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The Editor’s Note

Strengthen international academic exchange and
promote development of gastroenterology
MA Lian-Sheng and PAN Bo-Rong

Approved by the China state Committee of
Science and
Technology in January 1998
(Document No. 027) , China National Journal
of New Gastroenterology has been renamed as
World Journal of Gastroenterology and will be
published bimonthly and distributed world wide.
This is an important turning point in the
publication of this Journal.
Since the Journal was established on
October 1, 1995, 229 articles, including 8
editorials, 165 original articles (72.0%), 5
reviews, 6 case reports and 45 brief reports have
been published in 9 issues of 3 volumes. Seventyfour papers were funded by the National Natural
Science Foundation of China, accounting for
44.8%. Through its content, the Journal
reflected the achievements in China’ s
gastroenterology made in this period and
promoted the international academic exchange in
the field of digestion. The Journal was
distributed worldwide, covering 32 provinces
and autonomous regions domestically and many
developed countries as well, including UK,
USA, Japan, France, Germany, etc. The
Journal has been listed in 8 major indexes of
China.
The policy of the World Journal of
Gastroenterology is to strengthen the global
academic exchange in the field of digestion of
both modern medicine and traditional medicine,
enhance the development of gastroenterology,
and make contributions to protecting the people’
s health in the world.
The principle and standard of the
publication are high quality and practical. Being
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a peer-reviewed periodical, the Journal will
publish the new achievements, in both
experimental researches and clinical studies of
digestion of modern medicine and traditional
medicine. Priorities are especially given to the
original articles of international competitive
significance, editorials on the hot topics of
gastroenterology, and original articles on the
major projects funded by the nation. The
Journal is also featured by columns of
commentary, reviews and brief reports about
new methods, new technics, new experience or
information.
We greatly appreciate the extensive
concern, and opinions and suggestions about the
Journal from the gastroenterologists in the
world.
On the occasion of the renaming of the
Journal, we would like to extend our sincere
gratitude to all our readers, members of the
international advisory board and the editorial
board, and leaders at different levels.
We are especially grateful to Prof. WU JiePing, Vice-Chairman of the Standing Committee
of the National People’s Congress of the PRC
and academician of Chinese Academy of
Engineering and Chinese Academy of Sciences,
for inscribing the Chinese name of the Journal.
We also owe the smooth publication of the
Journal to the great help by Prof. XU Jia-Yu,
the Honorary Editor-in-Chief (Ruijin Hospital,
Shanghai Second Medical University), Prof. LU
Han-Ming (Xinhua Hospital, Shanghai Second
Medical University), Prof. WU Xie-Ning
(Shanghai First People’s Hospital), Prof. MA
Jing-Yun, the Associate Editor-in-Chief (senior
editor of the Chinese Medical Association) and
so on. Let us goforward hand in hand and strive
to make this Journal an important forum for
international academic exchange and contribute
to the development of global gastroenterology.
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Significance of vascular endothelial growth factor
messenger RNA expression in gastric cancer
TAO Hou-Quan1, LIN Yan-Zhen2, WANG Rui-Nian3
Subject headings stomach neoplasms; RNA,
messenger; neoplasm metastasis; gene expression;
endothelial growth factor

Abstract
AIM To study VEGF mRNA expression in gastric
carcinoma and to clarify the association of its
expression with the clinicopathologic features of the
disease.
METHODS In situ hybridization (ISH) and
histochemistry were used to examine and analyze the
expression of VEGF mRNA and antigen, and
microvessel count (MVC) in 28 cases of gastric
carcinomatous tissue in combination with clinical
materials.
RESULTS Ninteen of 28 gastric carcinomas were
positive for VEGF mRNA. VEGF mRNA was mainly
expressed in malignant cells and not in normal
epithelium of gastric mucosa. Its expression was
further increased in tumor cells adjacent to tumor
necrosis zones, where stromal cells expressed VEGF
mRNA occasionally. There was a close correlation
between MVC and VEGF mRNA positivity (P
<0.005). High VEGF mRNA levels were significantly
associated with serosal invasion, lymph node
metastasis and TNM staging ( P < 0.05,
respectively).
CONCLUSION VEGF mRNA expression is
associated with tumor invasion and metastasis by
stimulating angiogenesis in gastric carcinoma.
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INTRODUCTION

Solid tumors are composed of two distinct but
interdependent compartments, the malignant cells
themselves and the vascular and connective tissue
stroma that they induce and in which they are
dispersed. Stroma provides the vascular supply that
tumors require for obtaining nutrients, gas
exchange, and waste disposal. Thus, any increase in
tumor mass, either primary or metastatic, must be
accompanied by stroma formation[1].
The mechanism by which tumors induce stroma
has caused considerable attention in recent years.
Most work have focused on one aspect of stroma
generation, angiogenesis, and have called attention
to a variety of tumor-secreted “angiogenesis
factor”, particularly VEGF, that is likely to play an
important role in both angiogenesis and other
aspects of tumor stroma generation. VEGF is an Mr
34 000 - 42 000 KD, disulfide-linked glycoprotein
synthesized by several human and animal cell types,
both normal and neoplastic[2 - 4]. VEGF was
originally recognized for its ability to increase the
permeability of the microvasculature to circulating
macromolecules. More recently, VPF has also been
shown to be a selective endothelial cell mitogen,
and therefore has been alternatively called
VEGF[5 - 7]. By alternating splicing of mRNA, four
different molecular species with 121, 165, 189 and
206 amino acids were determined.
VEGF was originally discovered as a tumorsecreted protein, and its role in tumor development
were investigated[5,8]. It is considered to play an
important role in tumor biology in at least two
ways: as a vascular permeability factor and/or
endothelial growth factor. As a potent permeability
factor, VEGF promotes extravasation of plasma
fibrinogen, leading to the formation of a fibrin
network which serves as a substratum for cell
migration during angiogenesis. While as an
endothelial growth factor, VEGF stimulates
endothelial cell proliferation and is likely to induce
the formation of new blood vessels[9].
VEGF is synthesized and secreted by a variety
of tumor cells in tissue culture and by several
transplanted animal tumors in vivo[7,10]. Elevated
expression of VEGF in human tumors have been
reported in most tumors. However, there has been
few reports on the VEGF expression in gastric
carcinoma.
In this study, we examined the VEGF
expression in gastric carcinoma by means of in situ
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hybridization ( ISH ) and compared it with the
pathological features of gastric carcinoma in order
to determine whether VEGF is overexpressed in
gastric carcinoma compared with the normal
stomach tissues and its role in the invasion and
metastasis of gastric carcinoma.
MATERIALS AND METHODS
Subjects and tissue samples

Twenty-eight patients with gastric carcinoma who
underwent surgical resections at Ruijin Hospital
were studied, including 19 men and 9 women, aged
from 38 to 78 (mean age 56.2 ± 11.9) years. None
had received chemotherapy or radiotherapy before
surgical resection. A tumor sample and a normal
part of the stomach were obtained during surgical
resection. The samples were each divided into two
pieces. One was subjected to fixation in 10%
formalin for histological examination and
immunohistological test, and the other was used for
ISH, i.e., tissues were fixed for 4 hours in 4%
paraformaldehyde in phosphate-buffered saline
(PBS), pH 7.4, at 4 and were then transferred to
30% sucrose in PBS, pH 7.4, overnight at 4 . The
tissues were then frozen in OCT (Miles Inc.) and
stored at - 70 until use for VPF/VEGF mRNA
expression analysis. Pathological features of the
patients were obtained from the pathological reports
and clinical records. Histological analysis of the
tumor was done by experienced pathologists without
knowing the analytical results. The differentiation
grading was based on the predominant findings.
Preparation of single-stranded RNA probe for
ISH

The pBluescript II SK + construct with the VEGF
insert (a gifted from Dr. Yamauich, Japan) was
linearized with Bam H I and transcribed in vitro
from the T7 polymerase promoter to yield the
antisense RNA probe. The same construct was
linearized with Eco R I and transcribed from the T3
polymerase promoter to yield the sense (control)
probe. The transcription reaction was performed in
the presence of 0.35mM digoxigenin-UTP
( Boehringer Mannheim GmbH, Biochemica,
Mannheim, Germany) to yield digoxigenin-labeled
RNA probe.
In situ hybridization

In situ hybridization was performed using a
digoxigenin nucleic acid detection kit with some
modifications. Frozen sections were cut at 10 µm,
fixed for 20min in 4% paraformaldehyde/0.1M
PBS, and rinsed in PBS. Specimens were then
treated with 0.1% proteinase K, fixed in 4%
paraformaldehyde/0.1M PBS again, acetylated in
0.1M triethanolamine and 0.25% acetic anhydride,
and dehydrated through a graded ethanol series.
Sections were prehybridized for 2 hours at 53 with
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50 µl of prehybridization fluid containing 50%
formamide, 0.3M NaCl, 10mM Tris-HCl(pH 8.0),
1mM EDTA, 10% dextran sulfate, 1 × Denhardts
solution ( 0.02% Ficoll, 0.02% BSA, 0.02%
polyvinyl pyrrolidone), and 0.025% salmon sperm
DNA in a humidified chamber. After the
prehybridization, hybridization was performed in
buffer containing prehybridization fluid and 1.0 mg
·L-1 of either antisense or sense probe at 53 for
16 hours. Next, sections were washed at 37 for
30min in 4×SSC (150mM NaCl and 15mM sodium
citrate) and 30min in 2 × SSC/0.05%SDS, digested
for 15min, and
with RNase (20 mg · L-1) at 37
washed again at 37 for 30min in 2 × SSC/0.05%
SDS, and washed at 37 for 30min in 1 × SSC, 0.5
×SSC, respectively. Then, blocking was performed
in blocking buffer containing 1% BSA for 30min.
After the blocking buffer was removed, the solution
containing 1 : 1000 sheep anti-digoxigenin Fab
fragment conjugated to alkaline phosphatase and
1% BSA was placed on each section. Sections were
placed in a humidified chamber and incubated at
room temperature for 1 hour. After the sections
were rinsed, a coloring reaction was performed
using 225 µg·mL-1 nitroblue tetrazolium salt and 175
mg · L -1 5-bromo-4-chloro-3-indolyl-phosphate.
When the color reaction was appropriate, stop it by
washing in buffer solution. The section was washed,
dehydrated and mounted.
Microvessel count

The methods of microvessel staining and counting
were as described previously[11].
Statistical analysis

The clinicopathological features between VEGF
expression and nonexpression groups were analyzed
by Fisher’s test. The correlation between MVC and
VEGF expression was evaluated with Student’ s t
test.
RESULTS
Expression of VEGF mRNA in gastric cancer

Twenty-eight cases of human gastric carcinoma were
studied by ISH with both antisense and sense
(control) probes to VEGF. VEGF mRNA was
expressed in the malignant epithelium of 19 of the
28 patients (19/29, 67.9%). Generally, VEGF
mRNA was distributed homogene ously and intensely
throughout the tumor. VEGF was expressed by
tumor cells under microscopy (Figure 1). However,
it is noteworthy that in the periphery of necrotic
foci of the gastric cancer, labeling with the VEGF
antisense probe was distinctly intensified in tumor
epithelium adjacent to the necrotic foci. The tumor
stroma cells also labeled for VEGF mRNA. Stromal
labeling was distinctly focal as compared to the
labeling regularly observed over tumor cells and
usually occur red in stroma immediately adjacent to

12

ISSN 1007-9327

CN 14-1219/ R

the foci of overt tissue necrosis. Labeled stromal
cells included fibroblasts and smooth muscle cells.
However, vascular endothelium did not express
detectable VEGF mRNA. No specific cellular
labeling was seen with the VEGF antisense in
normal epithelium of gastric mucosa from these
cases, nor did tumors label with the VEGF sense
probe.
Comparison of clinicopathological findings
and VEGF mRNA expression

VEGF mRNA expression in gastric carcinoma was
compared with the clinical and histological features
of the tumors. The comparison between VEGF
mRNA expression groups and nonexpression groups
is shown in Table 1.

WJG February 1998 Volume 4 Number 1

VEGF mRNA expression was significantly
correlated with serosal invasion and lymph node
metastasis, although no correlation was found
between its expression and histologic type, and
other metastasis. Incidences of VEGF mRNA
expression were increased as the pathologic stage
progressed.
Correlation between VEGF mRNA expression
and MVC

Factor VIII was stained in tumor vascular endothelial
cell. Microvessel counts varied from 3 to 38 counts/
×200 field (average, 15.6 counts). Table 1 shows
the correlation between the MVC and VEGF
mRNA status. The MVC in VEGF mRNA positive
tumors was significantly higher than that in VEGF
nonexpression tumors.
Relationship between VEGF antigen and its
mRNA expression

VEGF antigen was mainly identified in the
cytoplasm of cancer cells. Expression rate of VEGF
antigen was 46.4% (13/28). Although it was lower
than that of VEGF mRNA, there was a significant
correlation between their staining intensity ( r =
0.487, P < 0.05).
DISCUSSION

Figure 1
ISH with antisense probe to VEGF of a gastric
adenocarcinoma (×200).
Table 1 Comparison of clinicopathological features of gastric
carcinoma between VEGF mRNA expression groups and
nonexpression groups
Characteristics

VEGF mRNA(+)

VEGF mRNA(-)

P

Vascularity
MVC

18.1±7.8

12±5.9

<0.005
<0.005

Serosal invasion
Positive

16

3

Negative

3

6

Positive

17

4

Negative

2

5

Lymph node metastasis
<0.05

Histologic type
Differentiated

2

2

17

7

Positive

3

0

Negative

16

9

Undifferentiated

<0.05

Other metastasis
<0.05

TNM staging
I

1

4

II

9

3

III

6

2

IV

3

0

<0.05

Brown et al [12] examined 2 cases of gastric
adenocarcinomas on VEGF mRNA and observed a
detectable signal for VEGF in all them using ISH.
In this paper, 19 of the 28 primary human gastric
carcinoma expressed VEGF mRNA as judged by
ISH, the expression rate was 67.9%. VEGF mRNA
was mainly detected in malignant glands but not in
normal epithelium. This is different from the
phenomena that VEGF mRNA expression was
detected both in tumor and normal tissue in liver[13]
and lung[14], and it is suggested that the VEGF
expression seems to be a characteristic of the
malignant phenotype in gastric carcinoma.
It is worth notice that there are some
differences in the strongly stained areas between
VEGF mRNA and antigen. Tumor cells stained
strongly for VEGF antigen were observed more
often in the invasion front than in the tumor center,
inversely, VEGF mRNA was expressed more often
in the tumor center adjacent to the zones of tumor
necrosis than in the invasion front. VEGF mRNA
expression elevation around the necrotic area of the
tumor has been reported in several other human
cancers. Rapid cell proliferation in the center of a
tumor can lead to increased interstitial pressure,
which may lead to compression closure of capillaries
and consecutive tumor necrosis. Tumor hypoxia has
been reported to increase expression of VEGF
mRNA in a variety of cultured tumor cells[15].
Therefore, it is likely that, in the development of
necrosis, hypoxia may increase the VEGF mRNA
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expression.
Some studies had demonstrated the correlation
between the expression of VEGF mRNA and tumor
invasion and metastasis. Recently, Zhang et al[16]
reported that the transfection of this growth factor
gene into a tumor cell line expressing a low level of
VEGF proteins altered tumor cells more
angiogenesis and more progressive in the nude
mouse model without change of cell growth rate in
vitro . In this study, we observed a significant
difference of MVC between VEGF mRNA
expression group and nonexpression group. The
incidences of serosal invasion and lymph node
metastasis in tumor which expressed VEGF mRNA
were higher than that of tumors with non-VEGF
mRNA expression. The tumors with liver or
ovarian metastasis are VEGF mRNA positive.
Moreover, the rate of VEGF mRNA expression in
the advanced tumors is higher than that in early
stage tumors. All these results indicate that VEGF
mRNA may play an important role in tumor
angiogenesis, invasion and metastasis of gastric
carcinoma.
VEGF mRNA expression was observed in 19
cases, but still was not detected in 9 cases. This
suggests that angiogenesis is not simply controlled by
the presence of VEGF but is mediated by several
angiogenic inducers. To date, many angiogenic
factors have been found, including basic fibroblast
growth factor, transforming growth factor-β, and
tumor necrosis factor α. In fact, there has been a
lot of reports on bFGF expression in gastric
carcinoma. Therefore, it is likely that
vascularization in some tumors is related to other
angiogenic factor. If VEGF is indeed responsible
for gastric cancer angiogenesis, therapeutic
strategies to inhibit its activity using either specific
antibodies or antisense RNA may allow clinicians to
treat not only the malignant cells within a tumor but
also the vascular supply of the tumor. In
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conclusion, the identification of VEGF that
correlates with angiogenesis in gastric cancer may
provide a basis for targeting this angiogenic factor
to inhibit vascularization of tumors.
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CCR5 gene expression in fulminant hepatitis and
DTH in mice
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Abstract
AIMS To isolate mouse CCR5 cDNA (muCCR5) and
study its expression in vivo.
METHODS Marathon PCR was used to isolate
muCCR5 cDNA and two animal models were designed
to investigate the gene expression in vivo, one was
mouse fulminant hepatitis induced by
Propionibacterium acnes (P.acnes) and the other was
that with delayed type hypersensitivity reaction
(DTH). A specific GST-NH2-terminus of muCCR5
fusion protein antibody F(ab’)2 was prepared and
clarified. RT-PCR and immunohistochemical analysis
were used to observe the expression level of CCR5
gene in mice.
RESULTS A positive reaction of mouse macrophage
was found in DTH but not expressed in P.acnes
induced fulminant hepatitis by RT-PCR and
immunohistochemical analysis.
CONCLUSION This muCCR5 expression may be
involved in an allergic processmediated by cellular
immunity but not acute inflammatory reaction induced
by P.acnes.
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INTRODUCTION

Leukocytotaxis plays an important role in immune
system surveillance and chronic inflammation.
Locally produced chemotactic factors are thought to
be critical in this directed migration. The
chemotactic family can be divided into two
subfamilies: the 1st subfamily having the first two
of the conserved cystein residues separated by
another amino acid, the CXC (α) chemokines, and
the second with CC unseparated the CC (β)
chemokine. The β-chemokine receptors are some Gprotein coupled receptors with seven transmembrane
domains and share a high degree of amino acid
homology in their putative transmembrane domains.
Recent researches indicated that the entry of HIV
into target cells required the participation of at least
two cell surface molecules: one was CD4+ which
was utilized by all HIV strains as the primary virus
receptor through a high affinity interaction with the
viral envelope protein. However, the CD4+ alone
was not sufficient for virus entry, and some
additional cell surface molecules, termed cofactor,
for example, CCR5, CCR3, CCR2b and fusin[1-5]
were found to mediate the entry of HIV-1 into the
host cells. CCR5 can express in monocytes,
macrophages, and primitive T cells, and bind to βchemokine RANTES, MIP-1α and MIP-1β.
Expression of CCR5 in conjunction with CD4+ in a
variety of cell types renders them permissive for
infection through M-tropic envelope proteins.
Meanwhile, CCR5 and CD4+ are expressed in
several cells to mediate the M-tropic HIV strain
envelope to form syncytia[6]. The M-tropic HIV-1
strain is most sensitive to changes in the first
extracellular loop, and therefore, to understand the
CCR5 expression is very important. Unfortunately,
we found that under the normal condition, mouse
CCR5 gene expressed only in a few cell lines and at
a very low level in vivo. In this study, we used the
model of DTH (delayed type hypersensitivity) and a
fulminant hepatitis induced by P. acnes for
observing the CCR5 expression in vivo and analyzed
the mechanism of the gene expression.
MATERIALS AND METHODS
Cell culture

Human embryonic kidney cell line 293 was cultured
in DMEM ( Nissui Pharmaceutical Co, LTD, )
medium containing 10% fetal calf serum and 50 U/
ml penicillin G and 50 µg/ml streptomycin.
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Molecular cloning of mouse CCR5 cDNA

Mouse peritoneal macrophages isolated 3 days after
pentose injection, and their total RNA was prepared
using RNA 201 B (Cinna/Biotec, Houston, TX).
Macrophage total RNA was reverse-transcribed by
RT-PCR using a random primer (Takara Shuzo Co.
LTD ) in the presence of RNase inhibitor
(Promega). Corresponding to the sequences of the
highly conserved region between the second and
fifth transmembrane domains within human MCP-1
and mouse MIP-1α receptors, the sense primer was
(PTM2) 5’-GCGAATTCTGGCCAT (CT) TCTGA
(CT)CTGCT(CT)TT(CT)CT-3’, and the antisense
primer was (PTM5) 5’ GCAAGCTT (GC) A (CT)
(GT) GG (AG)TTGA (CT) (AG) CAGCAGTG (AC)
GT-3’. 5’-RACE and 3’-RACE reactions were
performed to isolate the full-length mouse CCR5
cDNA by means of Marathon cDNA amplification
kit ( Clontech, CA). In brief, the first PCR
reaction was carried out using primer “R1” and the
primer adapter 1. The second PCR reaction was
performed with the internal primer “R2” of CCR5
and the other primer adaptor 2. The specific
primers of mouse CCR5 were as follows: (R1) 5’GGATCAGGCTCAAGATGACC-3’, (F1) 5’ACACTCAGTATCATTTCTGG-3’. PCR products
were digested with appropriate restriction enzymes and
subcloned into pBluescript SKII + (Stratagene). DNA
sequencing reaction was performed by a PCR
procedure employing fluorescent dideoxynucleotides
and analyzed by a model 373A automated sequencer
(Applied Biosystem).
Construction of expression vector for mouse
CCR5 and preparation of stable transfectant

For construction of the expression vector of mouse
CCR5, the coding region of mouse CCR5 gene was
amplified by PCR with specific primers and cloned into
pcDNA3 (Invitrogen Corporation). The 5’ primer for
PCR was designed to generate Kozak sequence, and
the constructs were introduced into a human embryonic
kidney cell line 293 by the calcium phosphate
coprecipitation method modified by Chen[7]. Transfected
cells were selected in the presence of a neomycin
analogue, G-418 (Life Technologies, Inc), at a
concentration of 500 ng/L in complete medium.
Preparation of GST proteins fused with
extracellular domains of mouse CCR5

For preparing a recombinant GST protein fused
with NH2-terminal portion of muCCR5 cDNA, the
NH2-terminal extracellular binding domain encoding
Metl-Leu38 from the ORF region of muCCR5 cDNA
was obtained by polymerase chain reaction, and
then cloned into EcoRI and BamHI restriction sites
of the GST-fusion protein expression vector pGEXIN. The recombinant DNA was transferred into E.
coli HB 101 competent cells (Toyobo competent) .
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The expression and purification of a GST fusion
protein were induced with 0.1 M IPTG
(isopropylthio- β-galactoside, Wako Pure Chemical
Industries, LtD) for 5 hours, put on glutathionesepharose 4B affinity column (Pharmacia Biotech
AB Upsala, Sweden), and then eluted with 5mM of
reduced glutathione.
Preparation of polyclonal antibodies F(ab’)2 of
GST protein fused with NH2-terminal portion of
muCCR5

Two New Zealand white rabbits were immunized
with 100 µg of the GST-NH2-terminal of muCCR5
fusion protein in CFA (Iatron, Tokyo, Japan);
first time, the footpads were injected, and other 9
times at biweekly intervals were given s.c.. One
week after the final immunization, rabbits were
bled, sera were obtained, and fractionated into IgG
by a protein A agarose column (Pharmacia-Biotech,
Upsala, Sweden). A portion of the IgG fraction
was further digested with pepsin (Sigma Chemical,
St. Louis, MO) and the F (ab’)2 fragment was
obtained by sequential chromatographies using a
protein A affinity and a sepharose 12gel filtration
column as previously described[8].
DTH reaction and RT-PCR amplification of
muCCR5

BALB/c female mice of 6 - 7 weeks were used. The
hair of abdomen were shaved, 5% Picryl Chloride
100 µl was painted on the surface of abdomen, after
5 days 1% picryl chloride was painted on the right
ear, 24 and 48 hours later the effect of DTH was
evaluated, and then the tissues were taken for
preparing total RNA with RNA 201. RT-PCR was
run according to Normua[9] (94 for 1min, 55 for
1min, and 72
for 1.5min, with a total of 30
cycles).
Induction of fulminant hepatitis in mice

Mice were injected with 1mg of heat-killed P.acnes
into the tail vein. Seven days later the indicated
dosages of LPS were administered intravenously[10].
At 3 hours from LPS challenge, three to four mice
were killed to obtain the liver. Liver tissues were
fixed in 4% paraformaldehyde for 2 hours before
being transferred to 70% ethanol and subsequent
paraffin embedding.
Immunohistochemical analysis of liver and
spleen tissues

For immunohistochemical analysis, paraffinembedded tissues were dewaxed with histo-clear
(National Diagnostics, Tokyo, Japan) and
dehydrated through graded concentrations of
ethanol. After being treated with trypsin and
blocked with 1% skim milk, the tissue sections were
covered with 40ng/L of anit-muCCR5 antibody F
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Figure 1 The first extracellular loop amino acid sequence and
transmembrane structure of muCCR5. The amino acid fragment
from M to L is located in the first loop of extracellular and it is the
binding domain of mouse CCR5 for ligand (MIP-1α, MIP-1β and
RANTES).
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Figure 4 RT-PCR analysis of DTH reactions.
muCCR5 specific primers were used to amplify the cDNA from
spleen cells. Lane.
1. BALB/C moase fulminant hepafifis induced by P. acnes, Lane
2.24 hs result after 1% picryl chloride stimulation. Lane 3.48 hs
result after 1% picryl chloride stimulation.

Figure 2 Analysis of recombinant GST-muCCR5-NH2 terminal
fusion protein.
Mr: MW marker, 1, 2: products purified by glutathione sepharose, 3, 4:
products not purified, 1, 3: expression products induced by IPTG

Figure 3 Flow cytometric analysis of specificity of anti-muCCR5
antibody F(ab’)2.
F(ab’)2 volume is 40mg/L, blocking reagent volume is 100mg/L.
1. 293 cells; 2. transfected cells of muCCR5. Transfected cells were
blocked by:
3. GST; 4. muIL-8; 5. huFusin; 6. GST-muCCR5-NH2; 7. muCCR1;
8. huCCR2; 9. huCCR3 and 10. huCCR4.

Figure 5 Immunohistochemical analysis of DTH reaction.
A. Ear: Most of the macrophages in subepidermal interstitial tissue
and in the local capillary were obviously positive in their cytoplasm
for the staining.
B. Spleen: There were plenty of reticular-macrophage in red medulla.
A few slightly positive cells, however, could be seen scattered there.
C. The negative result was used by anti-GST F(ab’)2.
D. Liver: The cytoplasm of Kupffer cells were slightly stained by the dyes.

GUO Bao-Yu, et al. β-chemokine receptor CCR5 gene cloning and expression in vivo

(ab’)2 and GST over night at 4 , incubated with
biotinylated swine anti-rabbit IgG, and then reacted
with ALP substrate solution (Vector Laboratories,
Burllingame, CA) containing 1mM levamisole and
solution I, II, III for 40min at room temperature.
Finally, the sections were rinsed and counterstained
with 1% methyl green.
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macrophages in DTH reaction induced by picryl
chloride (Figure 5B), but a negative result of DTH
reaction induced by picryl chloride was found in
normal experiment (Figure 5C) and a liver Kupffer
cells also showed a positive result in DTH reaction
(Figure 5D).
DISCUSSION

RESULTS
Molecular cloning of muCCR5 cDNA and
preparation of a fusion protein of NH2-terminus
of muCCR5 with the C-terminus of GST

A full length cDNA sequence and amino acid
sequence of muCCR5 was cloned by Marathon PCR
from the poly (A) +RNA of mouse peritoneal
macrophages. The ORF region of muCCR5
consisted of 355 amino acid, and had a 82%
homology with human CCR5. A GST fusion protein
of the NH2-terminal 38 amino acids of the first loop
of extracellular part of muCCR5 was expressed as
cytoplasmic protein in E. coli ( Figure 1 ). A
corresponding fusion protein of 30kD and GST
molecule of 26kD were observed on 15% SDS-PAGE
with Coomassie blue-staining ( Figure 2 ). In
general, 3mg-5mg GST-NH2-terminus of muCCR5
fusion protein was produced from 200 ml E. coli
solution.
Determination of the specificity of anti-GST-NH2muCCR5 antibody

An experiment was performed to examine the cross
reaction of the anti-muCCR5 F(ab’)2 with other receptors
by means of the muCCR5 293 transfectant, and the
results showed that the anti-muCCR5 F ( ab’ )2 could
bind with GST-NH2-muCCR5 fusion protein but not
human CCR1, CCR2, CCR3, CCR4, Fusin and mouse
IL-8 (Figure 3), suggesting the specificity of the antimuCCR5 F (ab’)2 to muCCR5.
RT-PCR analysis

The expression of muCCR5 mRNA in DTH was
confirmed by RT-PCR, with the sense primer 5’ATGGATTTTCAAGGGTCAGTTC-3’
and
antisense
primer
5’TCATAAACCAGTAGAAACTTC-3’. The results
showed that after induction with 1% picryl chloride
for 24 and 48 hours, muCCR5 could express in
spleen cells and the negative result was found in
fulminant hepatitis induced by P.acnes (Figure 4).
Immunohistochemical analysis

In the normal mice, CCR5 expression level was very
low or nil, and muCCR5 was not expressed in
fulminant hepatitis induced by P.acnes reaction
( unpublished data ). The Immunohistochemical
analysis revealed that muCCR5 clearly expressed on
ear at the point of picryl chloride induction (Figure
5A). A weakly positive result was found in spleen

In this study we first cloned mouse CCR5 full length
cDNA sequence from peritoneal macrophages ploy
(A) + RNA with Marathon PCR, then constructed
the fusion protein of GST with 5’ terminal
extracellular binding domain 38 amino acid of
muCCR5 and successfully have it expressed in E.
coli. In the Northern analysis, we could not find
expression of muCCR5 in vivo. In order to
understand the expression of CDR5 in vivo, two
animal models were designed, one was mouse
fulminant hepatitis induced by P.acnes and the
other was that with delayed type hypersensitivity
reaction ( DTH ). In previous studies, P.acnes
induced transient increase in serum TNF-a levels but
not those of IL-1ra, IL-1 and IL-6. However
subsequent LPS challenge induced the elevated
serum levels of all these cytokines and the peak
serum IL-1ra level was 20 times that of serum IL-1
levels. Immunohistochemical analysis demonstrated
that IL-1ra was predominantly produced by
hepatocytes during the priming phase by P.acnes
and eliciting phase by LPS challenge [10]. The
responsiveness of alveolar lymphocytes to
recombinant IL-2 was evaluated by 3H-thymidine
uptake in the presence and absence of P.acnes. P.
acnes stimulates IL-2 production and IL-2 receptor
induction in alveolar lymphocytes from patients
with active sarcoidosis[11]. In our study of the
expression of muCCR5 in P.acnes induction, we did
not observe a positive reaction, which indicated that
muCCR5 gene expression did not involve an acute
inflammatory process. In the DTH reaction, the
results showed that muCCR5 had expressed in mouse
macrophages. No matter some factors might induce
a DTH condition, in this case, cell immunity
mediated CCR5 gene expression and HIV-1 in
infected macrophages more easily. This is a
interesting problem which needs further studies.
There have been some reports about the DTH
reaction, for example, RANTES produced by IFN-α
and TNF-α induction has already been described in a
number of studies and clearly IFN-α and TNF-α have
a synergic action. INF-d stimulated macrophage to
express RANTES and TNF-α stimulated cells to
express RANTES gene. It is well known that
RANTES is a ligand of CCR5. In the DTH state,
macrophages not only express ligand but also express
its receptor. In this case, if the ligand binds to its
receptor, what physiological changes will happen?
Or the ligand (RANTES) thus produced may induce
receptor expression; this is another interesting
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problem. Th-2 cytokines such as IL-4 and IL-10,
have been demonstrated to inhibit DTH granule
formation and increased production of these
cytokines was associated with impaired DTH
reaction [11-15]. Th-2 cytokines may affect CCR5
expression of macrophages, because a high
concentration of Th-2 cytokines can alter the
recruitment of immune cells to DTH granules at
least partly by inhibiting CCR5 expression.
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Subject
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INTRODUCTION
To intrestigate the relationship between tumor necrosis factor-α
and liver fibrosis in patients with chronic liver disease.
METHODS
Radioimmunoassay was made in 20 patients with mild chronic
hepatitis ( CMH ), 20 patients with severe chronic hepatitis
(CSH), 51 patients with liver cirrhosis (LC) and 32 normal
persons to determine the contents of tumor necrosis factor-α
(TNF-α), laminin (LN) and hyaluronate (HA) in serum. The
changes in and relationship between TNF-α, LN and HA were
analyzed. The TNF-α and collagen III were determined using

immunohistochemical studies in liver tissues from 32 persons
including 7 normal persons, 3 patients with MCH, 5 patients
with SCH and 17 with LC.
RESULTS
TNF-α, LN and HA levels in serum of CSH and LC patients
were significantly higher than those in healthy controls
(SCH: 1.11 ± 0.59,130.7 ± 17.2,219.1 ± 121.3; LC:0.92 ±
0.66,156.8 ± 31.7, 400.5 ± 183.7, P<0.05 - 0.01), which
increased gradually, and correlated positively with each other
in all patients with liver diseases (n = 91, γ = 0.3149,P <
0.01). TNF-α contents showed a remarkably positive correlation
with HA and LN levels in CMH and CSH (LN: n = 40, γ =
0.3404,P < 0.05; HA: n = 40, γ = 0.3847, P < 0.05). The
total collagen content of MCH, SCH and LC increased gradually
in liver biopsy specimens. The number of TNF-α positive cells
increased significantly in liver tissues from patients with SCH and
LC (62% ;45% ; P < 0.01). TNF-α positive cells were mainly
located in the periportal areas.
CONCLUSION
TNF-α may be related to liver fibrosis, and might promote liver
fibrosis.
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Induction of apoptosis of lymphocytes in rat
mucosal immune system *
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Abstract
AIM To undergo apoptosis during negative and
positive selection processes in rat mucosal immune
system which are implicated in the pathogenesis of
various mucosal diseases.
METHODS Female Sprague-Dawley rats were given
protein synthesis inhibitor, cycloheximide,
intravenously or intraperitoneally, an apoptosis was
recognized by morphological hallmark under light and
electronmicroscopy, and the expression of proliferating
cell
nuclear
antigen
was
visualized
immunohistochemically.
RESULTS The apoptosis of mucosal lymphocytes in
the digestive tract, as well as in trachea, uterus and
lacrimal gland was induced by cycloheximide (>1.0
mg·kg-1 body weight), which were located mainly in
lamina propria and germinal centers of lymphoid
nodules. At the same time, a portion of crypt epithelial
cells of proliferating zone in small and large intestine,
and the epithelial cells in genital tract were also found
to undergo apoptosis. Immunostainings showed that
apoptotic cells expressed proliferating cell nuclear
antigen.
CONCLUSION Apoptosis of lymphocytes in
mucosal immune system can be induced by
cycloheximide. This model will facilitate the
understanding of normal mucosal immune system and
its role in the pathogenesis of related diseases such as
inflammatory bowel diseases.

PLA Institute for Digestive Diseases, and Department of
Gastroenterology, Nanfang Hospital, First Military Medical University,
Guangzhou 510515, China
Dr. CHEN Xue-Qing, male, born on 1966-07-10 in Puqi city, Hubei
Province, graduated from First Military Medical University as Ph. D.
in 1996, lecturer of gastroenterology majoring gut hormone and
gastrophysiology.
Tel. +86·20·87705577 Ext. 3017
Fax. +86·20·87705671
*The research was financially supported by Ph. D. grant from
First Military Medical University, Guangzhou.
Correspondence to Dr. CHEN Xue-Qing, PLA Institute for Digestive
Diseases, and Department of Gastroenterology, Nanfang Hospital,
First Military Medical University, Guangzhou 510515, China
Received 1997-07-22

INTRODUCTION

Mucosal immune system represents the most
important humoral immune system of the body
quantitatively [1,2]. In adults, about 80% of
immunoglobulin producing immunocytes are located
in the intestinal lamina propria showing the
dominant role of the gut as an activated B-cell
organ[1-3]. Antigenic priming of organized gutassociated lymphoid tissues, mainly includes the
Peyer’s patches, and may give rise to specific
secretory immunity in not only the gut, but also the
respiratory tract, lacrimal, salivary and lactating
mammary glands [2]. The main function of the
mucosal immune system is to protect the host against
pathogenic bacteria and viruses to which the
mucosal surfaces are exposed. The mucosal
immunocytes play an important role in the
pathogenesis of inflammatory bowel diseases(IBD),
gluten enteropathy and Sjögren’ s syndrome,
although the mechanisms have not been elucidated
yet[4,5].
Apoptosis (programmed cell death) is a process
genetically controlled leading to cell suicide [6].
Peripheral T and B lymphocytes, as well as their
precursors in the central lymphoid organs, may
undergo apoptosis during the negative and positive
selection processes. Abnormality of apoptotic
machinery within the cell results in the development
of various types of diseases. Resistance to apoptosis
may be coupled to autoimmune diseases, and
leukemia. In contrast, elevated apoptotic decay of
lymphocyte has been shown to be involved in
lymphopenia caused by human immunodeficiency
virus infection[7]. Therefore, it is reasonable to
expect that induction of apoptosis in immune system
will facilitate better understanding of immune
system and its role in related diseases.
In this experiment, we used a protein synthesis
inhibitor cycloheximide ( CHX ) to establish a
method for rapid induction of apoptosis of
immuocytes in rat mucosal immune system. We
focused our research on digestive tract as well as on
trachea, uterus and lacrimal glands.
MATERIALS AND METHODS
Reagent

Cycloheximide was purchased from Serva. The
monoclonal antibody against proliferating cell
nuclear antigen ( PCNA ) used for immunostaining
were from ZYMED Lab, Inc. VECTASTAIN
ABC kits were products of VECTOR. 3’-
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diaminobenzidine hydrochloride (DAB) and pepsin
were purchased from Sigma. All other chemicals
were of regent grade.
Animal model

Female Sprague-Dawley rats (PLA Animal Center
of South China, Guangzhou) weighing 200 ± 20 g
were maintained on a standard laboratory diet and
given water ad libitum. Twenty-four hours before
experiment, they were deprived of food, but
accessible to water freely. After anaesthetized with
ether, the rats were injected with CHX (dissolved
in 0.9% sodium chloride) intravenously or
intraperitoneally at dosage of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0
and 10 mg · kg-1 body weight. Controls were given an
equal amount of saline. Rats were sacrificed at various
time points after treatment (1,2,3 and 4 hours).
Histologic examination

The tissues collected from lacrimal gland, uterus,
trachea, and digestive tract (including stomach,
duodenum, jejunum and ileum and colon, small
portions (0.5 cm × 0.5 cm) were fixed immediately
in 4% buffered-paraformaldehyde (pH 7.2) and
embedded in paraffin. These were cut at 4 µm
thickness and stained with hematoxylin and eosin
(H & E). Apoptotic cells were identified
morphologically[6,8] for shrinkage of the cells,
chromatin condensation, formation of apoptotic
bodies and absence of inflammation. Apoptosis
incidence could be calculated randomly by counting
the apoptotic bodies in lamina propria of uterus[8].
At least 200 cells per sec were counted, and three to
four rats per group were used.
Electronmicroscopic examination

After the rats were sacrificed, the specimens were
immediately fixed in 2.5% glutaraldehyde buffered in
0.1 M- PBS (pH 7.2) at 4 for at least 2h. Tissues
were washed with the same buffer and postfixed in 1%
osmium tetroxide in phosphate buffer at 4 for 2h,
then dehydrated in graded acetone and embedded in
Epon resin. After stained with uranyl acetate and lead
citrate, the ultrathin sections were examined under the
electronmicroscope (JEOL, JEM, 1200-EX, Japan).
Immunohistochemistry

Paraffin sections were deparaffined, rehydrated and
digested with 0.001% pepsin in 0.01N hydrochloric
acid at 37 for 10min, and rinsed in 0.01 M PBS
(pH 7.2) for another 10min. The tissues were then
incubated in chronological order with a primary
anti-PCNA antibody ( diluted 1 : 100 ) at 4
overnight, a biotinylated-secondary antibody at
37 for 30min, and avidin-biotin complex for
development at 37 for 45min. During incubation,
the sections were washed for 10min in PBS. Staining
was developed in DAB-hydrogen dioxide and
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sections were counterstained with hematoxylin.
Primary antibody was omitted in negative controls.
RESULTS

Apoptotic cells were rarely found in normal mucosal
of digestive and respiratory tracts, lacrimal gland
and reproductive system, even in the germinal
centers of lymphoid nodules. After the rats were
given CHX, apoptosis was found in the mucosa of
these organs with characteristic features, and the
apoptotic tissues were devoid of inflammatory
response at any time point (Figure 1 A, B, C, D,
Figure 2 A, B, Figure 3 B). The induced
lymphocyte apoptosis was scattered in lamina
propria and clustered in lymphoid nodules. At the
same time, the apoptosis of intraepithelial
lymphocytes (IEL), particularly in digestive tract,
was also observed. Besides, a portion of the mucosal
epithelial cells were found dead, including crypt
epithelial cells in the small and large intestines
(Figure 2 A) and epithelial cells of uterus.
However, the epithelial cells lacrimal glands and
trachea were still normal ( Figure 1 B, C). The
apoptosis of epithelium in the digestive tract was
within proliferating zone of crypt epithelium
(Figure 2 A, B). Despite these changes, the
epithelium remained in integrity, and no erosion or
ulceration
were
seen
macroscopically.
Microscopically, vascular changes were found in
lamina propria with capillary dilatation and the
vessels packed with erythrocytes, and no thromb
was observed.
Apoptosis was defined as condensation and
margination of chromatin, contraction of
cytoplasm, and cell shrinkage, and the
mitochondria could be seen[6,8]. In this study, at the
early apoptotic stage, the mitochondria was well
preserved, and its number increased as well (Figure
3B). Activated macrophages phagocytosed apoptotic
bodies (Figure 1B, C). Some apoptotic bodies of
lymphocytes and epithelial cells were phagocytosed
by the neighboring epithelial cells.
PCNA is an important index proliferating
cells[9]. The immunostaining showed strong positive
expression of PCNA in lymphocytes of germinal
centers, crypt epithelial cells of proliferating zone
of small and large intestines (Figure 2A,B), and
epithelial cells of reproductive system. The
scattered lymphocyte in lamina propria in lymphoid
nodules, especially in the gut were also positively
expressed (Figure 3B). Fragmented nuclei were still
found expressed with PCNA. Therefore, the PCNA
expression was in consistent with the induced
apoptosis. However, some of the lymphocytes and
epithelial cells with positive PCNA expression
appeared normal morphologically (Figure 3A, B).
On the other hand, the cells with negative PCNA
expression failed in apoptosis (Figure 3A, B), even
with large dosage of CHX(>10.0 mg·kg-1).
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Figure 1 Occurrence of apoptosis in mucosa 3 hours after injection of CHX (3.0 mg · kg-1) (bar = 20.0 µm, H&E). (A) Stomach
apoptotic cells (bodies) lie in the lamina propria (arrows) of the mucosa. The parietal cells, chief cells and enterochromaffin-like cells seem
not to be affected by treatment of CHX. (D) and (C) apoptosis in lamina propria of uterus and lacrimal gland. The apoptotic cells (bodies)
were phagocytised by macrophages. (B) Mucosa apoptosis in trachea.

Figure 2 Expression of PCNA in mucosa after treated with CHX (3.0 mg · kg-1) in 3 hours. (bar = 20.0 µm, stained with
hematoxylin). (A) Colon. The apoptosis of crypt epithelial cells on the basement of mucosa were seen with expression of PCNA (arrow).
(B) Peyer’s patches in ileum. Apoptotic cells around the germinal center with expression of PCNA. The lymphocytes in parafollicular T-cell
zone were morphologically normal and were negatively expressed with PCNA (arrow).
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dosage of >2.0 mg·kg-1 body weight. In this study,
the mortality rate of the rats was 33.3% (2/6) with
5.0 mg·kg-1, and up to 83.3%(5/6) with 10.0 mg·
kg -1 18 h after CHX. CHX, when given
intravenously or intraperitoneally, had the same
effects on incidence of apoptosis.
DISCUSSION

Figure 3 Morphological changes of cells after given CHX (3.0
mg· kg-1) 3 hours later (bar = 4.0 µm). (A) Stomach. Normal
appearance of chief cell (hollow arrow) and ECL cell (black
arrow). (B) Jejunum. Condensed nucleus (hollow arrow) and
proliferated mitochondria (black arrow).

Figure 4 The time- and dosage-dependent effect of CHX on
apoptotic bodies (cells) formation in rat uterus.

To estimate the effects of CHX on the induced
apoptosis, apoptosis incidence could be calculated
by counting apoptotic bodies and apoptotic cells of
lamina propria in uterus. The incidence of apoptosis
was dose-dependent (Figure 4). CHX 1.5 mg·kg-1
was nonlethal, and only inhibited the protein
synthesis by 98% to 90% 1 - 3 hours after
treatment[8]. Initial intraperitoneal injection of
CHX at a dosage of 1.0 mg · kg-1 showed
insignificant effects on apoptosis induction.
Apoptosis was achieved significantly in 2h and
reached its maximum 4h after a relatively large

In this study, mucosal lymphocytes in the immune
system and a small portion of mucosal epithelial
cells of the digestive and genital tracts could be
induced to apoptosis by protein synthesis inhibitor
CHX in rats. The apoptosis identified by
morphologic features under light and electronmicroscopy, could exhibit obviously in 2 to 4 hours
after the rats were treated with relatively high
dosage (>1.0 mg·kg-1) of CHX, no cell necrosis or
inflammatory changes were observed.
Lymphocytes primed by antigens in intestinal
mucosal lymphoid follicles may transit through
lymphatics and mesenteric lymph nodes, enter into
circulation, and subsequently “homing” back to the
intestinal lamina propria and other mucosal sites of
respiratory tract, the female genital tract [1,2].
Peyer’s patches are inductive sites and lamina
propria and IEL are effector sites. These lymphoid
tissues contain more immunocytes than any other
tissues of the body[1,2]. Peyer’s patches can be
divided into three distinct regions: the specialized
dome epithelium, the B-cell zone, and the
parafollicular T-cell zone. In our experiment, most
of lymphocytes in lamina propria and in the
germinal centers of Peyer’s patches underwent
apoptosis,together with induction of IEL apoptosis in
the digestive tract. Only a few lymphocytes in the
parafollicular T cell zone of Peyer’s patches were
triggered to death by apoptosis. PCNA was expressed
in the apoptotic cells in Peyer’s patches and lamina
propria PCNA. It has been demonstrated that elevated
PCNA appear in the nucleus during late G1 phase
immediately before the onset of DNA synthesis, and
peaked during S phase[9]. These indicate that most of
the apoptotic cells induced by CHX in common
immune system were activated B and T lymphocytes
(at least IEL in gut mucosa)[1,2,10,11].
Epithelial cells are constantly exfoliating to
lumen and replaced by cells migrating from the
proli-ferating zone, and homeostasis of this process
is thought to be controlled by apoptosis[6]. In our
study, CHX induced crypt epithelial cells of proliferating zone in the intestines and in the genital
tract to apoptosis. These apoptotic cells were
positively expressed with PCNA. Recent studies
showed that passage through S phase is required for
apoptosis, and S phase is the critical period to
determine cell fate either to replicate or to die[12]. It
seems likely that inhibition of protein synthesis
accelerates the process of cell death by inhibition of
de
novo
micromolecular
synthesis[13,14].
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Alternatively, inhibition of “protective protein”
synthesis of cells initiated apoptosis. Paradoxically,
a number of epithelial cells at proliferating stage,
examined by light microscopy, were not triggered to
apoptosis by CHX in this experiment, which is
consistent with the aforementioned results of
lymphocytes. There might be three explanations:
one is that these “normal cells” appear “normal” at
the early stage of apoptosis, the second one is that
the propensity of these cells to undergo apoptosis
are cell-cycle-phase directed, suggesting that CHX
may only interfere with a certain phase of
proliferating cell cycle, and the third explanation is
that the phenotype of apoptosis is not critically
dependent on protein synthesis and the endonuclease
involved in DNA fragmentation is already in
place[15].
Although lymphocytes and epithelial cells
underwent apoptosis after rats were given CHX, the
monocytes/macrophages in common immune system
were not affected. It has been observed that
increased macrophages actively moved to and
appeared in tissues where apoptotic cells and
apoptotic bodies were formed in clusters. They
phagocytosed the apoptotic cells and apoptotic
bodies. This phenomenon renders the apoptosis
distinctly different from necrosis and easily
recognizable in tissue slides. In addition, before the
DNA fragmentation and formation of apoptotic
bodies, electronmicroscopy showed that the
morphologic changes of the cells in apoptosis would
take place in chronological order separating from
their
neighbors, increasing number of
mitochondria, condensed nucleus and cytoplasm. It
suggested that the increased mitochondria within
cytoplasm can be an early hallmark of apoptosis.
Cytoplasm of apoptotic cells was strongly stained
with eosin (Figure 1B). It indicates that
proliferating mitochrodria may be protective/
compensatory to apoptosis in consideration of some
“protective protein” like bcl-2 protooncogen protein
synthesized in mitochondria[16].
It is reported that CHX can induce apoptosis in
hepatic cells[8], intestinal crypt cell of proliferating
cell types in vivo[17]. The former represents the first
in vivo evidence of apoptosis induced by CHX in a
quiescent organ. However, our findings indicated
that CHX mainly affected activated lymphocytes
and epithelial cells of proliferating phase, and we
failed to observe that quiescent epithelial cells and
endocrine cells succumb to apoptosis by CHX.
Therefore, susceptibility to apoptosis is dependent
on cell types. In case of stomach the parietal cell,
chief cell and ECL cell were morphologically normal
(Figure 1A, Figure 3A), and some parietal cells
were found in mitosis phase. Proliferating cells were
frequently encountered in the isthmus region of
stomach[18]. Although these negative findings were
observed in our study, it is conceivable these proli-
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ferating cells may undergo apoptosis induced by
CHX.
In summary, CHX injection can severely damage the body immune system of rats, especially the
mucosal immune system, but it influences the
mucosal epithelial and endocrine cells only slightly
though injury of epithelial cells may damage the
integrity of epithelium at the early stage
(unpublished data). In fact injection of CHX
(2.0 mg·kg-1) could cause diarrhea in rats for 3
days possibly due to enterobacterial infection, or it
might be correlated with sIgA deficiency and
malabsorption[19]. We also used this model to study
mucosal lymphocytes involved in the mechanisms of
gastric acid production ( unpublished data ).
Therefore, this model will be useful in investigating
the role of mucosal immune system in the
pathogenesis of related diseases such as IBD, celiac
diseases, and Sjögren’ s syndrome, as well as
turnover mechanism of mucosal immunocytes.
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Commentary

Current concept of Spleen-Stomach theory and
Spleen deficiency syndrome in TCM
WU Xie-Ning
Subject headings
spleen-stomach theory

spleen deficiency syndrome;

INTRODUCTION

Spleen-Stomach theory is an important constituent of
the theoretical basis of Traditional Chinese Medicine
(TCM), the Spleen here is not synonymous with the
Spleen in western medicine anatomically,
physiologically or pathophysiologically. Conceptually,
Spleen-Stomach theory is a comprehensive one, it
mainly involves the digestive system, its vegetative
nervous system, immunologic function, hemopoiesis,
muscle metabolism, endocrine function ( thyroid,
adrenal cortex and medulla), hepatic metabolic
function, protein, nucleotide, energy, water and salt
metabolism. Experimental researches on animal models
and clinical studies on Spleen deficiency syndrome
have yielded fruitful results in this field which lead to a
better understanding of its mechanism and help open
a new avenue for treatment of diseases relevant to
Spleen deficiency.

Stomach governs down-bearing function and Spleen
governs up-bearing which signify the motility,
secretory, assimilative, absorptive and dispersing
functions of upper digestrive tract, among which,
gut hormones and functional activities of vegetative
nervous system of the gut are involved. Dysfunction
of up- and down-bearing function of Spleen-Stomach
can cause gastrointestinal disturbances and various
Spleen deficiency syndromes; furthermore, they
may also affect the functions of other organs.
Spleen governs the flesh or muscles

Transport and transformation function of SpleenStomach provided nutrients for muscle and energy
metabolism. When Spleen-Stomach is diseased,
muscles will be atrophied and become asthenic.
Spleen governs thought

Brain activities depend normally on furnishing the
nutrients, Qi (energy), blood, Yin and Yang. With
adequate Qi and blood and normal function of SpleenStomach, brain activities can proceed normally.

Physiology of Spleen-Stomach[1]

The Spleen-Stomach has various physiologic functions as
follows: Spleen governs transport and transformation.
Spleen-Stomach transforms food into nutrients which
are the sources of Qi and blood. The nutrients
include glucose, amino acids, lipid, cations-anions
and trace elements. Stomach is considered a reservoir
which empties into the intestine. Water and salt
absorption depends also on the transportating
function of Spleen-Stomach. Qi and blood are both
vital to life, Qi means energy, blood points to circulating
blood and its formed elements, blood and nutrients
furnish nourishment to all organs and tissues of the
body.
The up- and down-bearing function of SpleenStomach
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Spleen manages blood

Spleen has hemopoietic functions; the blood encased
within the vessels of all solid and hollow organs is
managed by Spleen.
Relationship between Spleen-Stomach and
other solid and hollow organs

Spleen and Heart The heart governs blood vessels
and blood circulation. The lung is related to oxygen
uptake. Dispersion of nutrients over the whole body
depends on heart, lung and brain function which
can also affect Spleen-Stomach motility and
function.
Spleen and Kidney In TCM, the Kidney stores the
body’s essence, and its function also depends on the
nutrients transformed by Spleen-Stomach. The
transport and transformation function of SpleenStomach is also influenced by warming and
nourishing functions of Kidney. The two
are interrelated and mutually potentiating.
The Kidney in TCM involves the genital-urinary
system, sexual glands and hormones, immunologic
function, nervous system and the heart in terms of
western medicine. Spleen and Kidney are both
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involved in water and salt metabolism. The KidneyYang denotes the hypothalamic-pitutary-adrenal,
thyroid and gonadal axes, secretion of the
corresponding hormones, sodium pump activity of
red blood cells, caloric energy production and
immunomodulating functions. The Kidney-Yin
involves cAMP/cGMP activity.
Diagnostic approach and preventive treatment
of Spleen-Stomach diseases[2]

Spleen-Stomach theory forms the basis of diagnostic
approach and treatment of Spleen-Stomach disease,
according to the presence or absence of Stomach-Qi.
Poor appetite signifies grave prognosis and absence of
Stomach-Qi; good appetite signifies good prognosis and
presence of Stomach-Qi. By looking at the complexion
and feeling the strength of pulse, one can predict the
prognosis of the patient. Sallow face is the usual
manifestation of Spleen disease. Color of skin over
thenar muscles reflects Cold or Heat. Cyanotic hue of
vein over thenar region indicates Cold in the stomach,
whereas redness shows Heat in the stomach. During
convalescence from postoperative state or infectious
diseases, doctors should prescribe those herbal medicine
for replenishing and modulating the Spleen-Stomach
function.
Spleen deficiency syndrome is a multi-system and
multi-organal functional impairment, but mainly
manifests as digestive tract disturbance. It can be
classified into Spleen-Qi deficiency,Spleen-Yang
deficiency and Spleen-Yin deficiency. The diagnostic
criteria in common are poor appetite, abdominal
fullness after meal, loose bowel movements, pale or
sallow complexion. The characteristic features of
Spleen-Qi deficiency are fatigue, asthenia, atrophied
muscle, pale tongue with thin white coating and
moderate, weak pulse. Spleen-Yang deficiency is
characterized by cold limbs, fear of cold, puffy
pale tongue with slippery coating and slow fine
pulse. Spleen-Stomach-Yin deficiency has dry mouth,
low urine output, dry stool, shrunken smooth bare, red
tongue and rapid fine pulse.
Pathophysiology of Spleen deficiency[1]

Clinical and animal studies were conducted with
controls and statistical analysis made in the past
years.
Changes in secretory and absorption functions of
gastrointestinal tract
Salivary flow and salivary amylase activity. Salivary
gland activity is related to Spleen function. In
patients with chronic gastritis, gastric or duodenal
ulcer or chronic colitis with Spleen deficiency
syndrome, the salivary flow of parotid glands on
citric acid stimulation decreased together with
decrease in amylase activity. After Spleen-fortifying
treatment, the condition was improved and
normalized.
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Gastrin and acid secretion. Serum gastrin level
was found significantly lowered in Spleen deficiency
syndrome but elevated after treatment. In peptic
ulcer patients with Spleen deficiency, BAO and
MAO were both significantly higher than normal.
In chronic gastritis patients with Spleen deficiency,
the day and night and 24h uropepsin activities were
much decreased.
Pancreatic exocrine function, BT-PABA test.
In peptic ulcer patients with Spleen deficiency,
urine excretion of BT-PABA diminished. On
treatment with Spleen-fortifying drugs, urine BTPABA and amylase activity in chronic atrophic
gastritis patients were increased.
Xylose excretion test. Decrease in xylose
excretion in chronic atrophic gastritis patients with
Spleen-deficiency syndrome indicated impaired
absorption function of small intestine. After
treatment, the xylose excretion rate was increased.
Motilin and gastrointestinal motility. In
patients after major surgery on digestive tract with
Spleen deficiency, serum motilin level was
significantly higher than normal. The gastric tone
was decreased with retention of fasting gastric juice
but transit time of small and large intestine was
reduced, resulting in rapid emptying, these motility
disturbance led to loss of appetite and epigastric
fullness after meal.
Structural and biochemical changes in gastric
mucosa. In Spleen deficiency syndrome patients,
the turnover rate of epithelial cells was hastened,
showing a short life span. In the mucosal lamina
propria of superficial gastritis with Spleen
deficiency, the glandular atrophy was more severe,
intestinal metaplasia more frequent, whereas in
disharmonic Liver and Stomach type, the
metaplasia was modest. Ultrastructural studies
revealed reduced microvilli of epithelial cells,
increased junctional width, membrane damage,
swollen mitochondria with disrupted cristae and
dilated endoplasm in parietal cells[4] decreased
pepsinogen granules within chief cells; increased
plasma cell infiltration in lammia propria. These
changes were not seen in disharmonic Liver and
Stomach type. Substance P and VIP were found
increased in sigmoid colon, correlated with loose
bowel movement. Elevated cAMP levels in gastric
mucosa and plasma of Spleen deficiency syndrome
were found, and plasma cAMP/cGMP ratio was
decreased markedly in those patients with intestinal
metaplasia. Likewise, gastric mucosal SOD content
and plasma LPO also decreased significantly; these
might correlate with metaplasia.
Dysfunction of vegetative nervous system of GI tract
Cerebral cortical function is extensively suppressed,
presented with unstable somatic evoked potential,
diminished amplitude and poor reproducibility. The
hypofunction of sympathetic nervous activity
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manifested a decrease in skin electric potential
activity, reactivity of peripheral vessels to cold,
urine VMA contentas well as plasma dopamine
hydroxylase level; all of them increased after
adequate treatment. In these patients, blood
acetylcholine level was elevated,
usually
accompanied by bradycardia and lower systolic and
diastolic blood pressure; these indicated presence of
relative hyperfunction of parasympathetic nervous
activity.
Motility and secretion modulating functions of
GI tract are relevant to gut hormones. Besides, they
are also related to modulating function of the
vegetative nervous system of GI tract. Deficiency of
Spleen in chronic diarrhea and peptic ulcer patients
have overactive parasympathetic nervous system in
the majority and hyperactivity of both
parasympathetic and sympathetic nervous system in
a minority of the patients.
Immunologic functional changes
In Spleen deficiency patients, peripheral blood
lymphocyte count is lower than normal. In patients
with chronic hepatitis B with liver depression and
Spleen deficiency, it is also lower than normal, but
can be restored to near normal after Spleenfortifying therapy. T cell subset study revealed
significantly decreased total T cell and TH
lymphocytes. Among cancer patients with Spleen
deficiency, CD4 was lower than normal, whereas
CD8 had no change. On treatment with astragalus
and atractylodes, CD4 was elevated significantly.
Immunoglobulin G changed very little but the
content of secretory IgA in GI disease with Spleen
deficiency decreased significantly. After treatment
with the Si Jun Zi decoction, these can be
restored to the level of controls. Some Spleenfortifying prescriptions can enhance proliferation of
mice splenic cells and increase significantly the mice
specific antibody secretory cell number, antigeninduced delayed allergic reaction and mixed
lymphocytic reaction; they also enhance cytotoxic
action of lymphocytes and promotes ConAstimulated mice splenic cells to secrete IL-2.
Phagocytic function of monocyte-macrophages also
increase as seen by the clearance of carbon
particles. In cancer-bearing patients, NK activity
and TK activity are lowered but can be restored by
Spleen-fortifying therapy. With Hp infection, these
patients have a weaker lymphocyte and plasma cell
infiltration and local SIgA response. It was believed
that red blood cells also have the function of
clearing circulatory immune complex and
phagocytosis. Astragalus and Si Jun Zi decoction
can restore the immunologic function of red blood
cells, probably through their promoting effect on
C3b receptor expression and the activity on the red
cells surface.
Recently, it was found that Spleen-deficiency
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patients had a high frequency of HLA-B12-whereas
disharmony of Liver and Stomach patients had a
high frequency of HLA-B15. These showed that
immune response is closely related with vulnerability
to disease.
Endocrine changes
Urine 17-ketosteroid was found significantly lower
than normal but there was no significant change in
17-hydroxysteroids as compared with normals. In
patients with Spleen deficiency the level of
catecholamine was also low. There was thyroid
hypofunction in Spleen deficiency patients, with
total T3 and fT3 significantly lower than normals,
whereas rT3 was significantly higher; low metabolic
rate, low skin temperature, poor tolerance to cold
and lack of adaptation to enviromental changes
were also present. This poor tolerance to cold is a
special feature of Spleen-Yang deficiency. Asthenia
and loss of weight might also be due to hypofunction
of thyroid.
Changes of fecal bacteria flora and Helicobacter pylori
In Spleen deficiency mice Lactobacillus bifidus and
other lactobacilli were decreased but could be
restored to normal after the Si Jun Zi decoction
treatment. The enterobacteria pathogens were
increased but could be reduced after treatment and
Helicobacter pylori was also decreased in amount.
Spleen-fortifying therapy lowers the rate of
detection and amount of Hp[3].
Changes of trace elements in blood
In chronic hepatic disease with Spleen-deficiency
the blood Zn was significantly lower than normal,
but Cu was on the reverse. Zn is important in
enzymatic action, nucleic acid synthesis,
membranous function of red blood cells,
hemopoiesis and cell respiration. In Spleen-Yang
deficiency serum Mg was increased, whereas in
Spleen-Yin deficiency it was extremely low. Fe was
elevated in Spleen Qi deficiency, and Spleen-Yang
deficiency patient at the age of 50 to 60 years, and
ten years after it was elevated. In Spleen-Qi
deficiency Mn and Cr were both increased
significantly[4].
Muscle metabolism
The muscle glycogen and CPK activity in the
quadriceps and plasma were all decreased
significantly. The resulting asthenia, and muscular
weakness were primarily due to energy depletion
from lowered hepatic and muscle glycogen content.
Besides, ATP, ADP and AMP contents were also
much lowered, and LDH and succinyl
dehydrogenase activities significantly elevated
because of anaerobic glycolysis; those ions relevant
to muscle contraction were decreased[5].
Serum total free amino acids and essential
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amino acids including branch chained amino acids
were all decreased; lysine, valine, glycine,
threonine, tryptophan, isoleucine, serine, alanine
and histone were all lower than normal. These may
all contribute to muscle emaciation.
Treatment of Spleen-deficiency syndrome[1,6]

Many GI diseases, such as chronic atrophic
gastritis, chronic pancreatitis with diarrhea,
inflammatory bowel disease, coeliac disease may
present Spleen-deficiency at certain stage of the
disease. Because they have similar pathophysiology,
they can be treated by the same principle but with
emphasis on different aspects.
The Si Jun Zi decoction is the major Spleenfortifying therapy for Spleen-deficiency syndrome,
including Ginsen or Codonopsis, Atractylodes,
Poria, Glycyrrhiza. It promotes absorption and
dispersion of nutrients to the whole body, increases
physical strength and mental activity, and has
multiple effects on the digestive organs, immunity,
hemopoiesis, blood circulation, hepatic synthetic
function, muscle metabolism, etc. By adding
Astragalus , the immunologic function and small
intestinal muscular tone can also be increased.
Motility and absorptive function of GI tract
The Si Jun Zi decoction inhibits the small intestinal
activity, presented with decrease of amplitude and
spasmodic contraction of small intestine. It
possesses anticholinergic effect as well as
antihistaminic response. The inhibitory effect on
intestinal tract is both neurogenic and myogenic. It
also has modulating effect on the function of
vegetative nervous system. In Spleen deficiency and
Qi deficiency, there are inhibition of transport and
sodium pump on the epithelial cells which can be
restored by the Si Jun Zi decoction. CodonopsisPoria-Atractylodes powder can promote absorption
of water and chloride ion so as to improve the
diarrhea of Spleen deficiency.
Immunologic function
The Si Jun Zi decoction promotes cellular
immunity, enhances peritoneal macrophagic
phagocytosis, corrects the immunosupressive effect
of cyclophosphamide and cortricosteroids, and
reduces the inhibitory effect on bone marrow and
atrophy of thymus, Spleen by cyclophosphamide.
Experimental study revealed that abundant
extramedullary
erythroblasts
and
active
proliferation of lymphoblast control the atrophic
effect of cyclophophamide in adrenal contex and
testes, also decreases the toxic adverse effect of
chemotherapeutic drugs. It also increases the
humoral immunity by increasing antibody
production for infected patients with Spleen
deficiency, it ameliorates and restores the weight
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loss of thymus in undernourished mice as well as the
structure within the thymus such as the thickness of
cortex/medulla ratio and the diameter of thymus
cell nucleus to normal.
Hemopoietic action
Ginsen promotes marrow cell DNA and protein
synthesis, and codonopsis promotes red blood cell
formation. If ferrous sulfate is given concomitantly,
restoration can be hastened.
Hepatic synthetic function
It can increase plasma albumin, hepatic RNA and
glycogen contents in favor of tissue repair and hepatic detoxification.
Effect on skeletal muscle
In Spleen-Qi deficiency, the mitochondria decreases
in number with decrease of oxidase, and increase of
anaerobic glycolysis. The Si Jun Zi decoction can
restore muscle glycogen, lipid, ATP synthesis and
the ultrastructures of mitochondria to near normal;
food consumed, body weight, physical strength and
mental spirit all improved.
Blood circulation of gastric wall and mesentery
On the basis of the Si Jun Zi decoction, the addition
of Astragalus, Cinnamon Twig, Saussure),
Tangerine Peel, may dilate arterioles, increase
cabillary blood flow and tissue perfusion, and promote
tissue repair.
Action of individual component of the Si Jun Zi
decoction:
Ginsen, small dose stimulates central
nervous system and large dose inhibitsit. Ginsen
increases mental reactivity and the contents of
dopamine, nor-epinephrine in the brain, promotes
brain RNA and protein synthesis, increases blood
supply, and blood oxygen to the brain; all these are
the pharmacologic basis for increasing brain
activity. Besides, it has anti-fatigue action and
increases tolerance to cold. Ginsen enhances both
cellular and humoral immunity, also activates the
phagocytic function of macrophages and activity of
NK cells, and in addition, it also induces interferon
formation.
In the endocrine system, it enhances the
hypothalamic-pituitary-adrenal cortical, thyroid and
gonadal axis function. It increases cardiac
contractility by inhibiting the sodium pump on
cardiac muscle cell membrane. It promotes release
of insulin and elevates blood insulin level, enhances
the synthesis of protein, RNA and DNA, lowers
blood lipid, and improves hepatocytic function. As
a therapeutic drug for Spleen deficiency, emphasis
should be laid on its systemic effect.
Codonopsis,
it
also enhances
immunologic function, both cellular and humoral
immunity, and increases response to stress and
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tolerability to hypoxemia. Codonopsis is important
for Spleen-fortifying. It can antagonize the decrease
in gastric mucosal content of prostaglandin E2 and
aminohe-xose induced by ind omethacin and aspirin,
and inhibits acid secretion, hence being useful for
combating ulceration and mucosal damage. It can
also modulate GI motility, and has bidirectional
effect on intestinal motility. It can decrease blood
viscosity by inhibiting platelet aggregation, and also
has some vasodilating action. Furthermore, it has
varying degrees of inhibition on the cyclo-oxygenase
pathway, TXA2 synthetase; and these are dose
dependent.
Atractylodes, being a representative of
Spleen-fortifying drug, it modulates intestinal motility
bidirectionally, increases smooth muscle tone of
GI tract, improves the white slippery coating of
tongue, and cellular and humoral immunity and
protein synthesis. Moreover, it acts on the
hypothalamic-putuitary-adrenal cortical axis.
Poria, trelaxes smooth muscle of GI tract,
diminishes the contraction amplitude, reduces acid
secretion, and has anti-necrosis and anti-degenerative
actions on hepatocytes in hepatitis. Its polysaccharide
enhances cellular immunity, increases the weight of
thymus and lymph node, and hence is used in treatment
of cancer of GI tract.
Glycyrrhyza, having acidity lowering
and antipasmodic actions, it diminishes the smooth
muscle tone of the intestine, amplitude of
contraction, and inhibits ileal contraction induced
by acetylcholine. It also has anti-inflammatory and
anti-allergic effects. It can increase the cytochrome
P-450 content of hepatocytes, and detoxification
effect. Besides, it has corticosteroidal effect.
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Astragalus, when added to the Si Jun
Zi decoction, it can potentiate the immunoenhancing effect, including induction of interferon
production and increase in antibody formation.
Astragalus also increases cardiac contractility, in
particular, the ejection fraction, promotes blood
cells formation and maturation, restores the
reticulocytes and megakareocytes to normal.
Through activation of phosphorylase mediated by
cAMP, it can promote mitosis, differentiation and
growth of marrow cells. Furthermore, it increases
the RNA, DNA and protein synthesis of the liver.
It has an antioxidant action. Moreover, it may
increase corticoid secretion and elevates the plasma
level of cortisol. It has long been used in treatment
of atrophic gastritis, peptic ulcer and other
gastrointestinal diseases with Spleen deficiency by
increasing cAMP content for gastric mucosal repair.
It is also used in chronic hepatitis with Spleen
deficiency to increase hepatocytic RNA, DNA and
protein synthesis.
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Abstract
AIMS To observe the therapeutic effect of Weixibaonizhuan pills (
) on gastric
precancerous lesions.
METHODS Thirty patients with gastric
precancerous lesions were treated with
Weixibaonizhuan pills for 3 months. Of the 36 cases,
13 (36.1%) were mild atrophic gastritis, 14 (38.9%)
moderate atrophic gastritis and 9 (25.0%) severe
atrophic gastritis; among them 22 (61.1%) and 27
cases (75.0%) were accompanied with intestinal
metaplasia (IM) and dysplasia (DYS) respectively. Of
the 36 patients, 20 were men and 16 women, aged
from 30-60 years and those aged 30-59 years
accounted for 61.1%. The course of disease ranged
from 3 months to 21 years, and 20 (55.6%) of them
had a course of 5 - 10 years. The clinical
manifestations were fullness of the abdomen (31
cases),abdominalgia (27 cases), anorexia (30
cases), gas eructation (26 cases), acid regurgitation
(6 cases) and loose stool (9 cases). When treatment
ended, the improvement of patients’ clinical
symptoms, atrophy of gastric mucosa, IM and DYS
were analysed.
RESULTS After 3 months’ treatment with Weixibaonizhuan pills,7 cases recovered, 11 cases were
much improved, 13 cases showed some improvement,
and 5 cases were ineffective; the total rate of
symptomatic improvement was 86.1%. Of the 13
cases with mild atrophic gastritis, 11 cases changed
into superficial gastritis, and 2 cases had no changes.
Of the 14 cases of moderate atrophic gastritis, 4
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cases changed into superficial gastritis, 7 cases
changed into mild atrophic gastritis, and 3 cases had
no changes. Five of 9 cases of severe atrophic
gastritis were reduced to moderate atrophic gastritis,
and 4 cases had no changes. The total effective rate
was 77.8% in chronic atrophic gastritis. Of the 9
cases with mild IM, IM disappeared in 6 cases and 3
showed no change. Of the 10 cases with moderate
IM, it disappeared in 2 cases, 5 cases changed to
mild IM, and 3 cases had no change. One of the
4 cases of severe IM changed to moderate IM
and 3 had no change. The total effective rate
was 63.6% in IM. Of the 16 cases of mild DYS,
11 cases showed disappearance of DYS and 5
had no change. In 9 cases of moderate DYS, 2
showed disappearance, 5 changed to mild DYS
and 2 had no change. Two cases of severe DYS,
both showed no change. The total effective rate
was 66.7% in DYS. Before treatment, the I, II,
III and IV degree positive expressions of CEA
were present in 13, 12, 9 and 2 cases, respectively,
whereas after treatment, the positive expressions
were present in 25, 7, 3 and 1, respectively. Before
treatment, the I, II, III and IV degree positive
expressions of PCNA were present in 16, 11, 10
and 4 respectively, but after treatment, they were
present in 21, 9, 5 and 1 respectively. In short,
the positive expressions of CEA and PCNA of gastric
mucosa were significantly decreased after
treatment (P<0.01).
CONCLUSION
Weixibaonizhuan pill has a
therapeutic effect in gastric precancerous lesions.
INTRODUCTION

Gastric carcinogenesis often arises from some
precancerous lesion for cancer development.
Effective treatment of such lesions would be helpful
in decreasing the risk of gastric cancer. We have
used Weixibaonizhuan pills (WXBNZ pills
) to treat them and have obtained a good
result.
PATIENTS AND METHODS
Patients

Thirty-six patients with gastric precancerous lesions
were diagnosed through gastroscopy and mucosal
biopsy[1]. Among them, 13 (36.1%) cases were
mild chronic atrophic gastritis (CAG), 14 (25.0%)
cases moderate CAG, and 9 severe CAG. Twenty-

ZHANG Xu-Chen, et al. Therapy of gastric precancerous lesions

two ( 61.1%) and 27 ( 75.0%) cases were
accompanied intestinal metaplasia ( IM ) and
dysplasia (DYS), respectively. Of the 36 patients
20 were men and 16 women; their age ranged from
30 - 60 years, and those between 40 - 59 years of
age accounted for 61.1%. The course of disease
ranged from 3 months to 21 years, and 20 of them
(55.6%) had a course of 5 - 10 years. The clinical
manifestations were as follows:
abdominal
fullness or feeling of obstruction in the stomach (31
cases), worse in afternoon or after eating and
abated after eructation or passing wind from
bowels;
abdominalgia (27 cases) in middle
abdomen and epigastrium, more often vague, or
distending, burning, stabbing, with tenderness;
anorexia (30 cases); eructation after eating or of
frequent occurrence (26 cases); acid regurgitation
(6 cases) became severe when fasting; and loose
stool (9 cases), watery or unformed.
Methods

All patients took WXBNZ pill ( composed of 15
kinds of herbs including Radix Codonopsis
pilosulae, Radix Salviae Miltiorhizae, Herba Solani
Nigri, Radix et Rhizoma Rhei, Rhizoma coptidis ,
etc, prepared by the Research and Treatment
Center of Gastroenterology of Taiyuan) 6 grams
three times a day for a course of 3 months.
Gastroscopic and pathologic studies of biopsy
specimens were performed before and within 2
weeks after treatment. During gastroscopy, 1
biopsy specimen was taken each from the antral
lesser curvature, greater curvature, anterior wall
and antrum-body transitional zone, respectively,
and additional 1-2 biopsy spe-cimens were taken
from the grossly identifiable lesions. The
examinations were made by fixed doctors. In
addition to routine HE staining, we also used
immunohistochemical technique to detect the
expression of CEA and PCNA of gastric mucosa.
CEA antibody (rabbit against human) and PCNA
antibody (mouse against human) were provided by
Zymed Co. and universe type biotinylated
secondary antibody was made in our lab. The
staining procedure was performed according to the
literature[2].
RESULT
Improvement of clinical symptoms after
treatment

25

moderate CAG, 4 changed to superficial gastritis, 7
changed to mild CAG (Figures 1, 2), 3 cases had no
change, the effective rate being 78.6%. Five of the
9 cases of severe CAG changed to moderate CAG
(Figures 3, 4), and 4 cases had no change, the
effective rate being 55.6%. The total effective rate
for CAG was 77.8%, and the therapeutic
effectiveness seemed to be better in mild and
moderate CAG.
Improvement of IM after treatment

In the 9 cases of mild IM, it disappeared in 6 cases,
and 3 cases had no change, the effective rate being
66.7%. In the 10 cases of moderate IM, 2 cases
showed a disappearance of IM, 5 cases changed to
mild IM and 3 cases had no change (Figures 5, 6),
the effective rate being 70.0%. Only one of the 4
cases of severe IM changed to moderate IM and 3
had no change, the effective rate being 25.0%. The
total effective rate for IM was 63.6% and the
therapeutic effectiveness was better in mild and
moderate IM.
Improvement of DYS after treatment

In the 16 cases of mild DYS, 11 cases showed its
disappearance and 5 had no change, the effective
rate being 68.8%. In the 9 cases of moderate DYS,
2 had a disappearance of DYS, 5 changed to mild
DYS and 2 had no change, the efficacy rate was
77.8%. Both of the 2 cases of severe DYS showed
no change after treatment, the efficacy rate was
0.0%. The total effective rate was 66.7% in DYS,
and the therapeutic effectiveness was better in mild
and moderate DYS.
Improvement of gastric CEA

A semiquantitative method was used to judge the
brown-stained positive cells[3]. The positive degree
was scored according to the number of positive
cells. Grade I: 0% - 25%, grade II: 26% - 50%,
grade III: 51% - 75%, and grade IV: 76% - 100%.
The expression of CEA decreased significantly after
treatment (P<0.01), (Table 1).
Table 1 Positive expression of CEA in gastric mucosa before
and after treatment with WXBNZ pills
Grades
Treatment
I

II

III

IV

Of the 36 cases, 7 recovered with a disappearance of
clinical symptoms, 11 had significant improvement
of symptoms, 13 showed some improvement, and 5
had no change. The total effective rate was 86.1%.

