achieve the goal of completely suppressing the growth of
tumor cells. The research on EGR-1 promoted other studies
on radiation inducible promoters, such as P21 (WAF1)[20].
Worthington et al[20], used WAF1 as a promoter to construct
a vector with NO synthetic enzyme gene, and then injected
it into the rat tail artery. They found the quantity of nitric
oxide synthase increased by four times after a radiation
dose of 4 Gy was given.
The study on applying radiotracer combined with the
gene therapy, to the tumor targeted diagnosis and therapy
has made many progresses. The radiation-inducible gene
encodes a type of ligands or transits agents, which can be
taken as a target to cytotoxins radiolabeled. The functions
are as follows: one is to use the new cytomembrane receptors
induced by irradiation for receptor development, the other
is to use the transgene products to metabolize the specific
substances radiolabeled, and to retain the metabolism of
products inside the cells for position display and target study.
Tjuvajev et al [21] , transfected tumor cells by Ad-HSV-TK
and then injected a therapeutic dose of FIAU radiolabeled
with radionuclide I 131, finally the transferring target was
improved. Meanwhile, -ray emitted by 131 I-FIAU was
incorporated to DNA and the killing effect was enhanced
on tumor cells. Auger emitting therapeutics can specifically
deliver the ray to receptors bearing tumor cells. Many
researches indicated that the ray emitted during radionuclide
decay by low-energy Auger electron was highly cytotoxic.
In the early experiments, 85 patients with unresectable
somatostatin receptor-positive neuroendocrine tumor were
given somatostatin analogs with 111In-labeled, 62-69% of
the tumors obviously shrank. It was found in research that
the dose deposited by -ray emission from In111 did little
damage to the cells, but low-energy Auger electron had a
killing effect instead. However, -ray emitted by In111 could
be used for tumor positioning diagnosis[22,23]. The sodium/
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iodine symporter (NIS) gene concentrates iodine in the
thyroid gland, salivary gland, gastric mucosa, etc. Radioiodine
(131I) has been shown to selectively concentrate on tumor
cells transfected with NIS gene and suppressed the growth
of tumor cells in vitro and in vivo. Tissue-specific promoters
combined NIS gene such as PAS promoter should be further
studied[24,25].

INC R E AS E O F RA D IO S E NS ITIV ITY IN G EN E
THERAPY
The same type of tumors, even with similar clinical phases,
is different in radiosensitivity. In recent years, many genes
related to radiosensitivity of tumor cells have been found.
The current research focuses on, through controlling
radiosensitive genes and adjusting the fraction dose and
interval of radiation, how to realize individualization of
radiotherapy and how to change tumor cell radiosensitivity,
and how to reduce the normal tissue damage so as to achieve
the optimum therapeutic effect. P53 and bcl-2 gene play an
important role in the tumor generation and development,
they have attracted researchers’ attention most. Some results
of in vitro experiments showed that the high expression of
bcl-2 protein was related to cell apoptosis induced by
radiotherapy and chemotherapy, while to suppress the
expression of bcl-2 gene might increase tumor radiosensitivity.
Kawabe et al[26], compared the ability of adenovirus-mediated
wild-type P53 to radiosensitize non-small lung cancer and
normal human lung fibroblasts. Ad/CMV/P53 increased
the radiosensitivity of two types of non-small lung cancer
cell lines and meanwhile the Bax gene expression of lung
cancer cells rose, but there was no obvious change of these
characteristics in normal lung fibroblast cells. In in vivo
studies, tumor growth suppression was enhanced by this
combination strategy in xenograft tumors in nude mice
compared to Ad/CMV/P53 or radiation therapy used alone.
Grunbaum et al[27], observed tumor cell apoptosis and change
of radiosensitivity after P53 mutant and radioresistant soft
tissue sarcoma cell line combined treatment with DNA
transfection either with mdm2 antisense oligodeoxynucleotides
or with a wild-type P53 plasmid and irradiation. At the same
radiation dose, the sensitivity of tumor cells with wtP53plasmid transfection was higher than those without transfection,
and clone formation was reduced by two times. Forty-eight
and 72 h after radiation, the percentage of apoptotic cells
was 25% and 38.9% respectively. Compared with the control
group, the apoptotic cell ratio of tumor cells transfected
with mdm2 antisense oligodeoxynucleotides was 7.7%. A
striking result was obtained with the combined treatment
of wtP53 and 12 Gy irradiation, which produced 25% and
38.9% of apoptotic cells 48 and 72 h after transfection,
respectively. Besides the regulation of P53 gene, people
have also done a lot of work on enhancing the tumor cell
radiosensitivity through combining regulation with other
genes. Subtraction hybridization identified mda-7 gene as a
gene associated with melanoma cell differentiation and
growth, which could selectively suppress the growth of
various tumor cells without much effect on normal cells.
Su et al [28] , transfected human glioma cell lines by mda-7
adenovirus vector (Ad.mda-7) and found that the expression
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of mda-7 could induce growth inhibition and apoptosis in
malignant human gliomas with mutants and wild P53, and
these effects correlated with an elevation in expression of
growth arrest and DNA damage genes. The growth of human
glioma cells expressing mutant P53 was inhibited when
transfected with AdP53 vector and the sensitivity of the
cells increased when transfected with Ad.mda-7 vector. Since
the heterogeneity in P53 expression is common in gliomas,
it indicates that Ad.mda-7 may, in many cases, be more
beneficial to gene-based therapy of malignant gliomas than
administration of wild-type P53. Applying Ad-P53 injection
to solid tumors, such as breast cancer, lung cancer, rectal cancer,
pancreatic cancer, melanoma, head and neck tumors, has
been licensed and is in clinic phase III now. Zhang et al[29],
and Chen et al[30], reported that the results of rAd-P53 agent
combined with radiotherapy in treatment of head and neck
squamous cell carcinomas and nasopharyngeal carcinoma
respectively. Randomized controlled study of patients with
head and neck squamous cell carcinomas showed that the
radio-sensitized enhancement rate was 1.72 times higher at
40 Gy time point and the CR rate of the combined treatment
group at the validation point was 1.68 times higher than
that of the radiotherapy group. The nasopharyngeal carcinoma
was reduced by 95±10% and 80±17% (P<0.001) 8 wk after
treatment and the rate of CR of tumor 12 wk after treatment
was 75% in the combined treatment group and 15% in the
radiotherapy group respectively (P<0.01). Swisher et al [31],
evaluated the feasibility and mechanisms of apoptosis induction
after Ad-P53 (INGN 201) gene transfer and radiation therapy
in patients with non-small cell lung cancer in clinic phase II
study. They found that 17 of 19 patients completed all planned
radiation and Ad-P53 (INGN 201) gene therapy as outpatients
with radiation alone. The most common adverse events were
grade 1 or 2 fever (79%) and chill (53%). Three months
after completion of therapy, pathologic biopsies showed
that 12 of 19 patients (63%) had no viable tumor, 3 of 19
patients (16%) had viable tumor, and 4 of 19 patients (21%)
were not assessed. Quantitative reverse transcription-PCR
analysis of the four P53-related genes (p21 (CDKN1A),
FAS, BAK, and MDM2) revealed that BAK gene expression
was most closely related to Ad-P53 (INGN 201) gene
transfer. In clinical trial no significant toxicity was observed
in Ad-P53 patients with mild fever and flu-like symptoms
during dose escalation studies. P53 gene can increase the
radiosensitivity of tumor cells, and the mechanism has not
been fully elucidated. It has been observed that the
introduction of P53 induces apoptosis. The clinical trial of
head and neck carcinoma treatment by Ad-P53 combined
with radiotherapy and chemotherapy is undergoing in 34
centers of the world.
There are many radiosensitive relevant genes. In 1995,
ataxia telangiectasia (AT) gene was cloned. The cell lines
from AT patients (usually used fibrous cells) showed
hypersensitivity to irradiation in vitro. The AT cells did not
have clear fractionated radiation effect, and high LET ray
made much less damage to AT cells than low LET ray. Further
research revealed that the activity of DNA topoisomerase
suppressor of AT cells was high and highly sensitive to the
restricted endonuclease, which influenced its DNA damage
repair. Moreover, there was no DNA synthesis suppression
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in radiated AT cells, so it was characterized with DNA
synthetic radioresistance and easy to die from radiation.
The high radiosensitivity of AT cells was related to the
delayed raise of P53 protein. With the adenovirus vector,
Fan et al [32] , transferred antisense ATM RNA into P53
mutational prostate cancer cells and found that abnormal
control of cell-cycle and the radiosensitivity were distinctly
increased. Tribius et al[33], also proved that, compared with
primary glioma cells, the established glioma cells gained
adaptive characteristics during cell cultures. The expression
of ATM gene products decreased and its radioresistance
increased accordingly.

GENE THERAPY AND RADIOPROTECTION
Normal tissue damage around tumors caused by ionizing
radiation limits the radiotherapy dose. In order to increase
the radiation killing effect on tumor cells, while protecting
the normal tissues and organs at the normal tolerant dose,
people have been working a lot on physics, chemistry, and
biology including the introduction of multileaf collimators,
sophisticated immobilization techniques, and intensity
modulated radiotherapy vs computer-controlled radiotherapy
beam modulation, as well as some medicines used to protect
the normal organs. However, the medical protection has
let people think of tumor cells possibly escaping from
radiation killing, so the therapeutic effect would decline[34].
When transgene therapy is used particularly for normal
tissues, the radiation dose for tumor cells can be increased
while the normal tissue generates tolerance to radiation.
The candidate genes involved in radioprotection should have
the function to inhibit the apoptotic pathway, repair the
damage induced by oxidative stress and radiation, as well as
neutralize cytopathic cytokine effects. The transgenic vector
should target specific organs and has minimal pathological
effects on normal cells. What was studied most was superoxide
dismutase (SOD), an important enzyme that widely exists
inside the body to clean out the free radicals. The function
of this type of enzymes is to protect cells against oxidative
stress. SOD can be induced by many environmental factors
and chemical substances. Due to the induction to SOD, the
ability of body to protect the organs against damage can be
strengthened and the body can tolerate these exogenous
toxic substances.
Manganese superoxide dismutase (Mn-SOD) gene is an
ideal radioprotective gene at present because other genes
have some toxic and side effects. The radioresistance mechanism
of Mn-SOD gene might be related to the upregulated gene
expression after ionizing radiation, probably caused by
activating the Mn-SOD gene promoter through the radiationinduced NF-transcriptional activator. Mn-SOD is mainly
localized at the mitochondrial matrix of prokaryocytes and
eukaryocytes. Because of the importance of mitochondriamediated irradiation apoptosis, genes associated with stabilization
of mitochondrial membranes were first evaluated in vitro.
Epperly et al[35], proved the importance of Mn-SOD positioning
in radioprotection of mitochondria. They transferred Cu/ZnSOD gene and Mn-SOD gene into 32D cl3 cells respectively
so as to overexpress the genes. Both groups showed similar
antioxidant activity, but Cu/Zn-SOD gene transferring cells
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did not have radioprotection effect and this effect was related
to the mitochondrial localization signals. Recent data showed
that cells which transduced Mn-SOD gene at mitochondria
were radiated, the stable mitochondrial membrane could
prevent cytochrome C from releasing and going to cytoplasm
to activate the cell death pathway[36]. A herpes simplex viral
vector containing the full-length human Mn-SOD gene has
been successfully expressed on human hematopoietic progenitor cells. Further research will determine whether the
hematopoietic progenitor cells transduced Mn-SOD gene
has differentiation and self-renewal abilities. Currently the
research on human umbilical cord blood transgene would
provide experimental information on protecting normal
hematopoietic stem cells during total body irradiation in
patients receiving chemotherapy who might need marrow
transplantation[37,38]. Epperly et al [39-41], applied C57BL/6J
mouse model to the research on the relationship between
radiated TGF, IL-I and TNF- cell factors and the effect
of lung tissue inflammation on MnSOD-PL protection.
Before radiation, MnSOD-PL or intra-tracheal administration
of adenovirus-mediated Mn-SOD could prevent acute or
chronic radiation damage. Administrating 250 g of
MnSOD-PL 24 h before radiation could decrease radiationinducible electron spin resonant signals. Lung tissue pathology
showed that alveolus fibrosis was obviously reduced,
compared with the group not given MnSOD-PL and the
group given MnSOD-PL at different times after radiation.
The mechanism might be as follows. Macrophages and
macrophage progenitor cells of bronchoalveolar macrophages
from bone marrow are recruited to the vasculature of
radiated lung, then by means of the combination of adhesion
molecules on its surface and VCAM-1 and VCAM-2 on
endothelial cells, they differentiate into macrophages and
produce TGF-1 and TGF-2 which recruit fibroblast
progenitor cells of bone marrow origin to the lungs. Some
experiments have proved that TGF-1 and TGF-2 produced
by bronchoalveolar macrophages could mediate signaling
from lung macrophages so as to cause fibroblast progenitor
cells moving to the lungs[42] . Other hypotheses include
fibroblast progenitor cells in circulation independent on
TGF-1 and TGF-2, and can directly bind to the upregulated
adhesion molecules in the lung tissue. Acute and chronic
damages due to esophageal irradiation were similar to the
lung damage, but with some differences[43]. Epperly et al[44],
and Stickle et al[45], observed acute apoptosis of esophageal
basal squamous stem cells 24 h after irradiation. The apoptotic
cells gradually developed into microscopic ulceration and
then macroscopic ulceration 10 d later. During the treatment,
lots of mice had dehydration, weight loss, high-frequent
esophagostenosis or even died. MnSOD-PL administration
to mice 24 h prior to single radiation or intermittently during
the fractionated radiation every 3-4 d could greatly help to
reduce the radiation-induced cell apoptosis, dehydration,
weight loss and death, and occurrence of esophagostenosis.
At present, the research on esophageal irradiation toxicity is
focused on the mechanism of MnSOD-PL radioprotection
of esophageal stem cells. The above experimental results
showed, compared with the simple radiated control group,
giving MnSOD-PL 24 h before radiation could speed-up
the recovery of esophageal stem cells.
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SUMMARY
The role of genes in human diseases has been gradually
identified with the development of human genome planning
work. Gene therapy of tumors is becoming one of the
important therapies for tumors. In radiogenic therapy, the
current problems to be solved are high-efficient gene
transferring vectors, efficient targeted genes and the safety
of gene therapy.
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expression of hPMS2 provides a growth advantage and
stimulates proliferation which encourages malignant
transformation in non-cirrhotic HCV-infected patients via
acquisition of more genetic damages.
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Abstract
AIM: DNA mismatch repair (MMR) is an important mechanism
for maintaining fidelity of genomic DNA. Abnormalities in
one or more MMR genes are implicated in the development
of many cancers. We investigated the role of expression
of MMR genes (hMLH1, hPMS1, hPMS2, GTBP/hMSH6,
hMSH2) in hepatocellular carcinogenesis.
METHODS: We evaluated the expression level of MMR
genes in 33 hepatocellular carcinoma (HCC) cases using the
multiplex reverse transcription (RT) PCR assays, as well
as in 16 cases of normal adjacent hepatic tissues. -actin
gene was used as an internal control and calibrator for
quantification of gene expression.
RESULTS: Out of the 33 studied cases, 25 were HCV positive
and 30 (90.9%) showed reduced expression in one or more
of the studied MMR genes. Reduced expression was found in
hMSH2 (71.9%), hMLH1 (53.3%), GTBP (51.1%), hPMS2
(33.3%) and hPMS1 (6%). A significant correlation was
found between reduced expression of hPMS2 (P = 0.0069)
and GTBP (P = 0.0034), hPMS2 and non-cirrhosis (P = 0.0197),
hMLH1 and high grade. On the other hand, 57.1%, 50%,
20%, 18.8%, and 6% of the normal tissues distant to
tumors showed reduced expression of hMSH2, hMLH1,
GTBP, hPMS2, and hPMS1 respectively. Multivariate analysis
revealed a significant correlation between the expression
level of hMSH2 (P = 0.008), hMLH1 (P = 0.001) and GTBP
(P = 0.032) and HCC, between hPMS2, GTBP and HCVassociated HCC (P<0.001, 0.002).
CONCLUSION: Reduced expression of MMR genes seems
to play an important role in HCV-associated HCC. hPMS2 is
likely involved at an early stage of hepatocarcinogenesis
since it was detected in normal adjacent tissues. Reduced

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide, with the highest frequencies
reported in Asia and Africa. In countries endemic for viral
hepatitis, HCC represents 20-40% of human cancers and
most of the cases in these areas are late complications of
chronic viral hepatitis[1]. The major risk factors for HCC
development are now well defined including chronic viral
hepatitis, alcohol, aflatoxin and metabolic disorders. These
factors induce malignant transformation by increasing
cellular turnover as a consequence of chronic liver injury,
regeneration and cirrhosis[2] . Although advances in the
treatment of HCC have recently been achieved, the prognosis
of this disease generally remains very poor[3].
Understanding the molecular basis of HCC is very
important, since novel therapeutic approaches, which target
these molecules, may lead to improvement in the prevention
and treatment strategies of HCC. Therefore, identification
of molecular markers related to prognosis is a vital target
to improve the clinical outcome and for a more effective
therapy[4] . Recently, some of the multisteps involved in
hepatocarcinogenesis have been elucidated. Activation of
oncogenes, inactivation of tumor suppressor genes, overexpression of certain growth factors and DNA mismatch repair
(MMR) defects may contribute to the development of HCC[5].
The DNA MMR system is expressed in all tissues at
various levels and plays an important role in the maintenance
of genomic integrity as it corrects replicative mismatches
of the escaped DNA polymerase proof reading[6]. Biochemical
and genetic studies in eukaryotes have defined at least five
genes (MSH2, MSH3, GTBP, MLH1, and PMS2) whose
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protein products are required for DNA MMR [7] . Direct
evidence for the association of genetic instability and mutant
MMR genes is derived from the biochemical studies in vitro
in which nuclear extracts from human tumor cell lines with
mutated MMR genes were unable to efficiently repair heteroduplex DNA fragments[8]. Hence, it was proposed that
cells with defective MMR mechanisms had a reduction in
the fidelity of DNA and could not correct genetic errors
that occurred during cellular replication[9].
Several studies have focused on the impact of defective
MMR genes on the pathogenesis of tumors and genes encoding
components of the MMR system have been mentioned in relation
to several human solid tumors[10-13]. It was shown that defects
in MMR genes could lead to a genome-wide instability of
the microsatellites[10] . When this occurs in oncogenes or
tumor suppressor genes, loss of control over cell growth
and proliferation may develop[14]. Moreover, loss of expression
of the MMR genes leads to resistance of tumor cells to the
damage induced by some chemotherapeutic agents such as
6-thioguanine, some methylating agents, cisplatin and
carboplatin[6,15,16]. This acquired resistance could be achieved
through several mechanisms including failure to recognize
DNA adducts formed by some chemotherapeutic agents or
failure to activate signaling pathways that trigger apoptosis[6].
This work was conducted to investigate the possible role
of MMR gene defects in the development of HCV-associated
HCC through studying the expression levels of hMSH2,
GTBP, hMLH1, hPMS-1 and hPMS2 genes using the RTPCR assay.

MATERIALS AND METHODS
Tumor samples
In the present study, 49 samples were analyzed (17 samples
of HCC and 32 samples of HCC and their associated normal
hepatic tissues obtained from morphologically normal areas
distant to the tumor in the same patient). All samples were
obtained from patients undergoing hepatectomy at the
National Cancer Institute, Cairo University during the period
2000-2002. The mean age of patients was 55.77±11.53 years
(range 10-80 years) and the male:female ratio was 1.13:1.
Out of the 33 HCC cases, 15 were cirrhotic and 18 showed
no evidence of cirrhosis. All clinicopathologic features of
the patients are illustrated in Table 1. Fresh tumor and
normal distant hepatic tissues (NDHTs) were obtained at
the operation theater and immediately divided into two
pieces. One was snap frozen in liquid nitrogen and stored
at -80 ℃ for subsequent DNA and RNA extraction, the
other was fixed in neutral buffered formalin and processed
for histopathologic examination to determine tumor type,
grade, presence of cirrhosis and percent of neoplastic cells
in tumor samples. Only cases composed 75% or more
neoplastic cells were included in the study to avoid the
neutralizing effect of normal cells. NDHTs were obtained
from areas distant to tumors (4-5 cm from the periphery
of the tumor) and confirmed to be normal by microscopic
examination of hematoxylin and eosin-stained sections. Both
normal and neoplastic tissues were examined by two
independent pathologists. Unintentional bias was prevented
by coding patient tissue samples, so that genomic studies
were done without the knowledge of the patient and tumor
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characteristics. All samples included in this study were HBVPCR negative.
A written consent was obtained from all studied patients
and the Ethical Committee of the NCI approved the protocol
according to the ethical guidelines of the 1975 Declaration
of Helsinki.
ELISA
Sera collected from 5 mL of coagulated blood were aliquoted
and stored at -80 ℃. All sera from patients and controls
were tested for HCV antibody and HBsAg by the third
generation ELISA using kits from Innogenetics (Belgium)
and Equipar (Saronno, Italy). They were also tested for
HBs-Ab, anti-HBc total, anti-HbeAg and HBeAg by the
third generation ELISA using kits from Innogenetics (Belgium).
All tests were done according to the manufacturer’s instructions.
DNA extraction
High molecular weight DNA was prepared from 0.5-2.0 g
fresh tissue samples according to standard protocols[17].
RNA extraction
RNA from both tumor and normal tissues was extracted using
a SV total RNA isolation system (Promega Biotech). The
extracted total RNA was assessed for degradation, purity and
DNA contamination by a spectrophotometer and electrophoresis in an ethidium bromide-stained 1.0% agarose gel.
Control
Ten samples of normal human DNA and RNA were extracted
from PBL and used to optimize the best conditions for the
multiplex PCR of -actin gene vs each of the five studied
MMR genes. Amplification of -actin gene (621-bp fragments)
was performed to test for the presence of artifacts and to
set a base line for each sample that enabled the evaluation
of the expression of target genes in the multiplex RT-PCR
(i.e., semi-quantitation). The -actin gene fragments were
used to monitor DNA contamination. Since all genes were
amplified in the same test tube, designing only one pair of
primers should be sufficient for controlling DNA contamination.
A water control tube containing all reagents except c-DNA
was also conducted in each batch of PCR assays to monitor
contamination of genomic DNA in the PCR reagents, negative
RT-PCR control was used against each sample.
c-DNA synthesis
Reverse transcription (RT) of the isolated total RNA was
done in 25 L reaction volume containing 1 volume of
Superscript II RT enzyme (Gibco-BRL, Gaithersburg, MD,
USA), 2.5 L 10×RT-buffer [250 mmol/L Tris-HCl pH
8.3, 375 mmol/L KCl, 15 mmol/L MgCl2], 0.251 L of
100 mmol/L dithiothreitol, 1 L of 25 ng from random
primer, 1.5 L of 10 mmol/L deoxynucleotide triphosphates,
0.5 L RNAsin (Promega, USA), 5.0 L of extracted RNA.
Samples were then incubated at 50 ℃ for 60 min followed
by a 4 ℃ until the PCR amplification reaction.
PCR amplification for the MMR genes
The PCR and quantitation were performed in a 50 L reaction
volume according to Ref.[12] with some modifications. Briefly,
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5 L of the RT reaction mixture (c-DNA), 2.5 units
Taq polymerase (Gibco-BRL, Gaithersburg, MD, USA),
1×PCR buffer [500 mmol/L KCl, 200 mmol/L TrisH Cl , 1 . 5 mmol/L MgCl 2, 1 mg/mL bovine serum
albumin], 200 mol/L each of the deoxyribonucleotide
triphosphate and 0.25 mol/L of each primer were mixed.
Samples were denatured at 95 ℃ for 5 min and subjected
to 35 rounds of thermal cycling (T-gradient, Biometra,
Germany). Each cycle consisted of denaturation for 1 min
at 95 ℃, annealing for 1 min at different annealing
temperatures as shown in Table 2 and extension for 1 min
and 30 s at 72 ℃. Samples were then incubated at 72 ℃
for 10 min. All samples were analyzed twice for MMR by
RT-PCR on different days with different RT-PCR mixtures
to ensure the reproducibility of results.
Quantitation
Fifteen microliters of each PCR product was separated by
electrophoresis through a 2.0% ethidium bromide-stained
agarose gel and visualized with ultraviolet light. Gels were
video-photographed. Then the bands on the photograph
were scanned as digital peaks, and the areas of the peaks
were calculated in arbitrary units with a digital imaging system
(Model IS-1000; Alpha Innotech Co., San Leandro, CA,
USA). To evaluate the relative expression levels of target
genes in the multiplex RT-PCR, the value of the internal
standard (-actin) in each reaction was used as a normalizing
factor and a relative value was calculated for each target
genes amplified in the reaction. Reduced expression in any
of the studied gene was considered if there was a complete
absence or decrease in the intensity of the desired band
more than 75% compared to the band of -actin gene
expression which was used as a calibrator. Samples were
assayed in batches including both cases and controls. The
absence of bands was verified by repeating the multiplex
PCR and consistent presence of -actin gene amplification
(Figures 1A-C).
RT-PCR of HCV
The RT and PCR were performed as described in Refs.[18]
and[19]. After completion of the reaction, 10 L of each
sample was analyzed by electrophoresis through 1.2%
ethidium bromide-stained agarose gel.
Detection of HBV-DNA in tissues
PCR amplification of HBV was done as previously
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Figure 1 A: PCR amplification for MMR genes. A: Multiplex RT-PCR of hMSH2
gene in some HCC cases. M: 100-bp marker; lanes 1-6: hMSH2 co-amplified
with -actin in HCC cases; lanes 1-3 and 5: hMSH2 reduction; lane 4: 50
reduced expression of hMSH2; lane 6: hMSH2 co-amplified with -actin gene
in normal PBL as a control. The accepted band of -actin was at 621 and 492 bp
for hMSH2. B: Multiplex RT-PCR of GTBP and hPMS2 genes in some HCC
cases. M: 100-bp marker; lanes 1-10: GTBP co-amplified with -actin in HCC
cases; lanes 1 and 6: no reduction; lanes 2, 3, 4, 8 and 9: different expression
levels of GTBP gene; lane 5: GTBP co-amplified with -actin gene in normal
PBL as a control; lane 10: overexpression of GTBP; lane 11: GTBP co-amplified
with -actin without NA as reagent control; lane 12: hPMS2 co-amplified with actin without NA as reagent control; lanes 13 and 14: overexpression of hPMS2.
C: Multiplex RT-PCR of hMLH1 and hPMS1 genes in HCC cases. Lane 1:
hMLH1 co-amplified with -actin gene in normal PBL as a control; lanes 2, 3
and 6: reduced expression of hMLH1 gene; lane 5: overexpression of hMLH1.
M: 100-bp marker; lanes 7-10: hPMS1 co-amplified with -actin gene in HCC
cases with no changes on the expression level.

described in Ref. [20], and after the completion of the
reaction, 10 L of each reaction product was analyzed by
electrop-horesis through an ethidium bromide-stained 2%
agarose gel.
Statistical analysis
The results were analyzed using the Graph pad prism
computer program (Graph pad software, San Diego, USA).
2, t-test, and simple correlation tests were used to test for
the correlation between the studied parameters. P<0.05 was
considered statistically significant.

Table 1 Relation between reduced expression of the MMR genes and clinicopathological features of HCC patients
Clincopathological
features
Age (yr)

No.

GTBP

hPMS1

hPMS2

hMLH1

hMSH2

HCV-RT-PCR

HBV-PCR
0

<50

9

6

0

5

5

7

6

>50

24

11

2

6

11

16

19

0

Gender

M

18

8

2

4

9

13

12

0

F

15

9

0

7

7

10

13

0

Grade

I and II

24

12

2

8

15

16

17

0

Cirrhosis

Present

III
Absent
Total

9

5

0

3

1

7

8

0

15

7

1

2

8

12

14

0

18

9

1

9

8

11

11

0

33

17

2

11

16

23

25

0
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Table 2 Oligonucleotide sequences of primers -actin, MMR genes,
HCV, and HBV

Table 3 Correlation confident analysis of the association between
the five MMR gene expressions

Gene sequence

MMR

hMSH2

hPMS2

GTBP

hMLH1

13/29

6/30

9/30

1/30

P = 0.0308 a

P = 0.178

P = 0.39

P = 0.5

2/32
P = 0.407

0/33
P = 0.391

1/30
P = 0.95

13/30

8/32

P = 0.149
6/32

P = 0.0034 a

Size (bp)

Temperature (℃)

-actin
5’-ACA CTG TGC CCA ACG AGG-3’

621

55-59

5’-AGG GGC CGG TCA T AC T-3’
hMPS-2
5’-TGC ATG CAG GAT TTG GAA A-3’

hPMS1
385

55

GTBP

5’-GAA CCC CTC AGA ATC CAC GGA-3’
GTBP
5’-CCC TCA GCC ACC AAA GAA GCA-3’

288

56

hPMS2

5’-CTG CCA CCA CTT CCT CAT CCC-3’

P = 0.407

hMLH-1
5’-GTG CTG GCA ATC AGG GAC CC-3’
5’-CAC GGT TGA GGC ATT GGG TAG-3’

hPMS1

215

58

174

57

429

58

a

P = 0.05 was considered statistically significant.

hMPS-1

5’-GTC GGC TTC GTG CGC TTC TTT-3’
5’-TCT CTG GCC ATC AAC TGC-3’
HCV
RB6A
5’-GTG AGG AAC TAC TGT CTT CAC G-3

266

75

LBL
460

55

GTT TTT GC-3’
RBL
5’-GCA AGC TCT AAC AAC AGT AGT TTC CCG G-3’

RESULTS
Reduction in the expression of one or more of the five
studied MMR genes (hMSH2, hMLH1, GTBP/hMSH6,
hPMS2 and hPMS1) was reported in 30/33 (90.9%) HCC
cases, whereas none of the cases showed simultaneous
reduction in the five genes. The most commonly affected
gene was hMSH2, where reduced expression was detected
in 23/30 (76.7%) cases, followed by hMLH1 16/30 (53.3%)
cases, GTBP 17/30 (56.7%) cases, hPMS2 11/30 (36.7%)
cases and hPMS1 2/30 (6.7%) cases (Figures 2A and B).
Out of the 30 HCC cases showing reduced expression
of one or more genes, 13 (43.3%) had a reduced expression
in both hMSH2 and hMLH1, another 13 (43.3%) in both
hMSH2 and GTBP, 9 (30%) in both hMLH1 and GTBP, 8
(26.7%) in both GTBP and hPMS2, 6 (20%) in both hMSH2
and hPMS2, another 6 (20%) in both hMLH1 and hPMS2,
2 (6.6%) in both hMSH2 and hPMS1, 1 (3%) in both hMLH1
and hPMS1, and another one (3%) showed a reduction in
both GTBP and hPMS1. None of the cases showed a reduction
in both hPMS2 and hPMS1. A significant association was
found between reduced expressions of GTBP and hPMS2
(P = 0.0034) as well as between hMS H2 and hMLH1
(P = 0.0308, Table 3).
Relation between MMR gene and cirrhotic HCC
Reduced expression of hMSH2 was found in 12/15 (75%)
patients with cirrhosis compared to 11/18 (61.1%) noncirrhotic cases as well as in 8/15 (53.3%) compared to

Percent
53.3 54.5
33.0

25
6.0
hMSH2 hMLH1 GTBP

hPMS2 hPMS1

MMR genes

B

5’-ACT CGC AAG CAC CCT ATC AGG-3’
HBV

71.9

50

0

55

RB6B

5’-CGG ATC CGT GGA GTT ACT CTG

A
Percent of
reduction (%)

5’-AGC CTT GAT ACC CTC CCC GTT-3’
hMSH-2

Percent of reduction (%)

5’-GCG GCA ACA GTT CGA CTC CTT-3’

100

hMSH2
hMLH1
GT B P

50

hPMS2
hPMS1

0

hMSH2 hMLH1 GTBP hPMS2 hPMS1

Figure 2 Reduced expression of five studied MMR genes. A: Percent of reduction
of five studied MMR genes in HCC cases; B: percent of reduction of the five
MMR genes in each of the studied HCC cases.

8/18 (44.4%) cases for hMLH1, 7/15 (46.7%) compared
to 9/18 (50%) cases for GTBP, 2/15 (13.3%) compared to
9/18 (50%) cases for hPMS2 and in 1/15 (6.7%) compared
to 1/18 (5.5%) cases for hPMS1. No significant relation
was found between reduced expression of any of the studied
genes and the clinicopathological features of patients except
for the relationship between reduced expression of hPMS2
and non-cirrhotic HCC cases only (P = 0.0197, Figure 3A).
Relation between MMR and grade of HCC
Regarding the relationship between the reduced expression
of MMR and grade I and II vs grade III, strong significant
relation was found between reduced expression of hMLH1
and grade II (P = 0.0069, Figure 3B).
Expression level of MMR genes in NDHT
The expression level of hMSH2 was reduced in 8/16 (50%)
NDHT samples compared to 23/30 (71.9%) for their
associated HCC samples, 7/16 (43.75%) NDHT compared
to 16/30 (53.3%) of HCC cases for hMLH1, 3/16 (18.8%)
NDHT samples compared to 17/30 (561.7%) of HCC
cases for GTBP, in 3/16 (18.8%) NDHT samples compared
to 11/30 (36.7%) of HCC cases for hPMS2 and in 1/16

CN 14-1219/ R
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GTBP
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100
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80
Grade III
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0
hMLH1
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Figure 3 Relation between the five studied MMR genes and cirrhosis (A) and
grade (B) of HCC.

(6.3%) NDHT samples compared to 2/30 (6.6%) of HCC
cases for hPMS1. A statistically significant difference in the
expression levels of GTBP was found between cases of
HCC and NDHT (P = 0.04, Figures 4A and B).
Relation between MMR genes expression and HCV infection
A significant relation was found between reduced expression
of hPMS2, GTBP and the presence of HCV infection in
HCC cases (P<0.001 and 0.002, respectively).

DISCUSSION
DNA MMR is an important mechanism involved in maintaining
the fidelity of genomic DNA. Defective MMR was implicated
in a variety of gastrointestinal tumors; however, its role in
HCC has been incompletely defined[9]. In this preliminary
study, multiplex RT-PCR assay was used to assess the expression
levels of five MMR genes in HCV-associated HCCs and
their NDHTs.
Reduced expression of hMSH2, hMLH1, GTBP and
hPMS2 but not hPMS1 was frequently observed in HCC
cases. In general, reduced expression of more than one
gene was more frequent than in a single gene. The most
frequently affected genes in the present study were MSH2
(71.9%), GTBP (56.7%), and MLH1 (53.3%). The reduced
expression could be speculative for somatic mutations
affecting these genes in particular and might lead to reduced
expression. Literature review showed only very few reports
with controversial data in this context. In 1999, Yanno et al[21],
reported the presence of mutations in hMSH2 gene in HCC
patients and demonstrated that these mutations were closely
correlated with the overall survival of patients. In a recent
study on the gene expression profile of HCC cases using
the cDNA array, reduced expression of MSH2 was found
to be a frequent event in HCC and was closely associated
with tumor metastasis. In contrast, Wang et al [22], using
immunohistochemical techniques did not find any correlation
between the expression level of hMLH1 or hMSH2 and
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Figure 4 Expression levels of MMR genes in NDHT. Percent of reduction of the
five studied MMR genes in HCC cases (A) each of the studied normal liver
tissues distant to tumor (B).

the incidence or prognosis of HCC patients. They concluded
that defects in hMSH2, hMLH1 did not contribute significantly
to hepatocellular carcinogenesis. This controversy in the
results of different studies may be attributed to the difference
in the detection method of MMR gene defects, the presence
of different HCV genotypes of viral infection, epigenetic
factors or other factors including race, geographical area,
genetic profile and other environmental hazards. It was
shown that some mutations could cause premature translation
termination that mediates degradation of mutant mRNAs.
Moreover, hypermethylation might be another mechanism
of gene silencing where hypermethylated genes have reduced
mRNA levels. It is also likely that inactivation of transcription
factors may reduce the expression of MMR genes with the
occurrence of gradual shutdown as a tumor progresses[12].
In addition, several studies demonstrated that the
affected MMR genes and the pattern of defects differed
according to the type of studied tumors[23]. Whereas in the
current study the most frequently affected genes were MSH2,
GTBP, and MLH1. Thomas et al[24], studied germline mutations
of the MMR genes in African Americans with CRC and
found an association between germline mutations of hMLH1
and hMS H2 and the development of CRC in African
Americans. Therefore, it seems possible that defects in
MMR genes could be induced by the interplay between several
genetic and non-genetic factors and even in the same tumor
type we may find different patterns of gene defects.
A novel finding in this work is the frequent involvement
of GTBP since this gene has not been mentioned before in
relation to hepatocellular carcinogenesis. Moreover, in the
majority of cases which had a reduced expression of more
than one gene, GTBP was usually a partner. Therefore, we
assume that genetic defects leading to loss of function of
GTBP might represent an important step in the chain of
MMR gene defects involved in hepatocyte transformation
especially in the presence of HCV infection. This assumption
has been confirmed in the present study by finding a
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significant difference between the expression level of GTBP
in tumor and normal hepatic tissues obtained from the same
patients. Additional evidence is provided by the high association
reported in the present study between reduced expression
of GTBP and the presence of HCV in HCC cases.
On the other hand, hMLH1 was the third most frequently
affected gene and commonly associated with reduced
expression of MSH2. Moreover, reduced expression of
hMLH1 in NHTDT was comparable to that reported in
tumor tissues in cases from which paired samples of normal
and neoplastic tissues were taken (43.2% vs 53.3%). These
findings indicate that hMLH1 is a likely candidate gene in
hepatocarcinogenesis and possibly exerts its role in the early
steps of hepatocyte transformation. Our data in this regard
have confirmed the results of Macdonald et al[9], who detected
LOH at hMSH2 and/or hMLH1 in malignant, premalignant
and adjacent normal hepatic tissues. The high association
reported in the current study between reduced expression
of hMSH2 and hMLH1 (P = 0.03) suggests the presence
of a co-operation between these two genes at a certain stage
of hepatocarcinogenesis. Moreover, there was a significant
association between reduced expressions of PMS2 gene and
absence of cirrhosis in HCC patients (P = 0.0197) since
reduced expression of PMS2 was secondary to MSH2 in
this group of patients. This provides a possible pathogenetic
pathway for the development of HCC in non-cirrhotic
patients via failure to repair damaged DNA. Subsequently,
it could be proposed that defects in hPMS2 are likely
associated with growth advantage and proliferative
stimulation which in the absence of effective DNA repair
mechanisms may lead to malignant changes in the noncirrhotic patients. The significant association between
reduced expressions of GTBP and hPMS2 in HCC especially
in non-cirrhotic cases (P = 0.003) could be explained by the
presence of a co-operation between these two genes in the
development of HCC.
The significant association reported in the present study
between the presence of HCV in HCC cases and reduced
expression of hPMS2 and/or GTBP (P<0.001 and 0.002
respectively) suggests that these genes could be targets for
HCV in the genetic cascade controlling HCV-associated
hepatocarcinogenesis. Alternatively reduced expression or
inactivation of these genes may interfere with (prevent)
efficient repair of DNA as a result of HCV infection.
It is now well known that HCV-associated HCC involves
alterations in the concerned action of proto-oncogenes,
growth factors and tumor suppressor genes. The presence
of two nuclear localization signals and a DNA binding motif
in the HCV core protein suggests a possible functional role
for HCV as a gene regulatory element[25]. Moreover, some
studies suggested that this protein could interact with certain
cellular proto-oncogenes at the transcriptional level, resulting
in the promotion of cell proliferation which in the presence
of DNA damage and/or in the absence of efficient DNA
repair mechanisms affects normal hepatocyte growth and
differentiation. Therefore, the pathogenesis of HCV might
contribute at least in part to the upregulation of hepatocyte
growth induced by HCV core protein and the loss of DNA
repair[26].
To the best of our knowledge, no previous study has
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revealed the relation between MMR defects and HCV infection
in the process of hepatocarcinogenesis. Numerous studies
have shown that overexpression of growth factor receptors
is associated with altered cellular response to damage and
DNA repair. In breast and ovarian cancer cells, overexpression
of c-erbB2 gene products increased sensitivity to drugs
through inhibition of DNA repair[27-29] and we previously
reported overexpression of c-erbB2 in HCC and chronic
active hepatitis patients in association with HCV genotype-4
which is the predominant genotype in Egyptian patients[25]. It
has been clearly indicated that modulation of c-erbB2 could
inhibit DNA repair either directly or indirectly[30]. Finally,
the high mutation rate occurring in case of MMR gene defects
in the coding or regulatory sequences of other genes could
lead to more and more genomic damages with an increased
probability for neoplastic transformation[6]. This finding may
in part explain the high resistance of HCC to the most known
regimen of chemotherapy, since it has been previously reported
that a close correlation exists between MMR gene defect
and resistance to chemotherapy.
In conclusion, the present study represents a step forward
for understanding the genetic events that induce HCC in
HCV-infected patients. Reduced expression of MSH2,
GTBP, MLH1, and PMS2 is a frequent event in HCC. Both
GTBP and PMS2 are possible candidates for HCC in HCVinfected patients. However, the mechanisms involved in
this process have to be clarified. Reduced expression of
hMLH1 occurs in the early stages of hepatocarcinogenesis
as evidenced by the finding that there is no significant
difference in the expression level of hMLH1 between
tumors and NDHTs, and reduced expression of hPMS2
most frequently in non-cirrhotic HCC is associated with
HCV infection.
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Abstract
AIM: The aims of this study were to explore individualized
treatment method for hepatocellular carcinoma (HCC)
patients whose maximum tumor size was less than 5 cm
to improve prognosis and survival quality.
METHODS: Thirty cases of primary HCC patients undergoing
tumor resection were retrospectively analyzed (resection
group). All the tumors were proved as primary HCC with
pathologic examination. The patients were divided into
two groups according to follow-up results: group A, with
tumor recurrence within 1 year after resection; group B,
without tumor recurrence within 1 year. Immunohistochemical stainings were performed using 11 kinds of
monoclonal antibodies (AFP, c-erbB2, c-met, c- myc ,
HBsAg, HCV, Ki-67, MMP-2, nm23-H1, P53, and VEGF),
and expressing intensities were quantitatively analyzed.
Regression equation using factors affecting prognosis of
HCC was constructed with binary logistic method. HCC
patients undergoing percutaneous microwave coagulation
therapy (PMCT) were also retrospectively analyzed (PMCT
group). Immunohistochemical stainings of tumor biopsy
samples were performed with molecules related to HCC
prognosis, staining intensities were quantitatively
analyzed, coincidence rate of prediction was calculated.
RESULTS: In resection group, the expressing intensities
of c-myc, Ki-67, MMP-2 and VEGF in cancer tissue in group
A were significantly higher than those in group B (t = 2.97,
P = 0.01; t = 2.42, P = 0.03<0.05; t = 2.57, P = 0.02<0.05;
t = 3.43, P = 0.004<0.01, respectively); the expressing
intensities of 11 kinds of detected molecules in para-cancer
tissue in groups A and B were not significantly different
(P>0.05). The regression equation predicting prognosis of
HCC is as follows: P(1) = 1/[1+e-(3.663–0.412mycc-2.187Ki-67c-0.397vegfc)].
It demonstrates that prognosis of HCC in resection group
was related with c- myc , Ki-67 and VEGF expressing
intensity in cancer tissue. In PMCT group, the expressing
intensities of c-myc, Ki-67 and VEGF in cancer tissue in

group A were significantly higher than those in group
B (t = 4.57, P = 0.000<0.01; t = 2.08, P = 0.04<0.05;
t = 2.38, P = 0.02<0.05, respectively); the expressing
intensities of c-myc, Ki-67 and VEGF in para-cancer tissue
in groups A and B were not significantly different (P>0.05).
The coincidence rate of patients undergoing PMCT in group
A was 88.00% (22/25), in group B 68.75% (11/16), the
total coincidence rate was 80.49% (33/41).
CONCLUSION: The regression equation is accurate and
feasible and could be used for predicting prognosis of
HCC, it helps to select treatment method (resection or
PMCT) for HCC patients to realize individualized treatment
to improve prognosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Originally resection was the first choice for hepatocellular
carcinoma (HCC), however, high recurrence rate after
resection was a major problem influencing the therapeutic
effect [1] . Percutaneous microwave coagulation therapy
(PMCT) plays an important role in the treatment for HCC.
Some patients survived for more than 5 years after PMCT.
PMCT has the superiority of enhancing immune function
both in the tumor and the whole body. An increased systemic
immune response directed against the tumor may play an
important role in improved survival for HCC patients[2].
Individualized therapy is one new trend in cancer
treatment in the 21st century. The purpose of individualized
treatment is to improve prognosis, as appropriate therapy
method is selected for each patient[3]. There are no sufficient
theoretical fundamentals for HCC patients to either select
resection or PMCT for therapy. Recurrence and/or
metastasis are the main factors affecting prognosis of HCC[4,5].
Patients’ clinical conditions before resection and therapeutic
measures after operation may be similar, however, their
prognosis after resection may differ largely. Some have
tumor recurrence within 1 year after resection, while others
do not, and the reason leading to this difference is not clear.
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The occurrence and prognosis of HCC is related to activation
of proto-oncogene, inactivation of tumor suppressor
gene, abnormal expression of growth factors and/or their
receptors[6-8].
The way to realize individualized treatment is to predict
prognosis of HCC patients before treatment, and then
according to the prediction suitable treatment methods are
selected to best improve prognosis. Therefore, how to predict
prognosis of HCC patients becomes the major problem.
The aims of this study were: (1) to compare the expressing
intensity of 11 kinds of molecules related to HCC in
resection group; (2) to construct a regression equation
predicting prognosis of HCC patients; (3) to verify the
accuracy of the regression equation in PMCT group.

MATERIALS AND METHODS
Patients
Thirty cases of primary HCC patients undergoing resection
(resection group) in the Department of Hepatobiliary
Surgery in General Hospital of PLA of China (301 Hospital)
were retrospectively analyzed. The selecting standards listed
were as follows: solitary nodule, maximum size less than
5 cm, no transarterial chemoembolization (TACE) or local
thermal therapy performed before resection, no other
specific treatments performed after resection. All the tumors
were proved as primary HCC with pathologic examination.
The patients were divided into two groups according to
follow-up results: group A, with tumor recurrence within
1 year after resection; group B, without tumor recurrence
within 1 year. The differences of clinical data were not
significant (P>0.05, Table 1).
Table 1 Clinical data of patients in resection group
Item

Group A (n = 15)

Group B (n = 15)

Sex (m/f)

14 /1

14 /1

Age (yr)

54.7±14.3

48.2±8.4

3.2±1.0

2.9±1.1

Mean diameter (cm)
Child–Pugh grade

A

Serum AFP (g/L)

180±200

A
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Table 2 Clinical data of patients in PMCT group
Item

Group A (n = 25)

Group B (n = 16)

Sex (m/f)

21/4

Age (yr)

55.8±13.4

57.2±11.2

3.5±1.0

3.0±0.8

Mean diameter (cm)
Child–Pugh grade

A

Serum AFP (g/L)

160±200

15/1

A
120±160

ALT (U/L)

52.0±42.5

48.1±40.1

AST (U/L)

51.9±38.9

41.2±36.5

76% (16/21)

95 (20/21)

HBsAg positive rate

Immunohistochemical staining
HPIAS-1000 Diagram-Writing Analyzing System was
produced by Wuhan Champion Image Technology Corporation
Ltd. SP and DAB kit, monoclonal antibodies of AFP, c-erbB2,
c-met, c-myc, HBsAg, HCV, Ki-67, MMP-2, nm23-H1, P53
and VEGF were all purchased from Beijing Zhongshan
Biological Technology Corporation Ltd. Serial sections were
made with wax sample of resected tumors, the thickness
of the slice was 4 m. Immunohistochemical staining was
performed with SP three-step method using the monoclonal
antibodies listed above.
Quantitative analysis of detected molecules
Quantitative analysis of the detected molecules was performed
with HPIAS-1000 imaging analysis system. The molecules
in cancer and para-cancer tissues were both analyzed. Three
fields of view (FOVs) were randomly selected in cancer
tissue and para-cancer tissue to quantitatively analyze the
expressing intensity. One hundred cells were observed in
each FOV, positive-staining cells were calculated, finally the
average positive-staining cells in 100 observed cells were
determined. The cells were determined as positive-staining
cells only if they were stained, without considering their
staining intensity. The medium optical density (MOD) of
plasm or nucleus in positive-staining cells was calculated,
the product of positive-staining cells and MOD was
calculated, which was considered as expressing the intensity
of positive-staining molecules[9].

120±200

ALT (U/L)

58.0±54.1

64.9±56.6

AST (U/L)

49.9±46.8

42.0±37.7

87% (13/15)

100 (15/15)

HBsAg positive rate
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Forty-one cases of primary HCC patients undergoing
PMCT (PMCT group) in the Department of Ultrasound
in General Hospital of PLA of China (301 Hospital) were
retrospectively analyzed. The selecting standards were the
same as those in resection group. It included 36 males and
5 females. All the nodules were biopsied under ultrasonic
guidance and proved as primary HCC with pathologic
examination. The patients were divided into two groups
according to follow-up results: group A, with tumor
recurrence within 1 year after PMCT; group B, without
tumor recurrence within 1 year. The differences of clinical
data were not significant (P>0.05, Table 2).

Statistical analysis
Data were presented as mean±SD. Paired-sample t test was
used to compare the difference, the statistic software SPSS
10.0 was used. Recurrence state after treatment (resection
or PMCT) was defined as 0 or 1: that with tumor recurrence
within 1 year after treatment was defined as 0 (group A),
that without tumor recurrence within 1 year was defined as
1 (group B). Regression equation predicting prognosis of
HCC was constructed using binary logistic regression
analysis[10]. In this study, P<0.05 was considered statistically
significant.

RESULTS
Expressing intensity of detected molecules in resection group
The expressing intensities of c-myc, Ki-67, MMP-2, and
VEGF in cancer tissue in group A were significantly higher
than those in group B (Table 3).
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Table 3 Expressing intensity of detected molecules in cancer tissue
in groups A and B
Molecule

Group A

Group B

AFP
c-erbB-2

2.72±2.93
9.44±5.02

1.55±3.00
6.82±6.10

c-met

2.04±2.68

1.61±3.22

c-myc

3.95±2.81b

1.34±2.74

HBsAg
HCV

0.45±0.96
0.51±1.40

2.26±5.04
0.96±2.44

Ki-67

1.57±2.20a

0.18±0.38

MMP-2

3.70±4.13a

0.61±1.70

Nm23-H1
P53

2.18±3.05
1.31±3.37

1.49±2.20
0.39±1.16

VEGF

5.44±4.20b

1.04±3.38

a

and B. Recurrence state (0 or 1) was used as a dependent
variable; expressing intensities of c-myc, Ki-67, MMP-2, and
VEGF in cancer tissue in groups A and B were used as
covariates to construct an equation with binary logistic
regression analysis.
The regression equation predicting prognosis of HCC
is as follow:
P(1) = 1/[1+e–(3.663–0.412mycc-2.187Ki-67c-0.397vegfc)]
The variables in the regression equation are listed in
Table 5.
MYCC: c-myc expressing intensity in cancer tissue; Ki-67c:
ki-67 expressing intensity in cancer tissue; VEGFC: vegf
expressing intensity in cancer tissue.

b

P<0.05, P<0.01 vs group B.

The expressing intensities of 11 kinds of detected
molecules in para-cancer tissue in groups A and B were not
significantly different (Table 4).

Expressing intensity of detected molecules in PMCT group
The expressing intensities of c-myc, Ki-67, and VEGF in
cancer tissue in group A were significantly higher than those
in group B (Table 6).

Table 6 Expressing intensity of detected molecules in cancer tissue in groups A and B
Table 4 Expressing intensity of 11 detected molecules in paracancer tissue in groups A and B

Molecule

Group A

Group B

Molecule

Group A

Group B

c-myc
Ki-67

8.31±4.71b
1.53±1.79a

2.52±2.30
0.47±1.19

AFP
c-erbB-2

0.09±0.35
0.76±2.50

0.00±0.00
0.01±0.04

VEGF

6.23±5.44a

2.88±3.57

c-met

0.00±0.00

0.00±0.00

c-myc

0.00±0.00

0.26±1.00

HbsAg
HCV

9.02±5.83
1.32±2.88

9.11±6.19
0.08±0.20

Ki-67

0.57±2.22

0.01±0.04

MMP-2

0.80±3.10

0.00±0.00

Nm23-H1
P53

0.33±0.81
0.00±0.00

0.00±0.00
0.00±0.00

VEGF

0.04±0.15

0.00±0.00

a

P<0.05, bP<0.01 vs group B.

The expressing intensities of c-myc, Ki-67, and VEGF
in para-cancer tissue in groups A and B were not significantly
different (Table 7).

Table 7 Expressing intensity of detected molecules in para-cancer
tissue in groups A and B

Micrographs of c-myc, Ki-67, MMP-2 and VEGF
The micrographs of c-myc, Ki-67, MMP-2, and VEGF
expression are shown in Figures 1-4.
Construction of regression equation
From the tables listed above, it demonstrated that c-myc,
Ki-67, MMP-2, and VEGF were perhaps key factors
determining prognosis difference of patients in groups A

Molecule
c-myc
Ki-67

Group A

Group B

2.20±3.91
6.40×10–3±3.20×10–2

VEGF

0.95±1.84
0.00±0.00

0.66±1.84

0.54±2.16

Verification of regression equation
The values of expressing intensities of c-myc, Ki-67, and

Table 5 Variables in the regression equation

Step 1

Step 2

B

SE

Wald

df

Sig

Exp (B)

MYCC

–0.357

0.213

2.807

1

0.094

KI-67C

–2.118

1.251

2.865

1

0.091

MMP-2C

–0.244

0.306

0.638

1

VEGFC
Constant

–0.367
3.680

0.160
1.363

5.269
7.289

MYCC

–0.412

0.211

KI-67C

–2.187

1.271

VEGFC
Constant

–0.397
3.663

0.159
1.410

Variable(s) entered on step 1: MYCC, KI-67C, MMP-2C, VEGFC.

95.0% CI for EXP (B)
Lower

Upper

0.700

0.461

1.063

0.120

0.010

1.397

0.425

0.783

0.430

1.426

1
1

0.022
0.007

0.693
39.640

0.506

0.948

3.795

1

0.051

0.663

0.438

1.003

2.959

1

0.085

0.112

0.009

1.356

6.222
6.750

1
1

0.013
0.009

0.672
38.991

0.492

0.918
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Figure 1 Positive and negative c-myc (×400). A: Positive c-myc; B: Negative c-myc.

A

B

Figure 2 Positive and negative Ki-67 (×400). A: Positive Ki-67; B: Negative Ki-67.

VEGF in PMCT group were introduced into the regression
equation, coincidence rate of prediction was calculated.
Coincidence rate in group A was 88.00% (22/25) that in
group B was 68.75% (11/16); total coincidence rate was
80.49%.

DISCUSSION
The expressing intensities of AFP, c-erbB2, c-met, c-myc,
MMP-2, nm23-H1, VEGF in cancer tissue were higher
than those in para-cancer tissue in group A. The expressing
intensities of c-erbB2 and nm23-H1 in cancer tissue were
higher than those in para-cancer tissue in group B. The
expressing intensity of HBsAg in para-cancer tissue was
higher than that in cancer tissue in groups A and B. The
expressing intensities of c-myc, Ki-67, MMP-2 and VEGF
in cancer tissue in group A were higher than those in group
B, the expressing intensities of the 11 kinds of molecules
listed in this study in para-cancer tissue in groups A and B
were not significantly different.
It was reported in the literature that AFP[11,12], c-erbB-2[13],
c-met [14] , HBsAg [15] , HCV [16] , nm23-H1 and P53 [17]
expressions were related to prognosis of HCC, however, it
demonstrated in this study that their expressions were not
significantly related to prognosis of HCC in resection group.
The reason was probably that the clinical characters of
patients in groups A and B were similar. These seven kinds
of molecules played minor roles in determining malignancy
of HCC in this study. The expressing intensities of c-myc,
Ki-67, MMP-2, and VEGF in groups A and B in resection
group were significantly different. The clinical data in groups

A and B were similar, there might be some key molecules
closely related to prognosis difference of groups A and B,
and these four kinds of molecules were perhaps such key
molecules.
Matrix metalloproteinases (MMPs) specially degrade
extracellular matrix (ECM) and basement membranes, they
are involved in tissue remodeling and angiogenesis of HCC.
Ishii et al [18], reported that MMP-2 was associated with
carcinogenesis and progression of HCC. Kuyvenhoven et
al, measured serum MMP-2 by ELISA in 91 patients with
chronic liver disease, including 25 patients with
hepatocellular carcinoma (HCC), and in 60 controls, they
demonstrated that MMP-2 was significantly higher in
patients with chronic liver disease compared to controls,
and increased with Child-Pugh class. There was a significant
correlation between MMP-2 and liver function (bilirubin,
albumin, and prothrombin time). MMP-2 levels in patients
with HCC were significantly higher than those in controls.
Serum MMP-2 correlates with the severity of liver disease
and may reflect changes in extracellular matrix remodeling[19].
It was demonstrated in this study that the expressing intensity
of MMP-2 in cancer tissue was much higher than that in
para-cancer tissue in group A, and it was much higher in
cancer tissue in group A than that in group B. It seems that
MMP-2 was related to prognosis of HCC.
Over-expression of c-myc oncogene could promote
cellular proliferation and cancerous invasion, it is related to
prognosis of HCC. Wang et al, evaluated the association of
c-myc amplification with the prognosis of patients with HCC,
they demonstrated that c-myc amplifications in single nodular
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Figure 3 Positive and negative MMP-2 (×400). A: Positive MMP-2; B: Negative MMP-2.

A

B

Figure 4 Positive and negative VEGF (×400). A: Positive VEGF; B: Negative VEGF.

and multiple-nodular HCCs were significantly different (12%
vs 38%, P<0.01). More frequent c-myc amplification was
detected in metastatic HCC (45%) compared with primary
HCC (29%) and in recurrent HCC (60%) compared with
primary HCC (38%). The results strongly suggest that
amplification of the c-myc oncogene was correlated with a
poor prognosis[20]. It was demonstrated in vitro that the block
of c-myc expression could suppress the growth of hepatoma
cells[21].
Ki-67 proliferation associated antigen was used for
determining the cellular proliferation and prognosis of
patients with tumor. Ki-67 could label any proliferating cells
in cellular cycle except cells in G0 stage, however, it could
not label cells in silent period, so Ki-67 was considered as
an objective marker indicating cell proliferation. Ki-67
locates in cell nucleus, it is always in particle shapes in
immunohistochemical staining. King et al, reported 67 cases
of HCC undergoing tumor resection, no other treatment
(TAE, TACE) was perfor med before resection.
Immunohistochemical staining showed that Ki-67 labeling
index in cancer tissue was much higher than that in normal
liver, the survival period of HCC patients with a Ki-67
labeling index >10% was shorter than those with a Ki-67
labeling index ≤10%. Ki-67 expression helped to select
treatment method after tumor resection[22]. Ito et al [23],
reported that HCCs with high expression of Ki-67 had the
characters of poor cell differentiation, with portal vein
invasion, high chance of stage III and intrahepatic metastasis,
short survival period.
Vascular endothelial growth factor (VEGF) is known to

promote the development of new blood vessels, which is
fundamental to tumor growth and metastasis. Expression
of VEGF in HCC tissue was positively correlated with
growth and metastasis of HCC, it could be a marker for
determining prognosis of HCC[24,25]. Expression of VEGF
was strongly correlated with microvessel density (MVD)
and tumor size[26,27] . Overproduction of the angiogenic
growth factor VEGF by HCC cells may increase vascularity
and tumor growth in a paracrine manner[28]. Preoperative
serum VEGF was increased in patients with resectable HCC
compared with healthy controls. Increased serum VEGF
was correlated with HCC recurrence[29]. Multivariate analysis
showed that serum VEGF was the most significant predictor
of disease-free survival (DFS) and overall survival (OS) in
HCC patients after surgical resection. So preoperative serum
VEGF is a significant independent predictor of tumor
recurrence, DFS, and OS in patients with resectable HCC[30].
The frequency of venous invasion in HCC patients with a
high serum VEGF level was significantly greater compared
with patients with a low serum VEGF level. It demonstrated
that a high preoperative serum VEGF level was a predictor
of microscopic venous invasion in HCCs and could be used
as a biologic marker of tumor invasiveness and a prognostic
factor in HCCs[31,32]. The expression of VEGF mRNA was
higher in HCCs with portal vein tumor thrombus (PVTT)
than that without PVTT. PVTT was more often seen in
HCC patients with positive expression of VEGF mRNA
than in patients who had negative expression. VEGF
correlated well with the formation of PVTT of HCC[33].
A regression equation predicting prognosis of HCC
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using binary logistic regression analysis was constructed, it
demonstrated in the equation that c-myc, Ki-67, and VEGF
expressions were greatly related to prognosis of HCC,
however, MMP-2 did not enter the equation, which
demonstrated that MMP-2 was not closely related to
prognosis of HCC. Taken together, it could be inferred
that high expressions of c-myc, Ki-67, and VEGF in HCC
tissue were related to prognosis of HCC. The regression
equation was verified further with patients in PMCT group,
it demonstrated that total coincidence rate was 80.49%, it
could be used as a kind of prognosis predicting method for
HCC patients, and help HCC patients to select individualized
treatment method.
Some scholars predicted that the focal point of HCC
research in the 21 st century would be recurrence and/or
metastasis. With currently available techniques (surgical
resection or thermal coagulation), it is no problem to have
HCC nodules with maximum size less than 5 cm fully
resected or coagulated. Post-treatment recurrence is a
problem puzzling clinicians. Some recurrence occurs within
1 year after resection. Considering that surgical resection
for HCC had the disadvantage of suppressing immunological
function at an early stage, PMCT treatment for HCC had
the advantage of enhancing local tumor and whole-body
immunological functions[2]. The following points should be
considered in choosing treatment methods for HCC whose
maximum size is less than 5 cm: ultrasound guided biopsy
should be performed for suspected HCC patients to confirm
its pathological diagnosis; if it is diagnosed as HCC,
immunohistochemical staining of c-myc, Ki-67, and VEGF
and quantitative analysis of the molecules should be
performed; the prognosis of the patients could be predicted
with the regression equation in this paper. If the predicted
value is less than 0.5, then the patient has the tendency of
high recurrence even after surgical resection; if the predicted
value is more than 0.5, then the patient does not have the
tendency of high recurrence after surgical resection. The
former, micro-trauma methods such as PMCT or TACE
should be chosen for treatment, meanwhile, other auxiliary
methods such as biological and traditional Chinese medicine
treatment should be adopted, and moreover, close followup should be done to detect new lesions. For the latter,
surgical resection is suggested.
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Abstract
AIM: To determine the features of microsatellite alterations
and their association with clinicopathological characteristics
of hepatocellular carcinoma (HCC).
METHODS: Loss of heterozygosity (LOH) and microsatellite
instability (MSI) of 55 microsatellite loci were detected
with PCR-based microsatellite polymorphism analyses in
tumors and corresponding noncancerous liver tissues of
56 surgically resected HCCs using the MegaBACE 500
automatic DNA analysis system.
RESULTS: LOH was found in 44 of 56 HCCs (78.6%) at
one or several loci. Frequencies of LOH on 1p, 4q, 8p,
16q, and 17p were 69.6% (39/56), 71.4% (40/56),
66.1% (37/56), 66.1% (37/56), and 64.3% (36/56),
respectively. MSI was found in 18 of 56 HCCs (32.1%) at
one or several loci. Ten of fifty-six (17.9%) HCCs had
MSI-H. Serum HBV infection, alpha-fetoprotein concentration,
tumor size, cirrhosis, histological grade, tumor capsule,
as well as tumor intrahepatic metastasis, might be correlated
with LOH on certain chromosome regions.
CONCLUSION: Frequent microsatellite alterations exist
in HCC. LOH, which represents a tumor suppressor gene
pathway, plays a more important role in hepatocarcinogenesis. MSI, which represents a mismatch repair gene
pathway, is a rare event during liver carcinogenesis.
Furthermore, LOH on certain chromosome regions may
be correlated with clinicopathological characteristics in HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequent
human cancers worldwide and has become the second cancer
killer in China, since the 1990s[1]. Epidemiological studies in
high-risk populations have identified chronic hepatitis B or
C virus infections as well as dietary exposure to aflatoxin
B1 as major factors in the etiology of this disease[2]. The
genesis of human cancers is a multistep process reflecting
cumulative genetic alterations that include activation of
oncogenes or inactivation of tumor suppressor genes[3,4]. It
has been proposed that genetic instability or genomic
instability in human cancers can be divided into two types:
chromosomal instability or loss of heterozygosity (LOH),
which can result from errors in chromosome partitioning,
and microsatellite instability (MSI), which is usually equated
with DNA polymerase errors. Both LOH and MSI are
considered to be phenotypes of genomic instability[5,6]. LOH
is frequently observed on chromosomes 1p, 4q, 5q, 8p, 8q,
9p, 10q, 11p, 13q, 14q, 16q, 17p, and 22q in HCC, which
suggests that tumor suppressor genes may take part in
hepatocarcinogenesis[7-9]. MSI and mutations of mismatch
repair gene have been reported in chronic hepatitis, cirrhosis
and HCC in recent studies[10-14]. In the present study, we
examined the genetic instability in 56 HCCs with 55 highpolymorphic microsatellite markers of chromosomes 1, 4,
8, 16, and 17, and analyzed the association of microsatellite
alterations and the clinicopathological characteristics of
HCC, in order to further understand the molecular mechanisms
of hepatocarcinogenesis.
MATERIALS AND METHODS
Patients and samples
Fifty-six liver cancer specimens from surgically resected
tissues were obtained from Eastern Hepatobiliary Surgery
Hospital, Second Military Medical University. All patients
have not received any prior therapy. All specimens were
confirmed with histopathological examination. This study
included 43 men and 13 women. The age ranged from 29
to 78 years. Thirty-five of fifty-six patients had serum alphafetoprotein (AFP) ≥20 µg/L. There were 39 cases positive
for HBsAg. Twelve cases had small HCCs (≤3 cm) and 44
had advanced HCCs (>3 cm). Histopathological diagnosis
was made according to the WHO histological classification
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of tumors of the liver and intrahepatic bile ducts (2 000).
Twenty HCCs were well differentiated, 28 were moderately
differentiated and 8 were poorly differentiated. Of the 56
patients, 45 had evidence of intrahepatic metastasis (portal
vein invasion and/or intrahepatic dissemination). Forty-seven
HCCs were detected accompanying liver cirrhosis.
DNA extraction
Fresh samples were obtained, immediately frozen in liquid
nitrogen and stored at -80 ℃ until analysis. A microdissection
technique with a cryostat was used to separate tumor cells
from corresponding noncancerous liver tissues. Genomic
DNA was extracted from carcinoma tissue and corresponding
noncancerous liver tissues, using the standard phenol/
chloroform method[15]. Concentration of DNA was determined
with both spectrophotometric and fluorometric methods.
Microsatellite markers and polymerase chain reaction
Fifty-five microsatellite loci used in this study with
chromosomal positions are listed in Table 1. The chromosomal
positions and sequences of each microsatellite marker could
be referenced to the genome database (http://gdbwww.gdb.
org/) and the co-operative human linkage center (http://
www.chlc.org/). Each primer pair was fluorescent dye
labeled. The PCR mixture contained more than 10 ng of
genomic DNA, 200 µmol/L of each dNTP, 1.5 mmol/L
MgCl2, 0.5 unit of AmpliTaq Gold DNA polymerase (PE
Applied Biosystems, Foster City, CA, USA), 0.5 µmol/L of
each primer, and 10× AmpliTaq Gold PCR buffer in a
final volume of 10 µL. After denaturation at 94 ℃ for
12 min, DNA amplification was performed for 15 cycles
at 94 ℃ for 30 s, at 63 ℃ for 60 s (decreased 0.5 ℃ of
each cycle), and at 72 ℃ for 90 s; then for 25 cycles at 94 ℃
for 30 s, at 56 ℃ for 60 s, and at 72 ℃ for 90 s; with a
final extension at 72 ℃ for 10 min. PCRs were run in a
Biometra thermocycler (Biometra, Germany).
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detected in noncancerous liver tissue specimens (Figure 1B).
For a given informative marker, LOH was identified when
one of two bands was absent between the tumor DNA and
normal DNA (Figure 2). MSI was assessed using the five
markers recommended by the NCI workshop. MSI high
(MSI-H) HCCs were defined as those having two unstable
markers of the five markers (D2S123, BAT-26, D5S346,
D13S170, and D17S250). MSI was defined as a band shift
in one of the two alleles or the presence of novel bands in
the two alleles or in the tumor DNA (Figure 3)[16]. Analysis
of LOH and MSI was performed at least in duplicate.
A
G01 D17S921-1 G01 Q Score: 6.4 Allele 1: 141.2 (I) Allele 2: 147.0 (L)
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Identification of LOH and MSI
The existence of LOH or MSI was determined by comparing
the area between cancerous tissues and corresponding
noncancerous liver tissues. When two amplified bands per
locus were detected in noncancerous liver tissue specimens,
the case was defined as informative for analysis (Figure 1A).
It was abandoned when only one amplified band per locus was
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Figure 1 Heterozygosity on loci D17S921 (A) and D16S512 (B) in a noninformative case. N: non-tumor liver tissue, T: tumor tissue.
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Microsatellite analysis
PCR products were purified by 70% alcohol, twice after
amplification. The reaction conditions sometimes yielded
an unsatisfactory amplification for certain markers and were
modified, and if necessary, these particular markers were
run singly. The injection mixture was prepared for each
capillary buffer by adding the following to each well of the
injection palate: 2 L purified sample, 0.25 L ET400-R
size standard, and 2.75 L loading solution (Amersham
Pharmacia Biotech). The injection mixture was centrifuged
and heat-denatured for 2 min at 94 ℃, then immediately cooled
and placed on ice. Samples were electrophoresed on the
MegaBACE-500 capillary array electrophoresis sequencer, and
the fluorescent signals from different sized alleles were recorded
and analyzed using Genetic Profiler version 2.1 software.
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Figure 2 LOH on locus D1S507. N: non-tumor liver tissue, T: tumor tissue.
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Figure 3 MSI on loci D2S123 (A) and D5S346 (B). N: non-tumor liver tissue,
T: tumor tissue.
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Statistical analysis
The differences between the frequency of LOH and
clinicopathological features were statistically analyzed using
2 test. P<0.05 was considered statistically significant.

RESULTS
Frequency of LOH and MSI
LOH was found in 44 of 56 HCCs (78.6%) at one or
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several loci. The frequency of LOH in HCC at 55 loci is
shown in Table 1. Frequencies of LOH on 1p, 4q, 8p, 16q,
and 17p were 69.6% (39/56), 71.4% (40/56), 66.1% (37/56),
66.1% (37/56), and 64.3% (36/56), respectively. The loci
with the highest frequency of LOH were RIZ (76.7%) on
1p, D4S426 (61%) on 4q, D8S261 (53.5%) on 8p,
D16S3091 (59.5%) on 16q and D17S831 (67.6%) on 17p.
We perfor med MSI analysis using the five markers
recommended by the NCI workshop. MSI was found in 18

Table 1 Characteristics of microsatellite markers analyzed and patterns of microsatellite alteration in HCC
Locus

Location

D1S243
D1S468
D1S2893
D1S2694
D1S450
D1S434
RIZ
D1S507
D1S199
D1S234
D4S1538
D4S1534
D4S406
D4S1625
D4S1652
D4S1615
D4S2361
D4S1554
D4S426
D4S2921
D8S264
D8S277
D8S1706
D8S1721
D8S520
D8S549
D8S261
D8S298
D8S1733
D8S1771
D16S408
D16S512
D16S515
D16S507
D16S534
D16S3091
D16S422
D16S520
D16S413
D16S498
D17S849
D17S926
D17S831
D17S938
D17S786
D17S520
D17S799
D17S921
D17S261
TP53
D2S123
BAT-26
D5S346
D13S170
D17S250

1p36.3
1p36.3
1p36.2
1p36.2
1p36.2
1p36.2
1p36.2
1p36.1
1p36.1
1p36.1
4q22
4q22
4q26
4q27-31
4q31.1
4q34-qter
4q
4q35
4q35
4q35
8p23
8p23
8p23
8p23
8p23
8p22
8p22
8p22
8p21
8p21
16q13
16q22.1
16q22.1
16q24.1
16q24.2
16q24.2
16q24.2
16q24.3
16q24.2
16q24.3
17p13.3
17p13.3
17p13.3
17p13.1-p13.3
17p13.1
17p13.1
17p13-p12
17p12
17p11.2
17p11.2
hMSH-2
APC
Rb

Allelic size (bp)

Heterozygosity (%)

Informative cases

LOH n (%)

MSI n (%)

142–170
173–191
201–223
241–255
243–267
240–252
–
183–203
94–116
268–294
149–161
146–158
234–258
182–210
115–125
138–150
149–164
184–208
177–191
141–163
121–145
148–180
257–281
170–212
179–199
166–172
128–144
155–167
253–257
218–240
–
201–211
222–244
175–195
296–364
115–129
188–212
181–197
208–246
131–149
251–261
243–259
224–246
164–182
–
135–157
–
186–200
169–185
157–171
197–227
116
96–122
220–240
151–169

0.86
0.75
0.47
0.65
0.81
0.61
–
0.78
0.84
0.50
0.69
0.77
0.87
0.74
0.75
0.71
0.70
0.86
0.78
0.56
0.83
0.73
0.88
0.71
0.77
0.61
0.79
0.68
0.64
0.77
–
0.77
0.81
0.78
0.87
0.72
0.79
0.84
0.68
0.84
0.69
0.81
0.81
0.76
–
0.77
0.80
0.70
0.72
0.54

35
35
44
38
38
42
30
45
39
37
41
41
42
38
38
39
42
37
41
44
43
38
41
40
40
44
43
44
38
40
41
45
36
44
42
42
42
44
36
46
39
36
37
42
39
40
42
39
41
7
36
37
41
32
33

16 (45.7)
13 (37.1)
18 (40.9)
16 (42.1)
17 (44.7)
15 (35.7)
23 (76.7)
24 (53.3)
14 (35.9)
14 (37.8)
17 (41.5)
22 (53.7)
22 (52.4)
13 (34.2)
16 (42.1)
19 (48.7)
15 (35.7)
14 (37.8)
25 (61)
23 (52.3)
19 (44.2)
18 (47.4)
20 (48.9)
21 (52.5)
20 (50.0)
20 (45.5)
23 (53.5)
23 (52.3)
17 (44.7)
21 (52.5)
17 (41.5)
20 (44.4)
12 (33.3)
20 (45.5)
21 (50.0)
22 (59.5)
23 (54.8)
19 (43.2)
16 (44.4)
23 (50.0)
21 (53.9)
21 (58.3)
25 (67.6)
21 (50.0)
15 (38.5)
15 (37.5)
21 (50.0)
15 (38.5)
15 (36.6)
4 (57.1)
3
2
1
4
3

3 (8.57)
3 (8.57)
2 (4.55)
1 (2.63)
1 (2.63)
0
0
2 (4.44)
1 (2.56)
3 (8.11)
0
0
1 (2.38)
1 (2.63)
0
0
1 (2.38)
0
0
2 (4.55)
1 (2.32)
1 (2.63)
1 (2.43)
0
2 (5.00)
2 (4.55)
1 (2.33)
1 (2.27)
1 (2.63)
1 (2.50)
1 (2.22)
6 (13.3)
2 (5.56)
4 (9.09)
5 (11.9)
2 (4.76)
2 (4.76)
2 (4.55)
2 (5.56)
1 (2.17)
1 (2.56)
1 (2.78)
3 (8.11)
0
1 (2.56)
2 (5.00)
2 (4.76)
0
1 (2.44)
0
7 (19.4)
9 (24.3)
8 (19.5)
7 (21.9)
5 (15.2)
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of 56 HCCs (32.1%) at one or several loci. The frequency
of MSI was as follows: 10 of 56 (17.9%) HCCs had MSI-H,
8 of 56 (14.3%) had MSI-L. The top two loci were BAT-26
(9/37, 24.3%) and D13S170 (7/32, 21.9%). All seven cases
were positive serum HBsAg, of them five were positive for
serum HBsAg. There was no significant difference in viral
status between the cases with and without MSI. MSI-L was
also found in some loci except these five loci.
Relationship between LOH and clinicopathological
characteristics
To determine whether LOH was associated with clinicopathological features and to reveal its biological role in HCC
development and/or progression, we compared LOH with
clinicopathological findings including HBV infection, serum
AFP concentration, tumor size, cirrhosis, histological grade,
tumor capsule, and tumor intrahepatic metastasis. However,
no statistically significant association was found between
total LOH and clinicopathological findings. Correlation
between clinicopathological features and LOH in HCC is
shown in Table 2.
Table 2 Clinicopathologic correlation of LOH in HCC
Parameter

Locus

LOH/informative cases

Positive
Negative
17/31
1/13
13/21
1/16
20/26
2/16
16/22
2/16
10/27
13/16
11/29
12/15
7/24
10/14
10/31
10/14
5/27
7/9
19/21
6/16
19/25
2/14
13/27
8/9
AFP (µg/L)
<20
≥20
D1S507
3/17
21/29
D16S413
9/12
7/24
Liver cirrhosis
Present
Absent
D16S534
20/34
1/9
D16S3091
24/33
1/9
D16S422
22/34
1/8
D17S849
21/31
1/8
D17S831
24/39
1/8
D17S799
20/35
1/7
Tumor size
≤3 cm
>3 cm
D8S298
2/9
21/35
D8S1771
0/9
21/31
D16S498
4/12
19/24
D17S926
3/11
18/25
Histological grade
Well
Moderate and poor
D4S426
2/11
23/30
D4S1615
2/12
14/26
D4S1652
2/11
17/28
D16S498
2/18
21/29
D17S926
4/13
17/23
Tumor capsule
Absent or not intact
Intact
D8S1721
20/28
1/12
Intrahepatic metastasis
Not observed
Observed
D1S468
8/10
5/25
D4S2921
2/21
21/23
D8S298
2/10
21/34
D8S1771
2/9
19/31
D17S926
1/11
20/25
D17S786
0/10
15/29

P

HBsAg

D1S2893
D1S507
D4S406
D8S277
D8S261
D8S298
D8S1733
D16S512
D16S515
D17S831
D17S938
D17S926

0.004
0.001
0.001
0.001
0.005
0.008
0.011
0.014
0.001
0.001
0.001
0.032
0.001
0.009
0.011
0.001
0.008
0.005
0.011
0.038
0.043
0.001
0.007
0.012
0.002
0.04
0.031
0.001
0.012
0.001
0.001
0.023
0.02
0.039
0.001
0.004
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DISCUSSION
Recently, genomic alterations in HCC have been studied by
comparative genomic hybridization, and several chromosome
changes have been reported. The gain of 1q, 8q, and 17q
and the loss of 4q, 8p, 13q, 16q and 17p were commonly
found in HCC. The chromosome regions with gain contained
critical oncogenes, whereas those with loss contained tumor
suppressor genes[17-19]. Frequent LOH on chromosomes 1p,
4q, 6p, 8p, 13q, 16q, and 17p by whole genome allelotyping
suggested that putative tumor suppressor genes on these
chromosome regions might play important roles in the
development and progression of HCC[7-9].
Frequent deletions and translocations of the short
arm of chromosome 1 (1p) have been found in HCCs by
cytogenetic analysis, in situ hybridization, RFLP and
microsatellite analysis, and mapped a commonly affected
LOH region to 1p35-36 [8,20] . In the present study, LOH
was found in 39 of 56 HCCs (69.6%) on at least 1 locus,
the top two loci were RIZ (76.7%) at 1p36.2 and D1S199
(53.3%) at 1p36.1. Early studies have demonstrated that
high frequency of LOH on chromosome 4q in HCC was
mapped to 4q11-q12, 4q12-23, 4q22-24 and 4q35[8,21]. Our
data also showed that LOH was found in 71.4% HCCs on
at least one locus, the top two loci were D4S426 (61%) at
4q35, and D4S1534 (53.7%) at 4q22. A high frequency of
LOH on chromosome 8p has been reported in HCC and
other cancers[22,23]. Nagai et al[8] reported that 42% of HCCs
had LOH on 8p21-23 and argued that a tumor suppressor
gene for HCC located in this region. Candidate tumor
suppressor genes, such as PRLTS gene, DLC-1 gene, and
EXTR1 gene located on 8p21-22, have been found to be
mutated in a variety of tumors, including HCC, ovarian cancers,
breast cancer and sporadic colorectal carcinoma[24-27]. Our
study showed that LOH was found in 37 of 56 HCCs
(66.1%) on at least 1 locus, the top three loci were D8S261
(53.5%) at 8p22, D8S1721 (52.5%) at 8p23 and D8S1771
(52.5%) at 8p21. The highest LOH regions were mapped
to 16q12.1, 16q12.2 and 16q22-24 [8,21,28] . Our data also
showed that 71.4% HCCs harbored LOH on at least 1
locus, the alterations occurring in the top two loci were
D16S3091 (59.5%) and D16S422 (54.8%) at 16q24.2. These
regions contain many important genes, such as adenine
phosphoribosyl transferase (APRT, 16q24.2) and Nacetylgalactosamine-6-sulfatase (GALNS, 16q24.2). The
deletion of these genes in this region might interfere with
cell growth or function[28] . LOH of 17p in 70% has been
reported previously[29]. A missense mutation with replacement
of arginine by serine at codon 249 has been reported
previously in HCCs from Qidong, Shanghai and other
geographical areas where aflatoxin and HBV are present[30].
Our data revealed a high level of LOH in D17S831
(67.6%) and D17S926 (58.3%) at 17p13.3. Zhao et al [31] ,
also found a novel growth suppressor gene on chromosome
17p13.3 with a high frequency of mutation in human HCC.
These results suggest that tumor suppressor genes at 1p36,
4q22, 4q35, 8p22-23, 16q24.2, and 17p13.3 may be involved
in hepatocarcinogenesis.
HBV infection has been regarded as an important factor
in the development of HCC[32] . However, the molecular
mechanism is unclear. Wong et al [18], have assessed the
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genome-wide chromosomal analysis in 83 tumor samples
from Hong Kong, Shanghai, Japan, and USA by comparative
genomic hybridization. The most striking feature from the
analysis was the high number of aberrations per sample in
the HBV-related cases from Shanghai, which was significantly
more than that in the other groups. Becker et al [33], have
shown frequent loss of chromosome 8p in HBV-positive
HCC from China. In this study, we found that the incidences
of LOH on D1S2893, D1S507, D4S406, D8S277, D17S831,
and D17S938 were significantly higher in patients with
positive serum HBsAg than in those with negative HBsAg.
These data imply that HBV infection might cause genetic
changes within chromosomal regions where this is important
for the development of some HCCs. Interestingly, LOH
on D4S1538, D8S261, D8S298, D8S1733, D16S512,
D16S515, and D17S926 occurred more frequently in
HBsAg-negative patients than in HBsAg-positive patients.
These results suggest that the tumor suppressor genes near
these loci might be responsible for HBV-negative HCC.
Aggressive tumor phenotypes such as larger tumor size,
poor cellular differentiation, absence of tumor encapsulation
and intrahepatic metastasis were associated with LOH at
several specific loci [34,35]. LOH was associated with an
elevated serum AFP[21]. LOH on D8S298 at 8p22 was closely
associated with venous permeation, tumor microsatellite
formation, and larger tumor size[22]. LOH on locus D8S1721
at 8p23.1 was seen more frequently in nonencapsulated
tumors and LOH on D8S1771 at 8p21.3 was associated
with a larger tumor size and poorer cellular differentiation.
LOH on D1S214 (lp36.3) and D1S2797 (1p34) was more
frequently detected in tumors with intrahepatic metastasis
than in those without[9]. In this study, large tumor size
(>3 cm) tended to have a higher frequency of LOH on
D8S298, D8S1771, D16S498, and D17S926. LOH on
D4S426, D4S1615, D4S1652, D16S498, and D17S926
was more frequent in poorly or moderately differentiated
HCC than in well-differentiated HCC. LOH frequencies
of D8S1721 were significantly higher in patients without
intact tumor capsule than in those with intact tumor capsule.
LOH on D4S2921, D8S298, D8S1771, D17S926, and
D17S786 were more frequently detected in tumors with
intrahepatic metastasis than in those without. These results
supported that 1p, 4q, 8p, 16q, and 17p deletions at specific
loci were associated with tumor progression and aggressive
behavior. Association of LOH at specific loci with a more
aggressive tumor behavior suggests that loss/inactivation
of putative tumor suppressor gene (s) located at these
regions may confer a tumor growth advantage and contribute
to the progression of HCC. This finding agrees with a
previous report using CGH analysis, which suggested that
the deletion was associated with tumor metastasis in HCC
patients[35].
MSI with associated deficient DNA mismatch repair
was first described in hereditary nonpolyposis colorectal
cancer and has been implicated in the pathogenesis of a
variety of gastrointestinal and other cancers[5]. It is noteworthy
that there are some differences in MSI frequency of HCC
reported in literatures. The MSI frequencies of HCC were
41-66.6% in Greece, USA and France[11,36]. However, Piao
et al[37], and Yamamoto et al[38], reported the absence of MSI
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in Korean or Japanese HCCs, and considered that MSI
played no role in the development or progression of HCC.
Macdonald et al [39], found that the frequent LOH of MSI
in HCC linked to hMSH2 and/or hMLH1 was only 19.
6%, usually in association with MSI. Besides, another recent
study on Chinese HCCs spanning 22 autosomes using 292
highly polymorphic markers showed that MSI was rarely
seen[28] . In our study, MSI was found in 18 of 56 HCCs
(32.1%) at one or several loci. Ten of fifty-six (17.9%) HCCs
had MSI-H. Cases mostly were positive for serum HBsAg.
Some studies showed that the incidence of MSI in cirrhotic
liver tissues (27%) was almost three times higher than that
in noncancerous liver tissues exhibiting findings compatible
with chronic hepatitis (10%). In addition, the incidence of
MSI in cirrhotic liver tissues did not differ from the incidence
in HCCs[40] . The above-mentioned discrepancies may be
partly due to the difference in selected cases, the sensitivity
of methodology, and the type and number of polymorphic
markers used in these studies. The other factors such as
different geographic area and different criteria for MSI
might contribute to the difference.
In conclusion, frequent microsatellite LOH on
chromosomes 1, 4, 8, 16, and 17 existed in HCC. LOH,
representing a tumor suppressor gene pathway, plays a more
important role in hepatocarcinogenesis. MSI is less
frequently found than LOH, suggesting a minor role of
DNA mismatch repair deficiency in liver carcinogenesis.
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Abstract
AIM: To explore both the in vitro and in vivo effects of
denbinobin against colon cancer cells and clarify its
underlying signal pathways.
METHODS: We used COLO 205 cancer cell lines and nude
mice xenograft model to study the in vitro and in vivo
anti-cancer effects of denbinobin.
RESULTS: Denbinobin at concentration of 10-20 mol/L
dose-dependently suppressed COLO 205 cell proliferation by
MTT test. Flow cytometry analysis and DNA fragmentation
assay revealed that 10-20 mol/L denbinobin treatment
induced COLO 205 cells apoptosis. Western blot analysis
showed that caspases 3, 8, 9 and Bid protein were activated
by denbinobin treatment to COLO 205 cells accompanied
with cytochrome c and apoptosis-inducing factor (AIF)
translocation. Pretreatment of MEK 1 inhibitor (U10126),
but not p38 inhibitor (SB203580) and JNK inhibitor
(SP600125), reversed denbinobin-induced caspase 8, 9
and Bid activation in COLO 205 cells suggesting that
extracellular signal-regulated kinase were involved in the
denbinobin-induced apoptosis in COLO 205 cells. Significant
regression of tumor up to 68% was further demonstrated
in vivo by treating nude mice bearing COLO 205 tumor

xenografts with denbinobin 50 mg/kg intraperitoneally.
CONCLUSION: Our findings suggest that denbinobin could
inhibit colon cancer growth both in vitro and in vivo .
Activation of extrinsic and intrinsic apoptotic pathways
and AIF were involved in the denbinobin-induced COLO
205 cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon cancer is one of the most prevalent malignances in
the world. It ranked as the second cause of cancer death in
the Western societies[1]. In Taiwan, colon cancer is the third
most common form of lethal cancer[2]. Although surgical
treatment of early stage colon cancer showed promising
effect, the prognosis for those advanced staging patients is
still not satisfactory, mostly owing to high local recurrent
rate and metastasis. Therefore, finding new therapeutic
strategies to improve survival rate in colon cancer patients
are very important issues.
There are growing evidences that compounds of plant
origin have the ability to treat or prevent cancer. For example,
the Chinese herbal preparation called PC-SPES, a mixture
consisting of extracts from eight herbs, has been used
increasingly in prostate cancer[3] and demonstrated activity
against androgen independent prostate cancer in a prospective,
multicenter, randomized phase II study[4]. Another example
was taxol, which was purified from the stem bark of Taxus
brevifolia and showed anti-tumorigenesis effect on breast and
ovarian cancers[5]. Other pure compounds isolated from
herb could provide novel therapeutic advantage in the
treatment of cancers. For example, solamargine, a pure
compound isolated from Solanum incanum herb, could be a
potential drug for cisplatin-resistant human lung cancer
cells[6] and beta-elemene, a wide spectrum anticancer drug
derived from the Chinese herb Curcuma chaeocaulis, could
reverse adriamycin-induced resistance in human breast
cancer cell line[7]. Therefore, it is reasonable for us to search
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useful anti-cancer drugs from the traditional herbal medicine.
Previous study had demonstrated that denbinobin
isolated from Dendrobium nobile, Ephemerantha lonchophylla,
and E. fimbriata exerted potential anti-inflammatory,
antioxidant, and anti-tumorigenesis effect[8-10]. Denbinobin
was found to be cytotoxic against A549 (human lung
carcinoma), SK-OV-3 (human ovary adenocarcinoma), and
HL-60 (human promyelocytic leukemia) cell lines [9].
However, the anti-cancer effect of denbinobin and its
underlying molecular mechanisms remain obscured. The
purpose of this study is to explore the in vitro and in vivo
anti-tumorigenesis effects of denbinobin against colon cancer
and clarify its underlying molecular mechanisms.

MATERIALS AND METHODS
Cell lines and cell culture
The COLO 205 cell line was isolated from human colon
adenocarcinoma (American Type Culture Collection CCL-222).
The cells were grown in RPMI 1640 supplemented with
10% fetal calf serum (FCS), penicillin (100 U/mL),
streptomycin (100 mg/mL), and 0.3 mg/mL glutamine in a
humidified incubator (37 ℃, 50 mL/L CO2). Denbinobin
(Pharmaceutical Industry, Technology and Development
Center, Taiwan) was added at the indicated doses in 0.1%
dimethylsulfoxide (DMSO). For control specimens, the
same volume of DMSO was added in a final concentration
of 1 mL/L without denbinobin.
MTT assay
COLO 205 cells were seeded in a 96-well plate at a density
of 1×104 cells/well and allowed to adhere overnight. After
removing the medium, 200 L of fresh medium per well,
containing 10 mmol/L Hepes (pH 7.4) was then added.
Then, 50 L of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl2H-tetrazolium bromide (MTT) was added to the wells and
the plate was incubated for 2-4 h at 37 ℃ in the dark. The
medium was removed and 200 L DMSO and 25 L
Sorensen’s glycine buffer was added to the wells. Absorbance
was measured using an ELISA plate reader at 570 nm.
Drug treatment, and flow cytometry analysis
At 24 h after plating of cells, cells were washed thrice with
phosphate-buffered saline (PBS) and then added with
medium containing 10% FCS with various concentrations
of denbinobin in a final concentration of 1 mL/L DMSO.
The cell cycle stages in the denbinobin and DMSO-treated
groups were measured by fluorescence-activated cell sorter
(FACS) analysis. Cells were harvested and stained with
propidium iodide (50 g/mL) (Sigma Chemical Co., St.
Louis, MO), and DNA content was measured using a
FACScan laser flow cytometer analysis system (BectonDickinson, San Jose, CA); and 15 000 events were analyzed
for each sample.
Analysis of DNA fragmentation
Analysis of DNA fragmentation was performed as previously
described[11]. Briefly, the denbinobin and DMSO-treated cells
were seeded on 100-mm dishes. The DNA was extracted
twice with equal volumes of phenol and once with
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chloroform-isoamyl alcohol (24:1 v:v), then precipitated
with 0.1 volume of sodium acetate, pH 4.8, and 2.5 volumes
of ethanol at -20 ℃ overnight, and finally centrifuged at
13 000 g for 1 h. Genomic DNA was quantitated, and
equal amounts of DNA sample in each lane were
electrophoresed in a 2% agarose gel. The DNA was visualized
by ethidium bromide staining.
Western analysis
Cells were washed with cold PBS, lysed in Golden lysis
buffer, and performed Western blotting as described
previously [12] . Briefly, cell lysates were prepared,
electrotransferred, immunoblotted with anti-bax, bcl-2,
cytochrome c (Cyto c), and apoptosis-inducing factor (AIF)
monoclonal antibody or anti-caspases 9, 3 and Bid, total
Akt polyclonal antibody (1:1 000 dilution, Santa Cruz
Biotechnology, Santa Cruz, CA); or with anti-caspase 8 and
phosphorylated Akt monoclonal antibody (1:1 000 dilution,
Cell Signaling Technology, Beverly, MA); or with antiglyceraldehyde-3-phosphate dehydrogenase (GAPDH)
monoclonal antibody (1:2 000 dilution, Biogenesis, Kingston,
NH), and then with anti-mouse or anti-rabbit or anti-goat
IgG antibody conjugated to horseradish peroxidase (1:5 000
dilution, Santa Cruz Biotechnology) and visualized bands
using enhanced chemiluminescence kits (2 min, ECL,
Amersham). The expression of GAPDH was used as the
control for equal protein loading.
Subcellular fractionation
As previously described[13], COLO 205 cells were harvested
in isotonic mitochondrial buffer (210 mmol/L mannitol,
70 mmol/L sucrose, 1 mmol/L EDTA and 10 mmol/L
HEPES pH 7.5), supplemented with protease inhibitor
cocktail Complete (Boehringer Mannheim), and homogenized
for 40 strokes with a Dounce homogenizer. Samples were
centrifuged at 500 r/min for 5 min at 4 ℃ to eliminate
nuclei and unbroken cells. The resulting supernatant was
centrifuged at 10 000 g for 30 min at 4 ℃ to separate the
heavy membrane pellet, and the resulting supernatant was
stored as the cytosolic fraction.
Treatment of COLO 205-derived xenografts in vivo
As previously described[14], COLO 205 cells were grown in
RPMI 1640 supplemented with 10% FCS as described
above. Cells were harvested through two consecutive
trypsinizations, centrifuged at 300 r/min for 5 min, washed
twice, and resuspended in sterile PBS. Cells (5×106) in 0.2 mL
were injected subcutaneously between the scapulae of each
nude mouse (purchased from National Science Council
Animal Center, Taipei, Taiwan). After transplantation,
tumor size was measured using calipers and the tumor
volume was estimated according to the formula tumor
volume (mm3) = L×W2/2, where L is the length and W is
the width[15]. Once tumors reached a mean size of 200 mm3,
animals received intraperitoneal injections of either 25 L
DMSO or 50 mg/kg denbinobin thrice per week for 4 wk.
Statistical analysis
Results were expressed as mean±SE for each study. Data
were analyzed by Student’s t-test or linear regression method;
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a P value of 0.05 or less was considered statistically significant.
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RESULTS
Denbinobin suppressed colon cancer cell growth
We first examined the antiproliferative effect of denbinobin
on the colon cancer cells. Treatment of the COLO 205
cells with 10 mol/L denbinobin in a time course study
showed significant inhibition of COLO 205 cell growth
starting from 12 to 24 h by MTT test (Figure 1A). Dosedependent study by MTT test further demonstrated that
treatment of denbinobin (10-20 mol/L) to COLO 205
for 24 h suppressed cancer cell growth (Figure 1B).
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Figure 2 Treatment of COLO 205 cells with denbinobin (10-20 mol/L) for 24 h
induced apoptosis. A: FACS analysis of DNA content after 24-h incubation in
culture medium supplemented with 10% FCS and 0.1% DMSO or 0-20 mol/L
denbinobin in 0.1% DMSO. Percentages of cells in sub-G1, G0/G 1, S, and G2/M
phases of the cell cycle determined using established CellFIT DNA analysis
software were shown. Increased sub-G1 percentage of COLO 205 cells was
shown after treatment with 10-20 mol/L denbinobin. Two independent experiments
were performed in triplicate. aP<0.05 vs DMSO control. B: Electrophoresis of
genomic DNA from COLO 205 treated with denbinobin. A typical DNA ladder
pattern associated with apoptosis was seen at 10-20 mol/L denbinobin.
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Figure 1 Effect of denbinobin on COLO 205 cell growth. COLO 205 cells
were seeded in a 96-well plate until subconfluence and viable cells were
determined by MTT assay. A: Time course study with 10 mol/L denbinobin
in 0.1% DMSO. Two independent experiments were performed in triplicate.
a
P<0.05 vs time 0. B: Dose-dependent study after treatment of denbinobin for
24 h. Two independent experiments were performed in triplicate. cP<0.05 vs
DMSO control.

Denbinobin induced apoptosis
To further investigate the cellular mechanism of the
denbinobin-induced growth inhibition, FACS analyses of
DNA content in both DMSO- and denbinobin-treated
COLO 205 cells were conducted. Figure 2A showed that
10-20 mol/L denbinobin treatment to COLO 205 cells
for 24 h induced a significant accumulation of cells at
the sub-G1 phase of the cell cycle, suggesting that the
observed growth inhibitory effect of denbinobin was due
to induction of cell death. Further study by using DNA
fragmentation assay also demonstrated that, at concentrations
of 0-5 mol/L denbinobin, apoptosis was not observed.
However, when denbinobin concentration was increased to
10-20 mol/L, apoptosis was observed in COLO 205 cells
(Figure 2B).

Denbinobin activated caspases 3, 8 and 9
Since it has been suggested [16] that the occurrence of
apoptosis requires the activation of caspases, we investigated
the involvement of caspase activation in the denbinobininduced apoptosis in COLO 205 cells by Western blot
analyses. Treatment of COLO 205 cells with 20 mol/L
denbinobin for 24 h induced caspase 3 activation evidenced
by degradation of procaspase 3 bands (Figure 3A). To
elucidate the apoptotic pathways involved in the activation
of caspase 3, we examined the changes of caspases 8 and 9
protein levels in the denbinobin-treated COLO 205 cells.
After treatment of COLO 205 cells with 20 mol/L
denbinobin for 12 h, activations of caspases 8 and Bid
were evidenced by the degradation of the proenzymes of
caspases 8 and cleavage of Bid proteins. Furthermore,
increased expression of activation form of caspase 9 was
noted after 18 h of 20 mol/L denbinobin treatment to
COLO 205 cells (Figure 3A).
Denbinobin induced Cyto c and AIF release from mitochondria
It has been demonstrated that activation of caspase 9 occurred
during the release of Cyto c from mitochondria[17]. To examine
whether this occurs in the denbinobin-induced apoptosis in
COLO 205 cells, Cyto c release was monitored at various
times after 10 mol/L denbinobin treatment. Figure 3B
showed that denbinobin treatment resulted in a significant
accumulation of Cyto c as well as AIF in the cytosol fraction
of cell extracts (Figure 3B). This denbinobin-induced
elevation of cytosolic Cyto c was observed at 12 h and
peaked at 24 h after denbinobin treatment. Under the same
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Figure 3 Effect of denbinobin on caspases, Bid protein levels or Cyto c and AIF
translocation from mitochondria to cytosol. The whole cell proteins (A) or cytosolic
proteins for Cyto c, AIF (B) were extracted from the cultured COLO 205 cells,
which had been grown in 10% FCS and incubated for the indicated times with
0.1% DMSO or 20 mol/L denbinobin in 0.1% DMSO. After electrophoresis, proteins
were transferred onto Immobilon-P membranes, and then probed with proper
dilutions of specific antibodies. Membranes were also probed with anti-GAPDH
antibody to correct for difference in protein loading. Denbinobin time-dependently
induced the activation of caspases and Bid (A), translocation of Cyto c and AIF (B).

Figure 4 Effect of denbinobin on caspases (A) or Bid, bcl-2 and bax protein
levels (B). The whole cell proteins were extracted from the cultured COLO 205
cells, which had been grown in 10% FCS and incubated for the indicated times
with 0.1% DMSO or 20 mol/L denbinobin in 0.1% DMSO. After electrophoresis,
proteins were transferred onto Immobilon-P membranes, and then probed with
proper dilutions of specific antibodies. Membranes were also probed with antiGAPDH antibody to correct for difference in protein loading. Denbinobin dosedependently induced the activation of caspases (A), Bid protein activation and
decreased expression of bax (B).

conditions, apoptosis was not observed until 12 h after
denbinobin treatment (Figure 1A) sug gesting that
translocation of Cyto c and AIF occurred in the denbinobintreated COLO 205 cells beforehand, and then caspases 9
and 3 activation, and apoptosis followed thereafter.

processes, we applied an MEK 1 inhibitor (U10126), a p38
MAP kinase (p38 MAPK) inhibitor (SB203580) and a JNK
inhibitor (SP600125) to examine whether they also participated
in the denbinobin-induced COLO 205 cell apoptosis. As
illustrated in Figure 5A, pretreatment of COLO 205 cells
with 100 nmol/L U10126, but not SB20358 (20 mol/L)
and SP600125 (100 nmol/L), blocked the denbinobininduced caspases 8, 9 and Bid protein activation in COLO
205 cell, suggesting that the ERK, but not p38 and JNK
pathways, was involved in this process.
The serine/threonine kinase Akt is important for antiapoptotic signaling pathways for normal cells. Accordingly,
we tested whether Akt activity was regulated by denbinobin
treatment to COLO 205 cells. Time course study in Figure
5B demonstrated that treatment of denbinobin to COLO
205 cells induced activation of Akt evidenced by increased
phosphorylated form of Akt peaked from 30 to 60 min
after treatment. Pretreatment of PI3K-Akt pathway inhibitor
(Wortmannin, 100 nmol/L) failed to affect denbinobininduced caspases activation (data not shown). These findings
suggested that Akt pathway might not be directly involved in
the denbinobin-induced apoptosis in COLO 205 cells.

Denbinobin activated Bid protein
Proteins of the bcl-2 family are also believed to be involved
in the control of apoptosis[18]. Activation of Bid by caspase
8 links the extrinsic to the intrinsic apoptotic pathway through
mitochondrial damages[19] by releasing Cyto c from mitochondria,
and thereby initiate apoptosis. Bcl-2 directly or indirectly
operates to prevent the release of Cyto c from mitochondria.
On the other hand, bax can trigger mitochondria to release
Cyto c from mitochondria, and thereby initiate apoptosis.
Accordingly, we examined the changes of bcl-2 protein
levels in denbinobin-treated COLO 205 cells. Treatment of
COLO 205 cells with 10-20 mol/L denbinobin caused a
dose-dependent activation of caspases 3, 8, and 9 (Figure 4A)
as well as Bid activation evidenced by decreased Bid protein
and appearance of its cleavage product (Figure 4B). In
contrast, bcl-2 protein levels were not changed significantly
(Figure 4B). Surprisingly, proapoptotic bax protein showed
decreased expression (Figure 4B). These findings suggest
that Bid but not bcl-2 or bax participated in the denbinobininduced COLO 205 cells apoptosis.
Denbinobin-induced apoptosis involved extracellular signalregulated kinase (ERK) pathway
To further study the signaling pathways involved in the
denbinobin-induced COLO 205 cell apoptosis, the following
experiments were performed. Since the extracellular signalregulated kinase (ERK), p38 and JNK pathways have been
suggested to be involved in the regulation of apoptotic

Denbinobin inhibited colon tumor growth in vivo
We further examined the anti-tumor effect of denbinobin
in vivo by treating athymic mice bearing COLO 205 tumor
xenografts. After establishment of palpable tumors (mean
tumor volume, 200 mm3), animals received denbinobin at
dosage of 50 mg/kg or DMSO (control) thrice a week. A
reduction in tumor volume between denbinobin-treated vs
the DMSO-treated control group was detected by d 15.
This difference became progressively more conspicuous,
with the average tumor volume in the denbinobin-treated
mice 32% that of the DMSO-treated mice after 4 wk of
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treatment (Figure 6A). In mice receiving these treatment
regimens, no significant difference of body weight was noted
(Figure 6B) and no gross signs of toxicity were observed
(visible inspection of general appearance, and microscopic
examination of individual organs) (data not shown). Our
results indicated that denbinobin might be a potential useful
chemotherapeutic agent in treating colon tumor.
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Figure 5 Effect of MAPK and Akt pathways in the denbinobin-induced COLO
205 cells apoptosis. A: Cells were pretreated with various kinds of MAPKs
inhibitors; U10126 (U, 100 nmol/L), SB203580 (SB, 20 mol/L), or SP600125
(SP, 100 nmol/L) for 1 h. The whole cell proteins were extracted from the
cultured COLO 205 cells, which had been grown in 10% FCS and incubated for
the indicated times with 0.1% DMSO or 20 mol/L denbinobin in 0.1% DMSO for
24 h. After electrophoresis, proteins were transferred onto Immobilon-P
membranes, and then probed with proper dilutions of specific antibodies; B:
Effect of Akt pathway on the denbinobin treatment to COLO 205 cells. Time
course study of 20 mol/L denbinobin-treated COLO 205 cells was used to
detect the total Akt proteins and the phorphorylated Akt by Western blot.
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Figure 6 Growth of COLO 205 tumor xenografts in nude mice was suppressed
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treatment group.
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DISCUSSION
Denbinobin is one of the pure compounds isolated from
the stems of D. moniliforme, known as Shi-Hu in Chinese
medicine, which has been used for a long time to treat respiratory
tract infection, fever and heat stroke[10]. Denbinobin has been
shown to suppress the lipopolysaccharide-induced TNF-
formation in mouse macrophage cells suggesting that it
exerts potent anti-inflammatory effect [10] . Chemical
compounds with anti-inflammatory activity has been shown
to protect against chemical toxicity and cancer[20,21]. In our
in vitro study, we demonstrated that denbinobin at
concentrations of 10-20 mol/L inhibited the growth of
COLO 205 cells in a dose-dependent manner (Figure 1).
These results were not due to inhibition of cell division and
indicated that there was an induction of apoptosis by
denbinobin in the subcultured cancer cells (Figure 2). In
vivo studies showed that intraperitoneal administration of
denbinobin caused a striking and substantial regression of
the COLO 205 tumor in nude mice (Figure 6). To our knowledge,
this is the first demonstration that denbinobin inhibits the
growth of colon cancer cells both in vitro and in vivo.
Apoptosis is a cell suicide mechanism that requires
specialized cellular machinery. A central component of this
machinery is a proteolytic system involving caspases, a highly
conserved family of cysteine proteinases with specific
substrates[16]. By Western blot analysis, we demonstrated that
10-20 mol/L denbinobin induces activations of caspases
8 and 9 in COLO 205 cells, evidenced by decreases in the
stainable procaspases 8, and increases in the active form
of caspase 9 enzyme expression (Figures 3A and 4).
Activation of caspases 8 and 9 can cleave and activate
downstream caspases such as caspase 3 (Figures 3A and 4),
which eventually leads to apoptosis[22].
Bcl-2 family proteins have been suggested to be involved
in the regulation of apoptosis by controlling the release of
Cyto c from mitochondria[18]. Activation of Bid by caspase
8 links the extrinsic to the intrinsic apoptotic pathway through
mitochondrial damages[19]. Bcl-2 prevents apoptosis by blocking
the release of Cyto c from mitochondria[23] . Bax, on the
other hand, directly induces Cyto c release from mitochondria,
and thereby triggers caspase 9 activation[24]. The results of
the present study demonstrate that activation of Bid protein
by denbinobin treatment in COLO 205 cells seems to be
responsible for stimulating the release of Cyto c (Figure 3).
One of the major challenges in the cancer treatment is
that many tumor cells carry mutations in key apoptotic genes
such as p53, Bcl family proteins or those affecting caspase
signaling. These defects resulted in failure of traditional
chemotherapeutic treatments. Therefore, it is important to
search for caspase-independent cell death mechanism in
tumor[25]. It has been discovered that, in response to apoptotic
stimuli, mitochondria can also release caspase-independent
cell death effector such as AIF[26]. AIF is a phylogenetically
ancient mitochondrial intermembrane flavoprotein endowed
with the unique capacity to induce caspase-independent
peripheral chromatin condensation and large-scale DNA
fragmentation when added to purified nuclei[27]. In our study,
20 mol/L denbinobin treatment induced the release of
AIF from mitochondria to cytosol. These findings suggest
a potential therapeutic advantage of denbinobin in the
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treatment of colon cancer.
Mitogen-activated protein (MAP) kinases, including
ERK, c-Jun NH2-terminal kinases (JNK) and p38 MAPK
are important intermediates of the signal-transduction
pathway associated with proliferation or apoptosis[28] . A
report has shown that ursodeoxycholic acid could induce
colon cancer cell apoptosis through modulation of ERK
pathway. Our results demonstrated that MEK 1 inhibitor
but not JNK or p38 inhibitors could reverse the denbinobininduced caspases 8, 9 and Bid activation (Figure 5A)
sug gesting that ERK pathway was involved in the
denbinobin-mediated apoptosis in COLO 205 cells.
Akt promotes cell survival by inhibiting proapoptotic proteins
such as Bad, forkhead, and p53, and activating pro-survival
proteins such as NF-B. It is likely that hyperactivity of the
PI3K-Akt pathway is a selected mechanism for tumor cells
to overcome apoptotic stimuli. In our results, we demonstrated
that Akt was not suppressed but transient activated after
denbinobin treatment to COLO 205 cells (Figure 5B) and
pretreatment of Akt inhibitor has no effect on the denbinobininduced COLO 205 cell apoptosis. These findings suggest
that Akt pathway was not primarily regulated by denbinobin,
instead its activation might be a secondary effect.
Our findings introduced our basic observations that
denbinobin, a pure compound derived from Chinese herb,
could induce apoptosis in colon cancer cells and suppress
colon cancer growth in tumor bearing nude mice. The results
from the present in vitro and in vivo studies highlight the
molecular mechanisms of denbinobin-induced apoptosis in
COLO 205 cells, which might have potential applications
in the treatment of human colon cancer.
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Abstract
AIM: To explore the relationship between matrix metalloproteinase-2 (MMP-2) and tissue inhibitor of metalloproteinase-2 (TIMP-2) in the development of colorectal
carcinoma and to provide a valuable marker for clinical
diagnosis.
METHODS: Twenty-five patients with colorectal carcinoma
underwent surgical resection. Samples were taken from
tumor sites and normal tissues. MMP-2 activity was determined
by gelatin zymography. Western blot and ABC immunohistochemical staining were used to detect the expression
levels of MMP-2 and TIMP-2 in normal and colorectal carcinoma
tissues. Statistical analyses were performed using the
Student’s t test and one-way ANOVA. P<0.05 was considered
statistically significant. All the statistical analyses were
performed using SPSS 10.0 software.
RESULTS: MMP-2 activity could be detected in both normal
and colorectal carcinoma tissues. MMP-2 activity in colorectal
carcinoma tissues was much higher than that in normal
tissues (P<0.05, t = 3.916, 4.227). MMP-2 activity was positively
related to the colorectal carcinoma invasion depth, lymph
node metastasis and Duke’s stage. Western blot and ABC
immunohistochemical staining demonstrated that the
expression level of MMP-2 in colorectal carcinoma tissues
was much higher than that in normal tissues (P<0.05,
t = 9.429), but the expression level of TIMP-2 in colorectal
carcinoma tissues was much lower than that in normal
tissues (P<0.05, t = 7.329). The MMP-2/TIMP-2 ratio of
colorectal carcinoma was much higher than that of normal
tissues. With the progression of invasion depth, lymph
node metastasis and tumor Duke’s stage, the activity and
expression level of MMP-2 and TIMP-2 gradually increased,
but the MMP-2/TIMP-2 ratio gradually decreased.
CONCLUSION: The balance between MMP-2 and TIMP-2

INTRODUCTION
Colorectal carcinoma is one of the most common malignant
tumors with a relatively high incidence in China. Despite
major advances in the diagnosis and treatment of this disease,
its mortality has remained unchanged during the last 20 years.
Tumor invasion and metastasis are considered to be the major
causes of death in colorectal carcinoma patients. Recent
researches in the field of mechanism for tumor invasion
and metastasis have demonstrated that the degradation of
extracellular matrix (ECM) and basement membrane (BM)
is an essential step and the contribution of matrix
metallopro-teinases (MMPs) is very important during this
process[1-4]. MMPs are a family of zinc-dependent endopeptidases that are collectively capable of degrading most
components of the BM and ECM [5]. Several studies have
proved that there are high expression level and activity of
MMPs in many kinds of tumors, such as carcinoma of
esophagus, lung, stomach, etc. Tissue inhibitors of
metalloproteinases (TIMPs), as the main endogenous
inhibitors of the metalloproteinases, can reversibly inhibit
MMPs in a 1:1 stoichiometric fashion and influence the
process of tumor invasion and metastasis[6] . At present,
there have been many reports about the overex-pression
of matrix metalloproteinase-2 (MMP-2) in colorectal
carcinoma tissues. However, few reports concerning the
detailed pathophysiological significance of MMP-2 and
the relationship between MMP-2 and tissue inhibitor of
metalloproteinase-2 (TIMP-2) are available. Therefore, the
aim of the present study was to investigate the expression
characteristics of MMP-2 and TIMP-2 in colorectal
carcinoma tissues and to explore the relationship between
MMP-2 and TIMP-2 and the correlation with colorectal
carcinoma progression, trying to provide a valuable marker
for its clinical prognosis.
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MATERIALS AND METHODS
Clinical specimens
Twenty-five patients with colorectal carcinoma were
recruited at the Fourth Hospital of Hebei Medical University
from March 2002 to July 2002. Paired colorectal tumor
and normal mucosal tissue samples (taken at a site 10 cm
or more from the primary tumor) were collected immediately
after surgical resection. Of the 25 cases, 9 had colon carcinoma, 16 had rectal carcinoma. All colorectal tumors were
confirmed by their pathological examination. All the
specimens were divided into two parts. One part was stored
at -70 ℃, the other part was fixed quickly into formalin
solution at pH 7.0, embedded in paraffin and cut into
sections (4-m thick).
Gelatin zymography
MMP-2 activity was analyzed by gelatin zymography.
Frozen samples werehomogenized in lysis buffer containing
100 mmol/L Tris-Cl, pH 7.6, 20 mmol/L NaCl, 1% Triton
X-100. The lysates were incubated on ice for 30 min and
insoluble materials were removed by centrifugation. Samples
containing 100 g of protein were mixed with 5×sample
buffer (4:1) and electrophoresed (120 V) for 2-3 h at 4 ℃.
When the tracking dye at the front reached the bottom of
the gel, the gel was removed and shaken gently for 30 min
in 2.5% Triton X-100 to remove SDS. Then, the gel was
incubated in 50 mmol/L Tris-HCl, pH 8.0, 50 mmol/L
NaCl, 10 mmol/L CaCl2, 1% Triton X-100 for 9 h at 37 ℃.
At last, following staining with 0.5% Coomassie brilliant blue
R250 for 1.5-2 h and decolorized for 1 h. The clear band
against a blue background representing the activity of MMP-2
was measured by using a gel image system (Image master 1D
analysis software).
Western blot analysis
MMP-2 and TIMP-2 protein levels in normal and colorectal
carcinoma tissues were determined by Western blot analysis.
Tissue homogenates were prepared as described above for
gelatin zymography. Five times loading buffer was added
to an equal amount (150 g) of protein extracts, which was
subsequently boiled for 5 min. Then proteins were subjected
to SDS-PAGE and transferred to the PVDF membrane
for immunodetection. The PVDF membranes were blocked
in 5% nonfat milk for 3 h at room temperature and then
probed with anti-MMP-2 or anti-TIMP-2 antibody for 9 h
at 4 ℃. After that, the membranes were washed thrice with
TBS-Tween and incubated with secondary antibody for 2 h
at room temperature. Immunoreactive proteins were detected
using a color development system (NBT/BCIP) by the
standard procedure.
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were incubated with 5% normal goat serum for 30 min at
room temperature and then incubated with primary
antibodies to MMP-2 and TIMP-2 at an antibody concentration
of 1:200, overnight at 4 ℃. The negative control was used
with PBS buffer replacing the polyclone antibody. ABC
immunohistochemical kits and DAB substrate solution were
used to detect the immune complex. The procedures of
blocking, linkage, and labeling of binding reaction were
carried out according to manufacturer’s instructions. The
peroxidase activity was visualized by a DAB kit (SinoAmerican Biotechnology Co.). The deep yellow particles
were defined as positive.
Statistical analysis
All the experiments were repeated thrice. Statistical analyses
were performed using the Student’s t test and one-way
ANOVA. P<0.05 was considered statistically significant. All
the statistical analyses were performed using SPSS 10.0
software.

RESULTS
MMP-2 activity analysis
As shown in Figure 1, the major band was 72 000 Mr and
the minor band was 62 000 M r on SDS-PAGE. They
corresponded to the latent and active forms of MMP-2
respectively. The MMP-2 activity was much higher in
colorectal carcinoma tissues than in normal tissues (Figure 1,
P<0.05, t = 3.916, 4.227). Further, the invasive and metastatic
capacity of colorectal carcinoma was significantly correlated
with the MMP-2 activity. With the progression of tumor
Duke’s stage, the MMP-2 activity gradually increased
(Figure 2, P<0.05, F = 219.296). As shown in Figure 3, the
MMP-2 activity was much higher in the lymph node
metastatic group than in the group without lymph node
metastasis (Figure 3, P<0.05, t = 6.042, 20.174). The
MMP-2 activity was also higher in colorectal carcinoma
tissues with subserosal invasion than in those with muscularis
propria invasion (Figure 3, P<0.05, t = 4.341, 3.151).
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ABC immunohistochemical staining
Streptavidin–biotin complex (SABC) method was adopted
in formalin-fixed, paraffin-embedded sections. Sections were
de-paraffinized and incubated with 1% hydrogen peroxide
in methanol for 10 min to block the endogenous peroxidase
activity. After being washed with phosphate-buffered saline
(PBS), sections were treated with 0.01 mol/L citric acid
buffer to recover the antigen activity. After that, the sections
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Figure 1 MMP-2 and pro-MMP-2 activity in normal and colorectal carcinoma
tissues. A: Results of gelatin zymography. Lanes 1-4: normal tissues; lanes
5-8: colorectal carcinoma tissues; B: Densitometric intensity of absorbance
(IOD) of pro-MMP-2 and MMP-2 activity in normal and colorectal carcinoma
tissues.
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Figure 4 MMP-2 and TIMP-2 expression in normal and colorectal carcinoma
tissues. A: Western blot analysis for MMP-2 and TIMP-2 expression. Lanes
1 and 2: normal tissues; lanes 3 and 4: colorectal carcinoma tissues; B:
Densitometric intensity of absorbance (IOD) of MMP-2 and TIMP-2 expression
in normal and colorectal carcinoma tissues.
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Figure 2 MMP-2 and pro-MMP-2 activity in colorectal carcinoma tissues at
different Duke’s stage. A: Results of gelatin zymography. Lane 1: Duke’s A
stage, lane 2: Duke’s B stage, lane 3: Duke’s C stage, lanes 4 and 5: Duke’s D
stage; B: Densitometric intensity of absorbance (IOD) of pro-MMP-2 and MMP-2
activity in colorectal carcinoma tissues at different Duke’s stage.
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Figure 3 Densitometric intensity of absorbance (IOD) of pro-MMP-2 and MMP-2
activity in colorectal carcinoma tissues. A: Different lymph node metastases.
1: lymph node negative; 2: lymph node positive; B: Different invasion depths.
1: muscular layer invasion; 2: serous membrane layer or surrounding soft
tissue invasion.

Western blot analysis for MMP-2 and TIMP-2
As shown in Figure 4, Western blot analysis revealed the
specific bands of MMP-2 (72 000 Mr) and TIMP-2 (22 000 Mr)
in normal and colorectal carcinoma tissues. The MMP-2
expression level was found to be significantly increased
whereas significantly decreased in colorectal carcinoma
tissues in comparison with normal colorectal tissues (P<0.05,
t = 9.429, 7.329). The MMP-2/TIMP-2 ratio of colorectal
carcinoma was much higher than that of normal tissue (Table 1,
P<0.05, t = 6.474). With the progression of tumor Duke’s
stage, the MMP-2 and TIMP-2 expression levels were
gradually increased (Figure 5, P<0.05, F = 74.318, 124.426).
The ratio of MMP-2/TIMP-2 was gradually decreased
(Table 1, P<0.05, F = 6.330). It also could be seen that the
MMP-2 and TIMP-2 expression levels in colorectal carcinoma
tissues with regional lymph node metastasis were significantly

Figure 5 Western blot analysis for MMP-2 and TIMP-2 expression in carcinoma
tissues at different Duke’s stages. Lane 1: Duke’s A stage; lane 2: Duke’s B
stage; lane 3: Duke’s C stage; lane 4: Duke’s D stage; B: Densitometric intensity
of absorbance (IOD) of MMP-2 and TIMP-2 expression in colorectal carcinoma
tissues at different Duke’s stages.

high, while they were very low in those without lymph node
metastasis (Figure 6, P<0.05, t = 10.361, 5.609). The ratio
of MMP-2/TIMP-2 in the former was lower than the latter
(Table 1, P>0.05, t = 2.252). The MMP-2 and TIMP-2
expression levels were much higher in colorectal carcinoma
tissues with subserosal invasion than in those with muscularis
propria invasion (Figure 6, P<0.05, t = 3.042, 4.004), the
MMP-2/TIMP-2 ratio in the former was also lower than
that in the later (Table 1, P>0.05, t = 2.476).
Immunohistochemical staining for MMP-2 and TIMP-2
Figure 7 shows the expression and localization of MMP-2
and TIMP-2 in normal and colorectal carcinoma tissues.
Immunohistochemical staining for MMP-2 revealed that
normal colorectal tissues were slightly positive while colorectal
carcinoma tissues in early stage were strongly positive. In
contrast, the positive staining with TIMP-2 in normal
colorectal carcinoma tissues was much higher than that in
colorectal carcinoma tissues. MMP-2 immunoreactivity was

Li BH et al. MMP-2 and TIMP-2 in colorectal carcinoma
Table 1 MMP-2/TIMP-2 ratio of normal and colorectal carcinoma
tissues (mean±SD)
Variable

MMP-2/TIMP-2

Tissues
Normal
Carcinoma
Invasion depth
Muscular layer invasion
Serous membrane layer or
surrounding soft tissue invasion
Lymph node metastasis
Negative
Positive
Duke’s stage
A
B
C
D

A

P
P<0.05

0.5807±0.2061
2.4179±0.6534
2.5781±0.4336
2.1308±0.7311
2.2907±0.5102
1.7643±0.2597
2.6419±0.5429
1.7081±0.3631
1.9880±0.1551
1.5407±0.1794
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Figure 6 Densitometric intensity of absorbance (IOD) of MMP-2 and TIMP-2
expression in colorectal carcinoma tissues. A: different lymph node metastases. 1:
lymph node negative; 2: lymph node positive; B: Different invasion depths. 1: muscular
layer invasion; 2: serous membrane layer or surrounding soft tissue invasion.
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observed mainly in the cytoplasm of colorectal carcinoma
cells and matrix around tumor cells. It was also observed
frequently in stromal cells. However, the positive staining
with TIMP-2 was mainly distributed in the matrix around
the tumor.

DISCUSSION
Our results in this study demonstrated that MMP-2 activity
and expression level were much higher in colorectal carcinoma
tissues than in normal tissues. Moreover, there was a significant
positive correlation between the MMP-2 activity or expression
level and tumor invasion depth, lymphatic metastasis and
tumor Duke’s stage. These results strongly indicated that
MMP-2 expression level was not only associated with the
development of colorectal carcinoma, but also played a very
important role in the process of colorectal carcinoma invasion
and metastasis. Immunohistochemical staining for MMP-2
identified that MMP-2 positive staining mainly occurred in
the cytoplasm of colorectal carcinoma cells and matrix around
them. It also frequently occurred in stromal cells. This suggests
that the major cell source of MMP-2 in colorectal carcinoma
is heterogeneous. Western blot analysis also demonstrated
that the TIMP-2 (22 000 Mr) expression level in colorectal
carcinoma tissues was significantly lower than that in normal
colorectal tissues. Furthermore, with the progression of
tumor invasion depth, lymph node metastasis and tumor
Duke’s stage, the TIMP-2 expression level was increased
gradually, but did not reach the normal level. Our study
also showed that there was an increase in the MMP-2/TIMP2 ratio in colorectal carcinoma tissues compared to that in
normal colorectal tissues. However, with the progression of
tumor Duke’s stage, the MMP-2/TIMP-2 ratio was gradually
decreased. We think that it is related to the increased TIMP-2
expression in the late stage. So we infer that the increased
TIMP-2 expression in the late stage of colorectal carcinoma

A

B

C

D

E

F

Figure 7 MMP-2 and TIMP-2 expression in normal and colorectal carcinoma
tissues (SABC ×40). A: MMP-2 expression in normal colorectal tissue, B:
MMP-2 expression in colorectal carcinoma tissue, C: MMP-2 negative control,

D: TIMP-2 expression in normal colorectal tissue, E: TIMP-2 expression in
colorectal carcinoma tissue, F: TIMP-2 negative control.
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is a secondary change towards the increased MMP-2 activity.
Since the dynamic balance between MMP-2 and TIMP-2
is the decisive factor for the maintenance of ECM homeostasis
and integrity, the balance disorder between them not only
presents the regulation of colorectal carcinoma cells to ECM
turnover, but also shows the influence of ECM on the
behavior of tumor cells, which is important for colorectal
carcinoma invasion and metastasis. During the progression
of colorectal carcinoma, TIMP-2 plays a double role. On
the one hand it inhibits MMP-2 activity, on the other hand,
it is necessary for MMP-2 activation as a major cofactor, which
has been reported in several studies[7,8]. In order to expand
the growing space, colorectal carcinoma needs to enhance
the MMP-2 activation and keep the ECM environment suitable
for tumor cells, which must depend on TIMP-2 as a cofactor.
In a word, the increase of TIMP-2 expression in the late
stage of colorectal carcinoma predicts a worse prognosis.
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Abstract
AIM: To investigate the killing effect and radiosensitization
of double suicide gene mediated by adenovirus on colorectal
carcinoma cells.
METHODS: Colorectal carcinoma cell line SW480 was
transfected with adenovirus expression vector containing
cytosine deaminase (CD) and thymidine kinase (TK) fusion
gene. The expression of CD-TK fusion gene was detected
by reverse transcriptase-polymerase chain reaction. The
toxic effect of ganciclovir (GCV) and 5-fluorocytosine (5FC) on infected cells was determined by MTT assay. The
radiosensitization of double suicide gene was evaluated
by clonogenic assay.
RESULTS: After prodrugs were used, the survival rate of
colorectal carcinoma cells was markedly decreased. When
GCV and 5-FC were used in combination, the cytotoxicity
and bystander effect were markedly superior to a single
prodrug (2 = 30.371, P<0.01). Both GCV and 5-FC could
sensitize colorectal carcinoma cells to the toxic effect of
radiation, and greater radiosensitization was achieved
when both prodrug were used in combination.
CONCLUSION: CD-TK double suicide gene can kill and
radiosensitize colorectal carcinoma cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal carcinoma is one of the most frequent and lifethreatening diseases throughout the world, especially in
developed and industrialized countries [1]. Despite the
improvements in surgery, radiotherapy and chemotherapy,
the overall 5-year survival is around 50%[2] . Therefore,
interest has been in the development of new treatment
modalities due to the significant limitations of currently used
local and systemic therapies for colorectal carcinoma. Gene
therapy is a promising new treatment which can be used in
combination with existing therapies[3]. The most extensively
used strategy is suicide gene therapy. The suicide genes are
those that have the ability to convert a nontoxic prodrug
into a toxin within tumor cells when they are introduced
into tumor cells[4]. Two of the best characterized genes are
herpes simplex virus thymidine kinase (TK) gene and
Escherichia coli cytosine deaminase (CD) gene. The enzyme
TK efficiently phosphorylates nucleoside analogs such as
GCV, and phosphorylated products interact with DNA
polymerases, causing an arrest of DNA synthesis and
fragmentation and thereby leading to cell death[5,6]. The CD
gene is present in many bacteria and fungi but not in
mammalian cells. The enzyme CD can convert the relatively
non-toxic prodrug 5-FC to 5-flurouracil (5-FU), a metabolite
highly toxic to mammalian cells[7,8]. Both TK and CD have
been shown not only to kill transfected cells but also to exert
toxic effect on neighboring cells, the so called “bystander
effect”[9,10]. This is the phenomenon by which small molecules
such as active drug metabolites are able to pass between
cells so that untransfected cells are subjected to the same
effects as those expressing the transgene. It has been shown
that experimental tumors can be completely eradicated by
cytotoxic gene therapy when only a proportion of the cells
have taken up and expressed the relevant gene[11,12].
However, there are contradictions existing about double
suicide gene therapy. For example, single suicide gene
systems employing TK or CD may be preferable over
combinations of the two[13]. In order to develop a protocol
for an effective prodrug gene therapy of colorectal
carcinomas, we used adenovirus-mediated gene delivery
vectors to investigate whether CD-TK fusion gene systems
could be combined to produce synergistic antitumor effects
and whether CD-TK fusion gene systems could increase
radiosensitization on colorectal carcinoma.
MATERIALS AND METHODS
Cell lines and culture conditions
Human colorectal adenocarcinoma SW480 and human
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embryonic kidney (HEK) 293 cells obtained from American
Type Culture Collection (ATCC) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
heat-inactivated fetal bovine serum. All cells were grown in
50 mL/L CO2 humidified atmosphere at 37 ℃.
Generation of CD-TK adenoviral vector
Adenoviral backbone vector pAdEasy-1 and shuttle vector
pAdTrack-CMV-CD/TK were generous gifts of Cancer
Research Institute in Xiangya Medical School of Central
South University. Adenoviral vector was generated based
on the principle of He et al[14]. Briefly, pAdEasy-1 plasmid
was transformed into competent BJ5183 bacteria to generate
pAdeasy-1 bacteria. pAdtrack-CMV-CD/TK plasmid was
linearized with PmeI and transformed into competent
pAdeasy-1 bacteria prepared by CaCl2 method to generate
recombinant CD-TK adenoviral plasmid. HEK293 cells
were transfected by lipofectamine with recombinant
adenoviral plasmid which was linearized with PacI.
Transfected cells were monitored for green fluorescent
protein (GFP) expression and collected 7-10 d after
transfection. After three consecutive freeze-thaw cycles, the
virus was collected from supernatant. The titer of the virus
was determined by plaque assay using HEK293 cells, and
expressed as plaque-forming units (PFU). The presence of
CD-TK fusion gene in recombinant adenoviral plasmid and
viral DNA was identified by PCR with forward primer (5’GTGAATTCAGGCTAACAGTGTCGAATAACGCT-3’)
and reverse primer (5’-TCCTTGCGTGTTTCAGTTAGCCTC-3’).
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Radiosensitivity assays
SW480 and SW480/CD-TK cells were plated in six-well
tissue culture plate and allowed to adhere overnight. Then
the medium was replaced by a fresh medium containing
100 g/mL of 5-FC or 10 g/mL of GCV or both. After
48 h, cells were exposed to a single dose of X-irradiation
(0-6 Gy). Clonogenic survival was determined by counting
crystal violet-stained clones 14 d after treatment. Cytotoxicity
was assessed using cell survival curve.
Statistical analysis
All experiments were repeated at least three times, and SD
or standard error (SE) was calculated. 2 test was used to
analyze the data of in vitro cytotoxicity and bystander effect
assays. Survival curves were fit using SPSS 10.0 software.
Statistical analysis and data fitting of radiosensitivity assays
were performed using GraphPad Prism 4.02. A two-sided
t-test was used to compare the means between sample groups.

RESULTS
Recombinant adenoviruses containing CD-TK gene
HEK293 cells were transfected with the recombinant
adenoviral CD-TK plasmid linearized with PacI. After 3
days, 30% of cells expressed green fluorescent protein (GFP)
under fluorescence microscope (Figure 1). After three
consecutive freeze-thaw cycles, the titer of adenoviruses
was 1×1012 pfu/mL by plaque assays. We used the recombinant
CD-TK adenoviral plasmid and adenoviral DNA as
templates to amplify CD-TK fusion gene. The result showed
that the CD-TK fusion gene was present (Figure 2).

Transfer of HSV-TK gene to colorectal carcinoma cells
SW480 cells were plated one day prior to infection and
infected with adenovirus at the desired MOI for 1 h at
37 ℃, followed by the addition of growth media. In order
to confirm the successful infection, RT-PCR was performed
according to the manufacturer’s protocol (Promega Corporation).
In vitro cytotoxicity assays
A total of 1×104 infected (SW480/CD-TK) or non-infected
cells (SW480) were plated per well into a 96-well tissue culture
plate and allowed to adhere overnight. For prodrug treatment,
medium was removed and replaced by a fresh medium
containing 5-FC or GCV or both of them in different
concentrations. Seventy-two hours later, cell survival rate
was determined using routine MTT-method and absorbance
value (optical density, A) was read on a BioRad plate reader
at 570 nm wavelength. All experiments were performed at
least in triplicate. Survival rate was determined by ratios of
absorbance values from test conditions over absorbance
values from non-infected cells. Survival rate = (A value of
the test well/A value of the control) ×100%.
Bystander effect assays
SW480 and SW480/CD-TK cells were seeded at a density
of 5×10 3 cells/well in 96-well plates with proportion of
1:1. GCV and 5-FC were added at a concentration of 10
and 100 g/mL, respectively. Then routine MTT assay
was performed and assays were tested at least thrice.

Figure 1 Green fluorescent protein expression of HEK293 cells transfected with
recombinant adenoviral CD-TK plasmid under fluorescence microscope (×100).
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Figure 2 One percent gel electrophoretogram of PCR product (2 500 BP). M:
Marker; lane 1: recombinant CD-TK adenoviral plasmid; lane 2: recombinant
adenoviral DNA.
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Figure 3 A: One percent agarose gel electrophoresis of total RNA from SW480
and SW480/CD-TK cells. Lane 1: SW480/CD-TK cells; lane 2: SW480 cells; B:
Expression of CD-TK gene in SW480 and SW480/CD-TK cells by RT-PCR. M:
Hind III marker; lane 1: SW480/CD-TK cells; lane 2: SW480 cells.

Cytotoxicity of double suicide gene treatment
To determine whether double prodrugs could enhance the
cytotoxicity of suicide gene in vitro, SW480 cells were
infected with the recombinant adenovirus containing CDTK fusion gene and their sensitivity to prodrugs was
compared using MTT assays. As shown in Figure 4, both
prodrugs yielded killing effects on SW480/CD-TK cells
in a concentration-dependent manner. The sensitivity of
SW480/CD-TK cells to 5-FC+GCV was greater than that
to 5-FC or GCV alone (2 = 30.371; P<0.01). To achieve
the equal killing effect, lower doses of 5-Fc+GCV should
be used. These results demonstrated that double prodrug
therapy was superior to a single prodrug. From Figure 5,
we found that both GCV and 5-FC had no significant
effects on non-infected SW480 cells compared to the control
(2 = 6.540; P>0.05).

100

% survival

80
60
40
20
0

( 0)
(0.8) .00 (1.6) .00 (3.2) 0.00 (6.4) .00 (12.8)
0.00
20.00
40
80
16
320

5-FC (GCV) concentration (g/mL)

▲

▲

Figure 4 Sensitivity of SW480 and SW480/CD-TK cells to GCV or 5-FC or both
of them ■SW480/CD-TK+ GCV+5-FC; ●SW480/CD-TK+ GCV; ◆SW480/
CD-TK+5-FC; SW480+ GCV; SW480 +5-FC; ▲SW480+ GCV+5-FC; ▼
SW480 (Control).