Before

13

12

9

2

After

25

7

3

1

Improvement of gastric mucosal atrophy

Improvement of gastric PCNA

In 13 cases of mild CAG, 11 cases changed to
superficial gastritis, and 2 had no change, the
effective rate being 84.6%. Among 14 cases of

The positive criteria of PCNA was similar to CEA.
The PCNA expression decreased significantly after
treatment (P<0.01) (Table 2).

u = 27.68, P<0.01.

26

Figure 1
Figure 2
Figure 3
Figure 4
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Figure 5 Severe CAG accompanied with severe IM, there is
no significantly difference between before and after treatment
(HE×200)
Figure 6 Severe CAG accompanied with severe IM, there is
nosignificantly difference of CEA expression between before
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and after treatment (LSAB×200)
Table 2 Positive expression of PCNA in gastric mucosa before
and after treatment with WXBNZ pills
Grades
Treatment
Before
After

I

II

III

IV

26
21

11
9

10
5

4
1

u = 13.85, P<0.01.

DISCUSSION

The rate of cancer transformation in patients with
CAG was reported to be 0.2%[4]; those with mild
DYS was 2.5% - 11%[5]; moderate DYS, 4% 35%[5,6]; severe DYS, 10% - 83%[7]; and IM,
1.9% [4]. It can be suggested that treatment of
procancerous lesions may decrease the incidence of
gastric cancer effectively. The long-standing
chronic gastritis may result in gastric mucosal
atrophy, dysplasia and IM of glandular epithelium.
As a consequence of such pathologic changes, the
patient may have hyposecretion of gastric acid and
pepsin, along with symptoms of dyspepsia, such as
anorexia and abdominal distention after eating,
loose stool, malnutrition, etc. According to the
theory of traditional Chinese medicine (TCM), such
manifestations belong to an “ insufficiency of the
Spleen and Stomach qi” . Another group of patients
presenting symptoms of epigastric pain, eructation,
acid regurgitation, nausea, etc belong to
“disharmony between the Liver and the Stomach”
with stagnation and reversed flow of qi , together
with the production of Heat. So chronic gastritis
with precancerous lesions is a complicated ailment in
TCM with regard to its cause ad pathogenesis. The
rationale of its management is to strengthen the
Spleen and Stomach, to enhance the body
resistance, to consolidate the constitution, to
promote flow of qi and blood, and to disperse
Heat. Only by this way can the symptoms and
pathology be improved effectively. We used
WXBNZ pills, which was composed of 15 kinds of
herbs and had the above-montioned effects of
strengthening the Spleen and Stomach,
strengthening the body resistance, to consolidate
the constitution, promoting flow of qi and blood
and dispersing Heat, in treating the patients with
gastric precancerous lesions. The total effective
rates for clinical symptoms, CAG, DYS, IM were
86.1%, 77.8%, 66.7%, 63.6%, respectively.
These results indicated that WXBNZ pills had a

27

good therapeutic effect in gastric precancerous
lesions.
From the results in this study we can infer that
WXBNZ pills has a better therapeutic effects in
mild and moderate CAG, DYS and IM, but gives
poor results in severe CAG, DYS and IM.
Therefore, early diagnosis and early treatment of
such lesions are recommended. In normal gastric
mucosa, CEA staining is negative or restricted to
the secretory margin of cells. In precancerous
lesions, the CEA staining showed a positive
expression not only at the secretory margin of cells
but also in the apical cytoplasm or further dispersed
in the whole cell membrane and cytoplasm. We
found in our previous study that positive expression
of CEA increased progressively as the precancerous
lesions progressed[2]. The positive expression of
CEA may reflect the beginning of a deviation or
transition of normal state of cell differentiation
toward malignancy. In this study, the positive
expression of CEA decreased and disappeared
gradually after WXBNZ pills treatment, indicating
that WXBNZ pill might have some effect of
inhibiting the CEA expression and accele-rating the
recovery of gastric mucosal function. Recent studies
have shown that PCNA is related intimately to the
DNA synthetic phase (S phase), and is a good
marker reflecting the activity of cell
proliferation[3]. In this study, the high positive
expression of PCNA in the gastric mucosa with
precancerous lesions decreased distinctly after
WXBNZ pills treatment. These results suggested
that WXBNZ pills could inhibit the cell
proliferative activities and abnormal hyperplasia of
gastric mucosa in patients with precancerous lesions.
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Aflatoxin sufferer and p53 gene mutation in
hepatocellular carcinoma *
DENG Zhuo-Lin and MA Yun
Subject headings Aflatoxin B1; genes, p53;
mutation;
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Abstract
AIM To study the p53 gene mutation and its
relationship to aflatoxin B1 exposure in hepatocellular
carcinoma (HCC).
METHODS
Restriction fragment length
polymorphism analysis method was used in 62 HCC
samples, and DNA direct sequencing in another 45
HCC samples.
RESULTS In HCC and AFB1 high and low-risk
areas, 36/52 (69%) and 2/10 (20%) cases were
found losing the HaeIII allele respectively, suggesting
one of the base G mutation at the p53 gene codon
249. Similar results appeared in DNA direct
sequencing, 20/35 (57%) and 1/10 (10%)
respectively mutated at the codon 249 third base
G to C transversion.
CONCLUSION In HCC after AFB1 exposure,
mutation of p53 gene is fixed at codon 249 third base
and take the form of G to T transversion. This is a
definite marker of mutation which is induced by AFB1
mutagen. It is applicable for molecular epidemiologic
survey of the sufferers of AFB1 among HCC cases and
for discovering more unknown natural AFB1
contaminated areas.
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INTRODUCTION
Previous reports from Qidong and southern Africa
discovered that the p53 gene of hepatocellular
carcinoma ( HCC ) had a mutational hot-spot at
codon 249[1-3]. Later there were repeated reports
from Qidong. However, reports from worldwide
other than those two areas showed no such special
mutational hot-spot in HCC[4-6]. It was supposed
that codon 249 mutation might be caused by
exposure to aflatoxin B1 ( AFB1 ) which was a
common enviromental factor prevalent in the two
mentioned areas. Aspergillus flavus is widely
distributed throughout the world. However, wellknown natural high AFB1 contaminated areas are
uncommon. It is of significance to study one more
known natural high AFB1 risk area Fusui and its
neighboring counties where HCC mortality rate was
high up to 40/100 000 annually. AFB1 exposure and
hepatitis B virus (HBV) were both suspected to be
the principal aetiological factors.
MATERIALS AND METHODS
Surgical specimens of HCC were fixed in formalin
and embedded in paraffin. The pathological
diagnosis was made by standard histologic criteria.
The DNA of 62 HCC samples were amplified focus
on the p53 gene exon 7 by polymerase chain reaction
(PCR). Primers were introduced by Murakami et
al. PCR products containing exon 7 were digested
with the restriction enzyme Hae III, then
eletrophoresed for restriction fragment length
polymorphism (RFLP) analysis. Another 45 HCC
samples were sent for DNA direct sequencing. In
the meantime, all samples were stained for HBsAg
by ABC method of immunohistochemistry.
RESULTS
A lot of HCC samples came from high HCC
prevalent and high AFB1 exposed area in Guangxi
lost the Hae III restriction site GG/CC by method of
RFLP analysis. It suggested a mutation occuring at
the sequence AGG, CCC. Undoubtedly, the
mutational point occurred at the hot-spot codon 249
nucleotides G rather than non-hot-spot C of codon
250. Surprisingly, this mutation was found in 36/52
samples (69%). Compared to the samples from a
low prevalent area in Guangxi, the frequency was
2/10 (20%). The difference was significant
(P<0.01). The results by direct DNA sequencing
were similar. The samples from high prevalent area
were 20/35 (57%) mutation at codon 249 third
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nucleotide G to T transversion, while low prevalent
area showed this transversion only in 1/10(10%).
The difference was also significant (P<0.01) . The
total positive rate of HBsAg was 94.4%, with no
difference between high and low prevalent areas.

DISCUSSION
The p53 tumor suppressor gene is one of the genes
with great interest, because it is commonly mutated
in human cancer, and the spectra of p53 mutations
in these cancers provide clues to the etiology and
molecular pathogenesis of tumors. In HCC, p53
gene mutation is related to AFB1 and HBx protein
of HBV. The present data is a research on the spot
on great number of cases. The conclusions are as
follows: the principal etiology and molecular
pathogenesis of HCC at the part of high prevalent
area in Guangxi are caused by AFB1 without doubt,
and HBV chronic infection is also high. AFB1
induces p53 gene mutational hot-spot in the high
prevalent local area up to 57% - 69%. This hot-spot
is located at exon 7 codon 249 third nucleotide G to
T transversion. It is a special and stable mutational
point. It is useful for HCC molecular epidemiologic
study for general survey whether the residents are at
the risk of aflatoxin exposure, and distinguish the
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AFB1 sufferers of HCC cases individually. Until
now, there has been no report from high AFB1
contaminated area where HCC samples escape this
p53 gene mutational hot-spot. More and more
human materials from high AFB1 areas show the
mutation point clustering at the codon 249 third
nucleotide rather than the first or second
nucleotide, and only G to T single form but not G to
A or C multiple forms mutation. Therefore it would
be confirmed as a mutational marker of a AFB1
sufferer in human HCC.
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INTRODUCTION
To study effect of garlic and garlic-green tea mixture on serum
contents of Tch, LDL and HDL in MNNG-induced gastric
carcinoma (GC) and precancerous lesion (PL) in Wistar rats.
METHODS
Serum contents of Tch, LDL and HDL in normal control group (n
= 10, NG), MNNG group (n=30, MG), prevention group (n
= 30, PG), treatment group I (n = 20, TG I ) and treatment
group II (n = 20, TGII) were detected by PGE 6000/COD.

RESULTS
Serum Tch and LDL of rats of MG (6.86 ± 1.39, 3.72 ± 1.10)
and its GC(6.95 ± 1.37, 3.77 ± 1.08) and PL(6.42 ± 1.04,
3.56 ± 0.74) were lower than that of NG (8.74 ± 1.89, 5.89 ±
1.61),PG(7.73 ± 3.18,4.96 ± 2.89) and its GC(8.36 ± 3.41,
5.93 ± 3.31) and PL (7.45 ± 3.16,4.55 ± 2.71), TGI (8.86
± 1.75, 5.38 ± 1.76) and its GC (9.10 ± 2.27, 5.55±2.51)
and PL (8.61 ± 1.17, 5.22 ± 0.55) and TGII (8.16 ± 0.76,
5.32± 0.72) aod its GC(8.52 ± 0.67,5.96 ± 0.48) and PL
(8.02 ± 0.79,5.09 ± 0.65), respectively (P<0.01-0.05).
Serum HDL of MG rats (2.76 ± 0.48) and its GC(2.79 ± 0.48)
were remarkably higher than that of MG (2.20 ± 0.85) and GC
of PG (2.24 ± 0.38) (P<0.05).
CONCLUSION
Experimental gastric carcinoma and precancerous lesion were
associated with hypocholesterolaemia, LDL and HDL. Garlic and
garlic-green tea mixture can inhibit and reverse MNNG-induced
gastric carcinoma and precancerous lesion in Wistar rats.
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nucleotide G to T transversion, while low prevalent
area showed this transversion only in 1/10(10%).
The difference was also significant (P<0.01) . The
total positive rate of HBsAg was 94.4%, with no
difference between high and low prevalent areas.

DISCUSSION
The p53 tumor suppressor gene is one of the genes
with great interest, because it is commonly mutated
in human cancer, and the spectra of p53 mutations
in these cancers provide clues to the etiology and
molecular pathogenesis of tumors. In HCC, p53
gene mutation is related to AFB1 and HBx protein
of HBV. The present data is a research on the spot
on great number of cases. The conclusions are as
follows: the principal etiology and molecular
pathogenesis of HCC at the part of high prevalent
area in Guangxi are caused by AFB1 without doubt,
and HBV chronic infection is also high. AFB1
induces p53 gene mutational hot-spot in the high
prevalent local area up to 57% - 69%. This hot-spot
is located at exon 7 codon 249 third nucleotide G to
T transversion. It is a special and stable mutational
point. It is useful for HCC molecular epidemiologic
study for general survey whether the residents are at
the risk of aflatoxin exposure, and distinguish the
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AFB1 sufferers of HCC cases individually. Until
now, there has been no report from high AFB1
contaminated area where HCC samples escape this
p53 gene mutational hot-spot. More and more
human materials from high AFB1 areas show the
mutation point clustering at the codon 249 third
nucleotide rather than the first or second
nucleotide, and only G to T single form but not G to
A or C multiple forms mutation. Therefore it would
be confirmed as a mutational marker of a AFB1
sufferer in human HCC.
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Effect of garlic and garlic-green tea mixture on serum lipids in MNNG-induced
experimental gastric carcinoma and precancerous lesion*
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Subject
headings
garlic tea; stomach
neoplasms/prevention & control; precancerous
conditions/blood; lipids/blood
INTRODUCTION
To study effect of garlic and garlic-green tea mixture on serum
contents of Tch, LDL and HDL in MNNG-induced gastric
carcinoma (GC) and precancerous lesion (PL) in Wistar rats.
METHODS
Serum contents of Tch, LDL and HDL in normal control group (n
= 10, NG), MNNG group (n=30, MG), prevention group (n
= 30, PG), treatment group I (n = 20, TG I ) and treatment
group II (n = 20, TGII) were detected by PGE 6000/COD.

RESULTS
Serum Tch and LDL of rats of MG (6.86 ± 1.39, 3.72 ± 1.10)
and its GC(6.95 ± 1.37, 3.77 ± 1.08) and PL(6.42 ± 1.04,
3.56 ± 0.74) were lower than that of NG (8.74 ± 1.89, 5.89 ±
1.61),PG(7.73 ± 3.18,4.96 ± 2.89) and its GC(8.36 ± 3.41,
5.93 ± 3.31) and PL (7.45 ± 3.16,4.55 ± 2.71), TGI (8.86
± 1.75, 5.38 ± 1.76) and its GC (9.10 ± 2.27, 5.55±2.51)
and PL (8.61 ± 1.17, 5.22 ± 0.55) and TGII (8.16 ± 0.76,
5.32± 0.72) aod its GC(8.52 ± 0.67,5.96 ± 0.48) and PL
(8.02 ± 0.79,5.09 ± 0.65), respectively (P<0.01-0.05).
Serum HDL of MG rats (2.76 ± 0.48) and its GC(2.79 ± 0.48)
were remarkably higher than that of MG (2.20 ± 0.85) and GC
of PG (2.24 ± 0.38) (P<0.05).
CONCLUSION
Experimental gastric carcinoma and precancerous lesion were
associated with hypocholesterolaemia, LDL and HDL. Garlic and
garlic-green tea mixture can inhibit and reverse MNNG-induced
gastric carcinoma and precancerous lesion in Wistar rats.
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CEA and AFP expression in human hepatoma cells
transfected with antisense IGF-I gene *
ZHANG Li1, LI Shu-Nong2 and WANG Xiao-Ning1
Subject headings insulin-like growth factor-I;
carcinoembryonic
antigen;
α-fetoprotein;
carcinoma, hepatocellular; tumor cells, cultured;
radioimmunoassay

Abstract
AIM To determine whether antisense insulin-like
growth factor-I (IGF-I) gene can modulate CEA and
AFP expression in human hepatoma cells (HepG2).
METHODS Transfection of HepG2 cells was
accomplished using Lipofectin reagent. Northern blot
analysis confirmed the antisense IGF-I RNA of the
transfected cells. CEA and AFP levels were
measured using radioimmunoassay.
RESULTS Human hepatoma cell lines (HepG2)
were transfected with antisense IGF-I gene. Northern
blot analysis confirmed that antisense IGF-I RNA was
expressed in the transfected cells. The effect of
antisense IGF-I gene on CEA and AFP expression was
demonstrated by the fact that the CEA and AFP
levels in the supernatant of transfected cell culture
were significantly lower as compared with the parent
cells, [CEA 7.0 µg/L ± 0.76 µg/L and 3.29µg/L ±
1.80 µg/L (P < 0.05) and AFP 53.63 µg/L ±
6.02 µg/L and 9.0 µg/L ± 5.26 µg/L (P < 0.01),
respectively].
CONCLUSION The malignant potentiality of
the transfected cells was partially suppressed.Antisense
IGF-I gene can modulate the expression of CEA and
AFP in human hepatoma cell lines (HepG2)

INTRODUCTION
Insulin-like growth factor-I (IGF-I) is a cytokine
with multiple biological functions, which can
stimulate cell differentiation and DNA synthesis and
transcription[1]. In recent years, it has been found
that many kinds of tumors expressed abnormal IGFI, e.g., hepatoma, astrocytomas, etc. IGF-I might
be important mitogens in the growth of many
tumors[2]. Tumor cells may be able to enhance their
own growth by synthesis of endogenous IGF-I. This
process of autocrine secretion contributes to the
partialautonomy and rapid growth in tumor
cells[2-4]. We have applied the antisense strategy to
block the function (e. g., by binding to a splice
junction) of IGF-I in tumor cells so as to promote its
degradation, and alter the structure of the target
sequence. In a recent report, the stable
transfectants of rat glioblastoma cells transfected
with antisense IGF-I gene lost its tumorigenicity,
and the inhibition of IGF-I expression elicited a
highly immunogenic phenotype in glioma cells[3,4].
On the other hand, tumor markers related with the
malignant hepatocarcinoma are CEA and AFP.
IGF-I expression was increased significantly in the
cell proliferation and high malignancy of human
hepatoma. It can be used in the subsidiary diagnosis
of the relapse and the metastasis of cancer, and in
the research of neoplastic transformation and
primary tumor diagnoses. To observe the effect of
antisense IGF-I gene on the tumor markers (CEA
and AFP), antisense IGF-I gene was transfected
into human hepatoma cells (HepG2) to observe
whether antisense IGF-I gene can regulate the
changes of CEA and AFP, and the effect of
neoplastic transformation.
MATERIAL AND METHODS
Cell lines and materials
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Human hepatoma cells were purchased from the
Institute of Shanghai Cell Biology. Antisense IGF-I
expression plasmid was obtained from the
University of Case Western Researve. Hygromycin
was purchased from Sigma. Lipofectin and RPMI1640 were purchased from GIBCO. The DIG system
for hybridization was purchased from Boehringer
Mannheim Biochemica. The CEA and AFP kit were
the products of Institute of Shanghai Biologic Products.
The antisense IGF-I plasmid preparation and its
DNA separation, appraisal and purification

Detailed methodology followed Kliieg Ler M[5] and
Trojan et al[3]’s.
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Antisense IGF-I gene transfer into tumor cells
mediated by Lipofectin

Transfection of HepG2 cells was accomplished using
Lipofectin reagent ( GIBCO ) according to the
instructions. Solution A: 100 µl RPMI-1640
containing 10 µg/L antisense IGF-I gene. Solution
B: 90 µl RPMI-1640 containing 10 µl Lipofectin.
Both solutions were mixed gently, and placed at
room temperature for 15min. Two serum-free
RPMI-1640 was added to each tube containing the
Lipofectin reagent-DNA complexes, and mixed
gently and overlay out cells. The cells were
incubated for 5h - 12h at 37 in a CO2 incubator.
Two ml of RPMI-1640 was supplemented with 10%
FCS and the cells were incubated at 37 , 5% CO2
incubator for another 48h. The cells grow in the
presence of hygromycin until positive clones were
selected.

Figure 1 Northorn blot analysis of antisense IGF-I transcripts in
human HepG2 cells. Lane A, RNA of transfectants cells, Lane B,
RNA of parents cells.

Northern blotting hybridization

Total RNA in cells was extracted according to Kliieg
Ler M[5]. Transfer blot hybridization was carried
out as described in manual of DIG system kit. A
dilution series of the total RNA was transferred to
Nylon membrane and baked for 30min at 120 . The
membranes were put in a sealed plastic bag and used
for Northern hybridization
Measurement of CEA

CEA kit contained CEA marker, 125I-CEA, CEA
antibody and immune separation reagent. The
operation and analysis of the results were carried out
according to the manual.
Measurement of AFP

AFP kit contained marker,125I-AFP, first antibody
of AFP, analysis reagent of AFP and second
antibody of AFP. The operation and analysis of the
results were carried out according to the manual.
Statistical methods

Data were analyzed using the Student’s t test.

RESULTS
The analysis of Northern Blot

The antisense IGF-I plasmid was purified by
abstraction and electrophoresis. It was wrapped up
by Lipofectin and conducted into human hepatoma
cells (HepG2). IGF-I antisense transcripts were
selected in the presence of hygromycin. The total
RNA in positive clone was extracted and its RNA
transcription levels were analyzed by Northern Blot
hybridization (Figure 1). The results showed that
strong expression of the antisense transcript and the
IGF-I transcripts of parent HepG2 cells was not
apparent.

Figure 2 Expression of CEA in human HepG2 cells transfected
with antisense IGF-I gene and parents HepG2 cells.
Figure 3 Expression of AFP in human HepG2 cells transfected
with antisense IGF-I gene partents HepG2 cells.
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CEA levels of HepG2 cells transfected with
antisense IGF-I

The transfectant cells were kept in the presence of
hygromycin for 8 - 12 days. After the transfectants
and parent cells were cultured for 24 hours, the
supernatants were collected and CEA levels were
determined (Figure 2). The CEA levels of positive
clones were markedly lower than that of the parent
cells ( 7.0 µg/L ± 0.76 µg/L and 3.29 µg/L ±
1.80 µg/L, respectively) (P<0.05).
The levels of AFP of
transfectants of HepG2

antisense

IGF-I

The supernatants were collected by the same method
for CEA. AFP levels are shown in Figure 3. The AFP
levels of positive clones were lowered markedly as
compared with parent cells (53.63 µg/L ± 6.02 µg/L
and 9.0 µg/L ± 5.26 µg/L, respectively) (P<0.01).

DISCUSSION
It has been known for a long time, abnormal
materials related with the diseases existin the sera
of cancer patients. The tumor markers are used for
the diagnosis, prognosis and treatment of tumor.
Although, the tumor markers were expressed
nonspecifically by tumors and produced differently,
they are still important indexes to predict
carcinogenesis. CEA and AFP are carcinoembryonic
protein. They appear in the embryonic term and
disappear in adult. When they appear in the serum
of adult, it shows that the growth of tumor was
active so that these proteins were secreted into the
blood. The half-life of CEA and AFP in plasma
were 6 - 8 and 6.5 days. Recent reports indicated
that CEA was a member of immunoglobulin
supergene family[6]. Both were important tumor
markers in the course of the carcinogenesis and
development. As both were regarded as the index of
the tumor biological changes and of the malignant
degree in vivo, in this study, CEA and AFP were
used as the index of positive clone biological changes
after tumor was transfected by antisense IGF-I
gene. It showed that antisense IGF-I gene affect the
changes of tumor markers related with malignancy
of the tumors. Because many gastrointestinal tumors
were produced by CEA and AFP, human hepatoma
cells (HepG2) were selected as the target tumors.
Antisense IGF-I gene was wrapped up and
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transfected into the HepG2 cells, and cells grew in
the presence of hygromycin for the positive clone.
Northern Blots proved that transfectants of HepG2
cells showed detectable antisense IGF-I transcripts.
The positive clone grew in the presence of
hygromycin for 8 - 12 days. After the transfectants
and parent cells were adjusted to 2×106/well for 24
hours the supernatants were collected. Figures 1-2
show the results of radioactive immune technique.
The CEA and AFP levels of positive clones were
markedly lower than that of the parent cells [CEA,
7.0 µg/L ± 0.76 µg/L and 3.29 µg/L ± 1.80 µg/L
(P<0.05) and AFP, 53.63 µg/L ± 6.02 µg/L and
9.0 µg/L ± 5.26 µg/L (P < 0.01), respectively].
The results indicated that transfectants could affect
the levels of CEA and AFP. When the secretive
levels of both decreased, it suggested that
malignancy of positive clone was lower than that of
the parent cells and original biological courses were
changed. At present, a lot of papers show that
many kinds of tumors expressed abnormal IGF-I and
suggest the involvement of the continuous
proliferation and tumorigenic phenotype[2]. After
antisense IGF-I gene was transfected into target
cells, a specially nucleotide sequence was expressed
in cells that was complementary to a portion of IGFI gene in target cells. The process and transcript of
IGF-I mRNA were inhibited. As the secretion of
IGF-I in target cells were changed, it could affect
the role of biology in cells, the event could inhibit
the growth and the tumorigenicity of rat
glioblastoma cells and murine teratocarcinoma in
vivo [3,4]. That antisense IGF-I gene blocks the
corresponding IGF sequences may be the reason for
the decrease of CEA and AFP in target cells. The
exact machanisms await further researches.
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Arterial chemoembolization for hepatocellular
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Abstract
AIM To study the therapeutic effects of
transcatheter
arterial
three-segment
chemoembolization for hepatocellular carcinoma
(HCC).
METHODS According to the anatomy of vessels,
the tumor capillary networks, muscular arterioles and
feeding arteries were successively occluded using
lipiodol ultra-fluid (LUF), sinobufagin microsphere
(SBMs) and particles of gelatin sponge (PGS). In this
series of 80 cases, therapeutic effects were evaluated
in 76 cases.
RESULTS There were 22 cases (28.9%) with
partial response and 41 (53.9%) with minor response
in the 76 evaluated patients. The 6-month, 1-year, 2year and 3-year survival rates were 97.4%, 86.8%,
46.1% and 27.6% respectively.
CONCLUSION This regimen was a rational
chemoembolization method for HCC patients.

INTRODUCTION
Transcatheter arterial embolization was
recommended for the treatment of unresectable
HCC in the 70s. Recently, various embolic
materials and anticancer agents have been
developed. But these methods still have some
unsolved problems such as the level of tumor vessels
embolization, selection of embolic agents and
anticancer drugs, etc. Therefore, we devised the
three-segment chemoembolization of the tumor
vassels ( TSCTV ) using lipiodol ultra-fluid,
sinobufagin microsphere and particles of gelatin
sponge for the treatment of HCC patients. The
results of the clinical trials are reported below.
MATERIALS AND METHODS
Patients

Eighty consecutive patients with HCC were
observed from March 1990 to March 1992. There
were 72 males and 8 females, aged from 24 to 69
years (average 49 years). None of them underwent
chemotherapy before. The diagnosis of HCC was
established by various imaging techniques (including
ultrasonography, US; computed tomography, CT;
magnetic resonance imaging, MIR; and hepatic
angiography, HAG;) and serum alpha-fetoprotein
(AFP). The histologic diagnosis was made in 10
cases.
The cases were classified into four stages
according to the Manual for Staging of Cancer [1], 2
cases as stage I (2.5%), 6 cases as Stage II
(7.5%), 62 as Stage III (77.5%), and 10 as Stage
IV (12.5%). The serum AFP levels were greater
than 400µg/L in 42 cases (52.5%). Hepatitis B
surface antigen was positive in 62 cases (77.5%).
The characteristics of these patients are shown in
Table 1.
Response criteria
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The clinical response to the treatment was assessed
objectively by the change in tumor size, which was
estimated by US, CT and MRI before and after the
therapy. The reduction in tumor size was measured
at the same image level, presenting the maximum
diameter. In cases of the multiple tumors, the
largest mass was measured in the same way [2].
Response criteria were defined based on the
reduction of the perpendicular diameter in the
tumor as follows: A complete response was total
disappearance of tumor; A partial response was a
A
reduction in tumor size of more than 50%;
minor response was a reduction of 25% to 50%;
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No change was a change in tumor size less than ±
Progressive disease was an enlargement of
25%;
more than 25%. Response criteria were determined
once a month for 6 months after TSCTV. Response
criteria had to be maintained for at least a month.
Preparation of chemoembolization agents

SBMs were prepared in the department of pharmacy
of our college. The drug microsphere, with a mean
diameter of 200µm, was composed of approximately
6% (w/w) of sinobufagin in gelatin[3]. The doses of
embolic and anticancer agents were determined by
the tumor size and degree of liver dysfuction.
Usually, 10 ml - 20 ml LUF and 50 mg - 100 mg
SBMs were used when the tumor diameter was less than
10 cm, and 20 ml - 30 ml and 100 mg - 200 mg
respectively when the tumor size was more than 15cm.
The doses of the anticancer drugs were aclarubicin
(ACR) 50 mg and cir-diaminedichloroplatin (CDDP)
80 mg. For patients with poor liver function anti-cancer
drug doses should be reduced. The anticancer drugs
were divided into two portions of same dose. A portion
was suspended in LUF to make emulsion, the other
portion was mixed in 10 ml of radiopaque contrast
medium and SBMs to form mixture. The PGS, with a
mean diameter of 1mm, was prepared in our
laboratory.
TSCTV

TSCTV was performed through the femoral artery
using the technique of Seldinger. A 6.5-French
(Cook Co., USA) angiographic catheter was
inserted superselectively into the hepatic artery
feeding the target tumor.
Initially, the emulsion of the LUF and
anticancer drugs were slowly infused till the vessels
within tumors were filled. Subsequently, the
microsphere mixture was gently infused till the
tumor arteries completely disappared. Finally, the
PGS, approximatly 1 g - 2 g, were infused until the
feeding artery of the tumor was occluded. All of
these procedures were performed under fluoroscopic
guidance to avoid the refluence or spill-over of the
embolic agents and anticancer drugs. The second
therapy was performed about a month after the first
TSCTV. TSCTV was repeated at 3 - 8 months
depending on the patients’ condition. This therapy
should be carried out immediately if any of the
followings appeared: increase in tumor size,
occurrence of new focus within the liver, inadequate
accumulation of LUF in the tumor, reelevation of
serum
AFP
(>200 µg/L) or GGT ( rGlutamyltranspeptidase>350µg/L).

RESULTS
TSCTV courses and drugs doses

A total of 240 courses of TSCTV were performed,
averaging 3 courses per patient, with a range of 1 to 6
courses. Fifty-six cases (70%) underwent more than 3
courses. The mean dose of embolic agents and
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anticancer drugs in TSCTV are shown in Table 2.
Response

Of 80 patients, 4 was excluded from this study
because surgical operations were performed about a
month after TSCTV. The remaining 76 patients
(95%) were evaluated for responses. According to
the response criteria, 22 (28.9%) had partial
response, 41 (53.9%) minor responses, while no
change in 10 cases (13.1%) and progressive diseases
were observed in 3 (3.9%) cases (Table 3). The state of
the tumor reduction maintained 4.5 to 49 months. The
liquefaction and necrosis within tumors occurred in 60
(79%) cases after the first TSCTV. The necrosis area
ranged from 2.5 cm to 6.5 cm (mean 3.8 cm × 3.2 cm).
The second hepatectomy was performed in 6 cases
within 3 - 6 months after 1 - 3 courses of TSCTV. The
focuses were resected in 5 (6.6%) of 6 cases. The
histological examination demonstrated that there were
massive coagulation necrosis and fibrosis of tumor
tissue in all cases. No living tumor cells could be seen in
the specimens in 2 cases (Figure 1).
Survival rate

The starting point was defined as the day 0 initial
TSCTV therapy. The 6-month, one-year, 2-year
and 3-year survival rates were 97.4% , 86.8%,
46.1% and 27.6% (Table 4). The longest survival
time was up to 49 months. During the disease
palliation phase, the life quality of the patients with
tumors was satisfactory.
Table 1 Clinical characteristcs of patients with hepatocellular
carcinoma
Average age in year (range)
Sex (male: female)
Serum AFP level (µmol/L)
<50
50-399
>400
HBsAg+
TBILT(mg/L)
ALT(u/l)
ALB(g/L)
Child’s grade (a:b:c)
Stage (I:II:III:IV)

49(24-69)
72:8
18(22.5%)
20(25%)
42(52.5%)
62(77.5%)
16.9 ± 6.0
68.9±36.6
38.4 ± 4.4
30:47:3
2:6:62:10

TBILT: bilirubin, ALT: glutamic-pyruvic transaminase, ALB:
albumin.
Table 2

Mean doses of embolic agents and anticancer drugs
Embolic agents

TSCTV
courses
1
2
3
4
5-6
Mean

No of
patients
80
72
56
24
6
240

SB: Sinobufagin

Anticancer drugs

SBMs
(mg)

LUF
(ml)

SB
(mg)

ACR
(mg)

CDDP
(mg)

145.0
114.3
107.8
91.7
100.0
111.8

22.3
13.7
15.4
11.7
11.2
14.9

8.7
6.9
6.5
5.5
6.0
6.7

41.8
37.9
40.8
40.0
40.0
40.1

80.0
75.6
76.4
80.0
80.0
78.4
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Response to TSCTV in evaluated patients

Stage

CR

I
II
III
IV
Response
Percentage

0
0
0
0
0
(0%)

PR
0
0
22
0
22
(28.9%)

MR

NC

PD

Total

0
0
0
2
2
0
36
4
0
3
4
3
41
10
3
(53.9%) (13.1%) (3.9%)

0
4
62
19
76

Table 4

Survival of 76 patients undergoing TSCTV

Stage

No of patients

No of survival (year)
0.5

1

2

3

I

0

0

0

0

0

II

4

4

4

3

2

III

62

62

60

32

19

IV

10

8

2

0

0

Total

76

Percentage

74

66

35

21

(97.4%)

(86.8%)

(46.1%)

(27.6%)

Figure 1 The resected specimen showing massive coagulation
necrosis and fibrosis in tumor.

Laboratory examinations

The liver function, peripheral white blood cell
counts, platlet counts and AFP level were examined
before and after TSCTV (1, 2 and 4 weeks). The
serum AFP, which was more than 200 µg/L before
treatment in 62 patients, apparently fell in 58
patients (94%) about 2 weeks after TSVCTV.
Serum AFP was lowered to normal (AFP < 200 µg/
L) after 2 - 4 courses of TSCTV in 28 (48.3%)
cases. The changes of serum AFP level in 42 cases
(AFP>400 µg/L) are shown in Figure 2. The ALT level
showed dropping tendency a week after TSCTV and
then, elevated again in some patients after 2 - 3 weeks.
The peripheral WBC of all patients increased after
first TSCTV, <3.5×109/L in 2 cases after the third
TSCTV. The results of laboratory examinations are
shown in Figure 3.
Side effects and complications

The postembolization syndrome (including fever, right
hypochondrium pain, and nausea and vomiting) was
seen in all patients after TSCTV. The serious degree of
the syndrome was strongly correlated with the area of
the liquefaction and necrosis within tumor and the doses
of the embolic agents and anticancer drugs. After the
first TSCTV, the syndrome was severe in some patients
and generally maintained 1 to 3 weeks. The side effects
and complications of TSCTV are shown in Table 5.
Table 5

Side effects and complications

Side effects and complications

Incidence
No.(%)

Fever 38-39

71(88.7)

>39

18(22.5)

Nausea and vomiting

60(75.0)

Right hypochondrium pain

72(90.0)

Cholecystitisa

5(6.2)

Liver abscess

1(1.2)

Hapatic failure

4(5.0)

Ascites

6(7.5)

a

The floccule was found in gall bladder by US

Figure 2 Serum AFP levels in 42 cases (AFP > 400µmol/L)
after TSCTV, assuming that pre-embolization value was 100%
( TSCTV treatment).
Figure 3 Changes in blood chemical data after first TSCTV (pre:
level before TSCTV; W: week; *: normal range)
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Figure 4 A. The hepatic right artery derived from superior mesenteric artery after TSCTV was performed. The left hepatic artery derived
from gastroduodenal artery and supplying left and lower 1/3 of the tumor, to prevent embolic agents reflux, lipiodol chemoembolization
(LCE) was performed.
B. The tumor vessels disappeared completely and the lipiodol accumulated within tumor after embolization.
C. The lipiodol was obviously washed out in the LCE area after 4 months, TSCTV and LCE were repeated.
D. The lipiodol was washed out fourth in the LCE area after 6 months.
E. LUF 5ml and SBMs 50mg were infused through hepatic left artery, the tumor vessels completely disappeared, the LUF accumulated
in the LCE area.
F. The tumor obviously shrank (PR) and lipiodol accumulated within tumor after 19 months.

Figure 5 5 The necrosis of the gallbladded mucosa.

DISCUSSION
According to the electronic microscopic observation,
the arterial system of the HCC is composed of three
kinds of successive vessels. There are massive
neonate capillary networks within tumor consisting
of single layer endothelium cells. Its angiographic
imaging is revealed as vascular mass. The successive
vessels are muscular arterioles with diameters of
about 100 µm - 250 µm. There are extensive arterioportal vein shunts in these massive neonate vessels.
The blood flow of the portal vein might reflux into
the empty arterioles through these shunts as soon as
the feeding arteries are occluded. The blood supply
of the tumor renews in short time so that the
inhibiting effect in tumors disappear soon. The
successive feeding arteriols usually become wide and
tortuous and are accompanied by “stealing blood”

FAN Jian, et al. Arterial chemoembolization for hepatocellular carcinoma

phenonenon[4,5]. In light of the vessels anatomy, we
designed the TSCTV method. There are several
possible mechanisms of TSCTV that can prolong the
survival rates: The capillary networks, muscular
arterioles and feeding arteries of the tumor are
successively occluded using three embolic agents of
va-rious diameters and properties so that direct
ischemic changes within tumors are caused by liquid
embolic agent, LUF, and solid embolic agent, SBMs;
while proper occlusion of feeding arteries surrouding the
tumor is also encountered by expansive embolic agent,
PGS. Thus, the occlusion of tumor vessels is more rational
and complete. The less viscosity and better
compatibility of LUF are favourable to occlusion of
capillary networks in tumor and dispersion of
anticancer drugs into oil phase [6]. By complex
chemical cross linking, the degradation of the gelatin
microsphere is delayed in vivo. After infusion, SBMs
can block blood flow, delay the “washout” of LUF
(Figure 4), prevent reflux of the portal vein blood
and, simultaneously, slowly releave the drug locally.
While occluding feeding and collateral arteries of
the tumor, the PGS can avoid the refluxing of
embolic agents and anticancer drugs into gallbladder
and gastroduodenal arteries, resulting in severe side
effects[7]. Because anticancer drugs suspended in
LUF and SBMs, forming the structure of “three-plyboard” after infusion introduced as regional
chemotherapy, anticancer drugs seem to be delivered to
and accumulated selectively within the tumor[8,9].
Sinobufacin, as an anticancer drug of Chinese
traditional materials, has its own efficiency on HCC
treatment, which is superior to fluorouracil. The
drug can cause vessels inflammation and the
remarkable endovasculitis and leading secondary
embolization in the embolized vassels, enhancing
the effect of arterial occlusion. In addition, the
drug is very effective for cardiotonic, diuresis, antisepsis,
analgesia and increased peripheral white blood cells,
enhancing body immunofunction, etc [3] . These
complementary pharmocologic effects can augment
the therapeutic effects and reduce systemic side
effects. ACR and CDDP are, at present, a better
combination of chemotherapy, and have synergistic
anticancer effects[7]. This method caused relatively
mild, damage to liver and renal functions so that it is
acceptable to most patients.
The outcomes of our clinical trial demonstrate
that TSCTV can significantly improve the
completeness of the tumor vassels occlusion, the
area of li-quefaction and necrosis of the tumor, stay
time of embolic agents within tumor vessels, partial
response rate and survival rate, as compared with
the treatment using microsphere or lipiodol alone.
It was found that after occlusion, the collateral
circulation occurred sooner or later in most tumors.
Where there was vessels occlusion, there was the
formation of collateral circulation. Therefore,
occlusion should be performed until the tumor vessel
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completely disappeared in each course of treatment
so that the extensive and fast necrosis of the tumor
cells can be induced. The necrosis of tumor cells
might result in high response rates, survival rates
and prevent metastasis within the liver[3,7]. The
doses of embolic agents should be modest, as
excessive embolic agents might cause reflux and side
effects.
Tumor progression occurred in some patients
with time. Timely re-TSCTV could usually inhibit or
prevent the tumor progression. Therefore, repeated
TSCTV was very important in ensuring the-rapeutic
effects. We found that more than 3 couses of TSCTV
was essential.
However, the effect of TSCTV was not so
satisfactory in stage IV patients, especially in those with
tumor thrombus of the major portal bronchus. In our
study, there were 4 cases of hepatic failure. Therefore,
this method should be carefully adopted in those patients.
The post-embolization syndrome was significant
by this method. The causes might be as follows:
Complete occlusion of the tumor vessels resulted in
remarkable necrosis of the tumor; Sinobufagin caused
the vasculitis of the embolized vessels; and The
embolic agents and anticancer drugs refluxed into
gallbladder artery, leading to necrosis of the gallbladder
mucosa ( Figure 5 ). To prevent the occurrence of
the second liver abscess and cholecystitis, it was
essential to administer sufficient antibiotics after TSCTV.
In conclusion, based on anatomy of the vessels,
TSCTV combines with the advantages of the three
embolic agents so that occlusion of the tumor vessels
was more complete and rational. The embolization
effect was strengthened by SBMs causing
endovasculitis and second occlusion. The structure
of the “three-ply-board” can form a high
concentration region of anticancer drugs. Three
anticancer drugs complement with each other in
pharmocologic action, thus augmenting the
anticancer effect and reducing systemic side effects.
From these results, it is concluded that the TSCTV
is a ideal therapeutic regimen for HCC patients.
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Expression of glutathione S-transferase placental
mRNA in hepatic preneoplastic lesions in rats *
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Abstract
AIM To detect glutathione S-transferase placental
(GST-P) mRNA expression in hepatic preneoplastic
lesions in rats.
METHODS Using Solit-Farber model, the GST-P
mRNA expression was observed in hepatic
preneoplastic lesions induced by diethylnitrosamine
(DEN) in rats and normal and regenerated hepatic
tissues in the control group by in situ hybridization.
RESULTS GST-P mRNA was mainly expressed in
altered hepatic foci (AHF) and some of the oval cells
in hepatic preneoplastic lesions and the extent of its
expression was different among various foci or/and
positive cells in the same focus whereas no expression
was observed in normal and regenerated hepatic
tissues.
CONCLUSION Cells in AHF and oval cells may be
the preneoplastic cells in the experimental
hepatocellular carcinoma at the molecular level and
heterogeneity exists in GST-P transcription levels.
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INTRODUCTION
Glutathione S-transferases (GSTs, EC2,5,1,18) are
a family of dimeric proteins that may play
important roles in both the intracellular transport of
hydrophobic molecules and the metabolism of toxic
compounds. The cytosolic GSTs can be divided into
at least four different families, i. e. α, µ, π and θ
based on N-terminal sequences, substrate
specificities and affinity for non-substrate ligands in
human. GST-P (the rat enzyme equivalent to human
GST-π) was first found in placenta, but later also in
kidney, lung and testis[1]. Recently, it has been
shown by Northern blot and Dot blot analysis that
GST-P mRNA is present abundantly in preneoplastic
lesions and hepatocellular carcinoma induced by
genotoxic carcinogen [2]. However, in hepatic
preneoplastic lesions, which cell type has GST-P
mRNA expression has not been well elucidated.
This study was to investigate the expression of GSTP mRNA in hepatic preneoplastic lesions in rats by
in situ hybridization and reveal the significance and
regulation mechanism of its expression.
MATERIALS AND METHODS
Animal models and samples processing

Seventy male Wistar rats, weighing 100 g - 150 g, were
randomly divided into experimental group (A) and
control groups (B,C). Group A (30 rats), according to
Solt-Farbar model[3], was initially given a single
intraperitoneal injection of DEN at 200 mg/kg(Sigma
product) dissolved in 0.9% NaCl to initiate
hepatocarcinogenesis. After 2 weeks on basal diet, they
were fed with 0.02% 2-acetylaminofluorene (AAF,
Sigma product) for 2 weeks. All the rats were subjected
to partial hepatectomy (PH) at the 3rd week. Group B
(20 rats) were injected with 0.9% NaCl instead of DEN
solution and then underwent PH at the 3rd week.
Group C (20 rats) were injected with 0.9% NaCl only
(Figure 1).
Rats of each group were killed at the 1st, 2nd,
3rd, 4th and 5th week. The livers were removed. A
portion of lesion tissues were stored at -80 .
Frozen serial sections were made for in situ
hybridization and histochemical demonstration. The
remainders were fixed in 4% paraformaldehyde for
routine staining with hematoxylin and eosin.
Morphological
observation
histochemical staining

and

γ -GT

Pathomorphological observation and histochemical
assay were made according to the National[4] and
Rutenberg method[5].
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In situ hybridization

Figure 1 Expermental protocol
DEN 200 ng/kg ip
0.9% NaCl 0.5 ml/kg ip
PH:2/3 partial hepatectomy 0.02% 2-AAF in diet

The bacteria carrying the pUC18 plasmid containing
full length 0.75kb GST-P cDNA, PGP5 were gifts
from Dr. Sugioka. The special restricted
endunuclear enzymes cutting sites were EcoRI-SaLI.
Probes were prepared according to J. Sambrook’s
method[6] and labeled by digoxigenin (DIG) using
DIG-labelling and detection kit (Boehringer
Mannheim Inc).
In situ hybridization was done according to SU
HC et al[7]. Frozen sections were fixed in 4%
paraformaldehyde/PBS and then rinsed with PBS,
glycine/PBS and Triton-100/PBS in turn.
Hybridization buffer contained 110 µg/L DIG-GST
cDNA probes, 5 × SSC, 50% formamide, 5 ×
Denhardts solution, 5% dextron sulfate and
predenatured 0.5 g/L ssDNA. Optimal
hybridization temperature was about 42 in humid
chamber. As a negative control, hybridization
buffer did not contain DIG-GST-P cDNA probes,
and sections were digested with RNase at 37
before hybridization.

RESULTS
Pathomorphological and histochemical changes

One week after PH, there was a grey granular
appearance on gross inspection in experimental
group rat liver. Histological examination of the
liver tissues showed many AHF. These foci were
mainly composed of basophilic cells. Proliferation
of oval cells was found in portal areas (Figure 2).
AHF was γ-GT positive (Figure 3).
In situ hybridization

At the 3rd week, GST-P mRNA was expressed in a
few clusters of oval and liver cells in preneoplastic
lesions. At the 4th and the 5th week, GST-P mRNA was
mainly detected in hyperplastic AHF and some of the
oval cells. Hybridization signal positive granules were
mainly distributed in the cytoplasm of altered hepatic
cells (Figure 4). The extent of the GST-P mRNA
expression was different among the foci or/and positive
cells in the same focus. Results of negative control
showed only background staining, indicating the
specificity of hybridization. No positive signals were
found in control groups.

Figure 2 Altered hepatic- foci at the 5th week (HE×150)
Figure 3
γ-GT positive foci of liver cells at the 5th week
(Enzymo histochemistry) ×200
Figure 4 GST-P mRNA positive foci of liver cells at the 5th week
(ISH×400)

DISCUSSION
The binding of electrophilia metabolites of
carcinogens to macromolecules, especially the
DNA, is a critical event in chemical carcinogenesis.
GST can detoxify a number of carcinogenic
electrophiles, including dioleposide metabolites of
polycyclic aromatic hydrocarbons by catalysis of the
conjugation with reduced glutathione. Four
multigene families of GSTs were characterized in
human and rats, i. e., α, µ, π and θ[1]. The
expression of xenobiotic metabolizing enzymes in
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human hepatocellular carcinoma is complicated and
a few findings support the proposal that GST-π
could be used as a marker of hepatocellular
carcinoma[8]. However, GST-P has been
demonstrated to be a very useful marker enzyme, its
mRNA is hardly detectable in normal rat livers, but
is very strongly expressed in preneoplastic livers by
induced genotoxic carcinogen by Northern blot and
Dot blot hybridization methods[2]. There are many
cell types in the liver tissues. Northern blot and Dot
blot hybridization only showed an average level of
the whole cell gene expression, not single cell gene
expression and its characteristics. It provides the
most accurate identification of RNA transcripts at
single cell level by in situ hybridization technique.
Our findings showed that GST-P mRNA was mainly
expressed in AHF and some of the oval cells in
hepatic preneoplastic lesions and the extent of its
expession was different among foci or/and positive
cells in the same focus whereas no expression was
observed in normal and regenerated hepatic tissues.
This study indicates that cells in AHF and oval cells
may be the preneoplastic cells in experimental
hepatocellular carcinoma at the molecular level and
heterogeneity in GST-P transcript levels.
GST-P is known as a reliable tumor marker for
chemical carcinogen-induced and spontaneously
occurring preneoplastic lesions and hepatomas in
rats. Thus, GST-P expression may be closely related
to the process of hepatocarcinogenesis in rats. In
multistep carcinogenesis, changes in the pattern of
gene expression might be an important step in
oncogene activation and/or inactivation of
antioncogenes. To investigate possible alterations in
gene expression pattern during neoplastic
transformation, it may be useful to explore tumor
marker gene expression. Why and how is the GST-P
gene activated inevitably during the course of liver
cell transformation Two possible mechanisms are
considered: One is that the GST-P gene is located in
close proximity to a gene that is directly involved in
liver cell transformation and local chromosomal
changes activate both genes simultaneously. The
other is that those genes are not physically linked,
but their expression is regulated by some common
transcription factors. The GST-P gene has a strong
enhancer element, GPE1, located at 2.5kb
upstream from the cap site. The enhancer consists
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of the TRE-like sequence with palindromical
orientation. GPE1 is a major control element
responsible for GST-P expression in preneoplastic
lesions. The regulatory region of the GST-P gene
has another TRE-like sequence located at 61bp
upstream from the cap site. These TRE-like
sequences are active as AP-1 (Jun/Fos) binding sites
and TREs, at least in vitro DNA binding and
transfection analyses. From these results, it is
inferred that the GST-P gene is controlled, at least
in part by AP-1. However, AP-1 is not the only
factor activating GPE1, because the expression of
Jun and Fos do not always correlate with GST-P
expression. Recently, the consense Maf recognition
element (MARE) sequence was identified and is
similar to the TRE sequence. Since the TRE
sequence of the proximal region of the GST-P gene
is internal to a MARE, Maf too might regulate
GST-P expression. Sakai found that peroxisome
proliferator activated receptor α (PPARα ) can
interact the Jun, not Maf, and inhibit the activation
of GST-P expression[9-13].
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Abstract
AIM To clone mouse anti-human gastric cancer mAb
(3H11) variable genes and to construct 3H11 humanmouse chimericantibody.
METHODS The entire VH and VL genes of antigastric cancer mAb 3H11 were cloned by RT-PCR
method from 3H11 hybridoma cells, using 5’ primers
for leader sequences. The 3H11 VL gene was then
inserted into human-mouse chimeric light chain
expression vector and transfected into murine Sp2/0
myeloma cells.
RESULTS DNA sequence analysis indicated that
the cloned genes included the whole leader sequences
and the mature Ig variable region encoding sequences.
Aftergene transfection, transient expression of
chimeric light chain protein was detected.
CONCLUSION DNA sequences and transient
expression indicated that the cloned gene was
functional. This work laid basis for constructing 3H11
human-mouse chimeric antibody in the future.

INTRODUCTION
The mouse mAb 3H11 was raised against human
gastric cancer cells[1,2]. But 3H11 mAbs were
derived from mouse hybridoma and their inherent
immunogenicity in patients precluded its long-term
use. In an attempt to circumvent this problem,
chimeric antibodies in which the antigen-specific
variable (V) regions of the mouse antibodies were
joined to the constant (C) regions of human
antibodies. These molecules should be much less
immunogenic and hence be more suitable for
application. In order to obtain the correct VL and
VH genes, we designed 5’ primers according to the
leader sequences and cloned the entire VL and VH
genes by RT-PCR method. The transient expression
of chimeric light chain protein indicated that the
cloned gene was functional in expression.
MATERIALS AND METHODS
Materials

Mouse 3H11 mAb hybridoma was provided by
Biochemistry Department of Beijing Institute of
Cancer Research. Chimeric light chain expression
vector pAG4622 was a gift from S.L.Morrison
(University of California, Los Angeles); γ-32P-ATP
was from Beijing Ya Hui LtD. Fmol DNA
sequencing system, pGEM-T vector system, Tag
enzyme and restriction enzymes were purchased
from Promega. Lopofectin was from Gibco BRL.
Design of PCR primers
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The 5’ primers for amplification of mouse V genes
were synthesized according to Coloma et al[3]. An
extra VH5’ primer was added according to newly
published sequences data[4] (VHL4 in Table 1). The
5’primers were designed to hybridize to partially
conserved sequences in the leader regions of VH and
VL. The 3’primer for VL genes was located at V-C
junction of VL. The 3’primer for VH genes was
located at the boundary of VH and CH1, which was
effective for IgG, IgG2a, IgG2b and IgG3 subclass.
Restriction sites were incorporated into the primers
as shown in Table 1(R = A/G S = C/G Y = C/T M =
C/A K = T/G H = A/C/T D = G/T/A).
Cloning of VL and VH genes

Total RNA was isolated from 107 cells of 3H11
hydridoma cells using Trizol reagent from Gibco
BRL. The VL and VH genes were amplified by RT-
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PCR method, purified by agarose gel
electrophoresis and cloned with pGEM-1 system.
DNA sequencing

The VL and VH genes were sequenced by dideoxymediated chain-termination method, using fmol
DNA sequencing system (Promega).
Table 1 PCR primers for cloning variable genes of rearranged
immunoglobulin light and heavy chains
5’Primers for VL Signal peptide

WJG

February 1998

Volume 4

Number 1

control or supernatant samples was added and
incubated for 1h. This was followed by a secondary
antibody coupled to horseradish peroxidase (HRP)
(Sigma) and developed with OPD (0.5 g/L)
(Sigma) and absorbance at 492nm. Between each
addition, the plate was washed with phosphatebuffered saline with 0.05% Tween. The positive
control was normal human blood serum, and the
negative control was the supernatant of Sp2/0.

RESULTS
Cloning of 3H11 VL and VH genes

LL1: GGGGATATCCACCATGGAGACAGACACACTCCTGCTAT
LL2: GGGGATATCCACCATGGATTTTCAAGTGCAGATTTTCAG
LL3: GGGGATATCCACCATGGAGWCACAKWCTCAGGTCTTTRTA
LL4: GGGGATATCCACCATGKCCCCWRCTCAGYTYCTKGT
LL5: GGGGATATCCACCATGAAGTTGCCTGTTAGGCTGTTG
3’Primer for VK spanning CK and JK1,2&4
MVK: GGATACAGTTGGTGCAGTCGACTTACGTTTKATTTCCARCTT

Total RNA was isolated from 3H11 cells and
covered to cDNA. PCR amplification of VL and VH
genes were done separately with sets of primer pairs.
Agarose gelelectrophoresis showed that 3H11 VL gene
was amplified with LL2 and VH gene with VHL1
(Figure 1)

5’Primers for VH signal peptide
VHL1: GGGGATATCCACCATGGRATGSAGCTGKGTMATSCTCTT
VHL2: GGGGATATCCACCATGRACTTCGGGYTGAGCTKGGTTTT
VHL3: GGGGATATCCACCATGGCTGTCTTGGGGCTGCTCTTCT
VHL4: GGGGATATCCACCATGATRGTGTTRAGTCTTYTGTRCCTG
3’Primer for VH spanning CH1 and JH
MVH: GACHGATGGGGSTGTYGTGCTAGCTGNRGAGACDGTGA

Construction of chimeric light chain expression
vector

The pGEM-T vector containing 3H11 VL gene was
digested with EcoR V and SalI. The 3H11 VL gene was
purifed by electrophoresis and electroelution and cloned
into expression vector pAG4622. Transfection of DNA
into Sp2/0 cells was accomplished by two methods:
Lipofectin procedure: 20µg plasmid DNA was mixed
with 40µl lipofectin and left at room temperature for 15
minutes. The mixture was added into 1.6×107 Sp2/0
cells in 2ml serum-free culture medium drop by drop.
The cells were then cultured at 37 in a CO2 incubator
for 20 hours and 2ml RPMI1640 containing 20% fetal
bovin serum was added. After further 72 hours
incubation, the supernatant was collected.
Electroporation[3]: 20µg PvuII linearized plasmid
DNA was added into 1.6 107 Sp2/0 cells. After 10
minutes in ice bath, the cells were electroporated at
960µF, 2kV/cm by GENE PULSER (Bio-RAD). After
another 10 minutes in ice bath, the cells were transferred
into culture flask that contained 10 ml RPMI1640
containing 20% fetal bovin serum. The cells were
cultured at 37 in a CO2 incubator for 72 hours and the
supernatant was collected.

Figure 1 Amplification of variable genes of immunoglobulin light
and heavy chains with PCR. The PCR products were resolved on
1.2% agarose gel.

Sequencing of 3H11 VL and VH genes

The purified VL and VH PCR products were cloned
into pGEM-T vector and sequenced with fmol DNA
sequencing system. Comparison of the sequences
with published antibody variable region data [4]
indicated that the 3H11 VL gene contained a leader
sequence of 57 nucleotides encoding leader peptide
of 19 amino acid residues, while the 3H11 VH gene had
a 66 bases long leader sequences that encoded a 22
residues leader peptide (Figure 2). The sequences of
the mature VL and VH regions were the same as
what we cloned previously using primers for
framework region[5].

light

Construction of chimeric light chain expression
vector

The expression of chimeric light chain was
determined by ELISA. Goat anti-human IgG Fab
(Sigma) at 2.3 mg/L in 0.05M borate buffer, was
absorbed overnight in a 96-well plate. Either a

The 3H11 VL fragments in pGEM-T were digested
with EcoR V and SalI and ligated into pAG4622
vector (Figure 3). The resulting expression vector
pAG4622-3H11 was verified by restriction enzyme
analysis.

Detection of
chain

human-mouse

chimeric
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Figure 2 The nucleotide and amino acid sequences of 3H11 mAb VL(a) and VH(b) genes. Underlined sequences are CDR regions.
Numbering according to mature protein sequences.

Expression of chimeric 3H11 light chain

The expression vector pAG4622-3H11 was
transfected into murine myeloma Sp2/0 cells by
lipofectin or electroporation. Culture supernatant
was harvested after the transfected cells were
incubated at 37
for 72 hours. Expression of
chimeric 3H11 K chain was tested by ELISA. As
shown in Table 2, human Ck was expressed in the
culture supernatant of transfected cells indicated
that the cloned gene was functional.

Figure 3 Human-mouse chimeric light chain expression vector
pAG4622.
Table 2 Expression of chimeric light chain in transfectants
determined by ELISA
ELISA
system

3H11

Anti-human
Anti-mouse

0.169
1.564

Supernatant
Sp2/0 Transfectant
0.112
0.147

1.214
0.128

Human
Ig

Mouse
Ig

1.660
0.102

0.122
1.538

a. Anti-human Fab and HRP-anti-human Fab Ab were used as
catcher and second Ab.
b. Anti-mouse Fab and HRP-anti-mouse Fab Ab were used as
catcher and second Ab.
c. ABS492

DISCUSSION
Monocloned antibodies (mAbs) are well-characterized highly specific reagents, and widely applied in
vitro into immunochemical characterization and
quantitation of antigens. They are being used
clinically for both diagnosis and therapy
increasingly. Their in vivo application is limited
because most available mAbs are derived from
mouse hybridomas, and their inherent
immunogenicity in patients precludes their longterm administration. In an attempt to circumvent
this problem, chimeric antibodies have been
produced. Immunoglobulin V gene used to be
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obtained by genomic library which was tedious and
time-consuming. Recent developments in PCR
technology have greatly facilitated the cloning of
variable region genes[6]. Two approaches have been
used to design the 5’ primers. In one approach,
degenerated primers for the 5’end are designed to
recognize relatively conserved sequences within the
5’ end of framework 1. Because the primers are
within the coding sequences of the mature antibody
and the introduction of restriction sites, amino acid
substitutions that change the Ag-binding specificity
or the affinity of the cloned antibody may result[7].
An alternative approach takes advantage of the
conservation of the leader sequences. Since the
leader is not present in the mature antibody
molecules, any sequence alternations introduced by
the degenerated primers will not influence antibody
function. The phenomenon occurred in our work,
the deduced N-terminal sequence of mature 3H11
VH protein had 4 amino acid residue discrepancies
between “leader primer” amplified VH gene in this
work (QUQLWQS) and previous “framework 1
primer” amplified VH gene (LLELVQS). While in
3H11 VL gene there were 2 discrepant residues,
QIVLT of authentic VL versus DIVMT from
“framework 1 primer” amplified VL[8]. Indeed the
changes had profound influence on the binding of
engineered 3H11 Ab molecules to gastric cancer cells
(manuscript in preparation). In order to maintain
the original sequences of the C terminal of the V
regions, Coloma et al[3] suggested that the V genes
be first amplified with 3’primer located at constant
regions. Then a second set of 3’ primers were
designed according to the authentic sequences, and
the V genes were PCR amplified again. Since there
were only 4J segments for murine VL and VH genes
respectively, we designed 3’primers for VL and VH

WJG

February 1998

Volume 4

Number 1

genes that straddled the V-C junction and might at
most cause one residue substitution in VL (Leu106
Ile106 in JK5) or VH (Ser 113 Ala113) while the
labour of cloning was greatly reduced.
Due to the diversity of Ab leader sequences, it
would be more difficult to amplify V genes from
leader by PCR[3]. There were some reports about
RT-PCR method by primers for leader sequences
abroad, but there is no report yet in our country.
The facts that we had successfully amplified the
variable genes not only of 3H11 but also of CD3
(manuscript in preparation) indicated that the
primers were effective.
The amplified 3H11 VL gene was cloned into
chimeric light chain expression vector and
transfected into SP2/0 cells. Transient expression
analysis demonstrated that the VL gene was
functional, thus laid the basis for constructing 3H11
human-mouse chimeric antibody.
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Relationship between different sources of drinking
water, water quality improvement and gastric
cancer mortality in Changle County *
-A retrospective-cohort study in high incidence area
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Abstract
AIM To investigate the relationship between
different sources of drinking water supply, water
quality improvement and gastric cancer mortality rate
in a high risk area.
METHODS
A retrospective-cohort survey was
carried out in all towns of this county to study the
effect of different sources of drinking water supply and
water quality improvement on gastric cancer mortality
rate.
RESULTS The gastric cancer mortality rate among
the population 124.05/105 drinking river water was
obviously higher than that of drinking shallow well
water (74.85/105) (P < 0.01) according to the
Zhanggang Town 16 years accumulated data. The
same pattern was presented in 7 towns after balancing
the confounders. The gastric cancer mortality rate of
population drinking river water was 86.03/105, which
was higher than those drinking shallow well water
(62.03/105) and tap water (29.78/105) (P<0.01).
When the drinking water switched from river and well
water to tap water, the gastric cancer incidence
decreased to 30.33/105 and 26.10/105, and the
gastric cancer mortality decreased by 59% and 57%
respectively.
CONCLUSION The quality of drinking water is one
of the important factors of increased incidence of
gastric cancer in Changle County, and water quality
improvement has a beneficial effect, but the cause of
high gastric cancer incidence may be multi-factorial in
this area.
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INTRODUCTION
Changle County is located in the south-east beach
area of Fujian Province with a population of over
600 thousand and has 17 towns. The standardized
gastric cancer mortality rate ranged from 60.18/105
- 98.68/10 5 between 1971-1990. The highest
standardized mortality rate in male was 161.20/105,
remaining at a high level for a long time[1]. It is one
of the highest gastric cancer incidence area in
China. The result of a retrospective cohort study of
six towns in this county had been reported[2], which
indicated that the gastric cancer mortality rate is
related to drinking water supply. The drinking
water was surveyed between 1991 - 1992 throughout
the county. The stratifying analysis results of the
seven towns investigated are presented as follows.
MATERIALS AND METHODS
Reliability of data

A resident retrospective survey of deaths from all
causes has been conducted four times since 1973.
Diagnosis of gastric cancer death made by hospitals at
county level or above was 77.99%, 81.64%, 71.46%,
and 81.79% respectively. Diagnosis of grades I and II
were 75.60%, 78.58%, 88.58% and 97.48% (grade I:
postmortem; grade II: pathology). The reliability and
integrity of the survey and data all met the quality
requirements set by the National Cancer Prevention and
Treatment Bureau “Death Cause Survey Handbook”
and the Ministry of Public Health “Resident Death Cause
Survey”.
Type of drinking water sources

Type of drinking water sources was divided into river water (partly including pond, stream), shallow
well (partly including deep well and spring water)
and tap water. For calculating the person-year
observed, only the people who must use one type
water source for over four years can get into the
cohort. It had been defined before the survey was
begun because the drinking water source may be
changed during the resident’s lifetime. The types of
drinking water drunk by people with gastric cancer
before death were checked at the same time.
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Data analysis and calculation

SAS software was used to analyze the data of this
survey. Chisquare test was done by Mentel-Haneszel
method. Gathering analysis for equilibrium of food,
smoking and drink factors was proceeded by Systat
software.

RESULT
Gastric cancer mortality rate in Zhanggang Town
was the highest in this county from 1973 - 1990.
Sixteen years accumulated data were analyzed,
which indicated that gastric cancer mortality rate of
population drinking river water was significantly
higher than that of the shallow well source ( P <
0.01) (Table 1).
Table 1 Gastric cancer mortality of Zhanggang Town according
to the type of water supply (1/105) (1973 - 1990)
River Water
Shallow well water

Male

Female

Total

176.91
(141/79 699)*
112.70
(320/267 979)

57.29
(40/69 822)
31.58
(74/234 356)

121.05
(181/149 521)
74.85
(276/502 335)

1.57
19.88
<0.01

1.81
9.49
<0.01

1.62
28.79
<0.01

RR
χ2
P

In view of the fact that there were different
factors among the towns in this county, such as
geographical environment and living habits.
According to the recent information[3], after
controlling confounders of diet (mouldy grain, fresh
vegetable, fish-sauce intake amount), smoking,
drinking, etc., the different drinking water supply

Number 1

and gastric cancer mortality rates for the seven
towns are presented in Table 2. The results showed
that gastric cancer mortality rate of population with
river water supply is higher than that of the shallow
well water and tap water supply (P<0.01).

Types of drinking
water supply
River water (1)
Shallow well (2)
Tap water (3)

Male

Female

Total

122.83
(107/87 113)
85.02
(650/764 555)
51.31
(16/31181)

46.10
(37/80 263)
36.06
(244/676 618)
3.86
(1/25906)

86.03
(144/167 376)
62.03
(894/1 441 173)
29.78
(17/57087)

RR
χ2
P

(1:3)

2.39
10.617
<0.01

11.94
8.618
<0.01

2.89
18.005
<0.01

RR
χ2
P

(2:3)

1.66
3.673
>0.01

9.34
6.524
>0.05

2.08
8.872
>0.01

RR
χ2
P

(1:2)

1.44
12.158
<0.01

1.28
1.686
<0.05

1.39
13.017
<0.01

Using population with persistent river and shallow
well water supply as control group, the effect of the
improved water quality on gastric cancer mortality
rate was studied. The results showed that after
switching river water or shallow water to tap water,
the gastric cancer mortality rate presented a
decreasing trend, especially in population that the
river water was changed as summarized in Table 3.

Improved water and gastric cancer mortality rates for seven towns in Changle County (1/105)
Person-year
observed

Persistent river
water supply
River water changed
to tap water
RR
χ2
P
Persistent well
water supply
Well water changed
to tap water
RR
χ2
P
a

Volume 4

Water quality improved and gastric cancer
mortality rate

*Number of gastric cancer death cases/person-year observed.

Table 3

February 1998

Table 2 Types of the drinking water supply and gastric cancer
mortality rates for seven towns, Zhanggang (1/105)

Water type and gastric cancer mortality rate

Type of water source

WJG

P<0.05, bP<0.01.

Male
No. of
deaths

Death
rate

Person-year
observed

Female
No. of
deaths

Death
rate

Person-year
observed

Total
No. of
deaths

Death
rate

37 484

43

114.72

36 856

12

32.56

74 340

55

73.98

35 088

14

39.90

24 262

4

16.49

59 350

18

30.33

411 547

0.35
12.93
0.0003 b
355

35.23

774 234

0.41
11.52
0.0007b
473

61.10

22.96

19 160

5

26.10

10 449

3
0.33
3.98
0.0460 a

86.26

362 687

28.71

8 711

0.51
1.44
0.2295
118
2
0.71
0.24
1.0000

0.43
3.80
0.0512a

WANG Zhi-Qiang, et al. Drinking water and gastric cancer mortality

DISCUSSION
The relationship between different sources of drinking
water and gastric cancer has been reported by several
authors and comparatively consistent results were
observed[4-7]. In the population with raw river water
supply, the gastric cancer incidence was significantly
higher than those with underground water supply. In
our study, a retrospective-cohort of sixteen years
accumulated data was analyzed. The result indicated
that the type of drinking water was related to gastric
cancer mortality. Even though the survey was extended
to seven towns and under the condition that the
confounders related to gastric cancer were balanced, the
result showed the same pattern. In view of these results,
the drinking water was thought to be one of important
factors in the increased incidence rate of gastric cancer
in this area.
According to the result of this investigation,
altering drinking water has presented a significantly
beneficial effect in decreasing gastric cancer rates.
When the river water was changed to tap water, the
rate decreased by 59% and 57% in case the well
water was changed to tap water. Mutagenicity of
different drinking water source has been compared
in an earlier study which showed that the raw water
had more mutagenic effects than the water purified
in this area[8,9]. This result was identical with the
results of epidemiological survey in this study. It is
suggested that improving the drinking water quality
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should be a preventive method for decreasing the
gastric cancer incidence rate in this high risk area.
This study was only referred to one aspect of this
problem, that is ‘ drinking water and gastric
cancer’. Even if that drinking water had been
improved in this district, the gastric cancer
mortality rate was still on the median level. So the
etiology of gastric cancer may be attributed to multifactors in this high incidence area[10-12].
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Expression of somatostatin mRNA in various
differentiated types of gastric carcinoma *
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Abstract
AIM To investigate the expression of somatostatin
mRNA in various differentiated types of gastric
carcinoma.
METHODS By using in situ hybridization and
immunohistochemical techniques, the expression of
somatostatin mRNA and somatostatin immunoreactivity
in the normal gastric mucosa, the poorly, moderately
and well-differentiated gastric carcinomas, and
various clinical stages of carcinoma were observed.
RESULTS In comparison with the normal gastric
mucosa, the significantly increased expression of
somatostatin mRNA positive cells was displayed in
gastric carcinoma ( t = 2.681, P < 0.01). The
positive signal cells were distributed in a scattered
form or aggregated as a mass or a cord, and the
positive cells were more significantly enhanced in
poorly differentiated carcinomas than those in well and
moderately differentiated carcinomas (t = 2.962, P<
0.01). The somatostatin mRNA hybridization signals in
stages III and IV of gastric carcinoma were
significantly higher than those in stages I and II. The
results of somatostatin immunoreactivity were
consistent with those of in situhybridization.
CONCLUSION The alteration of the expression of
somatostatin mRNA was associated with the development of gastric carcinoma and may play an
important role in the process of tumor differentiation.

INTRODUCTION
The study of the effect of endocrine hormone on the
tumor development and cellular localization of the
hormone DNA, and mRNA at molecular level using
in situ hybridization techniques has been considered
as the target of the tumor endocrinal investigation.
It has been known that somatostatin involves the
cell division and differentiation. However, there
has been no report on somatostatin mRNA
expression and its effect on normal and gastric
carcinoma tissues with in situ hybridization at
molecular level. In this study, in situ hybridization
with digoxigenin-labelled antisense RNA probe and
immunohistochemical techniques were used to
investigate the alteration of somatostatin gene
transcription and the expression of the abovementioned tissues in the normal and the various
differentiated types of gastric carcinoma tissues.
MATERIALS AND METHODS
Materials

Fifteen normal gastric mucosa and 32 gastric
carcinoma samples were obtained from the surgical
operations in Henan Tumor Hospital. Before
operation no patients had been treated with antitumor drugs. After surgery, the specimens were rinsed
immediately in saline and fixed in freshly prepared 4%
polyformaldehyde (PFA) for 1-4 hours at 4 . Washed
with 0.01mol/L PBS, the specimens were immersed in
autoclaved 30% sucrose overnight at 4 . The frozen
sections and paraffin-embedded sections were prepared
and used for in situ hybridization and
immunohistochemistry respectively. The frozen
sections were incubated for 12 - 16 hours at 43 , and
then preserved at -20 .
Slide treatment
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Washed with water, the slides were immersed in
clean solution overnight. Washed with water and
distilled water, the slides were roasted for 2h at
180 . Coated with DEPC created gelatin, the
slides were dried overnight at 37 .
Histopathological diagnosis and classification

The gastric carcinoma specimens were classified into
poorly, moderately and well differentiated types,
and four clinical stages (stages I - IV) according to
the standard of the clinical classification for gastric
carcinoma set up by the National Gastric Carcinoma
Association.