Bystander effect
SW480/CD-TK cells exhibited a bystander effect when
mixed with non-infected SW480 cells. The results showed
that the cell inhibitory rate was 75.3±6.8% when both
prodrugs were used. The inhibitory rate was 39.3±5.4%
and 32.6±6.3%, respectively when 5-FC or GCV was added
alone, demonstrating that 5-FC and GCV could be combined
to achieve synergistic effect (Figure 5).
Radiosensitization of SW480/CD-TK cells
For radiocytotoxicity studies, SW480/CD-TK cells were
treated with fixed concentrations of 5-FC or GCV alone or
both for 48 h prior to irradiation. The SERSF2 of SW480/
CD-TK cells was 1.86 for GCV, 2.96 for 5-FC and 5.05
for both GCV and 5-FC, respectively. Although GCV or 5FC alone sensitized the tumor cells to radiation, 5-FC and
GCV in combination had a more radiosensitizing effect than
a single prodrug (P<0.01).

100
Survival fraction

Identification of CD-TK fusion gene expression in colorectal
carcinoma cells
Total RNA extracted from SW480 and SW480/CD-TK
cells was confirmed to have no degradation by agarose gel
electrophoresis (Figure 3A). RT-PCR detection of CD-TK
gene expression in SW480 and SW480/CD-TK cells is shown
in Figure 3B. SW480/CD-TK cells infected with recombinant
adenovirus expressed CD-TK gene.
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Figure 5 Effects of 5-FC and GCV on radiosensitization of SW480/CD-TK
cells.

DISCUSSION
Insertion of genes that activate pro-drugs to produce
cytotoxity in tumor cells is considered as a potential therapeutic
strategy for cancer treatment. As demonstrated before,
double suicide gene therapy is important in controlling tumor
growth, reducing cell survival and eradicating tumors such
as gliosarcoma[15], mammary adenocarcinoma[16], pancreatic
cancer, prostatic[17] and ovarian cancer[18]. We transferred
CD-TK fusion gene into human colorectal carcinoma and
investigated the in vitro efficacy of single and combined
prodrugs. The results showed that CD-TK fusion gene had
a killing effect on colorectal carcinoma. Although each single
prodrug effectively kills tumor cells, prodrugs in combination
could have a more powerful killing effect (P<0.01). In
addition, the advantage of combined prodrugs can also be
appreciated by reduction of dose. Taken together, our study
demonstrated that strong synergism occurred when tumor
cells expressing CD-TK fusion gene were treated with 5FC and GCV in combination.
Our study also found that SW480/CD-TK cells exhibited
a bystander effect when 5-FC and GCV were used alone or
in combination. The bystander effect represents the ability
of tumor cells expressing a prodrug-activating enzyme to
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eradicate neighboring nontransduced tumor cells following
prodrug treatment[19,20] . We found that improvement in
bystander effect was achieved by double prodrugs. In
culture, the bystander effects of these prodrugs probably
result from transfer of active metabolites of prodrugs from
enzyme-expressing cells to nontransduced tumor cells, either
by facilitating diffusion in the case of 5-FC or through gap
junctions or apoptotic vesicles in the case of GCV[19,21-23].
The synergy bystander of double prodrugs is important
especially in in vivo gene therapy, because it can decrease
the disadvantage of low gene transfer efficiency and augment
the antitumor effect of suicide gene[24].
In humans, treatment of advanced tumors usually
requires a more rigorous approach, involving several different
modalities. In this regard, we explored the possibility that
combining suicide gene therapy with radiation therapy might
result in enhanced cytotoxicity, thereby providing a more
effective means of eliminating tumor. Our results demonstrated
that suicide gene therapy could sensitize tumor cells to
radiation therapy. 5-FC and GCV could independently
potentiate the killing effects of radiation. Even greater
radiosensitivity was observed when both prodrugs were used
in comparison with a single prodrug. The advantage of this
approach is that it is possible to decrease radiation dose and
minimize damage to normal tissues[25]. Suicide gene therapy
and radiotherapy produce a synergistic effect and make the
combined therapeutic effect even greater[26].
Although current gene therapy techniques are potentially
powerful therapeutic tools, practical clinical application of
these techniques remains to be studied[27]. One of the ratelimiting factors affecting gene therapy is the development
of a safe and reliable vector that can insert the desired
gene into the target[28]. Adenoviral vectors can facilitate highly
efficient transfection of therapeutic genes into tumor cells.
Adenovirus has several characteristics that make it ideal
for use in tumor gene therapy. For example, since adenovirus
can be efficiently delivered into replicating or nonreplicating
cells of epithelial origin, it may be ideal for in vivo systemic
therapy. The safety of adenoviral gene therapy vectors has
been proved in human trials[29]. In conclusion, CD/5-FC
and TK/GCV can enhance radiosensitization of colorectal
carcinoma.
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Abstract
AIM: To investigate the viral and host causes of fatty liver
in chronic hepatitis B patients and the role of fat deposits
in liver damage.
METHODS: A total of 164 patients (113 males and 51
females, average age 35±11.3 years, and range 10-62 years)
with previously untreated chronic hepatitis B were included
in the study. The patients were divided into two groups
depending on the result of liver biopsy: group without
steatosis (100 patients with <5% hepatosteatosis) and
group with steatosis (64 patients with >5% hepatosteatosis).
The groups were compared in terms of gender, body
mass index (BMI), liver enzymes (ALT, AST, ALP, GGT),
cholesterol, triglyceride, HBeAg, viral load, and histological
findings. In the group with steatosis, the patients were
subdivided depending on the degree of steatosis into mild
group (45 patients with 5-24% steatosis), and severe
group (19 patients with >25% steatosis).
RESULTS: In the group of chronic hepatitis B with
steatosis, the mean age, BMI, cholesterol, and triglyceride
levels were significantly higher than those in the group
without steatosis (P<0.05). Steatosis was found in 53
(46.9%) of male patients and 11 (22%) of female patients
(P<0.05). No significant difference was found in the
positivity of ALT, AST, ALP, GGT, HBeAg, viral load,
histological activity index (HAI) and stage between the
two groups (P>0.05). In the group with severe steatosis,
the BMI was significantly higher than that in the group with
mild steatosis (P<0.05). No significant difference was found
in the other parameters between the groups (P>0.05).
CONCLUSION: Steatosis in chronic hepatitis B appears
to be a result of metabolic factors of the host rather than
the effect of viruses. Steatosis is unrelated to the HAI and
degree of fibrosis, which are considered as the histological
indicators of liver damage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatosteatosis is defined as fat deposition in the liver that
exceeds 5% of the total weight of liver, or with more than
5% of hepatocytes containing fat deposits under light
microscopic examination[1]. It occurs under several disease
states. The most common causes are alcohol, metabolic
diseases, drugs, and nutritional disorders.
Chronic hepatitis C and hepatosteatosis have been shown
to occur together often. It is thought that the hepatosteatosis
of chronic hepatitis C is associated with the effects of viruses.
In these patients, fat deposition appears to be an augmenting
factor in liver damage[2-5].
In the literature, few data is available on the role of
chronic hepatitis B, which forms an important disease group
in hepatology, in steatosis. Some hepatitis C viruses are
termed steatovirus[6,7] . No important study investigating
the relationship between chronic hepatitis B and fatty liver
and the effect of steatosis on the course of the disease is
available.
In this study, whether the cause of fatty liver in chronic
hepatitis B patients who received no previous treatment is
due to viral or host factors and the role of fat deposition in
liver damage were investigated.
MATERIALS AND METHODS
The study included 164 patients in 1997-2002 with the
diagnosis of chronic hepatitis B (positive for HBsAg, elevated
transaminase levels for at least 6 mo, and histopathological
findings) who received no antiviral treatment. The following
patients were excluded from the study. Those receiving
antiviral treatment before the study, those on hepatotoxic
drug treatment, those consuming alcohol regularly or
excessively, those diagnosed of cirrhosis, anti-HCV or
anti-Delta positive patients, those diagnosed as having
autoimmune or other metabolic liver diseases. The height
and weight of all patients were determined and the body
mass index (BMI) was calculated. Based on the BMI, the
patients were classified as normal (BMI = 18.5-24.9), over
weight (BMI = 25-29.9), obese (BMI = 30-34.9), or extremely
obese (BMI = 35-39.9). Liver function, blood glucose,
cholesterol and triglyceride levels of each patient were also
determined. For each patient HBsAg, HBeAg (Abbot
Laboratories, North Chicago, IL, USA) were measured and
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HBV DNA was determined by PCR (Amplicor, Roche).
The viral load was measured by hybridization (Hybrid
Capture Assay, Digene, USA) in 122 patients.
Liver biopsy was perfor med on each patient.
Determination of the histological activity index (HAI) and
staging of the biopsy materials were done according to the
Knodell’s classification [8]. HAI was scored as portal
inflammation (0-4), lobular degeneration (0-4), and periportal
necrosis (0-10). According to the degree of fibrosis, staging
was made from 0 to 4 (0: no fibrosis, I: mild, II: moderate,
III: severe, IV: cirrhosis). In the classification of steatosis
less than 5% was considered normal, 5-25% as mild, greater
than 25% as severe fat deposition.
Statistical analysis
Kruskall-Wallis variance analysis, Mann-Whitney U tests and
the 2 tests were performed.

RESULTS
The 164 chronic hepatitis B patients included in the study
were subdivided into group with and without steatosis
according to the findings of the liver biopsy materials. One
hundred patients had no steatosis, while 64 had steatosis.
Fifty-one of the patients were females and 113 were males.
The mean age was 35±11.3 years (range 10-62 years). Eleven
of female patients (22%) and 53 (46.9%) of the male
patients were found to have steatosis. The difference was
statistically significant (2: 9.67; P<0.05).
The average age, BMI, cholesterol and triglyceride level
in the group with steatosis were found to be significantly
higher than those in the group without steatosis (P<0.05).
The differences in the average AST, ALT, ALP, GGT and
viral load values showed no statistical significance (P<0.05).
The group of patients without steatosis according to
the degree of fibrosis showed that 30 (30%) patients were
of stage 0, 50 (50%) of stage 1, 7 (7%) of stage 2, and 13
(13%) of stage 3. In the patients with steatosis, however,

Table 1 Comparison of groups according to demographic features

Age (yr)
BMI

Steatosis (–)
n = 100

Steatosis (+)
n = 64

33.23±11.70
25.25±3.93

37.90±10.09
27.75±3.70

Sex (female, %)

40 (78)

11 (22)

(male, %)

60 (53.1)

53 (46.9)

a

P
0.006a
0.000a
0.008a

24 (37.5%), 29 (45.3%), 3 (4.7%), and 8 (12.5%) of the
patients were of stages 0, 1, 2, and 3, respectively. The
difference between them was not statistically significant
(²: 1.19; P>0.05). Examination of the group without
steatosis according to the HAI revealed 16 (16%) patients
to be of HAI 1 [Knodell score (KS) 0-3], 48 (48%) of HAI
2 (KS 4-8), 23 (23%) of HAI 3 (KS 9-12) and 13 (13%)
of HAI 4 (KS 13-18). In the group with steatosis, however,
the corresponding number was 7 (10.9%), 34 (53.1%), 16
(25%), and 7 (10.9%), respectively. The differences between
the groups were not statistically significant (²: 1.12; P>0.05).
Of the 164 patients, 106 were found to be HBeAg (-)
and 58 HBeAg (+). Steatosis was discovered in 17 (29.3%)
of those with HBeAg (+) and in 46 (44.3%) of those with
HBeAg (-). The difference between the two groups was not
statistically significant (²: 3.55; P>0.05). The findings are
summarized in Tables 1-3 and in Figure 1.
mg/dL
200
150
100
75
50
25
0

Table 3 Comparison of groups according to virological and histopathological features

HBV DNA

76.50±56.14
131.62±109.39

P

70.04±54.61
113.45±68.19

0.469
0.686

GGT

39.67±38.27

44.29±35.33

0.139

ALP

175.08±75.53

173.39±65.68

0.834

Cholesterol
Triglyceride

162.20±38.58
102.50±44.66

184.89±34.54
133.67±65.96

0.000a
0.004a

a

P<0.05 difference is statistically significant.

Triglyceride

The presence of diabetes mellitus or a history of alcohol
was considered as a risk factor in the patients. Based on
this, 23 patients were found to carry the risk factor, 141
patients did not carry this risk.
Although steatosis was found in 12 (52.2%) patients
among those with risk factors, and in 52 (36.9%) of those
without the risk factors, the difference between the groups,

Table 2 Comparison of groups according to biochemical features

AST
ALT

Cholesterol

Figure 1 Comparison of cholesterol and triglyceride levels of groups with and
without steatosis (P<0.05).

HBeAg

Steatosis (+)
n = 64

Steatosis (+)

125

Steatosis (-)
n = 100, %

P<0.05 difference is statistically significant.

Steatosis (–)
n = 100

Steatosis (-)

175

Steatosis (+)
n = 64, %

P
0.059

(–)

58 (58.6)

46 (73)

(+)

42 (41.4)

17 (27)

9 (12.2)

12 (25)

65 (87.8)

36 (75)

(–)
(+)

0.067

Viral load

(pg/mL) 1 628.24±2 944.29

781.55±1 292.36

0.063

Stage

0
1

30 (30)
50 (50)

24 (37.5)
29 (45.3)

0.754

2

7 (7)

3 (4.7)

3

13 (13)

8 (12.5)

0–3
4–8

16 (16)
48 (48)

7 (10.9)
34 (53.1)

9–12

23 (23)

16 (25)

13–17

13 (13)

HAI

7 (10.9)

0.772
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however, was not statistically significant (²: 1.94; P>0.05).
The 164 patients admitted into the study were subdivided
into three groups depending on the biopsy findings: group
without steatosis (<5%), group with mild steatosis (5-25%),
and group with advanced degree steatosis (>25%). There
were 100 patients without steatosis, 45 with mild steatosis,
and 19 with advanced degree steatosis. Comparison of the
three groups in terms of the mean AST, ALT, ALP, GGT
and viral load values showed no statistically significant
differences (P>0.05). In terms of the mean age, BMI,
cholesterol and triglyceride levels, statistically significant
differences were observed between the groups (P<0.05).
Comparison of the groups in pairs revealed significantly
higher values in BMI and cholesterol levels in the group
with mild steatosis than in those without steatosis (P<0.05).
In the group with advanced degree steatosis, the BMI,
triglyceride and cholesterol levels were found to be
significantly higher than those in the group without steatosis
(P<0.05). The BMI in the group with advanced degree
steatosis was found to be significantly higher than that in
the group with mild steatosis (P<0.05, Figure 2).
kg/m2
30

27.75
25.25

Steatosis (-)

25
Steatosis (+)

20
15
10
5
0
BMI

Figure 2 Comparison of BMI of groups with and without steatosis (P<0.05).

DISCUSSION
Viral hepatitis steatosis is thought to be associated with
chronic hepatitis C. Steatosis in chronic hepatitis C has been
postulated to be associated with the effects of the viruses
rather than an immunological response. We, therefore, in
our own study, tried to investigate the relationship between
chronic hepatitis B virus, another viral agent causing chronic
liver diseases, and steatosis. In the end, it was concluded
that steatosis in chronic hepatitis B was independent of the
viral effect.
In chronic liver diseases other than chronic hepatitis C,
no study showing the relationship between steatosis and the
disease is available. In these diseases steatosis has been
thought to be a different independent pathological entity[9,10].
A study reports that chronic hepatitis B has occurred
concurrently with steatosis in 27% of patients[11]. In another
study, patients with hepatitis C and B in terms of risk factors
were compared, and steatosis was found to occur more
frequently in chronic hepatitis C[12]. Unfortunately, the
number of chronic hepatitis B patients with steatosis in this
study was rather very small.
Some studies, demonstrating the association between
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steatosis and chronic hepatitis B, described the viruses as
“fibroviruses” in some patients and as “steatoviruses” in
others[6,7]. One of these studies included patients with relapse
of chronic hepatitis B after liver transplantation. This is an
interesting study in view of the fact that it was able to
compare the histopathological findings of uninfected liver
before transplantation and after exposure to the viruses
after transplantation[6].
In our study genotyping of the virus could not be
conducted due to the combined economic constraints,
inadequate laboratory facilities and the fact that this
procedure was not yet done routinely. It has been reported
that chronic hepatitis C steatosis is associated with some
HCV genotypes[2]. There could have been the chance of
defining some of the viruses as exhibiting “steatoviruses”
based on genotyping.
Steatosis often occurs in some conditions and diseases
such as obesity, hyperlipidemia, alcohol consumption and
diabetes mellitus. In this study, steatosis was found to be
associated with obesity and hyperlipidemia. The BMI was
the only factor that was related to the degree of steatosis in
a linear fashion. Whereas in some studies this linear
relationship between the BMI and degree of steatosis was
mentioned[13], other studies showed the opposite[14]. On this
issue, the distribution of body fat rather than the quantity
should be the determinant [15]. This might explain why
steatosis was observed to be associated with the male gender
in this study. It has been reported that steatosis is highly
associated with the female gender[13,16]. Some recent studies
describe equal rates[17]. In our study, the observation that
steatosis showed an increase with advancing age is in
agreement with what was reported in literature[18].
It was reported that steatosis was a promoting factor
for liver damage in HCV infections[2,3]. The effect of steatosis
on histopathological damage in chronic hepatitis B is
unknown. In our study, no relationship was established
between liver damage and steatosis in chronic hepatitis B.
In conclusion, steatosis in chronic hepatitis B seems to
be a result of metabolic causes attributable to the host rather
than the effect of the viruses.
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Abstract
AIM: To express the complete PreS region of HBV in

E.coli with good solubility and stability, and to establish
an effective method for purification of the recombinant
PreS protein.
METHODS: The complete PreS region (PreS1 and PreS2)
was fused into a series of tags including glutathione Stransferase (GST), dihydrofolate reductase (DHFR),
maltose binding protein (MBP), 6× histidine, chitin binding
domain (CBD), and thioredoxin, respectively. Expression
of recombinant PreS fusion proteins was examined by
SDS-PAGE analysis and confirmed by Western blot. Two
fusion proteins, thio-PreS, and PreS-CBD, with desirable
solubility and stability, were subjected to affinity purification
and further characterization.
RESULTS: Recombinant PreS fusion proteins could be
synthesized with good yields in E.coli. However, most of
these proteins except for thio-PreS and PreS-CBD were
vulnerable to degradation or insoluble as revealed by SDSPAGE and Western blot. Thio-PreS could be purified by
affinity chromatography with nickel-chelating sepharose
as the matrix. However, some impurities were also copurified. A simple freeze-thaw treatment yielded most of
the thio-PreS proteins in solution while the impurities were
in the precipitate. Purified thio-PreS protein was capable of
inhibiting the binding of HBV virion to a specific monoclonal
antibody against an epitope within the PreS1 domain.
CONCLUSION: Increased solubility and stability of the
complete PreS region synthesized in E.coli can be achieved
by fusion with the thioredoxin or the CBD tag. A simple
yet highly effective method has been established for the

purification of the thio-PreS protein. Purified thio-PreS
protein likely assumes a native conformation, which
makes it an ideal candidate for studying the structure of
the PreS region as well as for screening antivirals.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Virally encoded small (HBs), middle (MHBs), and large
(LHBs) surface proteins together with cellular phospholipids
form the envelope of HBV virion. These proteins are
translated from distinct initiation codons, but share a
common reading frame and stop codon. The HBs protein
contains 226 amino acids and is the major component of
the viral envelope. The MHBs protein has 55 extra amino
acids (PreS2) located to the N-terminal of HBs and the
LHBs protein carries an additional 119 amino acid (or 109
amino acids depending on the viral subtype, PreS1) Nterminal extension with respect to the MHBs protein[1]. All
envelope proteins are co-translationally inserted into the
endoplasmic reticulum (ER) membrane directed by the
topogenic elements in HBs[2,3].
LHBs protein plays pivotal roles in infection and budding
processes during the HBV life cycle. The N-terminal PreS
region of the LHBs protein can adopt one of two topological
conformations depending on whether it undergoes a
posttranslational translocation. Thus, LHBs proteins in
virions exhibit a mixed population with their PreS region
(PreS1 and PreS2) located either inside or outside of viral
envelopes[2,3]. Encapsidation of viral nucleocapsids and
secretion of mature viral particles require LHBs proteins
with cytoplasmic PreS region[4-8]. A stretch of amino acids
across the PreS1 and the PreS2 is thought to be involved in
the interaction with the cytosolic nucleocapsid before the
budding event[7,8]. During the infection process, externally
exposed PreS region may mediate the binding of virion to
a putative cellular receptor [9,10]. Amino acids 21-47 of the PreS1
domain likely bear the major epitope for cell attachment[9-11].
Given its important functional role in the HBV life cycle
and being a potential target for the development of novel
antivirals, efforts have been made to express the PreS region
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for structural analysis, however, with little success. To date,
the PreS region synthesized in E.coli is either insoluble or
quickly degraded[12-14] . Nunez et al [12] , produced the PreS
region fused with a 6× histidine (6× His) tag that is largely
insoluble. Purification of the His-tagged PreS protein under
non-denaturing condition failed owing to a severe proteolysis.
Structure analysis is difficult due to the fragile nature of
the PreS region synthesized in E.coli after denature-renaturing
cycles. Study with UV-CD spectra indicates that almost half
of the proteins display non-ordered conformations[12], which
may reflect an inherent instability of the PreS region or the
improper folding of the recombinant PreS region. Alternative
ways have been adopted to synthesize partial regions of
PreS[15,16] . However, it is not clear whether these partial
regions retain their original structures.
In this study, we fused the PreS region with different
tags respectively and studied the expression of these PreS
fusion proteins in E.coli, in the hope of stabilizing the PreS
region by a structurally linked tag. We observed increased
solubility and stability of the PreS fused with the thioredoxin
or the CBD tag. We have further established a simple yet
highly effective method for purification of thio-PreS. The
thio-PreS protein purified with this method is capable of
inhibiting the binding of viral particle to a PreS1-specific
monoclonal antibody.

MATERIALS AND METHODS
Plasmid construction
Primers (PreS-forward: 5’-ATGGGAGGTTGGTCTTCCAAAC-3’; PreS-reverse: 5’-GTTCGGTGCAGGGTCCCCAGTC-3’) with adaptors harboring appropriate restriction
endonuclease sites were used to amplify the fragment
encoding the PreS region from the p3.6II plasmid[17,18] that
contains a terminally redundant HBV genome (subtype
adr-1). After digestion with appropriate enzymes, the PCR
product was inserted into several prokaryotic expression
vectors, respectively. Expression vectors used in this study
were pET28a+ (Novagen), pQE40 (Qiagen), pMalC2x
(NEB), pGEX2T (Pharmacia), pThioHisA (Invitrogen), and
pTXB1 (NEB) (Figure 1). Clones containing correct inserts
were verified by sequencing (Bioasia, Shanghai).

Vectors

1aa

pET28 (+)

6X His

pET28 (+)
pQE-40
pMAIC2
pGEX2T
pThioHisA
pTXB1

DHFR
MBP
GST
Thio
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Expression was induced by IPTG for 4 h at room temperature.
Optimized IPTG concentrations were 0.1 mmol/L for
DHFR-PreS, 1 mmol/L for thio-PreS, and 0.3 mmol/L
for other fusion proteins. Bacteria were harvested and
resuspended in PBS with 1 mmol/L EDTA and 100 mmol/L
PMSF. Lysates were prepared by sonication on ice and
centrifuged before further SDS-PAGE analysis.
Purification of fusion proteins
Purification of PreS-CBD was performed with chitin
resin (NEB) according to the manufacturer’s instructions.
PreS-CBD coupled on the resin was subjected to an intermediated self-cleavage, induced by incubation overnight with
50 mmol/L DTT in PBS at 4 ℃. Purification of thio-PreS
was performed with ProBondTM nickel-chelating sepharose
resin (Invitrogen), taking advantage of a conformational
His-Patch motif within the thioredoxin tag. Supernatant of
the bacteria lysate was mixed with the resin and rocked
gently. The resin was washed thoroughly with PBS, followed
by a stringent wash with five column volumes of wash
buffer (500 mmol/L NaCl, 5 mmol/L imidazole, 20 mmol/L
phosphate, pH 6.0) at a flow rate of 1 mL/min. Recombinant
proteins were collected in 2.5 column volumes of elution buffer
(500 mmol/L NaCl, 250 mmol/L imidazole, 20 mmol/L
phosphate, pH 6.0). Impurities were removed by centrifugation
of the thawed sample having undergone an overnight freeze
at -70 ℃. Purified proteins were subjected to desalting
with Sephadex G25 (Pharmacia). Protein concentration was
determined by the Bradford assay.
Virus capture assay
125E11 [19,20] is a monoclonal antibody against PreS1. For
virus capturing, the antibody was immobilized on a
microplate (Nunc) in carbonate buffer. PBS diluted sera
of HBV patients (provided by Ruijin Hospital, Shanghai)
were added at 106 infectious virions per well and incubated
for 1 h at room temperature. HBV virions were then detected
with HRP conjugated anti-HBs antibody (Sino-America
Biotech) and subjected to TMB developed color reaction.
The optical density values were measured at 450 nm (A450)
with an automatic photometer (Bio-rad). For competitive
binding assays, different amount of purified thio-PreS, or
thioredoxin as the control, was added to the diluted sera
prior to virus capturing.

Expression products

174aa
6X His
preS

PreS-His

preS

His-PreS

preS
preS

DHFR-PreS

preS

GST-PreS

MBP-PreS

preS

Thio-PreS

preS

intein-CBD CBD-PreS

Western blot
Western blot analyses of PreS fusion proteins were
performed according to a standard method[21]. Supernatants
of the expression lysates were separated on SDS-PAGE,
and transferred to nitrocellulose filters. 125E11 (1:1 000)
was used as the primary antibody for PreS detection. Blots
were developed using the ECL method (PerfectBio) with
HRP-labeled rabbit anti-mouse Ig (1:2 000, Dako).

Figure 1 Diagram of various PreS fusion proteins.

Expression of fusion proteins
E.coli Top10 (F’) strain was used for the expression of
DHFR-PreS and thio-PreS while the BL21 (DE3) strain
was used for the expression of other fusion proteins.

RESULTS
Construction and expression of PreS fusion proteins
A series of prokaryotic expression vectors (Figure 1) were
employed to construct PreS expression plasmids. The DNA
fragment encoding the PreS region of HBV was amplified
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Figure 2 SDS-PAGE of the PreS fusion proteins. A: His-tagged PreS. Lanes 1
and 2: His-PreS; lanes 3 and 4: PreS-His; lanes 1 and 3: supernatants of the
E.coli lysate; lanes 2 and 4: insoluble pellets; B: MBP-PreS. Lane 1: bacteria
lysate without IPTG induction; lane 2: supernatant of the bacteria lysate after
IPTG induction. The 60 kD intact protein and degradation products of MBP-PreS
are indicated with triangles; C: thio-PreS. Lane 1: bacteria lysate without IPTG

induction; lane 2: whole lysate after IPTG induction; lane 3: supernatant of the
E.coli lysate after IPTG induction; D: PreS-CBD. Lane 1: bacteria lysate without
IPTG induction; lane 2: PreS-CBD in the supernatant of the bacteria lysate after
IPTG induction; lane 3: Purified PreS-CBD coupled to the chitin resin. Molecular
weight marker is denoted as M in all figures.

by PCR and inserted into these vectors respectively. 6×
His tag was fused to either the N-terminal or the C-terminal
of PreS. The CBD tag was joined to the C-terminal of
PreS by an intein (Figure 1). Other tags (GST, DHFR, MBP,
and thioredoxin) were located at N-terminal respectively.
SDS-PAGE was performed to examine the synthesis of
fusion proteins. His-tagged PreS fusion proteins were insoluble,
though fairly high yields were achieved (Figure 2A). GSTPreS was found in soluble fraction of the bacteria lysate.
However, severe degradation was obvious. Even worse
degradation was observed with DHFR-PreS (data not
shown). Previous studies by Cho et al[14], suggested a more
stable recombinant product of MBP fused PreS. In our
study, however, moderate proteolysis still occurred. Besides
the full-length 60 ku protein, other bands with a smaller
molecular weight were observed as indicated on SDS-PAGE,
probably represented degraded proteins (Figure 2B). On
the contrary, thio-PreS showed an excellent stability in solution
(Figure 2C) with a high yield reaching about 0.2-0.5 mg per
ml of the bacteria culture. Similarly, PreS-CBD was found
predominantly in the supernatant of the bacteria lysate, and
importantly, without any obvious degradation by SDSPAGE analysis (Figure 2D).

nickel chelating sepharose. Proteins were eluted with a buffer
containing imidazole at different concentrations. An elution
buffer containing 250 mmol/L imidazole, 500 mmol/L
NaCl and 20 mmol/L sodium phosphate, pH 6.0, gave an
optimized elution of thio-PreS. However, some impurities
were apparently present even under a highly stringent wash
condition. We also tried the resin of thio-bond (Invitrogen)
that is specific for the thioredoxin tag rather than the HisPatch motif, but with little success (data not shown).

Purification of PreS fusion proteins
Given their desirable solubility and stability, PreS-CBD and
thio-PreS were subjected to further purification. The chitin
matrix was used to purify the PreS-CBD protein. As shown
in Figure 2D, PreS-CBD could be successfully separated
from the lysate mixture and coupled to the chitin resin.
Binding of PreS-CBD to the chitin resin was highly specific,
and few contaminants were detected by SDS-PAGE analysis
(lane 3, Figure 2D). However, the purification process was
handicapped in the elution step. The intact fusion product
was difficult to be eluted off the chitin resin, and interbased cleavage was unsuccessful due to the fragile nature
of the free PreS region (data not shown).
Thioredoxin tag as in thio-PreS harbored a His-Patch
motif that allowed purification of recombinant proteins on
nickel chelating sepharose. The His-Patch motif differed
from other linear His-tags in conformation. Thus, recombinant
proteins could be purified under a non-denaturing condition.
Figure 3A shows the affinity purification of thio-PreS with
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Figure 3 Purification of thio-PreS. A: Fractions of thio-PreS eluted with increasing
imidazole concentrations listed at the bottom of each lane. The triangle indicates
the position of thio-PreS; B: Further purification with a freeze-thaw treatment.
Lanes 1 and 2: supernatants of the bacteria lysate before or after IPTG induction,
respectively; lanes 3 and 4: supernatant and precipitate of the affinity purified
thio-PreS sample after a freeze-thaw treatment. Molecular weight maker is
denoted as M.

Since thio-PreS showed a great solubility, freezing the
affinity purified sample followed by a quick thaw might
improve the purity of thio-PreS by eliminating the impurities
that were slow in redissolving. As shown in Figure 3B, with
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this approach, most impurities were completely fractioned
into the precipitate while the majority of thio-PreS remained
in the supernatant without any proteolysis. Densitometry
scan (Bio-Rad) of the sample on SDS-PAGE suggested a
high purity of above 95%. The purified thio-PreS protein
was very stable. A procedure of desalting chromatography
with Sephadex G25 did little harm to the integrality of this
fusion protein even at room temperature (data not shown).
Characterization of the PreS fusion protein
To verify the correctness of synthesized fusion proteins,
Western blot was performed with the monoclonal antibody
125E11. As shown in Figure 4, MBP-PreS, PreS-CBD, and
thio-PreS with a correct molecular weight could be detected,
respectively. Proteolysis of MBP-PreS was also apparent,
while only tiny traces of degradation of thio-PreS and PreSCBD were found. 125E11 could recognize a PreS1 epitope
exposed on the surface of the virion. As shown in Figure 5,
when immobilized on the solid surface of microplate wells,
the antibody could specifically capture viral particles from
HBV patient sera. Addition of purified thio-PreS protein
to the sera could inhibit the capturing process efficiently
and in a dose-dependent manner, suggesting that the PreS
region in the thio-PreS protein likely adopts a native
conformation that mimics that of the HBV virion.

1

ku

2

3

65

43

32

Figure 4 Characterization of the fusion proteins with Western blot.
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0.7
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Figure 5 Virus capture assay.

DISCUSSION
The PreS region of LHBs has been implicated in the
attachment of HBV virion to the putative receptor on host
cells, while its inward conformation is thought to be involved
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in viral morphogenesis. Other important roles have also
been assigned to PreS, including regulation of viral
replication and transactivation of a variety of promoter
elements[22-24]. Thus, multiple virological functions of the
PreS region provide a useful target for anti-HBV drug
intervention. Inhibition on viral infection by E.coli expressed
PreS occurs through a direct interference with the binding
of HBV to the putative cell surface receptor[25]. Recombinant
PreS product could also be developed as a protein vaccine
that elicits B and T cell immune responses on a broader
range of MHC haplotypes [26-29]. Nevertheless, detailed
structural studies of PreS are complicated by the difficulties
in isolating large quantities of LHBs from viral particles
and in expressing soluble and stable PreS proteins.
The complete PreS on the surface of HBV virions
has been shown as an independent domain with a native
structure[2,3,9,10]. Thus, recombinant PreS proteins expressed
in the E.coli system may accurately reflect the proper
structure. However, according to previous works, the PreS
region is susceptible to heavy proteolysis during expression
and purification. In this paper, attempts have been made to
express the PreS fused with various tags in E.coli, in the
hope of stabilizing the recombinant products by structurally
linked tags[30]. Although most PreS fusion proteins expressed
in this study are still vulnerable to degradation, or exist as
insoluble inclusion bodies, a stable and soluble PreS fusion
protein containing the thioredoxin or the CBD tag has
been synthesized with a good yield. Thioredoxin is a highly
hydrophilic protein tag, designed for achieving increased
solubility of fusion proteins expressed in E.coli, and usually
accumulates at sites on the cytoplasmic inner membrane
known as adhesion zones[31]. We proposed that the environment
of adhesion zones as well as the great solubility of thioredoxin
could contribute to the better folding of the recombinant
PreS protein. The impact of intein-CBD (Figure 1) on a better
stability of PreS is also obvious. The underlying mechanism
is currently unknown. It is possible that the intein-CBD tag
forms a structure that may hinder the access of proteases
to the proteolytic sites in the PreS region.
Affinity purification based on the His-Patch motif under
a non-denaturing condition is not always efficient. In
purification of thio-PreS, the contamination of impurities
is obvious. Interestingly, after a freeze-thaw treatment, the
affinity purified thio-PreS sample is dramatically purified.
The majority of thio-PreS remains in the supernatant while
the impurities are largely precipitated. This process may
take advantage of the differential solubility between thioPreS and the impurities or act as a salting-out step. The
purified thio-PreS might adopt a native structure, since the
soluble expression product in a stable fashion usually suggests
a proper folding, and His-Patch based affinity purification
would imply a correct conformation of the thioredoxin tag.
Importantly, thio-PreS can efficiently inhibit the binding of
viral particle to the PreS1 specific monoclonal antibody,
suggesting exposed eptitopes in the recombinant protein as
those on the surface of the native virion. PreS-CBD is also
soluble and shows a high stability. Purified PreS-CBD
coupled to the chitin resin could be obtained, but the
following intein-based cleavage by DTT was unsuccessful
which may be due to the fragile nature of the PreS region.
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Similarly, thio-PreS was subjected to an enterokinasecleavage that is engineered in the thio-fusion expression
system to separate the desired PreS region from the
thioredoxin tag. However, severe proteolysis was observed
during this treatment (data not shown), suggesting an
important role of the thioredoxin tag in stabilizing the PreS
region.
In conclusion, the complete PreS region fused with the
thioredoxin or CBD tag has been successfully synthesized.
A simple yet efficient method has been established for
purification of the thio-PreS protein. The thio-PreS protein
is highly stable and soluble. The purified thio-PreS protein
may be a valuable candidate for studying the structure of
the PreS region as well as for screening antivirals.
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Abstract
AIM: To investigate the expressions of ornithine decarboxylase
(ODC), MMP-2, and Erk, and their relationship in human
colon tumors.
METHODS: ODC activity, MMP-2 expression, and mitogenactivated protein (MAP) kinase activity (Erk phosphorylation)
were determined in 58 surgically removed human colon
tumors and their adjacent normal tissues, using [1-14C]ornithine as a substrate, ELISA assay, and Western
blotting, respectively.
RESULTS: ODC activity, MMP-2 expression, and Erk
phosphorylation were significantly elevated in colon
tumors, compared to those in adjacent normal tissues. A
significant correlation was observed between ODC
activities and MMP-2 levels.
CONCLUSION: This is the first report showing a significant
correlation between ODC activities and MMP-2 levels in
human colon tumors. As MMP-2 is involved in cancer
invasion and metastasis, and colon cancer overexpresses
ODC, suppression of ODC expression may be a rational
approach to treat colon cancer which overexpresses ODC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ornithine decarboxylase (ODC) catalyzes the initial step in
the biosynthesis of polyamines and ODC activities are
associated with malignant status[1]. Overexpression of ODC
could lead to cell transformation, tumor invasion, and
metastasis[2-4]. A number of studies demonstrated increased
expression of ODC in a variety of cancers including
colorectal cancer[1].
Invasion and metastasis are a multistep process [5].
Degradation of basement membranes and extracellular
matrix is crucial for invasion and metastasis of cancer cells.
Basement membranes contain type IV collagen, laminin,
heparan sulfate proteoglycan, fibronectin, and other
components[5]. Degradation of type IV collagen, a major
component of basement membrane, is thought to be a
prerequisite for cancer cell invasion[6]. Increased expression
or activity of matrix metalloproteinases (MMPs) has been
linked to malignancy and tumor cell invasion[7-9]. At least
24 MMPs have been reported so far [7-9]. MMP-2 (72 ku
type IV collagenase) which preferentially degrades type IV
collagen has been shown to play an important role in invasion
and metastasis [5,8]. Several studies have demonstrated
increased expression of MMP-2 related to invasion and
metastasis of colorectal cancer[10-13].
Mitogen-activated protein (MAP) kinase is a key enzyme
of the signal transduction pathways triggered by extracellular
signals, including mitogens, growth factors, and cytokines[14-16].
Erk1/2, extracellular signal-regulated kinases that are also
termed as p44 and p42 MAP kinases, are ubiquitously
expressed. p38 MAP kinase is activated by a variety of
cellular stresses, including osmotic shock, inflammatory
cytokines, lipopolysaccharides, UV irradiation, and growth
factors[17]. Limited information is available concerning MAP
kinase expression in human surgically removed colon cancer
tissues and its adjacent normal tissues[18]. Hoshino et al[18]
showed constitutive activation of MAP kinases in 138
human cancer cell lines, and primary tumor tissues including
colon cancer. However, it was reported that the activities
of Erk1/2, and p38 MAP kinase were downregulated in
the majority of human colon cancers[19]. Sakakura et al[20] also
reported infrequent activation of MAP kinase in human colon
cancer. Recently, the p38 MAP kinase signaling pathway
was shown to be important for the induction of MMP-1
and MMP-9 by extracellular stimuli[21,22]. Therefore, it is
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imperative to analyze the expression levels of MAP kinases
(Erk1/2 and p38) in human surgically removed colon cancer
tissues and its adjacent normal tissues.
Colon cancer is one of the most common malignancies
in the world and is incurable in its advanced stages[23].
Therefore, it is important to understand the mechanism of
invasion and metastasis, and to develop better treatments
to prevent or cure metastatic colon cancer. As colon cancer
has increased expression levels of ODC, MMP-2, and MAP
kinase, these three molecules are the candidate targets
for treatment of colon cancer. It is important to clarify a
correlation among expressions of these three molecules.
We previously found that ODC overexpression in fibroblasts
led to cellular transformation and invasion with concomitant
induction of MMP-2 and Erk1/2 [3]. Little information is
available concerning the correlation among ODC, MMP-2,
and MAP kinase expressions in cancer in vitro and in vivo.
The aim of this study was to investigate the expressions of
ODC, MAP kinase, and MMP-2, and further to elucidate
the relationship among these expressions in human colon
cancer. We discussed the strategies of colon cancer treatment
or prevention using -difluoromethylornithine (DFMO),
an irreversible inhibitor of ODC.

MATERIALS AND METHODS
Reagents
Antibodies against phospho-Erk and phospho-p38 MAP
kinase were obtained from New England Biolabs (Beverly,
MA, USA). MMP-2 ELISA system and DL-[1-14C] ornithine
were obtained from Amersham Phar macia Biotech
(Buckinghamshire, UK).
Samples
Paired specimens (tumor and non-cancer tissues adjacent
to tumor) were obtained from a total of 58 colon cancer
patients who had undergone surgical operation for
adenocarcinoma at Saitama Medical University Medical
Center. Written informed consent was obtained from all
patients before surgical operation. All specimens were
immediately stored at -80 ℃ until use.
ODC enzyme assay
ODC activity was determined using [1-14C]-ornithine as a
substrate as described previously[3].
MMP-2 ELISA and Western blot analysis
Tissue lysates were prepared by sonicating tissues in lysis
buffer (10 mmol/L Tris-HCl buffer, pH 7.5, containing
1 mmol/L EDTA, 0.5 g/mL aprotinin, 1 g/mL leupeptin,
and 0.2 mmol/L PMSF) and centrifuged at 12 000 g for
10 min at 4 ℃. Measurement of protein concentration in
supernatant was performed using a Bio-Rad protein assay
kit (Hercules, CA, USA). Western blotting was performed
as previously described[24]. MMP-2 ELISA was performed
according to the manufacturer’s protocol. Quantification
of the bands was performed using a NIH image.
Statistical analysis
The results were expressed as mean±SD from three
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independent experiments. The significance was determined
by the paired t-test or Pearson’s test. Statistical analyses
were performed using the Statview 4.5 software (Abacus
Concepts, Inc., Berkeley, CA, USA).

RESULTS
ODC activity in colon cancer tissues
We examined ODC activities in surgically excised human
colon cancer (Figure 1). A remarkable increase in ODC
activities was seen in colon cancers. Using the paired t-test,
a significant increase in ODC activities in colon cancer tissues
(6.57±0.94 pmoL CO2 release/h/mg protein) was shown
(P = 0.0004 by the paired t-test, n = 58), compared with those
observed in adjacent non-cancer tissues (3.08±0.27 pmoL
CO2 release/h/mg protein). Increased ODC activity over
the normal mean±SD level of colon cancer was seen in
17 of 58 (29.3%) cases.
50
ODC activity
(pmoL CO2 release/h/mg protein)
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P = 0.0004
Figure 1 ODC activity in colon cancer tissues and adjacent normal tissues.
ODC activities in colon cancer tissues and adjacent normal tissues were assayed
as described in Materials and methods, and the data are shown as mean±SD
(pmol CO 2 release/h/mg protein).

MMP-2 levels in colon cancer tissues
Next, we investigated MMP-2 expression in colon cancer
using a MMP-2 ELISA kit. A significant increase in MMP-2
levels was shown in colon cancer tissues (26.40±5.83 ng/mg
protein), compared with adjacent non-cancer tissues
(9.02±1.47 ng/mg protein) (Figure 2) (P = 0.046 by the
paired t-test, n = 58). Increased MMP-2 expression over
the level of the normal mean±SD in colon cancer was
observed in 28 of 58 (48.3%) cancers.
Expressions of phosphorylated Erk and p38 MAP kinase in
colon cancer tissues
Expression of phosphorylated Erk1/2 and p38 MAP kinase
was analyzed by Western blotting using the antibodies against
phosphorylated Erk and p38 MAP kinase, respectively.
Because of limited amount of tumor tissues, 33 out of 58
samples were used for this experiment. Using the paired
t-test, a significant increase in phosphorylated Erk1/2
was shown in colon cancer (423.76±71.46 pixel counts)
(P = 0.0002, n = 33), compared with the adjacent tissues
(184.15±15.0 pixel counts) (Figure 3). Mean value of
phosphorylated p38 MAP kinase had a tendency to
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Correlation between ODC activity, MMP-2 and Erk expressions
A significant correlation was noted between ODC activity
and MMP-2 expression in colon cancer tissues and adjacent
normal tissues (r2 = 0.368, P<0.001, n = 58) (Figure 5). Although
a correlation between ODC activity and phosphorylated
Erk1/2 expression was not found (r2 = 0.028, P = 0.35) in
colon cancers (Figure 6), increased expression of phosphorylated
Erk1/2 over the level of the normal mean±SD level was
observed in 9 of 33 (27.3%) colon cancers (Figure 3). Increased
expression of phosphorylated p38 MAP kinase over the
level of the normal mean±SD was observed only in 3 of
33 (9.1%) colon cancers (Figure 4).

100
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9.02±1.47 26.40±5.83

P = 0.0458
Figure 2 MMP-2 expression levels in colon cancer tissues and adjacent
normal tissues. MMP-2 expression levels in colon cancer tissues and adjacent
normal tissues were analyzed by MMP-2 ELISA, and the data are shown as
mean±SD (ng MMP-2/mg protein).

ODC (fold induction: cancer/mucosa)

MMP-2 expression (ng MMP-2/mg protein)

increase in colon cancer (232.00±29.67 pixel counts in colon
cancer tissues vs 179.54±28.48 pixel counts in adjacent
tissues), although P value did not reach a significant level
(P = 0.0627) (Figure 4).

3067

2 000

P<0.0001

10
5
0

0 10 20 30 40 50 60

Figure 5 Relationship between ODC activities and MMP-2 expression in colon
cancer tissues. Correlation between ODC activities and MMP-2 expression
levels in cancer tissues, compared to those in adjacent normal tissues was
shown. Statistical significance was analyzed as described in Materials and
methods.
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Figure 3 Erk expression in colon cancer tissues and adjacent normal tissues.
Expression of phosphorylated Erk1/2 in colon cancer tissues and adjacent
normal tissues was analyzed by Western blotting using a specific antibody
against phosphorylated Erk1/2, quantitated using a NIH image, and shown as
mean±SD (pixel counts).
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Figure 6 Relationship between ODC activities and Erk expression in colon
cancer tissues. Correlation between ODC activities and Erk1/2 expression
levels in cancer tissues, compared to those in adjacent normal tissues was
shown. Statistical significance was analyzed as described in Materials and
methods.
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P = 0.0627
Figure 4 p38 MAP kinase expression in colon cancer tissues and adjacent
normal tissues. Expression of phosphorylated p38 MAP kinase in colon cancer
tissues and adjacent normal tissues was analyzed by Western blotting using a
specific antibody against phosphorylated p38 MAP kinase, quantitated using a
NIH image, and are shown as mean±SD (pixel counts).

DISCUSSION
In the present study we showed that ODC activities, MMP-2
levels, and Erk1/2 expression had 2.13-, 2.93-, and 2.30fold increase in colon cancer tissues, respectively, compared
to its adjacent normal tissues. Increased ODC activity and
MMP-2 levels over the normal mean±SD level in colon
cancer were observed in 17 (29.3%) and 28 (48.3%) out
of 58 colon cancer patients, respectively. Our results were
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essentially consistent with the previous report concerning
increased ODC activities[1] and increased expression of
MMP-2 in colon cancer[10-13]. The data concerning Erk1/2
expression were consistent with the results of a previous
report [18] , but not with other reports[19,20]. The reason for
the inconsistency is not clear. A new finding in the present
study was that there was a relationship between expressions
of ODC and MMP-2 in colon cancer. We previously
demonstrated that ODC overexpression induced MMP-2
and Erk1/2 expressions in fibroblasts[3]. So, it is reasonably
assumed that ODC expression induces MMP-2 expression
in human colon cancer. A linkage of ODC and MMP-2
expressions very well explains a basis of invasive phenotype
of cancers which overexpress ODC.
Metastasis is a multistep process, which includes local
invasion, intravasation and extravasation of cancer cells[5].
Major functional contribution of MMPs is facilitation of
degradation of basement membranes between primary
tumor and distant metastasis sites. As MMP-2 preferentially
degrades type IV collagen, a major component of basement
membrane, MMP-2 has been thought to play a major role
in invasion process[5,8]. Recent evidence indicates that MMPs
including MMP-2 play a much broader role in metastasis
both before and after the degradation of basement
membrane[25]. For example, MMP-2 contributes to the
initiation of tumor growth at both primary and metastasis
sites. This may involve regulation of growth environment
by regulating access to growth factors from the extracellular
matrix surrounding the tumor, either directly or via a
proteolytic cascade. The role of MMPs in angiogenesis is
considered to be very important, as angiogenesis is required
for tumor growth and invasion. Recent studies indicated
that MMPs, especially MMP-2, played a pivotal role in
angiogenesis[26-28]. In fact, mice deficient in MMP-2 exhibited
reduced angiogenesis in vivo[29]. As MMP-2 overexpression
in colon cancer has been found to be crucial for cancer invasion
and metastasis[30], suppression of ODC using DFMO or
DFMO in combination with other chemopreventives may
be a rational approach to the treatment of colon cancer.
MAP kinase pathways play a major role in converting
mitogenic and stress stimuli into nuclear responses. Constitutive
activation of the 41-/43-ku MAP kinase (Erk1/2) signaling
pathway was shown in human tumors[18]. In the present study
we also found increased expression of phosphorylated
Erk1/2 in colon cancer. As ODC and Erk1/2 expressions
were not correlated in the present study, the data suggested
that Erk1/2 expression was not a downstream signal
transduction event after ODC expression in human colon
cancer. Wang et al[19] reported that the activities of Erk1/2,
JNK1 and p38 MAP kinase were downregulated in the
majority of human colon cancers. The reason for the
discrepancy of our result and their result concerning
Erk1/2 is not clear. They discussed that protein kinases
other than MAP kinases might play a more crucial role in
colon carcinogenesis[19]. In the present study we showed that
increased expression of phosphorylated p38 MAP kinase
over the level of the normal mean±SD was observed only
in 3 of 33 (9.1%) colon cancers. This result might be
inconsistent with that of their report [19]. p38 MAP kinase
was reported to be involved in other MMP (MMP-1 and
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MMP-9) expression[21,22]. However, our result and Wang’s
result[19], taken together, suggest that p38 MAP kinase may
not be involved in carcinogenesis or invasive phenotype or
MMP-2 expression in human colon cancer.
As colon cancer is still incurable at advanced stages,
new strategies for prevention and treatment are desired[23].
In the 1980s, DFMO was abandoned due to limited efficacy
and significant adverse effects such as nausea, vomiting,
abdominal pain, diarrhea, and hearing loss in phase II clinical
trials[23,31,32]. In the following decade, DFMO was resuscitated
as a chemopreventive agent[33,34]. DFMO (0.2-1.0 g/m2/d)
effectively inhibited ODC activities in target organs such as
the colorectum in patients with a personal or family history of
colorectal cancer without side effects such as cytotoxicity[35,36].
DFMO is now being tested in phase II/III trials involving
patients at risk for colorectal cancer[23]. Recent studies have
shown that DFMO had synergistic reductions in intestinal
neoplasia when DFMO was administered with cyclooxygenase
inhibitors such as piroxicam or aspirin even as the doses of
both agents were reduced as much as 50%[37-41]. Thus, DFMO
in combination with other chemopreventive agents should
be evaluated for the efficacy against colon cancer. As PD
184352 (MEK inhibitor) [42] or BB-94 (MMP inhibitor)[43]
has been available for clinical trial, DFMO in combination
of PD 184352 or BB-94 may be a rational approach to the
treatment of colon cancers overexpressing ODC.

REFERENCES
1

2

3

4

5

6

7

8

9

10

11

12

Cohen SS. Polyamine metabolism and the promotion of tumor growth. In: Cohen, S.S. (ed.) A guide to the polyamines.
New York; Oxford University Press 1998: 296-319
Auvinen M, Paasinen A, Andersson LC, Holtta E. Ornithine
decarboxylase activity is critical for cell transformation. Nature
1992; 360: 355-358
Kubota S, Kiyosawa H, Nomura Y, Yamada T, Seyama Y.
Ornithine decarboxylase overexpression in mouse 10T1/2
fibroblasts: cellular transformation and invasion. J Natl Cancer
Inst 1997; 89: 567-571
Moshier JA, Dosescu J, Skunca M, Luk GD. Transformation
of NIH/3T3 cells by ornithine decarboxylase overexpression.
Cancer Res 1993; 53: 2618-2622
Liotta LA. Tumor invasion and metastases--role of the extracellular matrix: Rhoads Memorial Award lecture. Cancer
Res 1986; 46: 1-7
Chambers AF, Matrisian LM. Changing views of the role of
matrix metalloproteinases in metastasis. J Natl Cancer Inst
1997; 89: 1260-1270
W e s te r ma r c k J , K a ha r i V M . R eg u l a t i o n o f ma t ri x
metalloproteinase expression in tumor invasion. FASEB J 1999;
13: 781-792
Yu AE, Murphy AN, Stetler-Stevenson WG. 72 kDa Gelatinase
(Gelatinase A): Structure, Activation, Regulation, and Substrate Specificity. In Parks, W.C., and Mecham RP, (ed.) Matrix Metalloproteinases. 1st ed. San Diego: Academic Press 1998:
85-113
Nelson AR, Fingleton B, Rothenberg ML, Matrisian LM.
Matrix metalloproteinases: biologic activity and clinical
implications. J Clin Oncol 2000; 18: 1135-1149
Levy AT, Cioce V, Sobel ME, Garbisa S, Grigioni WF, Liotta LA,
Stetler-Stevenson WG. Increased expression of the Mr 72,000
type IV collagenase in human colonic adenocarcinoma. Cancer
Res 1991; 51: 439-444
Parsons SL, Watson SA, Collins HM, Griffin NR, Clarke PA,
Steele RJ. Gelatinase (MMP-2 and -9) expression in gastrointestinal malignancy. Br J Cancer 1998; 78: 1495-1502
Liabakk NB, Talbot I, Smith RA, Wilkinson K, Balkwill F.

Nemoto T et al. ODC, MMP-2 and MAP kinase in colon cancer

13

14
15

16

17

18

19

20

21

22

23
24

25

26

27

28

29

30

Matrix metalloprotease 2 (MMP-2) and matrix metalloprotease
9 (MMP-9) type IV collagenases in colorectal cancer. Cancer
Res 1996; 56: 190-196
Papadopoulou S, Scorilas A, Arnogianaki N, Papapanayiotou
B, Tzimogiani A, Agnantis N, Talieri M. Expression of
gelatinase-A (MMP-2) in human colon cancer and normal
colon mucosa. Tumour Biol 2001; 22: 383-389
Seger R, Krebs EG. The MAPK signaling cascade. FASEB J
1995; 9: 726-735
Hill CS, Treisman R. Transcriptional regulation by extracellular signals: mechanisms and specificity. Cell 1995; 80:
19 9-21 1
Mansour SJ, Matten WT, Hermann AS, Candia JM, Rong S,
Fukasawa K, Vande Woude GF, Ahn NG. Transformation of
mammalian cells by constitutively active MAP kinase kinase.
Science 1994; 265: 966-970
Raingeaud J, Gupta S, Rogers JS, Dickens M, Han J, Ulevitch
RJ, Davis RJ. Pro-inflammatory cytokines and environmental
stress cause p38 mitogen-activated protein kinase activation
by dual phosphorylation on tyrosine and threonine. J Biol
Chem 1995; 270: 7420-7426
Hoshino R, Chatani Y, Yamori T, Tsuruo T, Oka H, Yoshida
O, Shimada Y, Ari-i S, Wada H, Fujimoto J, Kohno M. Constitutive activation of the 41-/43-kDa mitogen-activated protein kinase signaling pathway in human tumors. Oncogene
1999; 18: 813-822
W a n g Q , D i n g Q , D o n g Z, E h l er s R A , E v e r s B M .
Downregulation of mitogen-activated protein kinases in human colon cancers. Anticancer Res 2000; 20: 75-83
Sakakura C, Hagiw ara A, Shirahama T, Nakanishi M,
Yasuoka R, Fujita Y, Inazawa J, Abe T, Kohno M, Yamagishi
H. Infrequent activation of mitogen activated protein kinase
in human colon cancers. Hepatogastroenterology 1999; 46:
28 31-28 34
Westermarck J, Holmstrom T, Ahonen M, Eriksson JE, Kahari
VM. Enhancement of fibroblast collagenase-1 (MMP-1) gene
expression by tumor promoter okadaic acid is mediated by
stress-activated protein kinases Jun N-terminal kinase and
p38. Matrix Biol 1998; 17: 547-557
Simon C, Goepfert H, Boyd D. Inhibition of the p38 mitogenactivated protein kinase by SB 203580 blocks PMA-induced
Mr 92,000 type IV collagenase secretion and in vitro invasion.
Cancer Res 1998; 58: 1135-1139
Umar A, Viner JL, Hawk ET. The future of colon cancer
prevention. Ann N Y Acad Sci 2001; 952: 88-108
Nemoto T, Kamei S, Seyama Y, Kubota S. p53 independent G
(1) arrest induced by DL-alpha-difluoromethylornithine.
Biochem Biophys Res Commun 2001; 280: 848-854
Chambers AF, Matrisian LM. Changing views of the role of
matrix metalloproteinases in metastasis. J Natl Cancer Inst
1997; 89: 1260-1270
Hiraoka N, Allen E, Apel IJ, Gyetko MR, Weiss SJ. Matrix
metalloproteinases regulate neovascularization by acting as
pericellular fibrinolysins. Cell 1998; 95: 365-377
Ste tle r-Ste ve ns on WG. Ma tri x meta ll oproteina ses i n
angiogenesis: a moving target for therapeutic intervention. J
Clin Invest 1999; 103: 1237-1241
Werb Z, Vu TH, Rinkenberger JL, Coussens LM. Matrix-degrading proteases and angiogenesis during development and
tumor formation. APMIS 1999; 107: 11-18
Itoh T, Tanioka M, Yoshida H, Yoshioka T, Nishimoto H,
Itohara S. Reduced angiogenesis and tumor progression in
gelatinase A-deficient mice. Cancer Res 1998; 58: 1048-1051
Stetler-Stevenson WG, Liotta LA, Kleiner DE. Extracellular
matrix 6: role of matrix metalloproteinases in tumor invasion

31

32

33

34

35

36

37

38

39

40

41

42

43

3069
and metastasis. FASEB J 1993; 7: 1434-1441
Ajani JA, Ota DM, Grossie VB, Abbruzzese JL, Faintuch JS,
Patt YZ, Jackson DE, Levin B, Nishioka K. Evaluation of
continuous-infusion alpha-difluoromethylornithine therapy
for colorectal carcinoma. Cancer Chemother Pharmacol 1990;
26: 223-226
Abeloff MD, Rosen ST, Luk GD, Baylin SB, Zeltzman M,
Sjoerdsma A. Phase II trials of alpha-difluoromethylornithine,
an inhibitor of polyamine synthesis, in advanced small cell
lung cancer and colon cancer. Cancer Treat Rep 1986; 70:
84 3-84 5
Love RR, Carbone PP, Verma AK, Gilmore D, Carey P, Tutsch
K D , P om pl u n M, W i l d i n g G. Ra nd om i z e d ph a s e I
c he mo pr e ve nt io n do s e- s e eki ng s tu dy o f a l p ha difluoromethylornithine. J Natl Cancer Inst 1993; 85: 732-737
Meyskens FL, Emerson SS, Pelot D, Meshkinpour H, Shassetz
LR, Einspahr J, Alberts DS, Gerner EW. Dose de-escalation
chemoprevention trial of alpha-difluoromethylornithine in patients with colon polyps. J Natl Cancer Inst 1994; 86: 112211 30
Meyskens FL, Gerner EW, Emerson S, Pelot D, Durbin T,
Doyle K, Lagerberg W. Effect of alpha-difluoromethylornithine
on rectal mucosal levels of polyamines in a randomized,
double-blinded trial for colon cancer prevention. J Natl Cancer
Inst 1998; 90: 1212-1218
Love RR, Jacoby R, Newton MA, Tutsch KD, Simon K,
Pomplun M, Verma AK. A randomized, placebo-controlled
trial of low-dose alpha-difluoromethylornithine in individuals at risk for colorectal cancer. Cancer Epidemiol Biomarkers
Prev 1998; 7: 989-992
Jacoby RF, Cole CE, Tutsch K, Newton MA, Kelloff G, Hawk
ET, Lubet RA. Chemopreventive effica cy of combined
piroxicam and difluoromethylornithine treatment of Apc
mutant Min mouse adenomas, and selective toxicity against
Apc mutant embryos. Cancer Res 2000; 60: 1864-1870
Nigro ND, Bull AW, Boyd ME. Inhibition of intestinal carcinogenesis in rats: effect of difluoromethylornithine with
piroxicam or fish oil. J Natl Cancer Inst 1986; 77: 1309-1313
Reddy BS, Nayini J, Tokumo K, Rigotty J, Zang E, Kelloff G.
Chemoprevention of colon carcinogenesis by concurrent administration of piroxicam, a nonsteroidal antiinflammatory
drug with D,L-alpha-difluoromethylornithine, an ornithine
decarboxylase inhibitor, in diet. Cancer Res 1990; 50: 256225 68
Rao CV, Tokumo K, Rigotty J, Zang E, Kelloff G, Reddy BS.
Chemoprevention of colon carcinogenesis by dietary administration of piroxicam, alpha-difluoromethylornithine, 16 alpha-fluoro-5-androsten-17-one, and ellagic acid individually
and in combination. Cancer Res 1991; 51: 4528-4534
Li H, Schut HA, Conran P, Kramer PM, Lubet RA, Steele VE,
Hawk EE, Kelloff GJ, Pereira MA. Prevention by aspirin and
its combination with alpha-difluoromethylornithine of
azoxymethane-induced tumors, aberrant crypt foci and
prostaglandin E2 levels in rat colon. Carcinogenesis 1999; 20:
425-430
Sebolt-Leopold JS, Dudley DT, Herrera R, Van Becelaere K,
Wila nd A, Gowan RC, Tecle H, Barrett SD, Bridges A,
Przybranowski S, Leopold WR, Saltiel AR. Blockade of the
MAP kinase pathway suppresses growth of colon tumors in
vivo. Nat Med 1999; 5: 810-816
Wojtowicz-Praga S, Low J, Marshall J, Ness E, Dickson R,
Barter J, Sale M, McCann P, Moore J, Cole A, Hawkins MJ.
Phase I trial of a novel matrix metalloproteinase inhibitor
batimastat (BB-94) in patients with advanced cancer. Invest
New Drugs 1996; 14: 193-202

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

EL SEVIER

World J Gastroenterol 2005;11(20):3070-3074
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

MR diffusion-weighted imaging of rabbit liver VX-2 tumor
You-Hong Yuan, En-Hua Xiao, Jun Xiang, Ke-Li Tang, Ke Jin, Shi-Jian Yi, Qiang Yin, Rong-Hua Yan, Zhong He, QuanLiang Shang, Wei-Zhou Hu, Su-Wen Yuan
You-Hong Yuan, En-Hua Xiao, Jun Xiang, Ke-Li Tang, Ke Jin,
Shi-Jian Yi, Qiang Yin, Rong-Hua Yan, Zhong He, Quan-Liang
Shang, Wei-Zhou Hu, Su-Wen Yuan, Department of Radiology,
the Second Xiangya Hospital, Central South University, Changsha
410011, Hunan Province, China
Supported by the National Natural Science Foundation of China,
No. 30070235
Correspondence to: Dr En-Hua Xiao, Department of Radiology,
the Second Xiangya Hospital, Central South University, Changsha
410011, Hunan Province, China. xiaogdk@sohu.com
Telephone: +86-731-5550355 Fax: +86-731-4510190
Received: 2004-05-27 Accepted: 2004-06-17

CONCLUSION: The DWI signal of rabbit VX-2 tumor has
its characteristics on MR DWI and DWI plays an important
role in diagnosing and discovering VX-2 tumor.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Magnetic resonance imaging; Diffusion-weighted;
Liver; VX-2 tumor; Rabbits
Yuan YH, Xiao EH, Xiang J, Tang KL, Jin K, Yi SJ, Yin Q, Yan
RH, He Z, Shang QL, Hu WZ, Yuan SW. MR diffusion-weighted
imaging of rabbit liver VX-2 tumor. World J Gastroenterol
2005; 11(20): 3070-3074

http://www.wjgnet.com/1007-9327/11/3070.asp

Abstract
AIM: To investigate the implanting method of rabbit liver
VX-2 tumor and its MR diffusion-weighted imaging (DWI)
characteristics.
METHODS: Thirty-five New Zealand rabbits were included
in the study. VX-2 tumor was implanted subcutaneously
in 14 rabbits and intrahepatically in 6 for pre-experiments.
VX-2 tumor was implanted intrahepatically in 12 rabbits
for experiment and three were used as the control group.
DWI, T1- and T2-weighted of MRI were performed
periodically in 15 rabbits for experiment before and after
implantation. The distinction of VX-2 tumors on DWI was
assessed by their apparent diffusion coefficient (ADC)
values. The statistical significance was calculated by
analysis of variance (ANOVA) of the randomized block
design using SPSS10.0 software.
RESULTS: The successful rate of subcutaneous implantation
of VX-2 tumor was 29% (4/14) while that of intrahepatic
implantation of it was 33% (2/6) in the preexperiment.
The successful rate of intrahepatic implantation of VX-2
tumor in the experiment was 83% (10/12) and 15 tumors
grew in 10 successfully implanted rabbits. The DWI
signal of VX-2 tumor was high and became lower when
the b value increased step by step. The signal of VX-2
tumor on the map of ADC was low. When the b value
was 100 or 300 s/mm2, the ADC value of normal group
and VX-2 tumor group was respectively 2.57±0.26,
1.73±0.31, 1.87±0.25 and 1.57±0.23 mm 2 /s. Their
distinction was significant (F = 43.26, P<0.01), the tumor
ADC value between b values 100 and 300 s/mm 2 was
significant (Tukey HSP, P<0.05) and the ADC value
between VX-2 tumor and normal liver was also significant
(Tukey HSP, P<0.01). VX-2 tumor developed quickly and
metastasized early to all body, especially to the lung, liver,
lymph nodes of mediastinum, etc.

INTRODUCTION
The main imaging diagnostic methods of hepatic tumor
include computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasonography (US)[1-4]. In recent years,
however, the application of MRI, especially MR diffusionweighted imaging (DWI) in the diagnosis of hepatic tumor
and evaluation of its progression is much less than that of
CT and US[5-8] . With the development of software and
scanning technology of MRI, many problems, for example,
poor imaging quality, slow scanning speed, have been
overcome[8-11] and more studies on it have been reported in
recent years[12-15].
Diffusion is caused by the free movement of water
molecule[8,10,13-16]. The amount of diffusion is determined
by the diffusion coefficient (DC). However, because the
measurement of DC in vivo may be affected by many factors,
such as temperature, perfusion, magnetic susceptibility in
the tissue, or other kinds of the motion, the apparent
diffusion coefficient (ADC) is used much more in clinic
than DC[14,17-19] . DWI was initially used to evaluate early
ischemic stages of the brain and its values have been accepted
in recent years all over the world. At the same time, several
research groups have concluded that DWI has great potential
for understanding normal and pathological brain function[20].
But few studies are available on the value of DWI in diagnosing
or evaluating the progression of hepatic lesions, especially
the VX-2 tumor of rabbits[17,21-23].
Hepatocellular carcinoma (HCC) is one of the most
frequent tumors and many studies about its CT, DSA, MRI
characteristics have been undertaken in recent years[3-5,6-9,24].
Rabbit VX-2 tumor is the most valuable animal model of
HCC in researching its imaging characteristics[25,26], because
the blood supply to VX-2 tumor and HCC is similar[23,26,27].
The purpose of our experiment was to investigate the
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implanting method of rabbit liver VX-2 tumor and the
characteristics of rabbit VX-2 tumor on DWI.

MATERIALS AND METHODS
Animals
Animal studies were carried out under the supervision of a
veterinarian according to the guidelines of Ministry of
Public Health of China for the use of laboratory animals.
All animals were provided by the Laboratory Animal Center
of the Second Xiangya Hospital and all protocols were
approved by the Animal Use and Care Committee of the
Second Xiangya Hospital.
Establishment of VX-2 tumor model[17-20]
The VX-2 tumor strain of rabbit was provided by the Fourth
Military Medical University.
Our experiment was divided into two steps: pre-experiment
during which subcutaneous and intrahepatic implantation
of VX-2 tumor was carried out; experiment during which
VX-2 tumor cells were harvested and implanted into the
rabbit liver after they grew up under the rabbit derm. Ten
of the twenty New Zealand white rabbits in preexperiment
were male and 10 were female, their weight ranged from
1.5 kg to 2.0 kg. Six had intrahepatic implantation while 14
had subcutaneous implantation. Eight of the 15 New Zealand
white rabbits in the experiment were male and seven were
female, their weight ranged from 2.0 to 3.0 kg. Twelve had
intrahepatic implantation while the others served as controls.
Procedure of implantation[19-23]
First, we extracted the VX-2 tumor strain from the subcutaneous
tumor which was implanted during the preexperiment. After
the rabbits were anesthetized, by injecting 3% soluble
pentobarbitone into auriborder vein or abdominal cavity at
a dose of 1 mL/kg, we incised the skin to expose one cauliflower
of the tumor and then excised one cauliflower from it.
Then we put the tumor parenchyma into saline containing
40 000 unit gentamycin per 100 mL, and discarded the
necrosed tissue and blood clot and then cut it into 1-2 mm3
microblocks.
Second, we implanted the VX-2 tumor strain into the
subcutaneous or liver parenchyma. During the subcutaneous
implanting, we pushed the VX-2 tumor strain into the
subcutaneous connective tissue through the implanting
tube after disinfecting and excising the skin. As the liver
parenchyma implanting was concerned, we exposed the lobe
of liver after excising the skin and vagina musculi recti
abdominis. We put the implanting tube containing the VX2 tumor strain into the chosen-lobe by rotating and push

the VX-2 tumor strain into the liver parenchyma, then put
the gelatin sponge into the implanting stoma to prevent
bleeding. After the liver stopped bleeding, we sutured the
peritoneum, musculi, and skin, respectively. Six of the fifteen
New Zealand white rabbits in experiment were implanted
in one lobe while six were implanted in two lobes.
After implanting, we injected 200 000-unit penicillin into
the muscle daily for 4 d. At the same time, the animal room
was kept dry and ventilated.
Magnetic resonance imaging protocol[19]
After animals were anesthetized by injecting 3% soluble
pentobarbitone into auriborder vein at a dose of 1 mL/kg
or at different doses based on different animal status to
make sure that the breathing of animals was slow and stable,
T1WI, T2WI, and DWI were performed on a 1.5-Tesla
Sigma Twinspeed MR scanner (General Electron Medical
Systems, USA) using a small diameter cylindrical brain
radiofrequency coil. DWI (axial) and MRI (T1WI and T2WI,
axial and coronal) were obtained respectively and periodically
1 d before implanting and 7, 14, 21, or 35 d after implant.
The scanning parameters of DWI included spin echo
echoplanar imaging (SE-EPI) series, b-values 100 and
300 s/mm2, repetition time (TR) 6 000 ms, echo time (TE)
45 ms, 20 cm×15 cm field of view (FOV), 8NEX, 2 mm
thickness layer, 0.5 mm Space, 128×128 matrix, etc. The
scanning parameters of common MRI included fast reverse
fast spin echo (FRFSE) series, T1WI (TR 400/TE 12.3 ms),
T2WI (TR3000/TE80 ms), 20 cm×15 cm FOV, 4 NEX,
5 mm thick layer, 0 mm space, 256×192 (T1WI) and
320×256 (T2WI) matrix, etc.
Statistical analysis
Based on apparent diffusion coefficient (ADC) value of regions
of interest (ROIs), images were evaluated quantitatively,
including the difference between normal rabbit liver
parenchyma and VX-2 tumor and between different bvalue groups. ADC values of normal rabbit parenchyma
were obtained by the average value of five different ROIs
(50 mm2 each area). We took 80% rabbit VX-2 tumor area
as their ROI and measured their ADC values.
The statistical significance was calculated by analysis of
variance (ANOVA) of the randomized block using SPSS10.0
software.

RESULTS
Results of rabbit VX-2 tumor implantation
The results of rabbit VX-2 tumor implantation are shown
in Table 1.

Table 1 Results of rabbit VX-2 tumor implant
Methods

Number

Success of implant

Postoperative infection

Postoperative death

Cause of death

Rate of success (%)

Pre-experiment
Intraderm

14

4

0

4

Diarrhea

29 (4/14)

Intrahepatic
Experiment

6

2

0

2

Diarrhea

33 (2/6)

12

10

0

1

Diarrhea

83 (10/12)

Intrahepatic
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Figure 1 Image manifestations of hepatic VX-2 tumor on DWI. A: High signal
and distinct, sharp margin of VX-2 tumor on DWI when b value is 100; B: High
signal and distinct margin of VX-2 tumor on DWI when b value was 300; C: Bluegreen VX-2 tumor and red normal liver parenchyma when b value was 100; D:

Image manifestations of hepatic VX-2 tumor
Fifteen tumors were detected in 10 rabbit hepatic parenchymas.
The diameter of the tumor was 4.73±0.78 on d 7, 11.35±1.73
on d 14, 21.82±3.12 on d 21, and 43.25±4.32 on d 35.
The image quality and tumor signal of DWI were higher
when the b-value was 100 than those when the b-value was
300 (Figures 1A and B). Eight tumors were detected with
b-value 100 on DWI while 10 tumors were detected with
b-value 300 on the 7th d after implantation and 15 tumors
were detected on DWI with b-value 100 or 300 after 14 d.
All tumors showed high signals on DWI. The tumor signal
on DWI was fairly uniform 14 d after implantation while it
was not uniform on the 21th and 35th d and it also showed
higher signals in different area tumor sometimes. In addition,
one or two low signal areas could be seen in three tumors
on the 21th d. T1WI, T2WI or DWI could not be seen on
d 35. The margin of 15 tumors not only displayed distinctly
but also differed significantly from the structure around.
ADC values of all tumors are summarized in Table 2. As
shown in Figure 1C, 12 of the 15 cases appeared to have
low signals while three were equal or slightly low signals.
The number of displayed tumors on T1WI and T2WI was
same as that on DWI on the 21 th or 35 th d. The tumors
displayed low signals on T1WI and high signals on T2WI.
In addition, the margin of most tumors was distinct but
less significant on T1WI or T2WI (Figures 1D and E)
between the tumor and the liver parenchyma with different
than that on DWI (Figures 1A and B). One of them displayed
multi-tumors sizes, the biggest diameter of tumor was about
4 cm×4 cm. They showed different high signals on DWI,
and low signals on TIWI and high signals on T2WI. In
addition, the size of low signal zones was different in the
tumor. The results of autopsy are shown in Figure 2.

May 28, 2005

Volume 11

Number 20

C

Low signals and distinct margin of VX-2 tumor on T1WI (note: the no signal area
in liver is artifact); E: Slightly high signals and distinct margin of VX-2 tumor on
T2WI (note: the low signal in the middle of the tumor is gelatin sponge and the no
signal area in liver is artifact).

Figure 2 Pleural effusion, abdominal cavity fluid, multi-metastases in the lungs
and lymph nodes 21 d after implantation of VX-2 tumor.

Table 2 ADC values of normal rabbit liver and VX-2 tumor (mean±SD)
ADC values

A1

A1

2.57±0.26

B1

1.73±0.31

P<0.01

C1

1.87±0.25

P<0.01

1

D

1.57±0.23

ANOVA

P<0.01

B1

C1

D1

P<0.012

P<0.01 2

P<0.012

F

P

P<0.052
P<0.05

2

43.26

P<0.01

1
A – normal rabbit liver DWI (b = 100 s/mm 2 ); B – normal rabbit liver DWI
(b = 300 s/mm 2 ); C – VX-2 tumor DWI (b=100 s/mm 2); D – VX-2 tumor DWI
b=100 s/mm 2 ); 2 Difference between different b-value groups or between
normal liver parenchyma group and VX-2 tumor group.
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Table 3 Progression of intrahepatically implanted VX-2 tumor in 12 rabbits
Common conditions1

Transferring conditions2 (MRI and autopsy)

No.
7d

14 d

21 d

1

1

1

2

4

2

1

1

2

3

1

1

3

4

4

5
6

1
2

1
1

1
2

1
3

1
3

7

1

1

1

3

4

8

3

2

3

3

3

3

9
10

1
1

1
1

2
2

3
3

3
4

11

1

2

3

3

12

1

1

3

3

1
3

28 d

35 d

40 d

3

3

3

3

3

4

A

B

C

+

+

+

–

+

–

Survival
time
(d)

E

F

G

H3

–

–

–

–

–

28

–

+

–

–

–

>40
39

D

+

+

+

–

–

+

+

–

–

–

–

–

–

–

–

–

3

–
+

–
+

–
+

–
–

–
+

–
+

–
–

–
–

>40
>40

–

+

–

–

–

–

+

–

33

+

+

+

–

+

–

–

–

>40

4

+
–

+
+

+
+

–
–

+
–

–
–

+
+

–
–

38
32

3

3

–

+

–

–

+

–

–

–

>40

3

4

+

+

+

–

+

–

+

–

39

1
3

2

Common conditions: 1 – well; 2 – common; 3 – bad; 4 – dead. Transferring or metastasizing conditions:– no transferring or metastasizing; + transferring or metastasizing.
A – liver; B – lung; C – mediastina; D – brain; E – thoracic or abdominal cavity; F – postperitone; G – diaphragm and heart; H – kidney or pancreas.

Progressing and transferring of rabbit liver VX-2 tumor
MRI and DWI were performed periodically on 12 rabbits
in experiment to observe their growing and transferring or
metastasizing characteristics (Table 3).
Manifestations of VX-2 tumor dissection and pathology
Intrahepatic VX-2 tumor appeared pale with no envelope
and identifiable margin, the extrahepatic surface was
uneven (Figure 3). Lung metastases showed many pale
nodular foci in size of Mung bean or soybean (Figure 2).
After the tumor was removed, the extralayer was thick and
tough with rich blood supply. The interior tumor cells were
pale. When the tumor grew bigger, irregular cavities could
be found in it. Under low power microscope, we could see
multilump nests without clear margin. In addition, more
parenchyma tissue was found in the tumor than connective
tissue in the tumor and there were rich and new blood
capillaries between tumor cells. Calcified part in VX-2
tumors could be observed at times. Under high power
microscope, VX-2 tumor cells mainly were big and irregular.
In addition, the cytoplasm was rich and the nuclei were
thickly stained and irregular.

Figure 3 Pale nodular foci of VX-2 tumor 14 d after implanting.

DISCUSSION
VX-2 tumor is induced by the Shope virus and develops

after 72 times or more transfer of culture[17,23,24]. Its blood
is mainly supplied by the hepatic artery. VX-2 tumor is
implanted easily and grows quickly so that the diameter of
the tumor can reach 2 cm, 3 or more weeks after implanted
and it is able to metastasize to the liver, the lung, mediastinum
in the early stage, which is suitable for making animal models.
The rate of lung metastasis was 91% (10/11) in our group.
In addition, it is advantageous to be manifested by imaging
because VX-2 tumor is a solid tumor and rabbit weight is
relatively great. Thus, in research of HCC imaging, VX-2
tumor is the widely used animal model[24,25].
The methods of VX-2 tumor implantation mainly include
tumor cell injection by hepatic artery catheterization,
percutaneous transhepatic injection of tumor cells and direct
intrahepatic tumor block implantation[23,24,27]. The successful
rate of the last method is the highest, which is usually more
than 90%, while that of other two methods is relatively
low, which is often lower than 70%[24-26]. In our experiment,
we chose tumor block implanting and found the successful
rate of intrahepatic implantation was 83% in experiment
and 33% in pre-experiment and that of subcutaneous
implantation was 29%. For this, on the one hand, we have
not gotten the most vigorous tumor cells because of our
poor experience and, on the other hand, many rabbits die
of diarrhea because of dampness and poorly ventilated
animal room as well as rabbits of unsuitable weight and
age. In order to increase the successful rate, it is very
important to pay attention to these implant technologies.
First, we should get the most vigorous tumor cells, the
mother of which is no more than 21 d after being implanted
and which is observed to be pale or resembling fish flesh
and is easy to separate from the tumor. Second, we should
choose an appropriate implanting spot, reduce bleeding and
prevent abdominal cavity implantation. Finally, clean,
ventilated, dry living environment and healthy, strong rabbits
are also very important.
Diffusion is caused by the free movement of water
molecule, known as “Brown motion”. It is able to change
the intensity of local magnetic field around hydrogen
proton so that its phase position in magnetic field is changed.
If we add a powerful polar and quick switching gradient
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radiofrequent (RF) pulse, we are able to amplify these phase
changes so that we can detect water molecule diffusion
motion, known as diffusion-weighted imaging (DWI). The
signals on DWI are low when water molecule diffusion
motion is high while the signals on DWI are high when
water molecule diffusion motion is low. VX-2 tumor is a
solid tumor and its body mainly consists of tumor cell nests
and other cells so that its water molecule diffusion motion
is restricted. The signals of most VX-2 tumor on DWI are
high and its margin is usually distinct (Figures 1A and B).
When b value increases, the signals of VX-2 tumor become
lower and lower (Figures 1A and B) but the ability to detect
lesions becomes stronger and stronger. All the 15 VX-2
tumors showed high signals in our experiment and the signals
of tumors were lower when b value was 300 than when
it was 100 (Figures 1A and B). The amount of diffusion is
determined by the diffusion coefficient (DC). Because DC
is affected by many factors, the apparent diffusion
coefficient (ADC) is used more clinically rather than DC.
In our experiment, the mean ADC value of 15 VX-2 tumors
was 1.87±0.25 while that of the normal hepatic parenchyma
was 2.57±0.26. When b value increased, ADC value became
low. The mean ADC value of VX-2 tumor was 1.87±0.25
when b value was 100 while it was 1.57±0.23 when b value
was 300.
In conclusion, the hepatic VX-2 tumor model is a simple
and efficient HCC model. DWI has potentially important
value in reflecting water molecular motion of tumor,
detecting tumor and monitoring tumor progression.
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Abstract
AIM: To investigate the uptake difference between bovine
serum albumin nanoparticle (BSA-NP) and bovine serum
albumin nanoparticles with their surface modified by
glycyrrhizin (BSA-NP-GL) and to develop a novel hepatocyte
targeting BSA-NP-GL based on active targeting technology
mediated by specific binding site of GL on rat cellular
membrane.
METHODS: Calcein loaded bovine serum albumin
nanoparticles (Cal-BSA-NP) were prepared by desolvation
process. Glycyrrhizin was conjugated to the surface
reactive amino groups (SRAG) of Cal-BSA-NP by sodium
periodate oxidization, which resulted in calcein-loaded
bovine serum albumin nanoparticles with their surface
modified by glycyrrhizin (Cal-BSA-NP-GL). The morphology
of the two types of prepared nanoparticles (NP) was
observed by transmission electron microscopy. The
diameter of NP was measured with a laser particle size
analyzer. The interaction between Cal-BSA-NP-GL and
primary cultured hepatocytes was studied through cellular
uptake experiments. The uptake amount of Cal-BSA-NPGL and Cal-BSA-NP by rat hepatocytes was determined
by fluorospectrophotometry. Uptake characteristics were
investigated through experiments of competitive inhibition
of specific binding site of GL.
RESULTS: Both Cal-BSA-NP-GL and Cal-BSA-NP had
regular spherical surfaces. The average diameter of CalBSA-NP-GL and Cal-BSA-NP was 77 and 79 nm respectively.
The uptake amount of the two NP by hepatocytes reached
its maximum at 2 h after incubation. The uptake amount
of Cal-BSA-NP-GL by rat hepatocytes was 4.43-fold higher
than that of Cal-BSA-NP. There was a significant difference
in the uptake of Cal-BSA-NP-GL and Cal-BSA-NP by
hepatocytes (P<0.01). The uptake of Cal-BSA-NP-GL was
inhibited when GL was added previously to isolated rat
hepatocytes, and the uptake of Cal-BSA-NP was not
affected by GL.

CONCLUSION: A binding site of GL is present on the
surface of rat hepatocytes, BSA-NP-GL may be internalized
via this site by hepatocytes and can be used as a drug
carrier for active targeting of delivery drugs to hepatocytes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cells are divided into hepatocytes (hepatic parenchymal
cells), Kupffer cells and endothelial cells (hepatic nonparenchymal
cells). Parenchymal cells are the main cells of liver. Many
fatal diseases occur in hepatocytes, such as chronic hepatitis,
cirrhosis, enzyme deficiency and hepatoma. Because of the
poor efficiency of current drugs uptaken by hepatocytes,
there are few effective therapeutic methods for hepatic
diseases. Hence, it is important to target drugs to the
hepatocytes.
Application of nanoparticles (NP) in drug delivery
systems (DDS) is of particular interest because they provide
drug targeting possibilities and sustained release action.
However, they have some disadvantages such as rapid uptake
by the reticuloendothelial system (RES) within seconds or
minutes after injection due to phagocytosis by macrophages
in the liver and spleen.
Receptor-mediated drug targeting is a promising
approach to selective drug delivery. One particular method
exploits the mechanisms of sugar recognition of some
specific cells. Among various types of cells in the body,
hepatocytes exclusively have high affinity cell-surface
receptors that can bind to asialoglycoproteins and
subsequently internalize them to the cell interior. Delivery
of drugs using liposomes bound to asialoglycoprotein in a
specific manner would provide significant therapeutic
benefits to hepatic disease. Extensive studies on chemical
modification of liposomes with asialoglycoproteins[1-3] or
low-molecular weight glycolipid have been carried out to
achieve effective targeting to hepatocytes[4-8]. However, it
was reported that galactose-bearing liposomes are also taken
up by Kupffer cells, and the distribution of these liposomes
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in hepatocytes is not very high[9]. Therefore, the discovery
of a new ligand instead of using the conventional ones
requires investigation.
Glycyrrhizin (GL), a conjugate of one molecule of
glycyrrhetinic acid and two molecules of glucuronic acid, is
one of the main compounds extracted from the root of
Glycyrrhiza glabra L (licorice). In 1990s, Negishi et al [10],
proved that there are specific binding site of glycyrrhizin
on the cellular membrane of in vitro rat hepatocytes. Based
on this research, liposome surface modified with glycyrrhizin
was prepared and proved that the uptake amount and in
vivo distribution of the modified liposomes are considerably
higher compared with the conventional liposomes[11,12].
However, liposomes have limitations due to several
factors such as leakage of their contents before reaching
the target tissue, rapid clearance from the blood stream
and their uptake by macrophages of the liver and spleen
(RES). Therefore, it is necessary to develop a novel hepatocyte
targeting DDS. We have previously prepared albumin NP
with their surface modified by glycyrrhizin and studied their
pharmaceutical characteristics[13]. In this study, calcein-loaded
bovine serum albumin nanoparticles with their surface
modified by glycyrrhizin (Cal-BSA-NP-GL) was prepared
and the uptake of Cal-BSA-NP-GL by in vitro rat hepatocytes
was investigated. The interaction between Cal-BSA-NP-GL
and isolated rat hepatocytes was determined and the uptake
mechanism and influential factors were initially investigated
through in vitro cell culture experiments.

MATERIALS AND METHODS
Chemicals and reagents
Bovine serum albumin was purchased from Bio Life Science
& Technology Co. Ltd (Shanghai, China). Calcein was
obtained from SSS Reagent (Shanghai, China). Glycyrrhizin,
desoxyribonuclease I and collagenase IV were purchased
from Sigma (USA). Carbonate buffer (CBS, pH 9.50,
0.2 mol/L Na2CO3 13.0 mL+0.2 mol/L NaHCO3 37.0 mL),
Hank’s solution and RPMI-1640 culture medium were
provided by the Department of Immunology, School of
Preclinical Medicine, Sichuan University. All the other
chemicals and reagents used were of analytical grade.
Preparation of Cal-BSA-NP and Cal-BSA-NP-GL
Albumin NP were prepared by a desolvation process as
described previously by Weber et al [14]. In brief, 100 mg
bovine serum albumin was dissolved in 10 mL solvent of
calcein (0.1 mg/ mL) by constant stirring at 25 ℃, 20 mL
ethanol and 25 L 2.5% glutaral solution were added
gradually into the solvent mixture respectively. After 3-h
stirring, ethanol was vacuum distilled and the colloidal
solution of calcein-loaded bovine serum albumin nanoparticles
(Cal-BSA-NP) was obtained. Glycyrrhizin was dissolved in
CBS to make glycyrrhizin solution (0.1 mol/L), 0.1 mol/L
NaIO4 solution was added gradually into the glycyrrhizin
solution, which resulted in glycyrrhizin oxide solution after
stirring for 3 h. Twenty milliliters of glycyrrhizin oxide
solution was added into the Cal-BSA-NP solution. After
being stirred for 3 h at 25 ℃, Cal-BSA-NP-GL was obtained.
The drug amount loaded on NP was deter mined by
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fluorospectrophotometry (RF-5000, Shimadzu, Japan), the
particle shape was observed under a transmission electron
microscope (H-600, Hitachi, Japan) and the particle size
was measured with a laser particle size analyzer (Malvern2000, UK).
Primary culture of rat hepatocytes
Hepatocytes were isolated from normal liver of male Wistar
rats weighing approximately 200 g. The livers were
purged with Hank’s solution and scissored into tissue blocks
(1 mm×1 mm). The blocks were treated with 1 mg/mL
collagenase IV solution (pH was adjusted to 7.4 using Hepes)
at 37 ℃ for 120 min and filtrated via a 200-mesh cell
sieve. Hepatocytes were washed thrice by slow centrifugation
(500 r/min, 1 min) of the cell suspension to remove cell
debris, damaged and nonparenchymal cells. Viability as
tested by trypan blue exclusion was over 95%. Isolated
hepatocytes were plated onto collagen-coated six-well culture
plates at a density of 1×106 cells/well, incubated in RPMI1640 solution in 50 mL/L CO2 at 37 ℃ for 24 h, and used
in the following experiments.
In vitro hepatocyte uptake experiment
Cal-BSA-NP and Cal-BSA-NP-GL solutions were
ultracentrifuged (1.5×10 4 g) for 20 min, the supernatants
were discarded and precipitations were ultrasonically
dispersed with 0.5 mL PBS. Then, 0.5 mL Cal-BSA-NP
and 0.5 mL Cal-BSA-NP-GL solutions were added to 1 mL
preincubated hepatocyte suspension respectively, RPMI1640 culture solution was added to 2 mL and mixed uniformly.
Hepatocytes were incubated with Cal-BSA-NP and Cal-BSANP-GL at the indicated concentration in a fresh medium.
After incubation for the indicated time, the medium was
removed and the cells were washed four times with 12 mL
ice-cold PBS, 2 mL distilled water was added into the washed
cells and the mixture was stored at -10 ℃ for 2 h. The
congelations were defrosted at room temperature to
disintegrate the cells. The achieved mixture was centrifuged
for 10 min (1×10 4 g), and the supernatants were diluted
with PBS to 5 mL. The fluorescence strength in the solutions
was determined (  ex = 491.2 nm,  em = 510.4 nm, slit
width = 10 nm). When the concentration of calcein was
0.2-6.4 ng/mL, the standard curve was described as
regression equation: F = -1.51+97.58C (ng/mL), r = 0.9997.
The uptake amount of the two types of NP by hepatocytes
was expressed as nanograms of total BSA per 10 6 cells.
Each value represented the mean±SD of three experiments.
The data were calculated according to the drug amount
loaded and the determined strength of fluorescence. For
the inhibition experiment, the cells were preincubated with
GL solution (GL dissolved in 50 mg/mL NaHCO3) at a
concentration of 0-50 mmol/L in medium. The uptake
experiments were then carried out as above.
In order to exclude the error caused by calcein absorption
of the cell culture plate, parallel processes were followed in
all experiments. 0.5 mL Cal-BSA-NP and Cal-BSA-NP-GL
solutions were incubated, centrifuged, purged and treated
with the above-mentioned method, their strength of
fluorescence was determined and deducted while the uptake
quantity of hepatocytes was calculated.
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RESULTS
Drug amount loaded, morphology and particle size
The drug amount loaded on Cal-BSA-NP and Cal-BSANP-GL was 6.02 and 5.93 µg/mg BSA respectively.
Transmission electron microscopy (Figure 1) demonstrated
that both Cal-BSA-NP (Figure 1A) and Cal-BSA-NP-GL
(Figure 1B) had a regular spherical surface. Figure 2 showed
that the average diameter of Cal-BSA-NP and Cal-BSANP-GL was 77 and 79 nm respectively with a narrow
distribution (polyindex 0.42, 0.31).

to each culture dish was 6.08, 12.16, 24.25, and 48.58 mg.
The mixtures were incubated in 50 mL/L CO2 at 37 ℃ for
2 h. The dose dependency of the uptake of Cal-BSA-NP
and Cal-BSA-NP-GL by primary cultured rat hepatocytes
was examined, and the results are shown in Figure 3. CalBSA-NP-GL was taken up by rat hepatocytes to a much
greater extent than the control Cal-BSA-NP. The uptake
of Cal-BSA-NP-GL increased dose-dependently and was
saturated at 5 220 ng BSA/dish (10 6 cells) at a dose of
24.25 mg BSA/dish. However, the uptake of Cal-BSA-NP
was slightly and linearly increased.

B
Uptake (ng BSA/106 cells)

A
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Figure 1 Transmission electron microscopy of Cal-BSA-NP (A) and Cal-BSANP-GL (B) (×15 000).
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Figure 3 Dose-response curve of uptake of Cal-BSA-NP and Cal-BSA-NP-GL
by primary cultured hepatocytes.
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Figure 2 Diameter of Cal-BSA-NP (A) and Cal-BSA-NP-GL (B).

Dose dependency of uptake of Cal-BSA-NP and Cal-BSA-NPGL by primary cultured rat hepatocytes
In these experiments, 0.5 mL Cal-BSA-NP and Cal-BSANP-GL solutions at the indicated concentration were added
respectively to 1 mL previously incubated hepatocyte
suspensions, and 0.5 mL RPMI-1640 culture solution was
added to each mixture to 2 mL. The amount of BSA added

Time course of uptake of Cal-BSA-NP and Cal-BSA-NP-GL by
primary cultured rat hepatocytes
The time course of the uptake of Cal-BSA-NP and CalBSA-NP-GL by hepatocytes is shown in Figure 4. In these
experiments, a high affinity of Cal-BSA-NP-GL for
hepatocytes was observed. The concentration of calcein in
each culture well was 29.1 g/mL (corresponding BSA in
each culture dish was 24.25 mg), at which the uptake of
hepatocytes was saturated. The mixtures were incubated in
50 mL/L CO2 at 37 ℃ for 0, 1, 2, 3, and 4 h respectively,
and the incubation was stopped at the indicated time. The
incubated mixtures were dealt with following the process in
the section “In vitro hepatocytes uptake experiment”. The
time course of the uptake of Cal-BSA-NP-GL was obtained
as a biphase curve. The uptake of Cal-BSA-NP-GL and
Cal-BSA-NP by hepatocytes reached its maximum after the
NP were incubated for 2 h. The uptake amount of CalBSA-NP-GL by rat hepatocytes was 4.43-fold higher than
that of Cal-BSA-NP. There was a significant difference
between Cal-BSA-NP-GL and Cal-BSA-NP (P<0.01).
Inhibition experiment of uptake of Cal-BSA-NP-GL by
hepatocytes
The high affinity of Cal-BSA-NP-GL for hepatocytes is
thought to be due to GL. The presumptive sites on hepatocytes
to which Cal-BSA-NP-GL bind are assumed to be specific
ones for GL. To demonstrate this theory, we examined
whether the uptake of Cal-BSA-NP-GL was inhibited by
free GL. Glycyrrhizin was dissolved and diluted to 0.1 mol/L
with 50 mg/mL NaHCO3, and 0, 0.2, 0.4, 0.6, and 1.0 mL
of glycyrrhizin solution were added to preincubated
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Figure 4 Time course of uptake of Cal-BSA-NP and Cal-BSA-NP-GL by
primary cultured rat hepatocytes.

Figure 5 Inhibitory effect of GL on the uptake of Cal-BSA-NP-GL and Cal-BSANP by primary cultured rat hepatocytes.

hepatocyte suspensions and the mixtures were incubated in
50 mL/L CO2 at 37 ℃ for 5 min. Then, 0.5 mL Cal-BSANP-GL and Cal-BSA-NP solutions were added to the
mixtures respectively, and RPMI-1640 culture solution was
added to each mixture to 2 mL (the amount of BSA in
each culture dish was 24.25 mg). The culture plate was
incubated in 50 mL/L CO2 at 37 ℃ for 2 h. An identical
process was carried out to measure the strength of fluorescence
of cell precipitation and the result is shown in Figure 5.
The uptake of Cal-BSA-NP-GL was inhibited in response
to the concentration of GL in the medium, and the inhibitory
ratio was 73% at the concentration of 50 mmol/L of GL.

with the GL moiety. If the specific binding site of glycyrrhizin
on the surface of hepatocytes is saturated by exogenous
glycyrrhizin, the internalization of Cal-BSA-NP-GL mediated
by specific binding site of glycyrrhizin is decreased, with
the addition of glycyrrhizin, which is a rational explanation
of the excessive uptake of Cal-BSA-NP-GL by hepatocytes
compared with Cal-BSA-NP.
It was reported that the uptake of liposomes with their
surface modified with glycyrrhizin by hepatocytes increases
10-fold as many as that of traditional liposomes[11]. In our
research, the uptake of Cal-BSA-NP-GL by hepatocytes
increased 4.43-fold as many as that of Cal-BSA-NP. It might
be caused by the following factors. The surface of albumin
NP is hydrophilic, its affinity to cell membrane is weaker
than liposomes. The structure of bimolecular phospholipid
layer of liposomes is similar to that of hepatocyte membrane,
the flexible affluxion of phospholipid layer of liposomes
makes it easier for GL to combine with the specific binding
site of glycyrrhizin on the surface of hepatocyte membrane.
The amount of glycyrrhizin on the surface of NP with
their surface modified by glycyrrhizin is not enough. The
results indicate that the amount of specific binding site of
glycyrrhizin on the surface of hepatocyte membrane cannot
determine the specific uptake of NP with their surface
modified by glycyrrhizin. The ability of GL to combine
with the specific binding site of glycyrrhizin and the
characteristics of the surface of NP also play an important
role in the specific uptake of NP with their surface modified
by glycyrrhizin by hepatocytes.
In conclusion, the binding site of GL are present on the
surface of rat hepatocytes, BSA-NP-GL may be internalized
via this site by hepatocytes and can be used as a promising
drug carrier for active targeting of delivery drugs to
hepatocytes.

DISCUSSION
In order to modify the BSA-NP surface with GL, GL was
converted into a glycyrrhizin oxide. Aldehyde group of
obtained glycyrrhizin oxide was conjugated with surface
reactive amino groups of BSA-NP to form Schiff bases, a
novel hepatocytes targeting DDS was successfully prepared.
In in vitro hepatocyte uptake experiments, the uptake of
modified NP depended on the dosage. However, the uptake
of Cal-BSA-NP slightly increased linearly. The uptake of
drug-loaded NP with their surface modified with glycyrrhizin
by hepatocytes could be saturated when the dosage was
high enough. Saturation appeared in the dose-response
curve of the uptake of Cal-BSA-NP-GL, indicating that
the specific binding site of glycyrrhizin is limited on the
surface of hepatocytes. The time course of the uptake of
NP by hepatocytes accords with the rule of biphase dynamics.
During the initial 1 h of incubation, Cal-BSA-NP-GL was
rapidly taken up by the cells, and subsequently the uptake
of Cal-BSA-NP-GL became slow and increased proportionally
to the incubation time. When exogenous glycyrrhizin was
added, the uptake of drug-loaded NP with their surface
modified with glycyrrhizin, by hepatocytes decreased with
increase in the concentration of glycyrrhizin, and the uptake
amount approached to traditional NP at last. At the same
circumstances, the uptake of traditional NP by hepatocytes
increased slowly and linearly. No inhibitory effect was shown
on the uptake of Cal-BSA-NP after the addition of GL,
suggesting that GL does not diminish the ability of
hepatocytes to take up BSA-NP. If the presence of a binding
site specific for GL on the surface of hepatocytes is
considered, Cal-BSA-NP-GL is likely to bind to this site
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Abstract
AIM: NF-B, regulate the expression of cytokine-inducible
genes involving immune and inflammatory responses, will
be potential therapy approach for allograft from rejection.
In this study, we use pCMV-IBM vector to inhibit NF-B
activation and investigate the effect of pCMV-IBM in
inhibition of T cells adhesion to endothelial cells.
METHODS: The NF-B activity was detected with pNF-B
reporter gene and electrophoretic mobility shift assay.
Expression of cell surface molecules was detected by
RT-PCR and flow cytometer. The cell-cell adhesion assay
was performed to determine the effect of pCMV-IBM
in inhibition of T cells adhesion to endothelial cells.
RESULTS: We could find that NF-B activity is inhibited
by over-expression of non-degraded IB protein.
Expression of adhesion molecules like ICAM-1, VCAM-1,
and P-selectin as well as cell-cell adhesion were inhibited
significantly by transfection of the pCMV-IBM vector.
CONCLUSION: Our results indicate that the pCMVIBM, which inhibit the activity of NF-B through
over-expression of non-degraded IB protein, can be
used for gene therapy in diseases involving NF-B
activation abnormally like organ transplantation via
inhibiting cell adhesion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
NF-B, a DNA binding protein complex, is usually present
in the cytosol as an inactive complex. IB, an associated
protein, renders this complex inactive by shielding the nuclear
localization signal (NLS). Upon IB phosphorylation and
its subsequent degradation, the NF-B subunit P65 will
translocate to the nucleus, where it binds to specific DNA
sequences in the promoter region of several cytokine-inducible
genes and up-regulates their transcription[1,2] . Extensive
studies have showed that inhibition of NF-B will be
potential therapy approach for allograft from rejection[3-5].
The potent immunosuppressive agents FK506 and cyclosporin
A (CsA) are reported to switch off gene transcription by
inhibiting a key signaling phosphatase, calcinurin, which is
involved in the activation of NF-B[6,7]. Glucocorticoid,
another major immunosuppressive agent, is also believed
to work partly via inhibition of NF-B activation[8]. The
detail mechanism about inhibition of NF-B protecting the
graft is not clear till now.
Preview studies have shown that typical procedure of
graft rejection is included in three steps: adhesion of
alloantigen-activated leukocytes to the vascular endothelial
cells, infiltration of alloantigen-activated leukocytes into the
graft, activated leukocytes express immune factors which
mediate graft tissue destruction[9]. The endothelial cell, as
the first barrier faced the alloantigen, is thought to be the
most important procedure during allograft rejection[10-13].
We suppose that NF-B can be an important factor, which
participate in the above three steps especially in the adhesion
of leukocytes to the vascular endothelial cells.
In the present study, we focus on the transcriptional
factor NF-B in endothelial cells activation and adhesion
to T cells. We use the vector encoding domain negative
protein mutated at ser-32 and ser-36 IB to inhibit
activation of NF-B.
MATERIALS AND METHODS
Materials
ECV304, an endothelial cell line, established from the vein
of normal human umbilical cord, were obtained from Cell
Bank of Chinese Academy of Science. Human Jurkat cell
line was obtained from ATCC (American Type Cell Culture,
USA) and cultured for adhesion assay. The following
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materials were used in this study: pCMV-IB, pCMV-IB
M, pNF-B Luc reporter vectors were obtained from
Clontech (BD Biosciences, NJ, USA). Luciferase assay
system, Gel shift assay system (Promega, WI, USA); MuLV
reverase transcriptase, TRIzol, RPMI-1640 medium (Gibco,
CA, USA); Geneticin (G418), FuGENE 6 transfection
reagent, poly (dI-dC), Protease inhibitors cocktail (Roche,
Monnehim, Germany); Protein assay kit (Bio-Rad, CA,
USA). Phorbol myristate acetate (PMA) and all other
reagents were purchased from Sigma (Sigma Chemical, USA).
Cell culture and transfection for ECV
All of the cells were grown in RPMI 1640 supplemented
with 10% fetal bovine serum (FBS), 100 U/mL penicillin
and 100 g/mL streptomycin. Cells were maintained in a
standard culture incubator with humidified air containing
50 mL/L CO2 at 37 ℃.
We performed transfection according to the instruction
manual of FuGENE 6 Transfection Reagent with modifications.
Briefly, weseeded 1×105 cells in 1 mL RPMI 1640 containing
10% FBS medium in 24-well plate and incubated overnight
until the ECV cells were 60% confluent. As for stable
transfection, added 100 L serum-free medium (SFM)
containing 3 L FuGENE 6 and 1 g pCMV-IB or
pCMV-IBM. The plate was incubated for 24 h for
expression of reporter gene. Then we added 600 ng/mL
G418 in every well and incubated for 7 d. After 7 d incubation,
the concentration of G418 was decreased to 300 ng/mL
and incubated for more than 3 wk. The over-expression of
IB protein cells was selected using Western blotting. The
cells stably transfected with pCMV-IB and pCMVIBM were referenced to ECVWT and ECVMT, separately.
As for transient transfection, 100 L SFM containing
3 L FuGENE 6 and 1 g pNF-B Luc was added and
cells were incubated for 24 h. After treated with PMA for
12 h, the cells were lysed and luciferase activity was measured
using luciferase assay system.
Nuclear protein extraction and electrophoretic mobility shift
assay
Nuclear extracts were prepared as previously described[14].
Cytoplasmic buffer contained 10 mmol/L HEPES (pH 7.9),
0.1 mmol/L EDTA, 2 mmol/L MgCl2, 10 mmol/L KCl,
0.2% NP-40 and protease inhibitors cocktail solution was
prepared to the cell pellet and incubated in ice for 10 min
before centrifugation at 13 000 g for 1 min. The pelleted nuclei
were resuspended in nuclear buffer contained 20 mmol/L
HEPES pH 7.9, 1.5 mmol/L MgCl2, 0.2 mmol/L EDTA,
150 mmol/L NaCl and protease inhibitors. The resuspended
nuclei were incubated for 30 min on ice with vortexing
interruptedly and centrifuged for 20 min at 13 000 g.
The concentrations of samples were measured using
protein assay kit with BSA protein standard solution as
reference. Samples were stored at -70 ℃ until use.
The consensus oligonucleotide of NF-B was obtained
commercially from Santa Cruz and the sequence was shown
as the following: NF-B (5’-AGT TGA GGG GAC TTT
CCC AGG C-3’). EMSA were performed according to
Holmes’s protocol[15]. Briefly, NF-B consensus oligonucleotide
was radiolabeled with [-32 P]ATP in the presence of T4

3081

polynucleotide kinase. Five micrograms nuclear extract was
incubated with labeled probe in 1 µg of poly(dI-dC) for
30 min. Complexes were separated on a 5% polyacrylamide
gel in 0.5×TBE and dried using dryer (Bio-Rad, USA) and
autoradiographed at -80 ℃.
Reverse transcription polymerase chain reaction
To study cytokine gene expression patterns, we used reverse
transcription-polymerase chain reaction (RT-PCR), as
previously described. Total RNA was extracted from ECV
cells using TRIzol reagent according to the manufacturer’s
recommendations. For cDNA synthesis, 4 µg total RNA
was reverse transcribed with MuLV reverse transcriptase.
Primer sequences and reaction conditions: Sequences of
the primers used for RT-PCR analysis are described in
Table 1. Amplifications were performed under the following
conditions: 95 ℃ for 2 min, 94 ℃ for 45 s, 56 ℃ for 45 s,
72 ℃ for 45 s, totally 32 cycles. The final extension step
was performed by one cycle at 72 ℃ for 10 min. Twentyfive microliters of reaction system was used including: 2 L
cDNA template, 1 L sense primer, 1 L anti-sense primer,
2 L 25 mmoL MgCl2, 1 L dNTP and 1.5 u Taq DNA
polymerase. Reaction products were run by electrophoresis
on a 1.5% agarose gel for 30-40 min at 100 V in 0.5×TBE
buffer, and visualized with ethidium bromide staining under
UV light. Relative expression level of ICAM-1 and VCAM-1
were defined as optical density ratio (Target gene/GAPDH)
analyzed by Kodak digital science scanning system.

Table 1 Sequences of primers for amplifed cDNA of the ICAM-1,
VCAM-1, and GAPDH
Genes

Primers

ICAM-1 Sense
Anti-sense
VCAM-1 Sense
Anti-sense
GAPDH Sense
Anti-sense

Sequences

Amplifiers

5’-CAGTGACCATCTACAGCTTTCCGG-3’

555 bp

5’-GCTGCTACCACAGTGATGATGACAA-3’
5’-ACCCTCCCAAGGCACACACAG-3’

533 bp

5’-GTAAGTCTATCTCCAGCCTGTC-3’
5’-ATGGCACCGTCAAGGCTGAG-3’

225 bp

5’-GCAGTGATGGCATGGACTGT-3’

Analysis of the expression of cell adhesion molecules using
flow cytometer
ECVMT and ECVWT cells were treated with PMA (50
nmol/L) for 12 h. Then cells were harvested and washed
thrice using cold PBS. Then the cells were incubated with
FITC-labeled CD54(ICAM-1), FITC-labeled CD62
(VCAM-1) or PE-labeled CD106(P-selectin) antibodies. The
fluorescence densities were determined using flow cytometer
(Coulter, USA) and the experiment was repeated thrice.
Adhesion of Jurkat cells to ECV304
We used Jurkat cells for lymphocyte-endothelial cell
adhesion assay. The adhesion procedure was performed
according to Roy[16]. Briefly, monolayers of cells were seeded
at a density of 10 4 cells/well in 96-well plate (Becton
Dickinson, NJ, USA). After 24 h of seeding, the cells were
treated with PMA (50 nmol/L) for 12 h. Before cell-cell
adhesion assay, the ECV monolayers were washed thrice
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RESULTS
Over-expression of domain negative IB inhibit NF-B
activation
We stably transfected the ECV304 cells with the pCMVIBM vector, which encoded domain negative IB
protein mutated at ser-32 and ser-36 and also with the
pCMV-IB as control. Firstly, we extracted the total
protein after being treated with PMA (50 nmol/L) for
45 min. The expression level of IB was determined
with specific antobody. As shown in Figure 1A, IB level
was higher in ECVMT cells after treated with PMA
compared with ECVWT cells. To determine the NF-B
activity further, the nuclear proteins were extracted after
treated with PMA for 45 min. These proteins were applied
to EMSA. Figure 1B showed us that pCMV-IBM could
inhibit the activity of NF-B significantly.
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Down-regulation adhesion molecules expression under
inhibition of NF-B
Adhesion molecules expression in endothelial cells is
dependent, at least in part, on the activation of NF-B[1] .
To determine whether the pCMV-IBM can inhibit the
expression of adhesion molecules, we performed RT-PCR
to determine the mRNA level of adhesion molecules in
the total RNA extracted from the cells treated with PMA
(50 nmol/L) for 12 h. The results were shown as ratio
compared to housekeeping gene GAPDH expression. As
shown in Figures 2A and B, we can see that the ICAM-1
and VCAM-1 mRNA levels are inhibited significantly
in ECVMT cells compared to ECVWT cells (40.3% vs
18.7% for ICAM-1 and 27.3% vs 16.7% for VCAM-1).
We also compare the protein levels of various adhesion
molecules by flow cytometer. The cells were harvested
after stimulation with PMA (50 nmol/L) for 12 h. As
shown in Figure 2C, the pCMV-IBM can inhibit the
expression of adhesion molecules including ICAM-1,
VCAM-1 and P-selectin. As for ICAM-1, 82.5% cells
expressed ICAM-1 in ECVWT cells after being treated
with PMA (50 nmol/L) compared 53.2% positive cells in
ECVMT cells. Almost the same results were found in
VCAM-1 and P-selectin expression between ECVMT cells
and ECVWT cells (25.3% vs 66.1% for VCAM-1; 65.4%
vs 35.7% for P-selectin).

24

Statistical analyses
Results are presented as mean±SD of at least three separate
experiments. Differences between means of groups were
determined by Student’s t-test. The level of significance
was set at P<0.05 or P<0.01.
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with PBS. Jurkat T-cells (2×105 cells/well) were co-cultured
with ECV monolayer for 2 h in a culture incubator. After
the co-culture period, the non-adherent Jurkat T-cells were
removed by washing each well four times with PBS carefully.
Jurkat cell adhesion was determined by visual counting under
a phase-contrast microscope. Both Jurkat cells and ECV
were counted in five fields of each well at 100× magnification
by two individuals, and the average values were taken. The
adhesion rate is expressed as the number of attached Jurkat
cells per 100 ECV cells.
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Figure 1 Determining NF-B activity in ECV304WT and ECV304MT cells. A:
IB level were detected after treated with PMA (50 nmol/L) for 12 h; B: EMSA
was performed to determine the activity of NF-B after treated with PMA
(50 nmol/L) for 12 h. Band of NF-B was marked.
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Figure 2 Down-regulation of PMA-induced adhesion molecules expression in
ECV cells transfected with pCMV-IBM compared with pCMV-IB. RT-PCR
analysis was performed with primers specific for ICAM-1 (A) and VCAM-1 (B).
C: The expression of ICAM-1, VCAM-1 and P-selectin were detected using
specific antibodies by flow cytometry. Results are representative of at least
three independent experiments.
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% adherence of Jurkat
T-cell to ECV

Inhibit the adhesion of T cells to ECV cells
We then evaluated the effect of pCMV-IBM on the
adhesion of human T lymphocyte to ECV304 cells as
mentioned in Methods section. After the ECV cells were
treated with PMA (50 nmol/L) for 24 h, the Jurkat T cells
were added and co-incubated for further 2 h. Then we
calculated the adherent cells using phase-contrast microscope
after non-adherent cells were washed away using cold PBS
(Figure 3). We found that the pCMV-IBM could inhibit
the adhesion of Jurkat T cells to ECV cells from 71.4±5.2%
to 42.2±3.7% after being treated with PMA for 12 h (P<0.05).

100
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+
+

+
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Figure 3 Adhesion of human Jurkat T-cells to PMA-activated endothelial (ECV)
cells is inhibited by transfection with pCMV-IBM compared with pCMV-IB.
ECV cells were activated with PMA (50 nmol/L) for 12 h. Cells were washed
thrice with PBS and then co-cultured with Jurkat T-cells for 2 h. Then the cells
were washed with PBS thrice. Jurkat cell adhesion was determined by visual
counting under a phase-contrast microscope. P<0.05 when compared ECVMT
with ECVWT.

DISCUSSION
The adhesion of leukocyte to the vascular endothelial cells
is a critical step in the immunological response and involves
recruitment and infiltration of leukocytes to the site of
tissue injury or allograft. The endothelial cell, as the first
barrier faced the alloantigen, will be activated upon
stimulation like cytokines (e.g., PMA, IL-1, TNF-,) in vitro
as well as in vivo at sites of allograft. Activated endothelial
cells express adhesion molecules to assist adhesion between
activated T cells and endothelial cells[18,19] . Among these
molecules are P- and E-selectin, intercellular adhesion
molecule-1 (ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1), on the endothelial cells, and their respective
counter receptors, P-selectin glycoprotein ligand-1 (PSGL-1),
leukocyte function-associated antigen-1 (LFA-1) and very
late antigen-4 (VLA-4), on the leukocytes[17]. Activated
endothelial cells also can secrete chemokines such as IL-6,
IL-8 and MCP-1[20,21], which can recruit leukocyte. ICAM-1,
which has been studied extensively, binds to its ligand LFA-1
on lymphocytes and promotes lymphocytes binding to the
endothelium and facilitates the lymphocytes to invade the
graft[22-24]. Blockade of ICAM-1, either with monoclonal
antibodies or with antisense oligodeoxynucleotides, has
been shown to decrease reperfusion injury and prolong the
survival of allograft[25-27].
Activation of endothelial cells requires multiple
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transcriptional factors. Nuclear factor B, one of such
transcription factors, is held in the cytoplasm by inhibitory
IB proteins (IBs) and regulates many genes involving
immune and inflammatory pathways such as various
proinflammatory cytokines, adhesion molecules and
apoptosis-associated factors[8,28] . Accumulating evidence
clearly demonstrates that blocking the activity of NF-B
might arrest the progression of acute rejection by interrupting
the activation of genes of major inflammatory cytokines
and adhesion molecules[29]. We use the pCMV-IBM
vector, which encodes domain negative nondegraded IB
protein mutated at ser-32 and ser-36 to inhibit the activation
of NF-B. We found that the adhesion molecules including
ICAM-1, VACM-1 and P-selectin were down-regulated
under inhibition of NF-B. We also mimic the procedure
of cell-cell adhesion in vitro between endothelial cells and T
cells. The results told us that inhibition of NF-B could
inhibit endothelial cell activation and decrease cell adhesion.
In conclusion, we propose that pCMV-IBM vector
can be used as novel immunological strategy. Further
explorations were needed to verify the effect of pCMVIBM to protect the allograft from rejection in vivo.
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Abstract
AIM: To investigate the clinical efficacy of leukocytapheresis
(LCAP) in patients with active ulcerative colitis (UC), and
to elucidate the mechanisms by determining the changes
in the cytokine levels in the peripheral blood and of the
functions of the peripheral blood leukocytes in these
patients.
METHODS: The subjects were 19 patients with active
UC, with a mean clinical activity index (CAI) of 9.2. The
LCAP was conducted using Cellsorba E. In each session
of LCAP, 2-3 L of blood at the flow rate of 30-50 mL/min
was processed. The treatment was carried out in
approximately 1-h sessions, once a week, for 5-10 wk.
Blood samples for determination of the cytokine levels
were collected from the inflow side of the column (site of
dehematization; at the start of LCAP) and outflow side of
the column (at the end of LCAP). Blood samples for the
determination of reactive-oxygen-producing cells were
collected from the peripheral blood before and after LCAP.
RESULTS: LCAP resulted in clinical improvement in all
the 19 patients of UC recruited for this study. Remission
(CAI: ≤4) was noted in 15 (79%) of the 19 patients. The
blood level of the pro-inflammatory cytokine IL-6 was found
to be decreased following treatment by LCAP, and the
level of the anti-inflammatory cytokine IL-10 at the outflow
side of the LCAP column was found to be significantly
elevated as compared to that at the inflow side of the
column. The reactive-oxygen-producing granulocytes in

the peripheral blood of UC patients was increased as
compared to that in healthy persons and the increase
was found to be decreased following treatment by LCAP.
CONCLUSION: LCAP exerted a high therapeutic efficacy
in patients with active UC. Our findings suggest that LCAP
is associated with enhanced production of the inhibitory
cytokine IL-10 to indirectly inhibit the functions of the
inflammatory leukocytes, and that inflammation is also
considerably attenuated by the direct removal of reactiveoxygen-producing neutrophils from the peripheral blood.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC), as well as Crohn’s disease (CD), is
one of the prototype nonspecific inflammatory bowel
diseases (IBDs) of unknown cause. Drugs such as
salazosulfapyridine[1], 5-aminosalicylic acid[2], corticosteroids[3,4],
and immunosuppressants[5] have been used for the treatment
of UC; these drugs attenuate the inflammation in the colonic
mucosa by their anti-inflammatory and immunosuppressive
actions, to cause disease remission. However, some patients
with UC are even refractory to the strong anti-inflammatory
and immunosuppressive actions of steroids, and surgical
treatment often have been considered as the ultimate
treatment modality for such patients.
Extracorporeal circulation treatment methods that have
been shown to be highly efficacious for the treatment of
UC patients refractory to steroids have recently been
developed in Japan. One such is the so-called granulocyte
and monocyte adsorption apheresis (GMA)[6-8], in which
mainly granulocytes and monocytes are removed from the
blood, while another is leukocytapheresis (LCAP)[9], in which
granulocytes, monocytes, as well as lymphocytes, are
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removed from the blood. These treatment modalities have
been reported to yield a high therapeutic efficacy in many
patients of UC, including those who are refractory to steroids.
The pathogenetic mechanisms underlying the development
of the two IBDs, UC, and CD, have not yet been clearly
elucidated. However, it has been suggested that inflammation
of the intestinal mucosa results from infiltration of the
mucosa by inflammatory leukocytes, including neutrophils,
monocytes, and lymphocytes. According to several reports,
clustering of various leukocytes at the sites of inflammation
along the intestinal mucosa and the resultant release of proinflammatory cytokines and reactive oxygen species lead to
the tissue injury seen in these cases[10-15]. Thus, GMA and
LCAP were developed as treatment modalities for UC under
the contention that removal of the inflammation-inducing
activated leukocytes from the circulation might result in
attenuation of the inflammation[6,16,17].
In the present study, the clinical effects of LCAP in
cases of active UC were investigated, and the changes in
the levels of cytokines and percentage of reactive-oxygenproducing leukocytes (granulocytes, monocytes, and
lymphocytes) in the peripheral blood were determined to
elucidate the possible mechanisms underlying the clinical
efficacy of LCAP in patients of UC.

MATERIALS AND METHODS
Patient background
Nineteen patients with active UC were recruited for this
study conducted to determine the efficacy of LCAP. The
demographic characteristics of these patients are summarized
in Table 1. The patients consisted of 9 males and 10 females,
with a mean age of 37.3 years (range, 19-52 years); the
mean age of the patients at the time of the first episode
was 28.3 years (range, 14-50 years), and the mean duration
of the disease was 5.1 years (range, 0.5-19 years).
Table 1 Background factors of the 19 patients selected for LCAP
therapy
Demographic characteristics

Measurement

Male/female
Age (yr)

9/10
37.3±16.9 (19–52)

Age at first episode (yr)

28.3±12.7 (14–50)

Duration of UC (yr)

5.1±8.9 (0.5–19)

Number of relapse
Classification of severity

3.8±4.2 (2–12)

Severe
Moderate
Mild
CAI

2
11
6
9.2 (6–16)

Extent of UC
Total colitis
Left-sided colitis

12
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(severe UC) in 2 patients, CAI: ≥8, <12 (moderate UC) in
11 patients, and CAI: ≥5, <8 (mild UC) in 6 patients.
Twelve of the nineteen patients had involvement of the
entire colon (total colitis), and 7 patients had involvement
of the left-sided colitis.
Leukocytapheresis (LCAP)
LCAP was carried out using a column (Cellsorba E) filled
with a non-woven fabric made up of polyester fibers. The
fabric had a dual structure; an inner layer composed of
superfine fibers 0.8-2.8 m in diameter, and an outer layer
composed of fibers 10-40 m in diameter. The blood is
filtrated from the outside into the inside of the non-woven
fabric wound into a cylindrical shape in the column, and
leukocyte components are removed. The blood, with
leukocyte removed, is guided out from the column and
heated, and then returned to the corresponding vein of the
patient’s other arm or leg of the patient. The blood flow
rate was set at 30-50 mL/min, and 2-3 L of blood was
treated in each session of LCAP. The treatment was carried
out in 1-h sessions, once a week, for 10 wk.
Measurement of soluble IL-6 and IL-10
Peripheral blood samples for the measurement of IL-6 and
IL-10 were collected before the start of each LCAP session
and then 60 min after the LCAP session. Both IL-6 and IL-10
were measured by an ELISA method. The human IL-6
ELISA kit was obtained from R&D Systems (Minneapolis,
USA), while the ELISA kit for IL-10 (Human Interleukin-10
Ultrasensitive: hIL-10 US) was obtained from Biosource
(CA, USA).
All the assays on the serum samples were performed in
an SRL (Special Research Laboratory) in a blinded manner,
and the data were processed by an individual who was
blinded to both the clinical characteristics of the subjects
and the purpose of the study.
Determination of the percentage of reactive-oxygen-producing
cells
The percentage of reactive-oxygen-producing cells was
determined in conformation with the method established
by Bass et al [19]. In brief, phosphate-buffered saline (PBS)
mixed with 5 mol/L of 2’,7’-dichlorofluorescein diacetate
(DCFH-DA) was added to the heparinized vein blood
sample, and the sample was heated at 37 ℃ for 15 min
under shaking. Then, PBS plus 20 mmol/L of ethylenediamine
tetraacetic acid was added to the mixture to prevent
agglutination of the neutrophils. The mixture was then
centrifuged, washed, and subjected to hemolytic treatment.
The reactive-oxygen-producing cells were counted with a
flow cytometer using 2’,7’-dichlorofluorescein, a product
of oxidation with reactive oxygen species, as the indicator.

7

The clinical activity index (CAI) and the endoscopic
index (EI) were determined in conformation with the criteria
proposed by Rachmilewitz[18]. The mean CAI of the patients
at the start of the LCAP treatment was 9.2 (6-16), and the
CAI distribution in the patients was as follows: CAI: ≥12

Statistical analysis
Student’s t-test or Mann-Whitney’s U-test was used for
statistical analysis.

RESULTS
The therapeutic efficacy of LCAP treatment against active
UC was investigated in 19 patients. The results revealed
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Figure 1 A: Average CAI in the 19 patients at wk 5 and 10 following the start
of LCAP treatment; B: Average CRP level in the 19 patients at wk 5 and 10

following the start of LCAP treatment; C: Average EI in 19 patients at wk 5 and
10 following the start of LCAP treatment.

that the CAI, an indicator of the clinical severity of UC,
decreased significantly (P<0.01) from the mean value of
9.2 before the treatment, to 2.8 following the treatment
(Figure 1A). The serum level of C-reactive protein (CRP), a
marker of inflammation, decreased significantly (P<0.01)
from a mean level of 3.9 before treatment to 0.5 after the
treatment (Figure 1B). Endoscopic examination revealed a
significant decrease (P<0.01) of the EI score from a mean of
8.7 before treatment to 3.2 after the treatment (Figure 1C).
Evaluation 12 wk after the LCAP treatment revealed that
remission (CAI≤4) had occurred in 15 (79%) of the 19
patients; in the remaining 4 patients, even though remission
had not occurred, the values of each of the above-described
markers had nevertheless decreased, showing a beneficial
therapeutic effect of the treatment against the disease. Dull
headache as a side effect of LCAP treatment was observed
in only one patient. Based on the above results, LCAP was
confirmed to be a highly safe treatment modality.
The blood levels of IL-6, a pro-inflammatory cytokine,
and IL-10, an inhibitory cytokine, were determined during
the treatment in randomly selected patients. A decrease of
IL-6 level in the peripheral blood during the treatment was
observed in six patients (Figure 2A). The IL-10 level, on
the other hand, was found to be increased in the blood in
the outflow side of the LCAP column as compared to that
in the inflow side of the LCAP column (Figure 2B). This
elevation of IL-10 production was found to be particularly
marked in the early stages of the treatment.

IL-10 has been reported to markedly inhibit the protein
and mRNA expression of IL-1, a pro-inflammatory cytokine
produced in response to lipopolysaccharide (LPS) stimulation
of neutrophils and monocytes[20]. It was revealed that the
production of IL-10 was stimulated by LCAP treatment.
Based on this observation, the effects of LCAP on the
functions of neutrophils and monocytes were investigated,
using the percentage of reactive-oxygen-producing cells as
an indicator. The percentages of reactive-oxygen-producing
cells in the peripheral blood of healthy persons and UC
patients prior to LCAP were determined first. The percentage
of these cells was found to be significantly increased in the
peripheral blood of UC patients as compared in that of
healthy persons (7.1±4.9 vs 20.1±12.0) (Figure 3A). On the
other hand, there were scarcely any reactive-oxygenproducing cells among the lymphocytes and monocytes
in the peripheral blood of either healthy persons or UC
patients in the absence of stimulation (data not shown).
The percentage of reactive-oxygen-producing cells before
LCAP treatment (one occasion) was compared with that
determined after the treatment (one occasion) in the UC
patients. The percentage was found to be significantly
decreased after the LCAP treatment (20.8±12.4 vs 12.0±9.5)
(Figure 3B). Representative results of fluorescein-activated
cell-sorter (FACS) analysis before and after LCAP treatment
in the UC patients are shown in Figure 4.
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Figure 2 A: The serum IL-6 concentrations in six patients at wk 1, 2, 3, 5, and 10
following the start of LCAP treatment; B: The serum IL-10 concentrations measured
at the Cellsorba inflow (at the start of LCAP) and outflow (at the end of LCAP).
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Figure 4 Representative results of FACS analysis in the peripheral blood of
one patient before (A) and after (B) LCAP treatment. The percentages of reactiveoxygen-producing cells in A and B were 22.9% and 7.1%, respectively.

DISCUSSION
A previous clinical trial conducted in Japan revealed that
LCAP yielded high therapeutic efficacy, that is, it yielded
beneficial effects in 74% of UC patients who were refractory
to steroid treatment[9]. In the present study, 73% of active
UC patients entered into remission following LCAP
treatment, and in the remaining patients also, the treatment
was found to have beneficial therapeutic effects. In other
words, LCAP was confirmed again to have a high therapeutic
efficacy in cases of UC. Another extracorporeal circulation
treatment strategy, GMA, has also been reported to exert
high therapeutic efficacy in cases of UC (efficacy rate: 80%
or higher), similar to LCAP. GMA was reported in one
study to yield a beneficial effect in 100% of UC patients, in
particular, steroid-naive UC patients[7]. Furthermore, both
LCAP and GMA have been confirmed to be associated
with only a low frequency of side effects and mild side
effects, and high safety[6-9]. The use of these treatment
methods has become more widespread since they were
approved for reimbursement under the National Health
Insurance in Japan, and they have been found to be useful
for improving the quality of life of many patients, by inducing
remission in a high percentage of patients, minimizing the
side effects of steroids associated with high doses, and
allowing surgery to be avoided.
However, the mechanisms underlying the therapeutic
efficacy of these extracorporeal circulation treatment
methods have not yet been clearly elucidated. Some
mechanisms have been proposed, as follows: Marked
infiltration by neutrophils and lymphocytes is observed at
sites of inflammation along the colonic mucosa in UC;
many of these leukocytes are activated, and adhere to
hemangioendothelial cells via the enhanced surface
expression of adhesion molecules, leading to penetration
of the mucosa. LCAP has been suggested to cause attenuation
of the process of inflammation and exert a therapeutic
effect by removing these activated leukocytes from the
peripheral blood [17] . In connection with the second
mechanism of actions of LCAP treatment, the ability of
lymphocytes in peripheral blood to produce cytokines before
and after the treatment was investigated. It is shown that
LCAP enhances the ability of the peripheral blood lymphocytes
to produce IL-4, i.e., an anti-inflammatory cytokine, whereas
it does not affect the ability of these cells to produce
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interferon , a pro-inflammatory cytokine[21]. As for the third
mechanism, it has been clarified that not only leukocytes,
but also platelets are removed by LCAP (ca. 35% of platelets
in the peripheral blood are removed during each session of
LCAP); it has been reported that platelets induce leukocytes
to produce reactive oxygen species[22], and that removal of
platelets by LCAP, therefore, indirectly inhibits the production
of reactive oxygen species by leukocytes, thereby preventing
tissue injury.
Some mechanisms underlying the therapeutic efficacy
of GMA have also been proposed. It has been suggested
that GMA exerts its therapeutic effects by removing
granulocytes and monocytes from the peripheral blood,
thereby attenuating inflammation, similar to the mechanism
proposed for LCAP[6,16]. Another explanation proposed was
based on the observation that leukocytes in the peripheral
blood showed decreased expression of membrane LECAM-1
and decreased ability to produce TNF-, IL-6, and IL-8
under stimulation of LPS following GMA treatment. It has
also been suggested that GMA exerts its therapeutic effects
by inhibiting leukocyte infiltration at sites of inflammation
and inhibiting inflammatory cytokine production[16,23]. Other
mechanisms proposed include induction of immature
monocytes in the bone marrow following GMA treatment[16].
In the present study, the cytokine levels in the peripheral
blood after LCAP were investigated. The level of IL-6, a
pro-inflammatory cytokine, was significantly decreased
following LCAP treatment. The blood level of IL-10, an
inhibitory cytokine, was found to be elevated following
LCAP, as compared to the levels measured before treatment.
This elevation was particularly marked in the early stages
of the treatment, suggesting that the therapeutic efficacy might
be closely related to this finding. IL-10 has been reported
to functionally inhibit neutrophils and monocytes[20]. In the
present study also, the blood levels of IL-6, produced from
neutrophils and monocytes, was decreased following LCAP
treatment. In other words, the results of the present study
suggested that LCAP exerted anti-inflammatory effects by
enhancing the production of IL-10, thereby inhibiting the
functions of activated leukocytes. LCAP treatment exerts
the best therapeutic efficacy when it is carried out once a
week for 5-10 wk. It would be of interest to determine the
duration of functional inhibition of leukocytes and elevation
of IL-10 level following one session of LCAP.
LCAP has also been shown to exert high therapeutic
efficacy in cases of CD[24], rheumatoid arthritis (RA)[25], and
rapidly-progressive glomerulonephritis[26], in addition to those
of UC. Hidaka et al[27] who conducted a study of the efficacy
of LCAP in RA patients reported that the serum levels of
IL-10 increased, whereas those of the pro-inflammatory
cytokine IL-15 decreased, following LCAP treatment in RA
patients, and that LCAP may influence some chemotactic
factors as well. Based on the present results and a review
of the literature, LCAP treatment is considered to exert its
effects against inflammatory diseases by influencing the
cytokine balance through adsorption and removal of
activated leukocytes, and causing functional changes of
inflammatory cells.
Another report has shown that LCAP removes large
numbers of granulocytes and monocytes from the peripheral
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blood [17]. It has been revealed by many studies that
granulocytes and monocytes are closely associated with the
morbid condition in cases of UC[28-32]. Some reports have
shown that clustering of these cells at sites of inflammation
along the colonic mucosa in cases of UC[10] and the possibility
that these activated granulocytes and monocytes induce
tissue injury in response to production of various proinflammatory cytokines and reactive oxygen species[11-15].
In fact, some reports have shown that the amount of
reactive oxygen species is increased at the site of histological
inflammation in cases of IBD[33-35]. A report has recently
described marked oxidation of actin, which may be caused
by the accumulation of reactive oxygen species, at sites of
inflammation in IBD[36]. It has also been shown that such
oxidation disrupts the cytoskeleton, causing tissue injury.
D’Odorico et al [14] , have also reported that activation of
neutrophils in the peripheral blood is associated with chronic
intestinal inflammation in IBD. In other words, they
indicated that neutrophils in the peripheral blood of UC or
CD patients show higher chemiluminescence in response
to stimulation, as compared to those of healthy persons,
and produce larger amounts of reactive oxygen species.
This phenomenon was particularly marked in cases with
active UC and ileal CD, strongly suggesting its correlation
with the morbid condition in these diseases. Some reports
have also shown high levels of nitric oxide metabolites, i.e.,
one of the reactive oxygen species, in the serum, stool
and colonic lumen of IBD patients[37-39] . Based on these
observations, it is believed that activated neutrophils and
monocytes in the peripheral blood of IBD patients infiltrate
the intestinal mucosa to produce reactive oxygen species
and cause mucosal injury. There has also been a report
discussing the absence of correlation of the amount of
reactive oxygen species in the blood with the morbid
condition in cases of IBD[40], even though the present study
revealed an increase in the percentage of reactive-oxygenproducing cells in the blood in cases of active UC as compared
to that in healthy persons, and a decrease in the percentage
of these cells with improvement of the morbid condition,
showing close involvement of the neutrophils in the
peripheral blood with the morbid condition in cases of UC.
In conclusion, LCAP treatment was confirmed to exert
high therapeutic efficacy against active UC in the present
study, and it was clarified for the first time that LCAP directly
decreases the percentage of reactive-oxygen-producing cells
in the peripheral blood. The results suggested that the
mechanisms underlying the therapeutic effects of LCAP
include enhanced production of IL-10 associated with
indirect inhibition of the functions of leukocytes, and potent
anti-inflammatory effects by the direct removal of reactiveoxygen-producing neutrophils from the peripheral blood.
Further studies in the future are proposed to clearly elucidate
the underlying mechanisms.
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Abstract
AIM: Gastro-esophageal reflux disease (GERD) is becoming
increasingly common in Asia. Data on the efficacy of proton
pump inhibitors in patients with non-erosive GERD (NERD)
in Asia is lacking. This double-blind study compared the
efficacy and safety of rabeprazole with esomeprazole in
relief of symptoms in patients with NERD.
METHODS: One hundred and thirty-four patients with
reflux symptoms of NERD and normal endoscopy were
randomized to receive rabeprazole 10 mg or esomeprazole
20 mg once daily for 4 wk. Symptoms were recorded in a
diary and changes in severity of symptoms noted.
RESULTS: At 4 wk of treatment, rabeprazole 10 mg and
esomeprazole 20 mg were comparable with regards to
the primary endpoint of time to achieve 24-h symptomfree interval for heartburn 8.5 d vs 9 d and regurgitation
6 d vs 7.5 d. Rabeprazole and esomeprazole were also
similarly efficacious in term of patient’s global evaluation
with 96% of patients on rabeprazole and 87.9% of patients
on esomeprazole, reporting that symptoms improved
(P = NS). Satisfactory relief of day- and night-time symptoms
was achieved in 98% of patients receiving rabeprazole
and 81.4% of patients receiving esomeprazole. Adverse
events were comparable in both groups (P = NS).
CONCLUSION: Rabeprazole 10 mg has a similar efficacy
and safety profile in Asians with NERD as esomeprazole
20 mg. Further study is necessary to investigate whether
the small differences between the two drugs seen in this
study are related to the improved pharmacodynamic
properties of rabeprazole. Both drugs were well tolerated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastro-esophageal reflux disease (GERD) is characterized
by recurrent return of gastric contents back into the esophagus,
causing heartburn, regurgitation and symptoms, such as chest
pain, coughing, hoarseness and dysphagia[1,2]. GERD symptoms
can cause significant patient distress and can interfere with
everyday life[2].
GERD is a common condition, with an estimated 44%
of the adult population in USA experiencing GERD symptoms
monthly and about 20% experiencing symptoms weekly[1].
However, prevalence of GERD in Asia is reported to be lower
than that in Western countries[3]. A study from Singapore in
1988 reported that the prevalence of monthly reflux symptoms
in the community was 1.6%[4]. Recently, a study performed in
Hong Kong reported that the monthly and weekly prevalence
of GERD symptoms was 8.9% and 2.5%, respectively[5].
GERD can be subdivided into several groups: (1) nonerosive GERD (NERD), (2) erosive GERD, (3) Barrett’s
esophagus, and GERD-related complications. NERD has
been defined as the presence of typical symptoms of GERD
caused by intra-esophageal acid in the absence of visible
esophageal mucosal injury[1]. In NERD patients the total
acid reflux time has been found to be significantly lower
than that in patients with erosive esophagitis. Furthermore,
as much as 50% of NERD patients have normal 24-h
esophageal pH study[6]. It is estimated that up to 70% of
patients with typical GERD symptoms in the West have
normal endoscopy[7]. In Asia, NERD and endoscopically
mild form of erosive esophagitis may account for up to 90%
of patients with GERD symptoms[8].
Proton pump inhibitors (PPIs), such as omeprazole,
esomeprazole, lansoprazole and rabeprazole, are widely used
for the treatment of GERD. PPIs effectively inhibit the
duration and extent of gastric acid secretion and provide
more complete remission of the symptoms of heartburn than
other forms of acid suppression therapy[9,10]. However, the
response to PPI in patients with NERD is less efficacious
when compared to patients with erosive GERD[1,11].
The goal of treatment is to improve patients’ quality of
life by providing rapid relief of symptoms and reducing the
severity and number of recurrent episodes[8]. Therefore, an
important endpoint in clinical trials assessing the efficacy
of treatment in NERD patients is time taken for complete
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relief of symptoms, especially the pivotal symptoms of
heartburn and regurgitation[8]. This can be measured as time
to the first 24-h interval free from GERD/NERD symptoms
of heartburn or acid regurgitation. Other endpoints include
global symptom improvement, satisfactory, and complete
relief of day- and night-time symptoms.
Two new PPIs have been introduced in Asia recently:
rabeprazole and esomeprazole. Rabeprazole is a PPI that
effectively provides symptom relief and healing, and prevents
relapse, in patients with erosive GERD[12-14]. One clinical study
suggests that rabeprazole effectively relieves the symptoms
of heartburn in patients with NERD with significant
improvement starting with the dose on 1st d[11]. Esomeprazole,
the s-enantiomer of omeprazole, has demonstrated superior
efficacy over omeprazole in healing and symptom resolution
in patients with erosive and non-erosive reflux disease[15,16].
Currently, there is a paucity of clinical data comparing
the efficacy and safety of these two PPIs in treating NERD
patients let alone in Asian population. We report a randomized,
double-blind, parallel-group, 4-wk study designed to
investigate the efficacy and safety of rabeprazole 10 mg
compared with esomeprazole 20 mg once daily in the
treatment of NERD patients. This is the first clinical study
directly comparing the efficacy of these two PPIs in NERD
patients in Asia.