ZHANG Qin-Xian, et al. Somatostatin expression in gastric carcinoma

In situ hybridization

The frozen sections of normal and gastric carcinoma
tissues were treated with 0.1 mol/L PBS for 5 - 10
minutes, 0.1 mol/L glycine/PBS for 5 minutes, 0.3%
Triton X-100/PBS for 15 minutes. Digested with 1 mg/
L proteinase K (England) in 0.1 mol/L Tris-HCl, pH
8.0, 50 mmol/L EDTA buffer for 20 minutes at 37 ,
the specimens were postfixed with 4% PFA for 5
minutes. Washed with 0.1 mol/L PBS, the specimens
were immersed in freshly prepared 0.25% acetic
anhydride in 0.1 mol/L triethanolamine for 10 minutes
to reduce the background. Washed with 2×SSC for 10
minutes, each slide was covered with 10 µl - 30 µl
hybridization solution (prehybridization procedure was
omitted) containing 5% formamide, and 10%
dextransulfate (Fluka), Digoxigenin-labelled SOM
antisense RNA probe, 10 mmol/L Tris-HCl (pH
8.0), 0.03 mol/L NaCl, 1 mmol/L EDTA, 250 mg/
L salmon sperm DNA, 10 mmol/L DTT, 0.25%
PVP, 0.35% BSA, 0.24% Ficoll 400. The sections
were covered with 20 mm × 20 mm Parafilm
(Greenwich CT), and hybridization was performed
at 43 for 16-20 hours in a moisture chamber. After
hybridization, the specimens were washed with 2×SSC
for 30 minutes. Following the removal of parafilm, the
specimens were digested with 20mg/L RNase A for 30
minutes at 37 to eliminate the unhybridized probe.
Washed 3 times with 0.05mol/L PBS for 5 minutes, the
specimens were incubated with Anti-Dig-AP (Boehriger
Mannheim) 1:1000 diluted in 1% BSA, 0.4% Triton X100/0.05mol/L PBS for 12-16 hours at 4 . Washed 4
times with 0.01mol/L PBS for 10 minutes, the specimens
were stained with freshly prepared 400mg/L NBT/20mg/
L BCIP for 3-16hours. The reaction was stopped by
washing with 20mmol/L EDTA for 30 minutes.
Control experiment

The sections were pretreated with RNase A
(0.05 g/L) for 30 minutes at 37 . All procedures
were the same as above except for no probe in
hybridizationsolution.
Immunohistochemistry

Immunohistochemistry was used according to the
PAP method. The samples were incubated with
normal goat serum 1:10 diluted with 0.3% Triton
X-100 for 30 minutes. Then, the somatostatin
antibody (DAKO) (diluted 1 : 100 in PBS) was
added and incubated for 24 hours at 37 . Goat
anti-rabbit IgG (diluted 1:25 in PBS) was added and
incubated for 1 hour at 37 . Then, PAP complex
(diluted 1:100 in PBS) was added to the sections
and incubated for 1 hour at 37 . After that, the
samples were colored in freshly prepared 0.5 g/L
DAB for 10 - 15 minutes at room temperature.
Control experiment

Normal rabbit serum was substituted for goat anti-
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rabbit IgG and PBS was substituted for PAP
complex.
Statistical treatment

The data were statistically analysed with t test.

RESULTS
Intracellular distribution of in situ hybridization
positive signal

Distinct hybridization signal was detected with
digoxigenin-labelled antisense RNA probe in both
the normal tissues and in the gastric carcinoma
tissues. The hybridization signal was blue-violet,
and located in cytoplasm; and there was no signal in
the nucleus. The background of the hybridization
specimen was colorless.
Results of in situ hybridization in normal gastric
mucosa

The positive signal cells were distributed in a
scattered form. The hybridization signal could be
seen in 13 of the 15 normal gastric mucosa
specimens. However, the hybridization positive
cells were less (Table 1), mainly located in the
middle and the lower portion of the mucosa, and
appeared in round or irregular shape (Figure 1), and
some cells had a slender process.
Table 1 In situ hybridization results in normal and various
differentiated types of gastric carcinoma (x±s)
Histological types

Cases Positive cases Positive cells/mm-2

Normal gastric mucosa
15
Poorly differentiated carcinoma
9
Ring cell carcinoma
3
Moderately differentiated carcinoma 9
Well-differentiated carcinoma
11
b

13
9
3
7
9

7.3±5.2b
201.3±41.3d
212.6±58.3
40.0±18.4f
32.4±15.4b

P<0.01, dP<0.01, fP<0.01 vs carcinoma.

In situ hybridization results in the various
differentiated gastric carcinoma

The expression of somatostatin mRNA in various
differentiated gastric carcinomas was significantly
higher than that in the normal tissues (Table 1).
The positive cells were aggregated as a mass or a
cord. The number of soma tostatin mRNA positive
cells in the poorly differentiated carcinoma and ring
cell carcinomas was increased more significantly
than that in the moderately and well differentiated
carcinoma tissues (P<0.01) (Figures 2-4).
Relationship between the in situ hybridization
signals of somatostatin mRNA and the clinical
stage of gastric carcinoma

The in situ hybridization signals detected with
somatostatin antisense RNA probe in various clinical
stages of gastric carcinoma tissues are displayed in
Table 2.
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The
results
of
immunohistochemistry

Number 1

somatostatin

The somatostatin positive immunoreactivity
appeared as brownish colored granules and was
located in the cytoplasm. The positive cells in the
poorly differentiated carcinoma were significantly
higher than those in the moderately and the well
differentiated carcinomas. The results of
somatostatin immunoreactivity was consistent with
those by in situ hybridization (Table 3).
Table 2 Relationship between the in situ hybridization signals of
somatostatin mRNA and clinical stages of gastric carcinoma
Clinical stage

Cases

I
II
III
IV

5
10
14
3

a

Hybridization positive
Positive cases
cells/mm 2
2
6
11
1

39.2 ±14.1
83.7 ±36.2ab
130.5±70.7
133.5±64.3d

P<0.05 vs I, bP<0.01 vs III; dP<0.01 vs II.

Table 3 The correlation analysis of the expression between
somatostatin mRNA and somatostatin immunoreactivity
Gastric carcinoma

r
P

Normal

Poorly

Moderately

Well

gastric mucosa

differentiated

differentiated

differentiated

0.836
<0.01

0.836
<0.01

0.874
<0.001

0.725
<0.001

Control experiment

Both
in
situ
hybridization
immunohistochemistry were negative.

Figure 1 Somatostatin mRNA in normal gastric mucosa. ×400
Figure 2 Somatostatin mRNA in poorly differentiated gastric
carcinoma. ×400
Figure 3 Somatostatin mRNA in moderately differentiated gastric
carcinoma. ×400
Figure 4 Somatostatin mRNA in well differentiated gastric
carcinoma. ×400

and

DISCUSSION
Up to date, there have been many reports about the
relationship between gastroenteric hormones and
endocrinal tumors in the digestive tract[1,2]. However, there have been few reports about the research
of endocrinal regulation of gastroenteric nonendocrinal tumor and its mechanism with in situ
hybridization. Chen[3] and Ooi[4] found endocrine
granules or hormones in the common gastroenteric
carcinoma cells and in the tumor endocrine cells of
the digestive tract with ultrastructural and
immunohistochemical techniques. However,
immunohistochemical techniques could only show
the gastroenteric hormone preserved in a certain
kind of tumor cells, but could neither reveal
whether the hormone came from protein synthesis
by itself or was the exogenous substance, non
distinguish if amino acid composition was similar,
such as α or β cGRP[5] by proteins or polypeptides.
In situ hybridization was not only the unique
effective method to identify the result of
immunohistochemistry, but also an index to watch

ZHANG Qin-Xian, et al. Somatostatin expression in gastric carcinoma

the hormone synthesis process, since the alteration
of mRNA transcription rate was much faster than
that of the translation production[6]. In this study,
the in situ hybridization with digoxigenin-labelled
somatostatin antisense RNA probe was first used to
study the human normal and gastric carcinoma
tissues. The results displayed intense signals with
clear background and no nonspecific reaction,
which indicated the satisfactory results of cellular
localization at molecular level for somatostatin
mRNA hybridization signal positive cells in normal
gastric mucosa and the various differentiated gastric
carcinoma tissues.
In the previous studies, it was believed that
somatostatin inhibited cell growth[7]. However,the
recent studiesdemonstrated that somatostatin could
stimulate tumor cell growth[8,9]. Although the exact
mechanism is still unclear, at least two possible sorts
of explanation can be considered. The first is the
inhibition of trophic action of gastrin on mucosal
cells caused by exogenous and endogenous gastrin,
and the second is the effect of somatostatin on cell
proliferation. Our study on various clinical stages of
gastric carcinoma showed that the somatostatin
mRNA hybridization signals in stages III and IV
were significantly higher than those in stages IV and
II. Because there was a high incidence of migration
to lymphonodes and peripheral organs in stage III
and IV, it was indicated that the over expression of
somatostatin was significantly correlated with the
development and prognosis of gastric carcinoma.
Generally, the poorer the tumor cell
differentiation, the worse the prognosis. In this
study, the hybridization positive cells were more
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significantly enhanced in poorly differentiated
gastric carcinoma than those in well and moderately
differentiated gastric carcinomas (P < 0.01). The
results indicated that, to some extent, somatostatin
mRNA and somatostatin were associated with the
differentiation induction of gastric carcinoma at the
level of transcription and translation. The abnormal
regulation at transcription level may stop the cell
differentiation at a certain stage and the
differentiated features of carcinoma cells occur. It
is worth considering that the alteration of the
expression of somatostatin mRNA may play an
important role in the process of tumor
differentiation.
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Arylsulfatase, β -galactosidase and lysozyme in
gastric cancer cells and its relationship to
invasion *
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Abstract
AIM To study the distribution of arylsulfatase, βgalactosidase and lysozyme in gastric cancer cells,
and its relationship to differentiation and invasion of
gastric cancer cells.
METHODS
Histochemical, immunohistochemical
and ruthenium red (RR) electrocytochemical technique
for three types of hydrolases and proteoglycans in
pericancerous matrix in 33 cases of gastric cancer
were observed under light and electron microscopy.
RESULTS
The
expression intensities of
arylsulfatase, β-glactosidase and lysozyme in
mucinous cell carcinomas were more intensive than
those in well-differentiated and poorly-differentiated
adenocarcinomas ( P<0.05 - 0.01). The fibrous
tissues smooth muscle and proteoglycans close to the
cancer cells were degraded. They were found in the
region far from the cancer cells. Expression of three
enzymes mentioned above was low in adenocarcinoma
cells, and fibrous tissues and RR granules were
present and intact near the well-differentiated and
poorly- differentiated adenocarcinoma cells.
CONCLUSION
Mucinous cell carcinoma may
release various hydrolases into extracellular matrix,
inducing degradation of pericancerous matrix and
facilitating cancer cell invasion and metastasis.
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INTRODUCTION
Tumor invasion and metastasis is a highly complex
process. The mechanism of tumor invasion and
metastasis is still not clear. In this paper the content
and distribution of arylsulfatase β-galactosidase and
lysozyme in three histological types of gastric cancer
cells were studied by means of histochemical and
immunohistochemical stains and the proteoglycans
in pericancerous matrix by ruth enium red
electrocytochemical stains respectively. The
relationship between hydrolases and differentiation
as well as invasion of gastric cancer cells were
discussed.
MATERIALS AND METHODS
Surgically resected specimens of 33 cases of gastric
cancer were studied. Histologically there were 14
cases of mucinous cell carcinoma, 9 cases of welldifferentiated adenocarcinoma, and 10 cases of
poorly-differentiated adenocarcinoma. Each
specimen was treated as follows:
The fresh
tissues were fixed in 10% neutral buffered formalin,
embedded in paraffin and cut into 5 µm section, and
were stained by HE and lysozyme PAP
immunohistochemical staining[1] (lysozyme antibody
from Dako).
Fresh tissue were fixed in 3%
glutaraldehyde solution for 18 - 20 hours, and cut in
a cryostat into 8 µm sections for arylsufatase and βgalactosidase histochemical staining[2,3]. Substrates
were pnitrocatecholsulfate dipotassium salt and 5bromo-4-chloro-3-indoxyl-β-galactoside (Sigma).
0.1 mm3 tissues from 20 of 33 cases of gastric cancer
(including 10 cases of mucinous cellcarcinoma, 5
cases of well-differentiated and 5 cases of poorlydifferentiated adenocarcinoma) were fixed in 2%
ruthenium red ( Merck ) mixed with 4%
glutaralde hyde in 0.1 M Na-cacoaylate buffer (pH
7.4). The proteoglycans of the extra-cellular matrix
and the ultrastructures of cancer cells were observed
under a Hitachi-600 electronmicroscope[4].
Grading of staining patterns

The staining patterns in tissue sections were scored
according to the relative intensity and extent of
positive staining. Weak positive (+): the number
of positive cells less than 1/3 of the total cells,
mode-rate reaction (++): 1/3 to 2/3 of the total,
strong positive (+++): more than 2/3 of the total.
Statistics

The same enzyme staining grades from the tissues
were compared by rank sum test.
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RESULTS
Hematoxylin and eosin staining

In 14 cases of mucinous carcinoma, the cancer cells
were diffusely distributed, some secreting a lot of
mucin into extra-cellular matrix forming the mucin
pool. There were no fibrous tissues and smooth
muscle and lymphocyte infiltration in the
pericancerous tissues. Nine cases of welldifferentiated adenocarcinoma (including 2 cases of
papillary carcinoma) displayed a tubular structure
surroun ded by fibrous tissue proliferation or smooth
muscle and lymphocyte infiltration. The cancer cells
of 10 poorly-differentiated adenocarcinomas
arranged in solid trabeculae of incomplete gland
pattern accompanied by fibrous tissues and
lymphocytes.
Histochemical staining of arylsulfatase

The positive reaction was dark-brown or yellowbrown in color. In cancer cells of mucinous
carcinoma, the staining reaction was distributed in
the cytoplasm and varied with the amount of
cytoplasm, the more cytoplasm, the more staining
intensity (Figure 1). There were light yellow-brown
fine granules in the mucin pool. In welldifferentiated adenocarcinomas the positive reaction
was mostly located at the gland luminal border
( Figure
2 ).
In
poorly-differentiated
adenocarcinomas, most of cancer cells were
negative, but were positive in the cytoplasm.
β-galactosidase histochemical staining

The enzyme-active sites were stained blue or
turquoise. The reaction was most intense in
mucinous cell carcinomas. The size of indigo
particles was dependent on the cytoplasm, the
particle was largest in abundant cytoplasm cells or
signet-ring cells (Figure 3). Fine light blue granules
were seen in the mucin-pool. In well-differentiated
adenocarcinoma, the fine blue granules were mostly
located in the apical cytoplasm of cancerous gland
( Figure
4 ). In
poorly-differentiated
adenocarcinoma, some cancer cells were positive,
and others were negative in reaction.
Lysozyme immunohistochemical staining

The positive reaction was yollow-brown. In
mucinous cell carcinoma the positive product was
diffusely distributed in the cytoplasm of most cancer
cells, in signet-ring cell, the positive reaction was
located on one side of the cytoplasm. In welldifferentiated adenocarcinoma, positive product
was located at the luminal side or in the cytoplasm
in some cells, a portion of cancer cells were
negative in reaction. In poorly-differentiated
adenocarcinoma, most cancer cells were negative.
The content and distribution of three type enzymes
in gastric cancer cells are shown in Table 1.

Figure 1 Mucinous cell carcinoma. The positive product of
arylsulphatase is diffusely distributed in the cytoplasm. ×400
Figure 2 Well-differentiated adenocarcinoma. The positive product of arylsulphatase is located at gland luminal side. ×200
Figure 3 Mucinous cell carcinoma. The positive reaction of βglactosidase is diffusely distributed in the cytoplasm. ×200
Figure 4 Well-differentiated adenocarcinoma. Fine blue granules
are mostly located in the apical cytoplasm. The positive product is
seen in macrophage at the matrix. ×200
Figure 5 Mucinous cell carcinoma. Mitochondria ( Mi ),
endoplasmic reticulum (ER), secretory granules (G) in the
cytoplasm were found. PGs (arrow) and collagens (Co) close to
cancer cells are degraded. Both are seen in the region far from the
cancer cells. RR×10 000

54

ISSN 1007-9327

CN 14-1219/ R

Talbe 1 Staining intensity of three hydrolases in gastric cancer
Histopathological types
Well-differentiated
Poorly-differentiated
Mucinous
b

Arylsufataseb

β-galactosidased Lysozymec

+
7
8
3

+
5
7
2

No.
9
10
14

++
2
2
4

+++
0
0
7

++
2
3
5

+++
2
0
7

+
8
7
4

++
1
3
3

+++
0
0
7

P<0.01, dP<0.05 cP<0.05.
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hydrolases in mucinous cell carcinoma was more
intensive than those in well-differentiated and poorlydifferentiated adenocarcinomas (P < 0.05). GERL
( Golgi complex, endoplasmic reticulum and
lysosome)[5] system was mature with a good secretory
function, which may secrete various hydrolases.
Relationship between hydrolases and invasion

These types of hydrolases in different types of
gastric cancers were compared by rank sum test.
There were significant differences between
mucinous carcinoma and well-differentiated and
poorly-differentiated adenocarcinoma ( P < 0.01,
P<0.05). There were no significant differences
between well-differentiated and poorlydifferentiated adenocarcinoma (P>0.05).
Ultrastructural findings

In mucinous carcinoma, the Golgi complex,
endoplasmic reticulum, swollen mitochondria and
secretory granules with various electron densities in
the cytoplasm were easily found. RR granules and
collagens close to the cancer cells of mucinous
carcinoma were degraded but were observed in the
region far from the cancer cells (Figure 5).
In well-differentiated adenocarcinoma, there
were microvillus on the surface of luminal gland,
and close connection and desmosomes between
cancer cells. There were more swollen
mitochondria, and smaller secretory granules with
moderate density in the apical cytoplasm in some
cancer cells. RR granules and collagens were
present and intact near the adenocarcinoma. In
poorly-differentiated adenocarcinoma, there were
abundant ribosomes, a few secretory granules with
moderate density in a few cancer cells. RR granules
were found in surrounding cancer cells, which
looked like short rods with 20 mm - 50 mm in
diameter with high electron density, and attached
on the collagens or located between collagens.

DISCUSSION
Relationship between
differentiation

hydrolases

and

The results showed that Golgi complex, endoplasmic
reticulum, secretory granules, and staining intensity of
arylsulfatase, β-galactosidase and lysozyme were more
intense in mucinous cell carcinoma and varied with cell
differentiation. In well-differentiated adenocarcinoma,
three kinds of hydrolases were mostly distributed in
apical cytoplasm of luminal glands, electronmicroscopically there were moderate electron density
secretory granules in apical cytoplasm. In poorlydifferentiated adenocarcinoma, there were few
secretory granules, and, three types of enzymes were
scanty. These results suggested that the content and
distribution of these three enzymes are related to the
differentiation and secretory function of cancer cells.
The more differentiated of the secretory system, the
more secretory granules in the cytoplasm and the more
intensive enzymes staining reaction. Expression of three

Malignant tumors may produce various hydrolases,
which degrade pericancerous matrix at different sites in
favour of the invasion[6].
Arylsulfatase and β-glactosidase were lysosomal
enzymes which degrade proteoglycans (PGs) in the
extracellular matrix and basement membrane. PGs are
very complex macromolecules containing a protein core,
to which one or more glycosaminoglycans (GAGs)
chain are covalently bound and the chain radiate out
from central core protein[7], owing to the polyanionic
on the chains which tend to separate from each other to
form the network structure, which can hinder the
cancer cell spread. Arylsulfatase is a key enzyme in
hydrolysing PGs. Removal of sulfate is a key step. Only
after the sulfate group of PG was degraded, PG may be
further hydrolyzed by other lysosomal enzymes. βgalactosidase is another important hydrolase which
degrades the PGs. β-galactosidase not only cleaves the
linkages between β-N-acetylglucosamine and βgalactoside (R-GlcNAc-Gal) on the GAG chains, but
also degrade oxosylserine residues of the carbohydrateprotein linkage region on PGs [8] , resulting in
macromolecular PGs hydrolyzation, cancer cell
spreading in matrix. Lysozyme is a representative
enzyme of macrophage cells. The functional mechanism
of lysozyme is to cleave the linkage between Nacetylmuramic acid and N-acetylglucosamine of
mucopeptide in cell wall of bacteria[8], but, whether it
may degrade similar structure on PGs and hyaluronide in
extracellular matrix of human body to the bacteria has
not been reported in literature. In the present study,
three hydrolases were abundant in mucinous cell
carcinoma, the positive reaction was also found in the
extracellular mucous pool. PGs and collagens and
smooth muscle in pericancerous matrix close to the
cancer cell disappeared, which suggest that the cancer
cells may secrete various hydrolases to degrade the
extracellular matrix in different sites. So the cancer cells
can easily invade and metastasize.
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A study of the relationship between trace element
Mo and gastric cancer *
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Abstract
AIM To study the relationship between trace
element Mo and gastric cancer.
MATERIALS AND METHODS Soil samples were
collected according to its type in different areas of
Jiangxi Province; available molybdenum content in soil
was measured by catalytic polarography and rank
correlation method was used to analyse correlation
between the mean of soil available molybdenum and
mortality rate of gastric cancer in each county and city
in Jiangxi Province. Gastric cancer cases were
selected from the authors’ hospital, occiput hair was
collected to measure its molybdenum content with an
atomic absorption spectrograph and controls were
selected from the same hospital for comparison.
Gastric cancer cases were selected from three
hospitals at the same time, blood samples were taken
on an empty stomach and serum molybdenum contents
were measured with the atomic absorption
spectrograph, and controls were selected from the
same hospitals. Blind method was used in the whole
course (chemical analysts did not know the source and
nature of samples).
RESULTS A negative correlation existed between
soil available molybdenum content and mortality rate of
gastric cancer ( r = -0.285, P<0.05); hair
molybdenum contents of gastric cancer cases were
lower than those of healthy controls (0.308 µg/g ±
0.673 µg/g and 0.707 µg/g ± 0.561 µg/g
respectively, P<0.01 ); serum molybdenum
contents of patients were also lower than those of
healthy controls ( 21.84 µg/L ± 7.49 µg/L and
25.38 µg/L ± 8.58 µg/L respectively, P<0.05).
CONCLUSION Deficiency of molybdenum may be
one of the risk factors in gastric cancer.
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INTRODUCTION
A study of risk factors in gastric cancer in Jiangxi
Province was started in 1983. The relationship
between the soil trace element molybdenum (Mo)
contents and mortality rates of gastric cancer in
different areas of the province was investigated,
and hair and serum Mo contents of gastric cancer
cases and controls were determined.
MATERIALS AND METHODS
Eighty-five of 91 counties or cities in the whole
Jiangxi Province were chosen for soil Mo
determination. A total of 1748 soil samples were
taken from farming areas. The characteristics of the
representative areas were: nonirrigated farmland of
12 thousand mu; paddy field of 25 thousand mu,
hilly and mountainous region (reclaimable
wasteland) of 105 thousand mu. Samples were
separately packed into plastic pockets, filtered
through nylon sieves and digested by oxalic acidammonium oxalate. Mo in the extract thus obtained
was measured by catalytic polarography. Twentythree gastric cancer cases from the 2nd Affiliated
Hospital of Jiangxi Medical College and 152 noncancer controls of similar age and sex were chosen
for the study. Occiput hair samples (3%) were
obtained from each case and control, impregnated in
detergent, rinsed, desiccated and acidified for the
measurement of Mo contents with an atomic
absorption spectrometer (HITACHI 8000).
Another group of gastric cancer and non-cancer
matched controls were from the First and Second
Affiliated Hospitals of Jiangxi Medical College and
Jiangxi Tumour Hospital diagnosed from January to
March in 1993 and 1994. Blood samples of these
subjects were taken on empty stomachs in the
morning. Serum Mo contents were determined with
an atomic absorption spectrograph (SHIMATSU A- A
680, Japan).
RESULTS
Relationship between available molybdenum
and mortality rate of gastric cancer

Soil samples were collected from different areas of
the whole province, including gastric cancer highincidence county Gui Xi and low-incidence county
Hui Chang. About 20 samples were taken from each
county or city. The mean of available Mo in soil was
calculated. The correlation between the mean of
soil available Mo and mortality rate of gastric
cancer in each county or city was analysed by rank
correlation. The result was r = -0.285, P < 0.01,
which indicated a negative correlation between soil
available Mo and mortality rate of gastric cancer.
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Comparison of hair molybdenum between
gastric cancer cases and healthy controls

Twenty-three gastric cancer cases were all definitely
diagnosed by barium meal study, gastrocopy or
biopsy. Among them, 18 were males and 5 females,
aged from 30 to 70 years, averaging 52.2 ± 12.4. A
total of 152 healthy persons served as controls. The
mean of hair molybdenum content of the 23 gastric
cancer cases was 0.308 µg/g ± 0.673 µg/g, being
lower than that of the control group (0.707 µg/g ±
0.561 µg/g) (P < 0.01). The difference was
significant.
Comparison of serum molybdenum between
gastric cancer cases and non-cancer controls

There were 33 gastric cancer cases, with age ranging
from 27 to 80 years (average 54.4 years), and a
male: female ratio of 1.00 : 1.06. There were 79
non-cancer controls, aged from 29 to 83 (average
48.1 years) with a male:female ratio of 1.00:1.13.
Serum molybdenum contents were 21.84 ± 7.49
in the gastric cancer group and 25.38 ± 8.85 in the
controls, (t = 2.18, P<0.05).
Serum molybdenum contents in gastric cancer
cases were lower than those in non-cancer controls,
the difference being significant.

DISCUSSION
Molybdenum has important physiological functions
in human body. It is one of the essential trace
elements. Low molybdenum content in soil has been
thought to be one of the factors involving a high
incidence of esophageal cancer and Keshan
disease[1,2]. But there have been few reports about
the relationship between trace element molybdenum
and gastric cancer.
Our study showed a negative correlation (r = 0.285, P < 0.01) between soil Mo and mortality
rate of gastric cancer. Soil available Mo contents
were all low in these counties and cities with high
mortality rate of gastric cancer such as Gui Xi. Lack
of Mo in soil results in inadequate contents in corn
and livestock which in turn, affects human body.
Molybdenum is a component of nitrite reductase. In
the process of the reduction of nitrate to nitrogen
which can then be utilized by plants, the
participation of molybdenum is indispensable. In
the soil deficient of molybdenum, only part of
nitrate can be reduced, thus leaving more nitrite in
the environment and corn. This makes the human
body and animals absorb and store more nitrites
which under certain circumstances combine with
nitrogenous substances to form nitrosamines, a
group of strong carcinogens. Furthermore,
molybdenum has some effects on the synthesis of
vitamin C in plants, which may inhibit synthesis of
nitroso-compounds in the human body[3]. To sum
up, we can say that lack of molybdenum in the
environment may obviously influence nitrogen
fixation and transformation of soil nitrates as well
as compound formation, and that Mo deficiency is
definitely related to a high mortality rate of gastric
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cancer in local inhabitants.
Hair and serum molybdenum contents of gastric
cancer cases were lower than those of healthy
controls. The difference was statistically
significant. This indicates that lack of molybdenum
in the human body may be one of the causes of
gastric cancer. Zhou et al found that molybdenum
level in the mucosa of patients with gastritis or
gastric ulcer was lower than that of normal people
(P< 0.01), and that its level in mucosa of gastric
cancer patients was also decreased[4]. This indicated
that molybdenum deficiency may be an important
factor in the causation of gastric disease. Wei et al
used N-nitroso-sarcosine-ethyl ( NSEE ) induced
mouse foregastric squamosum carcinoma model for
studying the effect of molybdenum on
carcinogenesis and proved that molybdenum had an
obvious inhibitory effect on mouse foregastric
squamosum carcinoma[5]. Miller [6] reported that
most chemical carcinogens were metabolized by
cytochrome P-450 in cells, producing “end-stage
carcinogen” with electrophilic groups and then
brought about cell deterioration. P-450 also had
some relationship with its effect on the
detoxification of carcinogens in the body. Lu et al
studied the effect of molybdenum on the activities
of P-450 and demethylase in rat liver and found that
small dose of molybdenum could speed up
detoxification of carcinogens and large dose of
molybdenum might slow down that effect
relatively[7]. Basing on the literature and our
results, we can infer that some amount of
molybdenum in the human body may lower the
intake and thereby the contents of nitrate and
nitrite in the body and enhance detoxification of
carcinogens so as to give a protective action on the
gastric mucosa. The content of molybdenum in
human body may be related to molybdenum level in
the environment. In arelative molybdenumdeficient environment, is human body also in a
relative molybdenum-deficient status Is it useful to
give a proper supplement of molybdenum to the
people or give molybdenum-containing fertilizer for
the prevention of carcinoma ( especially against
gastric cancer ) in Modeficient areas These
questions remain to be answered.
In conclusion, we have reasons to think that
lack of molybdenum may be one of the risk factors
in gastric cancer.
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Abstract
AIM To investigate the risk factors of esophageal
cancer (EC) in urban areas of Xi’an and to determine
the association between overexpression of P53 and
these risk factors.
METHODS All cases (89) and controls (97) were
permanent residents in urban areas of Xi’an, all cases
of primary EC had been histologically confirmed,
controls were inpatients with non-cancer and
nonsmoking-related disease. Cancer tissues and
tissues adjacent to the cancer of 65 cases and 24
available normal esophageal tissues of controls were
detected for P53 overexpression by the
immunohistochemical method.
RESULTS The smoking and familial history of
cancer were significantly associated with EC in Xi’an
inhabitants. The laboratory assay indicated that P53
positive stain in EC was 50.0%(34/65)and 6.1%(4/
65) in tissues adjacent to the cancer, but no positive
stain was found in normal esophageal tissues of
controls. The results showed that P53 overexpression
in EC was closely related to smoking and cases with
familial history of cancer.
CONCLUSION Smoking and familial cancer history
were important risk factors for EC,and the alteration
of P53 gene may be due to smoking and inheritance
factors.

1

Department of Thoracic and Cardiovascular Surgery, Guangzhou
General Hospital of Guangzhou Military Command, PLA, Guangzhou
510010, China
2
Laboratory of Cellular Oncology, National Cancer Institute, USA
3
Department of Epidemiology, the Fourth Military Medical University,
Xi’an
Dr. QIAO Gui-Bin, male, born on 1969-07-20 in Taiyuan, Shanxi
Province, graduated from the Fourth Military Medical University, as
a postgraduate in 1996, specialized in research and treatment of
thoracic diseases, having more than 10 papers and 3 books published.
Tel. +86·20·86694772
*Project supported by the National Natural Science Foundation of
China, No.39300114.
Correspondence to Dr. QIAO Gui-Bin, Department of Thoracic and
Cardiovascular Surgery, Guangzhou General Hospital of Guangzhou
Military Command, PLA, Guangzhou 510010, China
Received 1997-01-02 Revised 1997-03-26

INTRODUCTION
Esophageal cancer (EC) is the sixth most common
cancer in males. In some areas of China, it is the
leading cause of deaths. Previous studies suggested
that certain local dietary and environmental factors
are important risk factors in the high-incidence
areas of China. But in Europe, epidemiological
studies have shown that tobacco and alcohol
consumption are the prevailing risk factors[1].
Recent progress in the molecular biology of
cancer has a provided a basis for novel strategies in
the prevention and treatment of cancer[2].
Cumulating evidence indicates that changes in both
dominant oncogene and tumor suppressor genes are
likely for malignant transformation of normal cells.
Among these genetic abnormalities, the p53 tumor
suppressor gene appears to be the most frequent
target for DNA damage in carcinogenesis. Recent
work suggests that proper function of this gene
product in controlling growth is compromised by
mutations through a significant region of the coding
sequence[3], however, the exact cause of p53 gene
mutations is still not clear until now. The current
study was initiated to find out the risk factors of
esophageal cancer in Xi’ an inhabitants, and to
correlate p53 overexpression with these factors.
Because almost all of previous studies in
etiology of esophageal cancer were limited to study
in the high-incidence areas of esophageal cancer,
and in general, the high-incidence area tended to be
rural[9], the results of these studies could not explain
completely the etiology of esophageal cancer in Xi’
an.
MATERIALS AND METHODS
Study design and inclusion criteria

The hospital-based case-control study was performed
between August 1994 to January 1995. The subjects
were selected from one of the three hospitals
affiliated to the Fourth Military Medical University
in Xi’ an. All eligible subjects should be the
permanent residents of the urban area of Xi’ an.
Informed consent was obtained from the subjects, if
they agreed with the immunohistochemical and
genetic analysis of tissue samples.
Our cases were selected from among consecutive
persons who underwent major esophageal surgery and
endoscopy, all were histologically confirmed as primary
carcinoma of esophagus and were diagnosed for the first
time, none of the case had chemotherapy or
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radiotherapy prior to biopsies. Patients with esophageal
cancer were excluded if they had a clinically apparent
malignancy of any other origin.
Controls had a variety of diseases excluding
cancer and diseases which are epidemiologically
unrelated to tobacco smoking and aged from 45 to
65 years. Other malignancies were excluded by
medical history and routine examinations.
Factors investigated

Factors in the questionnaire included demographic
information (such as race, age, sex, educational
level, and profession), tobacco smoking, alcohol
consumption, intake of pickled vegetables, familial
history of cancers, etc. All cases and controls were
investigated by two trained investigators and
interviewed for 20 minutes.
Tobacco smoking. Data on smoking history, i.e.,
duration of smoking, starting age, time of quitting,
smoking, and average number of cigarettes
consumed per day, were recorded.
Family history of cancer. Positive family history of
cancer was defined as the presence of esophageal
cancer in one or more relatives for both cases and
controls. Data of three degree blood relatives on
sex, age (age of death), cause of death, and
duration of blood relatives living together with the
subjects were investigated.
Samples

The tumor tissues were obtained from surgical or
endoscopic resections. Nonpathologic or grossly
normal esophageal tissues were obtained from the
margins of the specimen or normal esophageal
tissues apart from tumors under endoscopy. Tissue
blocks of both grossly apparent carcinoma had
nonlesional esophagus were fixed in 4%
paraformaldehyde in standard phosphate-buffered
saline (PBS), pH 7.4. They were irradiated with
microwaves for 10-15 seconds and postfixed for 2
hours at 4 and then embedded in paraffin.
Immunohistochemistry

Thin 7 µm slices from paraffin-embedded specimens
were deparaffinized routinely, then, added 50 µl
0.3% hydrogen peroxide for 10 minutes, followed
by wash in PBS (pH 7.4) three times and treated
with 50 µl 1% normal rabbit serum for 10 minutes at
room temperature. The slices were incubated with
primary antibody for 3 hours at room temperature in
a moist chamber. The primary antibody used in this
study was monoclonal antibody DO-7, purchased
from Maxim Biotech Inc, China. The antibody
reacted with wild and mutant type of the P53
protein. Immunostaining was performed by the
streptavid in peroxidase conjugated method
employing DAB as chromogens[4]. Specific staining
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was identified by the presence of brown or yellow
reaction products.
Validity of laboratory measurement

All immunohistochemical studies were done without
knowing the clinical data. To determine whether
the positive stain resulted from contamination, two
kinds of negative controls were used. Sections were
incubated with PBS and non-immune mouse serum
instead of the primary antibody. All sections for
immunohistochemical analysis were observed by two
experienced pathologists and their judgements
should be in close agreement.
Statistical analysis

The odds ratio(OR) and its 95% confidence interval
(CI) were calculated for variables that had been
proved statistically significant in univariate analysis.
Univariate analysis of factors potentially related to
esophageal cancer and P53 overexpression were
made to investigate the single effect of these
factors. Logistic regression analysis was also
performed. Univariate and multivariate analyses
were conducted with SPLM program provided by
the Department of Statistics in our university.

RESULTS
Subjects

Eighty-nine cases and 97 controls were collected.
Their mean age (55.2 ± 9.7 years among cases and
54.4 ± 8.8 years among controls), proportion of
gender, educational level and profession were
similar. Detailed information on smoking and
family cancer history was collected from all of our
cases and controls.
The risk factors of esophageal cancer

The results indicated that the proportion of smokers
and those with family histories of esophageal cancer
was significantly higher than that in controls. It
suggested that smoking and family cancer history
were risk factors of EC. The OR for smokers was
3.26(95% CI 1.74 - 6.12), and for individuals with
positive family cancer histories was 10.48(95% CI
4.81 - 22.48) (Table 1). Multiple logistic regression
analysis showed the same results, in the logistic
model, the interaction term was not statistically
significant (probably due to sample size limitation)
(Table 2).
Table 1 Single variable analysis of risk factors of EC
Factors
Cases Controls
χ2
OR
Smoking
Yes
65
44
No
24
53
15.53
3.26
Family history of cancer
Yes 43
8
No
46
83
35.46 10.48

*CI: confidence interval

95% CI*

P

1.74-6.12

0.0012

4.81-22.48

0.0000

QIAO Gui-Bin, et al. P53 overexpression and its risk factors in esophageal cancer
Table 2

Logistic regression analysis of risk factors of EC

Factors
Smoking
Family history of cancer

OR
3.3
3.0

Standard error
0.2939
0.2922

u value
4.0760
3.7090

P
0.0000
0.0002

Table 3 Correlation between clinical features and overexpression
of p53 in EC
P53 status

Univariate Multivariate

Clinical features

Overexpression Normal
χ2
Age
55.41±8.83* 55.32±11.07* 1.5836
Sex
Male
20
22
Female
14
9
1.1497
Smoking
Yes
30
20
No
4
11
3.8898
Family history of cancer
Yes
24
7
No
10
24
17.2834

P
OR
P
0.9710 1.0104 0.8447
0.5628 1.3611 0.7820
0.0486 3.1200 0.0041
0.0001 15.8100 0.0002

*mean ± SD.

Immunohistochemical analysis

All cases, which were immunohistochemically
detected, were squamous cell carcinomas. Among
the 65 cases of esophageal cancer 52.0%(34/65)
were positive for P53, 31 cases were negative for
the immunostain. 6.1% (4/65) tissues adjacent to
the carcinoma were positive for P53, but no positive
products were observed in normal esophageal tissues
of 24 controls. In the majority of tumor cells intense
P53 immunostaining was observed in the cell nuclein
and some tumor cells demonstrated the intense
staining in cytoplasm. In normal esophageal
mucosa, immunoreactivity of P53 was observed
sporadically in basal and parabasal cells of mucosa.
As a histological feature, the overexpression of p53
gene had heterogeneity in esophageal carcinoma.
Immunoreactivity described earlier was not observed
when incubated with PBS or non-immune mouse
serum instead of the primary antibody.
Correlation of overexpression of P53 with
clinical data

This study was unblinded after completing detection
of overexpression of P53. Statistical analysis for the
overexpression of P53 was then performed to
correlate with clinical data. We could not find any
statistically significant association between the
overexpression of P53 and age, gender and
occupation. In univariate analysis, the smoking and
family histories of cancer were closely related with
the overexpression of P53 (P < 0.05). Using the
logistic regression model, multivariate analysis was
performed to investigate the independent risk of
smoking or family history of cancer as a predictive
factor for overexpression of P53. Smoking and
familial history of cancer were the factors shown to
be closely related to overexpression of P53 after
adjusting for other covariates (P<0.01), e.g., the
odds ratio for overexpression of P53 to develop in
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smokers can be estimated at 3-fold increase over
nonsmokers. The odds ratio for individuals who had
family cancer histories was 15.8 (Table 3).

DISCUSSION
Numerous epidemiologic studies in China have
shown that both particular environmental exposure
and certain local dietary factors were responsible for
the carcinogenesis of esophagus, but almost all
previous studies were limited to the high-incidence
areas of EC. Generally, the high-incidence areas
have tended to be rural, so the results of these
studies can not explain completely the rationale of
EC in Xi’an which is not a high-incidence area in
China. Our findings contradict the previous studies
which stated that there was nosignificant
association between smoking and esophageal cancer
in China, and it was found that smoking and family
history of cancer were important risk factors of EC.
More and more researches have shown the
tumor is a molecular disease. Carcinogenesis
depends on many genetic events, including mutation
of oncogene or/and tumor suppressor gene.
Carcinogens with significant mutagenic activity are
components of various substances associated with
tobacco smoking. P53 tumor supressor gene
mutation has been observed in esophageal tumor
cells induced by N-methyl-N-benzylnitrosamine
treatment which is one of components in tobacco[5].
It is now clear that the p53 gene is the most
frequent target gene among the known genetic alterations in EC[6]. P53 protein is a 53 KDa nuclear
phosphoprotein and is expressed by many normal
cells[7]. A decade ago, it was found that P53 protein
was specifically overexpressed in transformed cells
and undetectable in normal cells[8]. Numerous studies have confirmed these observations and shown
that P53 protein accumulation is a consequence of its
stabilization[9]. Normal P53 protein is known to be
rapidly eliminated due to its short half-life,
therefore, in normal cells, intracellular levels of
P53 protein are low, and accumulation of P53
protein is usually the result of which modifies the
conformation and stability of the protein[9,10]. It is
easy to analyse the expression of P53 protein with
immunohistochemistry on a large panel of tumors,
because there appears to be a good correlation
between the p53 gene mutation and its protein
accumulation. In accordance with previous studies,
P53 protein accumulation was found in 50% tumor
specimens and 6.1% (4/65) tissues adjacent to
cancer. In our study, in order to investigate
whether the overexpression of P53 was present in
normal esophageal tissues of controls, we
immunostained 24 available specimens of controls,
but no positive staining was found. The results
suggest that the overexpression of p53 gene is a
frequent genetic alteration and plays an important
role in the carcinogenes is of esophageal carcinoma.
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At present, the P53 tumor suppressor gene has
come to the forefront of cancer research because it
is commonly mutated in human cancer and the
spectrum of p53 mutations in these cancers can
provide clues to the etiology[11,12]. Various studies
indicate that the p53 gene is a good target for
molecular epide miological studies of various human
cancer. Our epidemiological investigation also
showed that major fraction of EC can be attributed
to smoking and familial history of cancer,
therefore, identifying the association of P53
overexpression with smoking and family history of
cancer in this study is of particular interest. The
study showed that the alteration of p53 gene was
associated with smoking and family history of
cancer.
Because p53 genes are inherited in a recessive
form, requiring the loss of both copies for the
phenotype to be expressed, it can be hypothesized
that genetic predisposition to cancer induction may
be related to inherited mutations in all ele of tumor
suppressor genes that regulate cell growth and
terminal differentiation, and this kind of inherited
susceptibility to esophageal cancer can be provoked
by the specific carcinogens contained in cigarettes.
Inactivation or altered function of these genes
results in increased risk for development of tumors.
The results of this study may be a dramatic example
of this process, suscep tible hosts who inherit one
defective allele of p53 gene can become patients
when another allele is lost through later somatic
mutation induced by carcinogens in cigarettes.
As stated above, family cancer history depends
on many factors, such as the number of relatives,
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their biologic relationship to the index case, their
age distribution and the disease frequency in the
population, so it can not be concluded that the
positive familial history of cancer is due to genetic
susceptibility, and several types of mutation do not
lead to P53 accumulation and would be missed by
immunohistochemistry[13], therefore, our further
study will be focusing on a larger sample collection,
PCR-SSCP analysis and DNA sequencing, and the
application of more efficient statistical methods.
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Abstract
AIM To determine the incidence of hepatitis B virus
(HBV) in trauterine infection and to explore the
relationship between HBV viremia level of pregnant
women and HBV intrauterine infection.
METHODS Sixty-nine pregnant women were divided
into three groups. Group A, 41 HBsAg positive
patients, 14 of them were HBeAg positive (group
A1), and 27 HBeAg negative (group A2); Group B,
12 HBsAg negative patients, but positive for anti-HBs
and/or anti-HBe and/or anti-HBc; and Group C, 16
patients negative for all HBV markers. Blood samples
of mothers were taken at delivery, samples of their
infants were collected within 24 hours after birth
(before injection of HBIG and HBV vaccine). All the
serum samples were stored at - 20 . HBV serum
markers were tested by radioimmunoassay and HBV
NDA were detected by nested polymerase chain
reaction.
RESULTS In group C, all of 16 newborns were
negative for HBsAg and HBV DNA. In group A, 7
infants were HBsAg positive (17.1%), and 17
(41.5%) were HBV DNA positive (P < 0.05). The
incidence of intrauterine HBV infection was much higher
in group A1 than that in group A2 (HBsAg 42.9% vs
3.7%, HBV DNA 92.9% vs 14.8%, P < 0.05). The
incidence of HBV intrauterine infection was significantly
different between high and low HBV viremia of mothers
(93.3% vs 42.9%, P<0.05).
CONCLUSION The incidence of HBV intrauterine
infection is high when HBV DNA in newborns detected
with nested PCR is used as a marker of HBV infection.
It is related to HBV viremia level of mothers.
1
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INTRODUCTION
The incidence of chronic HBV infection is high in
China, more than 120 million people in China are
carriers of HBV, 40% to 60% of them catch HBV
infection from their mothers. So the key strategy for
controlling HBV infection in China is to prevent HBV
transmission from mother to infant. Transmission from
mother to infant takes place in uterine, during
delivery, and after birth. Vaccination after birth is of
efficacy in preventing infant from HBV infection during
delivery and after birth, but it can not interrupt HBV
intrauterine infection. Previous studies showed that the
HBV intrauterine infection rate was low (2.1% 8.0%). However, recent investigations indicate that
the rate is as high as 35% - 50%, indicating that
intrauterine infection is the main route for HBV
transmission from mother to infant[1-3]. We detected
HBV DNA in the sera of newborns to determine HBV
intrauterine infection rate and to explore its relation to
HBV viremia level of mothers.
SUBJECTS AND METHODS
Subjects

Sixty-nine pregnant women and their newborns were
investigated. All pregnant women were confirmed
to be HBsAg positive by solid phase
radioimmunoassay ( spRIA ), followed up and
delivered at our hospital. They were divided into 3
groups. Group A, 41 cases positive for HBsAg,
among them 14 were HBeAg positive (group A1)
and 27 HBeAg negative (group A2). Group B, 12
cases negative for HBsAg but positive for anti-HBs
and/or anti-HBe and/or anti-HBc (independent or
combinant presence). Group C, 16 cases negative
for all HBV markers.
None of the pregnant women had histories of
hepatitis, symptoms and signs of hepatitis,
threatened abortion, threatened premature
delivery, and edema-hypertension-proteinuria
syndrome. There was no significant difference in
age, week of pregnancy at delivery, gravidity and
parity among the three groups.
Methods

Blood samples of gravida were collected at delivery
and the samples of newborns were taken within 24
hours after birth (before injection of hepatitis B
vaccine and hepatitis B immunoglobulin). All serum
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samples were stored at -20 .
Serum HBV DNA was tested by nested polymerase
chain reaction. Primers were designed according to the
S region of HBV genome, synthesized by the Shanghai
Institute of Cellular Biology. The sequences of primers
are shown in Table 1.

Number

Position

Sequence (5’ - 3’)

1
2
3
4

300-321
715-695
421-441
626-605

CATCTTCTTGTTGGTTCTTCTG
TTAGGGTTTAAATGTATACCC
TCTATGTTTCCCTCTTGTTGC
ACCACATCATCCATATATCTG

*1, 2 outer primers; 3, 4 inner primers

The product of first amplification was
electrophoresed on 1.8% agarose gel, appearance
of 416bp band was considered as strong positive for
HBV DNA. If first amplification is negative, the
product was used as plate for second amplification.
The product of second PCR was electrophoresed on
agarose gel, appearance of 206bp band was considered as weak positive for HBV DNA. Each sample
was examined twice, there were positive, negative,
and blank controls in each test.
Serum HBV markers were tested with solid
phase radioimmunoassay (kits from 3V Company).
X2 test and direct calculation of probability on
fourbolt data were used for statistical analysis.

RESULTS
Sixteen mothers in group C were negative for serum
HBV DNA and their newborns were all negative for
HBsAg and HBV DNA. The positive rates of
HBsAg and HBV DNA in groups A and B are shown
in Table 2.
In group A, the intrauterine infection rate was
17.1% (7/41) when HBsAg was used as a marker of
intrauterine infection, the rate was high up to
41.5% (17/41) when HBV DNA was used, the
difference was significant, P < 0.05. The HBV
intrauterine infection was closely related to the mothers’ HBeAg status (Table 2).
Detection rate of HBsAg and HBV DNA
Mother
Group

Newborn

Cases
HBV DNA+ (%)

A1
A2
B

14
27
12

14 (100.0)
7(25.9)
1 (8.3)
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Table 3 Relationship between HBV intrauterine infection and
mothers’ HBV DNA status
Mothers’ HBV DNA No. of neonates HBV DNA+ Intrauterine infection rate (%)
+
b

22
31

17
0

77.2
0

P<0.01 vs mothers’ HBV DNA positive

Table 4 Relationship between HBV intrauterine infection and
mothers’ serum HBV DNA levels

Table 1 Sequences of primers

Table 2

WJG

HBV DNA+ (%)
13 (92.9)
4 (14.8)
0

HBsAg+ (%)
6 (42.9)
1 (3.7)
0

HBV intrauterine infection was related to
mothers’ status and levels of serum HBV DNA
(Tables 3 and 4).

Mothers’ HBV DNA level No. of neonates HBV DNA+ Intrauterine infection rate (%)
Strong positive
15
14
93.3
Weak positive
7
3
42.9
a

P<0.05 vs mother HBV DNA weak positive.

DISCUSSION
Nested polymerase chain reaction (n-PCR) for HBV
DNA detection is a sensitive and specific method for
determining HBV intrauterine infection. The
incidence of HBV intrauterine infection reported by
different researchers is greatly discrepant, ranging
from 2.1% to 50%, due to different sensitivities of
methods used[3]. Yi et al detected HBV antigen in
the liver of artificially aborted fetus with immunohistochemical assay and immuno-electromicroscopy,
43.75% of fetus from HBsAg positive pregnant
women were infected with HBV [4]. Tang et al
found that the HBV intrauterine infection rate was
44.4% (12/27) when HBV DAN in liver of fetus
from HBsAg positive mothers was detected with
Southern Blot, but the rate was only 18.5% when
HBV antigen in fetal liver was detected by immunohistochemical method[5]. In this study, the HBV
intrauterine infection rate was 17.1% when HBsAg
in newborn serum detected by spRIA was used as a
marker for diagnosis of intrauterine infection, but
the rate was 41.5% when HBV DNA in newborn
serum detected with n-PCR was used as a marker for
diagnosis (P < 0.05). The results indicated that nPCR for detecting HBV DNA in serum of newborn
was a sensitive and specific method for diagnosis of
HBV intrauterine infection. The sensitivity of
spRIA for HBsAg was at ng level, and tissues and
cells of fetus were not mature, resulting in low
expression level of HBV antigen. So detection of
HBsAg in newborn serum underestimated the
incidence of HBV intrauterine infection [5]. The
sensitivity of PCR for HBV DNA detection ranged
from 10 fg/ml to l ag/ml. Nested PCR prevented the
“plateau” of one-time amplification, and increased
the sensitivity and specificity by changing the
primers and plates[6]. Nested PCR for detection of
serum HBV DNA in newborn had a more practical
value than the methods used by Yi[4] and Tang[5], it
can be used in clinical research into the mechanism
of HBV intrauterine infection and in evaluation of
the effect of methods for interrupting HBV
intrauterine infection.

ZHANG Shu-Lin, et al. HBV viremia and intrauterine infection

There is a closely positive correlation between
the level of HBV viremia in mother and HBV
intrauterine infection. HBeAg is a serum marker
indicating HBV active replication. It has been
reported that the HBV infection risk of infants from
HBeAg positive mothers is 80% - 90%[1,7]. In our
study all 14 HBeAg positive mothers had HBV DNA
in serum, the HBV DNA detection rate of their
newborns was as high as 92.9% (13/14). However,
only 25.9% of HBeAg negative mothers were
positive for HBV DNA, 14.8% (4/27) of their
newborns were positive for HBV DNA in serum.
These results show that the risk of HBV intrauterine
infection is much higher in HBeAg positive mothers
than that in negative ones (P<0.05).
The presence of HBV DNA is a direct marker
of HBV active replication. The incidence of HBV
intrauterine infection was much higher in newborns
of mothers with HBV DNA than that of mothers
without HBV DNA (77.3% vs 0, P < 0.01), and
that the incidence was higher in newborns of
mothers with high level of serum HBV DNA (strong
positive for HBV DNA) than that of mothers with
low level (weak positive for HBV DNA) of HBV
DNA (93.3% vs 42.9%, P<0.05). These results
confirmed that HBV intrauterine infection was

63

positively related to the level of HBV replication in
the mothers.
In conclusion, the incidence of HBV intrauterine infection is high, and it is positively related to
the level of HBV replication in mothers. In order to
control the epidemic of hepatitis B in China, it is
important to explore the mechanism of HBV
intrauterine infection and to develop effective methods for interrupting intrauterine infection. We
have finished a prospective control trial, confirming
that multiple injections of hepatitis B
immunoglobulin during pregnancy can prevent fetus
from HBV infection effectively (unpublished data).
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Immunohistochemical detection of HCV infection
in patients with hepatocellular carcinoma and other
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Abstract
AIM To detect HCV infection in patients with HCC
and other liver diseases by the immunohistochemical
method.
METHODS The expression of HCV antigen was
identified by means of LSAB (labelled streptavidinbiotin) method using anti-NS3 monoclonal antibody.
RESULTS The positive rates of HCV antigen in the
three groups of HCC, liver cirrhosis and hepatitis were
13.5% (7/52), 12.5% (2/16), and 10% (4/40)
respectively, while in the samples from patients with
constitutional jaundice and normal liver samples, no
HCV antigen was found. HCV antigen could be seen in
the nuclei and/or cytoplasms of carcinoma cells and/or
pericancerous hepatocytes. In HCC, HCV antigen was
more often seen in nuclei than in cytoplasms. The
positive rate of HCV antigen in pericancerous tissues
was higher than that in cancerous tissues.
CONCLUSION HCV is associated with HCC, and
HCV infection enhances the development of liver
diseases. HCV affects the initiative period of HCC and
induces the malignant phenotypic alteration of
hepatocytes.
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INTRODUCTION
Hepatocellular carcinoma ( HCC ) is one of the
common malignant tumors which ranks the third in
cancer mortality in our country, while its etiology
and carcinogenesis are still far from clearly
identified. The association of hepatitis C virus
(HCV) infection with HCC has been indicated by
serosurvey [1,2], but studies at cellular level in
detecting HCV antigen in liver tissues to
demonstrate this association have so far been rare.
The significance of results from a few
immunohistochemical studies reported is quite
limited because of the use of polyclonal antibodies
and a small number of cases. In order to reveal the
HCV infection status in HCC and other liver
diseases and to explore the relationship between
HCV and HCC at cellular level, we detected
immunohistochemically the HCV antigen expression
in cancerous tissues and liver tissues of 116 cases of
different liver diseases (mainly HCC) using LSAB
( labelled streptavidin-biotin ) method and
monoclonal antibody against NS3 antigen of HCV.
MATERIALS AND METHODS
Patients and samples

Liver tissue samples were obtained from inpatients
during resection of their HCC in the Department of
Abdominal Surgery of Affiliated Tumor Hospital of
Sun Yat-Sen University of Medical Sciences in the
period from April 1993 to Febrary 1994 and the
preserved paraffin embedded samples by liver biopsy
in the Department of Pathology of First Affiliated
Hospital of Xinjiang Medical College from 1986 to
1990 were also collected for study. The clinical data
are shown in Table 1. The diagnosis was made
according to pathological examination, clinical data
and laboratory assay.
Table 1 Clinical data of 116 cases of liver diseases
Groups
HCC
Cir.
CH
CJ

Cases

Male/famale

Age (years)
(x±s)

ALT (IU/L)
(x±s)

52
16
40
8

41/11
10/6
28/12
5/3

42±2
42±6
35±9
23±1

126±93
171±68
269±51
76±45

HCC: hepatocellular carcinoma; Cir: cirrhosis; CH: chronic
hepatitis; CJ: constitutional jaundice
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Reagents

The monoclonal antibody against NS3 antigen of
HCV, prepared by Bionikes Co. U. S. A. , was
kindly provided by the Virology Institute of Chinese
Academy of Preventive Medicine; LSAB (labelled
streptavidin-biotin) kit and monoclonal antibody to
HBsAg were obtained commercially (LSAB kit from
DAKO, anti-HBs from Clinical Immunology Lab of
Tongji Medical University).
Immunohistochemical methods

The tissue sections were dewaxed routinely and then
treated as follows: 0.3% H2O2-methanol blocking
for 20min, phosphate-buffered NaCl solution (PBS)
washing, incubation with monoclonal antibody
against NS3 of HCV overnight at 4 , continuing
the following procedure according to the instruction
of LSAB kit, DAB staining.
The negative controls included: substitution
of monoclonal antibody against NS3 of HCV with
unrelated antibody (anti-HBs) or PBS,
exclusion
of incubation with antibody against NS3 of HCV,
and normal liver samples as controls.

RESULTS
The positive rates of HCV antigen in the groups
of different liver diseases

In the groups of HCC, cirrhosis and chronic
hepatitis, the positive rates of HCV Ag were 13.5%
( 7/52 ), 12.5% ( 2/16 ) and 10% ( 4/40 )
respectively, while in the samples from
constitutional jaundice and normal liver no HCV Ag
was found. No positive staining was shown in the
negative controls except with anti-HBs as the first
antibody ( the HBsAg staining was located
differently, as compared with HCV antigen).
Location and distribution of HCV antigen in
tissues

HCV Ag could be seen in the nuclei and/or
cytoplasms of cancer cells and/or pericancerous
hepatocytes of HCC. In the 7 positive cases of
HCC, HCV Ag was more often seen in nucleus than
in cytoplasm (5 cases in nuclei, only 2 cases in
cytoplasms). This difference was not significant in
the other groups. The HCV Ag positive cells were
scattered singly or gathered in small groups in some
parts. The detecting rate of HCV Ag in cancer
tissues was 5.8% ( 3/52 ), whereas in the
pericancerous tissues it was as high as 12.5% (6/
48), significantly higher than that in the former.
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the view that HCV infection was an important risk
factor for the genesis of HCC was supported by
many studies which were mainly carried out in HBV
non-endemic areas such as Japan and Europe[3,4].
Even in China, as an HBV hyperendemic country,
the association of HCV infection with HCC was also
preliminarily demonstrated, but the published
investigations up to now were almost all serological
stu-dies. Detection of HCV antigen at cellular level
in liver tissues to demonstrate this association has
been reported rarely. The specificity of the results
from a few immunohistochemical studies reported
was quite limited because of the use of polyclonal
antibody derived from patient’s serum, and the
consistency of the results from different studies was
quite poor[5]. We detected HCV antigen expression
in cancerous tissues and pericancerous tissues of
HCC using LSAB method and monoclonal antibody
against NS3 antigen of HCV, and our results
supported the association of HCV infection with
HCC. The positive rate of HCV antigen in
pericancerous hepatocytes was higher than that in
cancer tissues, similar to the results of HCV RNA
detection reported by Ohkoshi[6], and this
phenomenon gives us two hints: HCV probably
affects mainly the initiative period of HCC
development and enhances malignant phenotypic
alteration of normal hepatocytes; and as soon as the
malignant alteration has taken place, the
compatibility of hepatocytes to HCV decreases. The
positive rates of HCV antigen in cases of HCC and
cirrhosis were higher than those in cases of chronic
hepatitis, constitutional jaundice and normal liver
tissues and this result suggests that HCV infection
may enhance the development of liver diseases. It is
common knowledge that HCV, as a non-reverse
transcription RNA virus, completes its proliferation
cycle in cytoplasm, and so the expression of HCV
antigen in nucleus is not related with the
proliferation cycle itself. Whether HCV NS3
antigen, as a “counter-modulating” factor, gets into
the nucleus to influence expression and regulation of
host cell genes and to induce malignant alteration of
cells remains to be studied further in the future.
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A new rat model of portal hypertension induced by
intraportal injection of microspheres
LI Xiang-Nong1, IS Benjamin2 and B Alexander2
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Abstract
AIM To produce a new rat model of portal
hypertension by intraportal injection of microspheres.
METHODS Measured aliquots of single or differentsized microspheres (15,40,80µm) were injected into
the portal vein to block intrahepatic portal radicals.
The resultant changes in arterial,portal,hepatic
venous and splenic pulp pressures were monitored.
The liver and lungs were excised for histological
examination.
RESULTS Portal venous pressure was elevated
from basal value of 0.89 - 1.02 kPa to a steady-state
of 1.98 - 3.19 kPa following the sequential injections
of single- or different-sized microspheres, with a
markedly lowered mean arterial pressure. However, a
small-dose injection of 80µm microspheres (1.8×105)
produced a steady-state portal venous pressure
of 2.53×0.17 kPa,and all rats showed normal arterial
pressures. In addition, numerous microspheres
were found in the lungs in all experimental groups.
CONCLUSION Portal hypertension can be
reproduced in rats by intraportal injection of
microspheres at a small dose of 80 µm (1.8×105).
Intrahepatic portal-systemic shunts probably exist in
the normal rat liver.
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INTRODUCTION
Portal hypertension is associated with gross
haemodynamic disturbances in portal and systemic
circulations. Animal models are still important for
research into portal hypertension. One of the most
popular models used is the partial portal venous
ligation model in the rat[1], but this can only achieve
extrahepatic portal venous occlusion and is not
representative of intrahepatic portal hypertension as
seen clinically. Carbon tetrachloride induced models
of cirrhosis closely resemble the major features of
the human disease[2], but take a long time to develop and are associated with a high mortality and a
wide heterogeneity in the stage and development of
cirrhosis[3,4]. In the present study, a new rat model
of portal hypertension was successfully induced by
intraportal injection of microspheres.
MATERIALS AND METHODS
Animals

Thirty-eight Sprague-Dawley rats weighing 250 g 350 g were randomly divided into six groups. Groups
1 (n = 6) and 2 (n = 6) received sequential
injections of single-sized microspheres of 15 and 80
µm diameters respectively. Groups 3 (n = 6) and 4
(n = 6) were given sequential injections of differentsized microspheres in order of size 15, 40 and 80 µm
and 80, 40 and 15 µm, respectively. According to
the results of the four groups above, two bolus
injections of 80 µm microspheres were selected as
the suitable dose for the induction of portal
hypertension in the model and these were given to
Group 5 (n = 8) for further observation. Rats in
Group 6 (n = 6) were injected with saline and
served as controls.
Measurement of pressures

The animals were anaesthetised with fentany/
fluanisone (0.3 ml/kg, subcutaneously ) and
midazolam (0.3 ml/kg, subcutaneously ). Mean
arterial pressure (MAP) was monitored using a
catheter in the left carotid artery. The abdomen was
opened via a midline incision and the portal vein
was cannulated through an ileocolic vein for
measurement of portal venous pressure (PVP) and
injection of microspheres. The splenic pulp pressure
(SPP) was measured through a 23G butterfly scalp
needle. Wedged hepatic venous pressure (WHVP)
was measured in Groups 1,2,5 and 6. All of the
cannulae were connected to P23XL ( Viggo
Spectramed Inc.) pressure transducers, and
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permanent recordings were made on a polygraph
recorder (Grass Instruments Inc., USA). When
steady basal pressures had been achieved for at least
5 minutes, injections of microspheres or saline
started. Before injection, latex microspheres
(Coulter Electronics Ltd., England) were agitated
for 60 seconds. In each injection, microspheres
were given iav the portal venous catheter in a
volume of 0.2 ml and immediately followed by 0.2
ml saline injection to flush the catheter. Only when
a steady PVP has been achieved for at least 5
minutes was the next injection given. In Group 5
there was no interval between the two injections.
The numbers of microspheres used are shown in
Table 1. Following completion of the injection,
animals were observed for 10 - 30 minutes until the
final steady PVP had been reached. Finally a
vascular clamp was applied to the portal vein at the
liver hilus and the pressures monitored. After this,
the animals in Group 6 received partial portal
venous ligation. At the end of the experiment, all
rats were killed by opening the chest. The liver and
lungs were taken and fixed in 10% formal-saline for
histological examination.
Table 1
Group

Intraportally injected aliquots of microspheres
Sphere diameter
(µm)

No of
aliquots

No of
spheres/aliquot

Total No of
spheres

1
2

15
80

6
5

5.6×106
9.0×104

3.4×10 7
4.5×10 5

3

15,40,80

15µm×2
40µm×2
80µm×2

5.6×106
2.4×105
9.0×104

1.1×10 7
4.8×10 5
1.8×10 5

4

80,40,15

80µm×2
40µm×2
15µm×2

9.0×104
2.4×105
5.6×106

1.8×10 5
4.8×10 5
1.1×10 7

5

80

2

9.0×104

1.8×10 5

Note: Pressures showed no changes after the 4th and 5th injections
in Group 2. Therefore the 6th injection was not given.

Statistics

Results were expressed as mean ± standard error.
Comparisons were made by means of t test. Results
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were considered statistically significant at P<0.05.

RESULTS
MAP decreased by approximately 45% following the
first injection of microspheres in all experimental
groups (kPa, 12.95 ± 1.66 vs 7.32 ± 0.68, P <
0.001). MAP in Group 5 eventually returned to
normal levels after approximately 40 minutes
following the two injections of 80 µm microspheres.
No change in MAP was observed in the control rats
during saline injections and after partial portal venous
ligation. However, portal venous occlusion in control
rats produced a significant reduction in MAP (kPa,
12.86 ± 1.65 vs 6.88 ± 1.14, P < 0.001), si-milar to that
seen after microsphere injections in the experimental
groups (P >0.05).
PVP rose gradually following the microsphere
injections and, in Group 1, synchronous increase in
WHVP was found (kPa, 0.93 ± 0.13 vs 1.65 ±
0.24, P < 0.01) (Figure 1). In Group 2, 80 µm
diameter microspheres produced a large, rapid
increase in PVP (Figure 2) with a significant
reduction in WHVP (kPa, 0.89 ± 0.09 vs 0.47 ±
0.09, P < 0.01). In Groups 3 and 4, a marked
increase in PVP was only observed after injection of
80 µm diameter spheres (Figure 3). Four rats in
Group 4 died within 2 - 17 minutes after the 6th
injection of microspheres. In Group 5, two
sequential bolus injections of 80 µm microspheres
elicited animmediate reduction in WHVP (kPa,
0.92 ± 0.13 vs 0.47 ± 0.09, P < 0.01) and an
immediate increase in PVP to 2.53 kPa ± 0.17 kPa,
which remained elevated during the observation
period of 150 minutes. There were no significant
changes in PVP in the control group after injection
of an equivalent volume of saline aliquots. Results
are compared in Table 2.
Portal venous occlusion with a clamp produced
a further large, rapid rise in PVP (Figure 1) to 5.16
kPa ± 0.76 kPa,4.87 kPa ± 0.79 kPa,4.95 kPa ± 0.99
kPa, 5.55 kPa ± 0.89 kPa and 5.75 kPa ± 0.32 kPa
in groups 1,2,3,5 and the control respectively.
There was no significant difference between the values in these groups (P > 0.05). Partial portal
venous ligation in control rats induced a significant
increase in PVP to 2.75 kPa ± 0.07 kPa and was
similar to that in Group 5 (P > 0.05).

Table 2 Comparison of changes in portal venous pressure (PVP) and splenic pulp pressure (SPP) in different groups after microsphere
injections
PVP(kPa)

SPP(kPa)

Group
Basal
1
0.98±0.21
2
0.89±0.19
3
1.02±0.11
4
0.98±0.13
5
1.04±0.12
6(control) 1.04±0.07
a

Post-infusion

Basal-Post

1.98±0.48 a
3.19±0.29a
2.65±0.49
2.70±0.13
2.53±0.17
1.02±0.05

1.00±0.37a
2.30±0.36a
1.64±0.52
1.72±0.20
1.45±0.23c

% increase
102.2±35.6 a
272.2±78.0 a
162.8±60.1
178.6±41.0
140.3±32.0c

Basal

Post-infusion

Basal-Post

% increase

1.17±0.39
1.44±0.43
1.24±0.16
1.16±0.19
1.44±0.19
1.36±0.20

2.01±0.51a
3.03±0.33a
2.49±0.45
2.63±0.13
2.47±0.19
1.37±0.19

0.84±0.44a
1.60±0.60a
1.24±0.48
1.49±0.23
1.04±0.28c

90.9±41.8
139.3±51.7
103.1±48.5
133.5±39.2
74.9±26.6 a

P<0.05, vs other groups; cP<0.05, vs groups 3 and 4. Student’s unpaired t test.

68

ISSN 1007-9327

CN 14-1219/ R

WJG February 1998 Volume 4 Number 1

Figure 4 Histological sections showing (A) 15, 40 and 80 µm
spheres lodged in liver (Group 3, original magnification ×
10), (B) 15 µm spheres lodged in lung (Group 1, original
magnification × 40) and (C) 80 µm spheres lodged in lung
(Group 2, original magnification×16).

Figure 1 Portal venous pressure (PVP) and wedged hepatic
venous pressure (WHVP) recordings obtained from a rat in Group
1 during intraportal microsphere injections and subsequent portal
venous occlusion (PVO).
Figure 2 Changes in portal venous pressure (PVP) following
intraportal microsphere injections in Group 1( ) and Group 2
( ).
a
P<0.05, bP<0.01, Groups 2 vs Group 1.
Figure 3 Changes in portal venous pressure (PVP) following
intraportal microsphere injections in Group 3( ) and Group 4
( ). Four rats in Group 4 died after the 6th injection and
therefore steady PVP recordings could not be obtained after this
time. bP<0.01, Group 4 vs Group 3.

Histological examinations showed that in
Groups 1 and 2 almost all of the portal radicles
identified in the fields were blocked by the injected
microspheres, with 15 µm spheres (Group 1) lodged
in the terminal portal venules and 80 µm spheres
(Group 2) lodged in the large portal radicles. In
Group 3, the large and small portal radicles were
simultaneously blocked by the different sized
spheres injected. However, in Group 4, portal
venules were mainly obstructed by the 80 µm
spheres, while many 15 and 40 µm spheres injected
after the 80 µm diameter spheres were trapped over
the 80 µm spheres. The results in Group 5 were
similar to Group 2, but with fewer spheres than
those observed in Group 2. Numerous microspheres
were found in the lungs of all experimental groups
(Figure 4).
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DISCUSSION
Anatomically the intrahepatic portal tract branches
into progressively smaller radicles until the sinusoids
are reached. Therefore, intraportal injection of
microspheres can block the intrahepatic portal
radicles and
lead to presinusoidal portal
hypertension. The present study confirmed that the
PVP was elevated to a steady state 100% - 270%
above the basal value following microsphere
injections. Obviously, the increase in PVP was
related to the size and numbers of microspheres
used: the 80 µm spheres caused a large, rapid rise in
PVP compared to 15 µm spheres (Figure 2). As
shown by the histology, the 80 µm spheres were
trapped in large portal radicles and therefore
smaller numbers would produce a marked PVP
raising effect. The results of sequential injections of
different-sized microspheres showed that the final
PVP was dependent upon the effect of the largest
spheres (Figure 3).
When intrahepatic portal radicles were blocked
by the microspheres injected, the presinusoidal
increase in resistance produced not only an elevated
PVP, but also a markedly lowered MAP because of
extensive mesenteric pooling of portalve nous
blood. Therefore, both the PVP and MAP should be
considered into the reproduction of this model. From
the results of the first four groups, it was found that two
injections (1.8 × 105) of 80 µm spheres created an
augmentation in PVP with the recovery of MAP.
Furthermore, all rats in Group 5 showed a normal
MAP and high PVP of 2.53 kPa ± 0.17 kPa which
was comparable to the value of 2.75kPa ± 0.07kPa in
the control group after partial portal venous ligation,
and to the value of 1.8 kPa ± 0.2 kPa found in our cirrhotic
model previously induced by carbon tetrachloride[2].
These suggest that 1.8 ± 105 of 80 µm spheres is the
suitable dose for induction of portal hypertension in the
model.
Clinically, portal hypertension is mainly caused
by different forms of chronic liver disease, and is
characterized by an increased resistance in the liver
and by the formation of portosystemic collaterals.
Though in early studies the site of the increased
resistance was thought to be postsinusoidal, recent
works have proved that the presinusoidal resistance
is also increased in cirrhotic liver and contributes to
the development of portal hypertension[5,6] . In
particular, the presinusoidal block is the main cause
of the idiopathic portal hypertension and the portal
hypertension resulted from chronic biliary
obstruction [7,8]. Therefore, this model, in regard to
the location of increased intrahepatic resistance,
possesses the general features of clinical cases.
Moreover, the fact that many microspheres
appeared in the pulmonary vascular bed suggested
the opening of portosystemic collaterals during the
procedure, with a diameter of more than
15 µm - 80 µm.
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Originally we believed that the presence of
microspheres in the lung is only due to the opened
extrahepatic collaterals, and this seems to be
supported by the observation that the SPP was
slightly lower than PVP. However, in this study
although the PVP in groups 1 and 2 did not increase
significantly after the 3rd injection, which implied
that the intrahepatic portal radicles had been
saturated by the microspheres injected, the final
PVP achieved was substantially less than that
obtained by portal vein occlusion. Consideration of
the simultane ous changes of PVP and WHVP in
Group 1 strongly suggested the existence of
intrahepatic portal-systemic shunts in the normal rat
liver. Opening of these shunts would permit portal
blood flowing directly into the hepatic veins,
leading to an elevation of WHVP and preventing
further increase in PVP. When the portalvein
occlusion was performed extrahepatically, the
function of intrahepatic shunts was deprived, and,
as a result, PVP could rise to an extremely high
level. The intrahepatic shunts have not been
described in the normal liver, but have been
reported in cirrhotic livers in rats[9] and in
humans[10]. It has been suggested that the frequency
of large shunts (diameter>25 µm) is relatively low
and this is probably responsible for the reduction in
WHVP after 80 µm microsphere injections in this
study.
This model of portal hypertension is intrahepatic and can be induced rapidly, with the opening of
intra- and extra-hepatic portal-systemic shunts. A
major advantage of this model is that while the
intrahepatic presinusoidal block is achieved acutely,
the normal liver architecture remains. This may be
particularly beneficial to the research in the actions
of mechanical obstruction or some humoral
substances, related to liver dysfunction[2], in the
pathogenesis of portal hypertension. In the
experimental cirrhotic model, it is difficult to
differentiate these two actions.
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Abstract
AIM To study the radioimmunoimaging (RAII) using
the human/mouse chimeric Ab to evaluate its targeting
activity in animal models.
METHODS To chimeric Ab was labeled with 131I.
RAII was performed at different intervals after injection
of radio-labeled Abs in nude mice with human
hepatoma xenograft, and tissue distribution of
radioactivity was measured. Comparison was made in
the chimeric Ab between the single segment Ab and
previous murine mAb against HBxAg.
RESULTS The experimental objects developed
tumor-positive image after 2 days of radio-labeled Abs
injection, and the peak accumulation of radioactivity
fell on the 7th day. The tumor/liver ratioactivity of the
chimeric Ab, single segment Ab, anti-HBx mAb, and
the control group was 281±0.21, 2.44±0.16, 4.60
±0.19, and 0.96±0.14, respectively.
CONCLUSION The genetic engineering Abs have a
considerable targeting activity which can be used as a
novel humanized vector in the targeting treatment of
liver cancer.
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INTRODUCTION

Human hepatocellular carcinoma (HCC) is one of
the most common malignant tumors in China.
Patients with such a tumor can not, by and large, be
diagnosed in its early stage and, therefore, lose the
chance for operation. The purpose of this study was
to explore the potential value of chimeric human/
mouse Ab applied to the treatment of HCC in
targeting therapy. Clinical evidence showed that the
anti-HBx mAb prepared by HCC-related hepatitis
virus X protein was effective vectors[1-3]. However,
because of its murine-derived nature, the protein
had certain immunogenecity, thus hindering its clinical applications in targeting therapy considerably.
In order to circumvent the obstacle, modifications
have been made to humanize the Abs using genetic
engineering techniques. The light- and heavy-chain
variable region (VH, VL) gene of the cloned antiHBx mAb were ligated with the constant region
( CH ) gene of human IgG, resulting in the
construction of a human/mouse chimeric Ab gene
and itsexpression in the prokaryotic vector[4]. In
this study, we carried out the radioimmunoimaging
(RAII) on nude mice models bearing human HCC
using 131 I-labeled chimeric Ab, aiming at
characterizing the localization of the chimeric Ab in
the HCC, and eva-luating its potential use as a
vector in targeting therapy.
MATERIAL AND METHODS
Preparation of the chimeric human/mouse Ab
and the single segment Ab

The chimeric Ab gene was cloned into pUC19, and
subcloned into expressing plasmid PBLMVL2, which
was a gift from Professor Wu (Shanghai Institute of
Biochemistry, Chinese Academy of Sciences,
China). A single colony from a fresh plate was
incubated in a 3 ml culture and grown overnight at
30 ; then transferred into fresh medium,
incubated at 30 for 2 h-3 h until A 600 = 0.5, and
then induced in a medium containing 15 mM MgSO4
at 42
for 3 h. The bacteria were collected,
cytolysed by ultrasonication, and aspirated. The
supernatant was dried by vaccum and stored at 20 .
Labeling of the Abs

The chimeric Ab, single segment Ab, anti-HBx
mAb and expression protein of E. coli (TG1) were
labeled with 131 I (provided by the Chinese Atomic
Energy Institute) by the Iodogen method.
Unincorporated 131 I was separated from the bound

8

ISSN 1007-9327

CN 14-1219/ R

iodine by gel filtration on a Sephadex G-50 column.
The whole process of labeling was a bacteria free
and pyrogen free event[5].
Animal model

22 LTNM4 nude mice models bearing human HCC
by subcutaneous implantation were established in
the authors’ institute. Of these models, 5 mice were
injected with chimeric Ab, 5 with single segment
Ab, 5 with anti-HBx mAb as positive control, 5
with 131 I as negative control, and 2 with TG1. A
small amount tumor sample (2 mm3 - 3 mm3) of
HCC tissue originated from a nude mouse was
transplanted subcutaneously into the 22 nude mice,
and tumors measuring 1 cm in diameter were used
for the immunoimaging study[6].
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other tissues expressed as T/NT ratio following the
injection of radio-labeled Abs after 7 days.
The tumor/liver ratio in human/mouse chimeric
Ab and single segment Ab was 2.81 and 2.44,
respectively in the experimental group, which was
significantly higher than that of 131I and TG1 in the
negative control group (0.96 and 0.41). But they
are lower than the tumor/liver ratio of murine
derived mAb (4.6) in the positive control group. In
addition, there has been a high accumulation of
radioactivity in blood, gastrointestinal tract and
kidney, especially predominant in the human/mouse
chimeric Ab.