MATERIALS AND METHODS
The study was conducted in accordance with the Declaration
of Helsinki. Ethics committee approval was obtained before
the study commenced and all patients gave informed
consent.
Study design
In this randomized, double-blind, parallel-group comparative
study, patients with NERD received rabeprazole 10 mg
once daily or esomeprazole 20 mg once daily for a 4-wk
treatment period. Patients recorded their GERD symptoms
(heartburn or regurgitation, with or without eructation) daily
in the diary provided. Other upper GI symptoms were
similarly recorded as well. Patients were screened 7 d prior
to enrollment and eligibility was assessed according to the
specified inclusion and exclusion criteria. The study consisted
of a 1-wk screening phase, followed by endoscopy and a 4-wk,
double-blind treatment phase. Helicobacter pylori screening was
performed using CLO-test and serology.
Inclusion criteria
To be eligible for study entry, patients were required to be
aged between 21 and 65 years. GERD symptoms (i.e., heartburn
or regurgitation or both) were dominant symptoms. Heartburn
or regurgitation was present for at least 3 mo in the previous
year, which need not be continuous.
Heartburn was defined as ‘substernal burning sensation
or pain’. A description like ‘a burning sensation behind the
breastbone rising up to the throat or neck’ or ‘a burning
pain or discomfort behind the breastbone rising up towards
the neck’ was accepted as ‘heartburn’. Patients who described
these symptoms as ‘a burning, warm or ‘acid’ sensation in the
epigastrium, substernal area or both’ were also accepted as
having ‘heartburn’. Regurgitation was defined as ‘food or
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fluid coming back up from your stomach’. Eructation was
defined as ‘belching’.
To qualify for inclusion into the study, subjects need to
have experienced at least one period of moderate-to-very
severe heartburn or regurgitation in the past 7 d prior to
treatment.
In addition, at endoscopy, no esophageal mucosal break
was observed, i.e., grade 0 according to the LA Classification.
The ability to read and write in either English or Chinese
was also a requirement for study entry.
Exclusion criteria
The main exclusion criteria were as follows: known history
of gastroduodenal ulcer; infectious or inflammatory
conditions of the intestine (including inflammatory bowel
disease); malabsorption syndromes; obstruction; gastrointestinal
malignancy; gastric or intestinal surgery including vagotomy;
Barrett’s esophagus; esophageal stricture or pyloric stenosis;
scleroderma; erosive esophagitis; positive HIV status and
pregnancy. Patients were ineligible if they had: abnormal
laboratory tests at the initial visit (including liver enzymes
greater than twice the upper limit of normal); GERD
treatment refractory to a 2-mo course of H2-blocker or PPI
therapy; taken a PPI within 14 d of screening or a H2-blocker
or prokinetic agent within 7 d of screening; required daily
use of NSAIDS, oral steroids, aspirin (>325 mg/d); or were
unable to discontinue the use of anticholinergics, cholinergics,
spasmolytics, opiates or sucralfate.
Randomization
Patients who qualified were randomized to receive either
rabeprazole 10 mg or esomeprazole 20 mg once daily after
the morning meal. A computer-generated randomization
scheme was used to randomly allocate patients to one of
the two treatment groups.
Patients were permitted to take an antacid (Mylanta)
as rescue medication for the relief of heartburn symptom,
if necessary. No other medication was allowed.
Blinding
Rabeprazole 10-mg tablets and esomeprazole 20-mg tablets
were inserted into identical capsules to ensure double
blinding. Patients received 2 wk supply of medication at
each study visit.
Study visits
The study consisted of a screening visit and three scheduled
visits during the treatment phase: baseline (the end of the
screening phase), wk 2 and 4. At each visit, a review of
concurrent and disallowed medications was undertaken,
completed patient diaries were collected and adverse events
were assessed. An upper gastrointestinal endoscopy was
conducted 7 d prior to baseline or at the baseline visit.
Laboratory analysis was conducted at baseline and at wk 4.
Compliance with drug therapy was determined at the
scheduled wk 2 and 4 visits.
Symptom severity
Patients recorded the severity of GERD symptoms in a
daily diary. Severity was graded on a five-point scale from
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none (0), mild (1), moderate (2), severe (3) and very severe
(4) for each of the following symptoms: day-time heartburn,
night-time heartburn, day-time regurgitation, and night-time
regurgitation.
Other upper GI symptoms of belching (‘eructation’),
early satiety (‘the sensation of filling up quickly’), bloating
(‘feeling like I have a lot of gas in my belly’), nausea and
vomiting were also recorded on the five-point scale as explained
above.
The symptom severity was defined as follows:
0 = no symptoms
1 = mild
2 = moderate
3 = severe

4 = very severe

Symptoms are present occasionally and
patients can continue with daily activities.
Symptoms are present most of the time
but patients can perform daily activities.
Symptoms are present continuously. The
symptoms are severe and affect daily
activities or patient cannot do things that
they normally can.
Symptoms are so severe that patient
has to stay in bed and cannot perform
activities that they normally could.

Patient informed consent
The Patient Informed Consent was in English; however,
identical versions translated into Malay and Mandarin were
available to the patients as well. In the development of the
Malay and Mandarin versions of the Patient Informed
Consent, the original English version was translated, backtranslated and checked for accuracy. The Patient Informed
Consent was explained in English, Malay or Mandarin
according to the subject’s first language or preferred language
of communication.
Outcome measures
The primary efficacy endpoint was the time (in days) for
patients to achieve their first 24-h interval without any
symptoms of heartburn or regurgitation. Secondary
endpoints were as follows: number of patients who had
complete or satisfactory relief of symptoms during wk 1,
2, 3, or 4, symptom severity scores of day-time and nighttime heartburn or regurgitation, upper GI symptoms, patients’
global evaluation at the end of study and number of antacids
used during the study period.
Safety and tolerability were evaluated by recording
adverse events (including severity, relationship of the adverse
event to the study treatment and outcome and laboratory
analysis).
The Case Report Forms were available in English, Malay
and Mandarin, according to the subject’s first language or
preferred language of communication. In the development
of the Malay and Mandarin identical versions of the Case
Report Form, similar care was taken: the original English
version was translated, back-translated and checked for
accuracy.
Statistical analysis
Analyses were performed on an intention-to-treat (ITT) basis
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by an independent statistician. The ITT population was
defined as including all randomized patients who received
at least one dose of study medication and who had at least one
post-baseline assessment for efficacy. The primary outcome,
i.e., time taken to achieve 24-h symptom free from
heartburn or regurgitation, however, did not include for
analysis of patients who did not experience heartburn and/or
regurgitation on the day prior to commencement of study
medication. Heartburn and regurgitation were analyzed
separately.
Subgroup analyses were performed for the subjects who
experienced heartburn and/or regurgitation.
Day-time symptoms were those that occur after arising
in the morning. Night-time symptoms were those that occur
after retiring in the evening. Multiple single episodes
experienced during a day-time and/or a night-time period
count only as 1 d-time and/or 1 night-time episode.
Differences within or between treatment groups for all
tests were considered significant at P≤0.05.
In order to detect a difference in clinical response of
20% or more between the two treatment groups with the
use of a two-sided test with 0.80 statistical power and a
significant level of 0.05, a sample size of 118 was required.
Hence the sample size was determined to be 130, with an
allowance of 10% for patients who were lost to follow up.
A magnitude of 20% was chosen on the basis that it
represented a clinically relevant difference in outcome.
Student’s t-test and Fischer’s exact test were used to
compare the patient demographics of the two groups of
patients. Subject global evaluation was analyzed using
Wilcoxon’s test. The primary efficacy parameter was analyzed
using log-rank test. The percentage of patients experiencing
complete and satisfactory relief of heartburn and
regurgitation during the study (day-time and night-time) was
analyzed using repeated measurement analysis. The average
reflux symptom scores were analyzed using an analysis of
covariance (ANCOVA) model between the two PPIs and
using paired t-test when analyzed between treatment and
pre-treatment (baseline). The average weekly antacid tablets
consumed were analyzed using an ANCOVA model. The
percent of periods without antacids consumption were
analyzed using analysis of variance model. Analysis of
laboratory data was compared using paired t-tests.
Withdrawal criteria
Withdrawal from the study was allowed in the event of a
serious adverse event, the detection of intercurrent illness
that might invalidate the study or place the patient at risk,
concern for patient safety by the investigator, protocol
violations or unreliable patient behavior.

RESULTS
Patients studied
One hundred and thirty-four patients were enrolled (67 from
each treatment group) in the study and randomly assigned
to receive either rabeprazole 10 mg or esomeprazole 20 mg.
There were 63 patients in the rabeprazole treatment group
and 64 patients in the esomeprazole treatment group with
a total of 127 patients eligible for efficacy analysis (ITT)

Patients achieving
symptom relief (%)
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more males in the rabeprazole group, this difference was
not statistically significant. The mean age of study participants
was 38.9 years. The majority of patients were of Chinese
descent (79.5%, Table 1).

92.5%
(37/40)

Efficacy analysis
A summary of the efficacy (and safety) results can be seen
in Table 2.

Esomeprazole 20 mg/d

0

May 28, 2005

4 (wk)

Primary efficacy variable
Time to first 24-h, symptom-free interval The median
time to the first 24-h symptom-free interval was similar for
patients in both treatment groups; 8.5 d for rabeprazole
and 9.0 d for esomeprazole for heartburn (P = NS) and
6.0 d vs 7.5 d for regurgitation (P = NS). The proportion of
patients achieving these study endpoints during the 4-wk
treatment period were higher in rabeprazole group compared
with esomeprazole group, but these differences were not
statistically significant (24-h heartburn-free for rabeprazole
and esomeprazole: 84.4% vs 60.9%, 24-h regurgitation-free:
90.0% vs 67.9% (P = NS).

P = 0.045 between treatment groups (repeated-measurement analysis)

1

Figure 1 Satisfactory relief of day-time heartburn and regurgitation (in patients
who had both heartburn and regurgitation).

(Table 1). Of the seven patients in total excluded from the
efficacy analysis (ITT), there were four patients in the
rabeprazole and three patients in the esomeprazole group.
Of these, four rabeprazole patients and one esomeprazole
patient did not take any study medication. One esomeprazole
patient withdrew due to persistent headache and another
esomeprazole patient withdrew consent after taking study
medication for 2 d. Although these latter two patients on
esomeprazole did receive at least one dose of study medication,
they did not have at least one post-baseline assessment for
efficacy (as defined and required in the protocol for ITT
analysis). Therefore, they were not included in the ITT
analysis for efficacy.
The treatment groups were similar with respect to
demographic and clinical characteristics. Although there were

Secondary efficacy variables
Satisfactory relief of day-time and night-time symptoms
Satisfactory relief of day-time and night-time symptoms
(no episode of symptom defined as having moderate or
severe in severity during the week) was achieved in 81.498.0% of patients of both treatment groups of heartburn
or regurgitation after 4-wk treatment.
In a subgroup of patients who had both heartburn and

Table 1 Demographic and baseline characteristics of patients enrolled
Number of subjects enrolled

Total 127

Rabeprazole 63

Esomeprazole 64

P

Gender (%)
Female

62 (48.8)

25 (39.7)

37 (57.8)

Male

65 (51.2)

38 (60.3)

27 (42.2)

101 (79.5)

52 (82.5)

49 (76.6)

P = 0.0511

Race (%)
Chinese
Malay

9 (7.1)

4 (6.3)

5 (7.8)

Indian

15 (11.8)

6 (9.5)

9 (14.1)

Other

2 (1.6)

1 (1.6)

1 (1.6)

P = 0.8721

Age (yr)
38.9 (10.6)

39.3 (11.2)

38.4 (10.0)

P = 0.6292

3.6 (4.5)

3.2 (4.2)

3.9 (4.7)

P = 0.3732

Yes

11 (8.7)

4 (6.3)

7 (10.9)

No

116 (91.3)

59 (93.7)

57 (89.1)

Mean (SD)
History of GERD symptoms (yr)
Mean (SD)
Tobacco use, N (%)

P = 0.2431

Alcohol use, N (%)
Yes

20 (15.7)

9 (14.3)

11 (17.2)

No

107 (84.3)

54 (85.7)

53 (82.8)

P = 0.4861

Previous medication for reflux disease
Yes

77 (60.6)

35 (55.6)

42 (65.6)

No

50 (39.4)

28 (44.4)

22 (34.4)

P = 0.2791

H pylori status
Positive

50

24 (45.3)

26 (44.0)

Negative

62

29 (54.7)

33 (56.0)

(Not available

15

10

Test1 Fisher’s exact test; Test2 t-test; Test3 2 test

5

P = 0.953
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Symptom severity score during the first 5 d
Comparing between the two PPIs, there was no statistically
significant difference between groups for day- and nighttime heartburn or regurgitation within the first 5 d (P = NS,
Table 2).
Comparing each individual PPI with treatment vs baseline
or pre-treatment symptoms severity scores, rabeprazole
significantly reduced day- and night-time heartburn scores
within 2 d of commencing treatment compared to baseline
or pre-treatment (P<0.01), and this statistical significance

Night-time

Improved

Worsened

A

-0.10
-0.05
-0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30

1

b
2

a

a

3

4

a
5
Rabeprazole

Time (d)

B

Worsened

Complete relief of day-time and night-time symptoms
Complete relief of day-time heartburn (no episodes of
heartburn during the evaluation week) at the 1 st wk were
6.9% (14 of 52 patients) in patients treated with rabeprazole
and 23.4% (11 out of 52 patients) in those received
esomeprazole (P = NS). At the end of wk 4, this increased
to 55.3% (26 out of 47) and 41.1% (18 out of 43) for
rabeprazole and esomeprazole, respectively (P = NS).
Complete relief of night-time heartburn were similar in
both patient groups (28.8% (15/62) vs 20.9% (9/43)) at
wk 1 and (44.4% (20/45) vs 41.0% (16/39)) at wk 4 (for
rabeprazole and esomeprazole, respectively) (P = NS).
No statistically significant differences were observed in
analyses of regurgitation.

continued up to d 5. However, patients receiving esomeprazole
showed a statistically significant improvement in day-time
heartburn score from the 3rd to the 5th d, and no significant
improvement in night-time heartburn score in the first 5 d
(Table 2 and Figure 2).

Day-time
Esomeprazole

0.10

P≤0.05 bP≤0.001 dP≤0.001
(vs pre-treatment, paired t)

a

0.00
-0.10

Improved

regurgitation, a statistically significant higher number of
patients treated with rabeprazole reported satisfactory relief
of day-time symptoms compared to those receiving
esomeprazole (P<0.05, Figure 1).
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-0.20
-0.30
b

-0.40
-0.50
-0.60

1

2

a a
d

a
d

3
4
Time (d)

d
5

Figure 2 Change in symptom severity score from pre-treatment on d 1 to 5

Table 2 Summary of efficacy and safety results (including important subgroup analyses)
Parameter
Primary efficacy variables
Time to 24-h symptom-free interval-HB
Time to 24-h symptom-free interval-RG
Secondary efficacy variables
Time to 48-h symptom-free interval-HB
Time to 48-h symptom-free interval-RG
W1-W4-satisfactory relief DT or NT-HB
W1-W4-satisfactory relief DT or NT-RG
W1-W4-satisfactory relief DT-HB & RG4
W1-W4-complete relief DT or NT-HB
W1-W4-complete relief DT or NT-RG
W1-W4-belching
W1-W4-early satiety
W1-W4-bloating
W1-W4-nausea
W1-W4-vomiting
Symptom severity score-D1-5-DT HB
Symptom severity score-D1-5-NT HB
Symptom severity score-D1-5-DT RG
Symptom severity score-D1-5-NT RG
Patient’s global evaluation (%)
Antacid use-weekly average
Antacid use-% antacid free
Safety
Adverse events

Rabeprazole
10 mg (d)

Esomeprazole
20 mg (d)

P

Result

8.5 d
6.0 d

9d
7.5 d

0.265
0.405

NS
NS

9.5 d
8.5 d

8.5 d
11 d

-0.41
-0.26
-0.46
-0.23
-0.34
P<0.05 (D2-5)1
P<0.05 (D2-5)1
P<0.05 (D1-5)1
P<0.05 (D5 only)1
96.4
0.15
85.7

-0.42
-0.32
-0.54
-0.27
-0.21
P<0.05 (D3-5)1
NS1
P<0.05 (D1-5)1
P<0.05 (D2 only)1
87.9
0.16
84.9

0.373
0.271
>0.05
>0.05
0.0454
>0.05
>0.05
0.631
0.178
0.608
0.319
0.808

0.823
0.887
0.848

NS
NS
NS
NS
Rabeprazole superior4
NS
NS
NS
NS
NS
NS
NS
NS2
NS3
NS
NS
NS
NS
NS

>0.05

NS

22

18.2

HB-heartburn; RG-regurgitation; DT-day-time; NT-night-time; W1-wk 1; w4-wk 4; 1Compared to baseline; 2Rabeprazole statistically superior compared to baseline/pretreatment from d 2 to 5 and esomeprazole statistically superior compared to baseline/pre-treatment from d 3 to 5; 3Rabeprazole statistically superior compared to
baseline/pre-treatment from d 2 to 5 and esomeprazole not statistically superior compared to baseline/pre-treatment from d 1 to 5; 4Subgroup analysis.
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(heartburn) (ITT).

Antacid use
The use of rescue medication was low in both groups. There
was no statistical difference between the two groups for
weekly average antacid consumption and percentage antacid
free for the duration of the study (P = NS).
Patients’ global evaluation
A slightly higher proportion of patients treated with rabeprazole
(96.4%, 54 out of 56 patients) reported their symptoms as
improved (“slightly improved”, “moderately improved” or
“markedly improved”) at the end of the treatment period
compared to those treated with esomeprazole (87.9%, 51
out of 58 patients). The difference was not statistically
significant.
Safety analysis
Of the 134 patients enrolled, 129 patients in total were
eligible for safety analysis. The five patients excluded from
the safety analysis did not take any study medication. Of
the five patients, four were from the rabeprazole and one
was from the esomeprazole group.
Both drugs were well tolerated during the study. Adverse
events considered related to the study medication occurred
to a similar extent in patients treated with rabeprazole (22%)
and esomeprazole (18.2%) (P = NS). One patient withdrew
from the study because of persistent headache from
esomeprazole.
Elevation of ALT occurred in one patient taking
rabeprazole and four patients receiving esomeprazole. One
patient on rabeprazole and two patients on esomeprazole
had an increase in AST. These changes were not clinically
significant.
There were no obvious differences in tolerability between
the treatments. The measurement of laboratory variables
and vital signs did not reveal any evidence of deleterious
effects of the drugs in either group.

DISCUSSION
One of the problems in defining GERD in Asia is that
there is no direct translation of ‘heartburn’ in most Asian
languages, including the Chinese language[7,8] although this
gap has been closed since the Asia-Pacific Consensus.
Accepted classic symptoms of GERD in Asia include
heartburn, regurgitation, dysphagia and odynophagia[7].
The recent Asia-Pacific Consensus on GERD recommends
that a ‘careful history taking to elicit the classic symptoms
of GERD (heartburn and regurgitation) is the cornerstone
in the diagnosis of GERD’ [8]. In the present study, every
effort was made by the investigating physician to ensure
that heartburn and/or regurgitation was/were the cardinal
presenting symptom(s). In addition, care was taken by
the investigators to explain and elicit what the symptom
of ‘heartburn’ meant to the patient. This study was designed
to assess the efficacy and rapidity of symptom relief with
rabeprazole 10 mg or esomeprazole 20 mg in patients with
NERD in urban Asia.
The primary efficacy variable of median time to the
first 24-h interval free from heartburn was similar for both
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drugs being 8.5 d for rabeprazole and 9.0 d for esomeprazole.
Results of the primary efficacy variable for relief of regurgitation were similar between the two PPIs as well.
The majority of secondary efficacy variables were
similar between the two PPIs as well. Overall, after 4 wk
of treatment more patients receiving rabeprazole reported
symptom improvement than those receiving esomeprazole
(96% vs 87%) although this did not reach statistical
significance. Complete relief of day-time symptoms after
4 wk of treatment was reported in 41.9% and 58.0%, whilst
complete relief of night-time symptoms was lower at
41.0% vs 52.3%. Satisfactory relief of symptoms, defined
as not having any episode greater than moderately severe,
was reported in 73% (esomeprazole) to 96% (rabeprazole)
of patients treated. In real-life situation, most patients would
find satisfactory relief of symptoms as an acceptable
treatment outcome. Further studies, however, are needed
to confirm these observations. Our observations do support
the clinical phar-macokinetics studies currently available
on the two PPIs.
Pharmacodynamic studies involving rabeprazole and
esomeprazole in healthy subjects showed that 40 mg of
esomeprazole was more effective than 20 mg rabeprazole
on d 5 of treatment in maintaining intragastric pH above
4.0, suggesting that, by d 5, 40 mg esomeprazole had more
profound acid suppression than 20 mg rabeprazole [17].
On the other hand, 20 mg of rabeprazole increased
intragastric pH more than 20 mg esomeprazole with a higher
mean AUC (area under the plasma concentration-time
curve) intragastric pH on d 1 of treatment[18]. On d 5 that
difference remained except 11-14 h after dosing[18]. A study
comparing rabeprazole 20 mg and esomeprazole 40 mg
demonstrated rabeprazole 20 mg to produce a greater or
equivalent acid suppression on day 1 (i.e., from the first
dose), with rabeprazole showing significant superiority
at night[19,20]. These studies demonstrate that rabeprazole
have a faster onset of acid inhibitory action than other
PPIs including esomeprazole from d 1 of dosing[18-20], with
esomeprazole the superiority is seen over other PPIs from
day 5 of dosing[17] .
There was no statistically significant difference between
the two groups for reduction in symptom severity scores
for the first 5 d during day-time and night-time regurgitation.
Nevertheless, rabeprazole effectively reduced the severity
of day-time and night-time heartburn in patients with NERD
compared to pre-treatment, improving symptom scores
compared with baseline scores from as early as the 2 nd d
(P<0.05) following dosing. In contrast, esomeprazole
produced significant improvement only in the symptom
score of day-time heartburn from 3 rd d onwards and no
statistically significant change in symptom score in nighttime heartburn in the first 5 d.
Several reports have suggested that patients with NERD
are less responsive to PPIs[21-23]. Our study showed that after
4-wk treatment, both PPIs produced satisfactory relief of
day-time heartburn in 91% of patients with non-erosive
reflux disease (91% rabeprazole and 79% esomeprazole).
This response rate is higher than that seen in Miner’s study
in USA, where only 56% of NERD patients responded to
PPI after 4 wk[11] . Complete relief of day-time heartburn
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was also higher in our study being reported in 45.6%
(rabeprazole) and 41% (esomeprazole) of the patients treated
compared with 29% in Miner’s study[11]. This could be due to
selection of a less severely symptomatic patient population.
Patients were required to have had only one episode of
moderate-to-severe GERD in the 7 d prior to study entry,
whereas entry into the Miner study required patients to
have had a minimum of five episodes in the week prior to
entry[11]. Nevertheless, there are about 20% of our NERD
patients who did not attain satisfactory relief of symptoms
after 4 wk of treatment. Our data has shown that more
patients respond to PPIs at wk 4 than at wk 1. Hence, by
extending the duration of therapy beyond 4 wk, it may be
possible that more patients would have symptom relief.
Clinical studies with longer treatment periods are needed to
determine if this hypothesis is true. Recent investigations
have demonstrated the presence of highly acidic ‘pocket’
high in the fundus below the cardio-esophageal junction
during the post-prandial period[24]. Dosing with acid suppressing
agents will have to be tailored to neutralize this post-prandial
acid ‘pocket’.
Although there was rapid onset of action, the median
time to the first 24-h period symptom free from heartburn
was 8.5 d with rabeprazole and 9.0 d with esomeprazole.
This was higher than the 2.5 d observed in Miner’s study[11].
This difference could be explained by the fact that, in our
study, patients who did not experience reflux symptoms 24 h
prior to study were excluded from the analysis whereas they
were included in Miner’s study[11]. As these patients were
excluded from analysis, the median reported in the study
would overestimate the actual time taken to reach the first
24-h interval free from heartburn. The rapid action of these
newer PPIs could be clinically relevant when treating NERD
patients with “on-demand therapy”, as these newer PPIs
could produce symptom relief from d 2 or 3 onwards.
This would translate into a shorter period of ‘on-demand’
therapy. This is consistent with the results seen in earlier
report regarding on-demand treatment with rabeprazole
10 mg[25]. In that study, use of rabeprazole was required in
only 26% of the total study period, indicating an average
intake of only one tablet in 4 d[25].
In summary, our study demonstrates that once-daily therapy
with the newer PPIs rabeprazole 10 mg or esomeprazole
20 mg produce improvement in majority of NERD patients.
Relief from the symptoms of heartburn and regurgitation
in a predominantly Chinese population with NERD can
occur after 2 d of treatment. Further studies are needed to
determine the optimum treatment period and symptom relapse
rate on cessation of treatment.
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Abstract
AIM: Model of End-stage Liver Disease (MELD) score has
recently gained wide acceptance over the old Child-Pugh
score in predicting survival in patients with decompensated
cirrhosis, although it is more sophisticated. We compared
the predictive values of MELD, Child-Pugh and creatininemodified Child-Pugh scores in decompensated cirrhosis.
METHODS: A cohort of 102 patients with decompensated
cirrhosis followed-up for a median of 6 mo was studied.
Two types of modified Child-Pugh scores estimated by
adding 0-4 points to the original score using creatinine
levels as a sixth categorical variable were evaluated.
RESULTS: The areas under the receiver operating characteristic curves did not differ significantly among the four
scores, but none had excellent diagnostic accuracy (areas:
0.71-0.79). Child-Pugh score appeared to be the worst, while
the accuracy of MELD was almost identical with that of
modified Child-Pugh in predicting short-term and slightly
better in predicting medium-term survival. In Cox regression
analysis, all four scores were significantly associated with
survival, while MELD and creatinine-modified Child-Pugh
scores had better predictive values (c-statistics: 0.73 and
0.69-0.70) than Child-Pugh score (c-statistics: 0.65).
Adjustment for gamma-glutamate transpeptidase levels
increased the predictive values of all systems (c-statistics:
0.77-0.81). Analysis of the expected and observed survival
curves in patients subgroups according to their prognosis
showed that all models fit the data reasonably well with
MELD probably discriminating better the subgroups with
worse prognosis.
CONCLUSION: MELD compared to the old Child-Pugh and
particularly to creatinine-modified Child-Pugh scores does

INTRODUCTION
The poor survival of patients with decompensated cirrhosis
has driven physicians to a constant search for good prognostic
markers[1,2]. The need for improvement in the accuracy of
prognosis in this setting has increased in the current era of
the expansion of orthotopic liver transplantation (OLT) and
the parallel increasing discrepancy between the numbers of
OLT candidates and the numbers of available donor livers[2,3].
Indeed, patients with decompensated cirrhosis who are potential
OLT candidates should enter into the transplant waiting lists
neither too early nor too late, since early OLTs take away
livers from candidates who are very sick and with more
urgent indications and late OLTs are associated with worse
outcomes[4].
The old Child-Turcotte classification[5] and the subsequently
modified Child-Pugh score (CP score)[6] have been the most
widely applied prognostic markers in patients with decompensated cirrhosis mainly due to their simplicity for use in
daily clinical practice[2,7,8]. The determination of CP score,
which may range from 5 to 15, is based on the presence and
severity of ascites and hepatic encephalopathy, the prolongation
of prothrombin time, and the levels of serum bilirubin and
albumin. According to their CP scores, patients are classified
into three classes (Child class A, B, and C with CP scores 5-6,
7-9, and 10-15, respectively)[6]. The predictive value of the
CP score has been shown in many studies in the past[2,9], but
the inclusion of two subjective variables (ascites and encephalopathy) with the inevitable interobserver variation and
the need for even better prognosis have prompted the search
for more objective and more accurate prognostic markers
in this setting[2].
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During the last two decades, several scoring systems or
prognostic instruments have been proposed for predicting
survival in patients with decompensated cirrhosis[10-13], but
none gained wide acceptance until the recent development
of the Mayo Clinic Model of End-stage Liver Disease
(MELD)[2,14,15]. MELD score[16], which was initially developed
for predicting survival in patients undergoing transjugular
intrahepatic portosystemic shunts (TIPS)[17], has been suggested
to provide more accurate prognosis than CP score in patients
with decompensated cirrhosis and therefore to improve the
estimation of priority for liver grafts allocation[2,16]. MELD
score calculation is based on the etiology of cirrhosis and three
simple and objective laboratory variables, serum bilirubin, serum
creatinine and prothrombin time expressed as international
normalized ratio (INR), but it includes logarithmic transformations and multiplication by several factors being
substantially more sophisticated than that of the CP score[6,17].
Moreover, it has been suggested that it may be difficult to
reconcile clinical impression with MELD score[8]. Recently,
a modified CP score taking into account serum creatinine
levels was also evaluated in patients undergoing TIPS[18], since
renal function in patients with decompensated cirrhosis
has been shown to affect post-TIPS or post-transplant
survival[19-21] and no renal parameter was included in the
original CP score.
The aim of this study was to compare the accuracy of
MELD, CP, and modified CP score for predicting shortterm and medium-term survival in patients with decompensated
cirrhosis.

MATERIALS AND METHODS
We retrospectively studied 102 patients with decompensated
cirrhosis, who were admitted to our department between
June 1998 and May 2000. Patients with hepatocellular carcinoma,
severe primary cardiopulmonary failure or intrinsic kidney
disease were excluded, while patients with more than one
admission during the study period were evaluated in the analysis
only at their first admission.
The diagnosis of decompensated cirrhosis was based
on clinical, laboratory, previous histological, and radiological
signs of cirrhosis with at least one sign of liver decompensation
(ascites, variceal bleeding, hepatic encephalopathy, nonobstructive jaundice). The cause of cirrhosis was considered
to be chronic hepatitis B virus infection in cases with longstanding (>6 mo) HBsAg positivity; chronic hepatitis C virus
(HCV) infection in cases with detectable both antibodies
against HCV (anti-HCV) and serum HCV-RNA; alcohol
abuse in cases with a compatible history and absence of other
causes of liver injury; primary biliary cirrhosis in cases with
elevated alkaline phosphatase, positive antimitochondrial
antibodies and/or compatible previous histological findings;
primary sclerosing cholangitis in cases with elevated alkaline
phosphatase and compatible radiological and/or histological
findings.
According to our routine clinical practice, detailed
medical history, complete physical examination, and a battery
of laboratory tests were performed in all patients with
decompensated cirrhosis on the day of admission. Moreover,
diagnostic paracentesis and ascitic fluid culture were performed
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in all admitted cirrhotic patients with ascites. The age, sex,
cause of cirrhosis, cause of admission, first and previous
complications of decompensated cirrhosis including
spontaneous bacterial peritonitis (SBP) as well as complete
blood count including platelet count, prothrombin time and
INR, serum urea and creatinine, total, and direct bilirubin,
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), alkaline phosphatase, gamma-glutamate transpeptidase
(GGT), serum albumin and globulins and ascitic fluid characteristics and culture were retrospectively recorded for all
patients. In June 2002, the date of last available information
as well as the final status (alive, death from liver disease,
OLT, and death from liver unrelated causes) were recorded.
Based on the admission data, the CP score (range: 5-15)
and Child class were estimated for each patient according
to the suggestion by Pugh et al [6], while the MELD score
(range: 6-40) was calculated according to the formula proposed
by Kamath et al[16], which was a slight modification of the
risk score used in the original TIPS model[17]. In addition,
two types of modified CP score (CP score-I and CP scoreII) with serum creatinine as a sixth variable were also calculated:
CP score-I (range: 5-19) derived from the original CP score
by adding 0 points for creatinine <1.3 mg/dL and 4 points
for creatinine ≥1.3 mg/dL according to what was reported
by Angermayr et al[18], while CP score-II (range: 5-19) derived
from the original CP score by adding 0 points for creatinine
<1.3 mg/dL, 2 points for creatinine 1.3-1.8 mg/dL and 4
points for creatinine >1.8 mg/dL.
Statistical analysis
All data were analyzed using the statistical program STATA.
Results were expressed as mean values (SD) or as median
values (range). Qualitative variables were compared by corrected
2 test and quantitative variables by t-test or Wilcoxon signed
rank test. The accuracy of the different score systems for
predicting short-term survival was evaluated through the
urea under the receiver operating characteristic (ROC) curve,
whereas the different areas were compared by the nonparametric method proposed by DeLong et al[22].
Cox proportional hazards models were used to determine
variables associated with overall survival. Multivariate models
were constructed to identify independent variables from the
score systems factors. For each Cox model, a predictive score
was calculated for each patient as: P = 1X1+2X2+…+kXk,
where X 1, X2,…, X k are the levels of k prognostic factors
and 1, 2,…, k are the corresponding regression coefficients.
Higher predictive scores correspond to poorer prognosis.
The accuracy of the different models as predictors of survival
was evaluated by the concordance (c)-statistics (equivalent
to the area under the ROC curve). Each model was considered
to have diagnostic accuracy in case of a c-statistics >0.70
and excellent diagnostic accuracy in case of a c-statistics
>0.80.
To assess how well the models fit the data predicted by
the models and actual survival curves were graphically
compared. For that, patients were ranked according to their
predictive score and divided into three groups with roughly
equal numbers of patients’ deaths in each group. Actual
survival curve for each group was calculated using the KaplanMeier method.

Papatheodoridis GV et al. MELD or Child–Pugh score in cirrhosis

RESULTS
The patient baseline characteristics are presented in Table 1.
During a median follow-up of 16 mo (0.5-42 mo), 19 (19%)
of the 102 patients died and another 5 (5%) underwent
OLT. No patient died from liver unrelated causes. The 3-,
6-, 12-, and 24-mo survival rates were 91%, 86%, 84%, and
76%, respectively.

Table 1 Baseline characteristics of 102 patients with decompensated cirrhosis
Age (yr)

61 (27-89)

Sex, males

69 (68%)

Cause of cirrhosis
HBV

24 (23%)

HCV

17 (17%)

Alcohol

39 (38%)

PBC/PSC

7 (7%)

Unknown

15 (15%)

Cause of admission
Tense ascites

37 (36%)

Encephalopathy

17 (17%)

Variceal bleeding

16 (16%)

Jaundice

11 (11%)

Other

16 (16%)
9 (9%)

First sign of decompensation
66 (65%)

Variceal bleeding

30 (29%)

Jaundice
Hematocrit (%)

1 (1%)
33 (17-48)
11 (5-16)

White blood count (×109/L)

5.7 (1.2-23.9)
105 (19-394)

Prothrombin time (s)

16 (11-35)

INR

1.3 (0.9-3.3)

Creatinine (mg/dL)

1.1 (0.5-3.7)

Bilirubin (mg/dL)

2.6 (0.3-33.9)

AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (U/L)

12

24

Area under ROC

P (2)

Child-Pugh

0.73

0.19

Modified Child-Pugh-I
Modified Child-Pugh-II

0.76
0.78

0.58
0.73

MELD

0.79

Child-Pugh

0.71

0.18

Modified Child-Pugh-I
Modified Child-Pugh-II

0.73
0.76

0.49
0.85

MELD

0.77

Child-Pugh

0.68

0.09

Modified Child-Pugh-I
Modified Child-Pugh-II

0.73
0.74

0.38
0.51

MELD

0.78
0.70

0.27

72 (20-610)

0.75
0.76

0.48
0.64

Child-Pugh

44 (11-433)

MELD

0.79

101 (42-487)
70 (10-1 165)

Albumin (g/dL)

3.2 (1.9-4.3)

Child class
A

13 (13%)

B

42 (41%)

C

47 (46%)

Modified Child–Pugh score-I

6

Predictive scores

Modified Child-Pugh-I
Modified Child-Pugh-II

GGT (U/L)

Child–Pugh score

3

5 (5%)

Hemoglobin (g/dL)

Platelet count (×109/L)

Table 2 Comparisons of the areas under the ROC curve of ChildPugh, modified Child-Pugh-I, modified Child-Pugh-II and MELD scores
for 3-, 6-, 12-, and 24-mo survival
Survival (mo)

Ascites

Encephalopathy

Predictive models for 3-, 6-, 12-, and 24-mo survival
The ROC curves of all four scoring systems for 3-, 6-, 12-,
and 24-mo survival are shown in Figure 1. Comparison of
the areas under the ROC curves among the four scoring
systems did not reveal any statistical significant difference.
All scoring systems were found to have diagnostic accuracy
in predicting survival, perhaps with the marginal exception
of CP score for predicting 12-mo survival. However, none
of the scores had excellent diagnostic accuracy (area >0.80).
MELD score appeared to have better predictive accuracy
compared to the CP scores. Among the rest of the scores,
modified CP-I was associated with better area under the
ROC curve than the CP score, whereas modified CP-II score
was relatively more accurate in predicting short-term survival
than the modified CP-I score. The area under the ROC
curve for MELD and CP-II scores were almost identical
for 3-mo (0.79 and 0.78) and 6-mo (0.77 and 0.76) survival,
while there was a slight decrease in the predictive value of
CP-II score during further follow-up. Thus, MELD appear
to have a slight advantage in predicting 12- and 24-mo
survival (0.78 and 0.79) compared with CP-II score (0.74
and 0.76), which ranked second (Table 2). In general, there
was a tendency for decreasing accuracy of the CP scoring
systems for predicting longer survival.

5 (5%)

Fever

SBP on admission
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9 (5-15)
10 (5-19)

Modified Child–Pugh score-II

10 (5-17)

MELD score

12 (-10-45)

HBV: hepatitis B virus, HCV: hepatitis C virus, PBC: primary biliary cirrhosis,
PSC: primary sclerosing cholangitis, SBP: spontaneous bacterial peritonitis, INR:
international normalized ratio, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, GGT: gamma-glutamyl-transpeptidase, MELD: Model for
End-stage Liver Disease. All quantitative variables are expressed as median
values (range).

P for comparison with MELD score.

Predictive models for overall survival
Univariate analysis using Cox proportional hazards models
showed that ascites as first sign of liver decompensation
(P = 0.017), presence of SBP on admission (P = 0.010),
serum levels of bilirubin (P<0.001), AST (P = 0.018), ALT
(P = 0.039), GGT (P = 0.019), and creatinine (P = 0.002)
were significantly associated with survival (Table 3).
MELD, CP, and modified CP-I and CP-II scores were
all significantly associated with survival in univariate analysis.
Multivariate Cox regression analysis including all significant
baseline characteristics together with each predictive score
showed that the only factor that remained consistently
statistically significant for all scores was GGT (log-transformed).
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Figure 1 ROC curves of MELD, Child-Pugh (CP), modified Child-Pugh-I (CP-I)
and modified Child-Pugh-II (CP-II) score for 3-mo (A), 6-mo (B), 12-mo (C) and

24-mo (D) survival.

Table 4 shows the crude and the adjusted for GGT results
for all scoring systems as well as the corresponding c-statistics.
MELD and modified CP-II scores were again found to have
the better predictive value for overall survival than CP score.
Including GGT in the model increased substantially the value
of the c-statistics.

The expected and observed survival curves for each
score in the three patient subgroups divided according to the
patient respective predictive degree P are shown in Figure 2.
The models fit the data reasonably well. MELD score appeared
to discriminate better than the rest of the scores the subgroup
of patients with the worse prognosis had.
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Figure 2 Expected and observed survival curves for MELD (A), Child-Pugh
(CP) (B), modified Child-Pugh-I (CP-I) (C) and modified Child-Pugh-II (CP-II) (D)

score in three patient subgroups (1 st , 2nd, 3rd) with roughly equal numbers of
patients deaths in each subgroup.

Papatheodoridis GV et al. MELD or Child–Pugh score in cirrhosis
Table 3 Association of baseline characteristics with survival in 102
patients with decompensated cirrhosis (results from univariate Cox
proportional hazards models)
Patient characteristic
Age (per yr)
Sex (male)
Cause of cirrhosis (unknown)
HBV
HCV
Alcohol
PBC/PSC
SBP on admission
White blood count (×109/L)
Platelet count (×109/L)
Prothrombin time (s)
INR
Creatinine (mg/dL)
Bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (U/L)
GGT (U/L)
Albumin (g/dL)
Child class (A)
B
C

Hazard ratio

95%CI

P

0.99
0.68

0.90-1.03
0.27-1.72

0.72
0.92

0.41
1.21
0.72
0.97
4.25
1.12
1.06
2.48
4.22
4.62
2.25
1.95
1.70
0.83
1.64
0.53

0.12-1.58
0.35-4.17
0.27-1.93
0.47-3.85
1.41-12.84
0.43-3.68
0.52-2.15
0.50-12.19
0.98-18.19
1.76-12.13
1.5-3.38
1.12-3.4
1.03-2.8
0.38-1.86
1.09-2.46
0.07-3.84

0.21
0.77
0.51
0.68
0.01
0.90
0.87
0.26
0.052
0.012
<0.001
0.018
0.039
0.66
0.019
0.53

2.11
3.71

0.46-9.77
0.78-17.61

0.34
0.10

CI: confidence interval, HBV: hepatitis B virus, HCV: hepatitis C virus, PBC: primary
biliary cirrhosis, PSC: primary sclerosing cholangitis, SBP: spontaneous bacterial
peritonitis, INR: international normalized ratio, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, GGT: gamma-glutamyl-transpeptidase, MELD:
Model for End-stage Liver Disease. Hazard ratios (95%CI) for quantitative
variables are expressed for 1 relevant unit increase of loge.

DISCUSSION
Although the relatively new MELD score has already been
instituted by some transplant programs, such as UNOS, to
be the score of choice for stratification of liver transplant
candidates on the waiting lists for allocation of donor livers[23],
its superiority over the old CP score in predicting actual survival
in patients with decompensated cirrhosis has not been
documented. MELD score has been proven to be a reliable
measure of short-term mortality risk in patients with endstage liver disease and a suitable marker for allocation of
donor livers[16,24], but the results in studies comparing MELD
with CP score appear to be unclear. For prediction of survival
in patients undergoing TIPS, MELD compared to CP score
was found to be superior in the original MELD model study[17]
and in a study from Italy[25], slightly superior in a subsequent
study from Germany[26] and equally accurate in a study from
Austria[19]. In patients with liver cirrhosis, however, both
MELD and CP scores have been found to represent equally
good predictors of survival without significant differences
in the accuracy of their predictive values in all but one
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study population. Finally, MELD was found to be equivalent
to CP score for predicting in-hospital and 12-mo mortality in
patients with acute variceal bleeding.
Our data further support that MELD score is not significantly
superior to CP score in predicting survival in patients with
decompensated liver disease. The c-statistics for prediction
of 3-, 6-, 12-, and 24-mo survival by the MELD score
ranged from 0.75 to 0.79 being compatible with previous
findings in other retrospectively evaluated cohorts of patients
with decompensated cirrhosis[16]. Although no significant
difference between MELD and CP score was observed in
our study, the predictive accuracy of MELD score was always
superior offering the greatest benefit in the prediction of
12- and 24-mo survival. The modified CP-I score with the
addition of serum creatinine levels as a dichotomous categorical
variable (0 points for creatinine <1.3 mg/dL and 4 points
for creatinine ≥1.3 mg/dL) according to what was recently
proposed by Angermayr et al[18], did not offer a clear benefit
over the old CP score (c-statistics: 0.68-0.77 and 0.68-0.73,
respectively). In contrast, the modified CP-II score with
the addition of serum creatinine levels as a trichotomous
categorical variable (0 points for creatinine <1.3 mg/dL, 2
points for creatinine = 1.3-1.8 mg/dL and 4 points for
creatinine >1.8 mg/dL) was found to be slightly superior
than the CP score, since its c-statistics (0.71-0.78) were always
better than those of the CP score and very close to the cstatistics of the MELD score.
If two or more scoring systems offer similar accuracy
in predicting survival, then other characteristics should be
taken into account for adopting one of them into clinical
practice. The main drawbacks of the old CP score are the
inclusion of two subjective parameters, such as ascites and
encephalopathy, and the estimation of three objective parameters,
prothrombin time, serum bilirubin and albumin levels, as
categorical variables[6]. Thus, in the CP score, there may be
significant interobserver variation in the assessment of the
severity of ascites and encephalopathy, which may easily
change by medical interventions, while an extended range
of values of prothrombin time, bilirubin and albumin levels
take the same points even if they may reflect different
degrees of liver failure. Moreover, CP score does not take
into account the patient’s renal function, which appears to
be strongly associated with survival[21].
MELD score is undoubtedly more objective than the
CP score, since its calculation is based on the etiology of
cirrhosis and three simple and reproducible laboratory
parameters, INR, serum creatinine and bilirubin levels[16] .
Moreover, the dynamic nature of MELD score, which is
expressed within a continuous scale of 34 points taking into
account the exact value of its laboratory parameters, offers

Table 4 Crude and adjusted for GGT hazard ratio (HR) of death and 95%CI for the four scoring systems
Scoring system

Child-Pugh score
Modified Child-Pugh-I score
Modified Child-Pugh-II score
MELD score

Unadjusted

Adjusted

HR (95%CI)

c-statisticsHR

(95%CI)

c-statistics

1.23 (1.04-1.45)
1.21 (1.09-1.36)
1.30 (1.13-1.48)
1.11 (1.06-1.15)

0.65
0.69
0.70
0.73

1.38 (1.14-1.68)
1.30 (1.13-1.50)
1.38 (1.18-1.62)
1.10 (1.06-1.15)

0.77
0.79
0.78
0.81

MELD: Model for End-stage Liver Disease. HR (95%CI) are expressed for 1 unit increase.

3104

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

an advantage in the determination of priorities of liver organs
allocation[2,8]. On the other hand, MELD score cannot be
calculated at the bedside and is much more complex than
the easy to calculate CP score, since it includes logarithmic
transformations and multiplication by several factors[16]. In
addition, changes in several parameters of the MELD score
may not be directly related to changes of the severity of
liver disease, such as a creatinine increase due to extensive
use of diuretics or other iatrogenic factors. Finally, it has
been suggested that MELD score may underestimate the
severity of liver disease in patients with decompensated
cirrhosis and predominant complications of portal hypertension,
since it does not include any parameter related to portal
hypertension[8].
In conclusion, both MELD and CP score can accurately
predict short-term (3- and 6-mo) survival in patients with
decompensated cirrhosis, while MELD appears to have a
slight advantage in predicting medium-term (12- and 24-mo)
survival. The modified CP score with the addition of serum
creatinine as a categorical parameter was found to improve
the predictive accuracy of CP score being equivalent with
the MELD score in predicting short- and medium-term
survival. Thus, the creatinine-modified Child-Pugh scores
seem to deserve further evaluation, since they are simpler
than and of similar predictive accuracy with the MELD
score and have higher predictive accuracy than the old ChildPugh score. Taking into consideration the drawbacks of
the MELD and CP scoring systems, we do not see a clear
advantage in daily clinical practice for MELD score over
the familiar and more easily calculated CP score or creatininemodified CP score for predicting survival in patients with
decompensated cirrhosis. Perhaps, the situation is different
in the liver transplant waiting lists, since the dynamic range of
the MELD score may allow better determination of priorities
for organ allocation.
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Abstract
AIM: To evaluate safety and possible efficacy of induction
of oral immune regulation using colitis extracted proteins
(CEP) in Crohn’s disease (CD) subjects.
METHODS: Ten CDs were treated orally with autologous
CEP thrice weekly for 16 wk. Subjects were monitored
for CDAI and IBDQ. Immune modulatory effect was
assessed by T-lymphocyte FACS analysis, CEP-specific
IFN ELISPOT assay and cytokine levels.
RESULTS: Induction of oral immune regulation significantly
ameliorated disease activity. All (10/10) subjects had
clinical response (CDAI ≤ 70) and 7/10 achieved clinical
remission (CDAI ≤ 150). Significant increase in mean IBDQ
score was noted (134±9 vs 164±12). No treatment-related
adverse events were noted. High levels of CEP-specific
IFN spot forming colonies were detected in five subjects
prior to treatment and in all five, a marked decrease was
observed. The CD4+/CD8+ lymphocyte ratio and peripheral
NKT cell numbers increased significantly, in 7/10 and in
5/10 subjects, respectively. Significant increase in serum
IL-10 and IL-4 levels was observed in 7/10 subjects during
treatment period.
CONCLUSION: Immune regulation via oral administration
of CEP is a safe and possibly effective treatment for subjects
with moderate CD and may provide means of antigen-specific
immune modulation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is an immune mediated disorder. Both
an appropriate response to an injurious, exogenous agent,
or abnormal host responses to ubiquitous agents were
suggested to play a role in the pathogenesis of the disease[1,2].
Abnormalities of T-cell-mediated immunity, including
cutaneous anergy, and changes in T-cell subsets were
described in these patients[1]. In addition, patients with CD
have antibodies against components of colon cells and
several different bacterial antigens. Changes in mucosalcell-mediated immunity were identified, including alterations
in mucosal T-cell subsets and concentrations of mucosal
IgG cells, suggesting chronic antigen stimulation. Exposure
of target antigens after infectious, immune, or toxic damage
leads to activation of mucosal immune cells, resulting in
cytokines that lead to mucosal inflammatory response[3-5].
An imbalance between Th1-pro-inflammatory and Th2-antiinflammatory subtype of immune response plays a role in
the pathogenesis of CD[6]. In both experimental colitis and
in patients with CD, the disease is a Th1-mediated immune
disorder resulting in a life-long inflammatory response against
gut epitopes. Anti-inflammatory cytokines such as IL-10
downregulate the pro-inflammatory effects of Th1-mediated
cytokines, thereby alleviating the disease[7-11].
Current treatments of CD, similar to that of other immunemediated disorders, require overcoming the immune response
towards disease-associated target antigens[12]. This involves
systemic immunosuppression. New modes of immune
modulatory treatments are not antigen specific, and
therefore are either not effective in a large number of
patients, or associated with unwanted side effects[12].
Oral immune regulation is a recognized procedure alteration
of the host immune response towards orally administered
antigens[13-15]. It was previously shown effective in preventing
immune-mediated disorders in animal models[16-20] . This
method was also tested in humans with various immunemediated disorders[21] . Recently it has been shown by us
and others that oral immune regulation can be used to
alleviate experimental colitis in a model system using mice
treated with 2,4,6-trinitrobenzene sulfonic acid (TNBS)[9,22-26].
TNBS induces an autoimmune response resembling CD in
humans[22]. Oral administration of low doses of colitisextracted proteins to mice with experimental colitis
significantly decreased the inflammatory response.
The aims of the present study were to determine the
safety and tolerability of oral administration of autologous
colonic mucosal cells from CD patients, and to determine
the efficacy of this mode of treatment in patients with CD.
The effects of oral immune regulation towards colonic
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proteins on the immune system were studied. The results
show that immune regulation via oral administration of
proteins extracted from colonic mucosa was a safe and
possibly an effective treatment for subjects with moderate
to severe CD.

MATERIALS AND METHODS
Patients
Patient population One group of 10 patients was followed
up in an open-labeled, non-randomized, one-center prospective
trial. All experiments were carried out in accordance with
the guidelines of the Hebrew-University-Hadassah
Institutional Committee for Human Clinical Trials and Good
Clinical Practice regulations. The Israel Ministry of Health
Committee for Human Trials approved all experiments.
Inclusion criteria Eligible participants (men and women
>18 years) signed a written informed consent. The diagnosis
of CD with clinical evidence of active (symptomatic) disease
was based on clinical history, blood tests and/or histology,
or X-ray, or endoscopy, with a CDAI score >200 and <350.
Subjects receiving oral steroid therapy were requested to
have received a dose equivalent to or <25 mg of prednisone
per day, and to have been on a stable dose for 2 wk prior to
their first visit.
Exclusion criteria Subjects who had undergone bowel
surgery within the last 3 mo; subjects who had a prior
colostomy, ileostomy, or colectomy with ileorectal anastomosis;
subjects likely to require emergency surgery for persistent
intestinal obstruction, bowel perforation, uncontrolled
bleeding or abdominal abscess or infection, toxic megacolon;
subjects whose symptoms were believed to be largely due
to the presence of fibrotic strictures; subjects with other
infectious or neoplastic diseases of the bowel; subjects with
an acute infectious disease; subjects receiving oral prednisone
at a dose of >25 mg/d (or equivalent); subjects who were
receiving an elemental diet or parenteral nutrition; subjects
who were receiving immunosuppressive drugs such as
azathioprine or 6-mercaptopurine; subjects who had either
received methotrexate or cyclosporine or anti-TNF or
who had participated in another clinical trial within the
last 3 mo; subjects with a history of major psychiatric
disturbance, or who were drug or alcohol abusers; subjects
with a history of GI tract malignancy or IBD-associated
malignant changes in the intestine; subjects with a history
of coagulopathy; women with child-bearing potential unless
surgically sterile or using adequate contraception (either IUD,
oral or depot contraceptive, or barrier plus spermicide); pregnant
or breastfeeding mothers were excluded from the study.
Oral antigen preparation and administration Subjects
who fulfilled the inclusion/exclusion criteria for participation
in the study were scheduled for a colonoscopy during which
time colon biopsies were taken from the subject for preparation
of the colon-specific protein (study drug). The containing
extract was prepared according to Enzo Therapeutics, Inc.,
Specification Number L0060-00-0109, “Preparation of
Autologous Colon-Specific Antigen for Oral Immune
Regulation for IBD: Crohn’s Disease”. Additional tissue
samples were used for pathological analysis. Preliminary tests
showed that each intestinal biopsy yielded approximately
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300 g protein. Thus, six biopsies produced approximately
1 800 g protein, which provided a supply of protein for
the entire study. The administered dose based on previous
studies in human subjects was between 18 and 30 g/dose.
Protein extract was divided into 50 doses in 5 mL of normal
saline and stored at a temperature of -70 ℃. All subjects
were fed with antigen extracted from their own intestinal
mucosa. A 2-wk supply was given to the subject who at
each visit was instructed to maintain the vials in a refrigerator
at home. Each subject ingested 3 doses per week for 16 wk,
a total of 48 doses. Two of the five milliliters of vial doses
were kept as retained.
Clinical and laboratory follow-up Study individuals were
monitored with a variety of safety, biologic and efficacy
parameters during the baseline, feeding, and post-feeding
periods. The safety parameters included general clinical
safety parameters to monitor the individual’s overall status
as well as specific organ systems, and antigen-specific
parameters relevant to the administration of the study drugs.
Safety and tolerability of oral administration of the study
drugs were determined by evaluation of clinical parameters
as detailed by the subject in his/her diary entries; by biweekly
physical examinations and medical history, and biweekly
laboratory evaluations. A designated physician involved in
the study was accountable for interim history, vital signs,
body weight, adverse event assessment and physical
examination. Complete blood counts (CBC), sedimentation
rate (ESR) and standard chemistries (SMA) were performed
every 2 wk throughout the study. Evaluation of the effect
of oral administration of the study drug on amelioration
of the immune-mediated intestinal and extraintestinal injury
in subjects with CD was assessed by following the biweekly
CDAI score. IBDQ was evaluated at baseline and at the
end of treatment period (16 wk). Response was determined
if any of the following occurred: a decrease in CDAI score
from time 0 by 70 points, or a decrease to a level ≤150
points, which defines clinical remission.
Evaluation of the ability to induce immune regulation
by oral administration of the study drug was assessed by
monthly serum cytokine levels, and by analysis of T-cell
subpopulations biweekly, as described below. IFN
ELISPOT assay was performed at wk 0 and 32.
Flow cytometry analysis for determination of the effect
of oral immune regulation on CD4, CD8, NKT, CD3+/
45RA, CD3+/45RO, CD19+/45RA, CD25+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, and
CD16+/56+ lymphocytes in peripheral blood Blood
samples were collected throughout the study period.
Immediately after lymphocyte isolation, duplicates of
2-5×104 cells/500 L PBS were deposited into Falcon 2052
tubes incubated with 4 mL of 1% BSA for 10 min, and
centrifuged at 1 400 r/min for 5 min. Cells were resuspended
in 10 L FCS with 1:20 FITC-antihuman CD4, CD8, NKT,
CD3+/45RA, CD19+/45RA, CD25+/45RO, CD3+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, or CD16+/56+
antibodies (Pharmingen, and R&D, USA), and mixed every
10 min for 30 min. Cells were washed twice in 1% BSA,
0.5 mL 1% paraformaldehyde was added, and kept at 4 ℃
until reading. For the control group, only 5 L of 1% BSA
was added. Analytical cell sorting was performed on 1×104
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Statistical analysis
Summary statistics by time point of all clinical and laboratory
variables were calculated, and statistical significance of
changes from baseline was assessed by Student’s t-test at
each time point.

RESULTS
Patient characteristics
One group of 10 patients was studied. They included six
males and four females with a mean age of 37 years (range
19-59 years). Mean duration of disease was 11 years (range
2-37 years). Disease site was the ileum in six patients, the
ileocolon in two patients, and the colon in two patients.
Two patients underwent prior intestinal resection; two
suffered from fistulae. Concomitant medications: Five
patients were treated with 5-ASA and five were treated with
corticosteroids. Steroid treatment was discontinued in two
patients and significantly reduced in one patient throughout
the study period.

Effect of oral immune regulation towards autologous colitis
extracted proteins on CDAI score
Administration of the study drug significantly ameliorated
disease activity. During the course of treatment, 10/10 subjects
had a clinical response (CDAI decrease of at least 70 points),
and 7/10 subjects achieved clinical remission (CDAI ≤ 150).
Median time to response was 5 wk (Figures 1A and B). The
median decrease of CDAI was -102 points in 6 wk (from
264 to 162 points, P = 0.003), and -129 points in 14 wk
(135 points, P = 0.0001). At the end of the non-treatment
16-wk follow-up period, CDAI score increased to 206 points.
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300 (8)
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cells from each group with a fluorescence-activated cell sorter
(FACSTAR plus, Becton Dickinson). Only live cells were
counted and background fluorescence from non-antibodytreated lymphocytes was deducted from levels obtained.
IFN ELISPOT assays IFN spot forming cells (SFC)
were determined using a colitis extracted protein (CEP)specific ELISPOT assay (Mabtech, Nacka, Sweden) as
described with the following modifications[27]. In brief, 96well filtration plates coated with high protein binding
hydrophobic PVDF membrane (polyvinylidene disulfide)
were used (Millipore Corp., Bedford, MA, USA). Plates were
coated with 1-D1K anti-IFN coating antibody (15 mg/mL,
Mabtech) for 24 h at 4 ℃. Peripheral blood mononuclear
cells (PBMCs) were isolated by Ficoll gradient separation
from 20 mL blood samples, collected in acid citrate dextrose
tubes, and processed within 1 h. PBMCs were washed twice
in RPMI 1640 with 10% fetal calf serum. Cells were
cultured in 96-well plates (1×105 cells/well) with RPMI 1640
and 10% FCS. Three triplicates were prepared with CEP
from each patient (50 g/mL), phytohemagglutinin (PHA,
2.5 g/mL), or RPMI without antigen. Plates were incubated
for 48 h at 37 ℃ and 50 mL/L CO2. Following washing,
dilute biotinylated antibodies (7-B6-1-biotin, Mabtech) were
added in filtered PBS with 0.5% FCS to 1 g/mL, in a total
volume of 100 L/well. Plates were incubated for 3 h at
room temperature. Following washing, 100 mL of
streptavidin-alkaline phosphatase was added, and plates were
incubated for 90 min at room temperature. After washing,
a substrate was added (BCIP/NBT, BioRad, Richmond,
USA) for 30 min until dark red purple spots emerged. Using
a dissection microscope, two independent investigators
counted dark spots, reflecting IFN-secreting clones. Results
are expressed as means of triplicate IFN-secreting cells
per 10 5 PBMCs, after subtracting the mean spots from
wells without viral antigens.
IFN and IL-4 serum levels IL-4, IL-10, and IFN
serum levels were measured by a “sandwich” ELISA, using
Genzyme Diagnostics kits (Genzyme Diagnostics, MA,
USA) according to the manufacturer’s instructions.
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Figure 1 Effect of the study drug on CDAI score. A: mean±SE CDAI scores
over time during the treatment period; B: CDAI scores of individual patients:
Baseline score (wk 0, open bars) as compared with score at time of maximal
decrease (black bars, no. of week appears for each patient in parenthesis
above bar).

Effect of oral immune regulation towards autologous colitis
extracted proteins on IBDQ score
Administration of the study drug significantly ameliorated
disease activity as measured by IBDQ score. A significant
increase in mean IBDQ score was noted at wk 16 as compared
to baseline (134±9 vs 164±12, P<0.05, Figures 2A and B).
Effect of oral immune regulation towards autologous colitis
extracted proteins on subpopulations of T lymphocytes
Administration of the study drug significantly induced a
significant increase in the CD4+/CD8+ lymphocyte ratio,
in 7/10 subjects (Figure 3). The peripheral NKT cell
number increased significantly in 5/10 subjects (Figure 4).
A significant increase in the CD3+/45RA (Figure 5),
CD19+/45RA (Figure 6), and CD25+/45RO (Figure 7)
lymphocytes was noted in the majority of treated subjects
(Figure 5). No major changes occurred in CD3+/45RO,
CD4+/45RO, CD8+/45R O, CD44+/45RO, and
CD16+/56+ lymphocytes subpopulations.
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Figure 5 Peripheral CD3 +/45RA lymphocyte ratio in 8/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 2 Effect of the study drug on IBDQ scores. A: Mean IBDQ scores
(±SE) at baseline (wk 0, open bars) as compared to end of treatment (wk 16,
black bars); B: IBDQ score of individual patients at baseline as compared to
wk 16.
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Figure 6 Peripheral CD19+ /45RA lymphocyte ratio in 7/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 3 Peripheral CD4+/CD8+ lymphocyte ratio in 7/10 patients in whom a
significant increase was observed. Baseline ratio (open bars) as compared to
level of maximal increase (black bars, no. of week shown in parenthesis above
each bar).
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Figure 7 Peripheral CD25+ /45RO lymphocyte ratio in 6/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 4 Peripheral NKT lymphocyte percent in 5/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars, no. of week shown in
parenthesis above each bar).

Effect of oral immune regulation towards autologous colitis
extracted proteins on antigen specific IFN-producing T cell
clones
The antigen-specific effect of oral immune regulation on
IFN SFC was determined using a CEP-specific ELISPOT
assay. In five patients, positive T-cell clones were detected
prior to oral protein administration. In all five, a significant
decrease in the number of IFN-positive SFC was noted
(0.2-3.6 to 0-0.2 SFC).
Effect of oral immune regulation towards autologous colitis
extracted proteins on serum cytokine levels
A significant increase in IL-4 (from 0.17±0.1 to 0.63±0.15
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pg/mL, P<0.05), and IL-10 (from 1.7±0.61 to 3.5±1.02
pg/mL, P<0.05) serum levels was observed in 7/10 subjects
during treatment period (Figures 8 and 9). No significant
changes in serum IFN levels were observed.
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Figure 8 Effect of the study drug on serum IL-4 levels in 7/10 patients in whom
a significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 9 Effect of the study drug on serum IL-10 levels in 8/10 patients in whom
a significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Safety measures
Treatment was well tolerated by all patients. All 10 patients
completed the study and no major treatment-related adverse
reactions were noted. A physician followed up the interim
history, vital signs, body weight, adverse event assessment
and performed a physical examination. CBC, ESR and
standard chemistries (SMA) were performed every 2 wk
throughout the study. No major treatment-related adverse
events were reported or observed in any of the treated
patients during the feeding and follow-up periods. No major
changes in any of the extraintestinal systems monitored were
reported in any of the patients.