Radioimmunoimaging and biodistribution
analysis

The experimental and control groups were injected
intraperitoneally with 131 I-labeled human/mouse
chimeric Ab, single segment Ab, anti-HBx mAbs,
TG1 and 131 I respectively at a dose of 250 µCi per
mouse. And γ imaging was operated on the 1st,
5th, and 7th day after injection. All animals were
killed on the 7th day following the injection in order to
determine the biodistribution of their radioactivity.

Figure 1 The binding activity curve of chimeric Ab by ELISA.
MoAbs: anti-HBx mAb; sfv: anti-HBx human/mouse chimeric Ab

RESULTS
Immunoactivity assay of the radio-labeled Abs

The human/mouse chimeric Ab, single segment Ab,
anti-HBx mAb, and TG1 were labeled by the
Iodogen method.
After
separation
of
unincorporated 131 I from bound iodine, the binding
activity of the chimeric Ab, single segment Ab, and
anti-HBx mAb remained unchanged by ELISA
(Figure 1).
Radioimmunoimaging of nude mice models
bearing HCC

One day after injection of the 131I-labeled human/
mouse chimeric Ab and single segment Ab, the
experimental animals showed distinct radioaccumulation in their abdominal cavities, whereas a
faint -image was developed in tumor region. From
the 5th day following injection, the distinct
background image gradually disappeared, and an
obvious radio-accumulation developed in tumor
region. This phenomenon lasted until the 7th day.
The positive control displayed tumor-positive image
on the 5th day following injection of anti-HBx
mAb, and even more clear tumor image was
obtained on the 7th day which was in conformity
with the previous reports. No accumulation was
found in the negative control with injection of TG1
and 131I. Since the thyroid glands of the nude mice
were not blocked, they showed obvious radioaccumulation in the experiment (Figure 2).
Biodistribution of the radio-labeled Abs

Table 1 shows the radioactivity of tumor versus

Figure 2 The localization of 131I-labeled chimeric Ab in nude mice
bearing human HCC.
A: 131I-TG1
B: 131I-chimeric Ab
D: 131I-anti-HBx mAb
C: 131I-single segment Ab
Arrow: the tumor image
1. The thyroid gland area
2. The bladder area
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Table 1 T/NT ratio of 131I in nude mice models bearing human
HCC (x±s)

Blood
Liver
Kidney
Spleen
GI
Heart
Bone
Muscle

131
I-labeled
chimeric Ab

131

1.81±0.35
2.81±0.21
0.48±0.09
0.64±0.09
1.06±0.03
3.84±0.37
4.25±0.20
10.86±0.76

3.26±0.09
2.44±0.12
2.22±0.07
1.59±0.13
0.40±0.08
3.23±0.23
5.71±0.11
11.39±0.26

I-labeled
segment Ab

131
I-labeled
anti-HBx mAb

1.70±0.05
4.60±0.20
2.66±0.15
1.74±0.01
2.67±0.33
6.10±0.51
6.70±0.24
10.38±0.16

131

I

0.76±0.14
0.96±0.14
0.42±0.05
0.97±0.09
0.90±0.01
1.86±0.15
1.84±0.13
3.62±0.22

131

I-TG1
1.18
0.41
0.69
0.37
0.07
2.39
1.97
4.07

DISCUSSION

Targeting therapy has been applied to the clinical
treatment of liver cancer as a powerful means to kill
tumor cells for more than a decade. In this context,
mAbs were usually the first choice. However,
because of the murine origin of these mAbs, their
repeated use often led to generation of antiantibodies which would markedly reduce their bioefficiency. Although several methods were adopted
such as changing species and varieties of antibodies’
origin, adding immunosuppressors, etc., the
incidence of human anti-mouse Abs (HAMA) was
63% - 95% after the treatment with murine derived
antibodies. The incidence of HAMA was 34.4% in
our report[7]. The ultimate approach to solving this
problem is, perhaps to reduce the immnogenicity of
antibodies, that is to humanize the antibodies.
Based on our previous results, the expression
level of X gene of hepatitis B virus was much higher
than that of s gene and c gene, the T/NT ratio of
anti-HBx- mAb approached 4.5 in the nude mice
models, clinical targeting therapy trial confirmed
that anti-HBx mAb was an exciting vector, and a
humanized chimeric Ab gene had been
established[4,5,8], we are trying to evaluate its
potential value in the targeting therapy as a novel
vector.
The results indicate that a distinct accumulation
of tumor radioactivity developed on day 5 after
injection of radio-labeled chimeric Ab, and an even
more obvious accumulation was obtained on day 7.
In bio-distribution analysis, the T/NT ratio on day 7
of the chimeric Ab, single segment Ab, positive
control anti-HBx mAb, negative control TG1 and 131
I was 2.81, 2.44, 4.60, 0.41 and 0.96,
respectively. This promising result suggests that
recombinant Abs do have affinity to liver cancer
tissues. Therefore, they can specifically direct
against liver cancer tissues.
Although the chimeric Ab displayed certain
high T/NT ratio, it did not surpass that of murine
derived mAb. The reason behind this may be as
follows: The Ab used in this experiment was the
expression product of E. coli. When it was
extracted from the bacteria by sonic cytosis, the
extracts were none other than primary yields of E.
coli. They contained not only the heat-induced Ab
protein, but also other impure proteins derived from
the expression of E. coli itself. For fear of possible
inactivity of the Ab by gel filtration method, the
expression product was not further separated and
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purified. This may account for the relatively low T/
NT ratio in E. coli; The chimeric Ab was the
product of prokaryotic expression vector. It is short
of post-translational processing toward foreign
protein by a eukaryotic system, such as glucolation,
methylation, carboxylation, etc,. This may result
in the production of an imperfect protein from
which the experimental results may suffer.
In regard to the relatively high accumulation of
radioactivity in blood, kidney, spleen, etc., the
possible answer may be due to the impure Ab
protein containing foreign substances which were
apt to be uptaken by mononuclear cells, leading to
the increase in the nonspecific binding.
The labeling ability was quite low for the
chimeric Ab and single segment Ab in this
experiment. Initially, we attributed this fact to
fewer lysine groups of the recombinant Ab than
those of murine derived mAb, for the principle of
Iodogen method is to incorporate iodine with lysine
groups of protein. Later, we found the amount of
lysine groups of the genetic engineering Ab were no
less than those of murine derived mAb. Therefore,
our conclusion in terms of the low labeling ability of
the recombinant Ab was the impurity of the protein
with excess of foreign substances, and the lack of
modification during post-translational processing.
In a word, recombinant chimeric Ab has the
advantages of low immunogenicity and high bioefficiency of antibody-mediated ADCC and CDC,
which certainly approve its qualification in clinical
use. There is, however, much to be desired in terms
of the practical use of chimeric Ab in clinical
targeting therapy. Currently, work is underway in
our institute to further separate and purify these
chimeric Ab, make it expressed in eukaryotic
systems in order to obtain intact secretory Ab.
In line with the advance of novel technologies
in biomedical sciences, the increasing use of phage
display antibody library technique, the antibodies,
derived from the total antibody library, can be
constructed in vitro without immunization in vivo .
It can be well predicted that in the near future,
certain active proteins with high affinity will be
produced to benefit the mankind.
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Abstract
AIM To establish a nonradioactive assay for 2’-5’
oligoadenylate synthetase (2-5 AS) and to measure
the 2-5AS in peripheral blood mononuclear cell
(PBMC) extracts of patients with chronic hepatitis C
before IFN-α injection, 24 hours and one month after
the first injection.
METHODS 2-5AS in cell extracts of PBMCs from 10
normal persons and 15 chronic hepatitis C patients
were determined with PEI cellulose thin-layer
chromatography.
RESULTS The assay of 2-5AS in human PBMC was
found to be rapid, sensitive, specific and reliable. The
2-5AS activity of PBMC in normal persons was in a
quite low level (2.0%), and it was increased about
ten-folds after stimulation of IFN (19.7%), (P <
0.01). In 15 chronic hepatitic C patients, the basal
levels of 2-5AS before IFN treatment were higher than
those of normal persons, being much higher in the
group showing poor response to IFN treatment, but
24h after the first injection of IFN-α the 2-5AS level
showed a more rapid and much greater rise in those
patients with a good response.
CONCLUSION 2-5AS may be a useful parameter of
biological response during the IFN therapy.

INTRODUCTION
The double-stranded RNA (dsRNA) dependent
enzyme, (2’-5’) oligoadenylate synthetase (2-5AS),
which was first discovered in interferon (IFN)treated cells, could polymerize ATP into (2’-5’)
oligoadenylate (2-5A). These were probably related
to the antiviral activity and perhaps
antiproliferative effects of IFN, called 2-5AS
system. Treatment of cells (such as peripheral blood
mononuclear cells, PBMC) with IFN led to the de
novo synthesis of 2-5AS; this enzyme could produce
oligoadenylates from ATP in the presence of doublestranded RNA (ds RNA) according to the equation:
(n + 1) ATP PPP5’A(2’P5’A) n+nPPi (n
1).
(2’ -5’) oligoadenylates greater than the dimeric
form could activate an endoribonuclease (RNase L)
which was able to cleave mRNA, leading to
aninhibition of viral protein synthesis[1].
Recently, some researchers determined 2-5AS
level of PBMC in patients with chronic viral
hepatitis as a biological response parameter during
the therapy with IFN or in the diagnosis of diseases
related to the IFN system. Now, lots of radioactive
methods have been reported for measuring 2-5AS in
EAT cells, Hela cells, Wish cells, rabbit
reticulocytes and lymphocytes[2]. In this paper, we
deve-lopeda non-radioactive assay for determining
the 2-5AS in human PBMC: PEI-cellulose thin-layer
chromatography.
MATERIALS AND METHODS
Preparation of rabbit reticulocyte lysate
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Rabbit reticulocytes were prepared from adult male
New Zealand rabbits (from Animal Laboratory of
Beijing Medical University) by a modified method
of Borsook et al[3]. One ml of a neutralized 2.5%
aqueous solution of phenylhydrazine hydrochloride
was injected subcutaneously each day, together with
0.05 mg of folic acid and 0.05γ of vitamin B12 were
injected intramuscularly daily, reticulocyte counting was
performed on smears of blood drawn from ear veins
and stained with brilliant cresyl blue in 0.15mol/L NS.
On the 7th or 8th day, blood samples were drawn while
over 90% of the circulating red cells were then
reticulocytes.
The blood samples were added to a flask
containing heparin, washed three times with 0.01
mol/L phosphate buffer solution (PBS) pH 7.4.
After centrifugation, the supernatant was removed
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completely and the cells were treated with equal
volume of lysis buffer (20 mmol/L Tris-HCl pH
7.6, 5 mmol/L magnesium acetate, 30 mmol/L 2mercaptoethanol, 1 mmol/L EDTA, 10% glycerol,
0.5% Nonidet P-40) at 4 for 30 minutes. After
centrifugation (15,000 × g, 10 minutes at 4 ), the
2-5 AS containing supernatant was collected and
frozen at -70 for use.
Preparation of human PBMC extracts

Human PBMC of 10 normal persons were isolated
from heparinized whole blood (5-10ml) by FicollHypaque sedimentation (Lymphocyte Separation
Medium). Then 1×107 washed PBMC per ml were
incubated 24 hours (37 , 5%CO2) in RPMI-1640
supplemented with 20% fetal calf serum with or
without adding IFNα (INTRON, Schering, NJ) at
1000 U/L. After washing three times with PBS,
PBMC were sedimented at 9000×g for 1 minute and
then lysed by lysis buffer (1×107 cells per ml), and
extracts were prepared by centrifugation of the
lysed cells at 15 000×g for 10 minutes at 4 , then
were stored at -70 for use.
PBMC extracts from fifteen chronic hepatitis C
patients were prepared as stated above, before IFN-α
injection, 24 hours and also 1 month after the first injection
of IFNα. They were stored at -70 for use.
Assay of 2-5AS

Because 2-5AS can catalyze the synthesis of 2-5A,
the detection of 2-5A might be a reflection of the 25AS activity. In this study, we used the PEIcellulose thin-layer plates (Sigma, USA) to separate
2-5A from residual ATP. The plate can specially
separate the chemical compound with over 3
molecule-phosphate residues from those with less
than 3 molecule-phosphate residues by thin-layer
chromatography. First, the residual ATP not
polyme-rized into 2-5A was digested with digestion
buffer (Hexokinase 2.52 g/L, 30 mmol/L glucose
monohydrate, 10 mmol/L magnesium acetate) to
transform it into ADP (with 2 molecule-phosphate
residues), then the chromatography was carried
out, so the 2-5A was separated from ADP. The
results of chromatography could be seen under
ultraviolet lamp.
Poly (I) : poly (C) agarose beads were washed
with buffer A (20 mmol/L Tris-HCl pH 7.6, 5
mmol/L magnesium acetate, 30 mmol/L 2mercaptoethanol, 1mmol/L EDTA, 10% glycerol)
three times, then suspended in buffer A (1 + 1 by
vol) and 40 µl aliquots were transferred into
Eppendorf tubes. After centrifugation and removal
of supernatant, 400 µl PBMC extracts (or 0.8 ml
rabbit reticulocytes lysates) were added into the
tubes, reaction continued for 1 h at 4 . Following
this binding reaction, the agarose-beads were
washed four times with 800 µl buffer A. The 2-5AS
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reaction was started by addition of 25 µl buffer B
(buffer A + ATP 3 mmol/L, poly (I) : poly (C) 50
mg/L, creatine phosphokinase 0.1 g/L, creatine
phosphate 6mmol/L), then incubated overnight at
37 , the reaction was stopped by heating the
mixtures (3-5 minutes at 95 ). After 2-5AS
reaction, 20 µl of incubation mixture supernatants
was transferred into wells of microtiter plates, 5 µl
of digestion buffer were added (30 minutes at room
temperature). Then all the samples were spotted
onto a PEI-cellulose thin-layer plate (20 cm × 20 cm)
2 cm from the bottom. After drying the spots, the
plate was immersed in methyl alcohol for 10 minutes
with continuous shaking. After drying the plate,
the chromatography was developed in
chromatographic buffer (0.75 mol/L potassium
phosphate tribasic anhydrous, pH 3.5) and
developed to the top of the plate in this solvent, the
procedure took about 10 minutes. The plate was
then dried and exposed to ultravioletray: there was
only one ultraviolet absorbing spot of “ADP” to the
PBMC sample without 2-5AS activity, but there
were two spots (one for “ADP”; another for “25A”) to the sample with different 2-5AS level.
Under UV analyzer, each spot was then cut out
with scissors, to be immersed into 0.5 ml soaking
buffer (20 mmol/L Tris-HCl pH 7.6, 1 mmol/L
EDTA, 1.5 mol/L NaCl) overnight, and
absorbance at 259 nm was determined by the
supernatant of each sample. The 2-5AS activity was
calculated from the percentage of ATP turnover,
according to the following formula:
OD2-5A
× 100%
OD2-5A+ODADP
Study designs

Study 1: Each batch of rabbit reticulocyte lysate was
subject to examination sixteen times.
Study 2: PBMC extracts from 10 normal
persons were measured for 2-5AS with or without
induction by IFNα, and the results were used for
determining the varying responses in different
normal persons to IFNα.
Study 3: Fifteen patients with chronic hepatitis
C (11 male, 4 female; the average age for 40.7
years) who were treated with IFNα were studied.
All the patients were positive for anti-HCV and
HCV-RNA, but negative for anti-human immunodeficiency virus (HIV) and anti-hepatitis A, B and
D, their diseases had lasted more than one year,
and all the fifteen patients had elevated serum
alamine aminotransferase (ALT) activities of at
least twice the upper limit of normal before IFNα
therapy.
The patients were given IFNα intramuscularly
for 3 months, at a dose of 3 mega units (MU) daily
during the first 4 weeks and then thrice weekly for 8
weeks. Determinations for 2-5AS of PBMC were
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performed in samples obtained pre-treatment, 24 h
and 1 month after the first injection. At the same
time, the fifteen patients’ serum samples were
examined every two weeks for ALT and anti-HCV,
HCV-RNA. This study was to determine the
relation between 2-5AS level and the curative effect
to IFNα for chronic hepatitis C patients.
Statistical analysis

Statistical analysis was made with t test.
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folds of that before IFNα injection.
These 15 patients were divided into two groups.
In group A (9 patients), HCV-RNA disappeared
after IFNα therapy, and group B (6 patients) HCVRNA remained detectable after treatment. Their 25AS levels are shown in Table 3.
Table 1

The digestive results of ATP

The volume of digestion buffer (µl)
Digestive percentage of ATP (%)

0 1
2
3
4
5
0 3.1 18.3 34.1 100 100

RESULTS
Digestive results of the residual ATP

To 25µl of the buffer B was added different volumes
0µl - 5µl per sample) of digestion buffer. After
reaction, the incubated mixtures were spotted onto
a plate and the chromatography was developed, the
digestive percentage of ATP with different volumes
of digestion buffer is shown in Table 1.
The digestive ratio of ATP was analyzed
according to the similar formula of the turnover
percentage of ATP:
OD ADP
× 100%
ODADP+ODATP
The results of Table 1 suggested that when 4µl
of digestion buffer was added, the residual ATP in
the incubation mixtures could be changed
completely into ADP even if there was no 2-5AS
activity in the sample. To ensure the accuracy of the
assay, 5µl of digestion buffer was added.
Results of rabbit reticulocyte lysates (study 1)

The results of rabbit reticulocyte lysate in the 16
determinations of a single sample for 2-5AS were
31.6 ± 0.02 (x%±s), with CV of 6.0%.
Results of 2-5AS in PBMC of 10 normal persons
with or without induction by IFN-α (study 2)

PBMC extracts were examined for 2-5AS in one
batch; the average levels of the cells before (Group
A) and after (Group B) induction by IFNα are
shown in Table 2.
Results of 2-5AS in 15 chronic hepatitis C
patients (Study 3)

In the fifteen patients, after IFNα therapy, the
ALT normalization rate was 53.5% (8/15) and the
ALT reduction rate (> 50% decrease of baseline
ALT) was 33.3% (5/15), with a total improvement
rate (normalization plus reduction rate) of 86.6%
(13/15); clearance rate of HCV-RNA was 60.6%
(9/15) and of anti-HCV was 20.0% (3/15).
Before IFNα therapy, the 2-5AS average
activity in PBMC of 15 patients was 12.6%,
significantly higher than that of the normal group
(P<0.01); the 2-5AS levels of patients 24 h and 1
month after the first injection was 64.9% and
40.4% respectively, an increase of 7.0 and 4.7

Table 2

2-5AS levels in different groups
Group A
Before IFNα stimulation
10
2.0
0.02
<0.01

n
x(%)
s
P

Table 3

Group B
After IFNα stimulation
10
19.7
0.09

2-5AS levels in groups A and B patients (x±s)
2-5AS level

Group

n

A
B
P

9
6

prea
9.3±4.7%
17.5±5.9%
<0.05

24hb
72.1±15.3%
54.1±14.2%
<0.05

24h/pre

1 monthc

1 month/pre

9.4±4.3
3.4±1.6
<0.01

42.3±8.2%
37.5±7.0%
>0.05

6.2±5.0
2.4±0.8
>0.05

a
pre: pre-treatment; b24 h: 24 h after first injection; c1 month: 1
month after first injection.

DISCUSSION
Chronic viral hepatitis is one of the major infectious
diseases that endangers the public health seriously
and thus is an important world wide problem. At
present, there is no effective medication other than
interferon ( IFN ). It is known that IFN has
antiviral, antiproliferative, and immunoregulating
properties, and its therapeutic effect depends to
some extent on the dose, schedule and route of
adiministration. So the determination of the optimal
dose, schedule and route of administration is an
important way to improve the response of patients
treated with IFN. But the concentration of IFN in
peripheral blood is very difficult to determine
because of its low blood concentration and short
half-life. Recently, some people determined the
interferon-induced enzymes (such as 2’-5’
oligoadenylate synthetase, 2’-5’ oligoadenylate
phosphodiesterase and protein kinase et al) as a
biological response parameter of IFN[4] therapy.
Since the assay of 2-5AS was first reported in
1979, lots of methods had been introduced[5-8]. In
this study, a new nonradioactive assay of 2-5AS was
developed, the results of 2-5AS in rabbit
reticulocyte lysates showed that this assay was a
sensitive, rapid and specific method. The assay of
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2-5AS in PBMC of 10 normal persons with or
without IFN induction showed the following results:
The 2-5AS activity of PBMC in normal person was
at a quite low level (2.0%), and the individual
difference was obvious (0% - 7.1%, s = 0.02);
The 2-5AS level increased about ten-fold after
stimulation of IFN (19.7%), and the difference of
2-5AS levels before and after IFN stimulation was
significant (P < 0.01);
There was much
differences in the response of IFN stimulation in
different persons (9.5% - 36.6%, s = 0.09) and
this might be a reason to explain a variable
therapeutic effect of IFN in different patients.
Now, many reports have shown the
relationship between 2-5AS level and the therapeutic
effect of IFN in chronic hepatitis B patients[9,10],
but we have not seen any report about chronic
hepatitis C. In our study, the newly developed assay
of 2-5AS (PEI-cellulose thin-layer chromatography)
was used to determine 2-5AS in 15 chronic hepatitis
C patients treated with IFN. The results showed
that: The 2-5AS activity of PBMC in patients
with chro-nic hepatitis C before treatment was much
higher than that of normal persons ( 12.6% vs
2.0%, P < 0.01). In patients with effective
treatment (HCV-RNA disappeared after IFN
therapy), the 2-5AS activity before IFN therapy
was lower than that in patients with ineffective
treatment (HCV-RNA remained detectable after
IFN therapy) (9.3% vs 17.5%, P < 0.05). This
might be associated with the endogenous IFN
system, which has already been activated in patients
with poor response to IFN the-rapy; the use of large
doses of external exogenous IFN might inhibit the
activated host IFN system. Twenty-four after the
first injection, the 2-5AS of all 15 patients increased
in different degrees, compared with its basal levels
(average 7.0 fold increase), but the 2-5AS level in
patients with effective treatment increased more
significantly than in patients with ineffective
treatment (72.1% vs 54.1%, P < 0.05; 9.4 folds

73

vs 3.4 folds, P < 0.01). This suggested that a
greater increase of 2-5AS in PBMC 24 h after the
first injection of IFN might be associated with the
effectiveness of IFN therapy. One month after
the first injection, 2-5AS level was also higher than
its basel level (average 4.7 fold increase), but there
was no difference between patients with good
response and those without (42.3% vs 37.5%, P >
0.05; 6.2 fold vs 2.4 fold, P>0.05).
In summary, the results of our study suggest
that:
The developed assay in this study (PEIcellulose thin-layer chromatography) is a reliable
way to determine 2-5AS of PBMC. In patients
with chronic hepatitis C, a less elevated basal level
of 2-5AS of PBMC before IFN therapy and a rapid
and greater increase in 2-5AS 24 h after the first
injection of IFN may anticipate a better response to
IFN therapy.
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Abstract
AIM To explore a simplified method for isolation of
hepatocytes and establish a method of primary
hepatocyte culture with more aggregates and longer
persisence.
METHODS Wistar rat hepatocytes were isolated by
a single extracorporeal two-step perfusion method,
and the cells were seeded on poly-HEMA coated flasks
and cultured with hormonally defined medium and
gentle shaking at regular intervals.
RESULTS The total yield of isolating hepatocytes
amounted to 108 cells for each rat liver with the
viability of more than 90% in all isolations. Under the
nonadherent environments, the cells were found to
attach to each other and form multicellular aggregates
rapidly, and the aggregates became spheroidal shape
after two days in culture. The morphologic
characteristics and albumin synthetic function of the
multicellular spheroidal aggregates can be maintained
for one month.
CONCLUSION The simple and reliable isolation as
well as large scale and longer time culture of
hepatocytes can be used for experiments in liver cell
transplantation and bioartificial liver support system.

INTRODUCTION
Hepatocyte culture, as an optimal model in vitro, plays
an important role in the studies of liver disease[1].
However, the collagenase perfusion technique in situ
can not be performed easily, the usual culture of
hepatocytes, seeded on tissue culture dish under classical
culture conditions can not adapt to large scale and high
density culture and can not maintain liver-specific
functions for longer time, thus limiting the development
and application of hepatocytes culture. In this study, we
used a simplified two-step perfusion method and some
effective measures to isolate the rat hepatocytes in vitro
and culture hepatocyte as spheroidal aggregates.
MATERIALS AND METHODS
Animals

Wistar rats weighing 150 g - 200 g, were provided by
the Experimental Animal Centre of Third Military
Medical College. The animals have received
standard laboratory diet.
Cell isolation

Liver cells were isolated by an adaptation of the
two-step perfusion method[2]. Briefly, the animals
were anesthetized with barbital (30 mg/kg, b. w,
intraperitoneally) and their livers were removed
intact. The liver was first perfused in vitro via the
portal vein with warmed (37 ) Ca2+ and Mg2+ free
Hanks balanced salt solution at a flow rate of 5 - 8
ml/min for 10 - 15 ml/min, and then perfused with
0.05% collagenase (Sigma, Type IV) in the same
solution supplemented with 5 mM CaCl2 and 50 mM
HEPES. The reperfusion with collagenase soultion
lasted 20min at a rate of 5 ml/min at 37 . After
10min of incubation (37 ) with gentle shaking, the
suspension was filtered and hepatocytes were
sedimented at 50 g for 3min.
Aggregate culture
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Freshly isolated liver cells (4×105 in 1 ml of RPMI
1640 medium) were seeded in culture flasks
precoated with poly (2-hydroxyethyl methacrylate)
(poly-HEMA, Sigma) and cultured in a humidified
atmosphere of 5% CO2 and 95% air at 37 . In
order to inhibit cells attachment on wells and
promote cells agregation, the culture flasks were
rotated at a re-gular interval. After 4 h of
incubation, RPMI 1640 medium was changed by a
hormone defined medium (HDM) composed of
Williams medium E supplemented with 10 mg/L
insulin, 10 µg/L HGF, 50 µg/L EGF, 100 µg/L
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hydrocortisone, 100 µg/L glucagon, 50 mg/L
linoleic acid, 100 U penicillin, 0.1 mg/ml
streptomycin, 1 mg/L amphotercin B and 10% FCS
(mainly reagents were purchased from Sigma). The
medium was changed every day.
Histology

Cell morphology in the culture was observed under
Olympus phase contrast microscope. For electron
microscopy the spheroidal aggregates of hepatocytes
cultured for different time periods were fixed at 4
for 4 h with 3% glutaraldehyde in 0.1 M phosphate
buffer and post-fixed for 1 h with 1% OsO4,
dehydrated in graded ethanol solutin and embedded
in Epon 618. Ultrathin sections were prepared
coventionally and observed with a JEM-2000SX
transmission electron microscopy (TEM). Scanning
electron microscopy (SEM) sample was dehydrated
by the same method and further dehydrated by
critical point-drying. A thin-layer of gold was
deposited on the cell surface by a sputtering system
and examined in AMRAY 1000B SEM.
Albumin production

The albumin synthesis by hepatocytes in culture
media was determined on the Beckman CX-7
Synchron Clinical System.

RESULTS
The total yield of isolated hepatocytes by the
simplified two-step perfusion method amounted to 2
- 4 × 108 cells for each liver. The viability of
hepatocytes as judged by the trypan blue test was
estimated as 90% - 98% in all isolations.
Under the defined culture environment and
repeated gentle shaking, the freshly isolated
hepatocytes attached to each other within 4 h - 8 h
and multiple aggregates of different sizes were
loosely formed and the multiplicity of aggregates
increased along with time. Up to 48 h, a lot of
regular spheroidal aggregates were seen in flasks.
The aggregate hepatocytes spheroids appeared very
tight and dense in centre, and on the surface of the
spheroids attached a lot of single cells as flower
(Figures 1,2). Through action of single cells, some
spheroids were also attached to each other. The
characteristics of spheroidal aggregates can be
maintained until the 30th day of culture. At the
same time, TEM revealed that the cultured
hepatocytes had a large round nucleus and abundant
cytoplasmic organelles as observed in normal ones
(Figure 3).
When the aggregate culture stopped, cell
spheroids were transferred into collagen-coated
wells. After 24h of incubation (37 , 5% CO 2)
approximately, 74% - 81% spheroids were seen to
attach on substratum and many cells incorporated
into spheroids migrated out forming a monolary
(Figure 4).

Figure 1 Phase-contrast microscopic feature of multicellular
spheroidal aggregates of hepatocytes at day 4. (× 200)
Figure 2 Scanning electron microscopy of spheroidal aggregates at
day 14. (× 1000)
Figure 3
Transmisson electron microscopy of hepatocyte
spheroids cultured for 25 days, showing abundant organelles in
hepatocytes. (× 10 000)
Figure 4 Phase-contrast photomicrograph of hepatocyte spheroids
attached to collagen-coated wells. (× 100)
Figure 5 Albumin synthesis and secretion by aggregate
hepatocytes.
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Secretion of albumin by hepatocytes was
virtually detectable in the aggregate culture. By 5
days in culture, a marked increase in albumin
production was seen, which can be maintained until
the 25th day of culture. By 30 days, albumin
secretion decreased rapidly (Figure 5).

DISCUSSION
Until recently, hepatocytes are isolated according to
the two-step perfusion method devised by Seglen.
But as the method required a special apparatus and a
lot of collagenase for liver perfusion in situ it is not
so easy to completely dissociate the hepatocytes and
to perform hepatocytes culture in ordinary
laboratories. In our experiment, the rat liver was
removed and perfused with colla genase in vitro.
Although the yield of isolated hepatocytes is
relatively low, the number still amounted to 108 cells
and more than 90% of hepatocytes were viable. The
equipment necessary for use was simple, the dose of
collagenase was much lower than by Seglen method,
and it can be adjusted according to the requirements
of hepatocytes. These denote that the collagenase
perfusion in vitro is a simple and reliable method for
isolating hepatocytes from the biopsied samples and
animal livers, which may be useful in performing
hepatocytes culture widely.
Under the standard monolayer culture
conditions, maintenance of survival and different
functions of cultured hepatocytes have proven to be
difficult. It is also difficult to provide large scale
production of hepatocytes for some special use.
Therefore some attempts have been made to
increase the functional longevity and large scale
production of hepatocytes in primary culture. For
example, cultures of rat hepatocytes on Biosilon
microcarriers allow one to obtain large metabolic
active cells[3], cocultures of human or rat
hepatocytes with rat liver epithelial cells allow the
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maintenance of several liver functions up to 2
months[4].
But the microcarrier method and coculture are
unfavourable in use. Since the culture of neonatal
rat liver cells in spheroidal aggregates was described
by Landry et al[5], special attention has been paid to
the culture method. Because the spheroids were
formed in three-dimensional structures where cellcell contacts are maximized, and the reaggregate
and re-form structures resembled in some aspects of
those found in vivo. Under those cultural
conditions, the hepatocytes can mainta in viability
and functional integrity for months. Our
experimental results were in agreement with that,
albumin was still secreted by cell aggregates up to 30
days of culture, at the same time, the cells were still
capable of attaching collagen-coated wells possibly
due to the effective methods including poly-HEMA,
HDM, cell growth factors and a rotating method.
Culturing of hepatocytes as spheroidal
aggregates may be preferable to monolayer culture
as an experimental liver model. The exciting
potential applications may include the use of these
hepatic spheroids for investigation in therapeutic
measures for acute hepatic failure, such as
hepatocytes transplantation and the construction of
extracorporeal bioartificial liver support systems.
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Abstract
AIM To investigate the age-related alterations of
cytoskeleton system in liver Kupffer cell and their
relation to the changed phagocytic function.
METHODS The phagocytic function of Kupffer cells
from rats of various ages (6 mo, 12 mo,18 mo and 24
mo) were quantitatively evaluated by phagocytosis of
polystyrene beads. The actin distribution and
measurement of Kupffer cell were determined by a
phalloidin-TRITC method; and the myosin and vimentin
distribution and measurement with indirect
immunochemical staining.
RESULTS Aging resulted in significant alterations of
actin, myosin and vimentin distributions and reductions
in Kupffer cell; the 3 cytoskeleton components of 24 mo-old Kupffer cell were significantly decreased to
68.0%, 84.9% and 75.5%, respectively of these of
6-mo-old Kupffer cell(P < 0.01,0.01 and 0.01). And
these decreases had significant positive relations with
the damaged phagocytosis of the aged Kupffer cell. γ
values were 0.96(P < 0.05), 0.99(P < 0.01) and
0.95 (P < 0.05) respectively.
CONCLUSION The cytoskeleton system of the aged
Kupffer cell presents an evident state of senescence,
which may be an important mechanism of decreased
phagocytosis of the aged Kupffer cell.
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INTRODUCTION
Kupffer cells account for about 30% of
nonparenchymal liver cells and constitute the largest
pool of resident macrophages in the body. They
play an essential role in the elimination of foreign
substance derived from the systemic circulation
mainly through phagocytosis. The age-related
alterations in Kupffer cell function are considered to
be related to the susceptibility to sepsis after trauma
or infection or to tumor of the old people[1]. In this
study, the distribution and contents of actin,
myosin and vimentin in Kupffer cells of various
ages, and a quantitative evaluation of phagocytosis
of polystyrene beads by primary cultured Kupffer
cells of various ages will be described.
MATERIALS AND METHODS
Animals and groups

Twenty-four Wistar rats of different ages obtained
from the Chinese Herb Research Institute of
Sichuan Province were rendered into 4 groups (6,
12,18 and 24 months of age). Each group had 6 rats.
Kupffer cell isolation and culture

Liver nonparenchymal cells were isolated by a
collagenase-perfusion method as reported
previously[2]. Briefly, after anesthesia (30 mg of
barbital/kg body wt., intraperitoneally), the liver
was perfused in situ with Ca++ -free Hanks balanced
salt solution at 37
for 3min. Then 0.05%
collagenase (Sigma, Type IV) was added and the
liver was perfused for a further 4min with Hanks
balanced salt solution. After gentle shaking, the
suspension was filtered and hepatocytes were
sedimented at 50 × g for 3min. Non-parenchymal
cells from the treatment were collected and
sedimented at 300 × g for 10min. The pellet of
nonparenchymal cells was resuspended and cultured
with RPMI 1640 medium (containing 15 mmol/L
HEPES, 0.05 U/ml insulin, 15 mmol/L Lglutamine, 100 U/ml penicillin and 100 µg/ml
streptomycin) supplemented with 10% newborn calf
serum. After 30min, the non-adherent cells were
deleted. The viability of the KC was greater than
90% as determined by trypan blue exclusion.
Distributions and content measurements of
actin, myosin and vimentin of Kupffer cell

Kupffer cells were fixed on a plastic dish and the
phalloidin-TRITC (Sigma) method was used for
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staining actin by a previously reported method[3].
The samples were observed under fluorescence
microscope (Olympus VANOX) and the actin
contents were determined using a fluorometer
( Hitachi MPF-4 ). Indirect immunochemical
staining was performed for myosin and vimentin
using anti-myosin antibody and anti-vimentin
antibody(Sigma)[4]. The samples were observed by
using a 40-fold objective (Olympus VANOX). The
staining images were collected by means of a
Panasonic CL320 videotape camera and sent into an
image analyzing computer system (CMIAS007) for
quantitative assessment of the gray scale.
Quantitative analysis of phagocytic activity

The phagocytic function of Kupffer cell was
quantitatively measured by a method previously
reported[4,5]. Cultured Kupffer cells were incubated
with RPMI 1640 medium supplemented with 10%
fetal calf serum at 37
for 6 h. After the
incubation, 1.7 × 108 polystyrene beads/dish
(diameter 1.1 µm, Sigma) were added to the
cultures, which were maintained for a further 60min
at 37 . The cultures were washed three times with
RPMI 1640 medium and the numbers of beads in
Kupffer cells were counted under an inverted phase
contrast microscope (XSJ-D), Chongqing Optical
Electric Appliances Plant). One hundred Kupffer
cells randomly selected from each of 5 different cell
preparations were used for the phagocytosis study.
Statistical analyses

The results were expressed as x ± s and statistical
analyses were made with one-way analysis of
variance and Student’s t test.

RESULTS

Figure 1 Distribution of myosin and vimentin of 6-month-old
(a,b) and 24-mo-old(c,d) Kupffer cells (ABC×400).
a and c: myosin;b and d: vimentin.

Table 1 The actin, myosin and vimentin contents of Kupffer
cells of each age group
(x ± s)
Group

Actin (n = 6)

Myosin (n = 5)

Vimentin (n = 5)

(ng phalloidin/µg prot.)

(gray scale)

(gray scale)

Distribution of actin, myosin and vimentin in
rat Kupffer cells at various ages

6 mo

8.63±0.60

134.88±8.14

137.50±5.71

12 mo

8.24±0.53

141.46±5.18

129.91±7.01

Aging caused morphological changes in cytoskeleton
system of Kupffer cells are shown in Figure 1. Kupffer
cells of 6-mo-old rat appeared flat and there were
several pseudopodia on the surface. The myosin was
shown in the pseudopodia. In fluorescent staining for
actin, intense specific fluorescence was observed in both
the cytoplasm and the peripheral region along
pseudopodia. The distribution of actin was similar to
that of myosin. Vimentin positive fibres extended
throughout the whole cytoplasm and a perinuclear
accumulation was also present in 6-month-old Kupffer
cells. Kupffer cell of 24-month-old rat appeared small
and circular and the number of pseudopodia decreased.
Weak and diffuse fluorescence and staining could be
observed around the pseudopodia and the nuclei of the
aged cells in actin and myosin staining respectively.
Weak staining could also be observed throughout the
cytoplasm of the aged Kupffer cells in vimentin
staining.

18 mo

6.20±0.71 b

121.89±7.52a

118.13±13.54 a

24 mo

5.87±0.49 b

114.45±5.09 b

103.08±8.41 b

a

P<0.05,bP<0.01, vs 6 mo.

Quantitative measurement of the 3 cytoskeleton
components of Kupffer cells at various ages

Aging resulted in significant reductions of the 3
cytoskeleton components mentioned above, i. e. ,
the contents of actin, myosin and vimentin in 24mo-old KC were significantly decreased to 68.0%,
84.9% and 75.5% respectively of those in 6-mo-old
KC (P<0.01,0.01 and 0.01), (Table 1).
Phagocytic activities of Kupffer cells from each
group

In the 6-mo group, 19.6 ± 2.1 beads were taken up
by cultured Kupffer cells during the 60min
observation period. In 12-mo, 18-mo and 24-mo
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groups, 20.8 ± 2.1, 12.7 ± 1.5, 8.6 ± 2.3 beads
were taken up into Kupffer cells respectively. The
difference between 6-month-old group and 12-moold group was not significant (P > 0.05). The
difference between 6-mo-old group and 18-mo-old
group and that between 6-mo-old group and 24-moold group were significant (P<0.05).
Analysis of correlation

Significant positive correlation was found between
the changes of actin, myosin and vimentin contents
in Kupffer cell aging and the damaged phagocytosis.
γ values were 0.96 (P<0.05), 0.99(P<0.01) and
0.95(P<0.05), respectively.

DISCUSSION
Kupffer cell is the main component of the host
monocyte-macrophage system. It is crucially
important for the host to fight against infection or
sepsis[6]. The previous study showed that the
decreased phagocytosis of the aged Kupffer cell was
responsible for the increased severity of
pathophysiological changes after endotoxemia[7]. So
it is of significance to study the mechanism of
decreased phagocytosis in Kupffer cell aging.
A 24-mo-old rat was used in the present
experiment as the aging model, which was
comparable to the age of 65 - 75 in the human
being, an age period consistent with the standard of
old people of our country. So 24-mo-old rat may
serve as a qualified model for the study of Kupffer
cell aging[2].
The mechanism of phagocytosis by Kupffer
cells is still not completely understood. The ruffling
of cell membrane and formation of pseudopodia
play an important role in the phagocytosis of
Kupffer cells and this is believed to be accomplished
by the cytoskeleton. In the cytoskeleton, actinmyosin interaction through the calcium-calmodulin
systems plays a major role in this activity[8]. In this
system, intracellular Ca2+ combined with
calmodulin to form the active calcium-calmodulin
complex, which activates an enzyme, myosin light
chain kinase, for phosphorylating the light chain of
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myosin. Phosphorylated myosin, but not
unphosphorylated myosin, can interact with actin to
induce the activity of cell membrane and
pseudopodia and then phagocytosis. The process of
this system is reversible, in that a phosphatase can
catalyze dephosphorylation of myosin, restoring it
to a form that can not be activated by actin.
Vimentin is another important cellular
cytoskeleton component. It is in radial arrangement
in cytoplasm, forming a frame to support the actinmyosin system and other organelles. It can prevent
the cell from being injured by changing its tension,
thus keeping the cellular shape.
In the current study, the distribution and
determination of actin, myosin and vimentin in
Kupffer cells at various ages were studied and our
observations reve aled that the distributions of the 3
cytoskeletons dramatically changed and their
contents significantly decreased in aged Kupffer
cells. The actin fluorescence and myosin staining in
the area of the pseudopodia became weak in the
aging Kupffer cells. The vimentin staining
throughout the whole cytoplasm became weak too.
These results indicate that the age-related damage of
the cytoskeleton system in Kupffer cell aging is one
of the important mechanism responsible for a
decre ase in phagocytosis.
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Abstract
AIM To study the clinical significance of the
diagnosis and catheterized interventional treatment of
digital subtraction angiography (DSA) for pancreatic
tumors.
METHODS Ninety-two patients with pancreatic
tumor, 69 males and 23 females, aged from 41 to 70
years (mean 57.1 years) were diagnosed with DSA.
Sixty-one patients with pancreatic cancer were treated
with transcatheter celiac and superior mesenteric
arterial anticancer agents (MMC 20mg, EADM 40 mg
and 5-FU 2.0 g) infusion (TCSAI).
RESULTS The DSA diagnoses were confirmed by
operations and pathological examinations, with a
coincidence 82.6% rate of, and a therapeutic
effective rate of 42.6%.
CONCLUSION DSA is of diagnostic value for
pancreatic tumors, and helpful in understanding the
course of the disease, judging the prognosis and
selecting the therapeutic regimen, and could improve
the chemotherapeutic effect as well.
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INTRODUCTION
In order to study the clinical significance of the
diagnosis and catheterized interventional treatment
of digital subtraction angiography (DSA) for
pancreatic tumors, 92 cases of pancreatic tumor
were diagnosed with DSA, and 61 cases of
pancreatic cancer were treated with transcatheter
celiac and superior mesenteric arterial infusion of
anticancer agents (TCSAI) from Nov. 1987 to April
1997, with sa-tisfactory results.
MATERIALS AND METHODS
Patients

Ninety-two patients (69 men, 23 women, aged from
41 - 70 years, averaging 57.1 years), were
diagnosed as having pancreatic tumor through
history of disease, B-ultrasonography, PTC and/or
ERCP and CT.
Methods

Abdominal aortography was performed in the 92
cases 8 times, selective celiac arteriography 18
times, combined angiographies of superior
mesenteric artery 22 times, common hepatic artery
22 times, proper hepatic artery 15 times and
gastroduodenal artery 11 times (Siemens AngiotronCMP Bicor DSA System) by percutaneous transfemoral-artery catheters in Seldinger’s way, 10 ml 50 ml 76% meglucamine diatrizoate for each case.
Among them, 61 cases of pancreatic cancer were
treated with TCSAI for a total of 93 times. The
anticancer agents (MMC 20 mg - 40 mg, FADM
40 mg, 5-Fu 2 g) were divided into 2 equal parts,
and infused into the celiac artery and superior
mesenteric artery, respectively. The cases of early
and intermediate cancer were infused after resection
and the cases of late and recurrent cancer were
infused immediately after arteriography. In
accordance with the patient’s condition and curative
effect, TCSAT was performed once every 3-4
weeks, but not more than 3 times in 61 patients.

RESULTS
Diagnosis

DSA diagnoses of 92 cases were confirmed by
operations and pathological examinations. Among
them, 89 cases had pancreatic cancer, which was
located in the head of pancreas in 67 cases, in body
of pancreas, 18 cases and in tail, 4. Thirty-nine
were complicated with metastatic hepatic cancer, 21
had metastatic celiac cancer and 3 cases had
pancreatic cystadenocarcinoma. The diagnostic
coincidence rate was 82.6% (76/92), without

XU Hong-Bing, et al. DSA diagnosis and treatment

positive misdiagnosis rate, and the negative rate was
17.4%(16/92), which may be caused by less blood
supply and underdevelopment. DSA examination
had no obvious adverse reactions.
Treatment

The therapeutic effective rate (including the cases
whose subjective symptoms were improved) was
42.6% (26/61). Tumors were either put under
control or reduced in size in 31.1%(19/61). In 39
advanced cases of complicated with metastatic
hepatic cancer, the 1-year survival rate was 51.3%
(20/39), 3-year survival rate, 15.4% (6/39), and
one patient died of late failure within 30 days. The
main adverse reactions of TCSAI were nausea,
vomiting anorexia, abdominal distention and so on,
which usually disappeared in 1-3 days, and WBC
decreased temporarily in 1-2 weeks. No severe
complications happened.

DISCUSSION
To define the relationship between cancer and
branches of gastroduodenal, hepatic artery,
superior mesenteric vessels, portal vein and
abdominal aorta is the key to decide whether to
perform radical resection or enlarging resection
(including superior mesenteric vessels resection).
The other examinations used now for pancreatic
tumors include B-ultrasonography, hypotonic
duodenography, PTC, ERCP, CT and so on.
However, B-ultrasonography can be disturbed easily
by intra-abdominal gas and obesity hypotonic
duodenography, PTC and ERCP can not show the
range and diffusion of pancreatic cancer and
relation of the tumor to peripheral vessels and CT
can reveal involved vessels, but only the cross
sections and not the whole length, while DSA was
of the peculiar diagnostic value, which could not be
substituted by the other examinations, in
understanding the relationship between cancer and
vessels.
Although DSA is more advanced than common
angiographies, DSA originally does not belong to
selective angiography[1], so that the crisscross and
overlap of the vascular images may often hinder the
diagnosis when there are many vessels in the examined size at the same time. In order to remedy this
defect, we have improved the contrast techniques
and methods to combine DSA with selective angiography so as to greatly raise the image quality and
spatial resolution. That DSA is applied to celiac,
superior mesenteric, hepatic and gastroduodenal
arteriographies can continuously show the arterial,
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capillary and venous phases of the tumors in turn, so
as to know size, shape, infiltrative range,
metastasis and vascularity of the cancer, and further
define the pathologic quality, disease course and
assist in the cocalization of cancers.
Pancreatic cancers belong to ischemic tumors,
therefore DSA arterial phase is the most important
in the diagnosis of the cancer. Capillary phase and
venous phase are of the significance of assistant
diagnosis, the arterial phase mainly shows abnormal
flexion, irregular dilatation, plexiform aggregation
or interruption of gastroduodenal artery, superior
and inferior pancreaticoduodenal arteries caused by
compression and erosion of the cancer. In early
stage, the appearance of gastroduodenal artery is
normal or mildly stiff and displaced. In advanced
stage, cancer infiltrates peripheral arteries, even
hepatic artery and its branches, through pancreatic
capsules. Carcinoma of body and tail of pancreas
usually infiltrates superior mesenteric artery and
splenic artery so that they can be irregular,
flexional, stiff, constrictive or interrupted.
Capillary phase usually shows filling defect in the
site of cancer when pancreatic parenchyma is
stained. Normal pancreatic head has so rich blood
circulation that the staining is deeper in the head
than in the body and tail. Early carcinoma of
pancreatic head makes the staining of the head
light. In late stage the staining disappear. Venous
phase can show that portal vein, superior
mesenteric vein and splenic vein are involved in
advanced cancers. Pancreatic cystadenoma is also an
ischemic lesion, the peripheral blood vessels are
compressed and displaced outward and dilated,
without the signs of stiffness, constriction and
interruption, and the tumor margin is clear.
DSA high-quality images greatly raise the
accuracy, safety and chemotherapeutic effect of
TCSAI. Higher concentration anticancer agents act
directly on the cancer and the lymph nodes to
produce cytotoxins, block the synthesis of DNA in
cancer cells and reduce the ineffective distribution
of the agents in general normal tissues. The infusion
can also give a better therapeutic effect to hepatic
metastasis[2], resulting in inhibiting cancer growth,
metastasis and recurrence, and increasing the
possibility of resection.
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Abstract
AIM To analyze serum bile acids and biliary lipids of
patients with cholesterol gallstone(CS) and explore
the relationship between deoxycholic acid (DCA) and
CS disease.
METHODS Analysis of bile acids in serum was done
with gas-chromatography in two groups: CS group (n
= 151) and control group (n = 256). Serum bile acids
and biliary lipids were also studied in 90 matched
samples.
RESULTS The serum DCA was 0.955 µmol/L ±
0.078 µmol/L in CS group, which was more than
that of control group (0.696 µmol/L ± 0.047 µmol/
L), P < 0.01. The ratio of DCA/chenodeoxycholic
acids (CDCA) was 1.76 ± 0.30 in CS group, about
two times that in control group (0.92 ± 0.14). The
mole percent of DCA in bile was positively related
to cholesterol saturation index (CSI) (P<0.01) and
the mole percent of CDCA in bile negatively to CSI
(P = 0.01). There was correlation between the mole
percent of DCA, CDCA and cholic acid in bile and in
serum.
CONCLUSION It is suggested that DCA is
lithogenic and the increased amount of DCA or the ratio
of DCA/CDCA in serum may be one of the features of
cholesterol gallstone patients.

1

Department of Surgery, Ruijin Hospital, Shanghai Second Medical
University, Shanghai 200025, China
2
Department of Surgery, Affiliated Hospital, Nanjing Railway Medical
College, Nanjing 210009, China
Dr. HAN Tian-Quan, male, born on 1950-12-07 in Hangzhou,
Zhejiang Province, Graduated from Bengbu Medical College in 1975
and Shanghai Second Medical University in 1989. Associate Professor,
Ph. D. of Medicine, totor of postgraduate students of master degree,
specialized in the study of mechanism of gallstone formation, acute
pancreatitis and gastrointestinal motility, having 31 papers published.
Tel. +86·21·64370045 ext. 6015
*Project Supported by the National Natural Science Foundation of
China, No. 850540.
Correspondence to Dr. HAN Tian-Quan, Department of Surgery,
Ruijin Hospital, Shanghai Second Medical University, 197 Ruijin
Erlu, Shanghai 200025, China
Received 1997-09-20

INTRODUCTION
Bile acids may play a role in the formation and
dissolution of cholesterol gallstones. Chenodeoxycholic
acid (CDCA) and ursodeoxycholic acid (UDCA) are
litholytic bile acids, which can dissolve cholesterol
fraction of gallstones and used in prevention.
Deoxycholic acid (DCA), however, as one of
lithogenic bile acids has attracted great attention[1]. The
purpose of this study was to analyze bile acids in both
serum and bile and biliary lipids in cholesterol gallstone
patients, and find out the relationship between bile
acids and biliary lipids, especially between DCA and
biliary lipids.
MATERIALS AND METHODS
Subjects

Two groups were studied The cholesterol gallstone
group had 151 patients. Among them 88 had
cholesterol gallstones classified by both the
observation of the cross section of stones obtained
during cholecystectomy and chemical analysis of
their components. The other 63 asymptomatic
patients had radiolucent gallstones and wellfunctioning gallbladders shown by oral
cholecystography. The control group included 247
healthy individuals by both physical examination
and B-ultrasonography and 9 patients without
gallstones confirmed at the time of non-biliary
surgery. None of the subjects had any evidence of
hepatic or renal abnormality, or other diseases such
as diabetes, hypertension and coronary heart
disease. Both gallbladder bile and venous blood were
obtained during elective cholecystectomy. For the
nonoperative subjects, only fasting blood was available.
Study protocol

In analysis of serum bile acids, the gallstone group
comprised 63 males and 88 females, with an age
range of 52.6 ± 11.5 years, and the control group
169 males and 87 females, with an age range of 50.0
± 10.3 years.
In analysis of matched serum and biliary bile
acids, all the subjects had undertaken abdominal
operation. Eighty-one with cholecystectomy had
cholesterol gallstones and 9 with non-biliary
operations had no stone in the gallbladder,
including 37 males and 53 females with a mean age
of 50.5 ± 11.0 years.
Assay of bile acids

Bile samples were directly hydrolyzed with NaOH.
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Two ml blood was extracted through Sep-pak® C18
cartridge and then hydrolyzed with NaOH. Bile
acids from both bile and serum were treated as
hexafluoroisopropyl ester trifluoroacetyl derivatives
and measured quantitatively by a Shimadzu GC-9A
gas-chromatograph equipped with electron capture
detector[2]. A glass column packed 1.5% QF-1/
Chromsorb W AW DMCS (2.1 m × 3.2 mm ID) was
used.The operating procedure was as follows: injection
and detector temperature, 300 ; column temperature,
240 ; and nitrogen flow-rate 60 ml/min.
Biliary cholesterol saturation index (CSI)

Biliary cholesterol was measured by enzymatic
method and phospholipids by Bartlett’ s method.
The total bile acids (TBA) was summed by DCA,
CDCA and cholic acid (CA). CSI was calculated
according to the critical table of Carey.

Table 1
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Changes of serum bile acids in the two groups
µ mol/L, x±sx)
(µ
Group with calculi
(n = 151)
0.955 ± 0.078
2.535 ± 0.304
1.202 ± 0.134
4.692 ± 0.432

Bile acids
DCA*
CDCA
CA
TBA

Control group
(n = 256)
0.696 ± 0.047
2.084 ± 0.141
1.211 ± 0.147
3.290 ± 0.267

*P = 0.002.

Table 2

Mole percent of serum bile acids in the two groups
(%,x ± sx)

Group with calculi
(n = 151)
DCA
28.12 ± 1667
CDCA
45.11 ± 2.01
CA
27.51 ± 1.93
DCA/CDCA 1.76 ± 0.30
Bile acids

Control group
(n = 256)
23.03 ± 1.04
52.40 ± 1.32
24.77 ± 1.09
0.92 ± 0.14

P
0.007
0.001
>0.05
0.004

Statistical analysis

The results were expressed as x ± sx. Statistical
analysis included both t test and correlation test. Pvalues less than 0.05 were considered as significant.

RESULTS
Characteristics of bile acids in serum of
gallstone patients

Patients with cholesterol gallstones had significantly
higher serum DCA than controls. However, there
was no significant difference between the two
groups in the other serum bile acids and total bile
acids (Table 1). When analyzing the mole percent
of serum bile acids (Table 2), we found that DCA
was increased in patients with gallstones compared
with controls, CDCA was decreased and the ratio of
DCA/CDCA increased nearly one-fold.

Table 3 Correlation between bile acids and biliary CSI (n = 90)
Bile acids
LCA
DCA
CDCA
CA

Table 4
Bile acids
LCA
DCA
CDCA
CA
TBA

Correlation coefficient
0.288
0.311
-0.269
-0.101

P
0.006
0.003
0.01
>0.05

Biliary and serum bile acids (n = 90, x ± sx)
Bile (mmol/L)

Serum (µmol/L)

1.97± 0.18
24.80 ±2.12
76.93 ±4.01
40.27 ±3.08
143.97 ± 7.33

1.08±0.11
2.35±0.43
1.31±0.19
4.65±0.62

Correlation
coefficient*
0.12
0.07
-0.09
-0.07

*P>0.05.

Correlation between bile acids and CSI

Biliary bile acids were mainly composed of CA,
CDCA and DCA with a small fraction of lithocholic
acid (LCA). Correlation analysis of 90 samples of
gallbladder bile acids showed that DCA and LCA
were positively correlated with CSI whereas CDCA
was negatively correlated with CSI. No correlation
was found between CSI and CA (Table 3). These
showed each bile acid had its own characteristics,
DCA and LCA were lithogenic whereas CDCA could
decrease CSI.
Correlation between biliary and serum bile
acids

The concentration of biliary bile acids was much
higher than those in serum (Table 4). Significant
correlation existed between the mole percent of biliary and serum bile acids, which suggested that
serum bile acids concentration might reflect the relative concentration of bile acids in the gallbladder
(Table 5).

Table 5 Correlation between mole percent of biliary and serum
bile acids (n = 90, x ± sx)
Bile acids
LCA
DCA
CDCA
CA

Bile(mole %) Serum (mole %) Correlation
coefficient
1.89±0.24
17.52±1.06
54.16±1.12
26.43±0.96

30.15 ±2.59
36.66 ±2.91
33.19 ±3.04

0.445
0.434
0.313

P

<0.001
<0.001
0.003

DISCUSSION
Biliary cholesterol supersaturation is a prerequisite
for the formation of cholesterol gallstones. A
positive correlation was found between serum DCA
and CSI in bile of patients with stone[3]. Therefore
it might be possible to predict biliary CSI just by
analyzing serum bile acids, but this study was
primarily based on inpatients with gallstone. The
present study was performed among normal
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population, asymptomatic gallstone patients and
healthy individuals, rather than inpatients[3,4].
Among the 407 samples, the mole percent of biliary
DCA was found positively correlated with CSI, and
serum DCA was increased by about 37% in patients
with cholesterol gallstones as compared with
control, and the ratio of DCA/CDCA increased
nearly one-fold. Hence, there is not only possibility
of prediction of CSI in bile, but also characteristic
change of DCA in the cholesterol gallstone patients.
Normally, bile acids can be classified into
primary bile acids, CA and CDCA, and secondary
bile acid, DCA. CA is dehydrogenated to DCA by
intestinal bacteria and their secretion is coupled
with cholesterol. Bile acid can increase cholesterol
secretion and is related to its different
hydrophobicity. DCA is more hydrophobic and is
followed by greater output of biliary cholesterol
than other more hydrophilic bile acids, as CA,
CDCA and UDCA. It had been demonstrated by
DiDonato et al[5] that biliary DCA increased from
5.3% to 43.9% and bile CSI increased
simultaneously from 0.9 to 1.34 after given a dose
of 3 mg/kg of DCA orally for three to four weeks.
One week after its discontinuance, the biliary CSI
returned to the original level. DCA could also
promote cholesterol crystal formation. The in vitro
experiment showed that the nucleation time
shortened when the amount of taurodeoxycholic
acid increased[1]. Therefore, DCA had a dual effect
on supersaturation and nucleation, which
contributed to gallstone formation. It was further
confirmed by Berr et al [6] that increase in
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hydrophobic bile acids and decrease in its
counterparts were the main metabolic disturbance
for cholesterol gallstone disease.
Hepatocytes uptake most of the bile acids in the
portal vein and then transport them into enterohepatic circulation. The remaining minor portion of
bile acids escaped into the systemic circulation are
the origin of bile acids in peripheral circulation.
They are proportionally related to the composition
of bile acid pool[7]. Whiting et al suggested that
serum bile acids could reflect biliary bile acids,
which was confirmed by the present study. As serum
DCA is relevant to the relative concentration of bile
DCA, the determination of DCA may be useful for
the prediction and guiding preventive treatment of
gallstone disease[8-10].
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INTRODUCTION
The potential role of genetic intervention extends
from diseases caused by single gene defects, through
severe viral infections, to polygenic disorders, such
as diabetes mellitus and arteriosclerosis. However,
gene therapy can be defined as the introduction and
expression of an exogenous gene in human cells for
therapeutic benefit, and is conventionally restricted
to human diseases associated with single gene
defects. There are wider opportunities for genetic
intervention and these include strategies to reduce or
block gene expression as well as the introduction of
nonmammalian genes. The rapid progress in our
understanding of some of the molecular mechanisms
involved in the pathogenesis of cancer and metabolic
disorders, coupled with the development of gene
delivery vector technology, has urged us to consider
novel genetic approaches to digestive diseases.
There is no shortage of ideas and applications
for genetic intervention in human diseases, but
there are great limitations not only with the
efficiency and targeting of the present generation of
gene transfer vectors but also with our incomplete
understanding of transcription control.
GENE TRANSFER TECHNOLOGY
The gene delivery technology is advancing rapidly
and there have been specific developments that
could be translated into gene based therapies for
gastroenterological diseases. For example, ex vivo
transfer methods are being studied extensively using
hepatocytes obtained through liver biopsy, partial
hepatectomy, and from specimens harvested for
liver transplantation. Adult liver cells transiently
undergo active proliferation permitting in vitro
gene transfer even with vectors that require active
cell division for entry and expression. Gene transfer
may then be facilitated through a number of
methods, including viruses, liposome, calcium
phosphate coprecipitation, particle bombardment,
naked DNA injection, and electroporation. The
transfected cells are reintroduced into the host by
using, for example, a microcarrier system into the
peritoneum, gel beads, hepatocyte coated cell
support matrix implanted next to liver tissue, or into
1
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the spleen or portal circulation through direct
injection.
The spectrum of delivery systems for ex vivo
gene transfer is broadly applied also to the in vivo
model. Although the transfer efficiency of
liposomes is low, these lipids can be made
comparatively easily to high chemical purity and
have low immunogenicity, which may permit
repeated administrations. They have been used
successfully in an in vivo model, by topical
administration to epithelial cells both in the airways
and the intestinal tract and also by the intravascular
route. A recent study showed high efficiency
transfer of the APC tumor suppresser gene in
liposome complexes delivered to normal mouse
colonic epithelium by rectal catheter infusion.
Almost 100% of epithelial cells expressed the gene
for up to four days, which is consistent with the
known rate of turnover of this tissue[1]. Intravenous
injection of a rat insulin gene expression vector in
liposome complexes results in uptake primarily by
the liver and spleen. Improvement in hepatocyte
uptake can be achieved by incorporating lactosyl
ceramide into the phospholipid bilayer; this
galactosyl terminal asialoganglioside is specifically
recognized by a receptor highly selective for
hepatocytes. Many different lipid agents are now
being explored for efficacy of DNA transfer and it
seems likely that the composition of the complex
will have to be optimized for different targets and
different routes of administration.
Of the available methods of gene delivery,
viruses have been proved the most efficient so far.
Achieving viral gene transfer to specific organs for
clinical application will be difficult, however,
particularly as viral titres 10 to 1000 times higher
than those usually attained (typically 106 infectious
units per milliliter) will be necessary for in vivo
strategies. There is now extensive experience with
retroviruses whose main advantages include their
small size and easy manipulation, and with stable
colinear integration with host genome. They are
comparatively non-toxic and are efficient for gene
transfer. Retroviruses persist in up to 5% of
hepatocytes three months after injection of an
infected hepatocyte cell suspension into the portal
vein after partial hepatectomy. The small intestinal
epithelium is an attractive target for gene therapy
because of its large surface area, easy accessibility,
and the presence of stem cells with known
locations. Although few studies have yet targeted
the intestinal system in vivo, marker genes have
been transferred to the epithelial surface with
retroviral vectors in animal models. Clearly, unless
the therapeutic or marker gene is transferred to the
stem cells, the rapid turn-over of this specialized
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epithelium would seriously limit potential benefits of
delivered genes. Retroviruses have a number of
disadvantages, notably the requirement for cells
that are actively dividing to permit viral DNA
integration, the ability to carry only small DNA
sequences, and a small but finite risk of causing
insertional mutagenesis as a result of random
integration.
Currently alternative viral vectors with
potential advantages over retroviruses in specific
applications are under development. Adenoviruses
can infect non-dividing cells, can be concentrated to
high titres, and are comparatively highly efficient
vectors. Adeno-associated viruses are ubiquitous and
non-pathogenic in humans and can also infect nonreplicating cells, but, like retroviruses and
adenoviruses, are limited in the size of the foreign
gene that can be inserted. This last problem may be
overcome by the use of herpes simplex group viruses
and possibly even vectors based on hepatitis B virus,
which has potential additional advantages of
hepatotropism and an ability to integrate with host
genome in vivo.

GENE THERAPY IN GASTROENTEROLOGY
Strategies for genetic intervention can be divided
into five main aspects: replacement or augmentation
of gene expression; reduction of expression of genes
by antisense or ribozyme technology; genetic
prodrug activation; augmentation of immune
responses; and polynucleotide vaccination.
Some strategies can be achieved by ex vivo gene
transfer into isolated human cells, which can then be
reimplanted into the host, while others require delivery
and expression of genes to target cells in vivo a
major challenge with current vector technology. In
this review we consider important clinical applications
within these categories and outline the directions of study
that should lead to clinical trials in the near future.
Cystic fibrosis

Replacement strategies for disorders resulting from
a single gene defect are attractive candidates for
gene therapy. Inheritance of two mutated copies of
the cystic fibrosis transmembrane conductance
regulator (CFRT) gene on chromosome 7q22 causes
this common autosomal recessive disorder[2]. The
CFRT functions primarily as a cyclic adenosine
monophosphate activated chloride channel in
epithelial cell. The CFRT gene has a complex
mechanism of regulation and is expressed mainly in
particular classes of epithelial cell. In humans these
sites include certain cells of the lung, crypt cell in
the ileum, duodenum and colon, the pancreatic
ducts, and gall bladder. There is a recent evidence
of endogenous CFRT gene expression in
intrahepatic biliary epithelial cells, which is
consistent with clinical findings of cystic fibrosis
induced biliary damage.
Despite recent molecular genetic information
regarding the CFRT gene and its product, the exact
cause of the mucosal abnormalities in cystic fibrosis
is unclear. The changes are not fully explained
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simply on the basis of loss or poor functioning of a
small cAMP activated chloride conductance in the
apical membranes of certain specialized epithelial
cells. It is not clear how different mutations in the
CFRT gene actually cause specific phenotypic
presentations of cystic fibrosis.
Despite this problem, substantial progress has
been made with gene therapy strategies for cystic
fibrosis. The four transgenic mouse models available
for study have severe intestinal disease with relative
sparing of lung and pancreatic epithelia (unlike
those in humans). Correction of the lethal intestinal
defect has been shown by transfection of human
CFRT by liposomal delivery in a vector under the
control of rat intestinal fatty acid binding protein
gene promoter. Treated mice survived for up to seven months, well beyond the expected four weeks of
the control group, and also showed functional
correction of ileal goblet cell and crypt cell
hyperplasia and cAMP-chloride secretion. Gene
therapy aimed at correcting lung abnormalities in
human subjects has entailed the direct introduction
of non-mutant CFRT cDNA into the epithelial cells
of the respiratory tract in the hope that this will
result in sufficient CFRT protein being made in
these cells to correct the disease process. Vectors
used so far include liposomes and adenoviruses, each
has its own drawbacks: the liposomal route is
proving relatively inefficient while immunological
responses to adenovirus may limitits efficacy.
Nevertheless initial data from two phase I clinical
trials of cationic liposomal mediated CFRT delivery
of a plasmid containing the CFRT cDNA to the
nasal epithelium has resulted in over 20% correction
of conductance abnormalities in nasal mucosal
biopsies and the overall treatment was well
tolerated. Attempts have also been made to transfer
the CFRT gene into the biliary epithelium in vivo
using adenoviruses. In one study, injection of the
vector directly into the common bile duct during
laparotomy resulted in gene expression in nearly all
intrahepatic bile duct epithelial cells. Gene
expression remained stable after 21 days in epithelial
cells of small ducts. These results are encouraging
particularly because gene delivery might be achieved
by endoscopic retrograde cholangiopancreatography
in the future[2].
α 1 antitrypsin deficiency

Approximately 1% of the British population carry the
PiZ defect caused by a point mutation in the α 1
antitrypsin gene in chromosome 14, leading to low
serum concentrations of α1 antitrypsin and predisposition
to emphysema and liver cirrhosis. Savransky et al[3]
have proposed one approach to correcting this gene
defect in human PiZ GM2522 fibroblasts using the
technique of targeted homologous recombination to the
gene locus, replacing exon V of the abnormal gene with
the exon V counterpart of a normal complementary
DNA. Other groups have shown a similar effect in
hepatoma cell lines and hepatocytes in rat liver in vivo
using soluble carrier systems, which utilize the
asialoglycoprotein receptors on hepatocytes. It is
conceivable that in due course harvested human fetal
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hepatocytes identified as possessing the PiZ defect could
be subjected to targeted homologous recombination in
vitro and then reinfused into the portal vein.
Low density
deficiency

lipoprotein

(LDL)

receptor

Homozygous LDL receptor deficiency leads to
familial hypercholesterolaemia, in which patients
have six-to eight-fold increases in plasma LDLcholesterol values associated with premature
atherosclerotic disease and early death. This is a
common disease resulting from a mutation in the
genitics of the LDL receptors affecting one in 500 of
the population. LDL receptors are found in most
tissues but it is hepatic expression of the receptor
that is most crucial in cholesterol homeostasis. This
condition may respond to drug treatment in many
cases but transfer of LDL receptor genes to the liver
may be a treatment option for a few subjects with
intractable hypercholesterolaemia for whom the
only treatment option is liver transplantation.
Animal studies using the model for homozygous
familial hypercholesterolaemia, the Watanabe
heritable hyperlipidemic rabbit, have shown
successful ex vivo retroviral transfer of the receptor
gene to 20% of cultured hepatocytes. Transduced
cells then expressed receptor levels four or five
times higher than normal hepatocyte controls, and
after reinjection into the host liver, resulted in
lowering total cholesterol value by 50%-70% of its
pretreatment value, an effect that lasted over four
months. Furthermore there are indications that
clinical benefit may result from even partial
correction of the total receptor defect, and clinical
study has already been underway in the United
States using retroviral ex vivo gene transfer.
Antisense
DNA
oligomer
suppressing HBV expression

treatment:

Using asialo-orosmucoid coupled with poly-Llysine, both single and double stranded DNA has
been delivered specifically to hepatocytes by
targeting their asialoglycoprotein receptors. An
antisense oligodeoxynucleotide complementary to
the polyadenylation signal for human hepatitis B
virus was introduced into HepG2 hepatoma cell line
by Wu et al[4]. This cell line has been transfected
with a complete human hepatitis B virus genome and
secreted infectious viral into the culture medium. At
24 hours and seven days after exposure to the
antisense sequence, HBV DNA values were 80%
and 95% lower than controls respectively.
Furthermore, by using similar carrier systems, two
separate antisense sequences injected into Beijing
ducks (an animal model for HBV infection) resulted
in suppression of viral replication by over 90%
compared with controls.
Replacing defective tumor suppressor genes

In cell culture, malignant properties can often be
reversed by inserting normaltumor suppresser
genes. The difficulty for corrective strategies lies in
delivering actively expressed vectors to each single
tumor cell of an established and possibly
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disseminated cancer in vivo. The same argument
may not apply for prophylactic therapy to replace
gene function in cells of patients with inherited
abnormalities of tumor suppresser genes, where it
may not be necessary to correct the constitution of
every cell to significantly reduce the risk of cancer
development within the lifetime of a person.
Normal (wild type) p53 is involved in the
control of cell cycle progression as well as in
arresting replication to permit repair in DNAdamaged cells. It may also be involved in restricting
precursor po-pulations by mediating apoptosis or
programmed cell death. Abnormal or mutant p53
permits the accumulation of gene mutations and
chromosomal rearrangements and has been
associated with virtually every sporadic malignancy
including gastrointestinal tumors and hepatocellular
carcinoma. There is experimental evidence showing
the benefits of correcting p53 abnormalities.
Replacement of wild type p53 using retroviral
expression vectors in both human lung cancer cell
lines with mouse model of orthotopic human lung
cancer resulted in suppression of the malignant
phenotype. Furthermore, there was also evidence
that the combination of restoration of p53 function
and sequential administration of the cytotoxic drug
cisplatin was synergistic in reducing the malignant
behavior of these cell lines[5]; this is clearly an
important finding that may influence approaches to
adjuvant treatment for cancer.
There could also be a role of replacement
therapy for p53 in patients with Barrett esophagus,
a condition that may respond poorly to medical
treatment. Adenocarcinoma arising in Barrett
esophagus is often preceded by mucosal dysplasia.
Several researchers have found an association
between p53 mutation and adenocarcinoma related
to Barrett esophagus[6]. In addition, recent reports
suggest that p53 dysfunction may participate in the
progression from dysplasia to carcinoma, and that
there is a correlation between presence of mutant
p53 and increasing dysplastic features[7]. For those
patients with histological evidence of progressive
dysplasia who are unfit for surgery and refractory to
treatment with acid suppression, correction by
insertion of wild type p53 using submucosal
endoscopic injection of retroviral or adenoviral
suspensions may be an alternative treatment.
Clearly such a strategy will require considerable
improvement in gene delivery systems and targeting
mechanisms for the preneoplastic cells, as well as
more sophisticated understanding of transcription
control to permit appropriate expression.
The identification of the APC gene
participating in familial adenomatous polyposis
affecting the large and small intestine, and the
DNA mismatch repair gene families (hMSH2,
hMLH1, hPMS1, and hPMS2) involved in
hereditary non-polyposis colorectal cancer syndrome
will stimulate further interest in the replacement of
tumor suppresser gene function in stem cells in
organs at risk of cancer development. However, the
lack of knowledge concerning the temporal and
special control of expression of these genes will
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delay the application of such prophylactic gene
therapy.
Antisense
DNA
oligomer
treatment:
suppressing oncogene expression

Antisense oligodeoxynucleotides are short (10 - 15
bases) synthetic nucleotide sequences formulated to
be complementary to specific DNA or RNA
sequences. By the binding of these nucleotides to
their targets, the transcription or translation of a
single gene can be selectively inhibited by triggering
RNase H degradation of the target RNA and
interfering with the processing of pre-mRNA.
Examples of antisense oligomers with significant in
vitro antiproliferative activity include those against
c-myb in colorectal cell lines, c-myc in lymphoma
lines, and bcr-abl in chronic myeloid leukemia blast
cells.
The ras oncogenes are obvious potential targets
for antisense therapeutics as they are implicated in
many solid tumors including more than 75% of
pancreatic cancers and colorectal cancers.
Inhibition of the ras signaling pathway modulates
critical aspects of ras oncogene mediated
transformation in whole cells. The resulting
phenotypes include reduced anchorage dependent
and anchorage independent growth and
morphological reversion of the cells. Recently,
reduced biological aggressiveness and loss of
anchorage independent growth were reported in
experiments using homologous recombination to
target k-ras. Using antisense oligonucleotides to
target regions of k-ras mRNA there are some
antiproliferative effects in human pancreatic cancer
cell lines, but there is wide variability of response
rates in different cell lines and little evidence of
sequence specificity[8]. Moreover, there is no
correlation of antiproliferative effect with reduction
in amounts of k-ras protein expressed and these
agents theoretically directing against cellular genes
act instead through unpredictable sequence
independent mechanisms. Similar findings have
been reported for oligonucleotides designed against
c-myc and c-myb sequences[9]. The amplification of
c-myc, c-k-ras, and c-Ha-ras oncogenes in a series
of 124 gastric carcinomas did not reveal any new
independent prognostic factor. On the contrary,
amplification of c-erb B-2 had a significant negative
impact on overall survival. An examination of the
tumors involving the thymidine labeling index
highlighted the need to identify the most suitable
biologic material for estimating proliferative
activity in gastric carcinoma[10].
Inserting drug activating ‘suicide’ genes

There are many examples of genes preferentially
expressed in tumors compared with normal tissues.
Genetically directed enzyme prodrug therapy
(GDEPT) exploits the differences in gene
expression between different cell types to increase
the specificity of cell destruction by coupling the
promoters of differently expressed genes to prodrug
activating enzymes. Examples of useful promoters
include carcinoembryonic antigen in colorectal
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cancer, erbB2 in breast and pancreatic cancer[11],
and prostate specific antigen in prostate; the most
widely used prodrug activating enzymes are cytosine
deaminase (which converts 5-fluorocytosine to the
cytotoxic 5-fluorouracil) and herpes simplex virus
thymidine kinase (which converts ganciclovir to
toxic phosphorylated derivatives). The system is
designed so that significant transcription of the
enzyme gene is activated only in tumor cells by
linking the enzyme gene to transcription control
elements (a ‘molecular switch’) selective for a
particular tumor or tissue type. Significant
antitumor effects from conversion of 5-FC to 5-FU
have been seen in colorectal cancer cell lines
transduced with the cytosine deaminase gene under a
constitutive promoter[12]. There was also significant
regression of tumor volume even when as little as
2% of the tumor mass contained cytosine-deaminase
expressing cells. The last effect was also seen when
a CEA-HSVTK construct was used to transduce
CEA expressing pancreatic cancer cells, which were
then engrafted into several combined immune
deficient mice. When ganciclovir was given, only
10% of the cells expressed HSVDK[13]. This important
feature of the GDEPT system is probably due to a
so-called ‘bystander effect’¯attributed to transfer of
the activated drug from a cell in which it is
produced to others in the vicinity lacking the
enzyme. There has been some success in targeting
tissue such as the gastrointestinal epithelium and
pancreas using the carcinoembryonic antigen gene
promoter [12] , and also targeting tumor specific
transcriptional activation using the α-fetoprotein
promoter in hepatocellular carcinoma.
Augmentation of the immune response and
cancer vaccines

The promise shown by systemic high dose
immunotherapy to treat cancer in murine studies has
not been fulfilled in human trials except in a few
cases of renal cell carcinoma and melanoma. Indeed
the initial dose regimens were extremely toxic. It
may be more important to deliver a small dose of
cytokine at a specific site rather than high doses
systematically, which has led to two approaches to
cytokine based gene therapy that augment naturally
produced immune response to malignancies. The
first approach entails the insertion of cytokine genes
into cultured tumor infiltrating lymphocytes ex
vivo. This subset of T cells is critical for the
prevention and elimination of tumors, and their
antitumor efficacy improves with the transfer of the
genes for tumor necrosis factor and interleukin 2.
‘Cancer vaccines’¯ constitute the second approach
and entail the induction of cytokine expression in
the tumor cells so that T cell recognition of tumor
antigens is enhanced. Immunostimulatory cytokine
genes are transduced into tumor cells ex vivo, the
tumor cells are irradiated to eliminate malignant
activity and reintroduced into the host. Cytotoxic T
cells recognize tumor specific antigens presentred on
the surface of these cells. They are induced by the
local secretion of the transferred cytokine gene
product to expand, target, and destroy cancer cells.
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In addition to cytokines, a number of other genes
are also capable of inducing an antitumor response
including allogeneic HLA ( human leucocyte
antigen) genes and costimulatory molecules such as
the B7 family, B7.1 and B7.2. B7 is expressed
mainly on antigen presenting cells and serves as
costimulatory signals for T cells, by interacting with
its ligands CD28 or CTLA-4.
Cytotoxic T cells depend on antigen present in
the context of self class I MHC molecules, whereas
T helper lymphocytes require activation by antigen
present in the context of self class II MHC
molecules. Aberrant expression of MHC is a
common feature of gastrointestinal cancers. Class I
antigens are frequently lost, while class II
expression is often unregulated. Polynucleotide
vaccination (in contrast with conventional vaccines
consisting of peptides, whole tumor cell lysates) has
great therapeutic potential in that delivery of genes
that express unique oncoproteins such as k-ras or
p53 endogenously within a cell and may result in an
MHC class I CD8 + response and proliferative
activation of cytotoxic T cells, rather than a less
effective class II CD4 + response. This may be a
further means of breaking down immunotolerance
to tumors, which could lead to the generation of
tumor specific responses. Mutated forms of the ras
protooncogene, in particular, contain potentially
antigenic T cell epitomes specific for the malignant
phenotype. Certain k-ras mutations that produce
new peptides including consensus binding motifs
could cause increased immunogenicity as a direct
result of differential MHC class I binding.
Carcinoembryonic antigen has been utilized for
active immunotherapy.
The finding that individual tumor cells often
express much higher levels of this antigen suggested
that carcinoembryonic antigen may be a target for
immunotherapy, initially using DNA vaccines.
Although humoral immune responses were seen,
there was no evidence of a more powerful cellmediated cytotoxicity. Secondly, the injected gene
was of human sequence, which will be recognized by
the mouse host as a foreign antigen, while the
product of a gene from the homologous species may
be less immunogenic. Thirdly, the challenge with a
small inoculum of tumor cells at the end of a course
of vaccination is clearly different from the
treatment of a patient with extensive metastatic
colorectal cancer. Patients with nm23-H1 allelic
deletions are 3 times as likely to develop distant
metastases as patients without nm23-H1 deletions
(relative risk, 3.89; 95% confidence interval,
1.39, 10.89; P = 0.01).

PROSPECT IN THE FUTURE
These fields are under intense investigation and real
advances are likely in the next decade. In the shortterm investigation, further useful improvements are
possible from manipulation of the RNA and DNA
viruses with which we are already familiar. Development of high efficiency viral packaging systems and
refinement of the purification and concentration
processes can be expected to improve the titres of viral
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vectors to values that could permit gene transfer by
systemic administration. Targeting of delivery should be
possible by incorporating single chain antibodies to cell
surface antigens or ligands for transmembrane receptors
into the envelope or penton coat proteins of retroviruses
and adenoviruses respectively, and there are
encouraging signs that this approach can be successful.
In the intermediate term, we expect the arrival of
‘designer vector’ incorporating the most useful elements
from both viral and synthetic systems and these can be
varied depending on the particular application. For
instance, the inverted terminal repeats of adenoassociated virus that mediate stable chromosomal
integration can be combined with a backbone of another
vector with a large insert capacity such as herpes virus or
a bacteriophage. Integration may be enhanced by
packaging a functional recombinase enzyme with the
gene expression construct in liposomal complexes
targeted to a particular class of cells with an antibody.
In the long term, basic research will be made into the
structure and organization of mammalian chromosomes,
which can carry whole clusters of genes with their
natural control elements into cells.
The control of gene transcription is extremely
complicated and, even for the most intensely
investigated systems such as the globin genes, our
understanding is still fragmental. While most
protocols presently use strong viral promoters to
drive expression of recombinant cDNA copies of
therapeutic genes, future work must be directed to
defining the genomic elements that enable temporal
and spatial control of expression through a lifetime.
The identification of locus control regions that can
insulate gene clusters from interference by
surrounding genetic influences has been an
important step, and many investigators are now
working to understand how the promoter and
enhancer/silencer elements of a gene interact with
structures within the nucleus. Advances in this area
will require parallel deve-lopments in the
sophistication of vector design before they can be
transferred into practice.
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Clinical Experience

Management of severe acute pancreatitis
WU Xie-Ning
Subject headings pancreatitis/therapy; acute
disease; traditional Chinese Medicine
Severe acute pancreatitis is associated with organ failure
and/or local complications as necrosis, abscess and fluid
collections and pseudocysts. Shock, gastrointestinal bleeding,
renal insufficiency, severe metabolic disturbance are common
complications whereas adult respiratory distress syndrome
(ARDS), disseminated intravascular coagulation (DIC) and
pancreatic encephalopathy are most serious. The degree of
lesions varies in different individuals, therefore treatment
should be individualized. In recent years, we managed such
patients by combined traditional Chinese and western medicine
according to Balthazar and Ranson’s CT grading[1] with great
success, no death occurred in cases with CT grade E and D,
and many serious complications have become preventable.
The essentials of this management are depicted below.
Inhibiting pancreatic enzyme secretions and activities
and decrease of exudation into pancreatic substance,
abdominal cavity and retroperitoneal space
Severe acute pancreatitis is often caused by hemorrhage and
necrosis and less commonly by interstitial edema, however,
the treatment is similar. The pancreatic fluid is rich in
pancreatic lipase, trypsin, chymotrypsin, elastase,
phospholipase A2, RNAase and kallikrein and the exudative
fluid in the abdominal cavity contained protease, bradykinin,
histamine, complement component, phospholipase A2 and
prostaglandins, which can destroy pancreatic tissues and
damage the abdominal organs and tissues. Release of
cytokines such as IL-1, TNF, PAF, and TXA2 ET, can cause
serious damages to blood vessels with consequent increase of
vascular permeability and loss of plasma.
Octreolide can inhibit pancreatic exocrine secretion and
gastrointestinal hormones, reduce intraductal pressure, diminish pancreatic autodigestion, decrease PAF activity and
reduce exudation from microvessels. It was administered
at dosage of 0.1 mg in 20 ml 25% glucose intravenously
and followed by 0.5 mg in 1000 ml glucose in saline for 24
hours continuously for 5 - 7 days. Decocting of Rhubarb
mixtures (Bupleuri radix 10 g. White peony 10 g, Scutellaria
10 g, Unripe bitter orange
10 g, Magnola bark 10 g,
Refine mirabilite 10 g, Rhubarb 10 g) was used
concomitantly twice a day, for most serious cases, once
every six hours. Rhubarb stabilizes the lysosomal
membrane, inhibits secretion and activities of pancreatic
lipase, trypsin, chymotrypsin, elastase, kallikrein-kinin
relaxes Oddi’s sphincter; promotes colonic peristalsis,
contraction
and emptying,
besides, it has broad
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antibiotic spectrum. Bupleuri radix , Unripe bitter orange
and Refined mirabilite enhance the small intestinal
propulsive function, white peony inhibits pancreatic amylase,
Bupleuri radix and Scutellaria lower the elevated temperature
due to necrosis. The overall action of this prescription is to
promote the drainage of pancreatic fluid and retroperitoneal
exudation along the pathway to pancreatic duct and intestinal
tract and pass out from the anus. Rhubarb mixture and
octretide potentiate each other in inhibiting the enzymatic
activities, the former also alleviates the abdominal distention
and pain.
Replenishing the diminished blood volume and
correcting the hypoalbuminemia
Loss of plasma into peritoneal cavity and retroperitoneal space
due to increased vascular permeability leads to hypotension
and even shock, this requires early replenishment of blood
volume. We infused 400 ml - 600 ml of plasma instantly and
200 ml everyday afterwards till the general condition became
stable. Rhubarb can decrease vascular permeability and arrest
the exudative process. In fluid replacement, colloidal and
crystalline solution should be given in proper proportion,
human serum albumin at a dose of 10 g given everyday and
balanced solution is preferred in addition to Ringer’s solution,
glucose in saline and glucose water with supplements of
potassium choride to maintain water electrolyte balance at an
optimum level. We give 3000 ml - 4000 ml of fluid every day
and keep the urinary output over 1000ml, depending on the
moistening degree of the surface of tongue, which indicates
the normalization of gastrointestinal function and adequate
hydration.
Improving intestinal ileus and restoring absorptive and
motility function of gastrointestinal tract
Rhubarb mixture is useful in intestinal ileus patients even when
peristaltic sound is diminished or nearly absent. When the
ventral surface of tongue become moistened, it indicates that
the absorptive and motility function of gastrointestinal tract
have been restored, then the velocity and fluid volume
infusion should be reduced to avoid overloading of the heart
and circulation, particularly in the elderly. We do not
advocate the use of atropine or gastric decompression.
Total parenteral nutrition and maintenance of intra and
extracellular ionic balance
Rhubarb has inhibitory effect on Na+, K+, -ATPase. ATP
comsumption is lowered and body catabolism is kept at a
lower level. When general condition is stabilized, early institution of
total parenteral nutrition as amino acids mixture and intralipid
are imminent sodium, postassium, calcium and magnesium
salts should be replenished with sodium potassium phosphate
0.1 mol 200 ml as a loading dose, thereby 100 ml everyday for
two days and 100ml once every week to maintain intra and
extracellular ionic balance and to correct hypocalcemia
concomitantly.
Restoring pancreatic microcir culation and perfusion of
vital organs
Pancreatic microcirculatory impairment occurs at the early
onset of severe acute pancreatitis with microthrombosis in
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most of the cases, which is synchronous with increment of
plasma TXA 2 and TXA 2/PGI 2 ratio. TXA 2 is a potent
vasoconstrictor and causes platelet aggregation and constricts
the arteriole. Also due to the release of many cytokines and
free radicals, the PAF constricts the blood vessels, endothelin
lowers the tissue blood flow, free radicals damage the
pancreatic tissues, all these augment the ischemic damage on
the pancreas. Tetra-methylpyrazine can inhibit TXA2
synthetase activity, decrease the TXA2/PGI2 ratio. PGE1
canimprove pancreatic microcirculation, inhibit platelet
aggregation, decrease TXA2 synthesis, inhibit release of TNFα, IL-1, IL-6,phospholipase A2 and the free radicals liberated
by neutrophils and macrophages. Exogenous PGE should be
given at 300 µg as a loading dose, and 200 µg in 250 ml glucose
solution daily thereafter for 5-7 days which might arrest
further ischemic damage to the pancreas and increase the
perfusion of other organs such as kidney, lung and brain. To
achieve the optimum effect, whether it should be given at the
onset of the disease process on admission or given afterwards
for tissue repair would require further cumulation of
experience.
Prevention and treatment of pancreatic infection
Pancreatic infection develops in 10%-20% of patients with
severe acute pancreatitis, especially in those with mutiple
organal failure and immunocompromized cases. The organisms
frequently isolated from infected necrosis and pancreatic
abscess are E.Coli, Klebsiella, Enterobacter, Enterococcus
and other streptococci, occasionally staphylococcus,
pseudomonas, anaerobes or fungus[3]. Sources of bacteria are
mostly from biliary, urinary, respiratory tract or colon,
which are mostly hematogenous. Bacteremia often comes
from venous or urinary catheterization, so venous catheter
placement should not be over one month and urinary catheter
should be avoided. On selection of antibiotics, one should
choose relatively liposoluble acidic drugs with high
penetrability into the necrotic tissues which have a larger
distribution volume and stabilized ionization rate in basic pH.
Quinolones and metroindazole can pass through bloodpancreatic barrier and by cell to cell communication or via
paracellular pathway or via damaged ducts, and enter the
hemorrhagic necrotizing tissues. The antibiotic level is low in
ischemic tissues, because the quinolones cannot diffuse back
into plasma, its concentration is relatively high in pancreatic
tissues, repeated administrations maintain high tissue level and
enhance the degree of penetration without serum
accumulation. Imipenum penetrates into pancreatic fluid, its
level is higher in necrotic fluid than in pancreatic tissues[4].
Aminoglycosides have a low penetrating ability.
Metronidazole is a weak base and has a low molecular size and
shows a very high rate of penetration. Therefore, clinically
we frequently use ciprofloxacin or together with
metronidazole or imipenum alone.
Prevention and treatment of complications
Omeprazole 20 mg - 40 mg by intravenous infusion should be
given at the beginning to prevent stress ulcer bleeding and
acidification of duodenum which might further lead to
secretion of pancreatic fluid. Release of myocardial supressive
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factor by the pancreas would produce tackycardia and negative
effect on the heart which can be abolished by naloxone 0.4 mg
intramuscularly or 0.06 mg/kg in divided doses intravenously.
Naloxone can enhance cardiac contractility and cardiac
output.
Adult respiratory distress syndrome is one of the most
severe complications, it often arises from delayed correction
of shock. Via the circulation, the phopholipase A2 and trypsin
disrupt type II alveolar cell with defective production of
surfactant, at the same time vacuolation of macrophages
affect the defensive clearing mechanism of the lung.
Futhermore, the accumulation of netrophils produce large
amounts of free radicals, TXA2, TNF-α, fibrin and its
degraded product, inflammatory mediator as leukotrienes, all
participate in the damaging effect on the lungs, resulting in
increased vascular permeability and exudation, interstitial
pulmonary edema with early hypoxemia and late carbon
dioxide retention. Once the diagnosis of ARDS is established,
bronchoalveolar lavage is carried out, first on one side then
the other, instill dexamethazone 40 mg and aspirate at the
same time, this procedure can washout the inflammatory
mediators, complement component, coagulation-fibrinolytic
products as well as vascular amines. Corticosteroid inhibits IL1, IL-6, TNF-α, PAF and inflammatory mediators. Serum
albumin should be kept at the lower limit of normal. With
diffuse interstitial lung edema, PEEP should be used. Early
institution of PGE1 and cytosine diphosphocholine 30 mg/kg in
glucose water can inhibit phospholipase A2 and prevent
ARDS.
DIC is another serious complication, small dose of
heparin in the dosage 75 mg/d - 100 mg/d in divided doses can
be given every six hours, anti-thrombin III concentrates 3000
µ/60 ml can be given in half an hour, then 1000 µ every six
hours[5]. FDP and D-dimer would decrease, platelet count and
fibrinogen increase and bleeding usually ceases.
Obstructive jaundice is usually due to edema of pancreatic
head. It will resolve after subsidence of inflammatory edema,
only when complicated with common duct stone and deep
jaundice, then surgical drainage would be necessary.
Pancreatic encephalopathy is rare, early and energetic
treatment at the start?can prevent its occurrence.
Due to the damage of pancreatic β cells, insulin
supplements should be given. The hypertriglyceridemia and
hyperlactic acid dehydrogenase would resolve after recovery.
All twelve cases were managed medically, only one case
with subhepatic abscess larger than 3 cm was aspirated by CT
guidance. All of these recovered uneventfully in 1 and a half
to 2 months without serious complications.

REFERENCES
1
2
3
4
5

Balthazar EJ, Ranson JHC, Naidich DP, Megibow AJ, Caccavala R, Cooper
HM et al. Acute pancreatitis prognostic value of computed tomography.
Radiology, 1985;156(3):767 - 772
Zong SW, Tu JH, Liu XL. Study the pancreatic microcirculatory functional
impairment in acute pancreatitis. J Chin Exp Surg, 1996;13(5):257 - 258
Widdison AL. Microbiology and sources of pancreatic pathogens in acute
pancreatitis. In: Pederzoli P, Cavallini G, Bassi C, Falconi M (Eds). Facing
the Pancreatic Dilemma. Berlin: Springer Verlag, 1994:291 - 300
Minelli EB. Pharmacokinetics of antibiotics in the pancreas. Ibid, 1994:301
-312
Bick RL. Disseminated intravascular coagulation objective criteria for diagnosis and
management. Med Clin North Amer, 1994;78(30):511 - 543

92

ISSN 1007-9327

CN 14-1219/R

WJG, 1998;4(1):92

Plasma leucine enkephalin content in patients with
“Liver-blood deficiency” syndrome and clinical significance *
SHI Lin-Jie1, CHEN Guo-Lin1, LI Xue-Wen1, SHU Yi-Gang2, ZHANG Xiang1 and PANG Wei-Hua3
Subject headings “Liver-blood deficiency” syndrome/
pathophysiology; enkephalin/blood; radioimmunoassay

INTRODUCTION
Recent studies revealed that the leucine enkephalin (L-EK) was
distributed in rat brains with a higher concentration in
hypothalamus and little in the pituitary gland[1], but the study on
the relationship of L-EK with “liver-blood deficiency” syndrome
(LBDS) was lacking. We determined the plasma L-EK levels in
LBDS patients with clinical features of iron deficiency anemie
(IDA) and/or chronic aplastic anemia (CAA), so as to
investigate their relationship.

MATERIALS AND METHODS
Patients and controls
The LBDS was determined by the traditional Chinese medicine
(TCM) and the disease entities determined by the modern
medicine; an integrated method was used in selecting the objects
for study. All patients came from the departments of hematology
and integrated TCM and modern medicine of our hospital, most
of them were inpatients, and the diagnosis of LBDS was
established by two clinicians. Among the 26 patients with LBDS,
23 were iron deficiency anemia (IDA) and 3 were chronic aplastic
anemia(CAA), including 7 males and 19 females; age averaged
39.6 ± 9.0 (21 - 66) years. The 30 healthy controls were
employees and blood donors of our hospital, including 15 of each
sex, and age averaged 32.8 ± 10.2 (21-46) years.

Diagnostic criteria
The diagnostic criteria for IDA was in conformity with the
“Diagnostic criteria and curative improvement standards of clinical
diseases”[2], and those of CAA accorded with the 1987 Baoji
Conference revised standard[3]. The diagnostic standard of LBDS
followed the certified standard of our institute[4], including: a.
dizziness; b. decreased visual acuity and/or blurred vision; c.
numbness of the extremities; d. face, lip and nails pale and
malnourishment; e. tongue pale and pulse taut and thready or
thready. Patients presenting symptoms of b or c with additional
two symptoms and excluding those displaying Yinxu (deficiency of
yin), Yangxu (deficiency of yang) and Qixu (deficiency of qi)
were diagnosed as LBDS.
Determination of plasma L-EK
Radioimmunoassay was used to determine the plasma level of LEK. Three ml fasting blood samples were collected at 6-8 a.m.
in test tubes containing 50 µl proinin and 40µl EDTA, mixed and
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centrifuged at 3000rpm for 15min immediately to isolate the
plasma and stored at a -20 for determination. The reagent kit
was provided by the Department of Neurobiology of Second
Military Medical University, Shanghai, and the test was
performed according to the manual of the kit. The instrument was
the FJ-2107PY immuno-automatic counter of Xi’an 262 Factory.

Statistical analysis
The results were expressed as x ± s, and the difference was
examined by Student’s t test.

RESULTS
In the 26 LBDS patients L-EK was 60.83 ng/L ± 21.44 ng/L as
compared with 43.22 ng/L ± 17.99 ng/L in 30 healthy controls
(P<0.01).

DISCUSSION
The opioid peptides, or the so-called endogenous opioid substances
include enkephalin, endorphine and dynorphin, the three major
categories, with algether about twenty members in this family.
Enkephalins come from prepro-enkephalin A, which is composed
of 267 amino acids, including six met-enkephalin and one Leu-EK
molecule, which was the first isolated opioid peptide in 1975 and
the most abundant opioid in the brain. In the cardiovascular
system enkephalin is distributed in the atrial and ventricular
conductive system and in the nerve fibers of peripheral vascular
walls[5,6]. EK is a kind of neural transmitter, which plays an
important role in physiologic function[6]; it affects the
hypothalamus, pituitary axis functional activities significantly,
including the release of luteinizing hormone (LH), the follicular
stimulating hormone (FSH) and the thyroid stimulating hormone
(TSH)[7]. The functions of FSH and LH on the ovary are to
stimulate the production of gametes and ovarian sex hormones. In
circumstances of insufficient secretion of FSH and LH, ovarian
functional activities are depressed and the secretion of estrogen
and progesterone is defective and ultimately results in
oligomenorrhea or amenorrhea and anovulation[8]. The result of
our study demonstrated a significantly increased plasma level of LEK in patients with LBDS, and the difference from the healthy
controls was very significant. It is suggested that the underlying
pathophysiologic basis of oligo or amenorrhea and infertility of
female patients with LBDS might be ascribed to the deficient
ovarian functional activity partially induced by the obviously
increased enkephalin as shown by the increased plasma level of LEK in our study.
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Association between Helicobacter pylori and
gastric cancer: current knowledge and future
research
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In 1994 Helicobacter pylori infection was classified as a definite (class 1) carcinogen by the International Agency for Research on Cancer (IARC) on
the basis of available epidemiological and clinical
research[1]. However, data collected over the past 3
years has failed to provide unequivocal support for
the conclusion. The mechanisms by which H. pylori increases the risk of developing gastric cancer
remain unclear, despite many significant experimental observations.
EPIDEMIOLOGICAL STUDIES
Association between incidence of gastric
cancer and prevalence of H. pylori infection.

While gastric cancer is the second most common
cause of cancer death, the incidence has decreased
dramatically in some developed countries over the
past decades[2,3]. There is also good evidence that
the prevalence of H. pylori infection has dropped
markedly in these countries, and it is unlikely that
these two events have happened coincidently. Recent studies has shown that the geographic variation
in the incidence of gastric cancer is related to the
prevalence of H. pylori infection; an increased incidence and mortality of gastric cancer in a region is
strongly associated with a high prevalence of H.
pylori infection in the population within that
region[4]. However, lack of association between H.
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pylori and gastric cancer has been reported in some
areas of the world, such as the Mediterranean and
Africa where the prevalence of H. pylori is high
but the incidence of gastric cancer is low[5].
Case control and prospective studies

Early case control studies provided convincing support for the association between H. pylori infection
and gastric cancer[5,7]. In 1994, Forman summarized
all available case control studies and concluded that
the relative risk for development of gastric cancer
was 3.8 fold higher in patients with H. pylori infection than those without [6]. However, more recent epidemiological studies have shown inconsistent
results [5,8-13]. Two studies carried out in Chinese
populations showed nosignificant association between H. pylori infection and gastric cancer [8,9],
and this finding has been replicated in recent
Japanese and Korean studies[11-13].
One limitation of current epidemiological studies is that most studies did not adjust the potential
confounding factors such as dietary or socioeconomic characteristics, thus bias may exist [5]. For
example, poor living conditions are usually related
to a high prevalence of H. pylori infection and a
high incidence of gastric cancer. Misclassification is
another limitation in current epidemiological
studies. It is widely accepted that H. pylori infection is lost with advancing preneoplasia (such as
atrophy, intestinal metaplasia and dysplasia) and
that serum titres drop correspondingly [14,15]. Cases
are more likely to have advanced preneoplasia than
the controls, so that H. pylori infection may have
disappeared in a substantial proportion of cases.
These cases may be classified as H. pylori negative
since the infection is usually assessed at the time of
diagnosis of gastric cancer. Misclassification may also result from the application of serological assays
with low sensitivity and specificity for H. pylori
detection, and from misdiagnosis of gastric cancer.
This significantly influences the outcomes of
analysis, resulting in underestimation of relative
risks[14]. When the misclassification errors are taken
into account, it is rare to find studies that do not
link H. pylori infection to gastric cancer.
Therefore, understanding the limitations of these
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epidemiological studies is critical in interpreting the
research findings.
EXPERIMENTAL OBSERVATIONS
Cytotoxic strains

Approximately 50% of H. pylori strains express the
CagA protein. It has been shown that persons with
CagA-expressing strains are more likely to develop
atrophic gastritis, intestinal metaplasia and gastric
cancer than those infected with CagA negative
strains[16,17]. Thus, variation in CagA prevalence
among populations may explain some of the discrepancies observed in the case-control studies. In
populations with a high prevalence of CagA positive strains, H. pylori infection is more likely to
beidentified as a cancer risk factor. For example,
the prevalence of CagA positive strains is substantially higher in Europeans than in African-born
subjects [17]. Similarly, CagA positive strains are
more prevalent in blacks than in whites in the
USA[17]. However, this remains controversial as studies
from Asian countries, such as China, Japan and South
Korea, failed to show that infection with CagA po-sitive
strains is associated with these lesions[18-21].
DNA alternations

There is no evidence, so far, that H. pylori infection is, in itself, directly genotoxic or mutagenic.
Thus, it is unlikely that there is some direct interaction between the bacterium and host DNA which
leads to mutations and transformed cell phenotypes.
However, H. pylori produces a variety of substances that may indirectly cause DNA damage of
the gastric epithelial cells[4]. These products include
ammonia or ammonium-containing chemicals,
phospholipases, and cytotoxin(s). All these factors
may impair the host defence and render the gastric
epithelial cells prone to the activity of direct-acting
carcinogens.
The host’s immune response to H. pylori may
eventually result in DNA damage. In theory, stimulation of leukocyte cells by a bacterial infection
should lead to the activation of both specific and
non specific immune defence mechanisms that
would cause limitation and resolution of the
infection. However, the human immune response to
H. pylori is not capable of eradicating the infection
from the stomach, as the bacteria can avoid the human immune defence system. Thus, stimulation of
the leukocyte cells continues as long as the infection
persists. This toxic response may, over an extensive
time period, lead to structural and biological damage to the gastric epithelium. For example, the
excessive production of reactive oxygen metabolites
by stimulated neutrophil polymorphs and monocytes
may cause extensive DNA damage and molecular
mutation [22]. It has been shown that H. pylori in-
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fected gastric epithelium has a significantly higher
level of these compounds than normal epithelium
and that eradication of H. pylori infection returned
to normal levels [23]. Genetic damage by persistent
inflammation may be mediated by other chemicals,
such as oxidates of nitrogen, and lead to the formation of N-nitroso-compounds and nitric oxide which
can induce DNA damage.
Cell division is vital to the development of cancer and an elevated rate of mitosis increases the
likelihood of a somatic DNA mutation. Studies in
varied populations have shown that H. pylori infection is associated with an approximately doubling of
cell turnover and that the turnover level returns to
the normal level following eradication of the
infection [24,25]. It has also been shown that H. pylori increases epithelial cell proliferation in
vitro [26]. On the other hand, H. pylori infection
has been reported to induce epithelial apoptosis
(programmed cell death) in vivo[27-29] and eradication of the infection results in a significant reduction
in apoptosis. Moreover, a recent study showed that
increased cell proliferation was not associated with a
corresponding increase in apoptosis in patients infected with cagA+ strains, indicating that failure to
delete cells with genetic damage may result in malignant transformation[30].
Telomeres are specialised structures at the ends
of chromosomes that are important in protection
and replication of chromosomes. Normally, there is
progressive shortening of telomeric repeats with
each cell division, whereas germline cells compensate for the end replication problem by telomerase
expression which permits the synthesis of telomeres,
telomerase activity is not expressed at detectable
levels in normal somatic cells. So, telomeres in somatic cells progressively shorten with each cell
division. Telomere reduction could cause chromosome instability and additional genetic changes, resulting in increased cell proliferation and reactivation of telomerase. Studies have shown that telomerase activity can be detected in most gastric cancers
as well as precancerous lesions such as gastric intestinal metaplasia and adenoma, suggesting that the
expression of telomerase activity is an early event of
gastric carcinogenesis [31-32]. A recent study from
Japan showed that the level of human telomerase
RNA (hTR) and telomerase activity increased in
parallel with the density of H. pylori infection,
which was also associated with the grade of intestinal metaplasia[33]. This finding suggests that H. pylori infection may be a strong trigger for hTR overexpression in intestinal metaplasia, which may lead
to telomerase reactivation.
Microenvironmental biophysiological changes

Ascorbic acid (Vitamin C) is a critical antioxidant

Harry Hua-Xiang Xia. Hp and gastric cancer

which has important functions as a scavenger of reactive oxygen species and inhibits N nitrosation.
This antioxidant property of ascorbic acid plays a
central role in the chemoprevention against gastric
cancer. It has been shown that H. pylori infection
is associated with a significant decrease in the concentration of ascorbic acid in gastric juice, and that
eradication of the infection normalizes the level of
ascorbic acid[34,35]. Similarly, the gastric level of β
carotene, which is also an antioxidant, is significantly decreased in patients with H. pylori
infection[36].
FUTURE RESEARCH
Epidemiology

Current epidemiological studies are limited by their
small sample size and failure to adjust potential
confounders. Well designed prospective and case
control studies using large populations are still
needed. These may confirm or refute the established
“guilty” sentence for H. pylori infection in the development of gastric cancer.
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cal application.
Encouraging results have been reported on the
vaccination against H. pylori infection. Studies using animal models have shown that immunization against H. pylori not only prevents the infection but
also can eradicate it£Û39£Ý. Vaccination as the optimal
strategy in humans will be confirmed in the management of H. pylori infection.
CONCLUSIONS

Preliminary epidemiological data support the link
between H. pylori infection and the development
of gastric cancer. However, well-designed prospective and case-control studies using large populations
are still required. Moreover, the mechanisms
through which H. pylori infection leads to gastric
cancer are not fully understood, and studies on this
issue are urgently needed. Further research should
also explore the possibility of preventing gastric cancer by eradicating H. pylori infection, with
vaccines.
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Abstract
AIM To study the relationship between N-ras
gene mutation and p53 gene expression in the
carcinogen-esis and the development of human
hepatocellular carcinomas (HCC).
METHODS The N-ras gene mutation and the p53
gene expression were analyzed in 29 cases of HCC
by polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) and
immunohistochemistry.
RESULTS Thirteen cases of HCCs were p53 positive (44.8%), which showed a rather high percentage of p53 gene mutation in Guangxi. The aberrations at N-ras codon 2-37 were found in 79.31% of
HCCs and 80.77% of adjacent non-tumorous liver
tissues. More than 2 point mutations of N-ras gene
were observed in 22 cases (75.86%). Twelve cases
(41.37%) of HCCs showed both N-ras gene mutation and p53 gene expression.
CONCLUSIONS N-ras gene and p53 gene may be
involved in the carcinogenesis and the development
of HCC. That 38% of HCCs with N-ras gene mutation did not express p53 protein indicates that some
other genes or factors may participate in the carcinogenesis and the development of HCC.

INTRODUCTION

The hepatocellular carcinogenesis is presumably a
multiple-step process and is influenced by many
factors. The accumulation of genetic changes is necessary for emergence of hepatocellular carcinoma
(HCC). Activation of pro-oncogenes and inactivation of tumor suppressor genes might be related to
the carcinogenesis and the development of HCC. It
has been reported that there was mutation of tumor
suppressor gene p53 and overexpression of N-ras
oncogene in human HCC [1-3], but there have been
few reports on the relationship between N-ras gene
mutation and p53 gene expression. We analyzed the
N-ras gene mutation by polymerase chain reactionsingle strand conformation polymorphism (PCRSSCP) and p53 protein by immunohistochemistry in
29 cases of human HCC in order to explore the relationship between these two kinds of genetic changes
and human HCC.
MATERIALS AND METHODS
Clinical samples

Twenty-nine HCC surgical resected specimens were
collected in Guangxi Cancer Institute during the period of 1987-1992, 28 of them had HCC adjacent
liver tissues. All samples were fixed with 10%
formalin, embedded in paraffin and stained with
haematoxylin and eosin (HE).
Immunohistochemistry

Immunostaining was performed using a streptavidinbiotin immunoperoxidase method. p53 protein was
detected with monoclonal anti p53 antibody (Oncogene Science, PAb DO1) and Strept ABC kit
(DAKO A/S Denmark). The tissues were firstly microwaved 5min, 4 times and then used for
immunohistochemistry.
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DNA extraction

Genomic DNA was prepared by the proteinase KPhenol-Chloroform extraction method.
PCR-SSCP

Oligomers that flank codon 2-37 of N-ras genes
was synthesized as a primer by the Department of
Molecular Medicine in King’s College Hospital,
UK. One of them was 5’-end labelled with r-32P
ATP by T4 Polynucleotide Kinase reaction. The
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primer sets were: 5’-GACTGAGTACAAACTGGTGG3’, 5’-GGGCCTCACCTCTATGGTG-3’.
The amplified product obtained by the PCR is
118bp. 0.1µg DNA taken from tissues, which was
added with 9µl PCR mixture (containing 1pmol/L
primer, 0.2mmol/L dATP, dGTP, dCTP, dTTP,
0.25U Taq DNA polymerase, 50mmol/L KCl, 10
mmol/L Tris, 2.5mmol/L MgCl2 and 0.45%
Tween 20), covered with mineral oil. PCR reaction
underwent 5min denature at 94 , then went to 35
cycles. One cycle included 30sec denature at 95 ,
1min annealing at 55 , 1min 30sec extension at
72 , and finally 10min extension at 72 .
Two µl PCR product was added to 2µl dilution
containing 95% formamide, 20mmol/L EDTA,
0.05% bromophenol blue and 0.05% xylene cyanol
dye. The mixture was denatured 5min at 95 , then
applied to a 6% polyacrylamide gel (21cm×40cm
×0.4cm) with 1×TBE buffer at 45mA current and
45 Watt in cold room (4 ) for 4-5 hours. The gel
was dried at 80 and autoradiographed at -70 .
RESULTS
Pathologic histology

The tumor specimens were all diagnosed as hepatocellular carcinomas. The histological diagnosis of
tumor adjacent liver tissues were: 14 (50%) cases of
chronic hepatitis, including chronic active type
(CAH) and chronic persistant type (CPH); 6 of
them had liver cirrhosis with CAH, 6 had liver cirrhosis and 2 cases acute hepatitis.
Point mutation of N ras gene

The N-ras PCR-SSCP showed only 3 bands in normal control samples including human liver tissues (2
cases) and human placenta DNA (1 case). These 3
normal bands were also clearly discerned in all HCC
and their adjacent tissues. Some of detected specimens presented mobility shift bands, which was the
point mutation in N-ras gene. The aberrations at Nras codon 2-37 were found in 79.31% of HCCs
and 80.77% of adjacent non-tumor liver tissues,
respectively. There was no significant difference
between them (χ 2 test, P>0.05). Twenty-two of
29 HCC (75.86%) showed 2-5 mobility shifts.
p53 protein detection

p53 protein was mainly localized in HCC cell
nucleus. Both nuclei and cytoplasmic staining were
observed in 75% of p53 protein positive HCC. Nontumor liver tissues showed only cytoplasmic type of
p53 protein. p53 protein positive rate was 44.8%
(13/29), 12 (41.37%) of them had N-ras mutation
as well.
DISCUSSION

PCR-SSCP analysis is based on single strand DNAs
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of the same nucleotide length in which the nucleotide sequences different at only one or some positions can be separated by polyacrylarmide gel
electrophoresis. DNA polymorphisms at a variety of
positions in a fragment could cause a difference in
its conformation and result in change in mobility of
the single strands on gel electrophoresis.
In HCC, N-ras was first proved as one of the
transforming genes[4], which belongs to G protein
family. When it is converted to active oncogene by
point mutation, chromosome rearrangement or gene
amplification, the signal transmission of cell membranes may change, which drives cell division, results in abnormal differentiation and finally forms
neoplasm. Enhanced expression of N-ras gene in
human HCC has been reported[3]. The ‘hot spot’
mutation at codon 12, 13 or 61 in the N-ras gene
has been described in many kinds of human
cancers[5]. But no point mutation around these ‘hot
spot’ was found in HCC from South Africa[6] and
Japan[5]. In China, in FANG Dian Chun’s study[7],
37.2% (16/43) of HCC showed N-ras gene point
mutation at codon 12 by PCR-restriction fragment
length polymorphisms (PCR-RFLP). In our study,
the PCR product contained codon 12, 13 of N-ras.
This gene point mutation was found in 79.31% (23/
29) of HCC, indicating that the frequency is rather
high in HCC from Guangxi region. In contrast to
the reports about no N-ras gene point mutation or
only one mutation at codon 12 in HCC, we found
that 75.86% (22/29) of HCC had 2.5 point mutations around codon 2-37. This data showed that
the mutation positions were not limited at codon 12
or 13. Therefore, if we only investigate the ‘hot
spot’ mutation of N-ras gene, there is a possibility
of missing mutations in other regions of the gene.
The mobility shifts scattered at different positions.
No clustering position could be considered as a hot
spot in this study. We do not know the exact codon
of mutation in this fragment by PCR-SSCP analysis.
They could be confirmed by DNA sequencing.
SSCP bands can be clearly discerned in HCC
(79.31%) and their adjacent liver tissues
(80.77%). There was no significant difference between them, P>0.05. Most of these non-tumorous
liver tissues presented as chronic hepatitis and/or
liver cirrhosis, which was indicative of a close correlation with HCC. Our result indicates that N-ras
gene mutations are involved in the carcinogenesis
and development of HCC.
Many studies have shown that p53 abnormalities were involved in the genesis of HCC [1-2]. One
of the most common mechanisms leading to functional defect of this tumor suppressor gene in carcinogenesis is point mutations and expression of a
conformationally altered protein that is immunohistochemically identifiable. Wild-type (normal) p53
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protein has a very short half-life[8] and can not be
identified immunohistologically. In contrast, most
mutant p53 protein becoming more stable with an
extended half-life (4-5 hours) and being overexpressed in cells were readily detected by
immunohistochemistry. We examined 29 HCC for
p53 protein by ABC immunohistochemistry, 13 cases were found positive, accounting for 44.8% of
HCC, which showed a high frequency of p53 gene
mutation in HCC in Guangxi area.
It has been evidenced that mutation of the tumor suppressor gene p53 can convert ras gene into
oncogene[9]. The mutant p53 gene cooperation with
mutant rasgene in cell transformation has been
proved[10]. We noticed that 12/29 (41.37%) cases
of HCC had both mutations of N-ras gene and p53
gene. The result indicates that the mutations of Nras gene and p53 gene may play an important role in
the carcinogenesis and maintenance of HCC. It is
interesting that 38% of HCC with N-ras mutations
was p53 protein negative. The explanation might be
that some other genes or factors except N-ras and
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p53 participated in the formation and maintenance
of HCC in Guangxi region.
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Partial isolation and identification of hepatic
stimulator substance mRNA extracted from human
fetal liver*
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Abstract
AIM To partially isolate and identify hepatic stimulator substance mRNA from human fetal liver
tissues.
METHODS The poly (A)mRNA was extracted
from human fetal liver tissues of 4-5 month
gestation, fractionated by size on sucrose gradient
centrifugation, translated into protein from each
fraction in vitro and then its products were tested
for HSS activity.
RESULTS Twenty-two 500 µg total RNA was obtained from human fetal liver tissues and pooled.
mRNA of 420 µg was yielded, processed by oligo
(dT)-cellulose column chromatography, then was
size-fractionated by ultracentrifution on a continuous
sucrose density gradient (5%-25%), and separated into 18 fractions.Translated products of mRNA
in fraction 8 and 9 could produce a two-fold increase
in the incorporation of 3H-TdR into DNA of SMMC7721 hepatoma cells and in a heat resistant and
organ-specific way.
CONCLUSION The partially purified HSS mRNA
was obtained and this would facilitate the cloning of
HSS using expression vectors.
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INTRODUCTION

Besides hormones such as insulin and glucagon,
growth factors may be implicated in the complex
regulation of a constant liver mass in the adult
animal. Transforming growth factor (TGF)-α, hepatocyte growth factor (HGF) and epidermal growth
factor (EGF) are important stimulators of hepatocyte proliferation, but their activities are not liver
specific. On the contrary, hepatic stimulator substance (HSS) is a hepatic specific regulator found in
the weanling and regenerating livers from rat, rabbit and pig[1]. We and others[2,3] have demonstrated
the presence of stimulator factors in human fetal
livers. Its purification and characterization have
been reported[4,5]. Furthermore, we also have
demonstrated that human HSS is the product of gene
expression of fetal liver tissues[6]. But the sequencing of HSS so far has been unsuccessful. To facilitate cDNA cloning of human HSS, we approached
the partial characterization of HSS mRNA extracted
from human fetal liver tissues, with the technic of
fractionation of sucrose gradient centrifugation and
translation in vitro.
MATERIALS AND METHODS
Materials

RPMI 1640 was from Gibco Lab, Grand Island,
NY; oligo(dT)-cellulose column was from Pharmacia Ltd, Milwaukee, WI; wheat germ translation
system; cell titer 96(TM) non-radioactive cell proliferation assay were from Promega Ltd, USA.
Cells lines and culture. The following cells were
maintained in monolayer (or suspension) culture in
RPMI 1640 medium containing 10% (vol/vol) newborn calf serum: HTC, rat hepatoma cell line;
SMMC-7721, human hepatoma cell line; HL-7704,
human adult hepatocyte line; HL-60, human
promyelocytic leukemic cell line; K562, human erythroid leukemic cell line. Primary tissue cultures
(liver, spleen and kidney) were prepared as
described[6].
Preparation of poly (A)+mRNA. Total RNA was
extracted from human fetal liver tissues of 4-5
month gestation by a modified procedure from
Chomczynsky et al’s[7]. The extracted RNA was ap-
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plied onto an oligo(dT)-cellulose column to obtain
purified mRNA.
Sucrose gradient fractionation of poly(A)+mRNA.
Poly(A)+mRNA was fractionated on 5%-25% sucrose gradient on SW41 rotor essentially as described
by Buell GN et al[8]. Briefly, poly(A)+mRNA
samples were lyophilized to remove ethanol and dissolved in 0.5 ml of TE buffer, heat-treated at 65
for 10min and cooled rapidly in ice. The
poly(A)+mRNA of up to 100µg per gradient was
layered directly on 5%-25% (w/v) linear sucrose
gradients made in TE buffer and centrifuged in an
SW41 rotor at 41 000 rpm for 15 h at 20 . Eighteen
fractions (each 1ml) were collected and mRNA in
each fraction was precipitated by ethanol.
Translation in wheat germ system. mRNA 10 mg/L
was heated at 67 for 10min, immediately cooled
on ice and added to the cell-free protein synthesis
system (Promega LTD) according to the
manufacturer’s instructions. Then the wheat germ
extract components were heated at 95 for 15min,
centrifuged at 12 000×g for 20min and the supernatant was transferred to a 0.5ml micro-centrifugation tube and assayed for bioactivity.
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into DNA of SMMC-7721 hepatoma cells.
Hepatoma cells are common targets for bioassay
of hepatic stimulatory activity[9]. In the present
experiment, human HSS directly prepared from fetal liver cells according to the previously described
method[10] produced a two-fold increase in the incorporation of 3H-TdR into DNA of SMMC-7721 hepatoma cells. Although the stimulating activity was
not observed when the translated products of unfractionated mRNA was tested (Table 1), the doseresponse effect of the translated products of fraction
8 and 9 mRNA (specific mRNA) on the stimulation
of DNA synthesis of SMMC-7721 cell showed a positive relationship (Figure 2). The failure in detecting
stimulating activity of total translated products directed by unfractionated mRNA was similar to that
of our previous experiment, which might be caused
by the presence of cell growth inhibitors[6].

Stimulation assay of hepatocyte proliferation. Cells
were counted and adjusted to 5 × 104 cell/ml, and
100µl of cell suspensions were inoculated into the
96-well plastic plates and incubated for 6 h at 37
at a humidified 5% CO2 atmosphere, the medium
was then replaced by a fresh one such as human partially purified HSS, translated components, culture
supernatant or cytosolic fraction of transfected cos-7
cells. After 24 h of culture, 0.5µCi of [3H] thymidine per well was added and incubated for 3 h, and
the cells were then collected to filters, and radioactivity was determined by a liquid scintillation
counter. The activity was estimated by stimulation
index (SI). SI=cpm of experimental cells/cpm of
control cells.
RESULTS AND DISCUSSION

A total of 22 500 µg RNA was obtained from human
fetal liver tissues and pooled. Of this RNA,
22 000 µg was processed by oligo(dT)ª²cellulose column chromatography and 420 µg mRNA was
yielded. This mRNA was then size-fractionated by
ultracentrifugation on a continuous sucrose density
gradient (5%-25%), and separated into 18
fractions, and the aliquots of each fraction were
translated in vitro as described in the section of
methods, and its products for biological activity
were tested. As shown in Figure 1, the translated
products of mRNA in fraction 8 and 9 could produce
a two-fold increase in the incorporation of 3H-TdR

Figure 1 Sucrose density gradient centrifugation analysis of HSS
mRNA.
Figure 2 Dose-response effect of SMMC-7721 cells to translated
product of specific mRNA. Data are presented as x±s and based
on the result of five experiments (four samples for each).
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Table 1 Effect of translated products directed by different
mRNA fractions on DNA synthesis of SMMC-7721 hepatoma cells
Fractions
Control
Purified hHSS
Unfractionated mRNA
Fraction 6
Fraction 8
Fraction 9
Fraction 10

cpm

SI

2450±452
5384±602
2430±292
2202±389
5013±382
4123±452
1894±172

2.1a
1.0
0.9
2.0a
1.7a
0.7

Data are presented as x±s and based on the results of four experiments (four samples for each). aP < 0.05, showing stimulating
effect.

Table 2 Organ specificity of translated products of specific
mRNA
(x±s)
Test system

Control

SMMC-7721
HFL
HFK
HFS
K562
HL-60

1245 ±274
346 ±79
308 ±74
248 ±63
2438 ±256
4308 ±362

Translated product
of specific mRNA

Purified hHSS

4703±236a
758 ±102a
298 ±70
304 ±74
2058 ±217
4703 ±298

4279±193 a
693±87a
378±92
238±75
3072±287
3994±304

HFL, human fetal liver primary culture; HFK, human fetal kidney primary culture; HFS, human fetal spleen primary culture;
hHSS, purified human hepatic stimulation substance. aP < 0.05,
showing stimulating effect.

product of specific mRNA. Table 2 shows that the
bioactivity of translated product was liver-specific,
i.e., only stimulating liver cell DNA synthesis,
rather than spleen, kidney, HL-60 and so on. Table
3 indicates that the translated products were resistant to heating.
The effect of the various stimulators such as
interlukin-6, fibroblast growth factor and insulinlike growth factor on the stimulation of hepatic
DNA synthesis have been reported, but these stimulators could stimulate not only hepatocytes or hepatoma cells but also HL-60, K-562 cells. Unlike
these sti-mulators, the translated products of fractionated mRNA were a liver-specific stimulator.
The fact that translated stimulator of specific mRNA is resistant to heating and shows organ-specificity of action, strongly suggests that the partially purified human HSS mRNAs have been obtained. Because of the failure in amino acid sequence determination of HSS, the enrichment and fractionation of
human HSS here should greatly facilitate the cloning
of HSS cDNA using functional screening.
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Abstract
AIM To observe the effects of a chemically synthesized tetrose and a natural yeast mannan on experimental liver metastasis of mouse melanoma.
METHODS After treated with 4mg tetrose (tetrose group) or 4mg mannan (mannan group) for 30
minutes at 37 , 0.5ml 1×106 B16-MBK melanoma
cells were injected into the spleen of mice. Fiftyfive days later, melanoma metastatic nodes on the
surface of the liver and in other organs as well as
mouse survival time were observed.
RESULTS Of the 6 mice in control (B16 cell+PBS)
group, 4 died naturally within 55 days, and 2 were killed
on the 55th day. All of the 6 mice had metastases in
livers, the total number of the melanoma nodes on each
liver surface ranged from 2 to 30, with the largest one
merging into the whole liver. One mouse had a neoplasm in the remnant site of injection, and 3 had metastases in lungs. In contrast, of the 6 mice in tetrose
group, only one died on the 50th day after injection,
with 3 metastases in the liver, the largest being 10 mm
in diameter, the other 5 mice survived until being dissected on the 55th day after injection and had no liver
metastasis, but 3 of them had neoplasms in their remnant sites of injection. In mannan group, all of the 6
mice survived and no metastasis was seen except for 2
liver nodes in one mouse with the largest diameter of 1
mm. Neither tetrose nor mannan group had metastasis
out of the liver, and the weight of liver in the two
groups was significantly lower than those in the control
group.
CONCLUSION Both tetrose and mannan had the
effects of preventing melanoma cells from experimental metastasis to and out of the liver, and prolonging the survival time of the mouse.
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INTRODUCTION

The saccharide structures on the surface of tumor
cells, particularly of the highly metastatic cancer
cells, have certain peculiarities, and may play vital
roles in the process of metastasis. We have demonstrated that some glycopeptides can significantly inhibit experimental metastasis of mouse melanoma
and Lewis lung carcinoma cell lines towards the
lungs and livers[1-3], and the antimetastatic effects
of the glycopeptides lie in their carbohydrate
moieties. In order to explore the structural peculiarity associated with the metastasis-blocking function,
and to develop new antimetastatic drugs, we designed and chemically synthesized a tetrose with a
special structure, and chose the natural mannan to
compare the effects of carbohydrate structures on
experimental liver metastasis of mouse melanoma
cells.
MATERIALS AND METHODS
Animals and reagents

Eighteen male Balb/c mice with similar body
weight, obtained from the Animal Center of Beijing
Medical University, were divided randomly into
control group, tetrose group and mannan group,
respectively, with 6 mice in each group. B16-MBK
melanoma cell line (B16 cell for abbreviation) was
provided by the Department of Cell Biology, Basic
Medical Research Institute of Chinese Academy of
Medical Sciences. Chemically synthesized tetrose
was produced by the Department of Organic Chemistry in Beijing Medical University. RPMI 1640
was provided by JR Scientific Company, USA. Other
reagents
were A.R. or C.P. grade made
domestically.
Methods

Induction of liver metastases. Lafremiere’s method
was adopted [4]. Briefly, with the use of sterile instruments and gloves, Balb/c mice, after anaesthetized by ether inhalation, were set in the right
lateral position, and a 1-cm incision was made at the
left subcostal region. The spleen was gently
retracted, and the short gastric vessels and gastrosplenic ligament at the upper pole of the spleen were
identified, ligated and cut, thus freeing the spleen
at its pedicle. This procedure allowed the spleen to
be exposed outside the abdominal cavity. B16 cell
suspension 0.5 ml (2×106 cells/ml) in serum-free
1640 medium was injected through a 27-gauge needle
positioned in the spleen through its upper pole. The

104

ISSN 1007-9327

CN 14-1219/ R

spleen pedicle was clipped with a medium hemoclip,
then the spleen was removed, and the spleen pedicle
repositioned intraperitoneally. The abdominal cavity was closed in one layer. The animals were fed
with standard mouse chow and water ad libitum.
Fifty-five days later, the mice were killed and their
livers were harvested, the tumor metastasis nodes
were counted on the surface of the livers.
Treatment of the B16 cells

Fourty-eight hours after passage culture, the B16
cells were detached by brief digestion with 0.125%
trypsin (in PBS without Ca and Mg), the digestion
was stopped by 1640 medium with 10% fetal bovine
serum and then the cells were resuspended in serumfree 1640 medium, readjusted to the cell concentration at 2 × 106/ml. After incubated respectively with
4mg tetrose (tetrose group) or 4mg mannan (mannan group) for 30 minutes at 37
in a humidified
air atmosphere of 5% CO2, the cell viability was assessed > 95% by 0.2% trypan blue exclusion test,
and the cells were injected as described above in the
spleen. In the control group, the cells were treated
with PBS substitutionally.
Statistical analysis

The significance of differences among groups was
determined by the Student’s t test or χ2 test. Twotail P values were presented for all experiments.
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surfaces, the largest diameter was 10mm, the other
5 were killed on the 55th day, 3 of which had neoplasms in their remnant sites of injection, but without metastases either in or out of the livers. The
weights of livers (1.4 g ± 0.1 g) were significantly
lower than the control group (Table 1).
Mannan group. All of the 6 mice survived until the
dissection day, and only one mouse had 2 metastases
in the liver with the node diameters < 1mm, others
had no metastases either in or out of the livers. The
livers weighted 0.85 g ± 0.02 g, being significantly
lower than the control (P<0.05).
DISCUSSION

In our experimental liver metastasis model, intrasplenic
injection of B16 cells was used to induce the cells into
portal circulation, and allow the tumor cells to form liver metastases. The fact that all mice in the control
group developed metastases in the livers indicated that
the model was highly reproducible, carried a high
metastatic rate, and therefore was a preferable model
for experimental liver metastasis. Complete ligation of
the gastric and other vessels and prevention of direct
spleen clamping were critical, and leakage should be
avoided, if it appears, the mouse should be given up.

RESULTS
The melanoma experimental hepatic metastasis model

With 1×106 cells injected intraspleen, 4 mice in the
control group died naturally within 55 days after the
injection of B16 cells, and 2 mice were killed on the
55th day (Figure 1). All the mice in the control
group had metastases in the livers, the number of
the metastastic nodes ranged from 2 to 30, with the
largest one merged into the whole liver. The liver
weights were 3.8 g ± 1.5 g. Of the 6 mice, 3 had
lung metastases simultaneously and one mouse was
found to have a neoplasm in the injected area.
The effects of oligosaccharide on melanoma
liver metastasis

Tetrose group. One of the 6 mice died on the 50th
day of injection with 3 melanoma nodes on its liver

Figure 1 Mouse survival curve in each group after injection of
B16 cell. - - Control
Mannan
etrose

Table 1 Effects of two oligosaccharides on experimental liver metastasis of B16 cells
Liver metastases
Groups

Total No. mice
Mice No.

Node No.

Node max. diameter

Metastases out of
liver (mice No.)

6
1a
1a

2-30
0-3
0-2

Fused to whole liver
10mm-8mm
<1mm

3
0a
0a

Control
Tetrose
Mannan

6
6
6

χ2 test aP<0.05 vs control;

: metastases were found in lungs.
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Recently, Dean et al[5] successfully inhibited
experimental metastasis to lungs using synthetic
multivalent lactosyl clusters. Tsukada et al[6] proved
the antimetastatic and growth inhibitory effects of
N-acetylchitohexaose in mouse Lewis lung
carcinoma. The tetrose and mannan in the present
study, with the structure differing from the above
two carbohydrates, are strikingly effective in inhibiting experimental liver metastases. The tetrose
we designed exists in the saccharide chains of tumor
cell surface, its action suggested that the carbohydrate with this structure may block the metastatic
process of tumor cells. The antimetastatic effect of
mannan is also inspiring. Chandrasekaran et al [7]
demonstrated in vitro that the spreading of B16
cells on basement membrane depends on the Nlinked high mannose carbohydrate structure. The
present study showed that after incubated with
mannan, the B16 cells were blocked to metastasize
toward the liver,probably by the blocking effect of
mannan on the interaction, including spreading of
B16 cells and basement membrane. As we know,
spreading is a prerequisite of a series of biological
processes (such as secreting proteinase, migration
and proliferation) in invasion of tumor cells.
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It should be noted, however, that the tetrose suppressed experimental liver metastases without inhibiting the neoplasia, since there were neoplasms
in the remnant sites of injection in some mice in the
tetrose group. The findings also proved that the antimetastatic effect was not due to the cytotoxic effect of the oligosaccharides, as all cells were fully
viable after the treatment with tetrose or mannan.
All these demonstrated that these two oligosaccharides selectively inhibited the experimental metastasis of mouse melanoma cells.
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Abstract
AIM To offer a more simple method with a high
sensitivity and specificity for detection of hepatoma
cells in peripheral blood of the patients with HCC.
METHODS Improved nested RT-PCR method was
used to detect the expression of AFP mRNA in nuclear cells separated from peripheral venous blood.
RESULTS AFP mRNA contained in ten hepatoma
cells was detected from 2mL peripheral blood.
CONCLUSION The improved nested RT-PCR assay for AFP mRNA expressed in cancer cells in peripheral blood might be a valuable method for clinical
diagnosis of HCC.

INTRODUCTION

The metastatic potential of hepatocellular carcinoma (HCC) is not only directly correlated with prognosis of the patients with HCC, but also extremely
valuable for selection of adequate therapies for
HCC. Detection of circulating hepatoma cells in peripheral blood might be an indicator of metastatic
potential of hepatocellular carcinoma. Human α-Fetoprotein (AFP) is a well-known marker for hepatoma cells. Although the serum AFP level could
be one of the useful biochemical indicators for diagnosis of HCC, the conventional measurements for
serum AFP concentration is not so sensitive to identify an extremely small amount of cancer cells in peripheral blood. Based on the nested RT-PCR
method for detecting AFP mRNA in the circulation
reported recently[1,2], we merged the reverse transcription reaction and the first PCR into a single
step, and then combined it with nested PCR. By
this way, AFP mRNA contained in 10 human hepatoblastoma cells (HepG-2) could be detected in 2mL
peripheral venous blood. Being highly sensitive and
specific, the improved method requires relatively a
small amount of blood sample, and less time to
obtain similar satisfactory results.
MATERIALS AND METHODS
Materials
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HepG-2 was derived from the Institute of Virology,
Chinese Academy of Preventive Medical Sciences.
The AFP primers[3] purified by HPLC were obtained
from Cybersyn, BJ. The external primers were: 5’
ACT GAA TCC AGA ACA CTG CAT AG3’ and 5’
TGC AGT CAA TGC ATC TTT CAC CA3’. The
internal primers were: 5’TGG AAT AGC TTC CAT
ATT GGA TTC3’ and 5’AAG TGG CTT CTT GAA
CAA ACT GG3’. Taq DNA polymerase and AMV
reverse transcriptase were purchased from SinoAmerican Corp. and Promega Inc., respectively.
Methods

Separation of nuclear cells from peripheral blood.
Fresh healthy peripheral venous blood was collected
into a sterilized tube containing 0.5% EDTA. One
thousand HepG-2 cells were mixed with 2mL
healthy blood and serial dilution of cancer cells was
then prepared. Each dilution sample contained
1000, 100, 10 and 1 HepG-2 cells per 2mL of blood,
respectively. Nuclear cells were separated from peripheral venous blood using routine method by Ficoll
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isolation.
Extraction of total RNA from nuclear cells. Total
RNA of nuclear cells separated from whole blood
was extracted using single-step method by acid
guanidinium thiocyanate extraction[4].
Reverse transcription and the first PCR. A total
amount of 50µL reaction solution contained 5µL 10
×PCR buffer, 0.2mmol/L of each dNTPs, 20
pmol-50pmol of each external primers, 50 U
RNAase inhibitor, 30 U AMV reverse transcriptase,
3U Taq DNA polymerase and RNA template. The
mixture solution was incubated at 42 for 30min,
for
and followed by initial denaturation at 94
2min. The PCR procedure was carried out as
follows: denaturation at 94
for 30s, annealing at
52 for 30s and extension at 72 for 40s, and the
thermal cycles were repeated 32 times.
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sufficient for detection (Figure 1).
As indicated in Figure 2, internal standard control assay demonstrated that the intensity of the specific bands for AFP mRNA was significantly correlated with the amount of total RNA templates. No
specific bands for AFP were detected in the sample
of 5 × 10-6µg RNA from HepG-2 cells by nested RTPCR. With regard to negative control with absence
of RNA from HepG-2 cells, it was also impossible
to detect such specific bands.

Nested PCR. Reaction mixture of 50µl contained
5µL of 10×PCR buffer, 0.2mmol/L of each
dNTPs, 20pmol-50pmol of each internal primers,
3U Taq DNA polymerase and 10µL of the first PCR
product. The PCR procedure was: denaturation at
94 for 30s, annealing at 52 for 30s and extension at 72 for 40s; and the cycles were repeated 32
times as well.
Gel electrophoresis. The final amplification product was electrophoresed on 2% agrose gel and
stained with ethidium bromide for the specific band
of 101bp.
Internal standard control assay. Total RNA extracted from HepG-2 cells was quantified and diluted serially with DEPC-treated water, which was
used as the internal standard control of this assay.
Each of internal standard control samples contained
5, 1, 0.5, 0.05, 0.005, 0.0005 and 0.00005 µg of
RNA template, respectively. The diluted samples
were applied to nested RT-PCR amplification following the same procedure described above.
RESULTS

The amplification template used in this method was
total RNA derived from HepG-2 cells. To seek a
rapid and simple detecting method for AFP mRNA
expression in hepatoma cells, we merged the reverse
transcription reaction and the first PCR amplification into a single step and then combined with nested PCR. Gel electrophoresis analysis showed that
specific bands (101bp) of AFP mRNA were not observed in nuclear cells from healthy peripheral venous blood. When 1000, 100, 10 HepG-2 cells were
added into 2mL blood, specific bands of 101bp were
demonstrated in all RNA samples from nuclear cells
in each of diluted samples. However, RNA from
the diluted blood containing 1 HepG-2 cells was in-

Figure 1 Amplification of AFP mRNA expressed in nuclear cells
in peripheral blood by nested RT-PCR.
Lane 1: Blood from healthy volunteers.
Lanes 2-5: Titration of HepG-2 cells. Each lane includes (from
left to right) 1000, 100, 10, 1 HepG-2 cells in 2 mL normal
blood, respectively.
Figure 2 Amplification of AFP mRNA in HepG-2 cells by nested
RT-PCR.
Lane 1: Negative control.
Lanes 2-9: Titration of total RNA extracted from HepG-2 cells.
Each lane includes (from left to right) 5, 1, 0.5, 0.05, 0.005, 0.0005,
0.00005, 0.000005µg total RNA, respectively.

DISCUSSION

Primary hepatocellular carcinoma is one of the most
common malignant tumors in China, with the death
rate ranking the first in the urban population and
the second in rural areas of China. Prognosis of
HCC is not only closely associated with early diagnosis and optimal therapy, but also with some important characteristics of hepatoma cells, such as
the potential of intrahepatic metastasis, extrahepatic metastasis and recurrence. How to estimate the
metastatic potential of hepatoma cells has remained
a major puzzle for many years. AFP is expressed by
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hepatoma cells and then secreted into circulating
blood, thus being regarded as a useful marker for
hepatocellular carcinoma. Hepatoma with the potential of intrahepatic or extrahepatic metastasis often shed hepatoma cells into portal venous blood and
peripheral blood.
It was reported that the human albumin mRNA
could be used as a marker of circulating hepatocytes
in HCC[5], and that AFP mRNA expression could be
detected in a tiny amount of hepatoma cells in circulating blood of patients with HCC[1,2] by nested RTPCR. Furthermore, they found that the level of
AFP mRNA expression was significantly correlated
with the prognosis of HCC. RT-PCR is a very sensitive technique for amplifying nucleic acids, which
could be often used to detect tiny amounts of mRNA
copies. Since nested RT-PCR utilizes a couple of internal primers to reamplify the specific PCR product, it exhibits higher sensitivity, stronger specificity and lower false positive occurrence as compared to single RT-PCR.
In this study, we attempted to provide a more
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simple nested RT-PCR method with high sensitivity
and specificity for detecting a tiny amount of hepatoma cells in circulating blood of patients with
HCC. By this method, AFP mRNA could be detected when 10 HepG-2 cells were present in 2mL peripheral blood or portal venous blood, suggesting
that the sensitivity of this method is similar to that
reported in literature. Thus, it might be a desirable
assay for clinical evaluation of metastatic potential
of hepatocellular carcinoma.
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Hepatic adenylate energy charge levels in patients
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Abstract
AIM To evaluate hepatic energy charge levels of
the patients with hepatoma after hepatic artery embolization and its relation to postoperative
complications.
METHODS Sixty-nine patients with hepatoma
were continuously measured for their arterial blood
ketone body ratio (AKBR) and compared with their
postoperative clinical course or conventional liver
function test after various hepatic artery
embolization.
RESULTS AKBR in high radiation dose or jaundice
group drastically decreased at 1-3 days and recovered slowly. Patients were classified into three
groups according to the value of AKBR: group A (35
cases), AKBR remained higher than 0.7; group B
(31 cases), AKBR had transiently dropped to 0.40.7 and then increased to preoperative value; and
group C (3 cases), AKBR decreased steadily to below 0.4. The occurrence rate of various complications were 5.7%, 32.3% and 100% in the three
groups, respectively (P < 0.005).
CONCLUSION The AKBR which reflects hepatic
mitochondria redox state is morereliable as a direct
indicator to assess hepatic tolerance for embolization than routine liver function test.
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INTRODUCTION

Hepatic artery embolization has been the first
choice for advanced hepatomas in recent years, the
therapeutic effect depends upon not only thoroughness of chemoembolization or radioembolization,
but also closely correlated with liver function
reserve[1]. It has been shown that conventional liver
function tests could not give a direct and accurate evaluation of postoperative metabolic abnormality,
while the arterial blood ketone body ratio (AKBR)
which reflects hepatic mitochondria redox state
could serve as a relatively more reliable parameter
to assess the extent of hepatic injury and vitality[2].
This study investigates the effects of various embolization methods on hepatic energy charge level
and its relation to postoperative complication.
MATERIALS AND METHODS
Subjects

Sixty-three patients with unresectable primary hepatocellular carcinoma, 3 metastatic liver carcinoma
and 3 haemangioma confirmed by B-type
ultrasonography, hepatic angiography, computed
tomography and operation were included in this
study. There were 66 males and 3 females, aged
from 21 to 64 years with a mean age of 44.3 years.
Liver cirrhosis was found in 62 patients (89%).
Preoperative child classification of liver function
was A stage, 53 cases; B stage, 15 cases; and C
stage, 1 case and increased total bilirubin was detected in 20 patients.
Hepatic artery embolization

Intraoperative transcatheter arterial embolization
was accomplished via selective right hepatic artery
(39 cases) or nonselective common hepatic artery
(30 cases). Eight patients received simple embolization with Gelfoam stripes. Chemoembolization with
emulsion of lipiodol 10mL-15mL containing adriamycin 20mg and mitomycin C 10mg was applied to
30 patients. Radioembolization was performed on
31 patients using phosphorus 32 glass radiomicrospheres provided by the Chinese Academy of Atomatic Energy. The microspheres of 0.75mg-5.6mg
(radioactivity, 2.16mCi/g-11.78mCi/g, mean 61
µm) was equal to a mean 33Gy of hepatic absorbed
radiation doses used in this study.
AKBR assay

For the assay of ketone bodies, 4?ml arterial blood
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samples were obtained with a heparinised syringe
via the femoral artery 1 day preopratively, and 1,
3, 5 and 7 days postoperatively. When blood samples were taken, all patients were receiving intravenous infusion with 10% glucoses to maintain their
blood glucose levels at 6.7mmol/L - 11.2mmol/L.
The blood samples were immediately mixed with the
same volume of ice-cold 10%w/v perchloric acid.
The suspension was centrifuged at 10 000× g for
15min at 0 . The supernatant was adjusted to a pH
of 7.0 with cold 65%w/v potassium carbonate and
recentrifuged at 10 000× g for 5min at 0 . The
final supernatant was used to measure the AKBR
(AKBR = acetoacetate/ β-hydroxybutyrate),
spectrophotometrically by the standard methods of
Mellanby and Williamson[3].
Statistical analysis

The AKBR of intergroups was compared by analysis
of variance and the positive rates by Chi-square
test. P value < 0.05 was considered to be
statistically significant.
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rate was 5.7% (2/35), 32.3% (10/31) and 100%
(3/3) respectively (P£¼0.005), with no significant
statistical difference among the groups (P<0.005).
However, no difference was found in postoperative
changes in serum enzyme activities, albumin and total bilirubin concentrations among the three groups.
As shown in Table 2, the radioembolization at
large doses had marked effect on the AKBR levels,
which declined rapidly after operation and recovered slowly along with repeated occurrence of
complications. The preoperative AKBR in the
group with elevated bilirubin was lower than that of
normal bilirubin (P < 0.02), and most of the cases
fell to below 0.7 within 1-3 postoperative days and
were accompanied by a higher morbidity of
complications. Liver dysfunction and hemorrhage
occurred in six patients with low preoperative AKBR level (0.69-0.85), and two of them eventually
died of multiple organ failure, whereas only two of
other fourteen patients with AKBR of 0.97-1.43
preo- peratively suffered from cholecystitis and
wound dehiscence.

RESULTS

As shown in Figure 1, the patients were classified
into three groups according to the postoperative
changes in their AKBR. In group A (35 patients),
the AKBR was above 0.7 after operation and returned to near the preoperative level in 3-7 days.
In group B (31 patients), the AKBR remained between 0.4 and 0.7 after operation and thereafter
gradually rose to above 0.7. In group C (3
patients), the AKBR decreased to below 0.4 and
even dropped to below 0.25 without restoration.
The major postoperative complications in each
group are summarized in Table 1, the occurrence

Figure 1 Postoperative changes of AKBR in three groups.

Table 1 The relationship between changes in their AKBR and postoperative complications
Simple embolization

Chemoembolization

Radioembolization

Groups
Cases
A
B
C

7
1
0

Complications
0
0
0

Class

Cases

Complications

15
14
1

1
3
1

0
0
0

Class
2
4
5

Cases Complications
13
16
2

Class

1
7
2

2
6
7

The class of complication includes: liver dysfunction, hemorrhage, multiple organ failure, cholecystitis, wound dehiscence, coagulation
defects, pulmonary infection, renal insufficiency, pancreatitis, enteritis and sepsis.
Table 2 Effects of radiation doses, embolic area and with or without jaundice on the AKBR
AKBR value
Groups

Cases

Complications
Preoperation

High doses
Moderate doses
Low doses
With jaundice
Without jaundice
Inselective
Selective

8
12
11
20
49
30
39

1.26±0.41
1.21±0.39
1.23±0.25
0.99±0.26 a
1.36±0.31 a
1.26±0.24
1.33±0.20

First day

Third day

Fifth day

Seventh day

0.66±0.15a
0.97±0.26 a
0.89±0.12
0.72±0.19 a
0.92±0.18 a
1.01±0.32
0.98±0.41

0.76±0.24 a
1.09±0.15 a
0.98±0.19
0.84± 0.20 a
1.07±0.13 a
1.03±0.25
1.12±0.10

0.81±0.18 a
1.17±0.12 a
1.13±0.20
0.91±0.32 a
1.08±0.25 a
1.18±0.11
1.04±0.27

0.71±0.29a
1.11±0.23a
1.08±0.11
0.89±0.21a
1.18±0.23a
1.03±0.29
1.16±0.18

Intergroup comparison: aP<0.05, bP<0.05. High doses: mean 55Gy, Moderate doses: 31Gy, Low doses: 18.5Gy.

63b
25
18b
40b
15b
27
18
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DISCUSSION

AKBR can reflect the oxidoreduction state of free
nicotinamide adenine dinucleo tides (NADH) in
liver mitochondria, i.e., AKBR=K × free NAD+/
free NADH, which is closely linked to energy
charge level (ATP + 1/2ADP/ATP + ADP +
AMP)[4]. The AKBR, when it is greater than 1, 1
-0.7, 0.7-0.4, 0.4-0.25 and less than 0.25,
may indicate respectively normal mitochondria
function (takes mainly sufficient glucose oxidation
with an increased NAD+), slight mitochondria dysfunction (takes preferentially oxidized fatty acids as
an efficient energy source rather than glucose such
as group A), mitochondria membrane impairment
(leads to inhibited pyruvate oxidation and enhanced
β-oxidation of long-chain fatty acid, various complications may occur under the condition of constant
ketogenesis, such as group B), serious mitochondria
injury and death (results in an irreversible damage
of the energy-generating system such as group C).
It has been found that acute ischemia, chemical
toxic agent and nuclide internal radiation precipitate
direct injury to mitochondria. Our results indicate
that the reduced AKBR was related to radiation doses, and the radiomicrosphere affected obviously the
hepatic energy charge level among the three therapeutic patterns (embolization, chemoembolization,
radioembolization) and the two targets (selective or
inselective). Hepatocellular hypoxia could inhibit
the electron transport system in mitochondria chain
and produced excessive accumulation of NADH.
The range of AKBR decline has proved to be paralleled to the blocked extent and time of hepatic blood
flow[5], and the hepatic cell can be compromised by
β-ray radiation and terminal embolic material.