DISCUSSION
The results of the present study suggest that induction of
oral immune regulation via oral administration of an autologous
colon-specific protein-containing extract is a safe and could
possibly be an effective treatment for subjects with mild to
moderate CD. Induction of oral immune regulation towards
CEP appeared to significantly ameliorate disease activity.
During the course of treatment period, 10/10 subjects had a
favorable clinical response (CDAI≤70), and 7/10 subjects

3109

achieved clinical remission (CDAI≤150). Median time to
response was 5 wk. A significant increase in mean IBDQ score
was noted at wk 16 as compared to baseline. No treatmentrelated adverse events were noted in any of the subjects.
The data of the present study provide a clue to the
mechanism associated with the clinical effects. High levels
of CEP-specific IFN spot forming colonies were detected
in five subjects prior to treatment. In all five, a marked
decrease was observed. A significant increase in IL-10 and
IL-4 serum levels was observed in 7/10 subjects during the
treatment period. These results suggest that immune
regulation by the study drug could alter bowel-associated
antigen-specific immunity, and may induce a systemic Th1
to Th2 immune shift.
Successful treatment of IBD, similar to that of other
immune-mediated disorders, requires mitigation of the
immune response towards disease-associated target
antigens. This involves generalized immunosuppression,
which may bring undesirable side effects [1,12]. Several new
immunomodulatory treatments were tested in patients with
IBD over the last few years. These treatments are all nonantigen specific[12]. This lack of disease-associated antigens’
specificity may explain the relatively low response rate, as
well as the relatively high levels of unwanted side effects.
In contrary, induction of antigen-specific oral immune
regulation towards autologous colon specific protein-containing
extracts could potentially enable long-term alleviation of the
disease, while leaving the general immunological defense
of the recipient intact[9,22-26]. In addition, as all of the new
immune modulatory agents involve systemic immune
suppression, their long-term effects are yet to be tested.
On the contrary, antigen-specific oral immune regulation
is unlikely to have long-term effects in other systems.
Induction of oral immune regulation has been used
to alleviate several immune-mediated disorders in
animals, including collagen-induced arthritis, experimental
colitis, chronic graft vs host disease, and experimental
encephalomyelitis[13-20]. We have previously shown that oral
immune regulation towards adenoviral antigens can abrogate
the humoral and cellular components of the anti-viral
immunity[18,27]. It was also shown that oral administration
of low-dose HBV-envelope proteins (BioHepB) induced
peripheral humoral immune tolerance towards HBV
epitopes in naive animals. In addition, tolerance induction
downregulated any pre-existing anti-HBV immune response,
and inhibited anti-HBs antibody production in mice with
secondary anti-viral immunity[27]. This mode of treatment
was tested in patients with rheumatoid arthritis, autoimmune
uveitis, type I diabetes mellitus, and multiple sclerosis[21,28-31].
We have recently shown that this method is effective in
patients with chronic HBV infection[32]. The results of these
studies showed that HBV-specific T-cell immune modulation
can be elicited via oral administration of HBV envelope proteins
to chronically infected individuals. In the experimental colitis
model, induction of oral immune regulation was shown by
several groups to alleviate the disease[22]. This response was
associated with a reverse of the cytokine secretion paradigm
with increased secretion of IL-4 and decreased secretion
of IFN. Adoptive transfer of tolerance by transplantation
of immune cells from orally-tolerized donors to sublethally
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irradiated recipients supports the existence of suppressor
cells in this setting[22].
As the intestinal damage in CD patients results mostly
from the host immune response, two explanations may
elucidate these results, the first being the principle of
induction of immune tolerization. Oral immune regulation
towards colitis proteins may have altered the immune
deviation, thereby removing a deleterious T-cell population
(such as those that secrete IFN), thus uncovering a more
efficacious sub-dominant response (secreting anti-inflammatory
cytokines such as IL-4 and IL-10). The second possible
explanation is induction of immunity. Oral immune regulation
may have enhanced the effect of a beneficial subset of T
cells towards the fed antigens in these patients, or of a
regulatory subtype of T lymphocytes that reintroduce the
required immunological balance in this setting. Correction
of an immunological imbalance can lead to an enhanced effect
on the part of T-cell subtypes, rather than a clearance or
irreversible suppression of “unwanted” T cells. It is possible
that simultaneous downregulation of one subset of T cells
and augmentation of another occurs. Similar approaches were
recently described towards Schistosoma mansoni and HBV
infections, in which the immune response was responsible for
the disease[32,33]. Inherent in this concept is the understanding
that pathology is not essential for the development of a
protective response. As it is not always possible to separate
pathology from “excessive” immune protection, it might not
always be possible to determine the role of different antigens
and/or subsets of T cells in the induction of each response.
The data of the present study showed a significant
increase in the peripheral CD4+/CD8+ lymphocyte ratio
in 7/10 patients, and of the peripheral NKT cell numbers
in 5/10 subjects. Interestingly, in the experimental colitis
model, tolerance induction led to a significant increase in
NKT numbers[26,34-36]. The peripheral CD4+/CD8+ ratio
increased threefold in tolerized vs non-tolerized mice. An
opposite effect was observed in the intrahepatic CD4+/CD8+.
T lymphocytes expressing NK cell markers (NKT cells)
exist in low numbers in the peripheral blood and most other
tissues, but are abundant in the liver and bone marrow[37].
They are typified as CD4+ or CD4-CD8- and CD16-, and
express  TCR int. Upon in vivo and in vitro stimulations,
they produce large amounts of both IL-4 and IFN, exhibit
enhanced cytolytic activity, and have a regulatory role in
helper T (Th) cell differentiation[38-40]. NKT lymphocytes were
shown to play a regulatory role in immune-mediated disorders.
Others and we have recently shown that this subset of
lymphocytes may have a role in peripheral tolerance induction.
Induction of peripheral tolerance via oral administration of
an antigen, or FK506 treatment, was associated with significant
increases in intrahepatic NKT lymphocyte proportions and
cytotoxicity function[36] . Depletion of NKT lymphocytes
prevented the Th1 to Th2 immune shift, hindering the ability
to induce immune tolerance in experimental colitis[26]. The
results of the present study suggest that oral immune
regulation induces a systemic immune shift in subpopulations
of T cells. However, based on the present data it is difficult
to draw conclusions on the exact role of subtypes of T
lymphocytes in the pathogenesis of CD, as well as on the
regulatory role of NKT cells in this setting.
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Application of oral tolerance in some patients with
IBD may require the use of surrogate antigens. A similar
approach has been used in trials involving patients with
multiple sclerosis, diabetes, and rheumatoid arthritis[41-45]. A
bystander effect is known to play a role in oral immune
regulation[44]. It involves regulatory cells secreting nonantigen-specific cytokines that suppress inflammation in the
microenvironment, where the fed antigen is localized.
Mucosal Th2/Th3 cells, secreting TGF generated by
intermittent feeding of a low-dose antigen, may play a role
in bystander tolerance[13] . We have previously shown that
surrogate antigens derived from normal colonic wall and
those derived from other species induced a beneficial effect
in experimental colitis[35]. These results suggest that surrogate
antigens, related to the disease-target epitopes, may have a
similar immune modulating effect. They imply that closely
related proteins are being presented and processed by
gut-associated lymphoid tissue in a similar way. Both
administration of an antigenitically similar epitope, or of
an epitope distinct from the disease-target antigen but found
in the target organ, can regulate peripheral immune
activation. Geographical proximity and/or antigenic
similarity to the disease-target antigen may be held
responsible for these effects. In the present study, biopsies
were taken preferentially from inflamed areas in the colon,
or the terminal ileum. In some of the patients, however,
biopsies were taken from mucosa of a normal appearance.
In both, a clinical effect was noted.
During the periods of follow-up, 5 of the 10 patients
experienced a relapse of their symptoms. This loss of effect
may be due to the partial effect of oral immune regulation
on subtypes of regulatory T lymphocytes in this setting. It
may suggest that long-term treatment, and even continuous
exposure of the disease-associated antigens, are required in
these settings.
In summary, induction of oral immune regulation
towards colitis-extracted proteins is a safe and perhaps
effective new mode of therapy in patients with mild to
moderate CD. This novel method significantly alleviated
the disease while altering the antigen-specific immune
response. It had no undesirable effects in other systems. As
the present study was an open non-randomized trial, largescale double blind placebo trials would be required in order
to evaluate this new mode of treatment for CD patients.
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Abstract
AIM: Esomeprazole, an oral S-form of omeprazole,
has been a greater acid inhibitor over omeprazole in
treating acid-related diseases. Only less published
data is available to confirm its efficacy for Asian people.
Therefore, a perspective, double-blind, randomized
comparison of esomeprazole tablets 40 mg (Nexium) vs
omeprazole capsules 20 mg (Losec) in treating Chinese
subjects with erosive/ulcerative reflux esophagitis (EE)
was conducted.
METHODS: A total of 48 EE patients were enrolled and
randomized into two treatment groups under 8-wk therapy:
25 receiving esomeprazole, while another 23 receiving
omeprazole treatment. Finally, 44 completed the whole
8-wk therapy.
RESULTS: The difference in healing EE between two
groups was 22.7% (72.7% vs 50.0%), not reaching
significant value (P = 0.204). The median of the first
time needed in relieving heartburn sensation was 1 d
for both groups and the remission rates for heartburn
on the 1 st d after treatment were 77.3% and 65%,
respectively (NS). The scores of various reflux relieving
symptoms evaluated either by patients or by investigators
were not different. Regarding drug safety, 28% of
esomeprazole group and 26.1% of omeprazole group
reported at least one episode of adverse effects, while
constipation and skin dryness were the common side
effects in both groups (NS).
CONCLUSION: Esomeprazole 40 mg is an effective and
safe drug at least comparable to omeprazole in treating
Chinese EE patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The reflux of gastric acid and duodenal contents into
esophagus is a normal physiological phenomenon. However,
the sustained esophageal mucosal damage, e.g., erosive/
reflux esophagitis induced by this kind of reflux, may happen
when the normal esophageal clearance and mucosal
protection ability are impaired[1]. Gastroesophageal reflux
disease (GERD) refers to individuals who are exposed to the
physical complications from this reflux, or who experience
clinically significant impairment of healthy well-being and quality
of life due to reflux-related symptoms[2]. Today, prompt and
effective relief of GERD symptoms is the primary goal for
these patients. Since acid has been the major pathogen leading
to reflux-associated symptoms, current GERD treatment is
mainly aimed to reduce the acid exposure to esophagus[3,4]. For
example, omeprazole (Losec), the first proton pump inhibitor
(PPI) showing an effective acid inhibitory ability, provides the
satisfactory therapy either in GERD symptom relief or in
healing of erosive esophagitis[5-7]. The modified formulation
of omeprazole, multiple unit pellet system, remains effective
in healing and relieving symptoms in GERD patients[8]. Up to
date, omeprazole efficacy and safety are well established in
many trials because more than 600 million patients have used
omeprazole capsules worldwide including Taiwan[9,10].
Esomeprazole (Nexium), the new S-isomer of omeprazole, is introduced to reduce gastric acid secretion more
efficiently[9]. Unlike omeprazole, pharmacodynamic data
suggest that the metabolism of esomeprazole in human
liver microsomes is less dependent on CYP2C19 but mainly
via CYP3A4[11]. Based on this observation, perhaps the interindividual variation of esomeprazole metabolism is less
compared to omeprazole[12]. In addition, studies have pointed
out that esomeprazole exhibits significantly higher
bioavailability, leading to the greater inhibition of gastric
acid secretion compared to omeprazole[11,13]. Accordingly,
many studies conducted in Western countries have
confirmed the superior efficacy of esomeprazole over
omeprazole in treating GERD patients[9,14].
GERD appears less common in East Asian countries
compared to Western ones[15,16]. It is of interest to know the
reason for the efficacy of esomeprazole in Asian GERD
patients. Kao et al[17], indicated that esomeprazole achieved
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68-73.9% sustained symptomatic response rate for GERD
patients in an on-demand therapy trial. Based on the study
design of a double-blind, randomized and controlled trial,
the purpose of our study was to compare the efficacy and
safety of esomeprazole tablet 40 mg and omeprazole capsule
20 mg in treating patients with endoscopically confirmed
reflux esophagitis (EE) enrolled in a single center. Our primary
objective was to assess the EE healing rate using both agents
by an 8-wk treatment period. While the secondary objectives
were to compare the response of reflux symptoms and
general well-being by both agents at wk 4 and 8, respectively,
to compare the time needed to relieve heartburn by both
agents, and to evaluate the tolerability and safety of both
agents.

MATERIALS AND METHODS
Design and study population
This was an active-controlled, double-blinded, double-dummy,
randomized, single-center study with a parallel group designed
to enroll 48 EE patients. Forty-eight outpatients (M/F: 38/10,
age: 54.1±17.8 years), who sought medical care because of
typical GERD symptoms for at least 1 mo, were consecutively
enrolled in the study. They all received an endoscopy to
confirm the EE diagnosis according to Los Angeles (LA)
grading system[18], and met an inclusion criterion for an 8-wk
treatment period with either esomeprazole tablet 40 mg or
omeprazole capsule 20 mg (AstraZeneca, Gothenburg,
Sweden). While endoscopy specimens were simultaneously
obtained from stomach antrum and body for a rapid urease
test to determine Helicobacter pylori (H pylori) infection. Those
subjects with the following conditions were excluded:
coexistence of healed or active peptic ulcer, gastrointestinal
malignancy, esophago-gastric surgical history, esophagitis
obviously resulted from systemic diseases, infections, drugs,
burn, radiotherapy or physical deformity, severe esophageal
stricture requiring dilatation at first endoscopy or expectation
of requiring dilatation during the study, recent PPI treatment
within 8 d prior to endoscopy, or using PPIs for more than
5 d in the last 28 d prior to endoscopy, with H pylori eradication
therapy within the last 28 d prior to randomization or at
any time during the study, using other antisecretory or
prokinetic agents between endoscopy and randomization
or at any time during the study, or with any investigational
(non-approved) drug during the last 30 d prior to randomization.
In addition, those with severe concurrent diseases judged
by the investigators to complicate the evaluation of the
trial, pregnancy, lactation or child-bearing potential without
adequate contraception (contraceptive pill or intrauterine
device), chronic alcoholism, drug abuse or any other conditions
associated with poor patient compliance including expected
non-co-operation, previous randomization in the study, and
patients who needed continuously concomitant therapy with
anticholinergics, cisapride, prostaglandin analogs, nonsteroidal anti-inflammatory drugs (including COX-II) and
aspirin (excluding low-dose aspirin e.g., 100 mg, as antiplatelet) were also excluded from this study. This study was
approved by the Ethical Committee of Taipei Veterans
General Hospital and carried out in accordance with the
World Medical Association Helsinki Declaration. Written
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informed consent was obtained before any study-related
procedures were performed.
The GERD symptoms such as heartburn, acid regurgitation,
epigastric/chest pain, belching, nausea, vomiting and global
well-being were assessed based on a standard visual analog
scaled (VAS) questionnaire. Study medication was administered
only to those subjects included in this study, following the
procedures set out in the clinical study protocol. A sequence
of patient numbers was assigned to the study center. All
subjects entering the study received a patient number. This
patient number was printed on the case report form and
was used to identify the subject throughout the study. A
randomization schedule was generated by the AstraZeneca
using a validated system that automated the random assignment
of treatment groups according to the randomization numbers.
This schedule linked sequential numbers to treatment codes
allocated at random. The schedule was prepared with a 1:1
randomization ratio in block size of 4. The study medication
was labeled with the randomization numbers (medication
numbers). At the end of baseline visit, eligible patients were
randomized to the study medication in accordance with the
randomization schedule. The next eligible subject received
the study medication with the lowest available randomization
number. Each subject was given only the study medication
carrying his/her randomization number. The investigator
documented the randomization number by sticking the label
provided on the appropriate case report form. Subjects who
permanently discontinued from the study were to retain their
subject number and their randomization number, if already
given. New subjects were always allotted a new subject
number and, if applicable, a new randomization number.
Patients were asked to come back to the study office on
three occasions (baseline, wk 4 and 8, respectively) during
the trial. All doses were taken by mouth once daily in the
morning before breakfast. During the study period, the
patients were instructed to take one tablet of esomeprazole
or matching placebo and one capsule of omeprazole or
matching placebo in the morning with a glass of water. The
first dose of study medication was taken on the morning
after randomization. This was considered as d 1 of treatment.
After the whole course of treatment, they were asked to
come back on the last day of medication. At that time, they
received the 2 nd endoscopy to assess the EE status again.
Meanwhile GERD symptoms based on VAS after treatment
were scored again. All the endoscopic EE diagnoses and
their follow-up according to LA grading were initially
performed by an experienced endoscopist (Chang), while
all the endoscopic findings including EE were recorded by
Polaroid films. When all the studies were completed, the
recorded films assigned to their study codes were reviewed
independently by another two endoscopists (Lu and Chen)
who were blind to the order and code of endoscopy for
each patient. If three readings in each film were dissimilar,
this film was discussed by the above three investigators
together to obtain the final endoscopic assessment. Healing
was defined as no EE evidence.
Efficacy data
The primary endpoint of this trial was the percentage of
enrolled patients whose EE was healed by wk-8 visit. The
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secondary efficacy variables included for the first time the
relief of heartburn symptoms, changes of reflux symptom
scores (based on VAS score) and overall therapeutic effects
judged via either subjective (patient) or objective (investigator)
assessment.
Safety data
The safety assessments included observed and reported adverse
events (AE) and clinical laboratory evaluations (hematology
and serum chemistry).
Study duration and dates
The study took place between 28 March, 2001 and 26
October, 2001.
Statistical procedures
For the primary efficacy parameter, the healing rate for
each group was calculated with 95%CI. The difference
between the two treatment groups and the corresponding
95%CI were also provided and compared by using Fisher’s
exact test. The cumulative percentage of patients who
exhibited the first relief of their diary-recorded symptom
of heartburn was compared using Fisher’s exact test on
d 1, 7, and 28, respectively. The median first time to relieve
heartburn symptom between the two groups were compared
using log-rank test. For reflux symptoms, Wilcoxon rank
sum test was used to assess patient VAS score, and Fisher’s
exact test was used to assess investigator scores as well as
the overall therapeutic effect.
AE were summarized according to coding symbols for
thesaurus of adverse reaction terms. The number of patients
who reported a particular event and the number of events
were summarized. Comparative incidence of AE was evaluated
using Fisher’s exact test. Each laboratory parameter was listed
with values outside the reference range identified. For each
laboratory parameter, changes in abnormality/normality
status from pre- to post-treatment were summarized in shift
tables and assessed using McNemar test.
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Interim analysis
No interim analysis was performed in this study.

RESULTS
Study subjects and conduct
Finally, 48 eligible EE patients were enrolled and randomized
according to the protocol. Their demographics and baseline
characteristics are summarized in Table 1. Of them, 25 patients
were distributed into esomeprazole group whereas 23 patients
were on omeprazole treatment. Table 1 illustrates that both
groups were comparable in their demographic characteristics
and basal clinical manifestations except the subjects of
esomeprazole group had a higher chance of belching (P<0.05).
Among the 48 randomized patients, only 44 (esomeprazole:
24; omeprazole: 20) completed the whole study course.
The reasons why four of them did not finish the trial
were as follows: two lost their follow-up and another two
discontinued the study medication. In addition, 2 (all were
esomeprazole) of 44 who finished the study refused
endoscopy follow-up at wk-8 visit were excluded from
per protocol analysis.
Efficacy
The EE healing rates of esomeprazole and omeprazole treatment
judged at the end of 8-wk trial [per-protocol (PP)] were
72.7% (16/22, 95%CI: 49.8-89.3%) and 50.0% (10/20,
27.2-72.8%) respectively [intent-to-treat (ITT): 64% (16/25,
95%CI: 44.3-83.8%) vs 45.5% (10/22, 95%CI: 22.7-68.3%),
P = 0.2481], while the odds ratio was 2.667 (PP: 95%CI:
0.739-9.63, P = 0.2040) for esomeprazole over omeprazole.
In order to understand whether esomeprazole was
effective in reducing LA-based EE grading, we further
analyzed their extent of changed grading for both groups,
e.g., 0 (no change), -1 (A to healed, B to A, C to B and D to
C), -2 (B to healed, C to A and D to B) and -3 (C to healed,
D to A), respectively (Figure 1). Although esomeprazole
showed a better healing ability, however, no significant
difference was found.

Table 1 Demographics and baseline characteristics of erosive esophagitis patients treated with esomeprazole or omeprazole (mean±SE)
Esomeprazole 40 mg n = 25
Age (yr)
Sex (male%)
Body weight (kg)
Height (cm)

Omeprazole 20 mg n = 23

P

49.2±3.7

59.0±3.4

20 (80)

18 (78.3)

0.0596
1.0000

68.4±2.4
166.7±1.3

70.9±2.5
169.0±1.4

0.4779
0.2096

Basal reflux symptoms (VAS)
Heartburn

29.4±5.7

23.6±5.9

0.2683

Nausea
Regurgitation

18.7±5.5
29.8±6.1

13.8±5.8
24.5±6.4

0.8520
0.3365
0.5702

Vomiting

14.0±4.7

8.8±4.9

Belching

47.0±6.0

25.2±6.3

0.0121

Dysphagia
Epigastric pain

7.5±5.0
15.8±5.5

14.7±5.2
16.7±5.8

0.7421
0.9223

A

15 (60)

11 (47.8)

B
C

7 (28)
2 (8)

7 (30.4)
2 (8.7)

LA grade of erosive esophagitis [n (%)]

D
Hp infection status

0.6617

1 (4)

3 (13.0)

10 (40)

11 (47.8)

VAS: visual analog scale, scored from 0 (none) to 100 (most severe); Hp: Helicobacter pylori; LA: Los Angeles.

0.5643
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Table 2 Changes of reflux symptoms assessed on visual analog
scale of studied patients 8 wk after esomeprazole or omeprazole
treatment (mean±SE)

-3

Case number

-2
14
12
10
8
6
4
2
0

Grading of
Improvement

Reflux
symptoms

-1
0

Esomeprazole

Omeprazole

Heartburn
Nausea
Regurgitation
Vomiting
Belching
Dysphagia
Epigastric pain

Esomeprazole
n = 22

Omeprazole
n = 22

P

-22.3±2.1
-11.9±2.2
-22.4±2.2
-9.1±1.61
-24.1±4.3
-8.4±1.4
-10.6±2.0

-21.4±2.2
-12.7±2.4
-20.4±2.3
-8.8±1.7
-17.9±4.6
-6.5±1.5
-11.1±2.1

0.5453
0.8867
0.8598
0.4438
0.0113
0.8044
0.1747

VAS was scored from 0 (none) to 100 (most severe).

Figure 1 Histogram showing endoscopic assessment for the improved LA
grading in erosive esophagitis patients after esomeprazole or omeprazole
treatment. Grade of improvement: -3 means D to A or C to healed, -2 means D
to B, C to A, or B to healed, -1 means D to C, C to B, B to A, or A to healed.

The median time to the first relief of heartburn between
esomeprazole and omeprazole groups was similar on d 1
after treatment. On d 1, 77.3% and 65% of EE patients
recorded the first relief of heartburn, respectively (Figure 2).
Table 2 denotes that esomeprazole treatment was not significantly
different from omeprazole in any of improved GERD
symptom scores evaluated by patients themselves based on
VAS except belching improvement was marked in patients
undergoing esomeprazole treatment (P<0.05). Table 3
illustrates that the therapeutic symptomatic response scores
of both treatments were similar (NS).

Table 3 Changed reflux symptoms of studied patients 8 wk after
esomeprazole or omeprazole treatment (%)

Heartburn

Regurgitation

Dysphagia

Epigastric pain

Nausea

Vomiting

100%
Belching

75%

Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse

Esomeprazole
(n = 22)

Omeprazole
(n = 20)

50.0
50.0
0.0
77.3
18.2
4.5
36.4
63.6
0.0
27.3
63.6
9.1
22.7
68.2
9.1
22.7
77.3
0.0
54.5
36.4
9.1

65.0
25.0
10.0
85.0
15.0
0.0
35.0
60.0
5.0
50.0
50.0
0.0
35.0
65.0
0.0
40.0
60.0
0.0
45.0
45.0
10.0

P
0.0993

1.0000

0.8697

0.1895

0.5036

0.3200

0.8999

Esomeprazole
50%
Omeprazole

8 week
7 week
6 week
5 week
4 week
3 week
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

25%

Figure 2 No cumulative percentage difference in relieving heartburn between
erosive esophagitis patients after esomeprazole or omeprazole treatment illustrated
by scattering plot.

Safety
In general, EE patients receiving esomeprazole (28.0%) and
omeprazole (26.1%) treatment reported AE at least once
during the trial (NS). Among them, constipation, dry skin
sensation, diarrhea, headache, somnolence, etc., were the
recorded AE in both groups (Table 4). Their distributions
were also not different. Only one patient in omeprazole group
reported a serious adverse event of cellulites during the treatment
period, this causal relationship to treatment was judged to
be unrelated. In addition, there were no clinically meaningful
differences between treatment groups in terms of changed
laboratory values or physical examinations.

DISCUSSION
Our study mainly indicated that both esomeprazole and
omeprazole were similarly effective in healing EE, relieving
reflux symptoms for the Chinese EE patients in Taiwan.
Gastro-esophageal reflux-induced EE is one of the GERDs,
which ranges from endoscopy negative reflux to severe
complications of Barrett’s esophagus as either high-grade
dysplasia or adenocarcinoma[19,20]. Unlike endoscopy negative
reflux, EE is very easily identified in GERD subjects based
on experienced endoscopy. Until now, EE treatment is similar
to any kind of GERD, e.g., reducing acid reflux, healing
erosive lesions and preventing future relapse[2].
The EE severity is usually related to the extent and time
of esophageal acid exposure[22] . It means the greater the
acid exposure the severe the mucosal damage. Among the
refluxed contents, acid is the most important pathogen leading
to GERD, while effective acid reduction remains the only
available method to treat GERD at this moment[2,22,23].
Accordingly, effective acid control for GERD subjects likely
results in faster resolution of reflux symptoms, healing of
reflux lesions quickly, better response of those with severe
lesions and less frequent relapse. Symptom relief is indeed
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Table 4 AE in studied patients 8 wk after esomeprazole or omeprazole
treatment (ITT)
Esomeprazole (n = 25)
n (%)

Omeprazole (n = 23)
n (%)

P

7 (28.0)

6 (26.1)

1.0000

Constipation

2 (8.0)

1 (4.4)

1.0000

Dry skin
Diarrhea

1 (4.0)
1 (4.0)

3 (13.0)
1 (4.4)

0.3381
1.0000

Headache

1 (4.0)

1 (4.4)

1.0000

Somnolence

1 (4.0)

1 (4.4)

1.0000

Cellulites
Bronchitis

0 (0.0)
0 (0.0)

1 (4.4)
1 (4.4)

0.4792
0.4792

Patient with at
least one AE

Volume 11

Number 20

patients to achieve healing has been overemphasized[40].
In summary, esomeprazole is at least similar to omeprazole
in healing EE and removing reflux-related symptoms. Both
esomeprazole and omeprazole are safe and well tolerated
by Asian EE patients.

ACKNOWLEDGMENTS
The authors thank Jack Chai, MS, for his secretarial assistance.
REFERENCES
1
2

very important to all GERD patients because these symptoms
usually bother their daily quality of life. Now step down
treatment for GERD patients beginning with an effective
PPI was recommended by the Genval consensus[2]. Although
many of our studied GERD patients had mild EE, however,
they still complained of cardinal reflux symptoms and other
reflux-related symptoms. After 1 d of active esomeprazole
and omeprazole treatment, 77.3% and 65% of patients
recorded their first relief of heartburn. After 8-wk treatment,
the VAS scores of many reflux symptoms were improved
in both groups. In addition, the objective ranking of overall
therapeutic effect showed a favorable and comparable result
in both groups. We thus confirmed that 40 mg esomeprazole
and 20 mg omeprazole daily for 8 wk could offer a sufficient
acid suppression leading to the effective symptomatic relief
for Asian EE patients without serious AE.
Benefits have been demonstrated in studies of esomeprazole
vs omeprazole and lansoprazole[15,25-27]. Our study was to
compare the therapeutic efficacy of a single isomer PPI,
esomeprazole and omeprazole in treating EE patients in
Taiwan. In fact, we found that EE was finally healed in
more than half of our enrolled patients after 8-wk treatment.
This EE healing rate was obviously lower than that in previous
reports (67-85%) using PPI for a similar duration[5-7,28-33]. It has
been pointed out that EE is usually less commonly presented
and milder in nature among the Orientals in comparison
with Occidentals[28-35]. In our study, the EE severity scored
via LA grading system among the 48 consecutively enrolled
patients was mainly classified as LA grade A, whereas
previous reports from Western studies often included EE
patients with an advanced grade[5-7,15-18,22-24]. Theoretically,
our study should provide a better efficacy since many of
the enrolled subjects had mild EE in nature. Surprisingly,
we obtained a lower EE healing efficacy based on the similar
PPI for a similar therapeutic duration. It is unknown whether
the ethnic factor compromises the therapeutic efficacy. For
example, PPI treatment for GERD patients only achieved
57.7% and 77% healing rates in two Japanese group studies,
respectively[36,37]. Because our study was a single center trial
and only enrolled a limited number of eligible EE patients,
we believe that the lower and indistinguishable efficacy of
esomeprazole vs omeprazole treatment was most likely
originated from a type II error of inadequate study power,
which was common in many drug trial studies[38,39] . In
addition, long-term management of EE patients with PPI
maybe more meaningful since initial management of EE

May 28, 2005

3
4

5

6

7

8

9

10

11
12

13

14

15

16

17

Dodds WJ, Hogan WJ, Helm JF, Dent J. Pathogenesis of reflux esophagitis. Gastroenterology 1981; 81: 376-394
An evidence-based appraisal of reflux disease management--the Genval Workshop Report. Gut 1999; 44 (Suppl
2): S1-S16
Tytgat GN, Nio CY. The medical therapy of reflux oesophagitis.
Baillieres Clin Gastroenterol 1987; 1: 791-807
Bell NJ, Hunt RH. Role of gastric acid suppression in the
treatment of gastro-oesophageal reflux disease. Gut 1992;
33: 118-124
Bate CM, Green JR, Axon AT, Murray FE, Tildesley G, Emmas
CE, Taylor MD. Omeprazole is more effective than cimetidine
for the relief of all grades of gastro-oesophageal reflux disease-associated heartburn, irrespective of the presence or absence of endoscopic oesophagitis. Aliment Pharmacol Ther 1997;
11: 755-763
Galmiche JP, Barthelemy P, Hamelin B. Treating the symptoms of gastro-oesophageal reflux disease: a double-blind
comparison of omeprazole and cisapride. Aliment Pharmacol
Ther 1997; 11: 765-773
Hallerback B, Unge P, Carling L, Edwin B, Glise H, Havu N,
Lyrenas E, Lundberg K. Omeprazole or ranitidine in longterm treatment of reflux esophagitis. The Scandinavian Clinics for United Research Group. Gastroenterology 1994; 107:
1305-1311
Lu CL, Chen TS, Chen CY, Chang FY, Kang LJ, Lee SD. Treatment of erosive oesophagitis with omeprazole: a comparison
with different delivery system. Dig Liver Dis 2001; 33: 731
Lindberg P, Keeling D, Fryklund J, Andersson T, Lundborg
P, Carlsson E. Review article: Esomeprazole-enhanced bioavailability, specificity for the proton pump and inhibition of
acid secretion. Aliment Pharmacol Ther 2003; 17: 481-488
Sjovall H, Bjornsson E, Holmberg J, Hasselgren G, Rohss K,
Hassan-Alin M. Pharmacokinetic study of esomeprazole in
patients with hepatic impairment. Eur J Gastroenterol Hepatol
2002; 14: 491-496
Investigator’s brochure on esomeprazole for oral use. 1999
Lind T, Rydberg L, Kyleback A, Jonsson A, Andersson T,
Hasselgren G, Holmberg J, Rohss K. Esomeprazole provides
improved acid control vs. omeprazole In patients with symptoms of gastro-oesophageal reflux disease. Aliment Pharmacol
Ther 2000; 14: 861-867
Andersson T, Hassan-Alin M, Hasselgren G, Rohss K, Weidolf
L. Pharmacokinetic studies with esomeprazole, the (S)-isomer of omeprazole. Clin Pharmacokinet 2001; 40: 411-426
Kahrilas PJ, Falk GW, Johnson DA, Schmitt C, Collins DW,
Whipple J, D'Amico D, Hamelin B, Joelsson B. Esomeprazole
improves healing and symptom resolution as compared with
omeprazole in reflux oesophagitis patients: a randomized
controlled trial. The Esomeprazole Study Investigators. Aliment Pharmacol Ther 2000; 14: 1249-1258
Chang CS, Poon SK, Lien HC, Chen GH. The incidence of
reflux esophagitis among the Chinese. Am J Gastroenterol 1997;
92: 668-671
Goh KL, Chang CS, Fock KM, Ke M, Park HJ, Lam SK. Gastrooesophageal reflux disease in Asia. J Gastroenterol Hepatol
2000; 15: 230-238
Kao AW, Sheu BS, Sheu MJ, Chang YM, Huang SF, Chuang

Chen CY et al. Esomeprazole in EE

18

19

20
21

22

23
24
25

26

27

28

CH, Lai YL, Kao YH. On-demand therapy for Los Angeles
grade A and B reflux esophagitis: esomeprazole versus
omeprazole. J Formos Med Assoc 2003; 102: 607-612
Armstrong D, Bennett JR, Blum AL, Dent J, De Dombal FT,
Galmiche JP, Lundell L, Margulies M, Richter JE, Spechler SJ,
Tytgat GN, Wallin L. The endoscopic assessment of esophagitis:
a progress report on observer agreement. Gastroenterology 1996;
111: 85-92
Jankowski JA , Provenzale D, Moayyedi P. Esophageal
adenocarcinoma arising from Barrett’s metaplasia has regional variations in the west. Gastroenterology 2002; 122:
5 8 8 -5 9 0
Jankowski JA, Harrison RF, Perry I, Balkwill F, Tselepis C.
Barrett’s metaplasia. Lancet 2000; 356: 2079-2085
Whittles CE, Biddlestone LR, Burton A, Barr H, Jankowski
JA, Warner PJ, Shepherd NA. Apoptotic and proliferative
activity in the neoplastic progression of Barrett’s oesophagus:
a comparative study. J Pathol 1999; 187: 535-540
Richter JE. Gastroesophageal reflux disease in the older patient:
presentation, treatment, and complications. Am J Gastroenterol
2000; 95: 368-373
Dent J. Gastro-oesophageal reflux disease. Digestion 1998;
59: 433-445
Pope CE. Acid-reflux disorders. N Engl J Med 1994; 331: 65666 0
Castell DO, Kahrilas PJ, Richter JE, Vakil NB, Johnson DA,
Zuckerman S, Skammer W, Levine JG. Esomeprazole (40 mg)
compared with lansoprazole (30 mg) in the treatment of erosive esophagitis. Am J Gastroenterol 2002; 97: 575-583
Lauritsen K, Deviere J, Bigard MA, Bayerdorffer E, Mozsik
G, Murray F, Kristjansdottir S, Savarino V, Vetvik K, De Freitas
D, Orive V, Rodrigo L, Fried M, Morris J, Schneider H, Eklund
S, Larko A. Esomeprazole 20 mg and lansoprazole 15 mg in
maintaining healed reflux oesophagitis: Metropole study
results. Aliment Pharmacol Ther 2003; 17: 333-341
Vakil NB, Shaker R, Johnson DA, Kovacs T, Baerg RD, Hwang
C, D’Amico D, Hamelin B. The new proton pump inhibitor
esomeprazole is effective as a maintenance therapy in GERD
patients wi th healed erosive oesophagitis: a 6 -month,
randomized, double-blind, placebo-controlled study of efficacy and safety. Aliment Pharmacol Ther 2001; 15: 927-935
Gough AL, Long RG, Cooper BT, Fosters CS, Garrett AD,
Langworthy CH. Lansoprazole versus ranitidine in the main-

3117

29

30

31

32

33

34

35

36

37

38

39

40

tenance treatment of reflux oesophagitis. Aliment Pharmacol
Ther 1996; 10: 529-539
Hatlebakk JG, Berstad A, Carling L, Svedberg LE, Unge P,
Ekstrom P, Halvorsen L, Stallemo A, Hovdenak N, Trondstad
R. Lansoprazole versus omeprazole in short-term treatment
of reflux oesophagitis. Results of a Scandinavian multicentre
trial. Scand J Gastroenterol 1993; 28: 224-228
Castell DO, Richter JE, Robinson M, Sontag SJ, Haber MM.
Efficacy and safety of lansoprazole in the treatment of erosive
reflux esophagitis. The Lansoprazole Group. Am J Gastroenterol
1996; 91: 1749-1757
Mee A S, Row l ey JL. Rapi d symptom reli ef i n reflux
oesophagitis: a comparison of lansoprazole and omeprazole.
Aliment Pharmacol Ther 1996; 10: 757-763
Robinson M, Sahba B, Avner D, Jhala N, Greski-Rose PA,
Jennings DE. A comparison of lansoprazole and ranitidine in
the treatment of erosive oesophagitis. Multicentre Investigational Group. Aliment Pharmacol Ther 1995; 9: 25-31
Mössner J, Hölscher AH, Herz R, Schneider A. A doubleblind study of pantoprazole and omeprazole in the treatment
of reflux oesophagitis: a multicentre trial. Aliment Pharmacol
Ther 1995; 9: 321-326
Xia HH, Ta lley NJ. Helicoba cter pylo ri infection, reflux
esophagitis, and atrophic gastritis: an unexplored triangle.
Am J Gastroenterol 1998; 93: 394-400
Bercík P, Verdú EF, Armstrong D. H pylori related increase in
omeprazole (ome) effect is associated with ammonia production (abstr). Gastroenterology 1996; 110: A64
Endo M, Sugihara K. Long-term maintenance treatment of
reflux esophagitis resistant to H2-RA with PPI (lansoprazole).
Nihon Rinsho 2000; 58: 1865-1870
Umeda N, Miki K, Hoshino E. Lansoprazole versus famotidine
in symptomatic reflux esophagitis: a randomized, multicenter
study. J Clin Gastroenterol 1995; 20 Suppl 1: S17-S23
Talley N. Managing reflux disease-Critically reviewing the
evidence in 2003. International Symposium, Marbella, Spain,
January 18, 2003
Al MJ, van Hout BA, Michel BC, Rutten FF. Sample size
calculation in economic evaluations. Health Econ 1998; 7:
327-335
Dent J, Talley NJ. Overview: initial and long-term management of gastro-oesophageal reflux disease. Aliment Pharmacol
Ther 2003; 17 Suppl 1: 53-57
Science Editor Wang XL Language Editor Elsevier HK

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

EL SEVIER

World J Gastroenterol 2005;11(20):3118-3121
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Clinical significance of granuloma in Crohn’s disease
Tamás Molnár, László Tiszlavicz, Csaba Gyulai, Ferenc Nagy, János Lonovics
Tamás Molnár, Ferenc Nagy, János Lonovics, First Department
of Medicine Faculty of Medicine, University of Szeged, H-6720
Szeged, Korányi fasor 8., Hungary
László Tiszlavicz, Department of Pathology, Faculty of Medicine,
University of Szeged, H-6720 Szeged, Korányi fasor 8., Hungary
Csaba Gyulai, Department of Radiology, Faculty of Medicine,
University of Szeged, H-6720 Szeged, Korányi fasor 8., Hungary
Correspondence to: Tamás Molnár, First Department of Medicine
Faculty of Medicine, University of Szeged, H-6720 Szeged, Korányi
fasor 8., Hungary. mot@in1st.szote.u-szeged.hu
Telephone: +36-62-545186 Fax: +36-62-545185
Received: 2004-10-09 Accepted: 2004-10-18

Abstract
AIM: Granuloma is considered the hallmark of microscopic
diagnosis in Crohn’s disease (CD), but granulomas can be
detected in only 21-60% of CD patients. The aim of this study
was to evaluate the frequency of granulomas by multiple
endoscopic biopsies in patients with CD and to examine
whether group of patients with or without granuloma exhibit
a different clinical course.
METHODS: Fifty-six patients with newly diagnosed CD
were included in the study. Jejunoscopy, enteroclysis and
ileo-colonoscopy were performed in all patients. At least
two biopsy specimens from each examined gastrointestinal
segment were examined microscopically searching
granuloma. The clinical course was followed in all patients,
and extraintestinal manifestations as well as details of any
immunosuppressive therapy and surgical intervention
were noted.
RESULTS: Granuloma was found in 44.6% of the cases
(25 patients). Patients with granuloma had higher activity
parameters at the time of the biopsies. Extraintestinal
manifestations were observed and surgical interventions
were performed more often in the granuloma group. The
need of immunosuppressive therapy was significantly more
frequent in the patients with granuloma. Granuloma formation
is more often seen in younger patients, and mainly in the severe,
active penetrating disease.
CONCLUSION: The significantly higher frequency of surgical
interventions and immunosuppressive therapy suggests
that granuloma formation is associated with a more severe
disease course during the first years of CD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is a chronic transmural inflammatory
bowel disease of unknown etiology. Granuloma is considered
the hallmark of microscopic diagnosis in CD, but granulomas
can be detected in only 40-60% of surgically resected bowel
segments in CD patients[1]. The frequency of granuloma in
bioptic samples varies in 15-36% according to different
authors[2]. The severity of the disease shows a great variability
as well. Several factors (e.g., localization of the disease, maximum
extent of involvement, the behavior type: inflammatory,
stricturing or penetrating) make influence on the clinical
course of the disease. There are inconsistent data in the literature
about the prognostic significance of the granuloma in CD.
Our aim was to divide our newly diagnosed CD patients
into two subgroups on the basis of the presence or absence
of granuloma at the time of diagnosis. We have been
accomplishing follow-up studies for at least 3 years in order
to get information about these two different groups (patients
with or without granuloma), whether they show any difference
in the clinical course.
MATERIALS AND METHODS
Patients
Fifty-six patients with newly diagnosed CD were included
in this prospective study during the period from January
1997 to September 2000. Their CD was diagnosed on the
basis of the standard clinical, radiological, endoscopic and
histologic criteria. The female/male ratio was 31/25, the
median age of the patients was 36.29 years (ranging: 18-65 years).
Positive family history was observed only in one new case;
this female patient with granuloma had a brother with
diagnosed CD. The localization of CD was as follows: in
33 patients (59%) both small and large bowels were involved
(among them in 6 patients upper gastrointestinal tract (UGT)
involvement-esophageal/gastric/duodenal was also observed),
in 18 patients (32%) the large bowel only, in 5 (9%) the
terminal ileum alone was inflamed. The ethical committee
of our department approved the study. Informed oral consent
was obtained from the patients.
Diagnostic methods to determine the frequency of granuloma
and the activity of CD at the beginning of the study
Clinical parameters Blood samples were taken from all
patients on each visit to determine the hemoglobin and
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hematocrit, as well as the C reactive protein (CRP) values.
The Crohn’s disease activity index (CDAI) (Best)[3] was
calculated to measure the clinical disease activity.
Localization of CD, endoscopic activity index To
determine the severity of CD and the extent of the involved
bowel segments, physical examination, abdominal ultrasound,
jejunoscopy, small bowel enteroclysis, ileo-colonoscopy were
performed in all patients at the time of the first admission,
when the study started. Four large bowel segments (the caecum
and ascending colon, the transverse colon, the descending
colon, and the sigmoid colon and rectum) and the ileum
were examined by colonoscopy and scored according to
the findings. The proximal small bowel segment alterations
(jejunum together with the duodenum) were detected by
jejunoscopy. Each segment were scored by using the protocol
of Mary and Modigliani with some modification (0 = normal
mucosa, 1 = edema, erythema, granularity of the mucosa,
and aphthous lesions, 2 = sporadic or superficial ulcerations,
and 3 = extensive deep ulcerations, and stenosis). This way
these diagnostic methods could produce quantifiable data
about the severity of the inflammation in each part of the
gastrointestinal tract[4]. At least two biopsy specimens from
each examined gastrointestinal segment (esophagus, body and
antral region of the stomach, bulb, distal part of duodenum,
jejunum, ileum, ascending colon, transverse colon, descending
colon, sigmoid colon and rectum) were examined microscopically searching granuloma by one pathologist using the
standard methods.
Follow up Two gastroenterologists (T.M. and F.N.) followed
all the patients. They were unaware of the presence of
granuloma during the study.
Disease behavior
According to the behavior of the inflammation (Vienna
Classification)[5] patients were divided into three subgroups
at the end of the study. Twenty-three patients were in the
inflammatory (non-stricturing, non-penetrating) type, 15
patients in the stricturing and 18 patients in the penetratingfistulizing type of CD.
Severity of CD
Scheduling of follow-up visits depended on the actual
severity of CD. The completely symptoms-free patients
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were supervised by every 3 mo, and naturally, patients with
active disease were observed more frequently. The following
parameters were recorded during the follow-up period to
determine the severity of CD: frequency of relapses
(definition of relapse: CDAI above 150), frequency of
extraintestinal manifestations (arthritis, sacroileitis, pyoderma
gangrenosum, erythema nodosum, cutaneous vasculitis,
episcleritis, uveitis, aphtous stomatitis), fistulas, need of
immunosuppressive therapy, number of surgical intervention,
as well as total number of hospitalization.
Statistical analysis
Data are expressed as mean±SD. Correlation coefficients
were calculated by using t- and 2-tests.

RESULTS
Granuloma was found in at least one tissue sample in 44.6%
of the cases (25 patients). The average years of age of the
patients in group I (patients with granuloma) and group II
(patients without granuloma) was 29.6 and 36.4 years,
respectively. The proportion of the female patients was
moderately higher in the group with granuloma (60 vs 51.3%).
Similar smoking status was observed in the two groups: 60
and 61.2% of the patients were smoker in group I and II,
respectively. Involvement of the upper GI tract was about
2.5 times more frequent (16.0 vs 6.4%, P<0.05) in the
granuloma group. Penetrating disease behavior was slightly
more often associated with granuloma (44% vs 23%). The
clinical characteristics of the two groups of patients are
summarized in Table 1. Patients with granuloma had higher
activity parameters at the time of the biopsies (CDAI:
218.9±108.2 vs 144.1±92.5, P = 0.01; CRP level: 62.7±84.9
vs 48.5±87.8). The overall endoscopic scores tended to be
higher in group I than those in group II, but it did not reach
the level of significance. The average follow-up times were
similar in the two groups: 38.5±7.34 and 36.8±3.83 mo.
The appearance of the extraintestinal manifestations was
observed more often in the granuloma group, but there
was no significant difference between the two groups.
Arthritis occurred most frequently in both groups, sacroileitis
and seronegative peripheral arthritis were the two most
common disorders. Aphtous stomatitis was associated with

Table 1 Clinical characteristics of patients (mean±SD)
Patients with granuloma Group I
Number of patients
Female/male ratio (No.)
Median age (yr)
Localization
Small bowel only
Large bowel only
Small and large bowel
UGT involvement
Disease behavior type
Inflammatory
Stricturing
Penetrating
Activity of CD
CDAI
Endoscopic scores
UGT = upper gastrointestinal tract.

Patients without granuloma Group II

Significance

25
15/10
29.60±11.32

31
16/15
36.46±12.94

NS
NS
NS

1 (4%)
10 (40%)
10 (40%)
4 (16%)

4 (12.9%)
8 (25.8%)
17 (54.8%)
2 (6.4%)

NS
NS
NS
P<0.05

8 (32%)
6 (24%)
11 (44%)

15 (48.4%)
9 (29.0%)
7 (22.6%)

NS
NS
NS

218.9±108.2
6.60±3.53

144.1±92.5
5.35±4.20

P = 0.01
NS
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Table 2 Frequency of different extraintestinal manifestations in patients with or without granuloma
Patients with granuloma (%)
Number of extraintestinal manifestations
Arthritis
Eye manifestation
Cutan manifestation
Aphtous stomatitis

Patients without granuloma (%)

10/25 (40)
6/25 (24)
0/25
2/25 (8)
2/25 (8)

Significance

7/31 (22.6)
4/31 (12.9)
1/31 (3.2)
0/31
2/31 (6.4)

P = NS
P = NS
P = NS
P = NS
P = NS

NS = non-significant.

Table 3 Frequency of relapses in the two groups
Number of relapse after the succesful treatment of fist attack

Patients with granuloma (25) (%)

0
1
2
3

5 (20)
10 (40)
7 (28)
3 (12)

Patients without granuloma (31) (%)
12 (38.7)
15 (48.4)
4 (12.9)
0 (0)

Trend -P = 0.06, 2 test.

CD in about 7% of all patients. Noticeably every aphtous
stomatitis started simultaneously with the first symptoms
of the CD. Iridocyclitis, cutaneous vasculitis and metastatic
CD were the other extraintestinal manifestations (Table 2).
There was a strong trend towards significantly increased
frequency of relapses in the granuloma positive group
(P = 0.06, 2 test) (Table 3). The number of hospitalization
was significantly higher in granuloma group (20 vs 12, P<0.05).
Surgical interventions were performed more often in the
granuloma group (48% vs 22.5%, P<0.05). Stenosis, abscess,
fistula and perforation were the indications for surgery. The
use of immunosuppressive drugs was significantly more
frequent in the patients with granuloma (60% vs 32.2%,
P<0.05). The most frequent indication of immunosuppressive
therapy was the prevention of postoperative relapse in both
groups (10/15 in group I, 7/10 in group II); steroid dependency
was the other cause (5 vs 3 in group I vs II). As the followup periods after the start of the immunosuppression were
mainly short and different between the cases and groups,
the response rate to immunosuppressive therapy was incomparable between the groups.

DISCUSSION
The granuloma formation is a host response reaction by
the localized accumulation of epitheloid cells, macrophages
and lymphocytes. Granulomas can be found in many infectious,
allergic and neoplastic disorders [6]. Although the first
description of granuloma in CD was in 1913 by Dalziel[7],
the exact role and significance of this “specific” histologic
lesion remain a puzzle. It is a plausible idea that the granuloma
is the site where the etiological agent resides, the antigen
specification occurs and the T cells differentiation into Th1
cells starts[8], but there is no evidence to confirm this theory.
The pathological host response is one of the important basic
concepts in the development of CD besides the genetic
predisposition and the environmental factors. The different
individual host response may explain the presence or absence
of granuloma.
The first publication which tried to examine whether
the presence of granuloma is associated with good or poor

prognosis was printed more than forty years ago[9]. A few
studies have been published since then which examine the
prognostic role of the granuloma, although, their results
are controversial. The most studied topic was the postsurgical
recurrence of CD. Anseline et al examined several factors
that might predict recurrence after the operation in 130
patients over a 24-year period. A highly significant positive
association was revealed between the presence of the
granuloma and the likelihood of recurrence (P = 0.003) on
the basis of the multivariate regression analysis[10]. A similar
tendency was published by Trnka et al [11]; they found that
there was an increasing chance for the recurrence in a
subgroup of patients with ileocolonic disease. On the other
hand, some studies suggest just the opposite[12-14]. These
publications suggest that patients with granuloma have less
frequent postoperative recurrence and/or have a better
prognosis. These studies were the pioneers in this topic,
therefore the selection of patients, the diagnostic and the
statistical methods might have been less accurate than the
ones in the latest publication. There has been only some
studies so far where the presence of granuloma was determined
by endoscopic biopsies[15]. Markowitz et al, examined a
pediatric population, and rectosigmoid biopsies were taken
from 58 subjects. All biopsies had been obtained from newly
diagnosed patients before any therapies were started and
the children were followed for at least one year. The frequency
of granuloma was 32.7%. More severe perianal complications,
a higher frequency of surgery and more extensive inflammatory
involvement were observed in patients with granuloma. The
medical treatment and the need of hospitalization were
similar in both groups. Ramzan et al [16], published a paper
recently in the Inflammatory Bowel Diseases, in which they
performed a study with a similar goal like us. Although the
granuloma was seeked not only in bioptic samples but also
in resected bowel, they found a surprisingly low prevalence
(25.6% vs our 44.6%), but we do not know how many
biopsies were taken from how many and which
gastrointestinal segment. The other weak point of this study
is the retrospective way of the analysis. Although the crucial
point of the study is the frequency of relapse, the authors
did not give a definition of the relapse, and it is not very
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easy to calculate the number of relapses retrospectively.
We have found a higher frequency of granuloma in the
biopsies of our patients than Markowitz and Ramzan,
however, we took biopsies from more (even intact) segments
of the entire gastrointestinal tract. We have examined newly
diagnosed patients, and we have also found a more severe
clinical course like Markowitz in the first two years of the
disease in patients having granuloma in any part of the
gastrointestinal tract. As the smoking status of the groups
was similar, this environmental factor did not influence our
result. Considering that these were the first symptoms and
the first examinations of the patients, we can conclude that
the onset of CD was also more severe in the granuloma
group. Our results, naturally, with small number of cases
are not capable to solve the controversy about the prognostic
significance of epitheloid granuloma in CD, but suggest
that being aware of the fact whether the patient has or has
not granuloma is a useful prognostic marker. We propose
that all endoscopically available parts of the gastrointestinal
tract should be examined histologically as well at the time
of the first examination of the patient to search granuloma.
The presence of granuloma may suggest a more aggressive
form of inflammatory bowel disease and this fact has to
influence the management of patients.
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Abstract
AIM: Recently, drinking load tests with water or nutritional
beverages have been proposed as diagnostic tools for
functional dyspepsia (FD), therefore we sought to reproduce
if these tests can discriminate between FD patients and
controls in a Mexican population.
METHODS: Twenty FD-Rome II patients were matched
by age and gender with 20 healthy controls. All underwent
both drinking tests at a 15 mL/min rate, randomly, 7 d
apart. Every 5 min within each test, four symptoms were
evaluated (satiety, bloating, nausea and pain) by Likert
scales. Maximum tolerated volume (MTV) was defined
as the ingested volume when a score of 5 was reached
for any symptom or when the test had to be stopped
because the patients could not tolerate more volume.
Sensitivity and specificity were analyzed.
RESULTS: FD patients had higher symptom scores for
both tests compared to controls (water: t = 4.1, P = 0.001
<0.01; Nutren®: t = 5.2, P = 0.001<0.01). The MTV for
water and Nutren® were significantly lower in FD (water:
1014±288 vs 1749±275 mL; t = 7.9, P = 0.001<0.01;
Nutren®: 652±168 vs 1278±286 mL; t = 6.7, P = 0.001
<0.01). With the volume tolerated by the controls, the
percentile 10 was determined as the lower limit for
tolerance. Sensitivity and specificity were 0.90, 0.95 for
water and 0.95, 0.95 for Nutren® tests.
CONCLUSION: A drinking test with water or a nutritional
beverage can discriminate between FD patients and
healthy subjects in Mexico, with high sensitivity and
specificity. These tests could be used as objective,
noninvasive, and safe diagnostic approaches for FD patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Functional dyspepsia (FD) is the second most common
functional gastrointestinal disorder, after irritable bowel
syndrome[1]. This condition is characterized by chronic,
recurrent pain or discomfort in the upper abdomen in the
absence of any organic or structural disorder [2]. Its
prevalence ranges between 5% and 20% in the general
population worldwide[3-7]. The pathogenesis of this entity is
complex and it has been related to alterations in gastric
motility[8,9] visceral hypersensitivity[10,11] and psychological
factors[12] . A significant number of FD patients have a
diminished or absent gastric fundic accommodation and
this is related with satiety and weight loss[6,7,13]. Also, about
40% of patients with FD have hypersensitivity to mechanical
distention that may cause pain, abdominal discomfort, bloating
and satiety[14]. Methods to evaluate gastric accommodation
and hypersensitivity such as a barostat[15] are invasive,
expensive and not readily available, as well as imaging studies
to evaluate accommodation such as ultrasound[16,17], SPECT
imaging[18] and nuclear medicine studies which also require
expertise[19,20]. Yet, the diagnosis of FD is based on symptoms
and “lack of organic disease”, including a normal upper
endoscopy. Therefore the absence of an objective finding
increases uncertainty in these patients[21]. Recently, a rapid
liquid drinking test with water or a nutritional beverage
(Nutridrink) have been used to discriminate FD patients
from normal subjects and to identify the presence of
hypersensitivity and diminished gastric accommodation[18,22].
These tests can be performed in a short period of time, are
of low cost and have no adverse effects. Therefore we sought
to reproduce the clinical usefulness of the drinking tests
with water and a nutritional beverage to discriminate FD
patients from healthy controls and to investigate their
sensitivity and specificity.
MATERIALS AND METHODS
Patients
In a prospective controlled study, 20 consecutive patients
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with FD fulfilling the Rome II[2] diagnostic criteria (pain or
abdominal discomfort centered in the upper abdomen, at
least for 12 wk, not necessarily consecutive, in the last
12 mo, with a normal upper gastrointestinal endoscopic
examination and absence of any other systemic disease),
who consulted a Functional Bowel Disorders and Motility
Clinic were included. Upper endoscopies were performed
within 3 mo prior to the study. The patients suspended all
antisecretory medications including H2 blockers and proton
pump inhibitors, antacids, prokinetics or visceral analgesics,
1 wk prior to the protocol. All patients signed an informed
consent and the protocol was approved by the Institutional
Committee for Human Research.
Controls
Patients were matched by gender and age (±5 years) with
20 healthy volunteers (controls), recruited from advertisement,
without any digestive symptoms and not fulfilling the Rome
II criteria for FD, nor any past history of systemic diseases,
gastrointestinal surgeries, erosions or ulcers seen on previous
upper endoscopic examination or any other imaging study,
and who were not taking any medications.
Methods
Drinking tests with water and a nutritional beverage: After
an overnight fast of 8 h, patients arrived at the Motility
Unit of the Instituto Nacional de Ciencias Medicas y Nutricion,
Salvador Zubiran of Mexico City, an academic referral
center. They were randomized to begin either with water or
the nutritional beverage (Nutren®, Nestle; 1.5 kcal/mL,
51% carbohydrates, 33% lipids, and 16% proteins). Water
and Nutren® were ingested at a predetermined rate of
15 mL/min as reported elsewhere[15]. Every 5 min within
each drinking test symptoms such as satiety, bloating, nausea
and epigastric pain were evaluated by using Likert scales
from 0 to 5: 0 = without sensation, 1 = very mild, 2 = mild,
3 = moderate, 4 = severe and 5 = very severe. When a
score of 5 was reached for any of the symptoms, or when
the subjects could not tolerate any more volume, the tests
were stopped and the total ingested volume (mL) was
recorded. The maximum tolerated volume (MTV) was
defined as the total ingested volume, after the test was
stopped. All subjects were asked to score the same symptoms,
1 and 2 h after the tests were completed. Sensitivity and
specificity for the drinking tests to discriminate FD from
healthy controls were analyzed, considering the Rome II
criteria for FD (symptom criteria and a normal endoscopy)
as the gold standard for FD diagnosis.
Statistical analysis
The ratings within each 5 min during the test and at the two
follow-up periods were analyzed. For each symptom, a score
was obtained by the summation of all the ratings within
each test divided by the time in minutes of the length of
the drinking test and multiplied by 100 (to correct for those
who drank longer and had more scores to add up). A total
score was obtained by adding all the individual symptom
scores. Also, the ratings for each symptom at the follow-up
periods were added to obtain the 1 and 2 h scores for water
and Nutren®.
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Frequencies were expressed in percentages and compared
by using Fisher exact test. Symptoms scores and volumes
were expressed as mean±SD for each group (FD patients
and controls) and comparisons were done by using the t test.
A P ≤ 0.05 was considered statistically significant. The
Pearson (r) test was used to establish correlations of the
MTV between both drinking tests. The SPSS version 10.0
for Windows was used for the data analysis.

RESULTS
Table 1 depicts age, gender and body mass index (BMI)
characteristics of FD patients and controls. There was no
statistical difference between the two groups in relation to
the BMI.
Table 1 Baseline characteristics
FD patients (n = 20)

Controls (n = 20)

P

Age (yr)
Gender (M/F)

34±15
4/16

31±9
4/16

NS
NS

BMI (kg/m2)

23±2.8

23±2.3

NS

BMI: body mass index.

Symptoms
During both tests, the most frequent symptoms reported
by FD patients and controls were bloating and satiety. The
frequency of symptoms reported during the water test was
(FD patients and controls, %): satiety 100 and 65 (2 = 5.5,
P = 0.02<0.05), bloating 90 and 55 (2 = 4.5, P = 0.03
<0.05), nausea 65 and 25 (2 = 4.9, P = 0.02<0.05), and
epigastric pain 45 and 15 (2 = 2.9, P = 0.08, NS). Similarly,
the frequency of symptoms for the Nutren® test was:
satiety 100 and 90 (2 = 0.35, P = 0.5, NS), bloating 100
and 70 (2 = 4.2, P = 0.03<0.05), nausea 75 and 25 (2 = 8.1,
P = 0.004 <0.01), and epigastric pain 55 and 15 (2 = 5.3,
P = 0.02<0.05).
FD patients had significantly higher scores for satiety,
bloating and pain in the water test, and also significantly
higher scores for satiety, bloating, nausea and pain in the
Nutren® test (Tables 2 and 3).
Table 2 Symptom scores for the water test

FD patients

Bloating

Nausea

Satiety

Pain

Total

31.1±16.9

17.8±22.5

41.5±20.5

26.1±27

Controls

6.8±7.7

7.5±5.2

12.5±11.1

2.0±2.8

28.8±3.7

90.4±11.8

P

<0.001

NS

<0.001

<0.001

<0.001

Note: symptoms are shown as mean ± SD.

Table 3 Symptom scores for the Nutren® test
Bloating

Nausea

Satiety

Pain

Total

FD patients

51.5±18.8

45.5±23.4

76.9±47.1

13.2±14.7

186.7±26.1

Controls

19.4±7.4

15.3±8.6

25.2±9.2

4.2±2.9

64.1±8.9

<0.001

<0.001

<0.001

<0.01

<0.001

P

Note: symptoms are shown as mean ± SD.
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Controls

Water

FD

P<0.001
Nutren

P<0.001
0

500

1 000

1 500

2 000

Maximum tolerated volume of
water (mL)
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Figure 1 Maximum tolerated volumes of water and Nutren® in healthy controls
and FD patients. FD: Functional Dyspepsia.

Figure 2 Correlation of maximum tolerated volume (MTV) between water and
Nutren® tests in FD patients (●) and healthy controls ().

At the 1 h follow-up evaluation for the water test, the
symptom scores reported by the FD patients were higher
than those reported by controls (9.1±3.2 vs 2.9 ± 1.5, t = 5.6,
P = 0.001<0.01). At the 2 h follow-up evaluation, FD patients
reported a symptom score of 4.5±4.2, while none of the
controls reported any symptoms (t = 4.9, P = 0.001<0.01).
For the Nutren® test, FD patients had significantly
higher scores than controls at the 1 and 2 h follow-ups
(1 h: 14.3±2.5 vs 2.3±0.58, t = 3.1, P = 0.001<0.01; 2 h:
5.9±1.9 vs 1.4±0.84, t = 2.7, P = 0.01<0.05).

that more than 85% of the patients have a decreased
tolerance for drinking capacity. In addition, we found that
both tests induced dyspeptic symptoms such as bloating,
nausea, satiety and epigastric pain more frequently in patients
than in controls, and the first ones reported the symptoms
earlier and with lower ingested volumes. Also, when
compared to the Rome II criteria (symptom criteria and
negative upper endoscopy) as the gold standard for diagnosing
FD, the sensitivity and specificity for the water and Nutren®
drinking tests have shown that both are useful tools to
discriminate patients from healthy subjects. These results
reproduced the data reported by other groups. In an Italian
study using a water load test, the maximum tolerated volume
was significantly lower in FD patients than controls and
scores for satiety, pain, nausea, fullness and bloating were
higher for the latter ones[19] . Another study found that a
caloric drinking test distinguished FD patients with or
without early satiety[23] . Using mineral water at a rate of
100 mL/min in a Nordic population, maximal water intake
was significantly lower in FD patients than healthy controls[22].
Several possibilities can explain the above findings. Using
transabdominal ultrasound, Gilja et al [16], reported that in
response to a soup meal, FD patients had smaller sizes and
higher emptying fractions of the proximal stomach and they
reported more symptoms than controls. Tack et al [15],
reported that this impaired gastric accommodation to a meal
was found in 40% of patients with FD and was associated
with symptoms of early satiety in a multivariate analysis.
Previously, Boeckxstaens et al[23], reported that FD patients
had a lower drinking capacity for both water and a caloric
liquid, compared to healthy volunteers or patients with mild
dyspeptic symptoms, and that FD patients developed
significantly more symptoms than the healthy volunteers
after both tests. In contrast to our findings, they also reported
that compared to women, men consumed significantly more
water and Nutridrink®, a nutritional beverage with the same
composition as the Nutren® used in our study. Finally, in
their study, drinking capacity did not predict impaired fundic
accommodation or visceral hypersensitivity.
The speed of liquid ingestion in the oral load tests is
controversial and may explain the differences among the
studies. Boeckxstaens et al[23], tested water and Nutridrink®
at a fast ingestion rate of 100 mL/min, and showed a
diminished tolerance for liquid ingestion only in 50% of FD
patients. In a more recent study, Tack et al[11], showed that a

Maximum tolerated volume (MTV)
There were no statistically significant differences in the MTV
according to gender both for water (males: 1587±466 mL
vs females: 1 380±472 mL) and the Nutren® test (males:
1 125±577 mL vs females: 935±352 mL).
The MTV for water and Nutren® was significantly lower
in FD patients (water: 1 014±288 vs 1 749±275 mL; t = 7.9,
P = 0.001<0.01; Nutren®: 652±168 vs 1 278±286 mL;
t = 6.7, P = 0.001<0.01; Figure 1). With the volume tolerated
by healthy controls, we determined the percentile 10 as the
lower limit of the normal range for drinking tolerance. That
is ≥1 200 mL for females and ≥1 400 mL for males in
the water test, and ≥900 mL for females and ≥1 200 mL
for males in the Nutren®.
Considering these limits, 18 out of 20 patients with FD
had abnormal results (lower tolerated volume) for the water
test compared to only one control, and 19 FD patients had
lower tolerated volumes in the Nutren® test compared to
one of the healthy controls. The sensitivity and specificity
of the drinking test with water was 0.90 (CI 95% 0.69-0.97)
and 0.95 (CI 95% 0.76-0.99), respectively. For the Nutren®
test, sensitivity and specificity was 0.95 (CI 95% 0.76-0.99),
and 0.95 (CI 95% 0.76-0.99), respectively.
Correlation between both drinking tests
There was a significant correlation in the MTV between
the water and the Nutren® tests (r = 0.78, P = 0.001<0.01;
Figure 2).