111

Therefore, internal radiation therapy at large doses
might not be an advisable procedure for patients
with liver carcinomas.
Preoperative AKBR might serve as an approximate index for evaluation of energy reserve status.
When patients were associated with severe cirrhosis
and obstructive jaundice, chronic mitochondria dysfunction potentially preexisted because of their deprived portal flow, reduced endogenous insulin level
acting on oxidative phosphorylation process, altered
ATP transport rate and prohibited directly by
bilirubin [2]. Therefore, the higher AKBR may indicate some acute compensatory capacity for injury,
and their tolerance to embolization can be quantitatively assessed by combination of redox tolerance
test (RTT)[6], while the lower AKBR demonstrates
that preoperative compensatory activity for synthesizing liver ATP is up to an extreme limit, e.g. various complications were observed in six patients with
hyperbilirubinemia and preoperative AKBR of 0.69
-0.85. Hence, the indication for TAE must be carefully considered in patients with those risk factors.
REFERENCES
1
2
3
4

5
6

Nakamura H, Mitani T, Murakami T, Hashimoto T, Tsuda K, Nakanishi K et
al. Five year survival after transcatheter embolization for HCC. Cancer Chemother
Pharmacol,1994;33(Suppl):89-92
Iwata S, Ozawa K, Shimahara Y, Mori K, Kobayashi N, Kumada K et al. Diurnal fluctuation of arterial ketone body ratio in normal subjects and patients with
liver dysfunction.Gastroenterology, 1991;100(9):1371-1378
Williamson DH, Mellanby T. Methods of enzymatic analysis. New York: Academic Press, 1974:1836-1843
Ozawa K, Chance B, Tanaka S, Iwata S, Kitai T, Ikai I. Linear correlation between acetoace-tate/β-hydroxybutyrate in arterial blood and oxidized flavoprotein/reduced pyridinenucleotide in freeze trapped human liver tissue.
Biochim Biophys Acta, 1992;1138(6):350-352
Kajimura K, Moriyasu F, Someda H, Okuma M, Mori K, Ozawa K. Transcatheter
hepatic arterial drug infusion therapy for hepato-cellular carcinoma: effect on
the arterial ketone body ratio. Scand J Gastroenterol, 1993;28(6):522-526
Yan LN, Wu YT, Meng XQ, Cheng LL, Li XW, Zhou Y et al. Redox tole-rance
test: an indicator of preoperative hepatic functional reserve in hepatoma.
Asian J Surg,1994;17(4):365-370

112

ISSN 1007-9327

CN 14-1219/R

WJG, 1998;4(2):153-157

Effects of combined use of diallyl disulfide and Nacetyl-cysteine on acetaminophen hepatotoxicity
in β-naphthoflavone pretreated mice
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Abstract
AIMS To assess the protective effect of diallyl
disulfide (DADS) and its combined use with Nacetyl-cysteine (NAC) on acetaminophen (APAP)
hepatotoxicity in C57BL/6N (B6) mice pretreated
with β-naphthoflavone (BNF).
METHODS B6 mice were divided into six groups
and all compounds used were injected
intraperitoneally. Except for control and APAP group
(receiving APAP only), the other groups received
an injection of APAP (350mg/kg) 48 hours after
BNF (200mg/kg) and either of DADS (200mg/kg),
or NAC (500mg/kg) or both DADS and NAC. DADS
was given 2 hours before APAP and NAC was injected with APAP. The mean survival time was recorded and livers were examined histologically. Hepatic
glutathione (GSH) levels and plasma ALT were also
determined at different time points. To evaluate the
effect of DADS or NAC on hepatic P450 induction by
BNF, liver microsomes were prepared and 7ethoxyresorufin O-dealkylase (ERD) activity was determined using spectrofluorometrical methods. In
vitro effect of DADS or NAC on ERD activity was
assayed by directly incubating microsomal suspension with DADS or NAC of different concentrations.
RESULTS APAP was not toxic to mice without BNF
pretreatment, but caused severe liver necrosis and death
of all BNF-treated mice in 4 hours. A sharp depletion of
GSH (approximately 62% of its initial content at 2 hours
and 67% at 4 hours) and a linear elevation of ALT levels
(536.8±29.5 Sigma units at 2 hours and 1302.5±74.9
at 4 hours) were observed. DADS and NAC given indi1
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vidually produced mild protection, resulting in prolonged
survival, a slower decline of GSH level and a less steeper elevation of ALT level. All mice died eventually. Coadministration of DADS and NAC completely protected
mice. GSH level in this group lowered by about 35%
and 30% at 2 and 4 hours, and ALT was 126±18 and
157.5±36.6 Sigma units at 2 and 4 hours. ERD activity
in BNF-treated mice was about 5 times that of the constitutive level determined in normal mice. Neither DADS
nor NAC inhibited P450 1A1/1A2 induction as determined by their effect on the induction of ERD activity. In
vitro assay indicates that DADS, but not NAC, was a
potent inhibitor of ERD activity (IC50=4.6µM).
CONCLUSIONS A combined use of both DADS
and NAC produced full protection in BNF treated
mice against APAP hepatotoxicity. The mechanism
is that DADS inhibits P450 1A1/1A2 activity, but
not induction, which substantially reduces production of NAPQI, while NAC enhances liver detoxifying
capability via serving as a precursor of GSH and
stimulating GSH synthesis.

INTRODUCTION

Acetaminophen (APAP) has been widely used for
decades, especially as an over the counter analgesic
in North America. It has been long known that an
overdosed APAP can cause severe damages to the
liver or even death of the experimental animals and
individuals who have ingested large quantities of
APAP accidentally or in an attempt to commit
suicide. In the liver, APAP is bioactivated and converted by cytochrome P450 to its metabolite, Nacetyl-p-benzoquinoneimine (NAPQI), which has
been shown to be toxic to animals in vivo[1] and to
cultured hepatocytes [2,3] . Although the precise
mechanism of APAP hepatotoxicity is not well
understood, a number of studies have suggested that
NAPQI exerts a cytotoxic effect through its covalent
binding to cytosolic or microsomal proteins and
membrane components [4-6], inhibition of mitochondrial respiration, depletion of ATP[7,8], etc.
For bioactivation of APAP, several P450 isoforms are implicated, including P450 1A1, 2A1,
2B1, 2C11, 2E1, 3A1 and 3A2[9,10]. These enzymes
are inducible by cigarette smoking, alcohol
consumption, drugs, and some chemical compounds
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used daily at home for cleaning or as a pesticide.
Elevation of P450 activity by these inducers can
markedly enhance APAP hepatotoxicity in humans[11] and experimental animals[12]. For instance,
alcohol is an inducer of P450 2E1 and therefore alcoholics are more susceptible to and at higher risk
for development of APAP hepatotoxicity[11]. More
attention should be paid to these risk factors because
these individuals may develop hepatotoxicity at
the rapeutic doses. In recent years, several compounds have been tested for their protective effects
on overdose APAP. However, information about
the possible treatment for APAP toxicity in P450elevated animal models or human subjects is very
limited. Diallyl sulfide (DAS) is a P450 inhibitor
specifically for 2E1. Recently, a study showed that
DAS prevented APAP hepatotoxicity in normal
rats[13]. The current work investigated the role of
diallyl disulfide (DADS) and its combined use with
N-acetyl- cysteine (NAC) in protecting APAPcaused liver damage in mice in which P450 levels
were induced by β-naphthoflavone (BNF)
pretreatment. To our knowledge, this is the first investigation on the inhibitory effect of DADS on
hepatic P450 1A1/1A2 induced by BNF in mice and
the protective effect of the use of DADS and NAC
in combination on APAP caused-hepatotoxicity.

Evaluation of APAP hepatotoxicity. After APAP
challenge, the survival time for each group was
recorded, calculated and expressed as mean±SD.
APAP-induced hepatotoxicity in each group was also
evaluated histologically and enzymatically. For
histology, immediately after death of the animal or
sacrifice of the mice surviving longer than 48 hours,
the liver was removed, fixed in 10% neutral
buffered formalin, washed with phosphate buffer
saline (PBS), dehydrated in an increasing concentration of ethanol, and finally embedded in
paraffin. Sections of 6 µm in thickness were stained
with hematoxylin and eosin and examined under
light microscopy. The extent of liver necrosis was evaluated semi-quantitatively using a scale of 0-4 according to the scoring system introduced by Mitchell
et al[15]. Score 0, indicates no evidence of necrosis;
score 1, less than 6%; score 2, 6%-25%; score 3,
26%-50%; and score 4, more than 50% of the
liver cells are necrotic.
Blood samples were collected at 2, 4 and 6
hours after APAP administration and plasma ALT
levels were determined using Sigma GPT Kit (following the manufacturer’s instruction). The values
for each group were expressed as mean ±SD. ALT
less than 20 Sigma units is considered normal and a
range of 20-35 units is a border line according to
the manufacturer’s instruction.

MATERIALS AND METHODS

Effects of DADS and NAC on hepatic GSH levels

Effect of DADS and NAC on APAP hepatotoxicity

Another set of groups of B6 mice was used in order
to determine the effects of DADS and NAC on
hepatic GSH levels. After the same treatment as
shown in Table 1, the mice were sacrificed at 2, 4,
6, 8 and 24 hours after APAP administration. The
liver was homogenized in 4 volumes of 0.1M PBS
and the homogenate was mixed with an equal volume of 4% sulfosalicylic acid. After centrifugation,
0.5ml supernatant was added to 4.5ml 0.1mM bis(3-carboxy-4-nitrophenyl) disulfide in 0.1M PBS
(pH 8.0). The mixture was incubated at 25 for 60
minutes in the dark. GSH concentration was determined at absorbance 412nm using a Shimadzu UVVisible Recording Spectrophotometer UV-160.

Animals and animal treatment. C57B/6N (B6) mice
(4 - 6 weeks of age, 18 g - 20 g in body weight)
were purchased from Harlan Sprague Dawley
(Indianapolis, USA). The mice were divided into
six groups (10 mice each) and treatment for each
group is shown in Table 1. All compounds used were
purchased form Sigma, USA (except indicated
otherwise) and injected intraperitoneally. BNF was
injected at dose of 200mg/kg body weight (in corn
oil) 48 hours prior to administration of APAP (350
mg/kg body weight in saline) as described
previously[14]. DADS (200mg/kg body weight, purchased from Aldrich, USA) was diluted in 0.2ml
corn oil and given 2 hours before APAP challenge.
NAC of 500mg/kg body weight was injected at the
same time when APAP was given. For control, corn
oil and saline were used in replace of BNF and
APAP, respectively. The animals were then kept in
warm environment under close observation.
Table 1 Treatment of animals in different groups
APAP
BNF
DADS
APAP
NAC

350

BNF+APAP

DADS

NAC

DADS+NAC

200

200
200
350

200

200
200
350
500

350

Values were doses used (mg/kg body weight)

350
500

Effect of DADS and NAC on elevated P450 1A1/
1A2 activity induced by BNF

To explore the mechanism of DADS protection against APAP hepatotoxicity, we further investigated
the effect of this compound on hepatic P450 1A1/
1A2 activity induced by BNF. Five groups of B6
mice were used and treated as control, BNF-APAP,
DADS, NAC, and DADS+NAC groups as summarized in Table 1, except that APAP was omitted in
all of these groups and NAC was given 47 hours after BNF. Forty-eight hours after BNF, the mice
were killed and livers were immediately removed for
determination of activity of hepatic microsomal 7ethoxyresorufin (ER) O-dealkylase by the method
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introduced by Burke et al [16]. Briefly, livers were
homogenized in 0.1M Tris buffer containing 0.25M
sucrose (pH 7.5). The supernatant fractions from
the centrifuged liver homogenate (13 500 × g for
20min) were recentrifuged at 105 000 × g for
60min. The pellets were washed and resuspended in
0.1M PBS and used for assay immediately. The reaction mixture contained 2ml PBS, 20µl microsomal suspension, and 10µl ethoxyresorufin (50µM).
A baseline of fluorescence was recorded at an excitation wavelength of 510nm and an emission wavelength of 586nm using a Shimadzu fluorospectrometer RF-540. After addition of 200µl NADPH
to the reaction mixture, the increase in fluorescence
was recorded in air at room temperature. The specific activity of the enzyme was calculated by comparing with a standard curve.
Assessment of direct effects of DADS or NAC
on induced P450 1A1/1A2 activity was conducted by
incubating microsomal suspension prepared from
BNF-treated mouse liver with different concentrations of DADS or NAC, respectively. Incubation
was carried out at room temperature for 30min and
followed by the measurement of 7-ethoxyresorufin
dealkylase activity as described above.
Statistical analysis

Statistical significance was analyzed using statistical
software StatView 4.1 (Jandel Scientific Inc.,
USA). One-way ANOVA and Student t test were
used for difference among multiple values or between two values, respectively.
RESULTS
Effects DADS and NAC on APAP hepatotoxicity
in BNF-pretreated B6 mice

APAP group showed no sign of APAP toxicity.
However, BNF+APAP mice suffered from severe
toxicity and all died eventually. The difference was
statistically significant between the APAP group and
BNF+APAP group in terms of mortality and mean
survival time (P<0.001). The use of either DADS
or NAC alone prolonged the mean survival time (P
<0.01) but did not affect the mortality rate when
comparing DADS group and NAC group with BNF
+APAP group. The use of DADS and NAC in combination completely protected the animals, and the
mortality rate was reduced to 0 (P<0.001),
(Table 2).
Histological evaluation of the liver necrosis revealed that mild damage (Score 1) was found in
10% of mice receiving APAP only, and 90% of this
group appeared normal morphologically. However,
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extremely severe hepatic necrosis was observed in
BNF+APAP group, with Mitchell’s score 4 for 9
mice and 3 for 1. The necrosis mainly occurred in
the lobular center and in some cases, the normal
lobular structures were destroyed. Although the use
of either DADS or NAC (Group 4 and 5) could
significantly prolong the mean survival time,
Mitchell’s scores of these mice were still recorded as
high as 3 for 9 mice of DADS group and 8 mice of
NAC group, respectively. Seven animals of DADS
+NAC group were recorded histologically as score 1
(mild damage), and three as score 2. There was a
statistical significance between DADS+NAC group
and BNF+APAP group (P<0.01).
As shown in Figure 1, hepatic GSH in BNF+
APAP group sharply declined by 60% of its initial
concentration in first two hours after APAP and
continued to drop until all mice died at 4 hours. In
DADS, NAC and DADS+NAC groups, GSH levels
also dropped by about 35% in first two hours,
though significantly higher than that of BNF
+APAP group (P<0.05). At 4 and 6 hours, GSH in
DADS+NAC group maintained at a significantly
higher level (P<0.01, as compared with DADS or
NAC group) and all mice survived whereas liver
GSH in either DADS or NAC group continued to decline and all died about 7 hours after APAP. Plasma
ALT levels of these groups are illustrated in Figure
2. ALT in BNF + APAP mice increased almost
linearly, and DADS or NAC group showed moderate elevation while ALT in DADS+NAC group
went up only mildly. Statistical significance (P <
0.05) was found between BNF+APAP group and
either DADS or NAC group and DADS + NAC
group, but not between DADS and NAC groups
(P>0.05).
Effects of DADS on hepatic P450 1A1/1A2 activity induced by BNF

In vivo study on effects of DADS, NAC or DADS
and NAC used in combination on hepatic P450 1A1/
1A2 are shown in Figure 3. BNF can significantly
induce P450 1A1/1A2, as determined by ERD
activity, and compared with the constitutive activity
in the control mice (P<0.01). There was no significant difference in ERD activity between BNF,
DADS, NAC, and DADS + NAC groups (P >
0.05). However, in vitro study by direct incubation
of microsomal suspension prepared from BNF-treated mouse liver demonstrated that DADS can significantly inhibit P450 1A1/1A2 activities induced by
BNF, IC50 being approximately 4.6µM of DADS,
whereas NAC showed no direct inhibitory effect on
the enzyme activity (Figure 4 a and b).

Table 2 Effects of DADS and NAC on mortality and mean survival of mice treated with APAP
Control
Mean survival time(h)
Mortality (%)

0

APAP
>48
0

BNF+APAP
3.17±0.18
100

DADS
6.29±0.49
100

NAC
7.0±0.40
100

DADS+NAC
>48
0

ZHAO Cong, et al. Effects of combined use of DADS and NAC in BNF pretreated mice
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Figure 1 Effect of DADS and NAC on liver GSH level.

Figure 2 DADS and NAC on plasma ALT levels.

Figure 4 Direct effect of DADS and NAC on P450 1A1/1A2
activity.

DISCUSSION

Figure 3 Effects of DADS and NAC on BNF-induced CYP-1A1/
1A2 activity (O-ER activity).
1. No BNF (constitutive activity)
2. BNF (induced activity)
3. BNF+DADS
4. BNF+NAC
5. BNF+DADS+NAC
Enzyme activity assayed in absence (A) and presence (B) of antiCYP 1A1/1A2 antibodies.

Studies on APAP hepatotoxicity remain a very active area since much is still uncertain despite continuous efforts worldwide. We have previously
demonstrated the inductibility of P450 1A1/1A2 by
BNF in B6 mouse hepatocytes in vivo[14]. The current study showed that BNF-pretreated mice developed severe liver necrosis and all mice died in a few
hours after challenged with APAP. However, when
APAP of the same dosage was applied to mice without BNF pretreatment, the animals tolerated it
well. These findings indicate that P450 induction by
BNF in hepatocytes markedly enhanced APAP
hepatotoxicity and, therefore, is a critical step in
the development of liver necrosis. P450 1A1/1A2 is
probably the major isoform involved in this case,
which is in agreement with the study by Snawder,
et al[12].
In treatment of APAP poisoning, compounds
which inhibit P450 activity and drugs which increase
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hepatic GSH pooling (i.e. enhancing liver detoxifying capability) are expected to protect animals against APAP cytotoxicity since NAPQI is converted
from APAP by P450 enzymes and normally and
mainly detoxified by conjugation with GSH. The reaction increases the solubility of NAPQI and facilitates its elimination through the kidneys. DADS is
attractive because of its nature as an extract derived
from garlic[13]. Recently, Hu [13] reported that DAS
(another compound derived from garlic) given
intra-gastrically at a dose of 200mg/kg body weight
reduced the mortality from 40% to 0% in rats challenged with APAP at dose of 750mg/kg body
weight. The protective action of DAS was thought
to be related to its inhibitory effects on the hepatic
P450 activity, especially for P450 2E1[16,17]. In the
current study, we observed that DADS given intraperitoneally prolonged the survival time of B6
mice in which P450 activity had been induced by
BNF. However, this regimen did not improve the
histological evaluation and the total mortality rate,
although hepatic GSH content and plasma ALT levels showed signs of improvement. NAC has been
clinically used as the mainstay of APAP poisoning.
Nevertheless, NAC used individually in this study
did not provide satisfactory protection. The combination regimen we tested produced a full protection
evidenced by a significant reduction in severity of
liver necrosis and the mortality rate reduced to
zero. Significant improvement in plasma ALT and
liver GSH was also observed. Therefore, this regimen may have a clinical potential and may be the
choice of treatment for APAP intoxication in subjects with elevated P450 enzyme activity.
The mechanism of protection by DADS against
APAP hepatotoxicity is more likely to be associated
with its inhibitory action on hepatic P450 1A1/1A2
activity since in vitro enzyme assay demonstrated
that DADS is a potent P450 1A1/1A2 inhibitor, although it does not affect induction of this enzyme by
BNF[18]. DADS was markedly suppressed, but was
unable to completely eliminate the elevated hepatic
P450 activity, and the non-suppressed portion of
P450 enzyme can still produce an amount of NAPQI
sufficient to cause liver necrosis and animal death.
On the other hand, NAC does not directly detoxify
NAPQI but serves as a precursor of GSH and stimulates hepatic GSH pooling. Hence, effectiveness of
measures in enhancing liver detoxifying capability
depends upon how potent these prodrugs are and
how quickly they can be converted into forms that
can be used to detoxify NAPQI. By combination
regimen, DADS reduces generation of NAPQI by
inhibiting the key enzyme and the NAPQI generated
by non-suppressed P450 can be substantially trapped
and conjugated by increased GSH due to administra-
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tion of NAC. Therefore, the combination regimen
acts on two steps in the metabolic pathway of APAP
to provide the full protection.
Interestingly, the hepatic GSH depletion and
plasma ALT elevation in either DADS or NAC
group were much less severe than those of BNF
group but the death of animals was not avoided. It
is likely that adequate maintenance and/or rapid
restoration of liver GSH by combination regimen
contributes, at least in part, to the full protection.
Moreover, plasma ALT level, a commonly used
liver damage marker, may not be parallel with the
extent of hepatic necrosis and may not truly reflect
the severity of intoxication if DADS or NAC had
been given. Therefore, plasma ALT level may not
be used as a solely reliable parameter to assess the
severity of liver damage and to predict the
prognosis.
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Tc labeled HAb18 McAb Fab fragment for
radioimmunoimaging in nude mice bearing human
hepatocellular carcinoma *
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Abstract
AIM To establish a method of labeling anti-hepatoma McAb (HAb18) Fab fragment modifier with
99m
Tc.
METHODS HAb18 Fab was modified with 2iminotholane and labeled with 99mTc by transchelation
from 99mTc GH. Labeling yield, radiochemical purity
and immunoreactivity were determined by thin layer
chromatography (TLC-SG), paper chromatography
(PC), gel chromatography (GC) and cell binding
assay, respectively. The nude mice bearing human
hepatoma were used for radioimmunoimaging (RII).
RESULTS A radiolabeling yield of 50%-80% was
obtained, and immunoreactivity (IR) was 30%40%. Radioimaging results showed that 99mTc-HAb18
McAb Fab fragment was concentrated in the tumor 4
-8 hours after injection, and the maximum concentration was seen in 12-24 hours, and the T/NT value was 5.18 and 7.48 at 6h and 8h after the
injection.
CONCLUSION 99mTc-HAb18 McAb Fab fragment
could be specifically localized in the tumor of nude
mice bearing human hepatocellular carcinoma within
24 hours and this method might be effectively used
for labeling McAb Fab fragment with 99mTc.
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INTRODUCTION

Many methods have been reported to radiolabel intact MAbs with 99mTc[1]. Since the long imaging time
of intact McAb Hab18 ( > 48 hours) is not compatible
with the 6h physical T1/2 of 99mTc, it seems
preferable to use antibody fragments for 99mTc
labeling, as the fragments have smaller molecular
mass, can be cleared more rapidly from the blood,
and potentially increase the tumor/non-tumor ratio
(T/NT). The method of labeling fragment with 99m
Tc is therefore one exploring aspect. In this paper,
2-iminotholane (IT) was used to modify anti-hepatoma McAb HAb18 Fab fragment, and then ITFab fragment modifier was labeled with 99mTc by
transchelation from 99mTc-glucoheptonate (GH).
Successful results were obtained when 99mTc-IT-Fab
was injected into the nude mice bearing human hepatoma for radioimmunoimaging (RII).
MATERIALS AND METHODS
Reagents

The anti-hepatoma McAb HAb18 (10g/L, purity
>95%) was prepared and supplied by the Hepatoma Targetting Drug Research Laboratory, Department of Pathology, the Fourth Military Medical
University. McAb HAb18 belongs to IgG1 subclass
and its affinity coefficient (ka) is 8.17 × 10.9L/mol.
The antigen is about 61kd and has no crossreaction
with AFP, CEA, and ferritin. IT is a product of
Sigma Chemical Co.; 5.5’-dithiobis (2-nitrobenzoic
acid) (DTNB), Fluka Co; papain, Merck Co.; and
GH and MDP kit was supplied by the Institute of
Jiangsu Nuclear Medicine. TEA-B-1 solution: a
mixture of 1.0mol/L TEA and TEA HCl solution
(1:1 v/v), pH 8.0; TEA-B2 solution: a mixture of
KCl (50mmol/L) and MgCl2 (1mmol/L) with the
TEA-B-1 solution; TEA-B-SH solution: 1% 2-mercaptoethanol of TEA-B-2 solution; IT solution: IT
(0.25mol/L) dissolved in TEA-B-1 solution.
Human hepatoma nude mice model

Human hepatoma was subcutaneously implanted in
the neck or the upper lumber side of NC or BALB/c
nude mice. The model was named SMMC-LTNM[2].
The mice were maintained in an aseptic condition
and used for experiment when the tumor increased
to 0.5 cm-1.4 cm in diameter.
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Jue’s method[4] was used with some modification.
Briefly, HAb18 Fab fragment (4g/L) was dialyzed
overnight against TEA-B-SH solution, then mixed
with IT solution (6mmol/L in concentration) at
0 reaction for 20min. The mixture was dialyzed against the TEA-B-2 buffer at room temperature
(20 ) for 3h with a buffer change each hour. After that, the mixture was run through sephadex G50
column which was absorbed with bovine serum albumin (BSA), and eluted with 0.05M PBS at a speed
of 1 ml/min. The protein fraction was collected under UV-280nm monitoring, concentrated to
4.4g/L, divided into 220µg/vial, and lyophilized
for us.

No.1 Xinhua filter paper strips (saline as a solvent,
Tc-IT-Fab and 99m TcO2 Rf=0-0.1, 99m TcO4 Rf=
0.7-0.8. Acetone as a solvent, 99mTc-GH Rf=0,
99m
TcO4 Rf = 1); or instant thin layer chromatography (ITLC) using ITLC-SG paper (Gelman Co),
(1% BSA pretreated, alcohol: NH3H2O:H2O = 2:1:
5 as a solvent, 99mTc-IT-Fab and 99mTcO4 Rf = 1.0 99m
TcO2 Rf = 0) and gel column chromatography
(GCC) with sephadex G50 (0.9 cm × 15 cm
diameter), 0.05 mol/L PBS, pH 7.4, as an eluent.
The protein labeling yield was calculated by routine
method. Immunoreactivity assessment: in vitro immunoreactivity of 99mTc-IT-Fab was evaluated by a
conventional live cell assay. Briefly, hepatoma cell
suspension was prepared by mincing SMMC-LTNM
tumor tissues from the mice model. It was centrifuged and washed with phosphate-buffered saline
(0.1 mol/L- PBS); then 10µl diluted 99mTc-IT-Fab
(10 × 103 cpm) and 0.5ml PBS was added, and the
mixture was incubated at 37 for 2 hours. After
incubation, the samples were then centrifuged and
the supernatants were removed. The cells were further washed with 1ml PBS solution by
centrifugation. Before and after the removal of
supernatant, the activity of samples was counted in
a γ-counter, and the percentage of binding was
calculated.

Determination of sulfhydryl groups with DTNB

Animal biodistribution study

Instrument

Packard A5301D γ-counter produced by Packard Instrument Co.; Diacam/Maxdelta 3000 SPECT system by Siemens Co.; fast protein liquid chromatograpy system (FPLC): Waters 650 with DEAEsepharose fast flow column; and HPLC: Bio-Rad
5000T.
HAb18 Fab fragment

Prepared by papain digestion and purified by FPLC
using DEAE-sepharose fast flow column[3].
Fab fragment modification

[5]

According to Ellman’s method , protein samples
(0.5ml) were mixed with 2.5ml 0.05mol/L TrisHcl buffer (pH 8.4), and 0.025ml 0.01mol/L
DTNB solution. Half a mililiter of distilled water
instead of protein sample solution was used as blank
control. The increase in absorbance at 412nm was
followed using a spectrophotometer (Lambda 2S).
By means of the formula sulfhydryl group (µmol)=
A412/0.5 × 13.6, the number of sulfhydryl group
was calculated according to protein concentration
(µmol).
99m

Tc labeling of IT-Fab fragment

The labeling procedure was as follows:
370555MBq (1ml-1.5ml) of freshly eluted pertechnetate from a 99Mo/99mTc generator was added into an
GH kit (containing 10mg sodium glucoheptonate
and 1mg stannous chloride), and was placed
10min, 99mTc-GH was prepared.
Lyophilized ITFab (220 µg/vial) was dissolved in 100µl
0.1mol/L citrate buffer, pH 6.5, bubbled with
N 2.
0.1ml-0.5ml 99mTc-GH solution was added
to the IT-Fab vial and incubated at 37 for over 1
hour.
Quality control of 99mTc-IT-Fab

Radiolabeling yield and radiochemical purity were
determined by paper chromatography (PC) using

99m

99m

Tc-IT-Fab 18.5 MBq/0.2ml was intravenously
injected into each nude mouse bearing human hepatoma xenografted model by the tail vein, and the
mice were sacrificed 5 hours after the injection. The
blood and major organs were removed, weighed and
counted in the γ-counter for radioactivity, the
tumor/blood ratio and the tumor/organ ratios were
calculated.

Animal imaging study
99m

Tc-IT-Fab 18.5-74 MBq/0.2ml was injected
intravenously or intraperitonealy into the tumorbearing nude mice (n = 6 each in half), and the
same dose of 99mTc-GH was intravenously injected
into the nude mice (n = 2) as control. The mice
were imaged with a SPECT at 30min, 2 h, 4 h, 6 h,
12 and 22 h after administration. The T/NT ratios
were calculated by ROI technique.
RESULTS

Fab fragmant yield was 30%-40%, and single peak
was found by HPLC. The molecular mass weight
was identified as 45kd by SDS-PAGE. The number
of sulfhydryl group per molecule of IT-Fab and Fab
fragment was 0.3 and 0, respectively. 99mTcO2 was
less than 0.5%. The immunoreactivity was 30%40% by cell binding assay. The biodistribution study
showed that the T/NT ratios of tumor to the blood,

QIU Kai, et al. Radioimmunoimaging of

99m

Tc-IT-Fab in nude mice bearing human hepatoma

the heart, liver, lung, speen, kidney, stomach,
intestine, muscle, and brain were 0.89, 4.1, 1.1,
8.0, 5.2, 0.1, 1.6, 4.8, 4.8 and 33.1,
respectively. Animal imaging showed that 99mTc-ITFab was rapidly distributed to the whole body when
injected i.v. and the radioactivity rapidly appeared
in the bladder. The body distribution via intraperitoneal was 10min-30min later than that of the i.v.
injection. The tumor was visible with high background at 1h-2h; the accumulation of the tumor
was evident with clear kidney imaging 4h-8h after
the injection, and a relatively increased tumor localization was seen with low background and decreased
kidney outline 12h-22h after injection (Figure 1).
The T/NT (on the back muscles) ratios by ROI
were 5.18 and 7.48 at 4h and 8h. In control
group, 99mTc-GH rapidly appeared in the blood pool
and the whole body, and accumulated rapidly in the
bladder. The two kidney imagings were clear, but
no tumor accumulation was seen 6h after the injection with two dim kidney outlines and low
background. Radioactivity was removed in urine
and the bladder image disappeared gradually.

Figure 1 Dynamic imaging of 99mTc-IT-Fab in nude mice bearing
human hepatoma model (posterianterior position).
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DISCUSSION
99m

Tc labeling McAb F(ab’)2 and Fab’ fragments
have been reported by some authors [1] , but Fab
fragment was rarely seen. In terms of the
clearance, intact IgG was the slowest, F(ab’)2 fragment in the middle, and Fab’ or Fab fragment the
fastest. As for preparation, Fab’ fragment was prepared from the reduction of F(ab’) 2 fragment and
then was followed by purifying procedure. The key
step was the difficult control of reduction condition.
F(ab’) 2 fragment was prepared and purified from
pepsin or papain digestion. Fab fragment was also
prepared by papain digestion and then purification,
but because of the small number of sulfhydryl group
per molecule, Fab fragment was difficult to label
with 99mTc. We used 2-iminothiolane (a chemical
compound, MW: 137) to modify Fab fragment, so
the number of sulfhydryl group per molecule of ITFab was increased from 0 to 0.3. Park et al[6] reported that the number of sulfhydryl group per
molecular of F(ab’)2 was 4.2 and Fab 0.9. The difference might have resulted from the treatment with
SnCl2 before the measurement. Rhodes[7] reviewed
that the protein to be labeled need to contain free
sulfhydryl (-SH) group or reactive monosulfides (-S
or -S-metal), and the labeling yield was significantly
and positively related to the number of sulfhydryl
group. We have modified F(ab’)2 with 2-iminothone
in the same way (with the number of SH per
molecule of 0.7) and labeled with 99mTc. The labeling yield was 92% by PC, which was higher than
that of 99m Tc-IT-Fab (50%-80%). This result
proved what was mentioned above. Paik[6] proposed
that there were two sites on the IgG molecule, one
with a high-affinity and low-capacity and the other with
a low-affinity and high-capacity. In our study,
50%-80% of labeling yield was obtained by PC,
and 20%-30% by GCC, which suggested that the
same phenomenon existed on the McAb fragment.
Because of the low-affinity binding, 99mTc was
cleared on the column by Sephadex G 50. GH, as a
renal function imaging agent, was rapidly excreted
from the kidney, and was reported to have some
tumor-affinity characteristics[8]. But the present resultsdemonstrated that 99mTc-GH had no affinity to
hepatoma. This proved the specificity of 99mTc-ITFab localized on the tumor. The best tumor imaging
was at 12 h-22 h after the administration of 99mTcIT-Fab. The background excretion was mainly by
kidney route. This was similar to the reported imaging time and excretion route of 99mTc-Fab’[9]. The
biodistribution was mainly in the kidney (32.6%
ID/g) and next in the blood, the tumor, liver, and
stomach. Our results demontrated that 99mTc-IT-Fab
could bespecifically localized in the tumor of nude
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mice bearing human heptocellular carcinoma within
24 hours, and this method could be effectively used
for labeling McAb Fab fragment with 99mTc.
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Abstract
AIM To determine the relationship between serum
deprivation or serum levels and cell proliferation of
human hepatoma SMMC-7721 cells.
METHODS Human hepatoma SMMC-7721 cells
were grown in RPMI 1640 supplemented with 10%
fetal calf serum (FCS)in 5% CO2 incubator at 37 for
24h, and culture media were replaced to serum-free
or different serum FCS levels (2.5%, 5%, 10%,
20% and 25%). Six h, 12h, 18h and 24h after the
culture, the cells were incorporated [3H]-TdR for
4h. At last [3 H]-TdR incorporation was detected
with liquid scintillation counting.
RESULTS DNA synthesis of SMMC-7721 cells
could be sharply stimulated by short-time (6h)
serum deprivation (the cpm value of 3H-TdR incorporation of cells in serum-free was 39.32-fold higher
than cells in 25% serum), and the incorporation of
3H-TdR was negatively related to the serum levels.
Longer-time serum starvation (12h, 18h and 24h)
also greatly stimulated DNA synthesis, although the
cpm value of 3H-TdR incroporation was less than that
in 6h serum deprivation. Morphology of cells cultured in different serum levels also showed significant difference.
CONCLUSIONS Compared with other cell lines such
as BEL7404 and Swiss 3T3, human hepatoma SMMC7721 cells had different response to the serum
deprivation. Short-time serum deprivation could greatly
stimulate DNA synthesis of human hepatoma SMMC7721 cells. Precautions must be given to the changes of
serum levels for the detection of growth factors and
drugs using SMMC-7721 cells as a model.
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INTRODUCTION

Mammalian cells in culture required serum in order
to proliferation[1]. Serum was a mixture of protein
and other substances, among which essential hormones and growth factors can support cell
proliferation[2]. In order to reduce the effects of
growth factors in serum on cells, the procedure of
serum deprivation was often involved to study
growth regulation on cultured mammalian cells[3-5].
Prolonged serum deprivation induced fibroblastic
cells such as Swiss 3T3 to enter a quiescent state
(G 0)[6,7]. On the contrary, mouse embryo cells[8]
and Hela S-3 cells[9] showed reversal response to
serum deprivation and lower serum levels. Human
hepatoma SMMC-7721 cells were established in our
country [10] and were widely used for detecting the
activity of growth factors and drugs. Therefore, it
was very important to clarify the effects of serum
deprivation and serum levels on the growth and
metabolism of SMMC-7721 cells.
MATERIALS AND METHODS
Cell lines and culturing

Human hepatoma SMMC-7721 cells were obtained
from the Shanghai Cell Bank of Chinese Academy
of Sciences and maintained in our laboratory. The
cells were grown as monolayers in RPMI 1640 medium supplemented with 10%-20% fetal celf serum
(FCS) and incubated at 37 in the humidified incubator with 5% CO2+ 95% air.
Serum deprivation and treatment of serum concentration

Exponent growing cells in flasks were harvested by
trypsinization with 0.25% trypsin and suspended in
RPMI 1640 medium plus 10% FCS. Cells were plated at 1×105 cells/ml in 4 pieces of 24-well plates and
incubated at 37 in 5% CO2+ 95% air for 24 hours.
After that, the medium was aspirated and the cells
were washed with RPMI 1640 medium. The medium
was replaced with RPMI 1640 plus different levels
of serum (0%, 2.5%, 5%, 10%, 20% and 25%) in
different treatment groups (each group having 4
wells of cells) respectively. The rates of DNA synthesis of cells cultured in different serum levels were
detected at interval of 6 hours (6, 12, 18 and 24
hours).
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Measurement of DNA synthesis

When cells were cultured in different serum levels
for 6, 12, 18 and 24 hours respectively, rates of
DNA synthesis were determined by pulse labeling
for 4 hours in 74KBq ml-1 3H-TdR. The media were
aspirated and the cells were gently rinsed with phosphate buffer saline (PBS), trypsinized properly with
0.25% trypsin, collected on 49 model filter membrane and rinsed with 5% TCA (trichloroacetic
acid) and 100% ethanol (three times). The membranes were dried at 80 for 30min. The incorporation of 3H-TdR was determined by liquid scintillation counting.
Morphological observation of cells cultured in
different serum levels

Before collected for liquid scintillation counting,
the cells in different treatment groups were observed and photographed under inverted phase contrast microscope.
Materials RPMI 1640 medium was from Gibco,
USA; trypsin was from Sigma;3H-thymidine (3HTdR) was from the Institute of Atomic Energy of
China; 24-well plates were from NUNC; and Triton
X100, POPOP, PPO were from Serva.

RESULTS
Effects of serum deprivation and concentration
on 3H-TdR incorporation

Serum contained significant amounts of thymidine,
which would affect the incorporation of their appropriate exogenous labeled forms. This was beacuse
the formulated media such as RPMI 1640 for cell
culture did not usually contain unlabeled
nucleotides, therefore serum provided the only
source other than the labeled form. SMMC-7721
cells were pulse labeled with 3H-TdR for 4 hours at
74KBq ml-1 after serum deprivation and treatment
of different serum concentrations for different
times. The results showed decreased specific activity
of the incorporation of 3H-TdR with increased
serum concentrations, that was, the incorporation
of 3H-TdR had negative relation with serum levels
in medium. Cells cultured in serum-free medium for
6 hours after media replacement incorporated 3HTdR 39.32-fold higher than cells in 25% serum
medium (Figure 1A). On the other hand, within 18
hours as the time of serum deprivation going down,
the incorporation of 3H-TdR decreased (Figure 1B,
C,D). The ratio of 3H-TdR incorporation between
cells in serum free and in 25% serum decreased to
3.53-fold (Table 1).

Figure 1 Effects of serum deprivation and serum levels on the incorporation of 3H-TdR.
(A) The cpm value after cells were treated in different serum concentrations for 6 hours; (B) for 12 hours; (C) for 18 hours; (D)
for 24 hours.
Table 1 Ratios of the 3H-TdR incorporation among cells cultured in serum-free and different serum levels
Treatments

6h

12 h

18 h

24 h

SF/2.5% FCS
SF/5% FCS
SF/10%FCS
SF/20% FCS
SF/25% FCS

2.47
3.53
7.34
11.61
39.32

1.63
2.26
3.35
5.30
7.21

0.778
1.51
2.19
2.72
3.53

1.67
1.98
3.27
4.88
7.35

Effects of serum deprivation and serum concentration on cellular morphology

Cells cultured in different serum levels showed significant difference in morphology under inverted
phase contrast microscope. Cells cultured in serumfree or lower serum level (2.5%) (Figure 2A) were
less well spread and smaller than that in higher
serum levels. Cells cultured in 5% serum and more
(Figure 2B, C) were epithelial-like and well spread.

JIANG Shi-Ming, et al. Serum level & cancer cell DNA synthesis

Figure 2A Morphology of human hepatoma SMMC-7721 cells
cultured in serum-free medium for 6 hours photographed under
phase contrast microscope (200×)
B Morphology of human hepatoma SMMC-7721 cells cultured in
5% serum medium for 6 hours photographed under phase contrast
microscope (200×)
C Morphology of human hepatoma SMMC-7721 cells cultured in
25% serum medium for 6 hours photographed under phase contrast
microscope (200×)

DISCUSSION

Most mammalian cells were serum dependent and
usually passaged in medium containing serum, and
they would die if they were cultured in serum-free
medium for long time. Therefore, short-time
serum-free (serum deprivation) cell culture was one
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of the main protocols for the study of cell growth
and regulation. How cell responses to the serum deprivation has called extensive attention. The results
varied greatly even reversal because of the different
cells used. Brooks, Larsson[3,4] and Zetterberg[7] indicated that the proliferation of non-transformed fibroblastic cells usually depend on serum or purified
growth factors in the tissue culture medium. If the
serum concentration was drastically reduced, the
cells ceased proliferation and entered a reversible
state of quiescence (G 0). Larsson et al[4] reported
serum-dependent proliferating 3T3 cells prolonged
their intermitotic time by 9-10 hours after exposure
to serum-free medium for only 1 hour and a short
exposure to serum-free medium was sufficient for
cells to leave the cell cycle. Zetterberg[7] showed
that in 3T3 cells, in all stages of cell cycle, serum
deprivation resulted in inhibition of protein
synthesis, but only in postmitotic cells in the first 3
-4 hours of G1 did it produce cell-cycle arrest, a 1hour exposure to serum-free medium was sufficient
to force most G1 cells into a state of quiescence
(G 0). Loo et al[8] demonstrated that mouse embryo
cells established and maintained in the absence of
serum depend on epidermal growth factor for survival and their proliferation was reversibly inhibited
by serum or platelet-free plasma. Yin et al [9]
showed that Hela cells cultured in 10% serum medium incorporated 3H-TdR to 25% of cells cultured in
0.2% serum medium. Xu et al[11,12] had demonstrated that human hepatoma BEL-7404 could grow in
serum-free medium and there were only less than
2%-3% apoptotic cells after serum starvation for
24 hours. Human hepatoma SMMC-7721 cell were
serum-dependent proliferating cell line and widely
used in the detection of growth factors and anticancer drugs, therefore it was very important to ascertain the effects of short-time serum deprivation
and serum levels on growth and metabolism of
SMMC-7721 cells, which would affect the correct
assessment of the activity of growth factors and
drugs. Our results suggested that short-time serum
deprivation (6 hours) could stimulate the synthesis
of SMMC-7721 cells and the incorporation of 3HTdR was negatively related to the serum levels in
medium. For longer (12, 18, and 24 hours) exposure to serumª²free medium, the incorporation of 3HTdR was also negatively related to the serum level,
although the ratio of 3H-TdR incorporation of cells
in serumª²free medium and in 25% serum medium
decreased from 39.32-fold (6 hours) to 3.53-fold
(18 hours). These results were reversal to that with
3T3 cells, which could easily be overlooked, or even
mistakenly attributed to the activity of growth factors and drugs. The results might be due to two
main reasons, one was that DNA synthesis of
SMMC-7721 cells cultured in serum-free medium was
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inhibited by the lack of thymidine in RPMI 1640
medium and the cells were accumulated to the
G1/S. Once 3H-TdR was added to the medium, the
cells began to enter S phase quasisynchronously and
start DNA synthesis, the other reason was that most
of malignant cells appeared less dependent on serum
and could secrete some growth factors and stimulate
themselves by feedback mechanism. The differences
of cell morphology in serum-free and different
serum levels were mainly induced by fibronectin and
fetuin in serum[13], which promoted cell attachment
and spread on the surfaces of culture plates. So necessary precautions must be given to the serum level
changes in the medium in detecting growth factors
and drugs with human hepatoma SMMC-7721 cells,
otherwise false conclusion might be implied.
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Abstract
AIM To investigate the mechanisms of codon 249
mutation of p53 gene in the formation of hepatocellular carcinoma (HCC).
METHODS Codon 249 mutation accompanied by
loss of heterozygosity (LOH) and its effect on translation and transcription were studied using SSCP,
IHC and RT-PCR/slot hybridization.
RESULTS Codon 249 mutations were detected in
32.9%, LOH detected in 68.4% among the HCC
patients. Mutations of condon 249 were accompanied by LOH in 90%. The positive rates of p53 protein and mRNA were 91.3% and 95.7%, in mutational group, both were significantly higher than
those in the non-mutational group (91.3% vs
19.1% and 95.7% vs 40.4%, respectively, both P
<0.01). The translation of p53 gene was strongly
related to its transcription by correlation analysis (r
=0.8208).
CONCLUSIONS LOH might play an important role
in hepatocarcinogenesis of codon249 mutation,
which could increase both transcription and translation of p53 gene. The increased expression of p53
protein mainly depend on the increased transcription
of p53 gene.
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INTRODUCTION

HCC is one of the most common human tumors in
certain areas of Africa and Asia including southern
China. However, the mechanisms, especially the
molecular mechanisms of hepatocarcinogenesis are
still not well understood. Since condon 249 mutations of p53 gene were observed in 45%-50% of
HCCs from southern Africa and Qidong, China, it
has been believed that mutations of codon 249 plays
an important role in hepatocarcinogenesis[1-3]. But
now mutation causes HCC, is still unclear. Mutant
p53 proteins with much longer half-life are often
overexpressed in HCC. They can inactivate the wild
proteins through dominant negative in vitro[4-7].
Losses of heterozygosity are often observed in
HCC. They are favorable for mutations to
enact [8-10]. Nevertheless, the effect of codon 249
mutations on transcription or translation of p53
gene and the relationship between these mutations
and LOH are still unclear. Therefore, in this study,
we investigated these questions using surgical specimens of HCC from southern China where the incidence of HCC is moderate to high.
MATERIALS AND METHODS
Materials

Specimen Seventy surgical specimens of HCC were
collected from the First Affiliated Hospital and
Cancer Hospital, Sun Yat-Sen University of Medical
Sciences. Cancerous and pericancerous tissues were
separated by pathologists.
Reagents Restriction enzyme Hae was purchased
from GIBco BRL. p53 protein monoclonal antibody
(DO-7) and LSAB system were purchased from
DAKO company. Dig detection kit was from B. M.
Company.
Methods

Examination of codon 249 mutation using RFLP analysis Exon 7 was amplified using primers 5’-GGCGA
CAGAG CGAG ATTCCA-3’ (sense) and 5’ GGGTC AGCGG CAAGC AGAGG-3’ (antisense). Twenty µl amplified DNA product (286bp)
was digested with 2.5U- restriction enzyme Hae .
DNA fragments with and without digestion were
analyzed in 2% agarose gel.
Examination of p53 gene LOH using SSCP analysis
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Exon 3-4 was amplified using primers 5’-AAATT
CATGG GACTGACTTT-3’ (sense) and 5’-AATGC
AGGGG GATAC GGCCA GC-3’ (anti-sense).
PCR product was precipitated at -20 for 1 hour
by adding 2.5vol of alcohol and 1/10vol of 4M
sodium acetate. Pellets were resuspended in 10µl
Formamide dye
mixture (95% formamide,
20mmol/L EDTA, 0.05% bromphenol blue).
Samples were heated at 95 for 5 minutes, chilled
on ice and immediately loaded (5µl) on 6% acrylamide/TBE- gel. fGels were run at 40W for 4
hours at room temperature. Silver-staining was used
to visualize the bands. LOH of p53 gene was ensured by comparing the band pattern from cancerous
tissue and pericancerous tissue of the same patient.
Detection of p53 proteins using immunohistochemistry
p53 proteins in tissues were detected using immunohistochemistry (IHC). Semi-quantification was carried out in 5 groups of patients divided according to
the percentage of positive cells (<1%, 1%-5%,
5%-25%, 26%-50% and >50%).
Detection of p53 mRNA using RT-PCR Total cell
RNA was extracted using Chomczynski’s method.
DNA fragments of 555bp were amplified using RTPCR with primers 5’-TACTC CCCTG CCCTC AA3’(sense) and 5’-GTTGG GCAGT GCTCG CT-3’
(anti-sense)[11]. RT-PCR products were transferred
to nitrocellulose membrane. p53 mRNA was detected by hybridization with the Dig-probes which were
labeled with PCR, and then visualize the dots with
Dig detection kit. The degree of dot color was classified into 5 grades.
RESULTS
Mutation of codon 249

Exon 7 of cancerous and pericancerous tissues from
70 cases of HCC were all amplified satisfactorily.
The number of base pairs of PCR product was as the
same as designed. Mutations of codon 249 were detected in 23 of these cases, with a positive rate of
32.9%. One of them showed partial mutation,
which was confirmed to be an allele mutation
through SSCP analysis. Typical results are shown in
Figure 1.
LOH of p53 gene

Exon 4 of p53 gene has a heterogeneous location
(CGC/CCC) at condon 72. The number, however,
of band pattern in this study was more than 4. It
might suggest that there were two or more heterogeneous locations in DNA fragment amplified from
exon 3 to 4. The increased heterogeneous locations
were favorable to LOH analysis. Heterozygous form
was found in 57 of 70 (81.4%) cases of HCC and
LOH was detected in 39 of the 57 (68.4%) cases
which carried heterozygous alleles. Heterozygous
alleles were found in 20 of 23 cases with mutant
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codon 249, 18 of which (90%) were mutant allele
accompanied by LOH. Typical results are shown in
Figure 2.
Expression of p53 protein

p53 proteins were detected only in cancerous tissues
of HCC. Positive cells 7% were found in 30 cases,
with a rate of 42.9%. Typical positive stain is
shown in Figure 3. The relationship between the expression of p53 proteins and codon 249 mutations is
shown in Table 1.
Relationship between expression of p53 protein
and p53 mRNA

The relationship between the expression of p53 proteins and the expression of p53 mRNA among 23
cases carrying codon 249 mutation is shown in Figure 5. Grade correlation analysis demonstrated that
they were strongly correlated (correlation coefficient r = 0.8208).
Expression of p53 mRNA

The results of p53 mRNA detection are shown in
Figure 4. p53 mRNA positive rate was 58.6%. The
relationship with codon 249 mutation is shown in
Table 1.
Table 1 The relation between codon 249 mutation and
expression of p53 proteins and p53 mRNA
Mutations of codon 249
+
-

Cases p53

proteins

p53 mRNA

23
47

21b
9

22d
19

b

P<0.01, vs codon 249 mutation negative group, d P<0.01, vs
codon 249 mutation negative group.

DISCUSSION

Tumor suppressor p53 gene often shows mutational
hotspot of codon 249 in HCC, i.e., selective G to T
mutation usually occurs in the third base of codon
249. This unique mutation has been reported to be
involved in the carcinogenesis, differentiation and
metastasis of HCC [1-6]. How this mutation causes
HCC, however, is unclear. It is believed that some
codon mutations of p53 gene can prolong the halflife of p53 proteins. Thus, the mutant p53 proteins
often had overexpression in HCC, and inactivated
its antitumor effect in combination with wild p53
proteins [4-7]. However, the effect of mutation on
the transcription and translation of p53 gene is
unclear. This study showed that the p53 mRNA expression in mutational group was significantly higher
than that of non-mutational group. The expression
of p53 proteins was strongly correlated to the expression of p53 mRNA. These results suggested that
codon 249 mutation could increase p53 mRNA
expression, and increased mRNA was an important
factor in the overexpression of mutant p53 proteins.

PENG Xiao-Mou, et al. Mutations. LOH and mRNA of p53 gene in HCC
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Figure 5 The relation between the expression of p53 proteins and
that of p53 mRNA.

When one allele mutated, it was difficult to amass enough cells to allow the other allele to
mutate [7] . Therefore, it is important to study
whether LOH exists in the other allele. Our results
showed that 90% codon 249 mutations were accompanied by LOH of the other allele, suggesting that
LOH of p53 gene was also important in hepatocarcinogenesis as mutations. LOH might be favorable
for mutations to enact.
In conclusion, HCC will be prevented if we
take some measures to avoid recurrent hepatic
damage, and reduce the occurrence of LOH, and
the clinical outcome of HCC will be much better if
the transcription of p53 mRNA can be suppressed by
chemical or gene therapy.
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Endotoxins enhance hepatocarcinogenesis induced
by oral intake of thioacetamide in rats *
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CONCLUSION Lipopolysaccharide administration
and/or splenectomy-induced enterogenic endotoxemia may enhance rat hepatocarcinogenesis induced
by oral intake of thioacetamide.

Abstract
AIM To clarify whether endotoxin is of pathogenic importance for hepatocarcinogenesis,or the increased cancer risk results solely from thecirrhotic process.
METHODS The rat model of hepatoma was treated by
the intake of 0.03% thioacetamide in drinking water for
six months. During induction of hepatoma, rats were
additionally treated with splenectomy and/or
lipopolysaccharide administration. The liver nuclear DNA
index and proliferation index were quantitatively analyzed by flow cytometry. Hepatic histology was
examined with light and electron microscopes. Plasmic
endotoxin concentration and γ-glutamyl transpeptidase
activity were measured, and hepatoma incidence was
recorded.
RESULTS Thioacetamide induced cirrhosis and hepatoma in Wistar rats with histology or regenerative
nodule, fibrosis and neoplastic foci were quite similar to
the pathogenic process of human cirrhosis leading to
hepatoma. In comparison with TAA controls (DNA
index: 1.15±0.21), exo-endotoxin increased the DNA
index by 7.8% (1.24± 0.25, P<0.02) and hepatoma
rate by 16.7. Splenectomy-induced enteric endotoxemia
increased the DNA index by 25% (1.44± 0.15, P<
0.01) and hepatoma rate by 33%. A summation of the
effects of these two factors increased the DNA index by
36% (P£¼0.01)and hepatoma incidence by 50%,
moreover, the level of endotoxemia showed a close relation with DNA index (r = 0.96, P<0.01), as well as
with the occurrence rate of hepatoma (r = 0.00, P<
0.01). Histological findings further verified such
alterations.
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INTRODUCTION

Endotoxemia is often associated with hepatic injury
and cirrhosis [1]. Patients with hepatic cirrhosis or
hepatocarcinoma often present a 3 to 8-fold high
systemic endotoxemia above normal[2]. If cirrhosis
is established, there is a 200-fold increased risk for
development of hepatocarcinoma[3]. It is unknown
whether endotoxin is of importance in
hepatocarcinogenesis. Recognized etiologic or predisposing factors include chronic liver disease caused
by hepatitis B, C and D; hepatotoxins such as aflatoxin and alcohol; and cirrhosis of any cause[4]. The
pathogenetic mechanisms involved in human hepatocarcinogenesis remain largely unsolved.
Numerous animal models of cirrhosis have been
developed[5,6]. Continuous administration of thioacetarnide (TAA) in drinking water to rats produced
cirrhosis in 4 months and hepatocarcinoma in 6
months[7]. The histology of the TAA model was
more similar to human cirrhosis than that of the
CCl4-treated rats[8]. Wistar rats were used in the
TAA model.
Using a TAA-induced rat model of cirrhosis
leading to hepatocarcinoma, we tried to prove the
hypothesis that lipopolysaccharide (LPS) administration and/or splenectomy-induced enterogenic endotoxemia may play an important role in the pathogenesis of liver tumors. The present study was designed to investigate the histologic changes of hepatocarcinoma in the TAA models treated with LPS
and/or splenectomy; DNA aneuploidy and incidence
of hepatocarcinoma in various groups; and the relationship between endotoxemia and hepatocarcinogenesis.
MATERIALS AND METHODS
Animals and treatment

Female Wistar rats (Experimental Animals Center
of Shanxi Medical University) weighing 125 g ± 9 g,
were housed in wire-bottom cages under a 12-hour
light/dark cycle and fed with a balanced pellet diet
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ad libitum. Animals were randomly assigned to five
groups: sham group (n = 5) as an untreated control
receiving tap water ad libitum; TAA control group
(n = 6), given 0.03% w/v thioacetamide (TAA,
purity>99%, Shanghai Central Chemical Factory)
in drinking water; TAA+ST group (n = 6) splenectomized (ST) a week before the experiment; during
the last two months, 0.8mg% lipopolysaccharide
(LPS, from -Escherichia coli-stereotype 055:B5,
Sigma) added to drinking water containing 0.03%
TAA for both TAA+LPS group (n = 6); and TAA
+ST+LPS group (n = 6). Without splenectomy,
animals underwent midline laparotomy and spleen
manipulation as a sham surgery. All operations were
performed under light ether anesthesia and sterile
conditions. At the termination of a 6-month course,
rats were anesthetized with ethyl ether and blood
from abdominal aorta was collected in heperinized
tubes for measurement of plasmic endotoxin concentration and glutamyl transpeptidase (GGT)
activity.
Analysis of endotoxin and
transpeptidase activity in plasma

γ -glutamyl

Endotoxin in plasma was determined by means of a
chromogenic limulus amebocyte lysate (LAL)
assay[9]. Limulus kit (Shanghai Yihua Clinical Medical Biotech Co.) was used for endotoxin-specific
quantitative measurement in this study. Syringes,
needles and glasswares were made pyrogen-free with
dry heat (200 for 4 hours). The plasma was pretreated with perchloric acid (PCA) for removal of
the possible inhibitors to LAL assay. Briefly.
0.1ml of 0.18mol/L NaOH was added to a 0.1ml
of test plasma and incubated at 37 for 5min. Then
0.1ml of 0.32mol/L PCA was added for an additional 10min incubation. The precipitate formed
was dissolved by addition of 0.2ml of 0.18mol/L
NaOH with vigorous mixing. The solution was centrifuged at 2000rpm for 10min. Then 0.05ml of the
supernatant diluted with 0.05ml of 0.4mol/L TrisHCl (pH 8.0) was added to 0.1ml of limulus amebocyte lysate (LAL) in pyrogen-free cuvette, and
incubated in a thermostatic bath at 37 for exactly
30min. The synthetic chromogenic substrate
0.05ml, n-tert-butoxycarbonyl-L-leucyl-L-glycylL-arginine-p-nitroaniline (Boc-Leu-Gly-Arg-PNA)
was added to the lysate and incubated for 5min. The
reaction was stopped with 0.5% sodium nitrite. The
amount of PNA released from the substrate was detected after diazo-coupling by adding 0.5ml of
0.05% ammonium sulfate and 0.5ml of 0.05% n-lnaphthylethylenediamine dihydrochloride. Absorbance was read at 545nm on 721A
spectrophotometer, using distilled water as the 0 absorbance value. A standard curve was plotted with
the known endotoxin concentration for each run.
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Simultaneously, saline replacing plasma was as
reagent control.
γ- glutamyl transpeptidase (GGT) activity in
plasma was detected according to the method as described by Xu KC[10]. In brief, 0.1ml of plasma was
added to a 0.5ml of 10mmol/Lsubstrate, γ-Lglutamyl-α-naphthytamide (Shanghai Third Reagent
Factory), and incubated at 37 for 120min. The
amount of α-naphthylamide released from the substrate was detected after adding 10ml of 0.2% sulfanilicacid and 0.004% sodium nitrite. The absorbance was read at 500nm on a 721A
spectrophotometer, using sample control of adding
plasma after 120min incubation as the 0 absorbance
value. A standard curve was plotted with the known
α-naphthytamide concentration for each run.
Light and electron microscopy

One half of the left lobe of the liver was resected,
fixed in 10% neutral-buffered formalin and embedded in paraffin. Paraffin sections were stained with
hematoxylin-eosin (HE) for light microscopy. For
electron microscopic study, the selected areas with
hepatocarcinoma were cut into small pieces and
fixed in 2% glutaraldehyde for 2 hours. After postfixation in 1% osmium tetroxide, the fragments
were dehydrated in a graded alcohol series and embedded in Polybed. They were trimmed into ultrathin section and stained with uranyl acetate and lead
citrate, and observed under an electron microscope
at 100KV.
Flow cytometry

According to Zuo LF [11], with slight modification.
The specimens for flow cytometry were prepared
immediately after removal of liver. About 2g tissue
was mechanically minced in 5ml of 0.05% collagenase (type , Sigma) and then through a 200 mesh
filter. After washing with 0.1mol/L phosphate
buffer solution (PBS), the well-dispersed hepatocytes were resuspended and fixed in 70% ethanol
overnight, the cells were stained with propidium iodide reagents (propidium iodide 50mg/L, RNase
20mg/L, and Triton-X-100 1%) at 4 for 30min.
Chicken erythrocytes were used as internal controls.
Flow cytometry was performed on a Fluorescence
Activated Cell Sorter (FACS) 420 cytometer
(USA). Data were analyzed on a compatible computer with HP-300 consort 30. A total of 104 cells
were examined for each sample, DNA index (DI)
expressed as a relative DNA content, wascalculated
by dividing mean channels of G0/1 peak in the
treated rat by that of sham group. The coefficient
of variation (CV) of G0/1 peak of the DNA ploid
population was expressed by normalized standard
deviation (CV=standard deviation/mean peak position 100). CV was always less than 5%. For the
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DNA ploid criteria, it was classified as DNA-dipoid
if DI=1.0±2CV, and DNA-aneuploid if DI 1.0
±2CV. Cell cycle parameters were analyzed by
DNA cell cycle analysis software Sum of Broadened
Rectangles Model, and the cell proliferation index
(PI) was expressed as the percentage of cells in S
plus G2M phases.
Statistical analysis

All results were expressed as x ± s. Data were analyzed by Student’s t test and multiple regression. P
values <0.05 were considered statistically
significant.
RESULTS

The oral intake of TAA in drinking water induced
cirrhosis and, in some rats with hepatocarcinoma
with null mortality. TAA-treated animals showed a
progressive decline in body weight, particularly in
the first month (data not shown). On the contrary,
the ratio of liver weight to body weight were obviously higher in all TAA treated animals (P<0.01),
compared with the sham group. The hepatocyte
proliferation index was fairly high in the TAA+ LPS
or TAA+ST groups, and the highest in the
TAA+ST+LPS group (P<0.05) compared with
the TAA-model control (Table 1).

Table 1
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Table 2 Endotoxemia levels and GGT activities in plasma
Groups

n

Endotoxin
(EU/100ml)

Sham
TAA control
TAA+LPS
TAA+ST
TAA+ST+LPS

5
6
6
6
6

95±15
108±12
118±12 d
130±31 d
130±18ad

GGT
(U/100ml)
17±7
226±33 d
236±44 d
266±127 d
442±99abcd

a
P<0.05 vs TAA control; bP<0.05, vs TAA+LPS group; cP
<0.05, vs TAA+ST group; dP<0.05, vs sham group. Rats
were treated as described in Materials and Methods.

DNA index and hepatoma rate

The livers of rats in the TAA control group showed
many superficial yellowish macronodules and one
case of visible hepatocarcinoma out of six rats. With
LPS administration and/or splenectomy, numerous
micronodules appeared in livers and more cases of
noticeable tumors. Moreover much more hepatocarcinomas were observed under the light microscope.
DNA index as an indicator of the severity of malignant lesions were stepped up in the TAA models additionally treated with LPS and/or splenectomy.
Therefore, they have significant differences between groups (P <0.02), particularly in the
splenecotomized TAA-treated rats with oral LPS administration (Table 3).

Hepatocyte proliferation and liver weights

Groups

n

PI

Ratio of liver weight
to 100g body weight

Sham
TAA control
TAA+LPS
TAA+ST
TAA+ST+LPS

5
6
6
6
6

0.25±0.032
0.33±0.047
0.35±0.045
0.35±0.077
0.45±0.039a

4.32±2.6
8.38±2.0b
7.35±1.3b
7.40±1.5b
7.28±1.5b

a
P<0.05, vs TAA control, TAA+LPS and TAA+ST groups
respectively. bP<0.01, vs sham group. PI, proliferation index.
Rats were treated as described in Materials and Methods.

Table 3
groups

DNA ploidy and incidence of hepatoma in various

Groups

Sham
TAA control
TAA+LPS
TAA+ST
TAA+ST+LPS

n

5
6
6
6
6

DNA
index

Incidence of hepatoma
Rate of
DNA Visible Under microscopy
aneuploid%
(%) n
(%) n

1.0
1.15±0.21
1.24±0.25a
1.44±0.15ab
1.56±0.07abc

0
50
50
100
100

0
17
33
50
67

(0/5)
(1/6)
(2/6)
(3/6)
(4/6)

0
50
50
67
67

(0/5)
(3/6)
(3/6)
(4/6)
(4/6)

a

Endotoxemia level and GGT activity in systemic circulation

The TAA-treated rats with splenectomy or administration of 0.8mg% LPS (approximately corresponding to 50 µg/100 g body weight daily) in
drinking water during the last two months of the
study showed increased endotoxemia level (P <
0.05), compared with the sham group. The blood
endotoxin level in the TAA+ST+LPS group further mounted up (P < 0.05), compared with the
sham group or the TAA control group. However
GGT activity was markedly increased in the blood
of the TAA-treated rats with splenectomy plus LPS
administration (P < 0.05), compared with solely
TAA-treated group (Table 2).

P<0.02, vs TAA control group; bP<0.02, vs TAA + LPS
group; cP<0.02, vs TAA + ST group. DNA index=mean chanmean channels of G0/1
nels of G0/1 peak in the treated rat
peaks in the normal controls. 104 cells of a rat liver were examined
by flow cytometry. Rats were treated as described in Materials and
Methods.

Histology

Under the light microscope, no noticeable changes
were observed in untreated control rats (Figure 1).
The livers of the TAA models with or without LPS
and/or splenectomy had numerous micronodules of
various sizes in all lobes. The nodules were separated by markedly proliferated collagen fiber, forming
pseudolobules. Proliferation of spindle cells, probably fibroblasts, was recognized around such hyperplastic nodules (Figure 2). In the transforming
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hepatocytes, atypical hyperplasia with nuclear heterochromatism and basophilic cytoplasm were seen
mainly in perivenular and in periportal areas. Nuclear atypism was also seen in the hepatocytes.
Moreover, disarrangement of the hepatic cords became apparent and formed considerable pseudoglandular (acinar) structures which were transformed
from original liver parenchymal cells (Figure 3).
Highly malignant lesions were observed in the TAA
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+ST+LPS group, in which atypism was more apparent and formed a “mucoid lake” with a float of
small atypical cells (Figure 4).
Electron microscopic investigation clearly
showed that the disarrangement of the altered hepatocytes and nuclear atypism were very apparent, together with less cytoplasm containing very few organelles (Figure 5). Collagen fibrils were markedly
present around the neoplastic cells (Figure 6).

Figure 1 Section of liver from an untreated control (sham) rat. HE×20.
Figure 2 Section of liver from a TAA control rat treated as described in Materials and Methods. The nodules show the transforming
hepatocytes and the hepatocarcinoma. The spindle fibroblasts are recognized around such hyperplastic nodules. HE×20.
Figure 3 Section of liver from a rat in TAA+ST group. Pseudoglandular structures and spindle cells are observed in perivenular areas.
HE×20.
Figure 4 Section of liver from a rat in TAA+ST+LPS group. The disorganized and atypical hepatocytes formed a “mucoid lake” with
floating of small cells. HE×20.
Figure 5 Ultrastructure of hepatocellular carcinoma from a rat in TAA+ST+LPS group. Uranyl acetate and lead citrate staining ×400.
Figure 6 Ultrastructure of cirrhosis from a rat in TAA+ST+LPS group. The bundles of collagen fibrils were present with atypical
hepatocytes. Uranyl acetate and lead citrate staining ×800.
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DISCUSSION

TAA-induced cirrhosis and hepatocarcinoma has
been observed in Wistar rats. Theresults of the present study demonstrated for the first time that endotoxin may play an important role in the development
of hepatocarcinoma in rats induced by continuous
administration of 0.03% TAA in drinking water.
TAA is hepatotoxic owing to effects on DNA,
RNA, protein synthesis and GGT activity, through
which it induces cirrhosis and hepatocarcinoma[1,8].
After 6 months of chronic TAA administration, the
liver exhibited an external appearance of cirrhosis
characterized by the presence of numerous yellowish
nodules and whitish hepatocarcinoma. The microscopic study showed that micronodular cirrhosis
with hepatocarcinoma resembles human cirrhosis
with hepatocarcinoma in both its biological and
morphological aspects in close agreement with other
studies [5-7]. Table 3 shows that TAA increases nuclear DNA content by 15% in rat liver, producing
50% cases with aneuploidy and 50% cases of hepatocarcinoma seen under microscopy was a suitable
model for evaluating the effects of endotoxin on
hepatocarcinogenesis.
DNA index representing a ratio of the DNA
content in the treated rat to the mean DNA content
of the diploid normal rats indicate precise malignity
of hepatocarcinoma, together with aneuploidy rates
in various groups, which were highly correlative to
the incidence of hepatocarcinoma (the former r =
0.98, P < 0.01; the latter r = 0.96, P < 0.01).
Moreover, the histologic studies with light and electron microscopes well confirmed the interesting
findings. In the hepatocyte, clonal perpetuation of
accumulated DNA aneuploid affecting growth regulatory genes eventually leads to a continuation of severe progressive abnormalities characterized by
dysplasia, formation of adenoma and, finally,
cancer[13]. In addition, plasma GGT activity, an enzyme of fetal hepatocytes, was a sign of poor differentiation and correlated with cancerous change (r =
0.93, P<0.05) and the degree of endotoxemia (r
= 0.88, P<0.05).
Like Kupffer cells, splenic macrophages have a
potential for endotoxin clearance by way of
phagocytosis. In this study, rats undergoing
splenectomy showed reduced endotoxin clearance
and increased enterogenic endotoxin levels in systemic circulation by 37% (P<0.05). And rats with
cirrhosis after LPS administration at a dose of
50µg/100g body weight daily for two months increased their endotoxemia by 24% (P<0.05), compared with the normal controls. When the rat endotoxemia increased,inhibition of hepatic DNA synthetic enzymes by endotoxin[12] resulted in a decrease
of liver weights and formation of micronodules in
comparison with the TAA control rats with
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macronodules. In addition, splenic macrophages
have an ability to generate tumor necrosis factor-α
and
play
an
important role
in
immunosurveillance[13,14]. Therefore the down-regulation of Kupffer cell activity after splenectomy may
have deleterious effects on host defenses[15].
This study shows that endotoxemia from orally
administered LPS, during the last two months, and/
or from splenectomy before commencement of the
experiment, significantly enhanced hepatocarcinogenesis (P<0.02), based on the alterations of
the DNA index. It seemed that the TAA model with
splenectomy combining LPS administration was
more deleterious to the development of hepatocarcinoma in rats than the TAA model treated with ST or
LPS solely. In addition, it was noticed that the
blood endotoxin levels in rats were significantly correlated with malignity (r = 0.96,P<0.01) and the
incidence (r = 0.99, P<0.01) of hepatocarcinoma.
If so, it may be of importance in the pathogenetic
process of hepatocarcinoma and in clinical therapeutic strategy. However, patients with cirrhosis presenting relatively high endotoxemia[2] may have
higher risk for development of hepatocarcinoma
epidemiologically [3], but what are the possible
mechanisms involved in the pathogenesis and
whether this result may be extrapolated into humans
await further studies.
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Stage
surgical resection of hepatocellular
carcinoma after TAE: a report of 38 cases *
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Abstract
AIM To evaluate the curative effect of stage II
surgical resection of hepatocellular carcinoma after
TAE.
METHODS Thirty-eight patients with unresectable
hepatocellular carcinoma were treated by transcatheter arterial embolization (TAE). When the
sizes of tumors were markedly reduced after TAE,
stage II surgical resections were performed.
RESULTS Before TAE, the diameters of tumors
were 12.84 cm ± 4.87 cm (x ± s), but reduced to
5.12 cm ± 1.82 cm (x ± s) after TAE (P<0.001).
Pathologic examination of the resected specimens
revealed obvious necrosis in most cases. After
surgery, 26 patients were alive, with the longest
survival of 96 months, twelve died and 10 had tumor recurrence.
CONCLUSION Patients in moderate and advanced
stages of hepatocellular carcinoma after TAE should
be treated surgically, but the indication must be
controlled strictly.
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INTRODUCTION

Transcatheter arterial embolization (TAE) has been
recognized as a new effective method for the treatment of moderate and advanced hepatocellular
carcinoma [1-10] . Some patients are able to gain a
chance of stage II surgical resection after TAE.
But, what are the indications of stage II surgical
resection? How about the curative effect? What are
the influential factors? Up to date, there has been
no report about these questions. A total of 1288 patients with advanced hepatocellular carcinoma were
treated by TAE in our hospital from February 1987
to December 1992, 248 of them were followed up
and 38 gained stage II surgical resection. The results are reported below in an attempt to explore the
above mentioned questions.
MATERIALS AND METHODS

This group consisted of 38 patients with hepatocellular carcinoma diagnosed pathologically. They were
treated by TAE via catheterization of hepatic artery
on account of no indication for surgery. TAE procedures were carried out alike as previously
reported [1,6,9,10]. The duration from initial TAE
treatment to stage II surgical resection in this group
was 4 weeks to 16 months, averaging 6.38 months.
TAEs were done 1 to 9 times for each patient with
an average of 3.6 times and at intervals of 50-60
days. According to hepatic arteriographic findings,
28 of 38 cases were classified as huge mass type or
huge mass plus nodular type (the diameter of tumor
10cm), 10 as nodular type (the diameter of
tumor 5cm-9cm) and none as diffuse type.
RESULTS
Change of tumor size after TAE and pathologic
examination

Before TAE, the diameters of tumors were 12.84
cm±4.87cm (x ± s) and after TAE decreased to
5.12cm ± 1.82cm (x ± s), (P<0.001) (Figures 1
-6). Tumors were removed in 36 cases, but not in
the remaining 2 because of spreading to diaphragm
and lesser epiploon, absolute ethanol was injected
directly into the tumors with ligation of feeding
hepatic artery. Liver tumor capsules were intact in
19 of 36 resected specimens observed with naked
eyes, the capsules were not intact in 14, and none in
3. Under light microscope, there was complete
necrosis of tumor cells in 12 cases, obvious necrosis
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Figure 1 The hepatic arteriography shows a large tumor with hypervasculars in the right lobe of liver.
Figure 2 Abdominal plain film immediately after TAE shows accumulation of lipiodol within the tumor.
Figure 3 A parenchymal phase of the hepatic arteriography. Tumor mass staining is well visualized.
Figure 4 The hepatic angiography after three times of TAE shows occluded branches of right hepatic artery with some collateral vessels
and remarkable tumor reduction.
Figure 5 Abdominal plain film after four times of TAE shows deposition of lipiodol within the tumor. The diameter of tumor was reduced
to 4cm.
Figure 6 After four times of TAE, the tumor was resected. The specimen showed necrosis of tumor and fibrotic capsule.