DISCUSSION
In the current study we evaluated two drinking load tests
[water and a nutritional beverage (Nutren®)] in Mexican
patients with FD and healthy controls, and we have shown
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liquid ingestion of a caloric drink at a speed of 15 mL/min
induced symptoms of satiety in FD patients, and a significant
correlation existed between the amount of calories ingested
during the satiety testing and the amplitude of the gastric
accommodation. The same group of researchers found that
the gastric accommodation is a slow-onset reflex presenting
in a gradual manner and reaching its maximal relaxation 15
min after ingestion of a meal[14].
The duration of the rapid drinking test is clearly lower
than the time required for full development of the
accommodation reflex[24].
Based on the above data, in the current study we used
the predetermined speed of liquid ingestion of 15 mL/min.
The maximum ingested volume of a nutritional drink
depends on the balance between mechanisms that increase
the gastric volume (fundic relaxation) and the negative
feedback that slows gastric emptying and induces symptoms
after a meal. In the absence of nutrients, other mechanisms
that limit liquid ingestion in FD patients should be
considered. The gastric and duodenal distention may trigger
vaso-vagal reflexes that result in proximal gastric relaxation
and induction of satiety and fullness[25-27]. The vaso-vagal
reflexes could also be activated during a test with water. In
our study, the finding of a greater tolerance of water volume
ingestion than that of a nutritional drink by healthy
volunteers suggests that the feedback mechanisms induced
by nutrients are activated before the reflexes are induced
by distention[28-30]. Interestingly, our patients with FD had
similarly low water and nutritional beverage tolerated
volumes, suggesting a decreased threshold for the activation
for both reflexes[31,32].
The gastric accommodation disturbances [11,33,34] and
proximal gastric mechanical distention hypersensitivity[35,36]
are recognized as the most important pathogenic mechanisms
in FD. The gastric barostat test is considered the “gold standard”
for the evaluation of the proximal gastric accommodation
in response to a meal; however, this is an invasive, timeconsuming, and not readily available test. There is a need
of less expensive, non-invasive and highly available
diagnostic tests for FD that can provide an objective diagnosis
to the patients. Whether an abnormal fundic relaxation in
response to a meal, an abnormal distribution of the gastric
contents, or gastric hypersensitivity are the causes of dyspeptic
symptoms in response to a drinking load test, is unknown.
Furthermore, hypersensitivity in functional dyspepsia is
associated with abnormal gastric accommodation[18-22] and
hyperalgesia, and cofactors of this hypersensitivity are
likely to be wall tension and the function of visceral
afferents[10,32,35]. The high percentage of FD patients with
impaired drinking capacity in our study, supports a
multifactorial component in symptoms generation, and
together with the high sensitivity and specificity, for
discriminating FD from healthy controls by using the Rome
II criteria, including symptoms and a negative endoscopy
as the gold standard for diagnosis, provides a simple test
for patients with a disease where the absence of an objective
diagnosis, creates anxiety and a continuous search for an
answer.
In Mexico, functional gastrointestinal disorders are the
main reason for consulting a gastroenterologist, with FD
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being the second most frequent disorder following IBS[4].
Lydeard and Jones have reported that FD patients seeking
health care are more preoccupied that their symptoms might
be related to cancer compared to those who do not consult[37].
Effective well-founded reassurance that no serious disease
is present is an important outcome of medical intervention,
but patients consider that medical explanations are not
sufficient to clarify the nature of their condition and negative
results of paraclinical investigations may be taken as “bad
news” driving patients to keep consulting in search of an
objective diagnosis. Anxiety has been found to be an
independent factor associated with health-care seeking in
FD [38]. Other psychosocial factors including abnormal
illness attitudes and beliefs have been found to characterize
those patients who seek help versus those that do not[39] .
Furthermore, physicians also lack confidence in their
functional diagnosis. In a British study, clinicians reported
confidence in 63-91% of their organic diagnosis compared
to only 48% of FD diagnosis[40]. This difference was related
to the possibility of an objective confirmation of organic
disease by using paraclinical investigations. The absence of
confidence in functional diagnosis may drive clinicians to
order more investigations that may increase the anxiety and
the fear of a more serious disorder in functional patients.
Therefore, a drinking loading test may be a potential tool
for an objective diagnosis in patients consulting for FD.
Both drinking tests caused more symptoms in patients
with FD than in healthy controls. In the future, it would be
useful to find which test (water or nutritional beverage) has
a more diagnostic importance. Meanwhile, we considered
that both are easy to perform, available, safe, non-invasive
and useful to discriminate FD patients from healthy
volunteers. Furthermore, these tests could be used in future
studies to evaluate the effect of new treatments in the
management of postprandial symptoms in patients with FD.
In conclusion, a drinking load test with water or a
nutritional beverage at a slow drinking rate of 15 mL/min,
can discriminate FD patients from controls in a simple,
non-invasive, safe and available manner. Our findings in a
group of Mexican patients with FD, are in accordance with
previously reported studies. The gastric distention produced
by the volume of water or nutritional beverage reproduces
the symptoms of FD and suggests a multifactorial origin
for symptom generation, including impairment in gastric
sensitivity and proximal accommodation. The current data
supports the potential usefulness of liquid loading tests to
provide FD patients with an objective diagnosis in a disease
with otherwise no objective diagnostic data rather than
clinical criteria, and with a potential use in the evaluation of
future treatments.
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Abstract
AIM: In patients with liver cirrhosis and portal hypertension,
portal hypertensive colopathy is thought to be an
important cause of lower gastrointestinal hemorrhage.
In this study, we evaluated the prevalence of colonic
mucosal changes in patients with liver cirrhosis and its
clinical significance.
METHODS: We evaluated the colonoscopic findings and
liver function of 47 patients with liver cirrhosis over a 6-year
period. The main cause of liver cirrhosis was post-viral
hepatitis (68%) related to hepatitis B (6%) or C (62%)
infection. All patients underwent upper gastrointestinal
endoscopy to examine the presence of esophageal
varices, cardiac varices, and congestive gastropathy, as
well as a full colonoscopy to observe changes in colonic
mucosa. Portal hypertensive colopathy was defined
endoscopically in patients with vascular ectasia, redness,
and blue vein. Vascular ectasia was classified into two
types: type 1, solitary vascular ectasia; and type 2, diffuse
vascular ectasia.
RESULTS: Overall portal hypertensive colopathy was
present in 31 patients (66%), including solitary vascular
ectasia in 17 patients (36%), diffuse vascular ectasia in
20 patients (42%), redness in 10 patients (21%) and blue
vein in 6 patients (12%). As the Child-Pugh class increased
in severity, the prevalence of portal hypertensive
colopathy rose. Child-Pugh class B and C were significantly
associated with portal hypertensive colopathy. Portal
hypertensive gastropathy, esophageal varices, ascites and
hepatocellular carcinoma were not related to occurrence
of portal hypertensive colopathy. Platelet count was
significantly associated with portal hypertensive colopathy,
but prothrombin time, serum albumin level, total bilirubin
level and serum ALT level were not related to occurrence
of portal hypertensive colopathy.
CONCLUSION: As the Child-Pugh class worsens and
platelet count decreases, the prevalence of portal
hypertensive colopathy increases in patients with liver
cirrhosis. A colonoscopic examination in patients with

liver cirrhosis is indicated, especially those with worsening
Child-Pugh class and/or decreasing platelet count, to
prevent complications such as lower gastrointestinal
bleeding.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cirrhosis causes multiple complications, including
esophageal varices due to portal hypertension. In comparison
with alcohol-related etiologies of liver cirrhosis in Europe
and America, liver cirrhosis due to post-viral infection,
especially HCV infection, is more predominant in Japan. In
patients with liver cirrhosis and portal hypertension, varices
of the esophagus, stomach and portal hypertensive
gastropathy are well described[1-3]. These complications are
the most common causes of gastrointestinal hemorrhage.
Recently, colorectal mucosal lesions in patients with liver
cirrhosis were reported as portal hypertensive colopathy[4-7].
These are thought to be important causes of lower
gastrointestinal hemorrhage [8], although the clinical
importance of these lesions in patients with portal
hypertensive colopathy is not well established. In this study,
we evaluated the prevalence of colonic mucosal changes in
patients with liver cirrhosis, especially that due to post-viral
infection HCV, and its clinical significance.
MATERIALS AND METHODS
Patients
We evaluated the liver function and colonoscopic findings
in 47 patients with liver cirrhosis over a 6-year period. Liver
cirrhosis was confirmed by histology or by compatible
physical findings, laboratory data, and radiographic features.
The etiologies of cirrhosis are shown in Table 1. The main
cause of liver cirrhosis was post-viral hepatitis (68%) related
to hepatitis B (6%) or C (62%) infection. In addition, 13
patients (27%) had hepatocellular carcinoma.
Methods
An upper gastrointestinal endoscopy was performed in all
patients to evaluate the presence of esophageal varices,
cardiac varices, and congestive gastropathy. Liver disease
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severity was assessed according to Child-Pugh’s classification.
All patients underwent a full colonoscopy with anti-cholinergic
drugs, after preparation with polyethylene glycol electrolyte
solution. Noted changes in colonic mucosa included the
number, size, and location of vascular lesions. Portal
hypertensive colopathy was defined endoscopically in
patients with vascular ectasia, redness (Figure 1), and blue
vein (Figure 2). Vascular ectasia was further classified into
two types: type 1, solitary vascular ectasia (Figure 3); and
type 2, diffuse vascular ectasia (Figure 4). Results from
multiple, independent observers were compiled to determine
the prevalence of portal hypertensive colopathy.
Figure 4 Colonoscopic examination shows diffuse vascular ectasia.

Table 1 Etiologies of liver cirrhosis
Diagnosis

Patients(n)

HCV

29

HBV

3

Non-B non-C

5

Alcohol

5

AIH

3

PBC

2

AIH: autoimmune hepatitis, PBC: primary biliary cirrhosis.

Figure 1 Colonoscopic examination shows redness.

Statistical analyses
Data are expressed as mean±SD. Statistical comparisons
were made with the 2 test. A P value less than 0.05 was
considered significant.

Figure 2 Colonoscopic examination shows a blue vein.

Figure 3 Colonoscopic examination shows a solitary vascular ectasia.

RESULTS
In our cirrhotic patients, the primary indications for
colonoscopy included a positive fecal occult blood test
in 16 (34%), melena in 11 (23%), iron deficiency anemia
in 5 (10%), diarrhea in 2 (4%), abdominal pain in 2 (4%),
high level of serum CEA in 2 (4%), and screening in
5 (10%) patients. Overall portal hypertensive colopathy
was present in 31 patients (66%), whereas vascular
ectasia was observed in 17 (36%), diffuse vascular ectasia
in 20 (42%), redness in 10 (21%) and blue vein in 6 (12%)
patients.
The clinical characteristics of the cirrhotic patients
with or without portal hypertensive colopathy are shown in
Table 2. As the Child-Pugh class worsened, the prevalence
of portal hypertensive colopathy increased. Child-Pugh
class B and C were significantly associated with portal
hypertensive colopathy. Portal hypertensive gastropathy,
esophageal varices, hepatocellular carcinoma, and presence
of ascites were not related to occurrence of portal hypertensive
colopathy.
The laboratory data of these patients are shown in Table 3.
Platelet count but not serum ALT level was significantly
associated with portal hypertensive colopathy. The
prothrombin time as well as serum albumin and total
bilirubin levels were not related to the occurrence of portal
hypertensive colopathy.

Ito K et al. Portal hypertensive colopathy in liver cirrhosis
Table 2 Characteristics of the 47 patients
PHC-positive
n = 31 (%)
Age (yr)

PHC-negative
n = 16 (%)

P

62.5±7.3

61.6±9.7

NS

Sex

(M:F)

18:13

13:3

NS

Child–Pugh

(A:B+C)

11:20

12:4

PHG

None

23 (76.7)

10 (62.5)

P<0.05
NS

Mild

5

5

NS

Severe

2

1

NS

Ascites
Splenomegaly

3 (9.7)

1 (6.3)

NS

24 (77.4)

11 (68.8)

NS

Alcohol

4 (12.9)

3 (18.8)

NS

HCC

7 (22.6)

6 (37.5)

NS

17 (54.8)

5 (31.3)

NS

EG varices

PHC: portal hypertensive colopathy, PHG: portal hypertensive gastropathy, HCC:
hepatocellular carcinoma, EG varices: esophago-gastric varices.

Table 3 Laboratory data of the 47 patients
PHC-positive
n = 31

PHC-negative
n = 16

Prothrombin time (%)

74.0±15.7

81.4±21.7

ALT (IU/L)

51.1±33.8

55.9±41.8

8.3±4.3

12.1±5.1

Platelet (×104/mm3)
Serum albumin (g/dL)
Total bilirubin (mg/dL)

P
NS
NS
P<0.05

3.2±0.6

3.4±0.5

NS

1.55±0.94

1.08±0.73

NS

Cholinesterase (pH)

0.48±0.27

0.55±0.21

NS

ICG R15

30.5±15.4

25.0±9.6

NS

ICG R15: indocyanine green retention rate at 15 min.

DISCUSSION
Various vascular abnormalities have been observed in the
mucosa of upper gastrointestinal tract of cirrhotic patients,
including gastroesophageal varices and gastric antral vascular
ectasia[1-3]. These vascular lesions account for most of the
upper gastrointestinal bleeding in cirrhotic patients. Similarly,
vascular ectasias and varices may occur in the colonic
mucosa of cirrhotic patients, and bleeding from these
vascular lesions was reported[4,5]. In the present study, portal
hypertensive colopathy was present in 66% (31/47) of the
cirrhotic patients. Several studies have described the colonic
findings associated with cirrhosis and portal hypertension
was observed in 50-84% patients with liver cirrhosis[6-15] .
Histologic examination of rectal mucosal lesions in patients
with liver cirrhosis revealed dilatation of blood vessels in
the mucosa, increased lymphocytes and plasma cells in the
lamina propria, and edema of the mucosa[4,7]. In our study,
portal hypertensive colopathy was found in 23% of patients
in rectosigmoid colon, 11% in the descending colon, 24%
in the transverse colon, 23% in the ascending colon and
16% in the cecum.
We classified the portal hypertensive colopathy into four
types. Solitary vascular ectasias were found predominantly
in the transverse and ascending colon (55%). Diffuse vascular
ectasias were found predominantly in the right side colon
(45%). Redness was found in the overall colon and blue vein
in the rectum. In contrast to prior studies[4,6-10,12-14] . Our
data demonstrated that the prevalence of portal
hypertensive colopathy increased with worsening Child-

3129

Pugh class. The association with Child-Pugh class may be a
result of increased hemodynamic dysfunction in those with
more advanced liver disease. A decreased platelet count
was also related to occurrence of portal hypertensive
colopathy, which to our knowledge has not been reported
previously. It is possible that the concurrent low platelet
count and portal hypertensive colopathy may be due to a
relatively high number of patients with post-viral infection
in this Japanese cohort as post-viral liver cirrhosis decreases
platelet count more than alcoholic liver cirrhosis does.
Child-Pugh class A, presence of ascites, prothrombin
time, serum albumin level, and total bilirubin level were not
related to occurrence of portal hypertensive colopathy.
However, as Child-Pugh class worsened, the prevalence of
portal hypertensive colopathy correspondingly increased.
Synthetic liver function is important for the prevalence
of portal hypertensive colopathy. Similar to the prior
studies [16-18], we also observed that esophageal varices
were not related to portal hypertensive colopathy. Portal
hypertensive colopathy may not be a distinct entity but,
rather, a regional manifestation of portal hypertension[15] .
Lower gastrointestinal bleeding is the major complication
of portal hypertensive colopathy. In our study, active oozing
colonic lesions were found in two cases of 11 cirrhotic
patients with melena. These patients underwent endoscopic
clipping for treatment of active bleeding, but bleeding
recurred. Each case was Child-Pugh class B and had
decreasing platelet count. Therefore, we suggest that a
colonoscopic examination should be performed in patients
with liver cirrhosis, especially those with worsening ChildPugh class and decreasing platelet count.
In conclusion, as the Child-Pugh class worsens and
platelet count decreases, the prevalence of portal
hypertensive colopathy increases in patients with liver
cirrhosis. Colonoscopic examination is needed in these
patients, especially those with worsening Child-Pugh class
and decreasing platelet count, to prevent complications, such
as lower gastrointestinal bleeding.
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Abstract
AIM: G1896A mutation in precore or A1762T/G1764A
mutations in basal core promoter are suspected to be
responsible for patients with detectable level of HBV DNA
in serum after seroconversion from HBeAg to anti-HBe.
However, G1896A variant has impaired, while A1762T/
G1764A variant may have intact replication ability. They
themselves or their coexistence status may play different
roles in such meaningless seroconversion. For these
reasons, the significances of these two types of mutations
were comparatively investigated in this study.
METHODS: One hundred and sixty-five sera with positive
anti-HBe and HBV DNA were collected from different
patients. Mutations of G1896A and A1762T/G1764A among
these serum samples were detected using competitively
differentiated PCR. HBV DNA was demonstrated using
real-time quantitative PCR.
RESULTS: G1896A and/or A1762T/G1764A mutations
were detected in 89.1% (147/165) out of patients with
detectable HBV DNA in serum after HBeAg-to-anti-HBe
seroconversion. The positive rate of G1896A variants was
significantly higher than that of A1762T/G1764A mutations
(77.6% vs 50.3%, 2 = 26.61, P<0.01). The coexistence
positive rate of these two types of mutations was 38.8%
(64/165). Coexistence mutations were found in 77.1%
(64/83) out of sera with A1762T/G1764A mutations, and
in 50.0% (64/128) out of sera with G1896A mutation.
Compared with variants with G1896A mutation only,
the coexistence mutations were predominant in patients
with high level of serum HBV DNA, and related to higher
total bilirubin, lower serum albumin and progressive
liver diseases.
CONCLUSION: The coexistence of G1896A mutation and
A1762T/G1764A mutations is very common, and responsible

for the major cases with high level of HBV DNA in serum
and progressive liver diseases after HBeAg-to-anti-HBe
seroconversion. This coexistence mutation variant may
have higher pathogenicity and replication ability.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the natural history or during the antiviral therapy of
chronic HBV infection, seroconversion from HBeAg to
anti-HBe is usually accompanied by a decrease in viral
replication and remission of liver disease[1-4]. However, viral
replication and liver damage persist in about 10% of patients
after seroconversion [5-8]. The characteristic laboratory
findings of these patients are that there are detectable levels
of HBV DNA, and HBV variants with mutations in precore,
core or basal core promoter (BCP) regions[5,6,9,10]. Among
these mutations, HBV variants with a G-to-A mutation at
nucleotide 1 896 (G1896A) or double-point mutation in
BCP, A-to-T mutation at nucleotide 1 762 and G-to-A
mutation at nucleotide 1 764 (A1762T/G1764A) are the
commonest [9-14] , and may be responsible for these
meaningless seroconversions. However, G1896A variant
has impaired, while A1762T/G1764A variant may have
intact replication ability [15-17]. They themselves or their
coexistence status may play different roles in such
meaningless seroconversions. For these reasons, G1896A
mutation and A1762T/G1764A mutations were detected
using competitively differentiated polymerase chain reaction
(CD-PCR) in this study, and the serum viral loads of patients
with infections of G1896A variant, A1762T/G1764A
variant or coexistence mutation variant of these two types
of mutations were comparatively studied.
MATERIALS AND METHODS
Samples
One hundred and sixty-five serum samples with positive
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anti-HBe were selected out from 300 continuous serum
samples with positive HBsAg and HBV DNA from
different patients in the Department of Infectious Diseases,
the Third Affiliated Hospital, Sun Yat-Sen University. The
serum markers of HBV were demonstrated by ELISA. The
HBV DNA level was quantified using fluorescein quantitative
PCR (Taqmen, Roche). These samples were divided into
three groups according to the level of HBV DNA in serum,
low-level group (≥10 3 to <105 copies/mL), median level
group (≥10 5 to <10 7 copies/mL) and high-level group
(≥107 copies/mL). There were 61 samples in the low-level
group, 58 samples in median level group and 46 samples in
the high-level group.
Reagents
Mutant-type control for CD-PCR, recombinant plasmids
pG1896A and pHB-BCP2 were constructed before. Wildtype control for CD-PCR, pTZ19U-HBV that contained
double copies of HBV DNA (adw) were presented by
Professor Huang Zhimin, Sun Yat-Sen University. T4 DNA
ligase and pfu DNA polymerase were purchased form
Promega Company (USA). Anti-digoxigenin (anti-DIG) and
anti-fluorescein (anti-FITC) labeled with horseradish
peroxidase were purchased from Roche Company (USA).
Primers shown in Table 1 were designed with the Omega 2
software and synthesized in Bioasia Biological Engineering
Company (Shanghai, China).

Table 1 Primers and probes for detections of G1896A or A1762T/
G1764A mutations
Denomination
PCP

Sequences (5’→3’)

BIO -GAGAC TCTAA GGCTT CTCGA TACAG AGCTG AGG

PCMd

DIG -CTCAC GCTAC ATTGT GTGCC TTGGG TGGCT TCA

PCWd

FITC -GTCCG TAGTC TCGTT GTGCC TTGGG TGGCT TGG

BCP1-M DIG -GCTGA CGATG CGATG GGGAG GAGAT TAGGT TAATG A-3’
BCP1-W FITC -CGTCC GTAGT GCCGA GGGAG GAGAT TAGGT TAAAG G-3’
PCA

CCCAG CAGAG AATGG CTTGC CTGAG TGCAG TATG

PCSc

CCCGA ATTCC ACCGT GAACG CCCAT CAG

PCAc

CCCAA GCTTG CAGTA TGGTG AGGTG AGCAA TG

BIO: the abbreviation of biotin; DIG: the abbreviation of digoxigenin; FITC: the
abbreviation of fluorescein isothiocyanate. The underlined nucleotides had no
relationship with HBV.

G1896A mutation detection
The method of CD-PCR was described in detail in previous
paper. G1896A mutation was detected using CD-PCR with
a few modifications. Briefly here, a 30-L PCR reaction
was performed. The reaction mixture contained 10 mmol/L
Tris-HCl, pH 8.5, 50 mmol/L KCl, 1.5 mmol/L MgCl2,
20 mol/L dNTPs, 2 U pfu DNA polymerase, 20 pmoL
FLU-PCWd, 20 pmoL DIG-PCMd, 10 pmoL PCA and
5 L plasmid or extracted DNA. The cycling conditions
were as follows: 2 cycles (first set) of 94 ℃ for 60 s, 53 ℃
for 120 s and 72 ℃ for 120 s, followed by 35 cycles (second
set) of 94 ℃ for 30 s, 65 ℃ for 30 s, 94 ℃ for 40 s and
72 ℃ for 60 s. The PCR products were then hybridized
with solidified biotin-labeled probe PCP in two different
holes of microtiter plate. The color reaction was obtained
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after the captured PCR products reacted with horseradish
peroxidase-labeled anti-DIG or anti-FITC respectively.
Wild-type and G1896A mutant-type plasmids were used as
positive control and negative control.
A1762T/G1764A mutation detection
A1762T/G1764A mutation was detected using CD-PCR
just like G1896A mutation. The main differences were that
BCP1-M and BCP1-W were used as competitive primers and
recombinant plasmid pHB-BCP2 was used as positive control.
DNA sequencing
To confirm the results of CD-PCR, three samples of each
group, the G1896A mutation group, A1762T/G1764A
mutation group and the groups with positive or negative
for both types of mutation were selected for DNA sequence
analysis. Fragments of HBV BCP, precore and core regions
were analyzed using DNA sequencing after they were
amplified using primer PCSc and PCAc, and cloned into
plasmid pUC19.
Statistical analysis
For statistical analysis, t tests, 2 examination or Fisher exact
probability analysis was used. SPSS 10.0 for Windows was
used for all statistical analysis. P<0.05 was considered
statistically significant.

RESULTS
Detections of G1896A and A1762T/G1764A mutations
G1896A and A1762T/G1764A mutations in patients with
positive HBV DNA in serum after seroconversion were
very common. HBV strains with G1986A and/or A1762T/
G1764A mutations were predominant (89.1%, 147/165).
Compared with A1762T/G1764A mutations, the positive
rates of G1896A variants were significantly higher (77.6%
vs 50.3%, 2 = 26.61, P<0.01) in these patients. The
coexistence positive rate of these two types of mutations
was 38.8% (64/165). Coexistence mutations were found in
77.1% (64/83) out of sera with A1762T/G1764A mutations,
and in 50.0% (64/128) out of sera with G1896A mutation.
Confirmation analysis of G1896A and A1762T/G1764A
mutations
The CD-PCR results of 12 selected samples were confirmed
as expected by DNA sequence analysis. It suggests that the
results of CD-PCR are believable.
Relationship of mutations with serum HBV DNA level
The relationship of G1896A and A1762T/G1764A
mutations to serum HBV DNA level in these patients is
shown in Table 2. From low, median to high level of HBV
DNA, the total positive rates of G1896A mutation decreased
in turn, while the total positive rates of A1762T/G1764A
mutations increased. Since coexistence of G1896A and
A1762T/G1764A mutations were very common in these
patients, the mutations of G1896A only, A1762T/G1764A
only and their coexistence were separately considered
(Table 2). The status of mutations of G1896A only was
the same as that of total G1896A mutation. The status of
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Table 2 Relationship between CD-PCR results and serum HBV DNA load in 165 serum samples with detectable HBV DNA in serum after
HBeAg-to-anti-HBe seroconversion
No. (%) of CD-PCR results

Low-level group (n = 61)
Median level group (n = 58)
High-level group (n = 46)

Total G1896A

Total A1762T/G1764A

G1896A only

A1762T/G1764A only

Coexistence

53 (86.9)b
45 (77.6)
30 (65.2)

20 (32.8)
32 (55.2)e
31 (67.4)f

35 (57.4)d
23 (39.6)
6 (13.0)

2 ( 3.3)
10 (17.3)
7 (15.2)

18 (29.5)
22 (37.9)
24 (52.2)g

1 2

 = 7.08, bP<0.01, 22 = 21.81, dP<0.01, compared with high-level group. 32 = 6.06, eP<0.05, compared with low-level group. 42 = 8.20, fP<0.01, compared with median level
group. 52 = 5.65, gP<0.05, compared with low-level group.

Table 3 Main clinical data of 147 serum samples with G1896A and/or A1762T/G1764A mutations
G1896A only (n = 64)
Age (yr)
Sex (no. male/no. female)
Alanine aminotransferase (IU/L)
Total bilirubin (mol/L)
Serum albumin (g/L)
Clinical diagnosis
Chronic hepatitis Mild (n)
Median (n)
Gravies (n)
Liver cirrhosis
1

A1762T/G1764A only (n = 19)

Coexistence (n = 64)

43.2±14.2
18/1
121.8±183.1
24.8±40.6
39.1±5.8

40.7±12.8
59/5
116.7±137.3
32.5±55.2b
37.7±5.3d

40.5±12.8
55/9
101.9±158.3
25.2±39.2
38.4±5.3
23
20
12
9

3
10
4
2

13
14
22f
15g

t = –2.85, bP<0.01, 2t = 6.37, dP<0.01, compared with group of G1896A only. 32 = 18.3, fP<0.01, 42 = 4.03, gP<0.05, compared with group of mild type of chronic hepatitis B.

mutations of A1762T/G1764A only could not be analyzed
because of the limited case numbers. The status of
coexistence was the same as that of total A1762T/G1764A
mutations. In high-level group, HBV variants with
coexistence of G1896A mutation and A1762T/G1764A
mutations were predominant.
Relationship of mutations with main clinical data
The main clinical data of 147 serum samples with G1896A
mutation and/or A1762T/G1764A are shown in Table 3.
The patients with coexistence mutation variant infections
were related with higher total bilirubin and lower serum
albumin as compared with patients who were infected by
HBV variants of G1896A mutation only. For clinical
diagnosis, coexistence mutations were more often to be
found in progressive liver diseases (gravies type of chronic
hepatitis B and liver cirrhosis), while G1896A mutation only
is found more often in benign liver diseases (mild or median
type of chronic hepatitis B).

DISCUSSION
CD-PCR is a rapid method for point mutation screening,
and can detect mutations with high specificity, efficiency
and rapidity. Using this technique in this study, G1896A
and/or A1762T/G1764A mutations were detected in
89.1% out of patients with detectable HBV DNA in serum
after HBeAg-to-anti-HBe seroconversion. It suggests that
G1896A and/or A1762T/G1764A mutations are major
causes of this meaningless seroconversion. G1896A
mutation was detected in up to 77.6% of such patients.
However, the variant with G1896A mutation is usually
accompanied by a decrease in HBV replication and remission
of liver disease[9,15,18-22], and can be considered as favorable
factor of response to interferon treatment[23]. That means
G1896A mutation may not be responsible for the

meaningless seroconversion, especially for patients with
progressive liver diseases. This view is further supported
by those variants with G1896A mutation only which were
closely related to low level of HBV DNA and benign liver
diseases, when HBV DNA level and clinical data were taken
into account in this study.
The A1762T/G1764A variant is usually accompanied
by increase in HBV replication and decrease in HBeAg
secretion, and may be related to liver deterioration[9,24-28], or
at least not to affect HBV DNA level[18]. A1762T/G1764A
mutations were detected in half of the patients, and coexisted
with G1896A mutation in 77.1% out of all A1762T/G1764A
mutations in this study. The coexistence mutation variant
was also found to be related to high level of HBV DNA in
serum. These results suggest that A1762T/G1764A mutations,
especially the coexistence mutations, may play more
important roles in the meaningless seroconversion than
G1896A mutation. Other data show that A1762T/G1764A
mutations take place years early than G1896A before
seroconversion[13]. Thus, these results suggest that, when it
subsequently occurs in the genome, G1896A mutation can
decrease the replication of wild-type HBV but A1762T/
G1764A variant. The reason may be that the transcription
of A1762T/G1764A variant is regulated in a different
manner and by different transcriptional factors[16,17,29].
The coexistence of G1896A mutation and A1762T/
G1764A mutations are very common[25], have a clear link
with chronic active hepatitis[26], are associated with the degree
of histological injury[30] and are found to be related to high
level of HBV DNA, higher total bilirubin, lower serum
albumin and progressive liver diseases in this study. Thus,
this coexistence mutation variant might have higher
pathogenicity and replication ability. However, some
research demonstrated that the dual mutations occurred
less frequently in patients with high level of serum HBV
DNA[5] . For these reasons, the coexistence of G1896A
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mutation and A1762T/G1764A mutations is worth some
further extensive investigations.
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Abstract
AIM: To study the nervous-pathways of Fengch’ih acupuncture
by means of anterograde transport of aqueous solution of
horseradish peroxidase (HRP).
METHODS: Fifty Wistar rats were randomly divided into 1,
2, 3, 4, and 5 d groups, and every group had 10 animals. HRP
(30% aqueous solution) was injected into a Fengch’ih. Serial,
transverse or capital, 40 m sections of the cervical spinal
ganglia, cervical and thoracic spinal cord segment and brain
were cut on a cryotome. Sections were incubated for HRP
histochemistry according to the tetramethylbenzidine (TMB).
Part of the sections were counterstained with neutral red.
RESULTS: After 1 d of survival times, many labeled cell
bodies were found in 1-4 cervical spinal ganglia, anterior
horn of 1-4 cervical spinal cord, ventromedial division of
facial nucleus, accessory facial nucleus ipsilaterally. With
increasing survival times, the intensity of labeled cells were
slightly decreased.
CONCLUSION: Fengch’ih may bring into full play its effect
by correlation of posterior ear branch of facial nerve and
anterior branch of 2-3 cervical nerve with 1-4 cervical the
anterior horn of the spinal cord, ventromedial division of
facial nucleus, accessory facial nucleus.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The acupoint of Fengch’ih, also known as Refu, is derived
from the medical literature Miraculous Pivot: Febrile Disease,
and held to be on the Gallbladder Channel of foot-Shaoyang,
including hand- and foot-Shaoyang, Yangwei and Yanghui,
one of the most commonly used acupoints in clinical treatment.
As is documented, Fengch’ih can be used to treat many diseases,
especially those resulting from pathogenic wind. Its clinical
application is also extensive in modern time for treating such
diseases as dyspepsia, stomach-ache, gastric ulcer, common
cold, headache, cervical spondylosis, trigeminal neuralgia,
hypertension, apoplexia, epilepsia, optic atrophy, myopia,
tinnitus, painful heels[1]. However, little is known about its
nerve-pathway. In the present study, we aim to illustrate
the nerve-pathways and therapeutic mechanisms of Fengch’ih
acupuncture, by means of anterograde transport of aqueous
solution of horseradish peroxidase (HRP).
MATERIALS AND METHODS
A total of 50 adult Wistar rats in good condition, each body
weighing 250-300 g, were divided randomly into control
and acupuncture group regardless of the sex, and each group
subdivided into 1, 2, 3, 4, and 5 d with 10 rats in each
subgroup. The animals were anesthetized with 10% chloral
hydrate (0.3 mL/100 g) intraperitoneally to surgery.
The animals were fixed in prone position on the table.
Fengch’ih was ascertained at the intersection of sternocleidomastoid muscle and trapezius muscle. After conventional
sterilization, 30% HRP50 L was injected into a Fengch’ih
acupoint. As for the controls, equal quantity of HRP was
injected into Fengch’ih.
After survival times of 1-5 d, the animals were deeply
anesthetized with 10% chloral hydrate, and thoracotomy
was done quickly, and intubation was performed via left
ventricle to aorta, and perfused with 50-150 mL 0.9% NaCl
(till the liver whitened), followed by 4 ℃ 1.0% paraformaldehyde-1.25% glutaraldehyde in 0.1 mol/L phosphate
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Figure 1 The distribution of HRP-positive neurons of cervical dorsal root
ganglia, the anterior horn cervical spinal cord, the ventromedial division of the
facial nucleus. A: Photomicrograph of the longitudinal sections of the second
cervical dorsal root ganglion showed an intense and homogeneous distribution
of HRP reaction product within the cell bodies and their processes. The labeled
neurons were green and their processes arranged as pine needle stained with
Gu YM’s technique. ×400. B: Photomicrograph of horizontal sections of second

cervical spinal cord. The labeled neurons were located in the anterior horn. The
dark green cells were the HRP-positive neurons and the red cells were the
negative neurons stained with Gu YM’s technique and counterstained by neutral
red. ×40. C: Photomicrograph of the facial nucleus showed the labeled neurons
in the ventromedial division nucleus.The labeled neurons were dark green and
the negative neurons were red stained with Gu YM’s technique and counterstained
by neutral red. ×100.

buffer, pH 7.4, of 500 mL, first rapidly and then slowly,
lasting no less than 30 min. Soon, the brainstem with attached
cerebellum, cervical and upper thoracic spinal cord, and
the first to eighth bilateral cervical dorsal root ganglia were
removed quickly and stored overnight in 0.1 mol/L phosphate
buffer containing 30% sucrose.
In order to locate the positive nuclear groups, serial,
capital or transverse (brainstem and spinal cord) or longitudinal
(dorsal root ganglion) 40-m sections were cut on a cryotome.
Sections were incubated for HRP histochemistry according
to the tetramethylbenzidine-sodium tungstate (TMB-ST)
protocol[2], and mounted on neutral gum-coated slides. Part
of the sections was counterstained with neutral red. The
sections were examined with bright field microscopy. All
photomicrographs (Figures 1A-C) were taken with a
photomic-roscope (Olympus microscope) on panchromatic
film (made in Japan). Magnified multiples of microscope
and photograph were 20×, 10×, and 12.15×, respectively.
The finally magnified multiple of the neurons was 2 430.
To count numerical density on volume (Nv), numerical
density on area (Na) and mean volume (v) of the HRPpositive neurons in the photograph of cervical dorsal root
ganglia, anterior horn of spinal cord and facial nucleus of
nerve, a square-net-test-system with 2 500 counting grid was
applied. The border length of the counting grid was 2 mm,
and its area was 4 mm2. The value of area divided by magnified
multiple was named practice value. The section number of
the HRP-positive neurons, the crossing number falling on
the section and reference testing crossing number were
counted. And then, the Novena and v were computed
according to stereological formula[3]. Every stereological
parameter was expressed by mean±SD.

dorsal root ganglia, the anterior horn of the 1-4 cervical
spinal cord (layer VIII and IX), the ventromedial division of
the facial nucleus, the accessory facial nucleus (Figure 1).
The HRP positive particles in the HRP neurons of the abovementioned regions declined with the increase of survival time,
and those HRP positive particles in the cytoplasm and the
process faded away on the 5th d. The Nv, Na, v of the HRPpositive neurons in cervical dorsal root ganglia, anterior horn
of the 1-4 cervical spinal cords, and the ventromedial division
of the facial nucleus referred to in Table 1.

RESULTS
HRP positive neurons were green when they were not
counterstained, and changed into dark green after being
counterstained. In cytoplasm and processes many HRP positive
particles were found, and those in the processes were in the
pattern of a pearl string. One day after injection, the HRP
positive neurons began to appear in 1-4 homolateral cervical

Table 1 N v, Na, v of HRP-positive neurons in cervical dorsal root
ganglia, anterior horn of the cervical spinal cord and the facial nucleus
(mean±SD)

Dorsal root ganglia
Anterior horn
Facial nucleus

Nv (×103 mm-3)

Na (mm-2)

v (×10-5 mm3)

2.65±2.39
2.06±1.30
2.43±0.09

31.85±20.46
88.00±54.53
91.49±11.08

5.12±3.27
5.96±2.38
2.91±1.19

DISCUSSION
Acupunctures on the Fengch’ih acupoint can be categorized
as: (1) the superficial needling, the most common one, with
the needlepoint slanted toward the apex of nose, for treating
many diseases; (2) deep needling, the special one, with the
needle pointed straight toward homolateral nose for treating
sequelae of apoplexy, toward the bottom of homolateral
angularis for treating diseases in trunk, neck, limbs, throat,
and trachea, toward throat for treating pseudobulbar
paralysis, or slightly toward temporal for hemicrania, and
(3) penetration needling, toward opposite side of Fengch’ih
(Fengfu), mainly for cervical spondylosis. Then, what is the
functioning of Fengch’ih? The following is an illustration
of its nerve pathway based on the anatomy of Fengch’ih
and the findings of the present experiment.
The acupoint of Fengch’ih is located at the intersection
of trapeziums muscle and the upper end of sternocleidomastoid
muscle, under the superior nuchal line pitting of inside the
hairline. The sensory fibers of its skin and subcutaneous fascia
come from the posterior branch of the 3 rd cervical nerve
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and the branches of lesser occipital nerve. The sympathetic
fibers originates from 8 and 1-2 thoracic lateral horn cells.
At the acupoint is located lesser occipital nerve trunk, and
deeper are lateral suboccipital triangle, occipital artery and
vein, vertebral artery, and the posterior branch of the 1st cervical
nerve. Lesser occipital nerve originates either from the anterior
branch of the 2 nd and the 3 rd cervical nerve, or from the
nerve loop between the two, then, along the posterior border
of the end of sternocleidomastoid muscle, extends to the
lateral scalp, and distributes behind auricle and in the lateral
skin of occipital nerve. Its ramie communicates with the
branches of greater occipital nerve and auriculotemporal
nerve[4,5].
In addition, facial nerve branches off the stylomastoid
foramen. Posterior auricular nerve controls occipital muscle,
periauricular muscles, posterior belly of digastrics muscles
and stylohyoid muscle[5].
In the present study, after the injection of HRP into
Fengch’ih acupoint, HRP positive neurons were found in
the regions of bilateral or homonymous 1st-4th cervical dorsal
root ganglia and their corresponding anterior horns (layers
VIII–IX) of the spinal cord, ventromedial division of the
facial nucleus and the accessory facial nucleus. Based on
the anatomical structure of Fengch’ih acupoint, it is assumed
that HRP is carried through the branches of the 1st-4th cervical
nerve to dorsal root ganglia directly, or straight to the motoneurons of the anterior horn of the 1st-4th spinal cord. After
HRP was injected into the sternocleidomastoid and trapezius
muscles, all labeling were found ipsilaterally; retrogradely
labeled cells were located in the C2-C4 dorsal root ganglia,
and transganglionic labelings in the C1 to the rostral C6 spinal
segments and in the medulla oblongata. Labeled terminal
fields were the lamina VI, the central cervical nucleus and
the ventral horn in the cervical spinal cord[6]. Injections of
WGA-HRP or free HRP into rostral cervical dorsal root
ganglia and HRP application to C2 and C 3 dorsal rami
produced labeling in dorsal and ventral horns at the level
of entrance[7]. Injections of WGA-HRP into the second cervical
dorsal root ganglion produced labeling in the dorsal and ventral
horns. Injections of aqueous HRP into the suboccipital
muscles produced heavy transganglionic label within the
central cervical nucleus[8]. After injection of HRP into ganglia
(C3) without involvement of the ventral roots and spinal nerves,
a few ipsilateral spinal ventral horn neurons (C3) were retrogradely labeled with HRP. Subsequent to an HRP and wheat
germ agglutinin WGA-HRP-mixture injection into the dorsal
neck or suboccipital muscles, many spinal motoneurons (C3)
were labeled retrogradely with an HRP mixture. These findings
strongly suggest that some spinal motoneurons send their
axon collaterals to the dorsal root ganglia, in which the terminals
of the axon collaterals directly synapse with the dorsal root
ganglion cells[9].
The neurons of the ventromedial division of facial nucleus
were labeled retrogradely with an HRP through the posterior
auricular nerve of the facial nerve. The facial nerve were
six main branches which were the zygomatico-orbital, cervical,
posterior auricular, anterior auricular, superior labial, and
inferior labial branches[10] . The facial nucleus of a variety
of species was divided cytoarchitectonically into the ventral,
medial, intermediate, dorsal and lateral divisions. When
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horseradish peroxidase (HRP) was applied to the inferior
labial, cervical or posterior auricular branch of the facial
nerve, HRP-labeled neurons were seen in the lateral, ventral
or medial division of the facial nucleus, respectively. After
applying HRP to the anterior auricular-zygomatico-orbital
branch, labeled neurons were observed mainly in the
intermediate and dorsal divisions. HRP applied to the superior
labial branch labeled neurons within the dorsal and lateral
divisions[11-14]. The neurons of the accessory facial nucleus
were labeled retrogradely with an HRP through the nerve
supplying the posterior belly of the digastrics muscle in the
accessory facial nucleus[15]. These results are consistent with
those of ours.
The absence of HRP in the posterior horn of spinal
cord, the cuneate nucleus, the gracile nucleus, the ambiguous
nucleus, the nucleus of solitary tract, and the trigeminal
nerve nucleus indicates that Fengch’ih functions without
these nuclei. It is still uncertain whether the 1st-4th cervical
nerve is directly related to facial nucleus and accessory facial
nucleus, or to the anterior horn of spinal cord, whether facial
nucleus and accessory facial nucleus are related to the anterior
horn of the 1st-4th cervical spinal cord, which deserves further
investigation.
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Abstract
AIM: To examine the expression of E-cadherin in the
primary tumor and to evaluate its relationship with lymph
node micrometastasis (LNM).
METHODS: The authors studied 850 lymph nodes
resected from 30 patients with gastric carcinoma who
underwent gastrectomy with lymphadenectomy using
reverse transcription polymerase chain reaction (RT-PCR)
assay in addition to H&E staining. Cytokeratin-20 (CK-20)
gene marker was used in this assay. The level of E-cadherin
expression in the primary tumor was examined by
immunochemical technique (EliVisionTM plus).
RESULTS: LNM was detected in 77 (12.5%) lymph nodes
of 14 patients (46.7%) with gastric carcinoma. The
incidence of LNM was significantly higher in the diffuse
type (12 of 19 cases, 63.2%) than in the intestinal type of
gastric carcinoma (2 of 11 cases, 18.2%, P = 0.026).
The incidence of LNM also increased in accordance with
the depth of tumor invasion. The loss of expression of Ecadherin in primary tumors was found in 14 (46.7) of
30 tumors. The absence of E-cadherin expression was
significantly associated with the Lauren classification
(P = 0.026), lymph node metastasis (P = 0.011), the
grade of differentiation (P = 0.004) and the lymphatic
invasion (P = 0.001). Expression of E-cadherin was negative
in 10 (71.4%) of the 14 patients with LNM, and in 4 (25%)
of the 16 patients without LNM (P = 0.026).
CONCLUSION: The current results indicate that the RTPCR assay is useful for the detection of LNM and can
significantly increase the detection rate of lymph node
metastasis in patients with gastric carcinoma. The Lauren

classification and depth of tumor invasion are significantly
associated with lymph node micrometastases. Our findings
also indicate that E-cadherin may play an important role
in determining the growth type and differentiation of
gastric carcinoma. The loss of E-cadherin expression may
contribute to LNM.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lymph node metastasis is one of the most important
prognostic factors in gastric carcinoma[1-3]. Histopathological
examination of resected lymph nodes using H&E staining
has been the gold standard for diagnosis of lymph node
metastasis; however, the incidence of LNM is often
overlooked by the routine histologic method. Recent
advances in immunohistochemical and molecular biologic
techniques have made it possible to detect LNM not
evidenced by routine H&E evaluation. Cytokeratin is a
component of the cytoskeleton of epithelial cells that is
not present in normal lymph nodes[4]. Several investigators
have reported that cytokeratin immunostaining can identify
lymph node micrometastases missed by routine H&E staining
in patients with gastric carcinoma[5-7]. However, it has been
reported that the immunohistochemical technique might still
generate false-negative results from overlooking possible
micrometastases localized outside the cutting slice or falsepositive results due to antibody cross-reactivity with host
stromal or inflammatory cells[8]. In the current study, to
overcome these problems, we applied RT-PCR assay to
detect micrometastasis in the lymph nodes resected from
30 cases of stage I-IV gastric carcinomas, and examined
the relationship between LNM and clinicopathologic
characteristics. Moreover, the mechanism of LNM is still
not completely known presently. E-cadherin is an adhesive
molecule of epithelial cells and plays an important role in
the formation and maintenance of epithelia architecture. It
has been reported that reduced expression of E-cadherin is
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closely associated with lymph node metastasis[9,10]. However,
the relationship between E-cadherin expression in the primary
tumor and LNM has not been extensively discussed.
Therefore, the main objective of this study was to explore
E-cadherin expression in the primary tumor and its
relationship with LNM in patients with gastric carcinoma.
The relationship between E-cadherin expression and
clinicopathologic features of gastric carcinoma was also
investigated.

MATERIALS AND METHODS
Patients and specimens
A total of 850 lymph nodes resected from 30 patients with
gastric carcinoma who underwent gastrectomy at the
Department of Gastrointestinal Pancreatic Surgery at Sun
Yat-Sen University of Medical Sciences were studied. There
were 17 men and 13 women, ranging in age from 26 to
82 years, with a mean age of 56.8 years. None of these
patients had received preoperative chemotherapy or
radiotherapy. Total gastrectomy was performed in 16
patients, distal subtotal gastrectomy in 13 patients, and
proximal subtotal gastrectomy in one patient. One patient
underwent D1 lymphadenectomy, 22 patients underwent
D2 lymphadenectomy, four patients underwent D3
lymphadenectomy, and three patients underwent palliative
resection. According to the Lauren’ criteria[11], 19 tumors
were classified as diffusive type carcinomas, and 11 tumors
were classified as intestinal type carcinomas. Depth of tumor
invasion and extent of lymph node metastasis were classified
according to UICC TNM classification published in 1997.
Half of each resected lymph node was fixed in 40 g/L
formaldehyde and embedded in paraffin for routine
histopathological examination. The other half was stored in
1 mL RNA later (Sigma, USA) at 4 ℃ overnight, then
transferred to a clean freezing tube and stored at 70 ℃ for
RNA extraction. The resected primary tumors were also
fixed in 40 g/L formaldehyde and embedded in paraffin.
Two consecutive sections, each 4 m-thick, were examined
by ordinary H&E staining and immunostaining with antiE-cadherin antibody, respectively.
RNA extraction
Lymph node samples were homogenized in 1 mL of TRIzol
Reagent (Invitrogen) per 50-100 mg of tissue using power
homogenizer. RNA extraction was carried out according to
the protocol recommended by the manufacturer. Total RNA
was dissolved in diethylpyrocarbonate-treated water and the
volume and quality of the RNA then assessed by the
ultraviolet spectrophotometer.
The Access RT-PCR
Complementary DNA (cDNA) was synthesized and
amplified from total RNA using the Access RT-PCR system
(Promega). The primer sequences used for CK-20 detection
were 5’-g gtcgcgactacagtgcatattaca-3’ (sense) and 5’cctcagcagccagtttagcattatc-3’ (anti-sense)[12]. cDNA synthesis
was monitored by beta-actin RT-PCR using the following
primers: 5’-caaatgcttctaggcggact-3’ (sense) and 5’-atgctatcacctcccctgtg-3’ (anti-sense). The RT-PCR was performed
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in a 25-L reaction mixture containing nuclease-free water
11 L, 5×Reacton Buffer 5 L, dNTP (10 mmol/L) 0.5 L,
each of beta-actin primers (20 mol/L) 0.5 L, each of
CK-20 primers (10 mol/L) 1.25 L, MgSO4 (25 mmol/L)
1 L, AMV reverse transcriptase (5 U/L) 0.5 L, Tfl
DNA polymerase (5 U/L) 0.5 L, and RNA sample 3 L.
The Access RT-PCR condition was set up as follows: 1
cycle at 48 ℃ for 45 min (reverse transcription), 1 cycle at
94 ℃ for 2 min (AMV RT inactivation), followed by 40
cycles at 94 ℃ for 30 s (denaturation) and at 62 ℃ for 1 min
(annealing) and at 68 ℃ for 1.5 min (extension), followed
by a final extension at 68 ℃ for 7 min. The resultant cDNA
products of CK-20 and beta-actin were 121 and 381 base
pairs, respectively. The RT-PCR products were analyzed
by electrophoresis on 2% agarose gels stained with ethidium
bromide. In this report, “micrometastasis” in the regional
lymph nodes was defined as metastasis that was detected
only by the RT-PCR assay but not by ordinary H&E staining
(Figure 1).
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Figure 1 Comparison of the results of RT-PCR and H&E staining. M:
DL2000Marker; lanes 1-12: dissected lymph nodes. The estimated size of the
amplified products in base pairs (bp) appears on the right. Lymph nodes of lanes
7, 10, and 11 were diagnosed LNM.

Immunohistochemistry
The dissected primary tumors were fixed in 40 g/L
formaldehyde and embedded in paraffin. Specimens from
the paraffin embedded block were cut into 4 m sections
and then placed on slides. E-cadherin immunohistochemical
staining was performed using EliVisionTM plus IHC Kit
(Maixin Biological, Fuzhou, China). After the slides were
deparaffinized with xylene and dehydrated with ethanol, they
were placed in 10 mmol/L citrate buffer and heated in a
microwave at 700 W for 5 min for the retrieval of antigens
in the specimens. Endogenous peroxidase activity was
blocked by incubation of the slides in 3% hydrogen peroxide
in absolute methanol at room temperature for 10 min. The
slides were then incubated sequentially with 50 L of mouse
monoclonal antibody against human E-cadherin (Maixin
Biological, Fuzhou, China) overnight at 4 ℃, with 50 L
of polymer enhancer for 20 min, and 50 L of polymerized
HRP-anti mouse IgG for 30 min. The reaction products
were visualized with diaminobenzidine (DAB Kit, Maixin
Biological, Fuzhou, China), and slides were counterstained
with hematoxylin, dehydrated, and evaluated by light
microscopy. Tris-buffered saline (TBS) solution was used
instead of the primary antibody for negative controls.
For the purpose of data analysis, the expression level
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of E-cadherin in the primary tumor was graded according
to the proportion of positive tumor cells. If more than
25% of the tumor cells were positively stained for Ecadherin, the tumor was classified as having preserved Ecadherin expression. In contrast, if 25% or less of the tumor
cells were positively stained, the tumor was classified as
having the loss of E-cadherin expression. The stained slides
were observed independently by two pathologists who had
no knowledge of the clinicopathological data. All the staining
results for E-cadherin were examined in relation to the
clinicopathological parameters of the tumors.
Statistical analysis
Statistical analysis was performed by Fisher’s exact test to
examine the association of LNM and the expression of
E-cadherin in the primary tumor with the clinicopathologic
characteristics of the primary tumor, and examine the
relationship between the expression of E-cadherin in the
primary tumor and LNM. Statistical significance was defined
as P<0.05.

RESULTS
Correlation between LNM and clinicopathologic characteristics
Routine examination by H&E staining confirmed metastasis
in 233 lymph nodes from 20 patients. All these 233 lymph
nodes were cytokeratin-20 positive; moreover, LNM was
detected in an additional 67 lymph nodes in 12 cases of
these 20 patients. LNM was also detected in 10 lymph
nodes from two cases of 10 patients who had no obvious
metastases identified by H&E staining. Totally, LNM was
identified only by the RT-PCR assay in 77 (12.5%) lymph
nodes of 14 patients (46.7%) with gastric carcinoma. From
Table 1, we also found that the incidence of LNM was
Table 1 Correlation between LNM and clinicopathologic characteristics
Variable
Gender
Male
Female
Age
<50 yr
≥R50 yr
Superficial diameter
<5 cm
≥R5 cm
Tumor location
Upper/middle third
Lower third
Histologic type
Intestinal
Diffuse
Depth of invasion
T1/T2
T3/T4
Histologic differentiation
Well/moderate
Poor
Lymphatic invasion
Positive
Negative
Vascular invasion
Positive
Negative

LNM

Patients
(n)

Negative (%)

Positive (%)

P

17
13

9 (52.9)
7 (53.8)

8 (47.1)
6 (46.2)

P = 1.000

6 (60)
8 (40)

P = 0.442

P = 1.000

10
20

4 (40)
12 (60)

17
13

9 (52.9)
7 (53.8)

8 (47.1)
6 (46.2)

17
13

8 (47.1)
8 (61.5)

9 (52.9)
5 (38.5)

11
19

9 (81.8)
7 (36.8)

2 (18.2)
12 (63.2)

21
9

14 (66.7)
2 (22.2)

7 (33.3)
7 (77.8)

P = 0.046

13
17

9 (69.2)
7 (58.8)

4 (30.8)
10 (41.2)

P = 0.159

18
12

7 (38.9)
9 (75)

11 (61.1)
3 (25)

P = 0.072

2 (40)
12 (48)

P = 1.000

5
25

3 (60)
13 (52)

P = 0.484

P = 0.026
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significantly higher in the diffuse type (12 of 19 cases, 63.2%)
than in the intestinal type of gastric carcinoma (2 of 11
cases, 18.2%, P = 0.026). Micrometastases increased in
accordance with the depth of tumor invasion. Seven of 21
cases that had lesions within submucosa layer were detected
to have micrometastases in the lymph nodes; in contrast,
seven of nine cases with invasion reaching the muscularis
propria and deeper invasion had micrometastases (P = 0.046).
Other clinicopathologic findings including gender, age,
location, diameter, histologic differentiation, lymphatic
invasion and vascular invasion had no statistically significant
correlation with the incidence of LNM (P>0.05).
Expression of E-cadherin
The loss of expression of E-cadherin in primary tumors
was found in 14 (46.7) of 30 tumors. From Table 2, we found
that the absence of E-cadherin expression was significantly
associated with The Lauren classification (P = 0.026), lymph
node metastasis (P = 0.011), the grade of differentiation
(P = 0.004) and the lymphatic invasion (P = 0.001), but not
correlated with age, gender, location, diameter and depth
of tumor invasion (P>0.05).

Table 2 Correlation between the expression of E-cadherin in primary tumors and clinicopathologic characteristics
Expression of E-cadherin
Variable
Gender
Male
Female
Age
<50 yr
≥R50 yr
Superficial diameter
<5 cm
≥R5 cm
Tumor location
Upper/middle third
Lower third
Histologic type
Intestinal
Diffuse
Depth of invasion
T1/T2
T3/T4
Histologic differentiation
Well/moderate
Poor
Lymph node metastasis
Positive
Negative
Lymphatic invasion
Positive
Negative

Patients
(n)

17
13
10
20

Negative (%)

Positive (%)

P

7 (41.2)
7 (53.8)

10 (58.8)
6 (46.2)

P = 0.713

7 (70)
9 (45)

P = 0.260

3 (30)
11 (55)

17
13

7 (41.2)
7 (53.8)

10 (58.8)
6 (46.2)

P = 0.713

17
13

8 (47.1)
6 (46.2)

9 (52.9)
7 (53.8)

P = 1.000

11
19

2 (18.2)
12 (63.2)

9 (81.8)
7 (36.8)

P = 0.026

21
9

8 (38.1)
6 (66.7)

13 (61.9)
3 (33.3)

P = 0.236

13
17

2 (15.4)
12 (70.6)

11 (84.6)
5 (29.4)

P = 0.004

18
12

12 (66.7)
2 (16.7)

6 (33.3)
10 (83.3)

P = 0.011

18
12

13 (72.2)
1 (8.3)

5 (27.8)
11 (91.7)

P = 0.001

Correlation between LNM and the expression of E-cadherin
From Table 3, we found that expression of E-cadherin
was negative in 10 (71.4%) of the 14 patients with LNM,
and in 4 (25%) of the 16 patients without LNM. The
difference between these two groups was statistically
significant (P = 0.026).
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Table 3 Correlation between LNM and the expression of E-cadherin
Expression of E-cadherin
LNM

Patients
(n)

Negative (%)

Positive

14

10 (71.4)

Negative

16

4 (25)

Positive (%)

P

4 (28.6)
12 (75)

P = 0.026

DISCUSSION
It is well known that lymph node metastasis is the most
important prognostic factor for patients with gastric
carcinoma. However, even after undergoing radical resection
of primary tumors and lymph nodes, about 20% of patients
with gastric carcinoma reportedly die of recurrence[13], and
about 3% of patients with early-stage gastric carcinoma
also reportedly die of recurrence[14]. These findings suggest
the existence of LNM that cannot be identified by routine
H&E staining. Several investigators have demonstrated the
usefulness of immunohistochemical technique for detection
of micrometastases in lymph nodes of gastric carcinoma
patients[5-7,15,16] . In the present study, RT-PCR assay was
applied to detect micrometastsis in the lymph nodes resected
from 30 cases of stage I-IV gastric carcinomas. Totally,
LNM was detected by the RT-PCR assay in 77 (12.5%)
lymph nodes of 14 patients (46.7%) with gastric carcinoma.
The incidence of LNM was significantly higher in the diffuse
type (12 of 19 cases, 63.2%) than in the intestinal type of
gastric carcinoma (2 of 11 cases, 18.2%, P = 0.026). Similar
to our results, Ishida et al, studied 2 446 lymph nodes
removed during surgery for 109 cases of gastric carcinoma,
including Stages I-IV. Metastases were confirmed in 230
lymph nodes (9.4%) stained with H&E, and an additional
201 lymph nodes (17.6%) had micrometastases identified
only by immunostaining. They also demonstrated that the
diffuse type had more micrometastases than the intestinal
type[5].
In addition, we also found that there was a significant
correlation between LNM and depth of tumor invasion.
Seven of 21 cases that had lesions within submucosa layer
were detected to have micrometastases in the lymph nodes;
in contrast, seven of nine cases with invasion reaching the
muscularis propria and deeper invasion had micrometastases
(P = 0.046). Micrometastases increased in accordance with
the depth of tumor invasion. Tsujitani et al, obtained almost
the same results as ours. They reported that micrometastases
in the lymph nodes were found in 18% of mucosal cancer,
25% of submucosal cancer, and 65% of T3 (serosal) cancer
specimens, with cancer-free nodes examined by H&E
staining[17].
These results indicate that RT-PCR assay is clearly more
sensitive than routine histopathological examination for
detection of micrometastases in lymph nodes of gastric
carcinoma patients. Lymph node micrometastases are
significantly associated with the Lauren classification and
depth of tumor invasion.
E-cadherin is a 120-ku transmembrane glycoprotein that
is responsible for calcium-dependent intercellular adhesion
by homotypic interactions. E-cadherin plays an important
role in maintaining cell polarity and tissue morphology[18].
Previous studies showed that 43.5-72% of gastric carcinoma
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had reduction or loss of E-cadherin expression[19,20]. In our
study, the loss of E-cadherin expression was observed in
46.7% (14 of 30 cases) of gastric carcinoma. We also found
the absence of E-cadherin expression was significantly
related with the histologic type and the grade of tumor
differentiation. In 19 gastric carcinomas with diffuse type
of growth 12 showed negative E-cadherin expression,
while in 11 gastric carcinomas with intestinal type of growth
only two showed negative E-cadherin expression. The
difference was statistically significant (P = 0.026). In 17
poorly-differentiated gastric carcinomas 12 showed negative
E-cadherin expression, while in 13 well- or moderatelydifferentiated gastric carcinomas only two showed negative
E-cadherin expression. The difference was also statistically
significant (P = 0.004). Recently, several scholars also
reported that the reduction or absence of E-cadherin
expression occurred more frequently in diffuse than
intestinal type of gastric carcinoma, and correlated with
poor differentiation[21,22] . These findings indicate that Ecadherin may play an important role in determining the
growth type and differentiation of gastric carcinoma.
The E-cadherin gene has generally been recognized as
an invasion-suppressor gene[23,24]. Chen et al[22], reported that
the loss of E-cadherin expression was significantly associated
with tumor invasion. Yonemura et al[20], also reported that
reduced E-cadherin expression showed a strong relationship
with positive serosal involvement and infiltrating type. In
the present study, the absence of E-cadherin expression
was more frequent in T3 or T4 tumors (six of nine tumors,
66.7%), compared with T1 or T2 tumors (8 of 21 tumors,
38.1%), but this difference was not statistically significant
(P = 0.236). This may be explained by the fact that the
cases in our study were comparatively few. To draw a further
conclusion, larger sample investigations on gastric carcinoma
are needed.
It has been reported that reduced expression of Ecadherin plays an important role in the development of
lymph node metastases in patients with gastric carcinoma.
However, the relationship between E-cadherin expression
in the primary tumor and LNM has not been extensively
discussed. In our study, we found that expression of Ecadherin was negative in 10 (71.4%) of the 14 patients
with LNM, and in 4 (25%) of the 16 patients without LNM.
The difference between these two groups was statistically
significant (P = 0.026). The result indicates the loss of Ecadherin expression may contribute to LNM.
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Abstract
AIM: To study the status of hMLH1 gene point mutations
of gastric cancer kindreds and gastric cancer patients from
northern China, and to find out gene mutation status in the
population susceptible to gastric cancer.
METHODS: Blood samples of 120 members from five
gastric cancer families, 56 sporadic gastric cancer patients
and control individuals were collected. After DNA extraction,
the mutations of exon 8 and exon 12 of hMLH1 gene were
investigated by PCR-SSCP-CE, followed by DNA sequencing.
RESULTS: In the five kindreds, the mutation frequency
was 25% (5/16) for the probands and 18% (19/104) for
the non-cancerous members, which were significantly
higher than the controls (P＜0.01 2 = 7.71, P＜0.01 2 = 8.65,
respectively). In the sporadic gastric cancer, the mutation
frequency was 7% (4/56), which was similar to that
(5/100) in the healthy controls. The mutation point of
exon 8 was at 219 codon of hMLH1 gene (A-G), resulting
in a substitution of Ile-Val (ATC-GTC), whereas the
mutation of exon 12 was at 384 codon of hMLH1 gene
(T-A) resulting in a substitution of Asp-Val (GTT-GAT),
which were the same as previously found in hereditary
nonpolyposis colorectal carcinoma.
CONCLUSION: The members of gastric cancer families
from northern China may have similar genetic background
of hMLH1 gene mutation as those of hereditary nonpolyposis
colorectal carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common cancers and a
leading cause of cancer death in China. Although the molecular
biological mechanism involved in the gastric tumorigenesis
remains unclear, clinical and epidemic studies have shown
that gastric cancer occurrence has a tendency of familial
accumulation. Several members can be attacked by gastric
cancer just in one family. Moreover, the younger generations
of these families are found to develop colorectal cancer at
a high frequency in recent years because of the change of
food habit. So we imagine that individuals susceptible to
gastric cancer may have the similar genetic background as
those of colorectal cancer. Hereditary nonpolyposis
colorectal carcinoma (HNPCC) is a kind of colorectal cancer
that has been well studied[1,2]. One of the reasons why HNPCC
emerges is germline mutation in mismatch repair genes[3,4],
most commonly in hMLH1 (human MutL homolog1) and
hMSH2 (human MutS homolog2)[5]. Therefore, we selected
the hot mutant sequences exon 8 and exon 12 of hMLH1
gene to detect gene mutation status in the population susceptible
to gastric cancer.
MATERIALS AND METHODS
Sample collection
Peripheral blood samples of 120 members in five gastric
cancer families, 56 sporadic gastric cancer patients and
control individuals were collected from the southern district
of Liaoning Province, northeast of China. All blood samples
were stored at -20 ℃ until used. Of the 120 familial samples,
16 were from gastric cancer patients (all were adenocarcinomas)
aged 36-58 years, nine male and seven female and 104
were from non-cancerous members aged 9-70 years, 59
male and 45 female. All the five gastric cancer families met
the following standards: three or more cases were affected
by gastric cancer in two successive generations, two or more
of them were first-degree relatives and at least one diagnosed
to have had gastric cancer before the age of 50, whereas
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DNA extraction
Genomic DNA was extracted from blood using the DNA
extraction kit (Huashun Co., Ltd, Shanghai).

cycle sequencing ready reaction kit (Perkin-Elmer, ABI
Prism) under the following conditions: initial denaturation
at 96 ℃ for 2 min, 25 cycles at 96 ℃ for 10 s, annealing at
50 ℃ for 5 s, extension at 60 ℃ for 2 min, and a final
elongation step at 60 ℃ for 7 min, in a 2 700 thermal
cycler (Perkin-Elmer). The products were purified by an
ethanol/NaAc method, and then CE-sequencing was
conducted using ABI Prism 310 (Perkin-Elmer, ABI Prism).

PCR of hMLH1 gene in exon 8 and exon 12
Primer sequences used were as follows: for exon 8, 5’-AMACAGACTTTGCTACCAGGACTTG-3’ (Forward) and 5’FAM-TGTCTTATCCTCTGTGACAATGG-3’ (Reverse)
and for exon 12, 5’-FAM-CTCAGCCATGAGACAATAAATCC-3’ (Forward) and 5’-FAM-GGTTCCCAAATAATGTGATGG-3’ (Reverse). Fluorescence-labeled
primers and PCR amplification kits were obtained from
TaKaRa Biotechnology (Dalian, China). The reaction mixture
contained 10 mmol/L Tris-HCl (pH 9.0), 50 mmol/L KCl,
1.5 mmol/ L MgCl2, 200 µmol/L dNTPs, 1 mmol/L each
primer, 100-200 ng of the extracted genomic DNA and
1.25 U Taq DNA polymerase in a total volume of 25 µL.
PCR was performed with a Perkin-Elmer Model 2700 PCR
system (Foster City, CA, USA) with the following polymerase
chain reaction (PCR) program: initial denaturation at 94 ℃
for 5 min, followed by 35 cycles of denaturation at 94 ℃
for 40 s, annealing at 55 ℃ for 40 s, extension at 72 ℃ for
1 min, and a final elongation step at 72 ℃ for 5 min.

RESULTS
Of the 16 probands in the five kindreds, two cases were
found mutant at exon 8, two cases were found mutant at
exon 12 and the total mutation frequency was 25% (5/16).
Meanwhile 12 cases were found mutant at exon 8, seven
cases were found mutant at exon 12 and the total mutation
frequency was 18% (19/104) in the familial noncancerous
members. In the 56 cases of sporadic gastric cancer, two
cases were found mutant at exon 8, two cases were found
mutant at exon 12 and the total mutation frequency was
7% (4/56), which was similar to the healthy control
individuals but being significantly lower than both the
probands and familial members in the kindreds (Table 1).
The mutation point of exon 8 was at 219 codon of hMLH1
gene (A-G), resulting in a substitution of Ile-Val (ATC-GTC)
(Figures 1A and 2A), whereas the mutation of exon 12 was
at 384 codon of hMLH1 gene (T-A), resulting in a substitution
of Asp-Val (GTT-GAT) (Figures 1B and 2B), which was
the same as previously found in HNPCC.

there was no first-degree relative affected by gastric cancer
in those sporadic patients (all were adenocarcinomas) aged
42-64 years, 36 male and 20 female and healthy controls
aged 18-60 years, 60 male and 40 female.

SSCP analysis by capillary electrophoresis
Single-strand conformation polymorphism (SSCP) of DNA
was analyzed by the method of capillary electrophoresis
(CE). A P/ACE MDQ capillary electrophoresis instrument
(Beckman, Palo Alto, CA, USA) with argon ion LIF detector
(ex = 488 nm, em = 520 nm) was employed. The capillary
was coated with linear polyacrylamide with an inner diameter
of 75 µm and an effective length of 30 cm. Prior to
electrophoresis, the PCR products were diluted 20-folds
with water, and heated at 95 ℃ for 10 min, then immediately
put into ice water and kept for 5 min. The samples were
injected at reverse polarity of 5 kV for 5 s, and separation
was carried out under constant voltage. Single-strand DNA
fragments were detected by LIF detector and the data were
collected and analyzed by MDQ software.
CE-sequencing
The samples suspected to be mutant by CE-SSCP were
sequenced. The PCR for sequencing was performed using
nonfluorescent forward primer and the Big Dye terminator
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Figure 1 SSCP analysis of the normal and mutant samples of hMLH1 gene
exon 8 (A) and exon 12 (B). Peaks 3, 4, 6- wild type ssDNA and peaks 1, 2,
5-mutant ssDNA for exon 8 (A); Peaks 1, 4-wild type ssDNA, peaks 2, 3-mutant
ssDNA and peaks 5, 6-primer ssDNA for exon 12 (B).

Table 1 Comparison of hMLH1mutation among the gastric cancer kindreds, sporadic gastric cancer patients, and control individuals
HMLH1 mutation
Groups
Probands of kindreds
Non-cancerous members of kindreds
Sporadic gastric cancer patients
Control individuals
b

P＜0.01 2 = 7.71, dP＜0.01 2 = 8.65 vs control individuals.