WANG Jiao-Hua, et al. Surgical resection of hepatocellular carcinoma

in most parts of the tumor with a few living tumor
cells in 20 cases, and partial necrosis with parts of
tumor cells actively growing in 4 cases. There were
inflammatory reaction and different degrees of fibrotic proliferation around the necrotic tissues.
During operation, mild liver cirrhosis was seen in 11
cases while moderate and serious ones in 21 and 4
cases respectively, and none in 2.
The survival of patients after stage II surgical
resection

So far, 26 of 38 patients have been alive, 22 of 26
being healthy. The average survival was 24.6
months, and the longest survival period has reached
96 months. Tumor recurred in 4 cases, 2 had bone
metastasis one month after surgery, one was found
to have multiple intrahepatic tumor nodules and one
had elevated AFP values with right liver recurrent
tumor of 4.5cm×5.2cm in diameter, occurring 3
months and 19 months after surgery, respectively.
Twelve patients died, 2 died separately from coronary arterial embolization and massive upper digestive tract bleeding one week after surgery, 8 died
from recurrence of liver tumor, and the other 2 died
of serious liver cirrhosis and liver function failure 4
and 16 months after surgery. The time between
surgery and death was 4-28 months, with an
average of 11.5 months (excluding 2 deaths one
week after surgery).
Recurrence condition of liver tumors after
surgery

Tumor recurred after surgery in 10 patients, 8 of the
10 recurrences were within liver, whereas 2 had
bone metastasis. So far, 8 patients have died. Postoperative tumor recurrence time was 1 to 21 months
with an average of 7.2 months. Cancerous emboli
were found within the main trunks of portal vein or
its large branches in the 10 patients, and 1 of them
had also cancerous emboli in the right hepatic vein.
DISCUSSION
TAE effectiveness depends on the thoroughness
of embolization

In our 38 patients, the sizes of liver tumors were
markedly reduced after TAE. Pathologic examination of the resected specimens revealed obvious
necrosis in most parts of tumor masses in nearly all
the cases and complete necrosis in a few ones[6,9,10].
All these indicated the good therapeutic effects of
TAE for hepatocellular tumor. The reason for the
better results obtained in this group by TAE was the
thorough embolization of tumor vessels and feeding
arteries, as shown by the accumulation of large
amount of lipiodol in all or most parts of tumor mass
on CT scanning. Besides, most of the tumors in this
group were of huge mass type or single nodule type.
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Furthermore, the lipiodol emulsion containing anticancer drugs obstructed the blood supplying to the
tumors, resulting in ischemic necrosis[2,5,8] on one
hand, and on the other hand, the lipiodol emulsion
continued to release anticancer drugs for killing tumor cells which were already in an ischemic and
more vulnerable state[6,9,10]. Therefore, the thoroughness of embolization for liver tumors directly
influenced the effect. As far as the patients’ liver
function would be tolerated, the embolization procedure should be undertaken to fully fill the tumor
mass with lipiodol emulsion during each TAE, especially for the first time[9,10].
Necessity of stage II surgical resection

The surgical specimens from the 38 cases revealed
that most parts of the liver tumors were necrotic,
but a few living cancerous cells still remained,
which might cause tumor recurrence or metastasis
later[6,9,10]. On the other hand, after several times
of TAE procedure, the main tumor feeding arteries
had been obstructed and more collateral vessels thus
formed, causing difficulties in super-selective
catheterization via the collateral vessels and continuous TAE. The majority of patients were only
treated by arterial infusion chemotherapy, which
was usually ineffective in controlling tumor growth.
Therefore, the liver tumor which had been markedly reduced in size after TAE should be removed further by stage II surgery. Thus, the prognosis would
be much improved.
Prevention and reduction of tumor recurrence
after surgery

In this group, ten patients had liver tumor recurrence on an average of 7.2 months after stage II
surgery (10/38, or 26.3%). There were three types
10 patients showed all cancerous
of recurrences:
emboli in the main trunks of portal veins and their
bigger branches, with 1 case also having cancerous
emboli in the right hepatic vein;
in some cases,
severaltumor nodules were still present besides the
main tumor mass; and in a few cases, merely palliative surgical resections were performed because
the tumor sizes found during operation were still too
large. Therefore, the indication for stage II surgical resection after TAE should be controlled
strictly. The contraindications are as follows: hepatic arteriogram and CT scanning reveal main tumor
mass with several satellite tumor nodes which can
not be removed completely by surgery; the diameter
of tumor is over 5 cm, which is only resected
palliatively; cancerous emboli within the main trunk
of portal vein or its large branches or large hepatic
venous branches; distant metastasis; and serious liver cirrhosis.
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Regulatory effects of lipopolysaccharide in murine
macrophage proliferation
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Abstract
AIMS To study the regulatory effects of bacterial
lipopolysaccharide (LPS) in murine macrophage
proliferation.
METHODS Using murine peritoneal exudate
macrophage (PEM) and macrophage cell line J774A.1
as targets, LPS effects on M-CSF and granulocytemacrophage colony-stimulating factor (GM-CSF)
stimulated macrophage colony-forming cells (CFUM) were detected. 125I-GM-CSF receptor binding assay was used to examine LPS regulation on GM-CSF
receptor expression. RT-PCR was employed to test
TGF-β1 inhibition on IFN-γ mRNA expression on
macrophage induced by LPS.
RESULTS Without direct effect on macrophage
proliferation, LPS could inhibit the macrophage proliferation stimulated by GM-CSF. However, with the
concomitant existence of GM-CSF and TGF-β1, the
LPS inhibitory effect was eliminated. RT-PCR analysis indicated that the strongest macrophage growth
inhibitory factor IFN-γ mRNA expression in
macrophage induced by LPS was remarkably suppressed by TGF-β1, 125I-GM-CSF receptor binding assay showed that LPS could enhance GM-CSF receptor expression likewise as TGF-β1.
CONCLUSIONS LPS is involved in the network of
macrophage proliferative regulation by multiple
cytokines, displaying inhibitory and stimulatory effects based on the coexisting cytokines.

INTRODUCTION

Lipopolysaccharide (LPS), main component of
Gramª²negative bacterial endotoxin, is involved in
immune reaction by intriguing macrophage and B
lymphocyte. It has been demonstrated that
interferon-γ (IFN-γ) is the strongest inhibitor of
macrophage colony formation[1,2,6]. Therefore, LPS
is thought to inhibit macrophage growth. Recent reports indicated that LPS at low concentration (<
0.1µg/L) had stimulatory effects in some
hematopoietic cells [3,4]. So, the effects of LPS in
cell growth regulation is multifunctional. Tissue
macrophges migrated from peripheral monocytes
are the main targets of LPS and participate in immune response by LPS activation. Besides,
macrophages are known to be able to form colony
under M-GSF and GM-CSF stimulations. In this
study, LPS effects in macrophage proliferation was
investigated.
MATERIALS AND METHODS
Animal and cell

Murine peritoneal exudate macrophages (PEM) in
6-8-week old CsH/HeJ mice were induced by
thioglocallate medium J774A.1 was obtained from
ATCC.
Reagent

rMuG-M-CSF was obtained from Immunex Co,
rHum-M-CSF as gift from Cetus Co, rHuTGF-β 1
from NCI, and LPS was purchased from List Co,
and RT-PCR Kit and primers from Cetus Co.
GM-CSF and M-CSF iondination

Bolton-Hunter method was used for GM-CSF iondination and chlormate T method for M-CSF
iondination. Receptor binding assay was undertaken
according to Reference 5.
Macrophage colony formation (CFU-M)
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PEM 1000/ml in a medium containing 10% FCS
(Hyclone Co.) was cultured in 24-well plates at 5%
CO2 atomasphere and 37 temperature. rMuGMCSF (0.5 µg/L), LPS (0.01 µg/L - 100 µg/L) or
rHuTGF-β 1 (0.5 µg/L) were added at different
intervals. After 7-9 days, CFU-M (cell number >
50) was formed and calculated by a Coulter counter.
RT-PCR

Reverse-transcription polymerase chain reaction
(RT-PCR) was applied to examine cytokine mRNA
expression. Experimental detail was referred to
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Reference 5. The IFN-γ and β-actin primers are as
follows:
IFN-γ 5’-primer (71):TGAACGCTACACACTGCTTCTTGG
3’primer (530):CGACTCCCTTTTCCGCTTCCTAG
β-actin 5’-primer(25):GTGGGCCGCTCTAGGCACCAA
3’-primer (564):CTCTTTGATGTCACGCACGATTTC

RESULTS
LPS effects in murine macrophage growth

PEM was potential to form CFU-M in vitro under
optimal GM-CSF stimulation. Figure 1 shows that
LPS at a concentration of lower than 1.0µg/L considerably inhibited macrophage growth and this inhibition was typically dose-dependent. However,
with concomitant addition of rHuTGF-β1 (0.5µg/
L), LPS inhibition was reversed to be stimulatory
while LPS and TGF-β1 had no direct effects in CFUM (Figure 2). Our previous paper reported that
TGF-β1 enhancement on GM-CSF stimulation was
associated with the increase of GM-CSF receptor
number[6]. Accordingly, LPS effect in GM-CSF receptor regulation was further examined.

Figure 2
Effects of LPS, TGF-β1 and GM-CSF in macrophage
growth in co-stimulation.

LPS effects in GMª²CSF receptor number

LPS could remarkably decrease M-CSF receptor
number within a short time (37 , 1h), but without
effect on GM-CSF. After LPS treatment in PEM
was prolonged to 24 hours, GM-CSF receptor number was increased by over 80%, being time-dose
dependent (Figure 3).
LPS effects in murine macrophage cell line

Although murine macrophage cell line J774A.1 autonomous growth was inhibited by LPS, its membrane GM-CSF receptor number was enhanced (Figure 4). These results confirmed the upregulation of
LPS in GM-CSF receptor expression.

Figure 3
Enhancement of GM-CSF receptor number by LPS. A:
Time-dose of LPS at 5.0µg/L concentration; B: Effects of different doses of LPS on GM-CSF receptor number (37 , 24h).

The inhibition of IFN-γ mRNA expression by TGF-β1

IFN-γ mRNA expression in PEM was examined with
(RT-PCR) (Figure 5). Consequently, IFN-γ mRNA
was expressed after LPS induction in PEM for 2
hours, which was totally suppressed by TGF-β1
treatment for 2 hours.

Figure 1
Dose-dependence of LPS inhibitory effects in
macrophage growth.

Figure 4 A: LPS inhibition in J774.1 autonomous growth. B:
GM-CSF receptor number increased by LPS in J774.1.

FAN Kai. LPS regulatory effects in murine macrophage proliferation

Figure 5 TGF-β1 inhibition on IFN-¦Ã mRNA expression. Lane
1: LPS (1.0µg/L) induction for 2 hours. Lane 2: TGF-β1 (1.0
µg/L) treatment for 2 hours.

DISCUSSION

Macrophages play an important role in a series of physiological and pathogenic processes, such as antiinfection, anti-tumor, immune response and
inflammation. Macrophage growth regulation is modulated by multiple cytokines. Among them only GM-CSF
and M-CSF can stimulate macrophage colony
formation. Others (IL-4, TNF-α, L-3, IFN-γ, TGF-β1)
influence macrophage growth by regulating M-CSF or
GM-CSF receptor number and expression[4-7]. Bacterial
lipopolysaccharide mainly activates macrophage and
plays a certain role in its proliferation. LPS at in vivo
concentration of 0.1µg/L-10µg/L, can inhibit GMCSF stimulated macrophage growth but without direct
effect. Interestingly, the addition of TGF-β1 turns the
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LPS effect from inhibitory to stimulatory.Receptor
binding assay indicates that LPS and TGF-β1 can both
enhance GM-CSF receptor number, probably because of
effects of the three modulators (GM-CSF, LPS and
TGF-β1) in macrophage growth. As IFN-γ is induced by
LPS and is the strongest autocrine inhibitor of
macrophage growth. TGF-β1 may suppress IFN-γ expression in macrophage by RT-PCR technique. According to our results, a regulating network of LPS in
macrophage proliferation is presumed. LPS is capable of
increasing GM-CSF receptor number, but IFN-γ displays stronger inhibition on macrophage growth. With
the coexitence of TGF-β1, IFN-γ expression is remarkably suppressed and GM-CSF receptor number is further
enhanced. As a result, the concomitant presence of
LPS, TGF-β1 and GM-CSF stimulates macrophage
proliferation. Our findings could lead to a conclusion
that it is necessary to further reveal the complexity,
complementarity and continuity of three or more cytokines in macrophage proliferation.
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Abstract
AIM To elucidate the effect of various solutions
for small bowel graft preservation in pigs under hypothermic storage.
METHODS The swine segmental small bowel graft
was autotransplanted after it was preserved with
lactated Ringer¡äs (LR), Euro-Collins (EC), hyperosmolarity citrate adenine (HC-A) and WMO-1 solutions for 10, 18 and 24 hours, respectively. The recipient survival rate, morphological structure, graft
mucosal energy substances and Na + K+ ATPase activity were studied, and graft absorption was estimated with D-xylose absorption test.
RESULTS The morphological study of the grafts
preserved with LR or HC-A solution for 10 hours or
with EC and WMO-1 solution for 18 hours was normal 6 days after operation. Mucosal ATP, total adenine nucleotides (TAN) contents and Na +-K +ATPase activity of the graft preserved with EC or WMO
solution were higher than that of the graft preserved
with LR or HC-A solution. Serum level of D-xylose
was higher in EC and WMO-1 groups than in LR and
HC-A groups when the graft was preserved for 24
hours.
CONCLUSIONS EC and WMO-1 solutions can preserve the swine small bowel up to 18 hours, which
are superior to LR and HC-A solutions.

INTRODUCTION

One of the problems accompanying successful clinical small bowel transplantation is the graft
preservation, for the intestinal mucosa is probably
the most sensitive tissue to ischemia in the body.
The effective time of cold storage for small bowel
graft (< 8 hours) is much shorter than that of other
organs, and optimal preservation solution is not yet
clearly defined for small bowel grafts. In this study,
the swine small bowel was preserved with lactated
Ringer’s (LR), hyperosmolarity citrate adenine
(HC-A), Euro-Collins (EC) and WMO-1 solutions
to elucidate which is appropriate for swine small
bowel preservation.
MATERIALS AND METHODS
Study design

Outbred pigs weighing 18.5kg-22.5kg were used.
The pigs were fasted for 24 hours before operation,
and general anesthesia was achieved with intravenous sodium pentobarbital.
Heterotopic segmental small bowel autotransplantation was performed as described previously[1].
The small bowel was sectioned before the ileocecal
valve and mid-small intestine. The superior mesenteric artery of the graft was perfused with 400ml500ml LR, EC, HC-A or WMO-1 solutions, and
stored in the same solution at 4 for 10, 18 and 24
hours, respectively. The perfusion pressure was
10.8kPa-11.8kPa, and perfusion time was 20
minutes. The lumen was perfused with metronidzzole solution at 4¡æ after perservation, and the small
bowel graft was autotransplanted. Both ends of the
grafts were brought out as stomas (Thiry-Vella
loops). Intestinal continuity was restored with two
end-to-end anastomoses. The experimental groups
and preservation time are shown in Table 1.
Recipient survival rate

The recipient survival rateon the 21st postoperative
day (POD) was observed.
1
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Table 1 Experimental groups and preservation time
Preservation time
Groups
LR
EC
HC-A
WMO-1

10 h

18 h

24 h

5
5
6
5

5
7
5
6

6
6
5
5

LI You-Sheng, et al. Solutions for small bowel graft preservation

Mucosal morphology

Biopsy specimens obtained from the graft stomas,
fixed in 10% neutral formation and embedded in
paraffin, and sections were cut at 4 µm thickness,
and stained with haemotoxylin and eosin. All specimens were observed under light microscopy.
Mucosal energy substances

Small bowel graft energy phosphates (ATD, ADP
and AMP) were determined by high performance
liquid chromatography (HPLC) as described
previously[2]. The mucosa (weighing about 0.5g)
was separated from the seromuscular wall and stored
in liquid nitrogen. Atkinson energy charge (AEC)
was calculated, AEC=(ATP+0.5ADP)/TAN, total adenine nucleotides (TAN) ATP+ ADP+
AMP.
Mucosal Na+-K+ ATPase activity

Small intestinal mucosal Na +-K+ ATPase activity
was determined using Zemelman’s method[3]. The
mucosa was separated and stored by the above-mentioned method.
Absorptive function

Absorptive function of the graft was estimated with
D-xylose absorption test. Five g D-xylose (dissolved
in 100ml normal salt solution) was irrigated into the
graft from the proximal stoma, and serum D-xylose
level was determined by Eberts’ method[4].
Statistical analysis

All results were expressed as x ± s, statistical variances were made by Student’s t test or χ2 analysis,
differences were considered significant if P<0.05.
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sent in the graft preserved with LR and HC-A
solutions. When the graft was preserved with each
of the four solutions for 24 hours, the mucosal histological structure can not recover to normal.
Mucosal energy substances

The concentration of phosphorylated adenine nucleotides was similar in the graft preserved with the
four solutions for 10 hours. Cold storage significantly reduced the contents of ATP and TAN (Figures 1
and 2). Tissue contents of ATP and TAN were significantly higher in the graft perserved with EC and
WHO-1 solutions after 24 hours of cold storage. The
energy change as a parameter for the freely available energy in the cell was significantly higher in EC
and WMO-1 groups (0.66nmol/g ± 0.03nmol/g wet
weight, 0.63 nmol/g ± 0.03 nmol/g wet weight)
than in LR and HC-A groups (0.55 nmol/g ± 0.04
nmol/g wet weight, 0.58 mol/g ± 0.03 nmol/g wet
weight).
Mucosal Na+-K+ ATPase activity

Mucosal Na+-K+ ATPase activity remained unchanged during cold storage despite storage time and
preservation solution. Na+-K+ ATPase activity was
decreased after 30 minutes of reperfusion (Table 3)
in all the grafts. Mucosal Na+-K+ ATPase activity
was significantly lower in LR and HC groups than
in EC and WMO-1 groups after 24 hours of cold
storage.
Table 2 Recipient survival rate on the 21st POD (%)
Preservation time

RESULTS
Recipient survival rate

Six animals died because of failure in vascular
anastomosis. Five animals were observed in each
group. The survival rate on the 21st POD was similar in the graft preserved with each of the four solutions either for 10 or 18 hours. When the graft was
preserved for 24 hours, the 21st POD survival rate
was lower in LR group than in EC and WMO-1
groups (P<0.05, Table 2).
Morphological study

Epithelial necrosis and edema occurred by all the
solutions. On the 3rd or the 4th POD, the grafts became normal in all groups histologically when the
graft was preserved with each of four solutions for
10 hours 6 or 7 days after operation. When the graft
was preserved for 18 or 24 hours, more severe tissue
reperfusion injury was seen after revasculation in
LR and HC-A groups than in EC and WMO-1
groups. On the 21st POD mucosa histological structure of the grafts preserved with EC and WMO-1 solutions for 18 hours were normal. Necrosis was pre-

Groups
LR
EC
HC-A
WMO-1
a

10 h

18 h

24 h

100
100
100
100

60
100
80
100

0a
60
20
60

P<0.05, compared with EC and WMO-1 groups

Table 3 Mucosal Na+-K+ ATPase activity after 30 min of reperµ mol Pi/mg protein·h, x±s)
fusion (µ

LR
EC
HC-A
WMO-1
a

Control

10 h

18 h

24 h

15.15±3.71
16.16±2.59
14.74±1.56
13.49±3.92

8.29±2.89
9.23±3.47
9.79±2.15
9.34±1.29

5.79±1.57
6.89±2.62
5.79±1.69
6.03±1.27

1.15±0.47
4.27±1.34 a
2.92±1.39
5.06±1.27 a

P<0.05, compared with LR and HC-A groups

Absorptive function

After 10 and 18 hours of cold storage, serum level
of D-xylose was similar in all groups while after 24
hours it was higher in EC and WMO-1 groups than
in LR and HC-A groups (Figure 3).
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DISCUSSION

Figure 1 Mucosal concentration of ATP.

Figure 2 Mucosal concentration of TNA.

Figure 3 Results of D-xylose absorption test after 24 hours of cold
storage.

Simple cold storage is the most practical method in
organ preservation. Several solutions have been used
in organ preservation, however, the optimal one is
not clearly defined for small bowel grafts. A recently developed organ preservation solution, UW (University of Wisconsin) has provided 72 hours preservation for pancreas and kidney, and 30 hours or
longer for the liver, but provided only 8-10 hours
preservation for small bowel in human[5].
LR solution, an extracellular fluid, is widely
used in experimental small bowel preservation.
Luther et al[6] and Zhang et al [7] reported that LR
solution is superior to UW and EC solutions for
small bowel storage in the rat model. In our studies,
no animal receiving the graft preserved for 24 hours
survived more than 21 days. The recipient survival
rate in EC and WMO-1 groups was 60%,
respectively. Mucosal contents of ATP and TAN,
and Na+-K+ ATPase activity in EC and WMO-1
groups were higher than in LR and HC-A groups after 24 hours of cold storage. Our results indicated
that EC and WMO-1 solutions are superior to LR solution for small bowel preservation in the pig
model.
HC-A solution, a modified Ross solution, contains adenine, precursor for ATP production, and
its osmolarity was reduced from 400 to 380mOsm/
L. The solution has provided 48 hours or longer
preservation for the cadaveric kidneys. In our
study, mucosal contents of ATP and TAN and Na+K+ ATP ase activity in HC-A preserved small bowel
was not higher than in EC and WMO-1 preserved
one, so adenine added into the HC-A solution could
neither improve the ATP production nor inhibit the
tissue ATP degradation.
WMO-1 solution, containing ATP and Ca2+
could provide 48 hours preservation for the liver in
the rat model. It is believed that ATP in WMO-1 solution could increase the energy state of tissue and
prevent ATP degradation and the calcium could stabilize the membranes. Our study indicated that mucosal contents of ATP and TAN were not higher in
WMO-1 preserved small bowel than in EC- preserved one. Mucosal Na+-K+ ATPase activity was
similar in the two groups, there fore, ATP added into WMO-1 solution could not prevent ATP degradation in tissues. It was not introduced in latest-developed organ preservation solution, such as UW. In
the healthy cells, cytosolic calcium is at very low
level (10 -7mmol/L), and hypothermic preservation
may disrupt the cell membrane, resulting in influx
of calcium into the cell. Elevated intracellular calcium was also shown to potentiate cell damage [8],
therefore the effects of ATP and Ca2+ in the WMO1 solution should be studied.
As shown previously, the EC solution is a standard organ preservation solution and has been widely
used in liver, kidney, pancreas and small bowel

LI You-Sheng, et al. Solutions for small bowel graft preservation

transplantations[5]. In this study, EC solution is superior to HC-A and LR solutions, and mucosal contents of ATP and TAN and Na+-K+ ATPase activity
were higher in EC group than in LR and HC-A
groups and were similar to that of WMO-1 group.
Recently, a direct correlation between ATP
content during cold preservation and outcome in
animal and clinical organ transplantation has been
reported[9]. Na+-K+ ATPase is an important
membrane-bound enzyme that acts by active extrusion
of Na+ from the intracellular compartment to counterbalance the osmotic effect of impermeable intracellular
macromolecules. We investigated the effect of four solutions in recipient survival rate, mucosal energy
substances, Na+-K+ ATPase activity and absorption of
the graft. The results showed that Na+-K+ ATPase activity maintained unchanged during cold storage and reduced significantly after reperfusion but the contents of
ATP and TAN decreased during cold storage. There was
a direct correlationship between contents of ATP and
TAN after cold storage and Na+-K+ ATPase activity after reperfusion and recipient outcome after
transplantation. EC and WMO-1 solutions were superior
to LR and HC-A solutions for small bowel graft.
In conclusion, the swine small bowel can be
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successfully preserved in good condition for 18 hours
using simple cold storage in EC and WMO-1 solutions as assessed by the recipient survival rate, mucosal energy substances, Na +-K+ ATPase activity,
and D-xylose absorption test and the EC and WMO1 solutions are superior to LR and HC-A solutions
for preservation of small bowel in the pig model.
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Abstract
AIM To determine the site of production and uptake of tumor necrotic factor alpha (TNFα), and evaluate the relationship between serum TNFα and
plasma endotoxin (ET) in rats with acute hemorrhagic necrotic pancreatitis (AHNP).
METHODS Sprague Dawley rats were divided into
AHNP group and control group (n = 12). AHNP
model was induced by retrograde injection of 5%
sodium taurocholate via pancreatic bile duct. The
blood samples were obtained through portal vein 2
and 6 hours after the operation.
RESULTS The contents of TNFα in portal vein
were increased rapidly in the development of AHNP.
They were lower in hepatic vein (280.59±20.02)
and femoral artery (310.82±7.97) than in portal
vein (354.91±25.50) (P<0.05), and higher in
femoral artery than in hepatic vein 6 hours after the
operation (P<0.05). TNFα level in plasma was increased significantly when ET level in portal vein
showed no increase.
CONCLUSION Pancreas, spleen, liver, intestinal
tract and lung are the main organs to produce TNFα,
and liver is also an important site for TNFα uptake in
the development of AHNP. Plasma endotoxin is not
a trigger for TNFα release in rats with AHNP.
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INTRODUCTION

Recent studies have indicated that during the pathogenesis of acute hemorrhagic necrotic pancreatitis
(AHNP), tumor necrotic factor alpha (TNFα) and
endotoxemia play important roles in the progression
of pancreatic inflammation and the damage of expancreatic vital organs£Û1£Ý. The purpose of this paper
is to determine the production and uptake sites of
TNFα, and the relationship between TNFα and plasma endotoxin (ET) in rats with AHNP, thus providing a direct theoretical basis for the treatment of
AHNP by blocking the production of TNFα and
clearing the secreted TNFα in plasma.
MATERIALS AND METHODS
Animals and grouping

Twenty-four Sprague-Dawley (SD) rats weighing
295g-320g were divided randomly into AHNP group
and control group (12 animals for each group).
Experimental design

SD rats were fasted for 24 hours, and were anesthetized by intraperitoneal injection of sodium pantobarbital (30mg/kg). Normal saline (0.9%) was
injected into each rat through a PE-50 placed
catheter in femoral vein. Sodium taurocholate (5%
1.5ml/kg) were infused retrogradely to AHNP rats
through pancreatic bile duct under a microsurgical
procedure, after 5min - 10min, pancreatic edema
and dotted bleeding occurred. Isovolume of 0.9%
normal solution was infused to the pancreatic bile
duct of control rats using the same method, and no
abnormality was noticed 2 and 6 hours after the
operation. Blood samples from hepatic vein, portal
vein and femoral artery were harvested, at these
time points, hemorrhage, necrosis of pancreas and
hydremic ascites (5ml-10ml) were found in
AHNP- rats, while no abnomality was seen in the
control rats.
Determination of serum TNFα.

TNFα in portal vein, hepatic vein and femoral
artery were determined with ELISA (provided by
the Department of Immunology, the Third Military
Medical University). ET in portal vein was assayed
by a quantitative azostromatic coloration limulus
test (kit provided by the Shanghai Medical Analysis
Institute).
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RESULTS
Change of serum TNFα levels (Table 1 and Figure 1)
Table 1

α level (x±sx, pg/L) of rats 2h and 6h after
TNFα
operation

Groups Time(h)
Control
AHNP

2
6
2
6

PV

HV

RHU(%)

FA

54.83±3.24
52.14±1.87
182.48±9.90 119.85±5.64 38.63 127.32±7.15
354.91±25.50 280.59±20.02 20.95 310.82±7.97

PV: portal vein; HV: hepatic vein; RHU: rate of hepatic
uptake; FA: femoral artery.

Figure 1 Changes of TNFα level in portal vein, hepatic vein and
femoral artery 2 and 6 h after operation. A: TNFα level of control
group 6 h after operation; B,C: TNFα level of AHNP group 2 and
6 h after operation.

There was significant difference in TNFα levels
among the samples from portal vein, hepatic vein
and femoral artery (P<0.05) 2 and 6 hours after
operation, and the difference was also significant as
compared with the control group (P<0.05). Two
hours after operation, TNFα level in hepatic vein
and femoral artery was lower than in portal vein (P
< 0.05), but no difference was observed between
that in femoral artery and hepatic vein. Six hours
after operation, TNFα level in femoral artery was
obviously higher than in hepatic vein (P<0.05),
but remained lower than in portal vein (P<0.05).
There was significant difference in the rate of
hepatic uptake of TNFα between AHNP group and
control group (P<0.05).
Change of plasma ET level (Table 2)
Table 2 Change of plasma ET level (x±sx, EU/ml)
Groups
Control
AHNP

Time(h)
2
6
2
6

Plasma ET
0.022±0.007
0.033±0.006
0.028±0.002
0.340±0.038
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Two and 6 hours after operation, there was significant difference in plasma ET level in portal vein
of AHNP rats. When compared with the control
group,significant difference of plasma ET level in
portal vein of AHNP rats was observed at 6 hours,
but not at 2 hours after operation.
DISCUSSION

TNFα is an important inflammatory mediator during
the development of AHNP. It can damage the pancreas and ex-pancreatic vital organ through the following mechanism:
Enhancing the adhesion of
PMN to endothelium. Recent research shows that
there are some adhesive molecules or receptors,
such as ICAM-1, ELAM-1 and VCAM-1 on the surface endothelia. TNFα can stimulate the expression
of receptors for adhesive molecules on the surface of
endothelium, leading to the adhesion of unstimulated PMN to endothelia and the migration of the
PMN to inflammatory loci through vascular barrier.
The interaction of PMN with target tissue cells and
the releasing of oxygen free radicals (OFR) and
neutral proteinase could cause the damage of adjacent tissues. The cytotoxic effect of TNFα. TNFα
can bind with the specific receptors on the cellular
membrane and facilitate the production of OFR,
which damages the cell membrane and DNA, and
cleaves DNA into fragments by endonuclease, leading to the death of cells.
TNFα can activate the
inflammatory cells, stimulate the release of PMN
from bone marrow, and promote the degranulation,
the production of OFR and the releasing of lysosome enzyme, alkali proteinase, etc. from
eosinocytes. The persistent increase of plasma TNFα
may promote the endocytosis, degranulation and the
releasing of OFR and leukocyte enzymes (lysosome
enzyme, plastic enzyme, etc.), resulting in the
continuous hemorrhage, necrosis of pancreas and
the development of MOF.
The exact mechanism of production, the production and absorption site of TNFα during the progression of AHNP remained unknown [2]. The stimulation of inflammatory cells by pancreatic enzyme was believed to be related with the production
of TNFα. It is indicated that the disturbance of microcirculation of pancreas may lead to release of
trypsinogen activated peptides[3], suggesting that the
disturbance of microcirculation of pancreas may be
the primary factor responsible forproduction of
TNFα. Our results revealed that, at the early stage
of AHNP, the TNFα level in portal vein was elevated obviously, which was significantly higher than in
hepatic vein and femoral artery. There was no difference in TNFα level between hepatic vein and
femoral artery. So it is concluded that at the early
stage of AHNP, TNFα in portal vein may originate
from pancreas, spleen and gastrointestinal tract,
and the liver may clear some of TNFα originated
from portal vein. With the aggravation of AHNP,
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TNFα in portal vein increased rapidly, and so did
that in femoral artery, both being higher than in
hepatic vein, but still lower than in portal vein.
Based on these results, we believe that lung may be
the organ of secondary production site of TNFα.
TNFα in hepatic vein mainly originate from
pancreas, spleen and gastrointestinal tract, and part
of TNFα in hepatic vein might come from the liver.
Although the liver could clear some TNFα, its potential is somewhat limited. As the hepatic damage
gets worse, its clearance to TNFα decreases.
TNFα is a soluble polypeptide with an MW of
17Ku, under the condition of severe infection,
macrophagocytes, T cells and NK cells would produce TNFα due to the action of Gram negative bacteria and lipopolysaccharide. It is believed that at
early stage of AHNP, the production of TNFα is not
associated with ET[4]. Our results showed that plasma TNFα level elevated significantly when there was
no increase of ET level in portal vein, indicating
that ET was not the primary factor for the produc-
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tion of TNFα in AHNP rats, but TNFα level elevated much more significantly with the increase of ET.
Recent studies also showed that, in late-stage
AHNP, ET was contributed to the substantially increased production of TNFα. The synergetic effect
of TNFα and ET is an important cause of high morbidity and mortality of AHNP. Therefore, control
of infection, inhibition of the TNFα production,
and removal of secreted TNFα are of great importance for the treatment of AHNP.
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Abstract
AIM To assess the diagnostic values of tumor markers for
pancreatic cancer.
METHODS Pancreatic cancer-associated antigen from
colonic mucosa (PCAAc), pancreas-specific antigen (PaA),
pancreatic oncofetal antigen (POA) and minimolecular pancreatic antigen (mPOA) were detected by double antibodies
Sandwich ELISA; CA19-9, elastase 1 (E1), human pancreatic
elastase 1 (HPE1) and carcinoembryonic antigen (CEA) by radioimmunoassay (RIA); general activities of ribo-nuclease
(RNase) and its isoenzymes (RNase I and RNase II) by biochemistry and PAEG; glycylproline dipeptidyl aminopeptidase
(GPDA) by biochemistry and α1-antitrypsin (α1AT) by rocket
immunoelectrophoresis (rocket-IE).
RESULTS The detection of serum POA, mPOA, PaA,
PCAAc, CA19-9, RNase and RNase I was able to differentiate
pancreatic cancer from the benign disorders and non-pancreatic
malignancies with a sensitivity from 66.75% to 80.0% and a
specificity from 88.5% to 96.69%. POA, mPOA, PCAAc,
HPE1, E1 and GPDA were related to the pancreatic cancer at
the head which demonstrated higher sensitivity from 63.64%
to 85.71%. The detection of serum HPE1 was especially helpful for the diagnosis of pancreatic cancer with smaller
diameters. The determination of 3 or 4 kinds of tumor markers
simultaneously would increase the detection rate of pancreatic
cancer, which will be an important procedure for the diagnosis
of this malignancy.ª¤
CONCLUSION A single test of tumor markers is helpful to
detect pancreatic cancerclinically,but the determination of 3
or 4 kinds of tumor markers simultaneously would significantly
increase the detection rate of pancreatic cancer, which will be
an important procedure for the diagnosis of this malignancy.
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INTRODUCTION

The incidence of pancreatic cancer is increasing
yearly, but its early diagnosis remains very
difficult, for the symptoms are faint, vague and
nonspecific. Therefore, it is important to seek a tumor marker with satisfactory specificity and/or sensitivity for the diagnosis of the cancer clinically.
This paper reports our ten years’ research on tumor
markers to evaluate the clinical application of the
serum detection of tumor markers for the diagnosis
of pancreatic cancer.
MATERIALS AND METHODS
Samples

We detected 13 tumor markers in samples from 763
cases including 143 pancreatic cancer, 125 liver or
peri-ampullar carcinoma and 120 gastrointestinal
carcinoma, which were identified by surgical operation and/or pathological examination. One hundred
and five cases of acute and chronic pancreatitis were
observed. The acute cases were identified by clinical
approach and chronic ones by X-ray photograph,
surgical operation and pathological examination.
Blood samples from 270 healthy fasting donors were
examined likewise and served as control. Fasting
blood samples were obtained through venous puncture in the morning and the serum was preserved at
-20 for assay.
Methods

Pancreatic cancer-associated antigen from colon mucosa (PCAAc), pancreas-specific antigen (PaA),
pancreatic oncofetal antigen (POA) and minimolecular pancreatic antigen (mPOA) was detected by
double antibodies Sandwich ELISA[1-4]; CA19-9, elastase 1 (E1), human pancreatic elastase 1 (HPE1)
and carcinoembryonic antigen (CEA) by radioimmunoassay (RIA); general activities of ribonuclease
(RNase) and its isoenzymes (RNase I and RNase
II) by biochemistry and PAEG[5] ; glycylproline
dipeptidyl aminopeptidase (GPDA) by biochemistry
according to Kojima’s report [6] and α1-antitrypsin
(α1AT) by rocket immunoelectrophoresis (rocketIE).
Statistical analysis

The data of distribution percentage, t test, FLSD
test, stepwise regression and discriminatory analysis
of the tumor markers were processed on a microcomputer with a medical program system, SPMR,
designed by the department of mathematics of our
college.
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Simultaneous detection of tumor markers

RESULTS
Single assay of the tumor markers

Circulating levels of the tumor markers in patients
with pancreatic cancer as well as those with benign
pancreatic diseases, non-pancreatic malignancies
and normal control subjects are shown in Tables 1
and 2. All the tumor markers except for RNase 2
and CEA were elevated in the sera of patients with
pancreatic cancer and exhibited a sensitivity ranging
from 45% to 80.8% and a specificity from 66.67%
to 97.14%.

Although single assay of tumor markers distinguishes pancreatic cancer from the other groups, the conjoint detection could improve the diagnostic positivity and specificity for the cancer clinically. As shown
in Table 4, four tumor markers, including PCAAc,
mPOA, PaA and GPDA were selected for this
purpose, and the results showed a positivity of
40.6%-80.8% for the diagnosis of pancreatic cancer by single test, 75%-96.77% by conjoint detection with any two markers and 100% by any three
markers.

Tumor markers related to location, size and
differentiation of pancreatic cancer

As shown in Table 3, the detection of POA,
mPOA, PCAAc, E1, HPE1 and GPDA demonstrated that the positive percentage ranged from 63.64%
to 85.73% in the patients with pancreatic cancer at
the head, which was significantly higher than that
at the body or tail and entire. The detection of PaA
and CA19-9 could be better for the cancer at tail
and/or body. It is worth-mentioning that higher
positivity of the detection with HPE1 was found in
the patients with the tumor smaller than 5.0 cm.
The elevation of serum mPOA, PCAAc, PaA,
HPE1, E1 and GPDA was closely related to welldifferentiated cancer.

Table 2

Table 1 Sensitivity and specificity of a single test of tumor
markers for pancreatic cancer
Groups

Sensitivity (%)

POA
mPOA
PCAAc
PaA
HPE1
E1
CA19-9
GPDA
RNase
RNase I
RNase II
α1AT
CEA

Specificity (%)

67.80
74.36
68.70
78.79
66.67
62.50
70.97
42.12
80.80
45.00
25.00
50.00
25.00

88.50
95.6
96.49
89.40
83.25
66.67
90.63
68.42
80.00
94.28
97.14
74.28
85.71

Results of single test of tumor markers

Groups
POA(U/ml)
mPOA(mg/L)
PCAAc(mg/L)
PaA(µg/L)
HPE1(µg/L)
E1(ng/dl)
CA19-9(U/L)
GPDA(U/L)
RNase(U/ml)
RNase I(U/ml)
RNase II(U/ml)
α1AT(mg/L)
CEA(mg/L)

Normal control

Pancreatic cancer

84.80±13.96(1/40)
4.88±1.96(2/40)
12.59±6.34(1/40)
13.05±3.84(3/64)
23.80±3.40(1/82)
276.60±85.36(0/10)
7.90±9.74(2/81)
54.84±10.80(0/60)
58.19±11.09(1/30)
9.53±13.43(1/30)
50.75±13.36(0/30)
30.51±6.35(1/30)
11.15±2.95(1/20)

252.5±164.33(19/28)
18.45±10.57(29/39)
57.25±82.93(23/33)
61.54±45.59(26/33)
83.30±73.40(62/93)
1116.00±1281.00(10/16)
165.40±128.03(19/31)
101.02±75.84(14/33)
92.22±19.66(16/20)
39.09±39.31(9/20)
52.78±29.68(5/20)
49.86±18.47(10/20)
16.82±10.26(5/20)

Non-pancreaticmali gnancy
136.37±93.63(9/62)
6.24±3.82(5/62)
12.64±5.14(3/49)
17.62±10.31(5/44)
48.93±54.63(26/63)
1321.00±2842.00(9/13)
139.88±121.72(6/15)
64.89±72.64(27/69)
65.88±12.32(5/20)
9.23±8.98(1/20)
56.89±16.82(0/20)
38.65±16.30(6/20)
15.73±11.98(5/20)

Pancreatitis
101.98±57.88(1/15)
4.69±1.52(0/17)
13.53±9.91(0/14)
21.35±11.83(3/20)
124.90±168.30(25/35)

50.94±15.50(2/25)
67.95±9.77(2/15)
11.87±11.30(1/15)
60.17±19.55(1/15)
39.23±10.02(3/15)
10.22±3.42(0/15)

Table 3 The relationship between the tests of tumor markers and the location, size or differentiation of pancreatic cancer
Location

Size

Differentiation

Groups
Head
POA
mPOA
PCAAc
PaA
E1
HPE1
GPDA
RNase
CA19-9

9/11(81.82)
22/27(81.48)
17/22(77.27)
16/22(72.73)
14/17(82.35)
35/41(85.37)
14/22(63.64)
31/41(75.61)
10/17(58.82)

Body or tail

Entire

<5.0 cm

5 cm-9.0 cm

<9.0cm

Well &
moderate

Poor & undifferentiated

3/6(50.00)
1/3(33.33)
4/8(50.00)
8/10(80.00)
1/2(50.00)
5/9(55.56)
2/3(66.67)
5/5(100.00) 14/19(73.68) 10/15(66.67) 10/10(100.00) 9/13(69.23)
4/9(44.44)
1/2(50.55)
3/4(75.00)
9/13(69.23)
3/6(50.00)
5/5(100.00) 2/4(50.00)
10/11(90.91)
2/2(100.00)
4/4(100.00) 12/15(80.00)
6/10(60.00)
8/8(100.00) 4/5(80.00)
2/6(33.33)
2/3(66.67)
6/8(75.00)
4/10(40.00)
1/2(50.00)
3/6 (50.00)
2/4(50.00)
20/35(57.14)
7/17(41.18) 40/51(78.43) 15/25(60.00)
7/17(41.18) 43/60(71.67) 19/33(57.58)
0/9(0.00)
0/2 (0.00)
8/17(47.06)
3/7(42.86)
3/7(42.86)
4/7 (57.14)
1/4(25.00)
24/35(68.23) 15/17(88.23) 20/29(68.96) 19/25(76.00) 15/17(88.24) 46/ 60(76.67) 24/33(72.72)
6/8(75.00)
6/6(100.00)
7/15(46.67)
9/12(75.00)
4/4(100.00)
8/9(88.89)
8/8(100.00)
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Table 4 Results of simultaneous detection of four tumor markers
Groups

Pancreatic Non-pancreatic
Benign
cancer (n=30) malignancy (n=43) diseases (n=21)

All the tests negative
Single test positive
Double tests positive
Three tests positive
All the tests positive

0(0.00)
4(12.90)
6(19.36)
16(51.61)
5(16.13)

17(39.54)
21(48.83)
5(11.63)
0(0.00)
0(0.00)

18(85.71)
3(14.29)
0(0.00)
0(0.00)
0(0.00)

DISCUSSION
Single assay significance of tumor markers for
pancreatic cancer diagnosis

A single assay of tumor markers was helpful in distinguishing patients with pancreatic cancer from
normal controls and those with non-pancreatic
malignancy. By stepwise discriminatory analysis,
seven out of all 13 tumor markers including CA19-9,
POA, mPOA, PaA, PCAAc, RNase and RNase I
were associated well with the diagnosis of pancreatic
cancer with the sensitivities ranging from 45% to
80.8% and the specificity from 80% to 96.49%.
Although the detection of HPE1 and E1 had the sensitivities of 66.67% and 62.5% to the disease, these
were regarded as helpful diagnostic indices for the
poor differentiation value. A single test of GPDA,
α1AT, CEA and RNase II was not significant to the
diagnosis of the cancer for their unsatisfied sensitivity and/or specificity.
Although the mechanism of the tumor markers
expressed in blood was not clear, the problem of
false positive rate was noticed in clinic; especially to
some carcinoma adjacent to pancreatic cancer such
as primary hepatic carcinoma, cholangioampulla
carcinoma, etc.[7,8]. In our study, the false positive
rates ranging from 8.33% to 21.74% was found in
patients with primary hepatic carcinoma or cholangioampulla carcinoma with a single test of POA,
mPOA, PCAAc, PaA and RNase I, and 36.92%
to 87.09% with CA19-9, HPE1, E1 and GPDA.
These suggest that a single test of tumor markers has
limitations for making a definite diagnosis of pancreatic cancer unless it is combined with other
detection, especially the image analysis.
Correlation of tumor markers to location, size
or differentiation of cancer

The higher positive rates in detecting POA,
PCAAc, HPE1, E1 or GPDA were found in patients
with pancreatic head cancer, with the sensitivities
of 63.64%-85.71%. It is interesting that GPDA
were only elevated in the sera of patients with the
cancer at pancreatic head but not at body or/and
tail. The mechanism of elevated GPDA might be related to the obstruction of bile duct. Unfortunately,
none of the 13 tumor markers were significantly related to the cancer at body or/and tail.
According to our studies, the sensitivities of
CA19-9, RNase, GPDA and POA detection were
gradually increased with the development of the
mass, which were 46.67%-50% in the patients
with the tumor size less than 5.0cm. Although ele-
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vated serum mPOA and PCAAc were associated
with the patients with the tumor size less than
5.0cm, the methods per se for correct diagnosis of
pancreatic cancer in the early stage still need further
studies. It is worth-mentioning that the detection of
serum HPE1 was significantly related to the tumors
less than 5.0cm. In this study, significantly higher
serum HPE1 was observed in 22 of 51 cases with the
tumor size less than 3.0cm, among them the concentration was 118.1 µg/L ± 102.7 µg/L and the
positive rate was 78.46%. Furthermore, 4 of 6 cases with the tumor size less than 2.0cm also had elevated serum HPE1. This suggests that serum HPE1
might be a reference tumor marker helpful for the
diagnosis of patients in the early stage.
Correlation of tumor markers with differentiation of cancer

The serum variation of some tumor markers such as
mPOA, PCAAc, PaA, HPE1 and GPDA were related to the differentiation degree of the tumors. Our
results showed that positive rate and elevation range
in highly and moderately differentiated pancreatic
cancer were higher than low and non-differentiated
one, which suggested that these tumor markers can
be regarded as differentiating antigen for assessment
of the transformation of the disease.
Significance of combined assay of tumor
markers for pancreatic cancer

Combined detection of tumor markers would increase and improve the detection rate and the diagnostic accuracy of the malignancy. According to our
data, the sensitivity to the diagnosis of the disease
was 25%-80.0% with single test of the 13 tumor
markers, 75%-96.77% with two tests, and 100% with
over 3 tests. The combined tests with simultaneous
positive results of 2 out of the 13 tumor markers
could be used to rule out pancreatic benign disease.
Non-pancreatic malignancies never showed positive
results of over three tumor markers simultaneously.
Our results suggest that determination of 3 or 4 tumor markers conjointly would increase the detection
rate of pancreatic cancer, especially for screening among large populations. It might become an important procedure for the diagnosis of this malignancy.
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ERCP and CT diagnosis of pancreas divisum and
its relation to etiology of chronic pancreatitis *
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Abstract
AIM To inquire into the ERCP and CT features of
pancreas divisum (PD) and its role in the etiology of
chronic pancreatitis.
METHODS Fourteen patients with PD were analyzed in regard to the findings in ERCP and CT, the
activities of serum amylase and the incidence of
pancreatitis. Dorsal ductography via minor papilla
cannulation was performed in six of them.
RESULTS The length of dorsal and ventral pancreatic duct was 16.56cm ± 2.52cm and 5.55cm ±
1.46cm. Most of the patients had dilatation of dorsal (10/14) and ventral (8/14) duct and the stenosis of dorsal duct terminal (10/14). Delayed clearance of contrast in dorsal duct was found in 8
patients. The size and contour of the pancreas were
normal in all the patients at conventional CT. Pancreatitis was identified in 13 patients.
CONCLUSION Dorsal ductography was necessary
in the diagnosis of PD. Conventional CT play little
role in the diagnosis of PD. Patients with PD run a
higher risk of pancreatitis due to the stenosis of the
minor papilla.
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INTRODUCTION

Pancreas divisum (PD) is a congenital pancreatic
ductal anomaly in which the dorsal and ventral pancreatic ducts fail to fuse (complete PD, CPD) or the
rudimentary ducts communicate through a fine secondary or tertiary branch (incomplete PD, IPD)
during the organogenesis [1-4]. It is rare in Asia [1].
There has been a heated contraversy between those
whose epidemicologic studies showed increased
prevalence of pancreas divisum among patients with
idiopathic pancreatitis and those who found no significant difference in their control population[1].
We analysed the ERCP and CT manifestations of
PD in 14 patients and inquired into its possible role
in the etiology of chronic pancreatitis.
MATERIALS AND METHODS

Between 1983 and 1994, endoscopic retrograde
cholangiopancreatography (ERCP) was performed
in 3554 patients suspected to have pancreaticobiliary
diseases. Among them, the diagnosis of IPD was
made in 8 patients when a typical ventral pancreatic
duct was first observed,with further filling, a dominant dorsal ductal system was filled via a fine secondary or tertiary branch (Figure 1). On the other
hand, dorsal ductography via minor papilla cannulation was attempted in 10 cases when the “main pancreatic duct” was short and tapered, without communicating with pancreatic body and tail
(Figure 2). An ideal dorsal ductogram was obtained
in 6 patients, and the body and tail segmental duct
was filled only via the minor papilla (Figure 3).
CPD was confirmed in these patients.
The clearance time of the contrast in the dorsal
and ventral duct was recorded in all patients. If the
contrast was present at 12min after the duct had
been filled in the prone position, the patient was
considered to have a prolonged drainage.
This series consisted of 4 men and 10 women.
The mean age was 46.1 years ± 12.2 years (2469). Six with IPD and five with CPD complained of
chronic upper abdominal pain, the others had
jaundice, which was caused by biliary stones or biliary duct carcinoma confirmed by CT or pathologic
examinations.
CT examination was made in all the patients,
with a Shimadzu 3000TX or Somatom DR3 scanner.
Collimation of 5 mm and 5 mm or 10 mm scan
spacing were used.
Serum amylase activity was assayed using blue
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starch method in all patients before ERCP was
performed.
We studied the ERCP and CT features of pancreas and the activity of serum amylase and analysed
the relationship among the sphincter motility, the
dilated degree and drainage time of the ducts and
the incidence of pancreatitis.
RESULTS
Ventral and dorsal ductograms

Dorsal duct. The mean length was 16.56cm±2.52
cm. The moderate dilatation and irregular contour
were seen in 10 cases (associated with protein emboli in 2) and the others had a normal shape.
Ventral duct. The length was 5.55 cm±1.46 cm
and dilatation existed in 8 patients (associated with
protein emboli in 2 patients). No anomalous
changes were found in the remaining 6 cases.
Communicating duct. Its shape was similar to that
of pancreatic ductal secondary or tertiary branch
and the contour was regular (Figure 1). The united
point of the branch with the dorsal duct was situated
in the pancreatic neck segment and the angle was
42.7 ± 19.2 .
The trend and drainage time. The results are shown
in Table 1.

Table 1

The trend and drainage time of dorsal (ventral) duct
Trend

Drainage time

Group
IPD
CPD

Ascend

‘S’ like

Descent

3(8)
3(5)

2(0)
2(0)

3(0)
1(1)

>12min
4(1)
4(0)

<12min
4(7)
2(6)

Sphincter motility of dorsal duct

The rigidity and contriction of the ductal sphincter
segment were present in nine of ten patients with
dorsal ductal dilatation and one of four with normal
shape (Figure 4).
CT manifestations

All patients had a normal pancreatic size and
contour. Among them, the dorsal ductal dilatation
was found in one patient with IPD and two with
CPD who also had apparent dilatation at ERCP.
Serum amylase activities

The activities were significantly increased in two of
IPDs and three of CPDs (585IU/L-1553IU/L)
and were normal (60 IU/L - 180 IU/L) in the
others.

Figure 1 The ERCP manifestations of IPD ( : communicating
branch).
Figure 2 The ventral ductograms of CPD at conventional ERCP.
The duct was short, tapered and arborized into a fine side branches
without communicating with the body and tail of the pancreas.
Figure 3 The dorsal ductograms of the above case via the minor
papilla cannulation. The duct was dominant and trended from the
pancreatic head to tail.
Figure 4 A permanent stenosis of the dorsal ductal terminal was
present at the ductograms via the minor papilla cannulation ( ).
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Pancreatitis and biliary tract diseases

Pancreatitis was found in seven of IPDs and six of
CPDs according to the diagnostic standards of Guilin
Symposium in 1987. The bile duct stones were found
in 1 of IPDs and 3 of CPDs. Two patients had carcinoma of the biliary duct.
DISCUSSION

Because the conventional ERCP fails to show the
whole pancreatic ductal system. Dorsal pancreatic
ductography should be applied to those patients who
are suspected to have PD. Minor papilla cannulation
can be achieved using the catheters with tapered or
25-gauge needle tips. If the minor papilla or its orifice is not distinctly seen, secretin can be administered at a dose of 1 IU/kg body weight to stimulate
the pancreatic juice to flow out.
At conventional ERCP, when a characteristic
ventral duct was seen, and with further filling, it
was communicated with a dominant dorsal duct system through a fine secondary or tertiary branch,
IPD could be diagnosed. If no communicating
branch was found and the dorsal duct was not filled
or clear secretions flowed briskly from the minor
papilla instead of the major papilla in response to
secretin administered, IPD or CPD could be suspected and dorsal ductography via the minor papilla cannulation should be performed. Under this
condition, if the dorsal duct was dominant and
trended from pancreatic head to tail, the diagnosis
of CPD could be made.
The dorsal and ventral ducts might have some
other abnormal changes, including dilatation,
distortion, contour irregularities and protein
emboli. Anomalous pancreaticobiliary ductal union
was found in 2 patients in this study. It implied that
the two kinds of pancreatic duct adnormalities were
likely to have a common origin in the
embryogenesis.
No characteristic manifestations were found in
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conventional CT. It suggested the limitation of conventional CT to the diagnosis of PD. Lindstrom et
al[2] investigated the pancreatic size and contour in
60 patients undergoing the thin-section CT and confirmed that the cranio-caudal length of the pancreatic head in CPD was longer by about 40% than that
in normal subjects. He thought that this might indicate the presence of PD, but a local mass must be
ruled out. Zeman et al[3] claimed that a characteristic oblique fat cleft in the pancreas head separating
the ventral from dorsal pancreas could be seen in
25% of patients at thin section CT.
In the patients with PD, most of the pancreatic
juices excreted via the relatively strictured minor
papilla. Though the juices could fully drain in the
basal stage of secretion, it could be hindered in the
peak stage or when the minor papilla was injured by
the mechanical, chemical and biological factors. As
a result, the attack of pancreatitis was not
surprised. In this study, the incidence of pancreatitis in the patients with IPD (87.5%) and CPD
(100%) was significantly higher than that in the
reference patients with other pancreaticobiliary diseases (15.3%) which was previously reported by
us[4]. It indicated that PD was likely to have an etiologic effect on pancreatitis. Besides, a permanent
stenosis of the dorsal ductal terminal and the prolongation of the ductal drainage time were present
in most of the patients, especially in the patients associated with pancreatic duct dilatation. Therefore
there might be a relationship between the attack of
pancreatitis and the limitation of the pancreatic
juices drainage.
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Pathogenetic factors affecting gastroesophageal
reflux in patients with esophagitis and concomitant
duodenal ulcer: a multivariate analysis
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Abstract
AIM To assess the relationship between gastric
acid output (GAO) and both pattern of gastroesophageal reflux (GER) and esophageal lesions, and
to evaluate the role of GAO and other potential
pathogenetic factors in the development of
esophagitis.
METHODS Gastric acid secretory testing and 24-h
intraesophageal pH monitoring were performed in 31
patients with esophagitis and concomitant duodenal
ulcer (E+DU) and compared with those of 72 patients with esophagitis (E) alone.
RESULTS The GAO in patients with E+DU was
significantly higher than in patients with E (P<
0.05). There was no significant difference between
the two groups of patients as to endoscopicl findings and parameters of GER (P>0.05). A multiple
regression analysis with stepwise deletion showed
that the pre-sence of hiatal hernia (HH), GER in upright position and age appeared to correlate significantly with the presence of esophagitis.
CONCLUSIONS No parallel relationship between
GAO and severity of GER or esophageal lesions exists in patients with E+DU, and that GAO is not a
major pathogenetic factor in GER disease.

1
Department of Gastroenterology, 2nd Affiliated Hospital, Medical
College of Jinan University, No.3, Dongmen Beilu, Shenzhen 518001,
Guangdong Province, China
2
Division of Gastroenterology, Milan University Hospital, Italy
Dr. Zhu Hui Ming, male, born on 1951-11-04 in Wuhan City, Hubei
Province, graduated from Tongji Medical University as an M.D. in
1987 and worked for postdoctoral research in Milan University of Italy
during 1988-1992, having 56 papers published.
Correspondence to Dr. ZHU Hui-Ming, Department of
Gastroenterology, 2nd Affiliated Hospital, Medical College of Jinan
University, No.3,Dongmen Beilu, Shenzhen 518001, Guangdong
Province, China
Tel. +86·755·5533018 ext 2551
Received 1997-11-20

INTRODUCTION

It is generally agreed that gastroesophageal reflux
(GER) may be multifactorial in its pathogenesis.
Over the past decade, many investigators have focused their attention on the role of lower esophageal
sphincter (LES), hiatal hernia (HH), esophageal
mucosal sensitivity, and esophageal or gastric emptying in the development of GER disease. Some
studies have shown that LES, hiatal hernia,
esophageal emptying and esophageal mucosal sensitivity are, to a certain extent, involved in the
pathogenesis of GER [1-10]. However, although gastric acid is believed to be an important factor in the
development of GER disease, it is still unclear
whether the severity of GER and esophageal lesions
is necessarily related to increased gastric acid
output. Moreover, little is known which factors are
crucial in the pathogenesis of GER disease.
Therefore, the aims of this study are: to assess the
relationship between gastric acid output (GAO) and
both pattern of GER and severity of esophageal lesions in patients with esophagitis and concomitant
duodenal ulcer (E+DU), in comparison with patients with esophagitis only (E); and to evaluate the
role of GAO and other potential pathogenetic factors in the development of reflux esophagitis by
multiple regression analysis with stepwise deletion.
PATIENTS AND METHODS
Patients

Two groups of patients were enrolled in this study.
Of these patients, 31 (27 men, 4 women; mean age
of 44 years) had E+DU and 72 (53 men, 19
women; mean age of 42 years) had esophagitis
only. All patients had symptoms of GER disease, i.
e., chronic heartburn and regurgitation, and/or upper abdominal pain, for a median duration of 55.4
months (range from 3 to 120 months). None of the
patients had taken H2-receptor blockers or H+/K+ATPase inhibitors for 2 weeks before 24-h pH-monitoring and gastric acid secretory testing.
Methods

All patients underwent upper GI endoscopy, followed by 24h intraesophageal pH monitoring and
acid secretory testing over a 2-week period. Endoscopy was performed by the same gastroenterologist in all patients. The degree of esophagitis was
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assessed endoscopically by using the criteria of
Savary and Miller[11] (grades I to IV). Of these
patients, only few presented grades II and III
esophagitis, and therefore grades I and II, and III
and IV, respectively, were grouped together.
The 24-h intraesophageal pH monitoring was
carried out by a routine method used in our
laboratory[12,13]. A glass pH-electrode with an
incorporated potassium chloride reference (Ingold
electrode, No. 440) was introduced via the nasoesophageal route and positioned with the tip 5 cm
above the gastroesophageal junction, identified with
the pHª²meter. Esophageal pH values were recorded
with a solid-state recorder (Autronicord CM 18).
Analysis of pH recording was made on a computer with a dedicated program. The parameters
recorded included the frequency and duration of
GER in upright position (day-time) and supine position (night-time), and GER frequency exceeding 5
minutes. GER was defined as abnormal if total reflux duration amounted to 7% during the 24-h
monitoring[14].
Basal acid secretory analysis was performed in
the absence of any antisecretory medication for 2
weeks before the study, in accordance with Raufman et al[15]. In brief, after a nasogastric tube was
introduced into and positioned in the gastric
antrum, the gastric contents were emptied by
aspiration. Four consecutive 15-min samples of gastric secretion were obtained by continuous
aspiration, and the samples were titrated with 0.01
N NaOH to pH 7.0. Fasting basal acid output
(BAO) was expressed as milliequivalents of acid per
hour(mEq/h). After a BAO was obtained, the patients underwent stimulated acid secretory testing.
Six µg/kg of pentagastrin were injected
intramuscularly. Sum of the four highest consecutive 15-min samples was represented as a maximal
acid output (MAO), and that of the two highest
consecutive 15-min period within 2 h of receiving
the stimulant was represented as a peak acid output
(PAO). At the same time, basal gastrin level in the
serum was measured. Normal values for BAO,
MAO, PAO and basal gastrin in our laboratory are
as follows: BAO, 0.37 mEq/h ± 0.27 mEq/h;
MAO, 2.05 mEq/h ± 1.07 mEq/h; PAO, 3.36
mEq/h ± 1.19 mEq/h; and basal gastrin, 37.8 ng/L
± 2.84ng/L.
Chisquare test and Student’s t test were used to evaluate the data of GI endoscopy and gastric acid
secretion, respectively. Statistical evaluation was made
using the Mann-Whitney U test for the parameters of 24
h intraesophageal pH monitoring. Multiple regression
analysis with stepwise deletion was used to evaluate role
of some potential pathogenetic factors in the development of reflux esophagitis, which were rated in order of
importance. The methods and steps are as follows:
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a. The formula of multiple regression:
y = b0+b1X1+b2X2+ +bkXk
where y and b0 represent a dependent variable and a
constant factor, X1, X2, , Xk represent independent variables, and b1, b2, , bk are the standard partial regression coefficient of independent
variables[16].
b. Dependent variable and independent
variables. In this study, the dependent and independent variables were selected on the basis of the hypothesis that the pathogenesis of the reflux
esophagitis was multifactorial, and GER, gastric
acid, hiatal hernia, etc. may be all involved, to a
certain extent, in the pathogenesis of esophagitis.
Accordingly, esophagitis was defined as the dependent variable, and its numerical values assigned to
different grades of esophagitis were: 1 (Grade I or
II) and 2 (Grade III or IV). Ten variables such as
age, HH, GER, gastric acid, etc. were de fined as
the independent variables. Table 1 gives in detail
these independent variables and their definition.

Table 1 Independent variables
Variables
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10

Items

Definition

Age
Hiatal hernia

Years
0(no)
1(yes)
Smoking cigarette
0(<1.2 cig./week)
1(<10 cig./day)
2(>10 cig./day)
Alcohol consumption 0(<once/month)
1(once/week)
2(>once a week)
GER in upright position Percentage time
GER in supine position Percentage time
BAO
mEq/h
MAO
mEq/h
PAO
mEq/h
Gastrin
µg/L

c. Multiple regression with stepwise deletion.
This analysis was done by means of a statistical
package (Statpak 3.1, Northwest Analytical, Inc.
Portland, Oregon, U.S.A.). Coefficients of all independent variables were calculated by the multiple
regression equation. The variables with very small
or negative coefficients were dropped because they
were shown to give very weak joint contribution to
the dependent variable y. The independent variables
with weaker contribution to dependent variable
were further deleted from small to large value by
backward regression analysis. After above procedures were repeated, the independent variables with
weaker contribution to the dependent variable were
removed in a step-by-step fashion. In the last step,
the remaining independent variables ranked from
small to large values.
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d. Percentage of contribution. In order to compare the contribution of each independent variable
to dependent variable in a concise way, we developed a formula to calculate a percentage contribution of individual independent variable, which was
deduced from the equation of multiple regression:
y = b0+b1X1+b2X2+ +bkXk
When value of the constant factor b0 is assumed as
0, namely, b0 = 0, the multiple regression equation
becomes y = b1X1 + b2X2 + + bkXk, and percentage contribution of individual independent variable to dependent variable y can be calculated by the
following formula:
Mean value of individual variable×its coefficient
Sum of such products for all independent variables

×100%

The larger the percentage value, the more important the corresponding variables in joint contribution .
RESULTS

All patients underwent GI endoscopy, and the endoscopicl results in two groups of patients are listed in
Table 2. There was no statistical difference between
the two groups of patients as to the endoscopicl
findings.
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Figure 2 shows the results of multiple regression
of dependent variable y (esophagitis) on 10 independent variables. In patients with E+DU, four
rounds of regression with stepwise deletion analysis
were performed. The first round of regression ended with deletion of independent variables X3
(smoking cigarette), X6 (GER in supine position),
X7 (BAO) and X9 (PAO) because they showed very
weak joint contribution or negative values. The remaining variables underwent a second round of regression with stepwise deletion, and 2 variables,
i.e. X4 (alcohol consumption) and X10 (gastrin)
were deleted. In the third round of regression, X8
(MAO) was deleted. The fourth round of regression
on the remaining variables was completed, showing
the coefficients of variables in order of importance:
X2 (HH), 0.5696282; X5 (GER in upright
position), 1.027288E-02; and X1 ( age ),
8.406402E-04. Similarly, in patients with E, the independent variables deleted in the first two rounds
of regression were: smoking cigarette, alcohol consumption and gastrin; and age, GER in supine
position, BAO and PAO. The third round ended
with the following results: X5 (GER in upright
position), 1.156702E-02; X8 (MAO), 9.72133E04; and X2 (HH), 4.629944E-02 (Table 4).

Table 2 Endoscopicl findings in two groups of patients
Esophagitis

E+DU(n=31)
E(n=72)
P value

I-II(%)

III-IV(%)

74.6
79.1
>0.05

25.4
20.9
>0.05

HH(%)

Ulcer (%)

49.0
55.6
>0.05

100
0

E+DU = patient with esophagitis and duodenal ulcer
E = patient with esophagitis only

Figure 1 gives the parameters of gastric acid secretion in both groups of patients. There was no significant difference between the two groups of patients in the values of serum gastrin (P>0.05). The
parameters of 24 h intraesophageal pH monitoring
in patients with E+DU and those with esophagitis
are shown in Table 3. There was no statistical difference between the two groups as to the parameters
of GER (P>0.05).
Table 3

Parameters of 24h intraesophageal pH-monitoring
GER-up*
(% time)

E+DU
E
P value

15.94±5.91
15.96±14.58
>0.05

GER-sup
(% time)
13.98±14.20
14.33±21.20
>0.05

*GER-up = GER in upright position
GER-sup = GER in supine position

Episode
>5 min(No.)
7.85±3.67
8.28±7.10
>0.05

Figure 1 Gastric acid output in two groups of patients.
Figure 2 Flow chart of multiple regression analysis with stepwise
deletion.
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Table 4 Contribution of independent variable to dependent
variable
Coefficients (b)
Variables
1st RR
E+DU
X2(HH)
X5(GER-up)
X1(age)
E
X5(GER-up)
X8(MAO)
X2(HH)

X value Contribution
(mean)
(%)

Last RR

0.3943586
0.5696282
0.36363
4.044132E-02 1.027288E-02 14.65455
2-869943E-02 8.406402E-04 44.81818

52.39
38.08
9.53

2.735608E-02 1.156702E-02 19.21875
3.405805E-02 9.72133E-04 28.34812
0.1626756
4.629944E-02 0.562600

80.56
9.99
9.45

RR = round of regression
GER up = GER in upright position

In patients with E + DU, the percentage contributions of independent variables X2, X5 and X1 to
y were 52.39%, 38.08% and 9.53%, respectively.
Similarly, the percentage contributions of variables
X5, X8 and X2 in patients with E to y were
80.56%, 9.99% and 9.54%, respectively.
DISCUSSION

Gastric acid secretion is considered to be an important pathogenetic factor in the development of GER
disease. In several studies, a basal acid output higher than normal has been found in patients with reflux esophagitis[17-19]. Collen et al have demonstrated that GER patients who did not respond to standard ulce rhealing doses of H2-blocker showed gastric acid hypersecretion[20]. These results stress the
point that gastric acid hypersecretion is a crucial
factor for GER disease and for the resistance of
GER patients to H2-blockers. However, our results
showed that although the gastric acid output in patients with E+DU was significantly higher than in
patients with E, there was no significant difference
between two groups of patients as to severity of
esophageal lesions and patterns of GER. These results suggest that no parallel relationship between
GAO and severity of GER or esophageal lesions
exists in patients with E+DU.
One approach to investigate the reason why the
increased gastric acid output is not accompanied by
aggravation of both GER patterns and severity of
esophageal lesions is to assess quantitatively the role
of the various potential pathogenetic factor
involved, which may not only influence esophagitis
but also interact. Therefore, multiple regression
analysis with stepwise deletion is needed. According
to this method, the value of any regression coefficient depends on all the other variables included in
the regression. With stepwise deletion, the standard
partial regression coefficient can be used as a measure of relative importance, the X being ranked in
order of the size of their coefficients.
In our study, ten independent variables in each
patient group were evaluated by multiple regression
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analysis with stepwise deletion. In patients with E +
DU, smoking, GER in supine position, BAO,
PAO, alcohol consumption, gastrin, and MAO were
deleted in a stepwise fashion because they failed to
significantly affect esophagitis. Similarly, in patients with esophagitis without DU, seven variables
such as smoking, alcohol consumption, gastrin, etc.
were deleted by two rounds of regression. These results indicate that GER in upright position and HH
are important determinants of esophagitis. Our results also demonstrate, on the contrary, that the
gastric acid output is not an important pathogenetic
factor responsible for GER disease.
The relationship between the development of
esophagitis and the pattern of GER is also a debatable issue. Some authors have found that the development of esophagitis is related to an increased
GER in supine position[21-24]. Others have argued
that GER in upright position is the most important
pathogenetic factor[25-28]. In our study, the result of
multiple regression indicates that the GER in supine
position appears to be a weak factor affecting
esophagitis, whereas GER in upright position plays
an important role in the pathogenesis of esophagitis
in both groups of patients.
In conclusion, an increased gastric acid output
in patients with E+DU does not aggravate both the
pattern of GER and esophageal lesions because the
gastric acid output fail to appear as a significant
pathogenetic factor responsible for GER disease,
whereas GER in upright position and presence of
HH are significantly related to GER disease in both
groups of patients.
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Abstract
AIMS To study the pathologic classification of
gastric neuroendocrine tumors and its clinicopathologic significance.
METHODS Paraffin-embedded sections of 52 gastric neuroendocrine tumors including 42 carcinoid
tumors, and 10 cases of neuroendocrine carcinoma
from 326 patients who underwent resection of
stomach carcinomas were studied by immunohistochemical methods including 10 endocrine markers or
hormones antibodies and endocrine cells in gastric
neuroendocrine tumors and extratumoral mucosa
were observed under electromicroscope.
RESULTS The 52 gastric neuroendocrine tumors
were divided into three types: Gastrin dependent
type of carcinoid (26 cases) accompanied by chronic
atrophic gastritis (CAG) and tumor extension limited to the mucosa or submucosa complicated with
hypergastrinemia and G cell hyperplasia. This type
was consistently preceded by and associated with
generalized proliferation of endocrine cells in the extratomoral fundic mucosa. Non-gastrin dependent
type of carcinoids (16 cases) associated with neither CAG nor hypergastrinemia. This type was more
aggressive; and
Neuroendocrie carcinomas (10
cases), which are highly aggressive tumors.
CONCLUSIONS A correct identification of different types of gastric endocrine tumors has major implications for the treatment and prognosis of the
patients.
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INTRODUCTION

According to recent literature, gastric carcinoids incidence ranges from 11% to 41% of all gastrointestinal carcinoids[1,2]. Until a decade ago, however, it was regarded as pathological curiostry accounting for about 3%[3]. It was recognized that
gastric neuroendocrine tumors cover a spectrum of
neoplasms showing wide variations in their clinicopathological features, prognosis and pathogenetic
mechanisms [4,5]. The classification of gastric neuroendocrine tumors (GNET) is of some value in its
treatment and prognosis [6]. This paper is to study
clinicopathologic classification of GNET for the
correct management of patients.
MATERIALS AND METHODS

A total of 42 cases of gastric carcinoid were collected in Parma University, Italy (29 cases) and China
(13 cases). Ten cases of neuroendocrine carcinoma
were identified from 326 resected gastric carcinomas
by immunostaining and electromicroscopy.
Formalin-fixed and paraffin-embedded tissues
were available and the blocks of specimens included
tumor and extratumoral mucosa. A series of 15 sections (5µm thick) were cut from each block. Hematoxylin and eosin, Acilan blue pH 2.5-periodic
staining were carried out. The cellular localizations
of neuroendocrine substances were detected by the
avidinbiotinª²peroxidase complex method (ABC kit,
K355; Daco, Carpenteria, CA, USA). The primary antibodies and positive controls are listed in
Table 1. All antibodies were polyclonal except serotonin and bombesin. Peroxidase was revealed using
diaminobenzidine tetrahydrochloride (DAB) and
H202. Control of specificity of the immunoreaction
was performed by incubating consecutive sections
with nonimmune serum instead of the primary antiserum or with the specific antisera preabsorbed with
the excessive amounts of the respective antigens.
Eight cases of the 10 neuroendocrine carcinomas were examined under transmission electromicroscopy (Musashino, Tokyo, Japan).
Fasting serum gastrin was determined in 33 of
42 carcinoid patients and 8 of 10 neuroendocrine
carcinomas.
RESULTS

A total of 52 GNET cases were divided into three
types according to Bordi[4] and Rindi[5]: Type 1,
gastrin dependent carcinoid; type 2,non-gastrin de-
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pendent carcinoid; and type 3, neuroendocrine
carcinoma. The immunostaining results for neuroendocrine markers and hormone antibodies are
summarized in Table 2. Diffuse features of neuroendocrine differentiation were shown in all the 52 cases and ultrastructural evidence of endocrine type of
cytoplasmic granules was observed in 8 cases of neuroendocrine carcinomas examined with transmission
electronmicroscopy. Those tumors were classified as
neuroendocrine tumors in stomach.
Table 1 Antibodies used in the present study
Code

Antigens Working dilution Positive control

M869
A568
A566
A756
A576

CgA
SP
GAST
SS
5-HT
CT

1:400
1:400
1:300
1:400
1:20
1:800

A619
A231
A571
CA-08-219

PP
β-HCG
ACTH
BOM

1:4000
1:800
1:800
1:20000

Pancreas
Pancreas
Gastric antrum
Pancreas
Small bowel
Medullary carcinoma
of thyroid gland
Pancreas
Human placenta
Pituitary gland
Duodenum

CgA: chromogranin A; SP: synaptophysin; GAST: gastrin; SS:
somatostatin; 5-HT: serotonin; CT: calcitonin; PP: pancreatic
polypeptide; β-HCG: human chorionic gonadotroph; ACHT:
adrenocorticotrophin; GLU: glucagon; BOM: bombesin
Table 2 Immunohistochemical results in 52 cases of gastric tumors
Type 1 (26)

Type 2 (16)

+

±

-

ND

+

±

-

CgA 24
SP
16
GAST 4
SS
3
5-HT 10
CT
1
β-HCG 5
ACTH 1
PP
4
GLU
0
BOM
1

1
3
2
0
1
0
1
1
0
0
1

0
4
17
22
15
11
19
12
21
25
8

1
3
3
2
0
14
1
12
1
1
16

14
4
2
1
9
0
2
0
2
0
0

1
6
1
0
0
1
1
1
1
0
1

0
4
11
14
5
4
12
3
5
15
6

Type 3 (10)
ND

+

±

-

ND

1
1
2
3
2
11
1
12
4
1
9

9
2
1
1
2
1
4
2
1
1
1

1
5
1
1
0
1
2
1
1
0
1

0
0
8
8
7
8
4
5
5
9
7

0
3
0
0
1
0
0
2
3
1
1

+: positive; -:negative; ±: doubtful; ND: study not done

Type 1. Gastrin dependent carcinoid (26
cases), with a mean age of 58.2 years (range 27-88
years), a female to male ratio of 1.36:1. Eleven
cases are single tumors appearing as polypoid
lesions. Eight of them were <1cm in maximum diameter, 2 were 1 to 1.5cm, and only one was 2.5
cm. Fifteen multiple tumors were 1.0cm - 1.5cm
in each one. In histological structure the carcinoids
appeared either trabecular or in solid arrangement
(Figure 1). Tumor cells were monomorphic and
medium sized in regular shape and with round
nuclei. Mitoses were either absent or seen
occasionaly. Sixteen cases confined to the gastric
mucosa and 4 cases to the submucosa. One case was
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found to have lymph node metastases, and no distal
metastases was found.
This type of carcinoids is associated with CAG
and proliferation of endocrine cells in extratumoral
fundic mucosa. It includes hyperplasia as simple,
linear, micronodular and adenomatoid hyperplasia
and dysplasia as enlarging, fusing micronodules, invasive lesion and nodule with newly formed stroma.
When at a diameter of 0.5 mm, it was defined as
carcinoid tumor. The hyperplasia and dysplasia
(Figure 2) of endocrine cells in extratumoral mucosa were found in all 26 cases. The fasting serum
gastrin of 21 of 26 cases were examined before operation and all had hypergastrinemia, ranging from
700ng/L-1000ng/L (normal is 100ng/L). G cell
hyperplasia in antrum was observed in 24 cases and
antrum mucosa was investigated. Nine of 11 cases of
single tumors underwent polypectomy, and 2 cases
partial gastrectomy, and 15 multiple tumors received antrectomy. Eighteen cases were followed
up, there were 3 deaths with a mean survival of 40
months, which was unrelated to the gastric
carcinoid. After a mean of 64 months, 15 were
alive.
Type 2. Non-gastrin dependent carcinoid (16
cases). The mean age was 53.8 years (range 42-61
years), a female to male ratio of 0.6:1. All tumors
were single with a median diameter of 2.5cm. Tumors showing moderate enlargement of lobules and
trabeculae and moderate cellular atypia included nuclear polymorphism, hyperchromasia, prominent
nuceoli and slight increase in mitotic count (<1 per
2 HPF) (Figure 3). Small necrosis may also be
found. The muscularis propria or serosa were invaded in 11 of 16 cases (68.8%). Local lymph node
metastases were found in 9 (56%) cases and distant
metastases were seen in 5 (31%) patients. The circulating gastrin of 12 of 16 patients was examined
and had normal levels. No antral G cell hyperplasia
was found in 13 of 16 cases. Two of 16 patients displayed hyperplasia of endocrine cells in extratumoral mucosa and none had dysplasia. Among 14
cases followed up died with a mean survival of 32
months and 10 were alive after a mean follow-up of
72 months.
Type 3. Neuroendocrine carcinomas (10
cases). The mean age was 62.8 years (range 57-78
years), 8 men and 2 women. All tumors were
single, with an average size of 5.1cm (range 3.0cm 8cm). Histologically, they were characterized by
large, poorly defined, solid aggregates or diffuse
shets of round or spindle cells (Figure 4). Mitoses
were usually abundant (>1 per HPF). Focal necrosis was common. The extratumoral mucosa was associated with chronic atrophic gastritis in six cases.
Ultrastructural evidence of endocrine type cytoplasmic granules was found in 8 cases examined. The
hypergastrinemia was found in only one of 5 cases.
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Figure 1 Type 1 gastric neuroendocrine tumorsgastrin dependent carcinoid. Histology shows typical carcinoid with trabecular arrangement.
Tumor confined to the gastric mucosa, many tumor cells had positive reaction for chromogranin A. ABC method ×450
Figure 2 The hyperplasia and dysplasia of endocrine cells in extratumoral mucosa were found in type 1 gastrin dependent carcinoid.
Endocrine cells show positive reaction for chromogranin A. ABC method ×450
Figure 3 Type 2 non-gastrin dependent carcinoid. Tomor invaded the muscularis propria. The hyperplasia of endocrine cells are not
distinct. Diffuse synaptophysin in immunostaining of tumors. ABC method ×250
Figure 4 Type 3 neuroendocrine carcinoma. Tumor cells are small and round, mitoses are abundant. Focal necrosis was found. HE×250
(left). Ultrastructural appearance of the neuroendocrine carcinoma with characteristic secrectory granules. ×28000 (right)

Table 3 Clinicopathological characters of gastric neuroendocrine tumors
Type

Sex
(F:M)

Mean age
(a)

Tumor number

Infiltration

1

1:3.6

58.2

Single
Multiple
Single
Single

m,sm
m,sm
mp,s
mp,s

1
3

0.6:1
1:4

53.8
62.8

Metastases

3.8%
56%
80%

Death
no
no
28%
70%

Treatment
Polypectomy
Antrectomy
Gastrectomy
Gastrectomy
Chemotherapy

m: mucosa; sm: submucosa; mp: muscularis propria; s: sierosa

Carcinomas invaded the gastric wall, reaching
the muscularis propria in three cases (30%), and
serosa in seven (70%). Eight cases showed metastases to local lymph nodes and two to livers. Deaths
were observed in seven cases with a mean survival of
8 months (range 2-10 months) after a mean
follow-up of 54 months.
Table 3 and Figure 5 summarize the clinicopathological characters and survival of variations of
gastric neuroendocrine tumors.