Cases
16
104
56
100

Exon 8
2
12
2
2

Mutation rate (%)
exon 12
2
7
2
3

25b
18 d
7
5
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in the five kindreds’ blood samples. It seems that hMLH1
gene mutation is not a characteristic of sporadic gastric cancer.
From the above-mentioned, it can be concluded that
there may be similar hMLH1 gene mutation as HNPCC in
somatic cells in gastric cancer kindreds, but not in those in
sporadic gastric cancer patients. The mutations of hMLH1
gene may be involved in tumorigenesis of hereditary gastric
cancer in northern China.

B
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for hundreds of years. The effective components of
rhubarb are anthraquinone derivatives, emodin being the
most important. Traditional viewpoints hold that emodin
primarily acts on the large intestine and it can enhance the
excitability of smooth muscles of the large intestine[1,2]. We
have obtained more than 95% pure emodin from China
Pharmaceutical University In this study, we evaluated
whether emodin had any effects on small intestinal peristalsis
of mice and explored its relevant mechanisms.

Abstract
AIM: To investigate the effect of emodin on small intestinal
peristalsis of mice and to explore its relevant mechanisms.
METHODS: The effect of emodin on small intestinal
peristalsis of mice was observed by charcoal powder
propelling test of small intestine. The contents of motilin
and somatostatin in small intestine of mice were determinated
by radioimmunoassay. The electrical potential difference
(PD) related to Na+ and glucose transport was measured
across the wall of reverted intestinal sacs. Na+–K+-ATPase
activity of small intestinal mucosa was measured by
spectroscopic analysis.
RESULTS: Different dosages of emodin can improve small
intestinal peristalsis of mice. Emodin increased the content
of motilin, while reduced the content of somatostatin in
small intestine of mice significantly. Emodin 0.2, 0.4, 0.8,
and 1.6 g/L decreased PD when there was glucose.
However, emodin had little effect when glucose was free.
The Na+–K+-ATPase activity of small intestinal mucosa of
mice in emodin groups was inhibited obviously.
CONCLUSION: Emodin can enhance the function of small
intestinal peristalsis of mice by mechanisms of promoting
secretion of motilin, lowering the content of somatostatin and
inhibiting Na+–K+-ATPase activity of small intestinal mucosa.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Rhubarb has been used to treat gastrointestinal disorders

MATERIALS AND METHODS
Animals and treatment[3]
Fifty healthy ICR mice (weighing 18-22 g) were randomly
divided into five groups: normal control, model, low dose
of emodin, medium dose of emodin and high dose of
emodin. The animals in emodin treatment groups and model
group were put through intragastric gavage (IG) with
compound diphenoxylate 0.2 mL/10 g. Those in normal
control were treated with NS. Thirty minutes later different
medications were given: mice in normal control and model
group were given NS, and those in emodin treatment groups
were given emodin 0.1, 0.2, and 0.4 g/kg respectively. All
of the animals were administered as above for 1 wk and
were fasted for 12 h before the last administration.
Charcoal powder propelling test of small intestine[4]
Thirty minutes after the last administration, all animals were
IG charcoal powder suspended liquid 0.2 mL/10 g. Twenty
minutes later the mice were killed by exarticulation. The
small intestine from pylorus to the boundary of ileum and
cecum was isolated and its length was “total length of small
intestine”. The length from pylorus to the foreland of charcoal
powder was “charcoal powder propelling length”.
Charcoal powder propelling ratio=[charcoal powder
propelling length (cm)/total length of small intestine(cm)]
×100%.
Determination of motilin and somatostatin
Fifty mice were administered as above. Thirty minutes
after the last administration, the small intestinal tissues
were treated according to Sun et al [5]. The contents of
motilin and somatostatin in small intestine of mice were
determined by radioimmunoassay according to the
protocols of the kit.
Determination of Na+–K+-ATPase activity
After isolating small intestinal tissues, the mice above were
intercepted between 5 cm intestinal segments below the
Treitz ligament. The intestines were rinsed repeatedly by
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NS and made into homogenates of small intestinal mucosa.
The Na+–K +-ATPase activity of small intestinal mucosa
was measured by spectroscopic analysis according to the
protocols of the kit. The protein was determined by
Coomassie Brilliant Blue Method. The unit of Na+–K + ATPase activity was mol pi/mg Pro/h.
Potential difference (PD) of isolated small intestine[6,7]
About 8 cm of jejunum was taken, and cleaned with K-H
solution. The wall of intestinal sacs was reverted. We ligated
one end, and the other end was tied with tubuliform glasstube. The reverted intestinal sac full of K-H solution was
put in a tube full of 25 mmol/L glucose K-H solution (glucose
K-H) or glucose-freeK-H (at 37 ℃). The mixed gas including
50 mL/L CO2 and 95% O2 was injected. The electrical
potential difference (PD) was measured across the wall of
reverted intestinal sacs. The drugs in experiment were
dissolved by glucose-free KH or glucose KH, PH was
regulated and the osmotic pressure was modulated with
mannitol. PD was recorded every 2.5 min and observed
15 min continuously.
Statistical analysis
All data were expressed as mean±SD. Statistical analysis
was performed using unpaired t test. Differences were
considered significant when P≤0.05.

RESULTS
Effect of emodin on charcoal powder propelling movement of
small intestine in mice
The charcoal powder propelling ratio in normal control was
56.4±4.9%, while it greatly decreased to 44.7±10.3% in
model group. Comparing with model group, emodin 0.1,
0.2, and 0.4 g/kg induced obvious increase of the charcoal
powder propelling ratio of small intestine, and reached
54.6±6.6%, 67.2±18.4%, and 70.6±10.1%, respectively
(Table 1).
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Figure 1 Effect of emodin on the contents of motilin and somatostatin in small
intestine of mice (mean±SD, n = 10). A. Normal control; B. Model; C. Emodin
low dose; D. Emodin medium dose; E. Emodin high dose. aP<0.05 vs model;
b
P<0.01 vs model; dP<0.01 vs normal control.

Effect of emodin on PD of isolated small intestine
Effect of glucose K-H and different concentrations of
emodin on PD of isolated small intestine Before
administration vs after administration: Fifteen minutes after
administration of 0.2, 0.4, 0.8, and 1.6 g/L of emodin can
lower PD of isolated small intestine of mice significantly
(P<0.01) (Figure 2); compared between different groups: there
was no significant difference between every group before
administration. Fifteen minutes after administration of 0.2,
0.4, 0.8, and 1.6 g/L of emodin can lower PD of isolated small
intestine of mice significantly, compared to K-H solution group,
there were significant differences (P<0.01), which indicated
that 0.2, 0.4, 0.8, and 1.6 g/L of emodin can lower PD of
isolated small intestine of mice significantly, and, the inhibitory
effect enhanced with increasing concentration (Figure 3).

14
12

Before
administration

10
PD (mV)

3148

8

15 min after
administration

b

6

b
b

4

b

2
0

Table 1 Effect of emodin on charcoal powder propelling movement
of small intestine in mice (mean±SD, n = 10)
Group

Dose (g/kg)

Charcoal powder propelling ratio (%)

Normal control

—

56.4±4.9

Model

—

44.7±10.3d

Emodin low dose

0.1

54.6±6.6a

Emodin medium dose

0.2

67.2±18.4b

Emodin high dose

0.4

70.6±10.1b

a

1

2

3

4

Figure 2 Effect of emodin on transmural PD (glucose K-H) of mice in vitro:
comparison of the same group before administration and 15 min after administration.
mean±SD, n = 10 1.K-H solution; 2.emodin (0.2 g/L); 3. emodin (0.4 g/L); 4.
emodin (0.8 g/L); 5. emodin (1.6 g/L); bP<0.01 vs before administration.
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P<0.05 vs model; bP<0.01 vs model; dP<0.01 vs normal control.
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Effect of emodin on the contents of motilin and somatostatin
in small intestine of mice
Comparing with normal control, the content of motilin
was lower while the content of somatostatin was higher
in model group (P<0.01). After treatment with different
doses of emodin, the content of motilin increased (P<0.05,
P<0.01), while that of somatostatin decreased significantly
(P<0.05, P<0.01) (Figure 1).
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Figure 3 Effect of emodin on transmural PD (glucose K-H) of mice in vitro:
comparison of different group before administration and 15 min after administration.
mean±SD, n = 100. K-H solution; bP<0.01 vs K-H solution.
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Effect of glucose-free K-H and different concentration
of emodin on PD of isolated small intestine There are
no significant differences in comparison between the same
group before administration and 15 min after administration.
The results indicated that emodin dissolved by glucose-free
K-H had no evident inhibitory effect on PD of isolated
small intestine (Table 2).

Table 2 Effect of emodin (glucose-free K-H) on transmural potential
difference (PD) of mice in vitro (mean±SD, n = 10)
Group

Concentration
(g/L)
Before administration

K-H solution
Emodin

PD (mV)
15 min after administration

2.43±0.43

2.25±0.39

0.2

2.15±0.58

2.02±0.50

0.4

2.42±0.40

2.28±0.52

0.8

2.55±0.34

2.52±0.32

1.6

2.38±0.21

2.23±0.27

Effect of emodin on the activity of Na+–K+-ATPase in
small intestinal mucosa of mice The activity of Na+–K+ ATPase in small intestinal mucosa of mice was higher
significantly in model group than that in normal control
(P<0.01). In emodin treatment groups the activity of
Na + –K + -ATPase in small intestinal mucosa of mice
decreased prominently (P<0.05, P<0.01) (Table 3).

Table 3 Effect of emodin on the activity of Na+–K+-ATPase in small
intestinal mucosa of mice (mean±SD, n = 10)
Group

Dose
(mg/kg)

Activity of Na+–K+-ATPase
(mol pi/mg Pro/h)

Normal control

—

15.82±3.29

Model

—

20.84±4.29d

Emodin low dose

0.1

17.41±2.56a

Emodin medium dose

0.2

16.57±1.74b

Emodin high dose

0.4

16.20±2.09b

a

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

DISCUSSION
Rhubarb is one of the most frequently used evacuants in
clinic. Emodin is one of the primary components of
rhubarb. Emodin is thought to be acting mainly on the large
intestine[8-11]. In this study, we have attempted to investigate
the effect of emodin on small intestinal peristalsis of mice
and to explore its relevant mechanisms.
We observed the effect of emodin on charcoal powder
propelling movement of small intestine in mice. The result
showed that emodin increased the charcoal powder propelling
ratio of small intestine, which indicates that emodin can
enhance the function of small intestinal peristalsis of mice.
Motilin, which is made up of 22 amino acids, has long
been recognized as an important endogenous peptide
regulator of gastrointestinal motor function. Motilin is
secreted by M0 cells distributing in the recess of mucosa in
duodenum and jejunum[12-14]. In the interphase of digestion,
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motilin is secreted with periodicity. Motilin can touch off
the occurrence of three phases of migrating motor complex
(MMC) through acting on the motilin nerve cells in the
nervous system of intestinal tract, which arouses the intense
constriction of stomach and segmentation contraction of
small intestine. The punchy contractive wave of three phases
of MMC extended to a distance along the small intestine at
the rate of 5-10 cm/min. And when it passes through the
gastrointestinal tract, it can clean up the contents of
gastrointestine including the alimentary residue of last diet,
cellular fragment falling off and bacteria. So motilin is a
street sweeper[15]. Motilin plays an important role in regulation
of gastrointestinal movement by touching off the occurrence
of three phases of MMC. In our study we found that the
content of motilin in small intestine of mice in model group
was lower than that in normal control, and after treatment
with emodin, the content of motilin was increased at
different degree. So emodin can enhance the function of
small intestinal peristalsis of mice by promoting secretion
of motilin.
Somatostatin distributed in the gastrointestinal tract
diffusely. Somatostatin can inhibit gastrointestinal function
by two ways: one is by inhibiting the activity of adenylyl
cyclase through inhibitory G protein; the other is by inhibiting
the release of cholinergic neurotransmitter[16-19]. The result
of this study showed that the content of somatostatin in
small intestine of mice was increased significantly comparing
with normal control. Different dosages of emodin could
inhibit the secretion of the somatostatin prominently. This
may be another mechanism of emodin to promote the
movement of small intestine.
Some electrolyte can get across the epithelium of small
intestine by active transport or passive transport, which leads
to electrical potential difference (PD) between mucous
membrane and chorion of small intestine. When it was
adjusted to zero, passive transport of electrolyte was
inhibited, while active transport continued. Then the change
of PD between mucous membrane and chorion of small
intestine reflected the change of active transport[20]. Glucose
absorption in small intestine mucous membrane was
completed by active transport. Active transport needs to
consume energy, the main substance supplying energy is
Na+–K +-ATPase[21,22]. So the decrease of active transport
of ion indicated that Na+–K +-ATPase may be inhibited.
In this study we used high glucose K-H solution in order
to study the role of glucose accompanied Na+-transportation,
which leads to PD maintaining a steady high level, contributing
to eliminate interference of organic component in drugs to PD.
In order to study glucose-non-dependent Na+-transportation,
we used glucose-free K-H to observe the change of simple
Na+-transportation PD. We found that when glucose existed,
different doses of emodin could lower PD significantly. On
the contrary, when glucose was absent, emodin had no evident
effect on PD. The above results indicated that emodin had
no significant effect on simple Na+ -transportation PD, it
mainly inhibited the active transportation of Na+, especially
inhibited glucose-dependent Na+-transportation.
Sodium pump is Na+–K +-ATPase in substance. One
ATP molecule breaking down, there are three sodium ions
moving out of the cell membrane and two potassium ions
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moving into the cell membrane at the same time. By this
way a potential energy reservoir is established, which is in
favor of the transmembrane transportation. The absorption
of glucose and amino acid by intestinal mucosa is just
through this secondary active transport[23-25] . When the
activity of Na+–K+-ATPase in intestinal mucosa is reduced,
the potential energy reservoir is lessened. And the absorption
of glucose, amino acid and sodium ions by intestinal tract is
decreased too, which results in the enhancement of the
osmotic pressure in enteric cavity and the peristalsis of intestinal
tract which is fortified and quickened subsequently[22]. Our
study indicated that the the activity of Na+–K+-ATPase in
intestinal mucosa in emodin treatment groups was decreased
prominently comparing with that in model group. The
decrease of the activity of Na+–K +-ATPase in intestinal
mucosa may be also one of the mechanisms for emodin to
accelerate the movement of small intestine.
In conclusion, emodin can enhance the function of small
intestinal peristalsis of mice and its mechanisms may be
relevant to promoting secretion of motilin, lowering the
content of somatostatin and inhibiting Na+–K +-ATPase
activity of small intestinal mucosa.
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Abstract
We report the case of a patient affected by an extra-nodal
non-Hodgkin lymphoma presenting as a unique, large
retroperitoneal mass with an unusual clinical presentation
mimicking gastric peptic or neoplastic disease. The patient
was successfully treated with a first generation therapy,
CHOP modified regimen (cyclophosphamide 600 mg/m2
intravenously on d 1, epirubicin 55 mg/m2 intravenously
on d 1, vincristine 1.2 mg/m 2 intravenously on d 1,
prednisone 60 mg/m2 on d 1-5), and a complete response
was achieved. The (18)F-fluorodeoxyglucose positron
emission tomography was used to assess the therapy
outcome. A brief review of literature is provided.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Non-Hodgkin lymphoma (NHL) causes many deaths
worldwide, and its incidence is increasing[1]. It represents a
heterogeneous group of neoplasms originating from
lymphocytes[1-3]. In Western countries, 80% of NHL consists
of a neoplastic growth originating from B lymphocytes[4].
The etiology of this disease is still partially unclear[1]. Some
infectious agents have been associated more or less strictly
with the development of a NHL as i.e., the Epstein-Barr virus,
the human herpesvirus 8, and the human T-cell lymphotropic
virus type I[1]. Also the Helicobacter pylori (H pylori) chronic

infection has been strictly implicated in the pathogenesis of
gastric lymphomas[5]. Several other environmental factors
have been linked with the increasing incidence of NHL
with conflicting evidence[6].
Also the disease classification is still complex and
debated. The older classification systems, such as the Kiel
classification and the Working Formulation, were based
on NHL morphology[7]. Only recently, a new system was
developed by the International Lymphoma Study Group,
the Revised European and American Classification of
Lymphoid Neoplasms that incorporate all available information
to define the disease such as clinical features, morphology,
immunophenotype as well as genetic features[8]. The stage
of the disease is classified according to the Ann Arbor staging
system[6].
Nearly 70% of lymphomas present a generally multilocalized, single or multiple lymphoadenomegaly without
pain, with involvement in almost 30-40% of latero-cervical
lymphnodes. In 30% of patients an extranodal localization
is reported in Waldeyer’s ring, in the stomach and generally
in the gastro-intestinal tract. The retro-peritoneal localization
is extremely rare and its diagnosis is often difficult. It often
requires a time consuming and costly diagnostic workup.
Indolent NHL is generally considered incurable. Several
regimens have been commonly used; however, treatment
has never been shown to extend overall survival[9].
The poly-chemotherapy with CHOP regimen has been
so far considered as the standard first-line treatment for
advanced large B-cell lymphoma but upcoming therapies seem
to promise a relevant improvement in patients’ outcomes[10].
Several efforts have been made also to enhance the
pre- and post-treatment disease assessment. This evaluation
relies mainly on a CT scan performed after three or four
conventional cycles of treatment[11,12]. The current evidence
for the ability of (18)F-fluorodeoxyglucose positron emission
tomography (FDG-PET) to detect disease not suspected
from conventional staging is still equivocal, although an
increased number of sites of disease are reported to be
found in many patients by the means of FDG-PET but
whether this is an independent prognostic factor remains
to be seen[13,14] .
The role of FDG-PET in NHL follow-up has not been
widely investigated but there is some evidence that an early
negative FDG-PET scan after completion of treatment is
a strong predictor for patients who will be cured, and in this
group of patients the follow-up could be minimized. Therapy
also, in the case of aggressive disease, could be tailored[15].
In this article we report the case of an uncommon clinical
presentation of a large B-cell lymphoma in a male patient
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treated by a standard CHOP regimen in which a complete
remission was achieved. Besides the uncommon presentation,
this article emphasizes the role and the good sensitivity of
FDG-PET in assessing response to therapy.

CASE REPORT
At the beginning of May 2002, a 56-year-old man, a hard
smoker (30 packs/year) with hypertension, referred to the
outpatient section of the Day-Hospital Unit of the Centre
of Experimental and Clinical Medicine (Department of
Internal Medicine, University of Florence) with recurrent
epigastric burning pain following meals. Anorexia and asthenia
associated with a marked loss of weight (a 7 kg reduction
in 6 wk) were also present. The patient was referred to us
by the general practitioner since he suspected from the
symptom, the presence of a gastric neoplasia. In the past
clinical history of the patient, no relevant disease was present
and he underwent surgery at the age of 51 because of
renal gallstones. No familiar history of gastric or esophageal
cancer was reported.
Physical examination was normal and an accurate
cardiological examination and electrocardiogram ruled out
any cardiological origin of the pain. No alteration was found
in the standard hematochemical determinations, in the
hemachrome and in the differential blood count.
He firstly underwent an ultrasound (US) abdominal
tomography on May 29, 2002 that did not show any relevant
finding.
An esophago-gastro-duodenoscopy (EGDS) was
performed just few days later, on June 4, 2002, and a biopsy
during the procedure was performed in a erythematous
area of the gastric antrum. No evidence of esophagitis was
present. The histopathological examination performed on
the gastric mucosal samples showed the presence of a
superficial gastritis. Both the histopathological examination
and urea breath test for H pylori were positive for the presence
of this bacterium and the specific therapy with antibiotics and
a proton pump inhibitor was immediately begun (amoxicillin
1 000 mg along with clarithromicin 500 mg b.i.d. for a
week and omeprazole 40 mg for the 1st wk and thereafter
20 mg for 3 wk once a day).
A further abdominal US examination performed by a
different examiner from that of the first one did not reveal
any pathological finding. However, despite the therapy, after
2 wk, the patient reported an increase of the epigastric pain
and a posterior irradiation was associated in that occasion.
On July 19, 2002 an abdominal contrast-enhanced CT
scan demonstrated the presence of a solid mass in the
retroperitoneal space. Its size was 9.5 cm×6.5 cm×12 cm
and was located superiorly between the left hepatic lobe
and the stomach. The gastric corpus was displaced to the
left, while the antro-pyloric region forward. No cleavage
limits were observed at the contrast-enhanced CT scans
between the mass, the kidneys and the pancreas. Some
lymphadenopathies were present at pre- and para-aortic
levels (Figure 1). Few days later the patient was referred to
the Surgery Department because of a further increase of
the pain. A port-a-cath catheter was placed in the right
subclavian vein and an intravenous therapy for the pain
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Figure 1 Basal contrast-enhanced abdominal CT scan. The large retroperitoneal
mass is indicated by the white arrow.

with morphine chlorhydrate (up to 60 mg/d) and ketorolac
salt of trometamol (40 mg/d) was started.
Since it did not appear to be possible to obtain a sample
of the mass percutaneously both under US or CT guidance,
the patient underwent an explorative laparotomy and a
biopsy of the mass that appeared as a solid mass in the
retroperitoneal space was taken. The histopathological
examination revealed the presence of a B large-cell
lymphoma. The immunohistochemical staining was positive
for the following antigens: CD-45, CD-20, Bcl, Bcl-6, and
MIB-1. Based on these data the disease was staged IV
according to the Ann Arbor classification[5].
On August 29, 2002, the patient was eventually referred
to our Day-Hospital Unit and was started on a treatment with
CHOP modified regimen (cyclophosphamide 600 mg/m2
intravenously on d 1, epirubicin 55 mg/m2 intravenously
on d 1, vincristine 1.2 mg/m2 intravenously on d 1, prednisone
60 mg/m2 on d 1-5). He was scheduled to receive seven
administrations of this regimen starting from August 29,
2002 until March 10, 2003. The patient tolerated the therapy
well. No major toxicity, as assessed by the CTC criteria[16],
was observed during the whole period of the therapy
administration.
The general condition improved just after the
administration of the first course of treatment and
continued to improve with the further courses of therapy.
The Karnofsky performance status was 40% before
treatment and improved to 100% after the fourth cycle.
The pain was controlled during the treatment period with
the administration of fentanyl via a transdermal device.
The dosage was 75 g/h at the beginning and it was reduced
to 50 g/h and finally to 25 g/h during the second course
of the treatment and completely discontinued after the third
one. Anorexia and asthenia disappeared and the patient’s
body mass index rose from 20 to 24 in about 6 mo.
A contrast-enhanced CT scan of the abdomen was
performed after the third treatment and it demonstrated a
reduction of the mass with residual disease of about 1 cm
localized at celiac trunk and it was considered as a partial
response according to the SWOG criteria (Figure 2)[17]. The
lymphoadenomegalies observed in the prior examination
were still present. After the seventh course of treatment a
total-body FDG-PET was performed and it did not show
any pathological finding (Figure 3). However, 4 mo after
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the completion of the treatment (July 2003), a contrastenhanced CT showed a minimal residual disease localized
at the celiac tripod (Figure 4). Finally a further FDG-PET
performed in October 2003 showed the complete remission
of the disease (Figure 5).
Two months later the port-a-cath catheter was removed.
At the moment of writing this case report (April 4, 2004),
the patient is alive and no evidence of a relapse of the
disease is observed. His general condition is good and he
entered the follow-up program.

←

Figure 2 Contrast-enhanced abdominal CT scan performed. The large
retroperitoneal mass is reduced in size but a residual disease of about 1 cm is
localized at celiac trunk (white arrow).

Figure 3 Total-body FDG-PET performed after the seventh course of treatment.

Figure 4 Contrast-enhanced CT performed 4 mo after the completion of the
treatment. A minimal residual disease is localized at the celiac tripod.

Figure 5 FDG-PET performed in October 2003: a complete remission of the
disease is showed.

DISCUSSION
A primary and unique retroperitoneal localization of NHL
is quite rare and, according to our knowledge, only case
that has been described yet[18] , and a clinical presentation
with an epigastric pain and ulcer-like dyspepsia mimicking a
peptic disease is extremely rare. Abdominal NHL typically
present themselves as a solid mass and they cause abdominal
pain due to compression or infiltration of nerves and its
pain is often referred as a diffuse pain [19]. Abdominal
lymphomas often belong to the sclerosant variety of follicle
centre lymphomas[19].
The symptoms presented in this case were very similar
to that of esophagitis and gastric ulcer and the relationship
with meals suggested to the general practitioner, the
presence at least of a peptic-related disease or a gastric
neoplasia since the patient had a previously known risk
factor for gastric cancer (cigarette smoking) and the
presence of asthenia, anorexia and the weight loss prompted
the general practitioner to start a diagnostic workup
oriented to gastric cancer. The negative result of the first
abdominal US scan prompted us to perform a further US
and a EGDS. This last examination was negative for
gastric cancer and resulted only with the presence of a
mild gastritis associated with H pylori infection. Even the
second US resulted negative. Therefore, since the data
obtained from the first investigations were in some way
contradictory, further assessments were planned. Contrastenhanced CT scans identified the mass, but no indication
on the nature was obtained. A laparoscopic examination
of the retroperitoneal space was thereafter planned and
performed. So, the patient underwent several expensive
investigations to achieve the diagnosis. The complexity of
this clinical workup is probably due to the rarity of the
disease by itself and also because of the uncommon
clinical presentation. Most probably, the presence of a
marked weight loss is the only symptom that could have
oriented the diagnostic workup towards the suspicion of a
neoplastic disease.
Indolent NHL is generally considered incurable. The
CHOP, a first generation chemotherapy regimen, still
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represents the standard chemotherapy regimen for NHL
treatment [20]. It obtains a complete response in about
45-53% of cases, with a long-term survival of 30-37%,
and few and acceptable side-effects. The disease
localization affects treatment choice, but generally the
correct therapeutic approach to the extra-nodal NHL
requires the integration of chemotherapy, radiotherapy
and surgery.
Several regimens have been commonly so far used in
the therapy of nodal and extra-nodal NHL. The response
rate to the treatment is initially greater than 50% but the
response and its duration decrease with subsequent
chemotherapy. However, treatment has never been shown
to extend overall survival.
The poly-chemotherapy with CHOP regimen has been
considered as the standard first-line treatment for
advanced large B-cell lymphoma[21] as no improvement in
failure-free survival or overall survival, but increased toxic
effects with newer regimens were shown with the less
complicated and less expensive regimen of CHOP[24]. New
strategies are being developed to improve the prognosis
of these patients and the association of the CHOP
regimen with rituximab, a human-mouse chimeric
monoclonal anti-CD20 antibody that kills CD20-positive
cells by activation of complement-dependent and antibodydependent cell-mediated cytotoxicity, has been recently
proposed[22-24].
In our case the choice of the CHOP regimen was
funded and we obtained a complete remission. The use
of the CHOP, a first generation regimen, should not be
discontinued, since there is no improvement from the
use of newer regimens[21]. However, the association of
CHOP with mechanism-based drugs such as rituximab
may further improve treatment outcomes especially in
aggressive disease[22].
In this setting it appears clear that a correct pre- and
post-treatment evaluation is mandatory to assess patient
outcome, to evaluate the relapse risk and to establish the
prognosis and in predicting survival and eventually to plan
the follow-up[25]. Thus, it seems necessary to use more than
one tool to evaluate disease extension and after the therapy
residual disease.
The role of the functional metabolic imaging through
FDG-PET has gained relevance in the staging and
evaluation of response of various solid and hematologic
malignancies. FDG-PET has recently emerged as an
useful prognostic tool also in patients with aggressive
lymphomas[13,14,26] . This kind of investigation performed
few cycles after the chemotherapy can predict relapse
risk [27,28]. The vast majority of patients with positive FDGPET scans present poorer clinical outcomes as compared
to patients with negative scans[28]. In patients where FDGPET showed residual disease after treatment, relapses
were reported in 100% of the cases, whereas a longterm survival was seen in more than 80% of patients
with negative PET results[28].
Providing that these obser vations will obtain a
confirmation, by FDG-PET we would be able to customize
for the single patient with aggressive lymphoma, the
appropriate treatment and follow-up. The patient of
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this case report underwent two FDG-PET and in both
cases the negative result corresponded to a remission
of the disease.
Besides its rarity and complexity, this case suggests that
the use of FDG-PET in assessing the response to
chemotherapy of extra-nodal NHL must be implemented
and that FDG-PET could be the most useful predictive
tool in assessing patient outcome. The use of morphologic
tools (contrast-enhanced CT or magnetic resonance) in
association with a functional metabolic imaging test appears
to be mandatory also in the evaluation of extra-nodal
aggressive NHL.
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Abstract
We present a case of a 40-year-old woman with smallcell carcinoma (SCC) of the rectum. She had profuse
bleeding in rectum for 5 d. By colonoscopy, polyps were
determined in the rectum and biopsies were carried out.
Histopathologically, the polyps were adenomatous.
Because of the profuse bleeding in rectum, she underwent
low anterior resection. After the diagnosis of SCC, she
received intravenous chemotherapy with standard doses
of siklofosfamid, adriamycin, and vepesid. Nevertheless,
intracranial metastases were revealed and she died 6 mo
after the operation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Small-cell carcinomas (SCC) are malignancies derived
from cells of the neuroendocrine system. Colorectal
SCC is a rare tumor[1-5] and its incidence is less than 0.2%
among all kinds of colorectal cancers[6] such as small-cell
undifferentiated carcinoma, neuroendocrine carcinoma and
stem cell carcinoma[7]. In some cases these tumors are in
close association with adenomatous polyps[2,3,5,8]. Some of
these tumors show glandular and squamous differentiation.
The morphological heterogeneity of these tumors support
that these tumors develop on divergent differentiation from
pluripotential stem cells derived from the endoderm[9,10].
Small-cell neuroendocrine carcinoma is an aggressive
neoplasm, which was reported to occur frequently with
distant metastasis and carries a poor prognosis, even if
diagnosed in the early stage [2]. Primary SCC showing
neuroendocrine differentiation has been observed in many
sites, including the upper airway and lung, skin, thymus,
kidney, breast, ovary, uterus, urinary bladder, hepatobiliary

tree, pancreas, salivary glands and alimentary tract[11,12] .
Through the amine precursor uptake and decarboxylation
system, neuroendocrine cells are capable of synthesizing,
storing and secreting a variety of neuroamines, neuropeptides
and related substances[12]. The gastrointestinal tract has the
largest component of neuroendocrine cells, and neoplastic
proliferation of these cells occurs primarily in the appendix,
ileum and rectum[13].
The choice of treatment for these kinds of tumors is
chemotherapy, which is used for SCC of the lung. Surgery
plus chemotherapy is another alternative for small localized
tumors[1,3].

CASE REPORT
A 40-year-old woman was admitted to Osmangazi University
Hospital with the complaint of anorexia, 9 kg of weight
loss over 2 mo and profuse bleeding in rectum for 5 d.
Blood-stained bowel motions were found in digital
rectum. Her hemoglobin was 7.2 mg/dL and other laboratory
data were within normal range. Her chest and abdominal
X-ray examinations indicated no specific abnormalities.
Colonoscopy revealed a polypoid lesion and a large size
rectal mass in the rectal wall about 8-12 cm from the anal
verge. Biopsies were performed and the diagnosis of
adenomatous polyps was made.
Abdominal tomography and ultrasonography revealed
a large rectal mass consistent with neoplasm, multiple lesions
probably due to metastasis in both right and left lobes of
the liver and massive peri-aortic and peri-iliac enlarged lymph
nodes. She was transfused 3 units of red blood cells. After
preoperative bowel preparation for 3 d, laparotomy was
performed. There were widespread liver metastases and
lymphadenopathy in the abdomen and iliac region. Frozen
rectal mass and liver lesions on the seventh segment were
studied, the diagnosis of SCC was made and she underwent
low anterior resection. Macroscopically, there was a sessile
papillary lesion in the rectum indicating ulceration in the
mid-portion. Cut section of the lesion revealed a solid tumor
beneath the area of ulceration (Figure 1). Microscopically,
surface epithelium was adenomatous and had villoglandular
configuration, the solid tumor tissue extended through the
entire bowel wall below the ulcer area and villous adenoma
(Figure 2). Tumor infiltration was found in the surrounding
fatty tissues as well. Tumor tissue was composed of solid
sheets and partly trabecular structures of small round or
oval undifferentiated cells with hyperchromatic nuclei and
scanty cytoplasm. Nucleoli were not prominent. There was
a focal peritheliomatous pattern produced by necrosis.
Vascular invasion was determined. No transitional zone was
observed between the adenoma and SCC. No histological
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features were suggestive of glandular or squamous elements.
Immunohistochemical staining tumor demonstrated
positive immunoreactivity with chromogranin A and
synaptophysin. Neuron-specific enolase was negative in
tumor cells. Tumor cells were negative for Grimelius’
argyrophilic reaction. Argyrophilic cells of mucosal crypts
served as internal controls for the Grimelius stain. There
were endocrine cells showing immunoreaction with
chromogranin in adenomatous epithelium. Immunoreactivity
with synaptophysin was not seen. In liver biopsy, SCC
metastases were observed.
Computerized tomography scan and ultrasonography were
performed 3 mo after operation and found an increasing
metastatic focus in the liver. Thus, she was given intravenous
chemotherapy with 800 mg/m2 of siklofosfamid, 50 mg/m2
of adriamycin and 120 mg/m2 vepesid on d 1-3. However,
6 mo after the surgery, her condition deteriorated rapidly
with vomiting, headache and hemiparesis due to intracranial
metastases and died.

Figure 1 Solid tumor beneath the area of ulceration.
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DISCUSSION
The incidence of neuroendocrine cancers is about 3.9%
among all types of colorectal cancers[1,4] and 23-33% of
colorectal neuroendocrine tumors arise in rectum [4,5].
Neuroendocrine tumors include well-differentiated carcinoid
tumors and aggressive neuroendocrine carcinomas also called
as SCC[14] . The frequency of SCC of colorectal region is
less than 1%[1] and 1.5%[4] among all colorectal cancer types.
SCC involving rectum is large and ulcerative [6] and
tumors of the colorectum are frequently associated with
adenomatous polyps [2,5,8,10]. In our case, tubulovillous
adenoma overlay the solid tumor. Their association with
adenomas suggests that SCC derives from stem cells or
cells in a preexisting adenoma[5,7,9,15]. However, as in many
cases[5,8] , we did not observe the transition between two
lesions. In pathogenesis, the likely mechanism of divergent
differentiation of stem cells seems more acceptable.
Through amine precursor uptake and decarboxylation
system, neuroendocrine cells are capable of synthesizing,
storing and secreting a variety of neuroamines, neuropeptides
and related substances[12]. Neuroendocrine cells of the gut
are originally thought to be of neuroectodermal origin[16],
but recently it was suggested that these cells are endodermally
originated[17,18]. Neuroendocrine nature of such cells and tumors
arising from them can be demonstrated immunohistochemically.
Electron microscopic studies have confirmed that the
neuroendocrine differentiation is by demonstrating
neurosecretory granules. As a neuroendocrine carcinoma,
positive immunoreactivity to at least two neuroendocrine
markers is required[4,19]. In these tumors immunoreactivity
is shown with antibodies against neuron-specific enolase,
chromogranin, synaptophysin and hormones[3-5,8,10]. In SCC,
synaptophysin immunoreactivity is strongly positive, which
is the most reliable finding in detecting this tumor[14]. In our
case chromogranin immunoreactivity was determined in
focal areas and synaptophysin showed widespread positivity.
These tumors have a high aggressive behavior [16,20],
their 6-mo survival rate is 58% and 5-year survival rate
is 6%[1,4,21]. Liver and lymph-node involvements are found
in 70-80% of patients in their early evolution[21] . In our
case, the patient had multiple metastases in both right and
left lobes of the liver and massive periaortic and peri-iliac
probably metastatic nodes.
Prognosis is favorable for some patients after radical surgery
for these tumors. It is suggested that local control of SCC
of the rectum can be achieved with multidrug chemotherapy
and radiation therapy without radical surgery[22]. This tumor
is as responsive to chemotherapy as is SCC of the lung[10].
Different results of therapy may be due to unusual examples
of poorly differentiated small-cell malignancies. Electron
microscopy may be helpful to confirm the diagnosis of poorly
differentiated small-cell malignancies[22].
It has poor prognosis, even when the primary resection
is radical[8] . Surgery should be performed only when the
tumor is small and various non-surgical treatments should
be given to patients with advanced disease[23].
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Abstract

was noted. Complete blood count, liver biochemistry,
amylase and lipase were normal. Ultrasound of upper
abdomen revealed a normal gall bladder and a thickened
gastric wall suggestive of gastritis. Upper gastrointestinal
endoscopy showed a small hiatal hernia, along with multiple
superficial and irregular ulcers in the cardia, the body of
stomach and the antrum (Figure 1). Multiple antral biopsies
were taken. CLO-test for Helicobacter pylori turned out to be
negative. Histologic examination of gastric biopsies revealed
superficial ulcers associated with hemorrhage and acute
inflammation in the lamina propria. There was no evidence
of malignancy and H pylori-like organisms were not seen
(Figure 2).

A 41-year-old man presented with severe gastric
ulceration 3 mo a fter beginning treatment with
atorvastatin 20 mg once daily for hypercholesterolemia.
The patient was not taking any ulcerogenic drugs and
had no evidence of Helicobacter pylori infection. Proton
pump inhibitor therapy was initiated and atorvastatin was
replaced by simvastatin with complete resolution of
gastrointestinal symptoms. To our knowledge, this is the
first report of atorvastatin-induced gastric ulceration,
which should be looked for in patients who develop
abdominal pain while on this drug.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 Gastroscopic morphological change of multiple superficial and irregular
ulcers in the antrum.

http://www.wjgnet.com/1007-9327/11/3159.asp

INTRODUCTION
Atorvastatin is generally well tolerated, with most adverse
effects related to the gastrointestinal system[1] . Although
drug-induced gastric ulcerations are listed as potential adverse
effects on package inserts, published reports documenting these
adverse effects are scarce[2]. We present a case of reversible
drug-induced gastric ulceration, attributed to atorvastatin.
CASE REPORT
A 41-year-old man with a history of familial hypercholesterolemia was started on atorvastatin (Lipitor) 20 mg daily.
Three months later, he started complaining of severe
epigastric pain that frequently woke him up at night.
He had no other gastrointestinal symptoms. On physical
examination, epigastric and right upper quadrant tenderness

Figure 2 Histologic morphology of needle-biopsied specimens of primary
gastric ulcerations.

The patient had no previous personal or family history
of ulcer disease and was not on aspirin, nonsteroidal antiinflammatory drugs, or other medications. Atorvastatininduced gastric ulceration seemed to be the most probable
diagnosis. Atorvastatin was discontinued and the patient was
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put on rabeprazole 20 mg daily for a total of 6 wk and he
had a quick relief from symptoms. Simvastatin was started
at a dose of 20 mg once daily with no adverse effects during
a 3-year follow-up.

DISCUSSION
Atorvastatin has a favorable risk-benefit profile[3]. Common
side-effects of this drug (>2%) include constipation,
flatulence, dyspepsia, abdominal pain and headache [2].
Infrequent adverse events (<2%) are reported, including
diaphragmatic muscle impairment[4] , myositis migrans[5] ,
tendinopathy [6] , peripheral neuropathy [7] , external
ophthalmoplegia and ataxia[8], skin and appendages changes/
alopecia[9] , dermatomyositis[10] , dermographism[11] , toxic
epidermal necrolysis[12], chronic urticaria[13], and severe
thrombocytopenia[14] . The serious digestive system sideeffects include acute hepatitis[15], cholestatic hepatitis[16], and
acute pancreatitis[17].
Our patient developed severe symptoms that were
compatible with gastric ulceration. Both endoscopy and
histopathology confirmed the presence of significant
mucosal injury. Other causes of gastric ulcerations were
ruled out. There was no personal or family history of ulcer
disease. The patient did not take any other medication. He
had been taking atorvastatin for 3 mo before the onset of
gastric ulceration.
To our knowledge, this is the first report about gastric
ulcerations caused by atorvastatin and it further reinforces
the fact that statins may cause gastric ulcers. The mechanism
of this side effect is not known. As the use of statins increases,
physicians should consider the diagnosis of gastric ulcerations
in patients taking these medications who then develop
abdominal pain which cannot be explained by any other
process. If gastric ulcer is suspected, the drug should be
stopped and replaced by another lipid lowering drug to
reduce the possibility of further damage to the gastric
mucosa.
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Abstract
Surgical resection with a tumor-free margin is the only
curative treatment for hilar cholangiocarcinoma (Klatskin
tumor). However, over half of the patients present late with
unresectable tumors. Radiotherapy using external beam
irradiation or intraluminal brachytherapy (ILBT) has been
used to treat unresectable hilar cholangiocarcinoma with
satisfactory outcome. We reported a patient with unresectable
hilar cholangiocarcinoma surviving more than 6 years after
combined external beam irradiation and ILBT.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is a malignant tumor arising from either
the extra-or intra-hepatic bile duct. The histological types include
adenocarcinoma, carcinoma in situ, papillary adenocarcinoma,
mucinous adenocarcinoma, and squamous cell carcinoma[1].
Hilar cholangiocarcinoma (Klatskin tumor) is a specific disease
entity involving malignant tumors that locate in the biliary
confluence at the liver hilum. Surgical resection with an adequate
tumor-free margin is the only curative treatment[2]. The reported
medium survival after surgical resection ranges from 16 to
46 mo[3-5]. A 5-year survival rate ranging from 21% to 25%
after curative hepatectomy for hilar cholangiocarcinoma has
been reported[6,7]. However, the prognosis of most patients
with hilar cholangiocarcinoma is usually poor because of

the low resectability rate, ranging from 28% to 37%[3,4,6,8].
This can be related to their locally advanced disease with
extensive biliary and/or vascular involvement, presence of
distant metastases, and poor pre-morbid conditions precluding
a major operation. The median survival for patients with
unresectable hilar cholangiocarcinoma has been reported
to be 6-12 mo[3,4,6,9].
Among the palliative therapies for unresectable hilar
cholangiocarcinoma, radiotherapy can achieve satisfactory
local tumor control and possible survival benefit. It can be
given in the form of external beam radiotherapy (EBRT),
intraluminal brachytherapy (ILBT), or a combination of
both. With the advancement in computerized 3D treatment
planning system, the accuracy of the delivery of EBRT to
the targeted tumor has been much improved. This technique
leads to tumor shrinkage and improves bile drainage, thus
reducing the incidence of septic complications. Likewise,
ILBT imposes a high radiation dose to the tumor volume,
bypasses the radiosensitive skin and superficial structures,
and therefore spares the surrounding normal structures from
radiation toxicity. The reported medium survival for unresectable
hilar cholangiocarcinoma is 11 mo with ILBT alone[10] and
14.5 mo with combined EBRT and ILBT[11]. Both techniques
offer satisfactory symptom palliation with minimal toxicity
and are technically feasible for most patients. However, longterm survival beyond 5 years is very rare after radiotherapy
for unresectable cholangiocarcinoma. We reported a patient
with unresectable hilar cholangiocarcinoma surviving more
than 6 years after combined treatment by EBRT and ILBT,
and briefly reviewed the literatures of this treatment modality.

CASE REPORT
A 49-year-old gentleman presented with painless obstructive
jaundice and significant weight loss in May 1998. Liver
biochemistry showed elevated bilirubin (185 mol/L) and
alkaline phosphatase (285 IU/L) concentration. His carcinoembryonic antigen concentration was normal. Endoscopic
retrograde cholangiopancreatography (Figure 1) showed a
Bismuth type IV stricture[12]. Contrast computed tomography
(CT) scan of the abdomen revealed enlarged lymph nodes
along the hepatoduodenal ligament (Figure 2). Subsequent
hepatic and superior mesenteric angiogram showed encasement
of the common hepatic artery and main portal vein by the
tumor. The tumor was considered unresectable and ultrasoundguided fine needle aspiration cytology of the hilar mass
confirmed the diagnosis of hilar cholangiocarcinoma.
Bile duct decompression was performed by percutaneous
transhepatic biliary drainage (PTBD), and the patient received
combined EBRT and ILBT. A total of 40 Gy EBRT was
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Figure 1 Endoscopic retrograde cholangiopancreatography showing bile duct
stricture at liver hilum suggesting hilar cholangiocarcinoma.

Figure 3 Metallic stent (black arrow) inside common duct on endoscopic
retrograde cholangiopancreatography.

Figure 2 Contrast CT scan showing lymph node enlargement at hepatoduodenal
ligament (black arrow).

Figure 4 Contrast CT scan showing tumor regression after combined ILBT and
external beam irradiation.

given to the tumor bed in 20 divided fractions, which was
followed by 10 Gy ILBT using iridium 192 (Ir192) wire. These
radio-therapeutic procedures were not associated with any
complication. A self-expandable metallic stent (Wallstent,
Boston Scientific Ltd, USA) (Figure 3) was then inserted
via the PTBD tract to bypass the stricture site, and the patency
of the metallic stent lasted for 14 mo. Subsequently he
required PTBD again when the metallic stent was blocked.
There was evidence of tumor regression on reassessment
by CT scan in the first 2 years following the treatment (Figure 4).
Subsequently there was slow disease progression with bile
duct segregation and tumor infiltration to the second part
of the duodenum. The patient relied on long-term PTBD
for symptomatic control. Nevertheless, he has survived for
more than 6 years since the initial diagnosis was made, and
enjoyed a reasonable quality of life. He was able to work
after the radiotherapy until the most recent 2 years of his
disease course. At the time of writing the manuscript, the
patient was still alive with satisfactory general condition.

to be a curative treatment modality for locally advanced hilar
tumors with no evidence of extrahepatic tumors. However, it
could be offered only to patients with locally advanced unresectable tumors without widespread metastases. The reported
medial survival is 25 mo[13] and 5-year survival ranges from
30% to 87%[6,14,15]. Hassoun et al[14], achieved a high 5-year
survival of 87% by very careful patient selection including
staging laparotomy. Nonetheless, the practice of this treatment
option is largely limited by the lack of organ donors and the
potential risk of tumor recurrence following immunosuppressive therapy. For most patients with unresectable hilar
cholangiocarcinoma, therapeutic efforts are mainly confined
to palliation, which primarily involves relief and treatment
of cholestasis. However, no palliative treatment is of proven
value in prolonging survival.
Mortality of patients with hilar cholangiocarcinoma is
usually caused by locoregional phenomena, as a result of
liver failure secondary to bile duct obstruction, cholangitis,
and sepsis. Bile duct decompression by endoscopic or radiological
techniques is of paramount importance. This not only relieves
patients’ symptoms such as itching and cholangitis, but also
facilitates biliary access and recovery of hepatic parenchymal
function. In addition, it makes further oncological treatments
of the tumor possible[9]. In fact, ILBT is regarded to be
beneficial as it improves bile drainage in patients with hilar
cholangiocarcinoma[10]. In case of significant biliary obstruction,
prior establishment of patency of the common duct is important
for a successful delivery of ILBT. This can be achieved by
self-expandable metallic stent insertion, either percutaneously

DISCUSSION
In spite of its low incidence, hilar cholangiocarcinoma is a
deadly tumor because the diagnosis is commonly not made
until the disease progresses to its advanced stage which is not
amenable to curative resection. The median survival is less
than 1 year if the tumor is unresectable[3,4,6,9]. The treatment
options for unresectable advanced hilar cholangiocarcinoma
are limited. Orthotopic liver transplantation has been proposed
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Table 1 Survival after radiotherapy for extrahepatic cholangiocarcinoma
Study
Fletcher et al[10] (1983)
Kuvshinoff et al[11] (1995)

No. of patients
18
12

Pathology

Mode of radiotherapy

Hilar cholangiocarcinoma
Hilar cholangiocarcinoma

ILBT
ILBT+EBRT

Medium survival (mo)
11
14.5

Levitt et al[19] (1988)

20

Cholangiocarcinoma

ILBT

10

Ede et al[20] (1989)

14

Cholangiocarcinoma

ILBT

10.5

Veeze-Kuijpers et al[21] (1990)
Morganti et al[22] (2000)

31
20

Cholangiocarcinoma
Cholangiocarcinoma

ILBT+EBRT
ILBT+EBRT

8
13

Gonzalez et al[23] (2002)

38

Cholangiocarcinoma

ILBT+EBRT

10.4

ILBT, intraluminal brachytherapy; EBRT, external beam radiotherapy.

or endoscopically via the duodenum [16,17]. ILBT prolongs
the patency of the metallic stent, which has been reported
to range from 6 to 8 mo[9,17]. This minimizes the chance of
stent occlusion, and delays the use of external biliary drain,
which is associated with significant psychological problems
and physiological disturbances such as dehydration and
electrolyte imbalance[17]. Our patient received ILBT before
metallic stent insertion, and the patency of the stent lasted
for 14 mo after brachytherapy.
With regard to ILBT, there is no randomized controlled
study to prove its effectiveness in patients with hilar cholangiocarcinoma [18]. The number of patients studied was small
in most of the series in the literature[10,11,19-23]. The medium
survival after ILBT for extrahepatic cholangiocarcinoma
has been reported to range from 4 to 13 mo[19-23]. With respect
to hilar cholangiocarcinoma per se, the reported medium
survival ranges from 11 to 14.5 mo[10,11] (Table 1). ILBT was
initially planned as a boost, as part of a treatment regimen
for patients with inoperable tumors. This treatment modality
was first reported in 1979 by Zimmon et al[24]. In that study,
the iridium wire source was placed through PTBD in four
patients. The treatment duration lasted for 24-72 h. It provides
symptomatic palliation and significant tumor control without
exacerbation of cholestasis or infective complication. It is
suggested that early ILBT after PTBD might extend palliation
of jaundice due to its effect on the limitation of tumor
extension. Ir192, with a half-life of 7 d, is the usual irradiation
source for ILBT. The wire source can be put through PTBD
or a nasobiliary catheter to reach the site of neoplastic stricture
under fluoroscopic guidance. The wire can be placed across,
parallel to or inside a stent. Au198 grains, with a shorter halflife of 2.7 d, have also been used for ILBT. It was found that
the medical staff is better protected from radioactivity when
the Au198 sources are withdrawn after brachytherapy[25].
The optimal irradiation dose and duration of brachytherapy are unknown. Our patient received a combination
of 50-Gy external irradiation. The relationship between
irradiation dosage and survival has been studied by Alden
and Mohiuddin[26]. The patients with cholangiocarcinoma
receiving high-dose combined brachytherapy and external
beam radiation of more than 55 Gy showed significantly
better survival than those who received smaller doses in
unresectable cases. Among patients who received high-dose
radiation, 48% of them experienced an extended 2-year
survival. In another study, brachytherapy was given to five
patients with Klatskin tumor for up to 5 d[27]. Two ribbons
containing Ir192 seeds were threaded into the right and left
percutaneous biliary drainage catheters in a “Y-shaped”

configuration that corresponded well to the “Y-shaped”
volume of the Klatskin tumor. Despite all these survival
results, long-term survivors after radiation therapy for hilar
cholangiocarcinoma, as in our case, have rarely been reported.
The procedure itself is not without risk. In the absence
of any standardized protocol for brachytherapy, it is meaningless
to compare the overall morbidity in different studies. The
reported complication rate for cholangitis, which can be fatal,
ranges from 6% to 30%[11,28,29]. Complications can be classified
as those related to catheter introduction and those resulting
from irradiation. There is an increased risk of bactobilia and
bile duct perforation with either endoscopic or percutaneous
biliary tract instrumentation. The wire source is introduced
to the stricture site commonly via PTBD catheters, thus
the potential risks are hemobilia, catheter dislodgement,
superficial wound infection, liver abscess, and bile leakage.
The complications related to ILBT itself are cholangitis and
pancreatitis, as a result of blocked stent with biliary obstruction,
as well as gastrointestinal tract upset with peptic ulcer or
diarrhea[11,28].
There has been no report on the benefits of offering
EBRT in advance to ILBT or vice versa. However, EBRT
is given first in the majority of centers. This may be attributed
to its effect on tumor shrinkage that prevents cholangitis
during brachytherapy treatment. It is also questionable whether
the addition of chemotherapy is beneficial to patients with
inoperable Klatskin tumors. Basically, the use of chemotherapy
is mainly limited to clinical trials. Nomura et al[30], reported
a survival benefit in patients with unresectable extrahepatic
bile duct cancer receiving brachytherapy combined with
EBRT and repeated hepatic arterial infusion chemotherapy
when compared with those receiving brachytherapy alone.
ILBT was intensely investigated 10 years ago, but it is
still not commonly practiced nowadays. This case report
showed that palliative combined EBRT and ILBT could be
associated with long-term survival. Hence, it is worthwhile
to reconsider its potential effect on local tumor control and
possible survival benefits by proper randomized controlled
trials. Hilar cholangiocarcinoma, once labeled as a dismal
disease with poor outcome, can be associated with longterm survival as shown in our patient. In addition to improvement
of life expectancy, the prolonging of symptom-free survival
is an important target of the treatment as well.
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Abstract
A 42-year-old man presented with a two-year history of
progressive dysphagia and hoarseness. Esophagogram
and endoscopy revealed submucosal mass effect on the
upper esophagus. Computed tomography and magnetic
resonance imaging revealed an elongated mass in the
retrotracheal region of the lower neck with extension to
the posterior mediastinum. Partial tumor resection and
histopathological evaluation revealed a WHO type B2
thymoma. Adjuvant radiation and chemotherapy were
subsequently administered resulting in complete tumor
regression. To our knowledge, this is the first report of
ectopic retrotracheal thymoma with clinical and imaging
ma nifestatio ns m imicking thos e fo r esophageal
submucosal tumor.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Thymoma is an epithelial neoplasm of the thymus, which
usually lies in the anterior mediastinum[1-4]. Uncommonly,
thymomas can also be found in other locations including

the neck, the middle or posterior mediastinum, and the
lung[4-9] . These ectopic thymomas are considered to arise
from aberrantly distributed thymic tissues due to failure
of normal caudal migration into the anterosuperior
mediastinum [4-11]. Herein, we described a rare case of
retrotracheal thymoma presenting with progressive dysphagia
due to compression of the esophagus. To our knowledge, a
thymoma developing in such an unusual location and
mimicking an esophageal submucosal tumor on endoscopy
and imaging studies has not been previously described.

CASE REPORT
A 42-year-old male presented with a 2-year history of progressive
dysphagia and hoarseness. A mass with elastic consistency was
palpable in the left lower neck. Otherwise, physical examination
was normal. Laboratory work-up was also unremarkable.
Endoscopy revealed an intact esophageal mucosa and a
submucosal mass compressing the anterior wall of the upper
esophagus. Esophagogram confirmed extraluminal compression
and right-side deviation of the upper esophagus in the lower
neck and upper mediastinum (Figure 1A). Extrinsic compression
of the upper posterior tracheal wall was demonstrated from
bronchoscopy. Computed tomography (CT) of the neck and
thorax demonstrated a well-defined, homogeneously enhanced
mass measuring 6 cm×3 cm×2 cm posterior to the trachea in
the lower neck and upper posterior mediastinum, while the
esophageal lumen was markedly compressed (Figure 1B).
Magnetic resonance imaging (MRI) revealed a slightly elongated
inhomogeneous mass posterior to the upper tracheal wall,
highly suggestive of the presence of an esophageal submucosal
mass (Figure 1C). The patient underwent surgical treatment
under the initial impression of esophageal submucosal tumor.
During the operation, instead of the expected esophageal
growth, an elongated mass in the lower neck with extension to
the mediastinum lying between the posterior wall of the
trachea and anterior wall of the esophagus was found. Only
partial resection of the mass via the low-neck approach was
possible. Histopathological examination revealed a tumor
composed of neoplastic epithelial component cells appearing
as scattered plump cells with vesicular nuclei and distinct nucleoli
among a heavy population of lymphocytes, compatible with
the type B2 WHO classification. The patient refused further
thoracotomy for complete tumor resection. Adjuvant
chemotherapy and radiotherapy (60 Gy) were performed
postoperatively and recovery was unremarkable. Complete
resolution of the tumor was noted on 1-year CT follow-up.
At the time of writing, there had been no evidence of
recurrence in the intervening 5 years.
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Figure 1 A: Barium esophagogram shows extraluminal compression and right
side deviation of the upper esophagus (arrows); B: Enhanced CT scan at the
level of the lower neck shows a mildly lobulated homogeneous mass (arrows)

DISCUSSION
Embryologically, the thymic epithelium originates bilaterally
from the ventral portions of the third pharyngeal pouches
and descends caudally with the third parathyroid to a level
lower than the thyroid tissue, eventually migrating to the
anteriosuperior mediastinum by the fifth or sixth week of
gestation[4,10]. Aberrant migration may occur anywhere along
this pathway, especially adjacent to the thyroid glands or in
the anterior neck [4-10]. Rarely, aberrant thymic tissues
identified in the skull base, preaortic and retrocarinal fat
during autopsies have also been reported.
Thymoma is the most common anterior mediastinal
neoplasm, usually occurring at 30-40 and 60-70 years of
age in patients with and without myasthenia gravis,
respectively[1-4]. Corresponding to the frequencies for thymus
location, 75% of thymomas are in the anterior mediastinum,
15% involve both the anterior and superior mediastinum,
and 6% are within the superior mediastinum[4]. The remaining
4% of thymomas occur ectopically, affecting the neck, middle
and posterior mediastinum, and the lung[4-9]. To our knowledge,
however, isolated ectopic thymoma occurring in the retrotracheal
region masquerading as an esophageal submucosal mass has
not previously been documented.
Approximately one-third of patients with a thymic tumor
are asymptomatic[1,2]. In symptomatic patients, 30% present
with myasthenia gravis, and the remainder usually present
with chest pain, cough, and dyspnea. Superior vena cava
syndrome, weight loss, fever and night sweats can also be
found in patients with more aggressive tumors [1,2]. On the
other hand, although extremely unusual, our case illustrated
that thymoma may be present with progressive dysphagia,
which could be related to the unusual anatomic location,
leading to initial endoscopic and esophagographic evaluations
and a tentative diagnosis of esophageal submucosal tumor.
On CT, thymomas usually appear as homogeneous softtissue density oval or lobulated masses, which are usually
sharply demarcated and project to one side of the anterior
mediastinum[3,6-8]. On MRI, thymomas typically have a low
signal intensity on T1-weighted images, which increases
with T2-weighted images, and may be homogeneous or
inhomogeneous in intensity[3,5]. In retrospect, we found that
the tumor morphology on CT and MRI in this particular
case was compatible with thymoma. However, owing to the
rarity of its location, an accurate preoperative diagnosis
was, indeed, difficult and the differential diagnosis included
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posterior to the trachea; C: T2 weighted sagittal MR image shows a slightly
inhomogeneous, enlongated mass (arrows) with compression on the posterior
wall of the trachea, mimicking an esophageal submucosal mass.

leiomyoma or leimyosarcoma, gastrointestinal stromal
tumor, and lymphoma.
Surgical resection is the mainstay of treatment for
thymoma[1,2]. Recently, multimodality therapy has been
stressed for thymoma, especially for subtotally resected
tumors[1,2]. Significant reduction of the rate of thymoma
metastasis has also been reported in chemotherapy patients.
Adjuvant radiotherapy and chemotherapy were successful
in our patient. CT follow-up revealed total tumor regression
1 year after surgery, and the patient remained disease-free
5 years after treatment.
In summary, this report documents a rare occurrence
of retrotracheal thymoma presenting with progressive
dysphagia. In light of this case, retrotracheal thymoma may
be included as one of the unusual differential considerations
when submucosal mass effect on the esophagus is encountered.
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Abstract
Colon lipoma is remarkably rare in clinical practice. We
reported a case of ascending colon lipoma in an 83-yearold woman. She was asymptomatic with a lipoma of
35 mm×30 mm×24 mm in size which was found by
routine colonoscopy. Right hemicolectomy was performed
uneventfully. The diagnosis was made by histological
examination. Reviewing the literature and combining with
our experience, we discussed the clinical features,
diagnosis and treatment of this uncommon disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon lipoma is generally mildly symptomatic or asymptomatic.
Even in the condition of presenting with dramatic
characteristics in colonoscopy, barium enema and CT scan,
colon lipoma is still underemphasized and misdiagnosed.
We report a case of submucous ascending colon lipoma
and review the literature to evaluate the clinical features,
diagnosis and treatment of this disease.
CASE REPORT
An 83-year-old woman was admitted to the General Surgery
Department of our hospital on January 2003 for intermittent
mild anal pain. She denied any abdominal pain, constipation,
diarrhea, hematochezia or melena. She had a past medical
history of cerebral infarction for at least 10 years, and no
cancer records were available. She received appendectomy
for acute appendicitis 9 years ago. No meaningful findings
were obtained in abdominal examination. Complete

evaluations of the ano-rectum were carried out which
included visual inspection, digital examination and anoscopy.
The diagnosis of external hemorrhoid was established and
conservative treatment was adopted. Detailed laboratorial
studies showed all results within normal limits, including
complete peripheral blood cell counts, blood biochemistry
and carcinoembryonic antigen. Fecal occult blood test was
negative thrice consecutively. Colonoscopy was performed
afterward, and a yellowish hemispherical tumor of 45 mm
in diameter was detected at the site of ascending colon.
The overlying mucosa was smooth, and the lesion was soft
and compressible (Figure 1A). According to these features,
the diagnosis of submucous tumor (SMT) was made by
colonoscopy. Biopsy showed non-specific colitis. Barium
enema revealed an ovoid filling defect with smooth border
at the proximal area of colon hepatic flexure (Figure 1B).
Abdominal CT scan found a pedunculated neoplasm
protruding into the lumen of ascending colon with sharp
margin and soft tissue density (Figure 1C). Lipoma was
considered to be the most probable cause, but malignancy
could not be excluded. Finally, the patient underwent
laparotomy, although she was asymptomatic and the tumor
showed benign features. Right hemicolectomy was performed
uneventfully. Surgery certified the diagnosis of colon lipoma.
Macroscopic inspection of the resected colon segment showed
a smooth round polypoid submucous tumor with elastic
character and 35 mm×30 mm×24 mm in size (Figure 2A).
Fault of the specimen demonstrated the tumor with
pedunculated appearance. The base of the lesion was 8 mm
in size. The tumor was covered by normal mucosa and had
uniform parenchyma in bright yellow color (Figure 2B).
Histological examination revealed characteristic lipoma of
colon (Figure 3).

DISCUSSION
Colon lipoma was described initially by Bauer in 1757. The
incidence was estimated to be about 0.26%[1] 10 years ago,
however the available data was kept insufficient during the
recent decade. Rogy et al [2] , reported that colon lipoma
constituted 0.3% of the cases treated for colorectal diseases
and 1.8% of the cases of benign colorectal tumor during
the same period. Elders are more likely to be involved, and
neither male nor female was found to be predominant
according to most of the current literatures, but this
conception was disagreed by some authors who reported a
higher incidence in women than in men[2,3] . Most of the
lesions were located at the right side of large bowel,
accounting for nearly 90% of cases. The majority of colon
lipomas presented as single while only 10% of cases were
multiple. The most frequent type was submucous lipoma
with sessile or pedunculate appearance, the remainder as
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Figure 1 A: The preoperative examination: Colonoscopy showed a yellowish
hemispherical tumor at the site of ascending colon. The overlying mucosa was
smooth, and the lesion was soft and compressible; B: The preoperative
examination: Barium enema revealed an ovoid filling defect with smooth border
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at the proximal area of colon hepatic flexture; C: The preoperative examination:
CT scan found a pedunculated neoplasm protruding into the lumen at the site of
ascending colon with sharp margin and soft tissue density.

B

Figure 2 A: The macroscopic inspection: Macroscopic inspection of the resected
colon segment showed a smooth round polypoid submucous tumor with elastic
character and 35 mm×30 mm×24 mm in size; B: The macroscopic inspection:

Fault of the specimen demonstrated the tumor with pedunculated appearance. The
base of the lesion was 8 mm in size. The tumor was covered by normal mucosa
and had uniform parenchyma in bright yellow color (one scale mark = 1 mm).

Figure 3 The histological examination: Histological examination showed
characteristic lipoma of colon. No evidence of malignancy was detected
(hematoxylin and eosin, original magnification ×40).

abdominal pain, diarrhea, rectal bleeding, abdominal
discomfort and melena. Occasionally, patients may complain
that a lump of hemorrhagic tissues defecate from the rectum
due to self-amputation of the lipoma[3] . The episode of
intussusception or intestinal obstruction can also be seen in
the patients with larger lipoma[4]. Even in some situations,
abdominal emergency due to the complications of colon
lipoma was the first manifestation of these patients.
Sometimes colon lipoma can also be the source of massive
lower gastrointestinal bleeding[5].
Since no specific symptoms and physical signs are
available, accurate preoperative diagnosis is difficult to
achieve. Regarding the age and symptoms of these patients,
malignant colon tumors are often considered. With the
development of colonoscopy, barium enema and CT scan,
some characteristic findings of colon lipomas are useful in
making diagnosis, even there is a case report that colon
lipoma was correctly diagnosed by sonography[6]. For the
submucous lipoma, colonoscopy may directly visualize the
mass with tenting of the mucosa, which may be easily
indented with a closed biopsy forceps. As the forceps are
withdrawn, the tumor will soon spring back to resume its
previous shape (pillow or cushion sign)[7] . The pressure
exerted on the lesion may compress the superficial vessels
and the distinctive yellow color of fat will disclose. Adipose
tissue may protrude through the biopsy site (naked fat sign)
which reveals fatty characteristic of the tumor[1]. But usually

subserosal lipoma was less than 10%. Generally, colon
lipoma is mildly symptomatic or asymptomatic. Sometimes
it was detected accidentally in examinations for other
purpose. Rogy et al[2], insisted that the clinical manifestations
were associated with the size of tumor and not related to
the involved segment of large bowel. As widely accepted,
lipoma larger than 20 mm in diameter, is likely to be
symptomatic, it is quite unusual that the lipoma with a
maximum diameter of 35 mm is asymptomatic. The common
symptoms of colon lipomas include abnormal bowel habits,

Zhang H et al. Submucous colon lipoma

biopsy is not recommended in the patients with suspected
lipoma, because the lesion is beneath the normal mucosa
and biopsy often cannot promote diagnosis just as the result
of non-specific colitis in our case report, on the contrary, it
increases the risks of bleeding and perforation. According
to the radiolucency of fatty tissue, barium enema is helpful
in making diagnosis by showing a relatively radiolucent mass.
Generally, lipoma appears as an ovoid, well-demarcated
filling defect. The characteristic of lipoma on barium enema
is so-called “squeeze-sign” which means that the tumor can
deform by external pressure or peristalsis. Computerized
tomography is considered to be the definitive diagnostic
measure in recognizing colon lipomas because the masses
present characteristic fatty densitometric values[8]. On CT
scan image, lipoma has uniform appearance with fatequivalent density and smooth border. But for small lipoma,
the diagnostic value of CT is low.
Patients with small asymptomatic colon lipomas need
regular follow-up, and additional treatments are unnecessary.
Larger lipoma may cause symptoms, so resection should be
considered for those bigger than 20 mm in diameter [9] .
Currently, the indication of endoscopic resection of colonic
lipoma is still a controversial subject. In our opinion, lipoma
is unreliable to endoscopic removal, partly because the fatty
tissue is inefficient conductor for electronic current and
may result in a significantly high rate of complication[10] .
The risk of perforation or hemorrhage is notably increased
when the lesion is sessile or broadly-based. Surgical resection
seems to be the ideal choice of treatment, especially when
the malignancy cannot be completely excluded. Colotomy
excision or segmental colon resection is recommended for
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complete removal of the lipoma. If the preoperative
diagnosis of colon lipoma can be made correctly, extent of
surgery may be appropriately limited.
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they are used repeatedly and the abbreviation is helpful to the reader.
Permissible abbreviations are listed in Units, Symbols and Abbreviations:
A Guide for Biological and Medical Editors and Authors (Ed. Baron DN,
1988) published by The Royal Society of Medicine, London. Certain
commonly used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA,
mAb, can be used directly without further mention.
Italicization
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: Helicobacter pylori, H pylori, E coli, etc.
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

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

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

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

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

45

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

1

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

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

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

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

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