Figure 5 The survival curve of three types of gastric endocrine tumors.
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DISCUSSION

The classification of gastric neuroendocrine tumors
is subdivided into carcinoid and neuroendocrine
carcinoma. Two subtypes of carcinoid tumors including gastrin dependent carcinoid and non-gastrin
dependent carcinoid has further recognized in the
study. Rindi et al[1] reported that carcinoids were
subdivided into three subtypes which included: carcinoid tumors associated with atrophic gastritis[2];
carcinoid tumors associated with Zollinger Ellison
syndrome[3,4]; carcinoid tumors of sporadic type.
The carcinoid with ZES appears absent in ours.
The result of features of 26 cases of gastrin dependent carcinoid type is in agreement with some
previous reports in which it was named as carcinoids
associated with atrophic gastritis. This type is either
single (polypoid lesions) or multiple tumor. The
histological features show typical carcinoids. Tumor
extension limited to the mucosa or submucosa. Gastrin dependent carcinoids are consistently associated
with generalized proliferation of endocrine cells in
the extratumoral fundic mocosa. A histopathological classification has been formulated for the spectrum of proliferative lesions presented by fundic endocrine cells of hypergastrinemic patients. The classification arranged in a sequence presumed to reflect
the temporal evolution of the process and the increasing oncologic risk for the patients[5,6]. Our data
also provide a rationale for the treatment of single
carcinoids with tumorpolypectomy followed by regular endoscopic follow-up. In the patients with multiple tumors, antrectomy is recommended.
Postantrectomy regression of proliferating gastric
endocrine cells was documented in several cases.
The 16 cases of non-gastrin dependent type
which correspond to Solcia’s carcinoids of sporadic
type[7,8] had single tumors. They usually presented
with typical carcinoid features by slight increase in
mitotic count (<1 per HPF). Serum levels of gastrin were in the normal range. These tumors appear
free from hypergastrinemia and should not benefit
from antrectomy. Their aggressive behavior dictated a complete surgical ablation.
The type of neuroendocrine carcinomas composed mainly of cells was strongly positive for endocrine markers (Cg A, SP or hormonal products).
Those positive cells were major parts of the tumor
(>50%). Although neuroendocrine differentiation
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is not a rare phenomenon in common gastric carcinoma (3.1%-53.5%)[9] but neuroendocrine carcinoma of the stomach was found infrequently. In this
series, 10 (3.1%) were identified from 326 gastric
carcinomas. The endocrine granules were observed
by trasmission electron microscopy. This type of
carcinomas is high-grade one. Tumors were considered aggressive cancers with poor prognosis showing
large tumors (mean 5.1cm) with deep invasion and
metastasis. The surgical resection is the most appropriate form of treatment for this type and the
usefulness of multiagent chemotherapy remains to
be evaluated in larger series of patients.
Immunohistochemically, no significant specific
differences were found in the three types of neuroendocrine tumors of stomach[4,10]. Types 1 and 2
of carcinoid were mostly composed of ECL cells
which produce histamine [5,6]. The eight hormonal
antibodies used in the study showed a various
amount of positive expression in neuroendocrine tumors of stomach. Further investigations are needed
to elucidate the significance of hormones produced
by those tumors.
In conclusion, neuroendocrine tumors of the
stomach cover a spectrum showing wide variations
in their clinicopathological features, prognosis, and
pathogenetic mechanisms. It has implications for
the treatment.
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TRH microinjection into DVC enhances motility of
rabbits gallbladder via vagus nerve *
LIU Chuan-Yong, LIU Jing-Zhang, ZHOU Jian-Hua, WANG Han-Ru, LI Zi-Ying, LI Ai-Jun, LIU Ke-Jing
Subject headings gallbladder; vagus nerve;
dorsal vagal complex; thyrotropin releasing
hormone; cholinergic M receptors; rabbits

Abstract
AIM To investigate the effects of TRH in DVC on
motility of the gallbladder in rabbits.
METHODS fter fasted for 15h-18h, rabbits
were anesthetized with urethane (1.0g/kg). Gallbladder pressure (GP) was measured by a frog bladder perfused with normal saline.
RESULTS After microinjection of TRH (8.8nmol,
1µl) into DVC, GP was raised and the frequency of
phasic contraction of gallbladder (FPCGB)
increased. All the doses of TRH (0.13, 0.25, 0.50,
0.80, 1.30nmol, 1µl) injected into DVC could excite the motility of gallblader. As the dose of TRH
was enlarged, the amplitude and duration of the reaction increased. Effects of TRH in DVC on motility
of the gallbladder could be completely abolished by
atropine (0.2mg/g, i.v.) or vagotomy, but could
not be inhibited by phentolamine iv (1.5mg/g) or
propranolol iv (1.5mg/g)or by transecting the
spinal cord.
CONCLUSION Thyrotropin-releasing hormone in
DVC can excite motility of gallbladder. This effect
was mediated by vagus nerves and peripheral M
receptor. Its physiological significance may be related to maintaining the phasic contraction of gallbladder in interdigestive period.

INTRODUCTION

Our previous studies indicated that the dorsal vagal
complex (DVC) might play an important role in
regulating motility of extrahepatic biliary tree[1],
but we do not know which neurotransmitter mediates this effect.
Thyrotropin-releasing hormone (TRH) is one
of important brain gut peptides [2]. There is a high
density of TRH-immunoreactive nerve terminals in
DVC[3]. Injecting TRH into DVC could excite the
motility and secretion of stomach[2]. However,
there is no report about TRH in DVC on the motility of extrahepatic biliary tree. In this study, TRH
was injected into DVC of anesthetized rabbits, and
then the effect on mean gallbladder pressure (GP)
and frequency of phasic contraction of gallbladder
(FPCGB) were observed, and the peripheral route
of the effect of TRH was also investigated.
MATERIALS AND METHODS
Animal preparation

The experiments were conducted in 38 rabbits
weighing 2.0 kg - 2.5 kg. Fasted for 15 h - 18 h, but
allowed to drink water, the rabbits were anesthetized with urethane (1.0g/k, iv.). A cannula
was inserted into the trachea. Unilateral femoral
artery was catheterized for measurement of blood
pressure. The rectal temperature was maintained at
37 -38.5 .
Measurement of GP
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A frog bladder filled with saline was placed in gallbladder and connected to a transducer (TP-200T) by
a catheter. The blood pressure and GP were recorded simultaneously by a polygraph (RM-6000, NIHON KOHDEN).
Microinjection of TRH

The animal’s head was fixed in a stereotaxis (I-C
model, JIANG-WANG, China). According to the
Messen’s methods, a stainless steel guide tube
(0.5mm in outer diameter) containing a needle was
inserted into DVC (rostral from obex 0.5mm1.0mm, left or right from midline 0.7mm1.2mm, depth from the surface 0.5mm1.2mm). Normal saline or TRH solution(1µl) was
injected into DVC by a microsyringe connected to a
cannula (0.3mm in outer diameter).
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Statistical analysis

Before the following tests were made, the basal level of GP of each animal was taken as control (i.e.,
basal GP as 0 kPa in place of real level). GP increase during the test, was considered as positive
(+) value, while GP decrease was taken as negative
(-). Student’s t test was used for the statistical
analysis. All values were x±sx. P<0.05 was considered to be statistically significant.
RESULTS
Normal GP

In interdigestive period, two kinds of motion of
gallbladder were found, the tonic and phasic
contractions. Tonic contraction, which means continuous and weak contraction, could maintain GP at
a stable level (2.67×10 3±190Pa, n = 8). Phasic
contraction, with a duration of 5-20s and frequency
of 1-3 times per minute, raised GP by 60kPa 200kPa rhythmically (Figure 1a).

Figure 1 The effects of TRH microinjected into DVC on the GP.
A. control; B. TRH (0.8 nmol/1 µl); C. i.v. atropine
(0.2 mg/kg); D. vagotomy; E. i.v. phentolamine
(1.5 mg/kg) ; F. i.v. propranolol (1.5 mg/kg); G. after transection of spinal cord through T1; G. (0.8 nmol/1 µl).

Microinjection of TRH into DVC

After TRH (0.8nmol,1µl) was microinjected into
DVC, the motility of gallbladder was enhanced.
The effect occurred in 1min after the injection,
reached its peak in 10 minutes and returned to normal within 20min-30min. At 5min after injection,
GP increased by 167kPa ± 29kPa (n = 5, P <
0.02); FPCGB increased from 1.14±0.26 to 2.28
± 0.26 per min (n = 5, P<0.034) (Figures 1b,
2-3). However, after normal saline (1µl) injected
into DVC or TRH (0.8nmol, 1µl) into the control
position in medulla (lateral 0.5mm-1.0mm to the
DVC), the GP and FPCGB did not change
significantly.
Dose-response of TRH microinjected into DVC
on the GP and FPCGB

All the doses of TRH (0.13, 0.25, 0.50, 0.80,
1.30nmol, 1µl) microinjected into DVC could excite the motility of gallbladder. As the dose
increased, the strength and duration of the effect of
TRH on GP and PCGB went up, with a significant
dose-response (Figures 4 and 5).

Figure 2 The effects of microinjection of TRH (0 .8 nmol/1 µl)
or NS on GP. *P<0.05 as compared with NS

Peripheral route of the TRH effect on the motility
of gallbladder.

Ten minutes after the cervical vagotomy (n = 5) or
i.v. injection of atropine (0.2g/kg, n = 5), microinjection of TRH (0.8nmol, 1µl) could no
longer excite the motility of gallbladder. Within 30
minutes after the injection of TRH, the GP and
FPCGB had no significant changes (Figure 1b, c).
However, ten minutes after transection of the spinal
cord from T1 or i.v. injection of phentolamine
(1.5 mg/kg) or propranolol (1.5 mg/kg), injection of TRH into DVC could also enhance the motility of gallbladder (Figure 1d, e, f).

Figure 3 The effect of microinjection of TRH (0.8 nmol/1 µ1)
or NS on the frequency of phasic contraction of gallbladder
(FPCGB). **P<0.01, *P<0.05 as compared with NS
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Figure 4 Dose-response curve for TRH stimulation on GP after
microinjection into DVC.

Figure 5 Dose-response curve for TRH stimulation on the number
of phasic contraction of GB (PCGB) after microinjection into
DVC.

DISCUSSION

In this study, we found that TRH microinjection into DVC raised GP and FPCGB. As an important
brain-gut peptide, TRH in DVC plays an important
role in regulating the function of gastrointestinal
tract[2]. We found for the first time that TRH microinjected into DVC excited the motility of gallbladder in rabbits.
The effects of TRH microinjected into DVC on
the motility and secretion of gut may be
physiological. In DVC, there is a high density of
TRH-immunoreactive nerve terminals which come
from the nucleus raphe pallidus and raphe
obscurus. Some of these terminals make synaptic
contacts on the dendrities of gastric vagal
motoneurons[5]. Multicolon TRH antibody injected
into DVC can inhibit the gastric acid secretion[6].
Through vagus nerve and peripheral cholinergic
M receptors, TRH could excite the gallbladder

WJG April 1998 Volume 4 Number 2

motility, but its physiological significance is
unknown. Bile evacuation occurrs during sham
feeding, and is abolished by vagotomy[7]. After
vagotomy or gastrectomy, the incidence of gallstones increases[8,9]. In this experiment, TRH in
DVC raised GP and then facilitated the bile
evacuation. Thus TRH may be a possible candidate
for the transmitter in DVC mediating the cephalic
bile output.
The present experiment showed that there was
rhythmic phasic contraction of gallbladder in rabbits
in the interdigestive period, which was similar to
that found in dogs[10]. It was believed that this phasic contraction stirred the bile in gallbladder and
prevented gallstones forming in the interdigestive
period[11]. Our experimental results also showed that
TRH microinjected into DVC enhanced the phasic
contraction via vagus nerve. Thus TRH in DVC
may be regarded as an important neurotransmitter
in mediating the phasic contraction of gallbladder.
Similar to Ura’s data in dogs [11], vagotomy almost
inhibited the phasic contraction completely in our
study. It was suggested that the tonic excitation of
vagus nerve center may be important in maintaining
this type of motion in the interdigestive period.
TRH may participate in this effect.
In conclusion, we believed that TRH in DVC
may play an important role in regulating the motility of gallbladder via vagal nerves and peripheral
cholinergic M receptors, and may participate in
cephalic gallbladder emptying during ingestion and
maintain the phasic contraction of gallbladder in the
interdigestive period.
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Cloning and expression of NS3 cDNA fragment of
HCV genome of Hebei isolate in E. coli
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Abstract
AIM To obtain greater antigenicity of HCV NS3
protein.
METHODS The HCV NS3 cDNA fragment was amplified by reverse transcription polymerase chain reaction from the sera of the HCV infected patients.
The DNA sequence was determined by dideoxy-mediated chain termination method using T7
polymerase. HCV NS3 protein was expressed in E.
coli.
RESULTS Sequence analysis indicated that the
HCV isolate of this study belongs to HCV-II; SDSPAGE demonstrated an Mr 23 800 and an Mr 22 000
recombinant protein band which amount to 14% and
11% of the total bacterial proteins separately.
Western blotting and ELISA showed NS3 protein
possessed greater antigenicity.
CONCLUSION Recombinant HCV NS3 protein was
expressed successfully, which provided the basis
for developing HCV diagnostic reagents.

INTRODUCTION

Since HCV (hepatitis C virus) was identified as the
major cause of post-trans fusional non-A, non-B
hepatitis by Choo et al in 1989[1], the harm of this
infectious disease to the human health has been
gradually realized. Up to 50%-60% of the HCV
hepatitis cases turn chronic, developed into cirrhosis
and hepatocellular carcinoma. Due to lack of effective therapeutic methods, it is exceptionally important to prevent the transmission of HCV. As HCV
is mainly transmitted through blood sources, the key
to preventing the transmission of HCV is to screen
the blood donors using specific and sensitive HCV
diagnostic reagents. HCV NS3 antigen is necessary
in anti-HCV diagnostic reagents because of the lower divergence in NS3 region of HCV genome and the
strong antigenicity of NS3 protein. In addition, because of the early appearance and high incidence of
the antibody against NS3 antigen. In this report,
the HCV NS3 gene fragment was cloned and expressed in E. coli. The obtained NS3 antigen
showed strong antigenicity, which provided the basis for developing HCV ELISA reagents.
MATERIALS AND METHODS
Sera and extraction of HCV RNA

Serum for cDNA synthesis was derived from a patient who comes from Hebei Province, which is positive for anti-HCV and HCV RNA. HCV RNA
was extracted by single step of guanidinium-phenolchloroform method[2]. Ninety-four serum specimens
for ELISA were screened from 460 sera derived
from patients with different types of hepatitis,
which are anti-HCV positive tested by Abbott second generation HCV ELISA, provided by the Institute of Hepatitis, Youan Hospital.
Expression vectors
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Expression vectors are pRX vectors with trpE promotor [3] and pMY vector with p Rp L promotor. pRX
vector expresses fusion protein with 18 amino acid
at N-termini of the protein induced by IPTG. pMY
vector expresses non-fusion protein induced by heat
at 42 .
Primers designed for reverse transcription polymerase chain reaction

HCV NS3 protein antigenicity analysis was conducted with computer according to HCV-BK[4] sequence.
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Refered to the analysis results, the conservative region was selected and the primers were designed as
follows:
Outer primer:F1 5’GTTGCGAAGGCGGTGGACTT 3’
R1 5’GTCGTCTCAATGGTGAAGGT 3’
Inner primer:F2 5’GGAATTCTCCGGCTGCATATGCA 3’
R2 5’CCATCGATAGGTATAGCCCGTCAT 3’

To facilitate subcloning, EcoR I and Cla I
restriction endonuclease sites were added at the 5’termini of the inner primer. The outer reverse
primer was used in both cDNA synthesis and cDNA
amplification.
Reverse
reaction

transcription

polymerase

chain

According to the methods by Widell and
Cristiano [5,6], before reverse transcription, RNA
template was denatured at 94 for 5 min, then on
ice promptly. Reverse transcription and first round
of PCR were run in the same buffer at the same
tube. Reaction volume was 100µl, containing AMV
1.6U and Taq DNA polymerase 2.5U. The reaction order is reverse transcription at 42
for
30min, inactivation of reverse transcriptase 94 for
3min, and PCR consisting of 94 55s, 42 1min,
72 1.5min for 5 cycles, and 94 55s, 55 1min,
72 1.5min for another 30 cycles. One tenth of the
first round of PCR products were used at template
to conduct the second round of PCR, the conditions
were the same as the last 30 cycles of the first round
of PCR. Finally, PCR products were analyzed on
15g/L agarose gel electrophoresis.
Sequencing of cDNA fragment

The cDNA fragment was subcloned into M13 mp
18/19 vectors and single stranded DNA template
was prepared. Sequencing reaction was performed
using T7 sequencing kit. Nucleotide and amino acid
homology analysis were conducted using Goldkey
program.
Construction of recombinant plasmids and expression of proteins

cDNA fragments and vectors were cleavaged by restrictive endonuclease, ligated with T4 DNA ligase,
the E. coli HB101 was transformed. The recombinant plasmids were identified through restrictive endonuclease digestion[7]. E. coli HB101 carrying recombinant plasmid were inoculated in M9 media.
After incubation at 30 for about two hours, the
3β-indolyl acrylic acid was added to the final concentration of 10mg/L, and the bacteria were cultured for 5 hours to express the protein. E. coli
HB101 carrying recombinant plasmid pMYNS3 were
cultured at 30 for about two hours, then transferred to 42 for another 5 hours to express the recombinant protein.
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Identification of the expressed proteins

Twelve percent SDS-PAGE and Western blotting
were used to identify the expressed proteins. The
sample was prepared as follows: removing 1ml of
induced culture, centrifuging to collect the pellet,
resuspending the pellet and boiling for 5min to lyse
the bacteria with 2×SDS loading buffer. After the
electrophoresis, the polyacrylamide gel was split into two pieces. One piece of gel was stained with
Coomassie Brilliant Blue R-250, and scanned to
analyze the expression level of the recombinant
protein. The other piece was blotted to
nitrocellulose membrane. Blotting condition was
0.8m·cm 2·1.5 hours. The blotted membrane was
incubated with blocking solution containing
10ml/L fatal bovine serum for one hour, then incubated with anti-HCV positive serum (diluted 1:
100) at 4
overnight. The following day, the
membrane was incubated with sheep anti-human
IgG-HRP (diluted 1:500) at room temperature for
30min, finally stained with substrate 3, 3’diaminobenzidine.
ELISA

The recombinant protein expressed by pMYNS3 was
purified by ion-exchange chromatography, and the
purified protein was used as antigen to test 94 control positive sera by ELISA.
RESULTS

The PCR products were analyzed on 15g/L agrose
gel electrophrosis, and the expected 634bp cDNA
fragment was clearly seen. Sequencing results revealed that the cDNA fragment is 634bp, and
proved to be HCV NS3 fragment in comparison of
the sequence of cDNA fragment and the corresponding region of HCV-BK. Its nucleotide and amino
acid homology with genotype II isolate HCV-BK,
genotype I isolate HCV1, genotype III isolate
HCV-J6 and genotype IV isolate HCV-J8 were
90.8% and 95%, 80% and 94.9%, 73.2% and
88.2%, 73.5% and 86.7%, respectively[8-10].
These results indicated that the isolate in this study
belongs to HCV-II. In addition, we also compared
its homology with the sequence of corresponding region of HCV isolates derived from the patients who
came from Hebei and Taiwan separately, the nucleotide and amino acid sequence homology were
90.4% and 95.4%, 90.8% and 93.8%,
respectively[11,12]. SDS-PAGE analysis demonstrated
that pRXNS3 plasmid expressed a protein with a
molecular weight of about Mr 23 800 which
amounts to 14% of the total bacterial proteins
(Figure 1). pMYNS3 plasmid expressed a molecular
weight of about Mr 22 000 protein, which covers
11% of the total bacterial proteins (Figure 1). Two

ZHU Fen-Lu, et al. Cloning and expression of HCV NS3 gene

forms proteins strongly reacted with anti-HCV antibodies in the sera in western blotting test
(Figure 2). Using the purified pMYNS3 expressed
recombinant protein as an antigen to test 94 control
anti-HCV positive sera, 85 (90.4%) of 94 were
detected. Among the 94 sera samples, 28 (96.6%)
of 29 derived from patients with known transfusion
history were detectable. Other sera derived from
patients diagnosed clinically as having acute, chronic hepatitis and cirrohosis, the detection rates were
83.3% (10/12) for acute hepatitis, 86.8% (33/38)
for chronic hepatitis and 93.3% (14/15) for
cirrhosis, respectively.

Figure 1 SDS-PAGE analysis of HCV NS3 fusion and non-fusion
proteins expressed in E. coli
A: Control HB101/pRX
B: Induced HB101/pRXNS3
C: Control HB101/pMY
D: Induced HB101/pMYNS3
E: Molecular weight standards

Figure 2 Western blot analysis of HCV NS3 recombinant proteins
A: Control HB101/pRX
B: Induced HB101/pRXNS3
C: Induced HB101/pMYNS3 D: Control HB101/pMY
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and expressed with high level in E. coli. The results of western blotting and ELISA showed greater
antigenicity of the recombinant protein, which
demonstrated good prospects of using the protein as
an antigen to detect anti-HCV antibodies. The nucleotide and amino acid homology analysis indicated
that the HCV isolate in this study should belong to
HCV-II. Another HCV isolate derived from the
same area is also HCV-II [11], which suggested in
some extent that the endemic HCV isolates in this
region might be HCV-II. The sequence comparison
of NS3 region of HCV between different isolates
showed that NS3 region is the relative conservative
region in HCV genome, in addition, the amino acid
homology is higher than nucleotide homology, so
using NS3 protein as antigen to detect anti-HCV antibodies will be characterized by a wide coverage of
HCV infection. The prokaryotic expression vector
pRX and pMY were used to express HCV NS3
protein. pRX vector with trpE promotor is induced
by 3-indolyl acrylic acid and expresses a fusion-protein with 18 amino acid at N-termini of the protein.
pMY vector with pRpL promoter is induced by heating at 42 and expresses non-fusion protein. We
found that the expression level of fusion protein is
higher than that of non-fusion protein. The possible
explanation is that the proteinase of host bacteria
will not recognize the recombinant fusion protein as
non-self protein to lyse it. The fusion of bacterial
protein to recombinant protein increases the stability of protein and raises the expression level. The
comparison between the fusion and non-fusion protein in antigenicity showed no obvious difference.
Because pMYNS3 is induced easily by heat, we used
the protein expressed by pMYNS3 as coating antigen
in ELISA. This study estimated the diagnostic value
of NS3 recombinant antigen using 94 control antiHCV positive sera which are detectable with Abbott
second generation ELISA. The results showed that
NS3 antigen can detect 85 (90.4%) of 94 of control
sera, among these, 28 (96.6%) of 29 sera derived
from hepatitis patients with known transfusion history were detected. These results consistent with the
results of Abbott’s ELISA test. The successful expression of HCV NS3 protein has provided an ideal
basis for developing anti-HCV diagnostic reagents.
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Short-term effect of Salvia miltiorrhiza in treating
rat acetic acid chronic gastric ulcer and long-term
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Abstract
AIM To study the short-term effect of Danshen
(Salvia miltiorrhiza) on acetic acid induced chronic
gastric ulcer in rats and its long-term effect in preventing recurrence.
METHODS Rats with acetic acid-induced gastric
ulcer were treated with Danshen and cimetidine for
30 days. Traditional gastric mucosal auto-radiography and 3H-TdR incorporation into gastric mucosa in
vitro were employed to study the effects of Danshen
in rat acetic acid-induced chronic gastric ulcer, including ulcer index (UI), ulcer inhibitory rate (IR)
and label rate (LR).
RESULTS On the day 5, 30 and 126 of ulcermaking, the UI in the Danshen group was obviously
lower than that in the cimetidine group and the control group (42.3±3.9, 3.6±1.2, 4.4±2.3; 49.1±
3.6, 5.9±1.4, 9.2±1.3; 61.0±3.8, 8.9±2.5,
12.4±2.4, respectively, P<0.01), the IR (%) in
the Danshen group was obviously higher than that in
the cimetidine group (31, 59, 64.8; 19, 33, 26,
respectively), and the LR in the Danshen group was
obviously higher than that in the cimetidine group
and the control group (10.0±0.5,16.2±0.8, 15.0
±0.6; 9.0±0.5, 13.9±0.6, 10.8±0.7; 6.5±
0.7, 10.1±0.5, 8.0±0.7, respectively, P<
0.01). There was no obvious difference in UI in the
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Danshen group on day 30 ascompared with that on
day 126.
CONCLUSION Danshen is effective in promoting
ulcer healing and preventing recurrence. The mechanism of action is to strengthen the gastric mucosal
barrier and to promote the gastric mucosal cell proliferation along the edge of the ulcer.

INTRODUCTION

Human peptic ulcer is characterized by repeated relapses and difficulty in prevention[1]. So, the emphasis of treatment of peptic ulcer should be put on
preventing relapse. A rat model of acetic acid-induced chronic gastric ulcer has the features of repeated relapses and is similar to that of the human
case[2,3]. This study is to observe the effect of the
traditional Chinese medicine Danshen (Salvia
miltiorrhiza) on the rat chronic gastric ulcer induced by acetic acid and its effect in preventing
recurrence, and the relationship between the therapeutic effect and regeneration of gastric mucosal
cells on the edge of the ulcer.
MATERIALS AND METHODS
Materials

Danshen water solution: prepared according to the
reported method (240 g/L and 120 g/L)[4]. Cimetidine water solution: with cimetidine for injection
(product of the 3rd Pharmaceutical Plant, Harbin),
diluted to 2.4g/L and 1.2g/L water solution. 3HTdR supplied by China Atomic Scientific Institute,
with radiation concentration of 18.5GBq/L.
Methods

Rat model-making and grouping. Wistar male rats
(n = 126), weighing 210g ± 30g, were given
200ml/L acetic acid 0.05ml to create the model of
chronic gastric ulcer, and then were divided into 3
groups randomly: Control group: allowed to drink
water (pH 6.5) freely, continuing to day 126.
Cimetidine group: During day 1-5 after ulcer was
made, allowed to drink 2.4g/L cimetidine water
solution (pH 6.5) freely; allowed to drink 1.2g/L
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cimetidine water solution freely on day 6-30; only
water freely on day 31-126. Danshen Group: On
day 1-5 after the ulcer is made, allowed to drink
240g/L Danshen water solution (pH 6.5) freely;
120g/L Danshen water solution freely on day 630; only water freely on day 31-126. Preliminary
tests proved that each rat drank liquid on an average
of about 35ml/d, without statistical difference.
Gastric mucosal auto-radiography. A 0.5 cm ×
1cm tissue piece taken for the ulcer edge was put into 2ml 1640 culture fluid (pH 7.2-7.2) containing
3
H-TdR and 100ml/L beef serum, hatched in 37
±0.5
CO2 incubator for 1 hour, fixed for 3-6
hours in Carnoy liquid, and then embedded in
paraffin, 5 µm slices were made for HE staining,
coating H-4 emulsion in emulsion-coating box, and
to expose for 14 days in 4 refrigerator, and to
develope, fix and take the nucleus over 5 silver
granules as label cells.
Index and calculation. Ulcer index (UI)-ulcer
maximum length × maximum width; ulcer inhibitory rate (IR) (%) = (1 -experimental group UI
mean/control group UI mean) × 100%; label rate
(LR) (%)-(label cells number/300 multiplication
area cells)×100%.
Statistical analysis

All values were given as x±s. Paired Student’s t
test was used. P values <0.05 were considered
significant.
RESULTS

Effect of Danshen in rat chronic gastric ulcers of
different stages, UI and ulcer IR is shown in
Table 1.
Table 1 Rat chronic gastric ulcers of different stages, UI and IR
(x±s) (%)
Day 5

Day 30

Day 126

Groups
n
Control
Cimetidine
Danshen

2

UI(mm) IR(%) n UI(mm) IR(%) n UI(mm) 2 IR(%)

8 61.0±3.8
10 49.1±3.6b 19
11 42.3±3.9d 31

2

8 8.9±2.5 f
10 5.9±1.4 bf 33
10 3.6±1.2d 59

11 12.4±2.4
11 9.2±1.3 b 26
12 4.4±2.3d 64.8

b

P<0.01, vs control; dP<0.01, vs Cimetidine; fP<0.01, vs
the same group on day 126.

Effect of Danshen in rat chronic gastric ulcers
of different stages and gastric mucosal cell multiplication is shown in Table 2
DISCUSSION

It is reported in the literature [5,6] that the natural
healing process of acetic acid-induced gastric ulcer
in rats is as follows: On day 1-35 UI decreased
rapidly which is considered as acute stage; UI decreased steadily and slowly on day 36-80, which is
a slow healing stage; UI slightly increased as the recurrence stage; UI increased obviously on day 120140, the recurrence rate being the highest. In this
experiment, we treated the ulcer with Danshen and
cimetidine from day 1-30 to observe their therapeutic effects in the acute stage. During the period
from day 31 to day 126 without the two drugs, we
observed whether Danshen has a long-term effect in
preventing ulcer recurrence. From Table 1, we can
see the UI in the cimetidine group was obviously
lower than in the control group (P<0.01), and
that in the Danshen group was even lower than that
in the cimetidine group (P<0.01). As for the ulcer
IR Danshen group was definitely superior to the
cimetidine group. This indicated that Danshen
might promote ulcer healing. In comparison of the
UI of each group on day 30 and day 126, significant
difference was found in both the control and cimetidine groups (P<0.01), but in the Danshen group
there was no significant difference on day 30 and
day 126. This indicated that Danshen has significant
effect in preventing recurrence. From Table 2, one
could see a higher LR in the cimetidine group than
in the control group (P<0.01), and the Danshen
group had a higher rate than the cimetidine group
(P<0.01). So, the mechanism of Danshen in promoting ulcer healing and preventing ulcer recurrence
was an enhancement of gastric mucosal cell multiplication along the edge of ulcer and also a fortification of the mucosal barrier.
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Table 2 Rat chronic gastric ulcers of different stages, IR of gastric mucosal cells
(n = 6, x±s)(%)
Groups
Control
Cimetidine
Danshen
b

Day 5

Day 30

Day 126

6.5±0.6
9.0±0.5b
10.0±0.5 d

10.1±0.5
13.9±0.6 b
16.2±0.8 d

8.0±0.7
10.8±0.7b
15.0±0.6d

P<0.01, vs control group, dP<0.01, vs cimetidine group.
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Abstract
AIM To observe the therapeutic effects of
Sishengtang decoction in alleviating the toxic and
side effects of transarterial embolization (TAE).
METHODS Fifty-four patients with liver cancer
were divided randomly into Sishengtang decoction
group (34 cases) and control group (20 cases). The
changes of clinical symptoms and peripheral
hemogram and some cellular immune functions were
observed before and two weeks after TAE.
RESULTS Sishengtang decoction was superior to
the control group in improving the digestive tract
reaction. The leucocytes of peripheral blood and cellular immune functions (activities of NK cells and
LAK cells) of control group decreased obviously after TAE, while that of Sishengtang decoction group
decreased slightly, without obvious difference as
compared with that of preoperation.
CONCLUSIONS Sishengtang decoction might improve the clinical symptoms and increase the leucocytes of peripheral blood and the cellular immune
functions of TAE patients.

INTRODUCTION

After clinical and experimental studies of antiradioactive reaction produced by Sishengtang
decoction[1], we studied systematically the therapeutic effects of this decoction in alleviating the toxic
and side effects of chemotherapy, and observe the
changes of peripheral hemogram and the cellular
immune functions.
MATERIALS AND METHODS
General data

Of 54 patients with liver cancer, submitted for TAE
from May 1995 to October 1996, 48 were males and
6 females, aged from 31 to 74 years, averaging 48.8
years. Twenty-one cases were in stage III and 33
were in stage III clinically. These patients were divided into Sishengtang decoction group (34 cases)
and control group (20 cases). There were 29 males
and 5 females in the Sishengtang decoction group,
with an average of 49.2 years of age, and 14 cases
in stage II and 20 in stage III. In the control group,
there were 19 males and 1 female, averaging 48.1
years in age, 7 in stage II and 13 in stage III.
Component of the decoction

Sishengtang decoction contains mainly: Radix Astragli sen Hedysari 30g, Radix Rehmanniae 10g,
Rhizoma Atractylodis Macrocephalac 9g and Somen
Colcis 15g. Components were regulated according
to symptoms (RCAS): Radix Asparagi 15g and
Radix Dphipogonis 15g were added for mouth
dryness; Radix Codonopsis Pilosnlae 30g and Poria
15g were added for lassitude; Rhizoma Dioscoreae
9g, Endothelinm Cornenm Gigeriaw Galli 12g,
Fructus Crataegi 12g, Fructus Hordei Germinatus
12g and Massa Fermentata Medicinalis 12g were
added for anorexia.
Administration and dosage
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Sishengtang decoction and RCAS were used concomitantly in the Sishengtang decoction group.
They were given a week before TAE, at 1 dose daily
divided in the morning and evening. Only RCAS
was used in the control group, administration and
dosage were the same as the Sishengtang decoction
group.
Observation

The changes in clinical symptoms of all the 54 patients were recorded one day and 5 days respectively
after TAE and the peripheral hemogram and some
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cellular immune functions were measured 1 week before and 2 weeks after TAE[2]. The activities of NK
and LAK cells were detected by radioimmunoassay,
with K502 and Raji, as target cells. Detailed processes were in accordance with Reference 2 and 3.
Statistical treatment

The data were expressed as x±s, and the comparison between the two groups was made by χ2 test and
t test.
RESULTS
Changes in clinical symptoms

In 3 main clinical symptoms observed, the effect of
Sishengtang decoction was superior to that of the
control group (Table 1).
Changes in laboratory indexes

There was no obvious difference in peripheral
hemogram and some cellular immune functions between Sishengtang decoction group and control
group before therapy, but with no obvious decline
of these two indexes in the control group after
therapy (Table 2).
DISCUSSION

TAE is one of the most effective therapies for the
patients who can not be operated on and for some of
the patients with recurrent liver cancer after
operation. But the toxic and side effects of TAE,
such as decreased leucocytes in peripheral blood, reaction of digestive tract and decline of body immune
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functions, not only result in great pain for patients,
but also become a main factor that influences the
therapeutic effects of TAE. So it has been an important topic to seek effective traditional Chinese
medicine or complex prescriptions which can reduce
the toxic and side effects of chemotherapy.
Sishengtang decoction is a basic prescription, made
according to the theory of traditional Chinese medicine
and clinical experience from the specialists to relieve the
patients from the toxic and side effects of radiotherapy
and chemotherapy. In this prescription, Radix Astragali
sen Hedysari invigorates the vital energy and the spleen;
Radix Rehmanniae nourishes yin and invigorates the
Kidney; Rhizoma Atractylodis Macrocephalae and Semen Coicis invigorate the spleen and regulate the middle
warmer, and prevent the greasy of Radix Astragali sen
Hedysari and Radix Rehmanniae. This prescription acts
to invigorate both vital energy and yin, take care of
Spleen and Kidney, not only prevent the exhaustion of
congenital yin and yang, but also protect the acquired
essential substance from food. Four elements of this
prescription are all used unpreparedly in order to prevent too much dryness or greasiness of the herbal
characters, which is of great significance in maintaining
the process of digestion of the middle warmer and relieving the digestive tract reaction. According to the
modern pharmacological analysis, Radix Astragli sen
Hedysari and Rhizoma Atractylodis Macrocephalac can
improve body immune function and increase leucocytes
in peripheral blood; and Somen Colcis has the anticancer effects if used unprepared. When used together,
these four elements will have the functions to reduce
toxicin and promote their effects.

Table 1 Effects of Sishengtang decoction and RCAS on clinical symptoms of TAE patients (x±s)
Groups

n

Sishengtang decoction(34)
Lassitue
Poor appetite
Nausea
Control (20)
Lassitue
Poor appetite
Nausea

Significant improvement

28
23
23

14
12
11

17
12
14

6
5
4

Improvement

No improvement

Improvement rate(%)

12
9
9

2
2
3

93.9
91.3
86.9

6
3
7

5
4
3

70.1a
66.7a
78.9a

a

P<0.05 vs Sishengtang decoction

Table 2

Laboratory indexes of TAE patients in Sishengtang decoction group and control group(x±s)

Groups

n

Sishengtang decoction
Before treatment
After treatment
Control
Before treatment
After treatment

34

a

WBC(×109 /L)

PLT(×10 9 /L)

NK activities(%)

4.62±0.62
4.44±0.63

123.00±37.45
116.23±29.42

32.03±7.25
31.04±6.92

34.07±6.69
32.03±6.76

5.31±0.82
3.87±0.38

31.92±47.93
126.80±37.58

141.20±5.22
26.16±7.77a

32.87±4.85
27.16±5.74 a

LAK activities(%)

20

P<0.05 vs before treatment in control

CHEN Zhe, et al. SST alleviate toxic and side effects of TAE

In the improvement of clinical symptoms and
results of laboratory examinations, RCAS, used in
the control group, though can partially improve the
clinical symptoms, its effects are not as good as
Sishengtang decoction. As for the increase of leucocytes in peripheral blood, the effects of Sishengtang
decoction group is also superior to that of the control group. The results indicated that Sishengtang
decoction can alleviate the toxic and side effects of
chemotherapy.
In term of the cellular immune functions of
TAE patients, the activities of NK and LAK cells of
the control group were decreased markedly, but
without significant difference in the Sishengtang
group compared with that of preoperation. The results showed that Sishengtang decoction might in-

173

crease the leucocytes in peripheral blood and cellular
immune functions, which is important in promoting
the recovery of patients and enhancing the effects of
TAE itself. The mechanism may be related to its enhancement and protection of blood production by
marrow[4].
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DNA methylation and carcinogenesis in digestive
neoplasms
Javed Yakoob, FAN Xue-Gong, HU Guo-Ling, ZHANG Zheng
Subject headings DNA methylation; mutation;
DNA methyltransferase; genes, suppressor tumor;
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The DNA of vertebrates contains tissue specific
patterns of methylated cytosine residues. These
methylation patterns are transmitted by clonal inheritance[1] through the strong preferance of mammalian DNA (cytosine-5) methyltransferase (DNAMTase) for hemimethylated DNA[2], and are established during early embryogenesis and
gametogenesis[3]. Newly replicated DNA lacks this
methylation in the nascent strand. Shortly after the
passage of the replication fork, a maintenance
DNA-MTase methylates CpG dinucleotides on the
newly synthesized strand, thereby recreating the
spectrum of methyl groups that existed prior to
replication. DNA methylation (5-methylcytosine[5-mCyt] content of DNA) plays a considerable role
in both normal development and carcinogenesis[4],
but there seems to be conflicting reports concerning
the role of DNA methylation in carcinogenesis. It
has been hypothesized that hypomethylation of
DNA facilitates aberrant gene expression in
tumorigenesis[5]. Some believe that hypermethylation of DNA leads to the causative alteration in tumorigenesis which involves inactivating tumor suppressor genes and marking chromosome regions for
deletion[6]. Some overlooked the importance of alterations in gene expression and thought that mutation played the key role[4]. All these help to achieve
a better understanding of the mechanisms underlying carcinogenesis. We believe that carcinogenesis is
a multistep/multistage process that occurs in animals[7] with more carcinogenesis than mutagenesis,
and that DNA methylation played multiple roles in
the transformation from a normal cell into a frank
malignancy.
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DNA METHYLATION AND CANCER

Mutations which occur at CpG dinucleotides in vertebrate DNA can be attributed to the hydrolytic
deamination of 5-mCyt and are easily recognized because of the nature of base substitution. Deamination of 5-mCyt dinucleotides results in the formation
of thyminephosphoguanosine (TpG). This still does
not account for the high frequency of mutagenesis
observed at CpG sites. Differences in the repairing
efficiencies of promutagenic lesions may be partly
responsible for this discrepancy. The guanosinethymine (G-T) misrepairs resulting from
deamination of 5-mCyt are believed to be more
difficult for the cell to repair, as thymine is a
normal component of DNA.
Mutations in the evolutionarily conserved
codons of the p53 tumor suppressor gene are common in diverse types of human cancer. The p53 mutational spectrum differs among cancers of the
colon, esophagus and liver. Transitions predominate in colon, whereas G:C to T:A transversions
are the most frequent substitutions observed in cancers of the liver. Mutations at adeninethymine (A:
T) base pairs are seen more frequently in esophageal
carcinomas than in other solid tumors. Most transitions in colorectal carcinomas are at CpG dinucleotide mutational hot spots. G-T transversions in
esophageal carcinomas are dispersed among numerous codons[8]. One copy of the short arm of chromosome 17, which harbors the p53 gene, is lost in
many human tumors including those of the colon
and rectum. In the colon carcinomas 75% - 80%
show a loss of both p53 alleles, one through
deletion, the other through a point mutation. The
point mutations are usually misense, giving rise to
an altered protein[9]. Cytosine-thymine (C-T) transitions at CpG sites are the most prevalent mutations
found in the p53 tumor suppressor gene in human
colon tumors and in the germline (Li-Fraumeni
syndrome). All of the mutational hot spots are
methylated to 5-mCyt, and it has been hypothesized
that the majority of these mutations are caused by
spontaneous hydrolytic deamination of this base to
thymine [10]. It is estimated that 75%-90% of hepatocellular carcinoma (HCC) cases are attributable to
hepatitis B virus. HBV DNA integrates into HCC
cells at random sites in the genome. It contains the
X gene, which codes for a protein HBX that modu-
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lates the transactivation of many cellular genes and
is a candidate viral oncoprotein. HBX protein binds
with p53 in vitro and in vivo[11], inhibits p53
sequence-specific DNA binding and transactivation
activities, partially disrupts p53 oligomerization and
prevents p53 binding to transcription-repair coupling factor ERCC3 [12]. HBV infection alone does
not influence the rate of p53 mutation, and aflatoxin B1 (AFB1) exposure is the most important factor
influencing mutation prevalence. AFB1 plays an etiological role in HCC carcinogenesis and indicates a
synergy between HBV and AFB1[13]. In patients
with liver tumors from geographical areas where
both AFB1 and HBV are cancer risk factors, most
mutations are at one nucleotide pair of codon 249[8].
Multiple gene-tic alterations occur in gastric
carcinomas, including point mutation of the ras
oncogene and the p53 tumor suppressor gene, amplification of the c-met, k-sam, and c-erbB-2/neu
genes, and loss of heterozygosity (LOH) of the bcl2, APC, and DCC genes. Genetic changes in the
transforming growth factor beta (TGF-β) type II
receptor gene or altered expression of its messenger
RNA[14] occur commonly in gastric cancer cells resistant to growth inhibitory action of TGF-β. Inactivation of the p53 gene through mutations and the allelic deletion may play an important role in gastric
tumorigenesis. These mutations may cause a conformational change in the p53 protein, resulting in the
loss of p53 suppression of the gastric cell growth
partly through disruption of the association of p53
protein with a cellular component[15]. Allelic loss
and mutation of the p53 gene are detected in over
60% of gastric cancers regardless of the histological
type. Several gastric cancer cell lines have shown
p53 gene abnormalities[16]. The c-met gene encoding
the receptor for hepatocyte growth factor (HGF) is
often amplified in advanced gastric cancer, particularly in 39% of scirrhous carcinomas, whereas c-met
amplification is extremely rare in esophageal and
colorectal cancers[17]. The interaction of c-met overexpressed tumor cells and HGF from activated stromal cells is involved in the morphogenesis and progression of gastric cancer. The K-sam gene encoding
receptor for keratinocyte growth factor is amplified
preferentially in the poorly differentiated scirrhous
cancer[18]. However, no K-sam amplification is seen
in esophageal and colorectal cancers. In general, Ksam amplification is independent of c-met amplification in scirrhous carcinoma, and c-erbB-2 gene
amplification is detected only in well differentiated
gastric cancer. Moreover, overexpression of c-erbB2 is closely correlated with livermetastases. c-Ki-ras
point mutation is observed in 9%-18% of well differentiated gastric cancers but not in poorly differentiated ones[19].
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M E C H A N I S M S O F D N A M E T H Y L AT I O N I N C A R CINOGENESIS

Both general hypomethylation and regional hypermethylation coexist in the genome of a wide variety
of human and animal cancers [5,6]. It has been suggested that changes in methylation may not play a
causal role in carcinogenesis and could be consequences of the transformed state of tumor cells and
that C-T transitions brought about by increased expression of the DNA methyltransferase play the key
role[4]. Beside DNA MTase induced mutations additional factors appear to be involved in the cancer
process. Cancers originate from a single cell that is
changed dramatically by a series of alterations to the
genome, e.g., mutation and changes in methylation
altered gene expression. Mutagenesis plays a role in
carcinogenesis. Mutated gene must be expressed to
exert an effect.
It has been suggested that reduction of DNA
MTase activity would lead to marked hypomethylation which can inhibit tumorigenesis [4,20]. Since
DNA methylation is critical in development and differentiation[21] of tumors, it is reasonable to propose
that hypomethylation at an intermediate level plays
a key role in carcinogenesis while excessive hypomethylation may not be compatible with the life
of the affected cells (e.g., owing to massive deregulation of gene expression). By this we mean that
initiated cells may die under the severe conditions of
hypomethylation and would not be available to form
tumors. Thus the fact that inhibition of methylation
may decrease tumor formation does not prove that
excessive DNA MTase activity is the sole mechanism
underlying carcinogenesis.
There are mechanistically and theoretically
plausible genotoxic mechanisms that support the
roles of both hypomethylation and hypermethylation of DNA (i.e. epigenetic changes) in
carcinogenesis. These involve mainly alterations in
normal gene expression (including tumor suppressor
genes). Altered DNA methylation not only affects
gene expression but also facilitates mutations, as 5mCyt can deaminate spontaneously to Thymine
(T). This indicates that elevated expression of the
DNA MTase may lead to increased 5-mCyt, and this
can increase the probability of C to T
transitions [4,22,23]. Moderate DNA-MTase increases
are not merely bystander effects, but could rather
constitute one of the earliest and fundamental
changes of neoplastic development[23]. Hypomethylation of DNA is associated with increased gene
expression[24]. Additionally, a decreased capacity or
fidelity of maintaining the normal methylation status of DNA may underlie the sensitivity of some
mouse strains to liver tumorigenesis, in which increased expression of oncogenes appears to be involved by facilitating tumor promotion[5,25,27]. The
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principal characteristic of the promotion stage of
the carcinogenesis that distinguishes it from the
stages of initiation and progression is its operational
reversibility, i.e., clones of initiated cells regress
when the promoting agent is withdrawn. The promotion stage ends when a lesion attains the capacity
for growth in the absence of a promotion stimulus,
i.e., when it is no longer reversible and can
progress to a frank malignancy[7]. Hypermethylation of specific regions of DNA has been identified
in cancer cells. For example, the Von Hippel Landau (VHL) tumor suppressor gene is hypermethylated and inactivated in a fraction of renal cell lines
and tumors that did not have mutations in the coding regions sequenced[6]. Regional chromosomal hypermethylation is related to areas believed to contain tumor suppressor genes at various target sites.
This regional hypermethylation in portions of the
genome normally unmethylated may inactivate tumor suppressor genes. The functional significance
would be the same as an inactivating mutation or as
the loss of an allele. Regional hypermethylation of
the retinoblastoma gene appears to inhibit transcription of this tumor suppressor genes[26]. Hypermethylation of the 5’CpG island of CDKN2/p16/MTS
(tumor suppressor gene located on chromosome
9p21) is frequent in cell lines and primary lung
tumors, gliomas and head and neck squamous cell
carcinomas. Furthermore, inactivation through
DNA methylation can occur not only in neoplasms
where deletion is frequent in cell lines (breast, renal
cells) but also in those which are not commonly associated with loss of p16 through homozygous deletion (colon and prostate). Hypermethylation of the
p16 gene promoter region is a common abnormality
of p16 gene in human cancer[27]. Nearly all acute
leukemias and 50% of chronic leukemias and lymphomas show extensive methylation of the estrogen
receptor (ER) gene CpG island[28]. Mutation in the
p53 tumor suppressor gene is believed to occur in
more than half of all solid tumors[29]. Approximately 24% of point mutations of p53 in human cancers
are C-T transitions at CpG dinucleotides[29]. All of
the mutational hot spots in the p53 gene occurring at
CpG are methylated [30-32], suggesting an involvement of 5-mCyt as an endogenous mutagen. It is important to not only determine which tumor suppressor genes lie in specific regions and their normal
functions but also demonstrate a causative role, perhaps by reversing their inactivation. Altered DNA
methylation leads to 5-mCyt which has intrinsic hypermutability as compared with C via deamination.
This causes C-T transitions[22]. In the presence of
low levels of S-adenosyl methionine, DNA-MTase
may be able to form uracil leading to C-T
transitions[22]. Therefore, the high rate of mutation
at CpG dinucleotides may be due, in part, to DNA-
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MTase mediated deamination[4,23], and inhibition of
DNA mismatch repair£Û23£Ý. Additionally, 5-mCyt
may influence carcinogenesis via inhibition of DNA
repair, leading to fixation of promutagenic
lesions[5,25]. However, the high percentage of mutations at CpG sites can not be explained solely by the
presence of 5-mCyt, as the methylation patterns of
the p53 gene are tissue independent, suggesting that
tissue specific methylation does not contribute to the
different mutation patterns at CpG sites seen in
tumors[32]. This supports the contention that the effect of DNA methylation alterations may vary in
different tissues and in the genesis of different tumor types.
The complex nature of the methylation role in
region of gene expression is illustrated by the insulin
growth factor type II receptor (Igf2r) gene. Both
hypomethylation of the 5’ flanking region and
methylation of a specific CpG site in an intron are
required for the occurrence of expression. The latter appears to be an imprinting signal, and hypomethylation at this site may silence the gene even
if the 5’flanking region remains hypomethylated[33].
The epigenetic properties of DNA methylation
are heritable and unlike the mutagenic effects of 5mCyt which do not involve alterations of the primary DNA sequence. Methylation of cytosine residues
contained in CpG islands of certain genes has been
inversely correlated with gene activity, but it is still
unclear whether this methylation is actually responsible for different activity states of a gene or is
merely the result of such changes. Methylation at a
CpG islands may lead to decreased gene expression
by a variety of mechanisms including disruption of
local chromatin structure, inhibition of transcription factor DNA, or by recruitment of proteins
which interact specifically with methylated sequences indirectly preventing transcription factor
binding [5,34] . Increased methylation and heterochromatization of CpG islands have been proposed as a mechanism for silencing the expression of
non-essential genes during the establishment of immortal cell lines.
CONCLUSION

The current literature provides a compelling basis
for suggesting that mutations arising secondarily to
deamination of 5-mCyt, C or both are an important
source of critical point mutations. Mutation, altered
gene expression, hypomethylation and hypermethylation may be all related to carcinogenesis which are
not mutually exclusive. Hypomethylation, hypermethylation and mutations may be important based
on different situations. The examination of DNA
methylation status provides the potential to discover
alterations in gene expression, cell proliferation,
mutation, chromatin aberrations and inactivation/
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deletion of tumor suppressor genes in multifaceted
approach that fits the multistep process of
carcinogenesis. This notion can be supported by the
depiction of human colon carcinogenesis in which
roles for hypomethylation of DNA, mutation and
tumor suppressor gene inactivation are considered to
be relevant to the ultimate tumor formation [5,25] .
There is a need to address the functional significance of specific changes in methylation (e.g., how
the binding of transcating factors to specific genes is
affected by methylation), and changes in methylation that occur in target tissues prior to the appearance of frank malignancies. The overall goal should
be an understanding of changes in methylation and
how they facilitate movement of cells through the
different stages of carcinogenesis. This can be accomplished by keeping in perspective the fact that
cancer is a disease of the whole entity, and thus
there is a need to focus, though not exclusively, on
in vivo studies.
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Progress in endoscopic management of pancreas
diseases
LI Zhao-Shen
Subject headings pancreatic diseases/therapy;
cholangiopancreatography, endoscopic retrograde;
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Endoscopy has been widely used in the treatment of many biliary tract discorders and as an alternative to many surgical procedures. The remarkable advances achieved in the performance of therapeutic endoscopic retrograde cholangio-pancreatography(ERCP) have placed endoscopy in the
forefront for treating pancreatico-biliary diseases[1].
It has established itself as a valuable tool. However,
it is only recently that these techniques have been
applied and adopted to disorders of the pancreas for
their frequent and potentially serious complications
and technical problems, etc. Generally, therapeutic
ERCP of the pancreas is still in its infancy.
Recently, endoscopic treatment, especially
therapeutic ERCP for pancreas diseases has developed rapidly, such as acute pancreatitis, chronic
pancreatitis, pancreatic pseudocysts or pancreas
divisum. These will be reviewed as follows.
ACUTE PANCREATITIS
Acute gallstone pancreatitis

Gallstones are one of the major etiological factors of
acute pancreatitis. 60% of the patients with acute
pancreatitis are found to have gallstones, and 68%
of the severe cases have[2,3] gallstones in common
bile duct. Conservative medical management alone
for gallstone pancreatitis fails in 20% - 30% of
patients, with more complications and higher
mortality. In 1974, Cotton and Beales showed that
acute pancreatitis could not be considered contraindicated for ERCP[4]. Recently, urgent (within
24-72 hours) ERCP and endoscopic sphincterotomy ES have been performed in those patients with
suspected acute gallstone pancreatitis. Urgent ERCP
usually shows normal pancreatic duct, and being less
helpful to the diagnosis of mild pancreatitis and surgical indications. However, it does not prolong hospital stays or increase morbidity. Controlled study
showed that patients benefited from early ERCP
and ES as demonstrated by lower morbidity (24%
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vs 64%), shorter hospitalization (9.5% days vs 17
days), and lower motality (2% vs 8%). No serious
procedure-induced complications were observed in
the studies[2]. It suggested that urgent ERCP and ES
are safe and effective for patients with acute biliary
pancreatitis.
Fan et al[5] reported their results with early
ERCP and ES in 195 patients with suspected acute
gallstone pancreatitis, among whom 127 (65%) had
gallstones in common bile duct or gall bladder.
Those who underwent ERCP had nobiliary sepsis,
and the mortality was also low. Patients with a mild
attack of pancreatitis should be closely observed and
an immediate intervention is not- necessary. Urgent
ERCP and ES should be reserved for patients with
an attack of pancreatitis predicted to be severe,
those whose pancreatitis does not subside with conservative measures over 72 hours.
Acute recurrent pancreatitis

Acute recurrent pancreatitis is defined as two or
more attacks of pancreatitis associated with at least
twice normal serum amylase levels[6]. Those patients
are always without a positive history of alchol abuse
or gallstone. ERCP can disclose an etiological factor
such as bile duct stones, choledochocoles, papillary
tumors, duodenal duplication cysts, intraductal
strictures, pancreas divisum, or papillary stenosis in
40%-50% of cases. In about a half of those, ERCP can reveal a motor abnormality of Oddi sphincter (normal£¼30mmHg) or dysfunction of Oddi
sphincter. The management of acute recurrent pancreatitis includes balloon dilatation of the stricture
and endoprosthesis. If the recurrent attacks of pancreatitis relate closely to Oddi sphincter
dysfunction, endoscopic sphincterotomy of pancreatic duct sphincter should be performed as a
routine. This procedure can decrease the pressure of
the pancreatic duct, and relieve symptoms of
pancreatitis. At present, pancreatic sphinterotomy
is not recommended for patients without sphincteric
dysfunction and a normal pancreatic duct[2].
CHRONIC PANCREATITIS

Chronic pancreatitis is a disease that is difficult to
manage. It has three types of clinical presentations,
including abdominal pain (70% of cases may be related to the increased pancreatic duct pressure), diarrhea (20%-30%), endocrine failure in the form
of diabetes (3%-37%). ERCP can reveal pancreatic duct stricture, stones in pancreatic duct or pan-
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creatic pseudocysts. So the endoscopic management
includes pancreatic sphincterotomy, balloon dalatation of strictures, pancreatic stent and pseudocyst
drainage.
To those patients with pancreatic duct
stricture, a stiff nylon catheter or a Soehendrea dilating catheter is introduced over a guidewire to dilate the stricture up to 7-Fr. The catheter is then
removed, and over the guidewire an endoprosthesis
(5-or 7-Fr) is inserted. Most strictures will recur
soon after dilation alone. Improvement of pain was
seen in 54% - 90% of cases after pancreatic
stenting. Pancreatic stenting might occlude side
branches and subsequently cause formation of cystic
lesion in the side branches. The stent can also induce inflammatory changes of the duct which mimics chronic pancreatitis[7] . There is a tendency to
leave the endoprosthesis in place for as short a period as possible (about 6 w). Recurrence of abdominal pain often indicates stent blockage and the necessity to replace or remove the stent. Additional
side flaps outside the papilla may prevent the stent
form imigrating into the pancreatic duct[8]. The migrated stent can be extracted by endoscope immediately or surgical intervention if necessary. Endoscopic stenting is a useful alternative to surgical
treatment and has lower morbidity and mortality. It
does not impair the remaining pancreatic function,
and surgery is still possible, if necessary.
It is not clear whether pancreatic stones are the
cause or the results of recurrent attacks of
pancreatitis. They can be extracted by balloon
catheter or baskets. If stones can not be removed
completely during the first endoscopic session, a
stent can be inserted beyond the stones for adequate
drainage until the second attempt. Larger stones
above a stricture can befragmented within the pancreatic duct by using extracorporal shock wave
lithotripsy (ESWL). In series of 123 patients,
stones were fragmented successfully in 99% cases
with the main pancreatic duct being completely
cleared in 59%. After a mean follow-up of 14
months, complete or partial pain-relief could be obtained for 85% of the patients[12]. Electromagnetic
lithotripsy (EML) can also be applied. Smith reported 15 cases, and complete clearance of pancreatic duct was seen in 60% of patients.
PANCREATIC PSEUDOCYSTS OR PANCREATIC ABSCESSES[2,9-11]

Patients with pancreatic pseudocysts have clinical
features as chronic pancreatitis, they also have obstruction of biliary and upper gatrointestinal tract.
Endoscopic treatment includes nasopancreatic
drainage, cystogastrostomy or cystoduodenostomy
and endoprosthesis with lower morbidity and mortality in comparing with surgical procedures. Chronic pseudocysts more than 4cm-6cm should be
drained soon after the diagnosis was made. Na-
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sopancreatic drainage is always used to perform systogastrostomy or cystoduodenostomy if the pseudocyst is closely in contact with the gastric or duodenal
wall, as evidenced by CT or endosonography. Endoscopic cystoduodenostomy (ECD) is the first
choice for treatment of paraduodenal cysts, whereas
endoscopic cystogastrostomy (ECG) is an alternative procedure for the drainage of retrogastric cysts.
Binmoeller et al reported their results of 53 patients
who had undergone transpapillary drainage of ECD
and/or ECG, cysts disappeared in 95% of them.
Cremer et al reported 33 cases, and no recurrence
of pseudocysts or complications was seen. Symptoms
were relieved completely in 90% of the patients.
Endoscopic drainage is also safe and effective in
pancreatic abscesses. Binmoeller et al reported 10
cases. Abscesses completely resolved in 8 patients.
During a mean follow-up of 10 months, none of the
patients had recurrence.
PANCREAS DIVISUM

Pancreas divisum is a congenital abnormality found
in 5%-7% of patients[6]. Most investigators believe
that the relatively small size of the minor papilla,
which drains the largest part of the pancreas, could
cause pancreatic congestion, leading to pain or
pancreatitis. Endoscopic sphincterotomy of the minor papilla and endoprosthesis are always
performed, and symptoms improve significantly in
83%-90% of cases.
Endoscopic sphincterotomy of the minor papilla
can enlarge outflow of the pancreatic duct, but
stricture recurs quickly and causes attacks of
pancreatitis, so a stent (5- or 7-Fr) is always inserted after the sphincterotomy. Lehman et al reported
that patients with recurrent pancreatitis benefited
from endoscopic therapy more often than those with
chronic pancreatitis or chronic pain during the mean
follow-up of 1.7 years[12]. In patients with pancreas
divisum and pancreatitis, stenting of the minor
papilla was associated with a 49% complication
rate, and was always moderate or severe. Endoscopic stent was not effective but associated with
80% of complications in those cases with pain only
and a normal ERCP[13].
The long-term success of stent treatment is
unknown. Stenting may cause dilation of the minor
papilla sphincter. The results of this study suggest
that impairment of pancreatic drainage by the minor
papilla is probably an etiological factor for recurrent
pancreatitis in patients with pancreas divisum.
PERIPHERIC TUMORS OF VATER’S AMPULLA

ERCP is mainly used for the diagnosis of peripheric
tumors of Vater’s ampulla. Endoscopic appearance,
radiography, forceps biopsy, collection of pancreatic cells and pancreatic secretion can afford evidences of pathology and photology. To those benign
tumors such as adenomas and malignant ones that
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cannot be removed, complete removal and conservative medical treatment should be performed,
respectively. Binmoeller et al[14] reported 25 cases
of removal of benign adenomas with standard
polypectomy snare, all were successful. Its criteria
were: size less than 4 cm; and benign histologic
findings on forceps biopsy (minimum of six
biopsies). It is dangerous with more complications,
so its indications are those who refused to undergo
surgical treatment and those at high surgical risk.
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tively or endoscopically, and surgical procedure is
also needed if necessary.
In summary, selection of patients for the various treatment options should be strict and is probably important for optimum results of therapy because of their technique and complications, especially in children[15].
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Combined measurement of serum tumor markers in
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignant neoplasms, and its prognosis is
very poor if diagnosed late, therefore, early detection is important. As we know not all HCC can secrete AFP, and AFP levels may be normal in as
many as 40% of patients with early HCC and 15%20% of patients with advanced HCC[1]. Therefore,
we selected AFP, alpha-L-fucosidase (AFU) and
sialic acid (SA) in combination for detecting HCC.
MATERIALS AND METHODS

Subjects were divided into three groups:
HCC
group consisted of 30 patients (26 males and 4
females) with a mean age of 50.4±12.7 years;
liver cirrhosis group consisted of 30 patients (24
males and 6 females) with a mean age of 45.3±8.4
years; and control group consisted of 30 healthy
subjects (28 males and 2 females) with a mean age
of 33.2±4.8 years whose liver function tests were
normal. Diagnosis of HCC was in accordance with
the criteria of the National HCC Association of China in 1977[2].
The fasting sera from all subjects were stored at
-18 . AFP was measured by ELISA. The kits
were provided by Xiamen Advanced Scientific
Institute[3]. AFU was measured according to Troost’
s method and expressed as nkat/L[3]. The kits were
provided by Sanming Lanbo Biological Technique
Institute. SA was measured by spectrophotometry.
The kits were purchased from Dongou Biological
Technical Institute. The data were expressed as
x±s and analyzed statistically by the Student’s t
test.
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RESULTS

The serum levels of AFP, AFU and SA in the three
groups are shown in Table 1.
The serum levels of AFP, AFU and SA in patients with HCC were significantly higher than those
in patients with cirrhosis (P<0.01) and in the control subjects (P<0.01). No significant differences
were found between the latter two groups.
The cutoff value was defined as x+2s (AFP
30 µg/L, AFU 180 nkat/L and SA 630 mg/L).
The positive rates and significance of AFP,
AFU and SA in the three groups are shown in Tables
2 and 3.
Results of combined measurement with two
positives among the three tumor markers are shown
in Table 4.
The sensitivity, specificity, positive predictive
value, negative predictive value and accuracy rate
were 86.7%, 98.3%, 93.7%, 96.3% and 94.4%,
respectively.

Table 1 The serum levels of AFP, AFU and SA among patients
in the three groups (x±s)
Groups

AFP(µg/L)

Control
Cirrhosis
HCC

10.2±9.8
14.4±9.0
71.7±38.8 bd

AFU(nkat/L)

SA(mg/L)

106.0±36.5
126.8±52.1
284.5±102.6 bd

513.7±57.8
522.7±70.5
636.7±76.6bd

b
P<0.01, compared with controls, dP<0.01, compared with
cirrhosis.

Table 2
groups

Positive rates of AFP, AFU and SA among the three
AFU

Groups
Controls
Cirrhosis
HCC

Table 3

n
1
2
21

AFU

(%)

n

(3.3)
(6.7)
(70.0)

1
4
23

SA

(%)

n

(%)

(3.3)
(13.3)
(76.7)

2
5
21

(6.7)
(16.7)
(70.0)

Significance of AFP, AFU and SA
AFP

Sensitivity
70.0(21/30)
Specificity
95.0(57/60)
Positive predictive value 87.5(21/24)
Negative predictive value 86.4(57/66)
Accuracy
86.7(78/90)

(%)

AFU

SA

76.7(23/30)
91.7(55/60)
82.1(23/28)
88.7(55/62)
86.7(78/90)

70.0(21/30)
88.3(53/60)
75.0(21/28)
85.5(53/62)
82.2(74/90)
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Table 4 Results of combined measurement of serum AFP, AFU
and SA in the three groups
Postivity

Groups
Controls
Cirrhosis
HCC

n

%

0
1
26

0.0
3.3
86.7

Patients with HCC showed both positive AFU
and AFP in 16/30 patients and negative results in 2/
30 patients. Of the remaining patients, 5 were positive in AFP and negative in AFU, and 7 were negative in AFP and positive in AFU (Table 5). No
correlation was found between AFP and AFU
(P<0.05).

Table 5 Comparison between AFP and AFU in patients with
HCC
AFU

AFP
Positive
Positive
Negative
Total

16
7
23

Negative
5
2
7

Total
21
9
30
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them as shown in Table 5. Therefore, AFU may be
considered as an additional useful marker for detection of HCC.
The SA was considered to be associated with
behaviour of malignant tumors. In our studies, its
positive rate in patients with HCC was 70% as reported by many other authors[8,9]. The serum level
of SA in HCC was also high and was positive in
71.4% when AFP was negative.
The main purpose of using combined measurement of tumor markers is to eliminate the false negative and false positive results as reported by many
authors [1,4,5,10]. We used combined measurement of
serum AFP, AFU and SA of patients with HCC.
With this measurement, any two positives among
the three tumor markers as the diagnostic criteria,
the sensitivity, specificity, positive predictive
value, negative predictive value and rate of accuracy
in HCC patients were 86.7%, 98.3%, 93.7%,
96.3% and 94.4%, respectively. Six of 9 patients
with HCC who had negative AFP had positive results in both AFU and SA. None of 3 patients with
liver cirrhosis and controls who had positive AFP
had positive results in AFU and/or SA. Therefore,
combined measurement of serum AFP, AFU and SA
is of practical significance in diagnosis of HCC.
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INTRODUCTION
［1,2］
The relationship between PHC and contamination of drinking water has been reported in some papers
. In Qidong, a
PHC high-incidence area, the epidemiological investigation showed that there may be one or various carcinogens in the
［3］

drinking water from various sources

, but these data were epidemiological results. Using a simple and effective

micronucleus testing technique to evaluate environmental contamination, we observed the micronucleus effect of human
peripheral lymphocytes induced by the drinking water from various sources. We reviewed and analyzed previous research
data, together with the results of epidemiological investigation, in order to provide more convincing experimental evidence for
the pathogenesis of PHC induced by drinking water.
MATERIAL AND METHODS

Experimental materials
Water samples. Water samples were taken from house pool water (HPW), field canal water (FCW) and tap water (TW or deep
well water). Water samples of these 3 types were collected in the same area, filtered, boiled and concentrated 100 times for
use. Double distilled water (DDW) was used as the control. Blood samples. Obtained from 38 year old male volunteers with no
diseases in physical check up.
file:///C|/Documents and Settings/Administrator/桌面/183.htm（第 1／3 页）2011-1-19 16:35:31
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Experimental methods
Preparation of micronucleus. Put 0.3ml venous blood from volunteers into each culture flask containing heparin 50mg/L ,
and then add PHA 0.2ml, RPMI-1640 culture solution (contains 20% bovine serum) 4.5ml, and water samples 0.05ml-0.15ml.
Keep the flask at 37℃ in an incubator for 72 hours, and shake them every 12 hours. Micronucleus was prepared according to
［4］

the method reported by us

.

Indices observed. ① Cell growth of each experimental group each day, and ② micronucleus. Using a double blind test, we
checked each sample under oil immersion objective to choose transformed lymphocytes which are intact and clear.
Micronucleus number was counted with ‰ in 2000 lymphocytes of each blood sample. The standard to evaluate micronucleus
has been
［5］
reported
.

Experimental grouping
Each of the 3 experimental groups (HPW, FCW and TW) was divided into 3 subgroups according to different doses of water
samples (0.05ml, 0.10ml and 0.15ml) together with DDW, there were totally 10 experimental groups.
RESULTS

Morphologic observation of cultural cells in each experimental group
The cytotoxicity of 3 subgroups of HPW was very strong, with only a few transformed lymphocytes, and damaged membrane
structure of many cells, so that the micronuclei could not be observed and the micronucleus frequency (MNF) could not be
counted. The cell growth was in relatively good condition in FCW. The majority of lymphocytes were transformed with a full
appearance and had intact membrane, but the cytotoxicity was enhanced with increasing doses of experimental water, and
numbers of micronuclei induced were also increased. The situation of cell growth in TW groups was better than that of FCW
groups. There was a weak cytotoxicity, MNF in each subgroup was lower than that of FCW groups. The cell growth condition
of DDW groups was the best. There were lots of clear, transformed lymphocytes with intact membrane, abundant cytoplasm
and few micronuclei.

Dose-response relationship of MNF induced by water in each experimental group
Compared with DDW group, the MNF induced by FCW groups was the highest, and that of TW water groups was relatively
lower, which rose with increasing doses of water in each experimental group (Figure 1).
Figure 1(PDF) Dose-response relationship of MNF induced by various water samples.
DISCUSSION
Primary hepatocellular carcinoma (PHC) is one of ten common malignant tumors in the world. Qidong is a high-risk area of
PHC in China, and its annual mortality remains at above 50/100000 . Genetic epidemiological and experimental research data
showed that PHC was caused by a complex of etiologic factors, including HBV infection, liver disease history, heredity, sex, etc
［6,7］

. Contamination of drinking water may be one of the causes of PHC. The results of this study showed that the degree

of cytotoxicity of drinking water from various sources was in the order of HPW＞FCW＞TW＞DDW and the effect of various
drinking water samples on inducing micronuclei of human peripheral lymphocytes was FCW＞TW＞DDW, and MNF was
elavated with the increasing dose of each experimental group. Previous research data showed that the incidence rates of PHC
varied in Qidong residents who drank water from various sources. The incidence was HPW (141.40/100000 ), FCW
(72.32/100000 ), river water (43.45/100000), shallow well water (22.26/100000) and deep well water (11.70/100000)
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with significant difference (P＜0.01) . This suggests that MNF induced by drinking water from different sources correlates with
the incidence of PHC in the population who drink the corresponding water. In other words, if the residents drink badly polluted
water, the effect on micronucleus will be strong, and incidence rate of PHC will be high. Our experimental results are
consistent with the results of epidemiological investigation. These data have confirmed the close relationship between drinking
water and PHC incidence in the high-risk population of PHC, and the polluted drinking water may be one of the causal factors
in PHC.
Recent reports showed that microcystin contents (MC), a kind of PHC carcinogen from a certain poisonous algae, was
detected in the drinking water of Haimen area, a neighbour of Qidong City. The positive rates (＞50ng/L) of MC in drinking
water from various sources were 17.3% (house pool water), 31.9% (river water), 4.3% (shallow well water) and 0.0% (deep
well water). The average contents of each of these water samples were 101ng/L, 160ng/L, 68ng/L and 0ng/L, respectively.
［8］
. The more serious the contamination of drinking water, the higher is its MC

The difference was significant (P＜0.01)

content. The relationship between MC and PHC incidence rate in residents drinking water from various sources should be
further studied. It can be suggested that drinking deep well water, or improving the quality of drinking water may be of great
significance in the prevention of PHC.
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Editorials

Molecular biology and the diagnosis and treatment
of liver diseases
Howard J. Worman, Feng Lin, Naoto Mamiya and Paul J. Mustacchia
Subject headings liver disease; molecular biology; viral
hepatitis; metabolic diseases; recombinant DNA; rational
drug design; gene therapy

Molecular biology has made a tremendous impact
on the diagnosis and treatment of liver diseases[1].
This review will provide several recent examples.
Emphasis will be placed on how molecular biology has
influenced the diagnosis of viral hepatitis, autoimmune
and metabolic liver diseases. The use of recombinant
DNA technology for drug development and the
possibility of gene therapy as a treatment modality
will then be discussed.
DIAGNOSIS OF VIRAL HEPATITIS
Hepatitis B

Approximately 350 000 000 individuals are
chronically infected with the hepatitis B virus
(HBV) worldwide and the disease is endemic in
eastern Asia including China [2]. As viral protein
antigens can be readily detected in serum, chronic
HBV infection can usually be diagnosed by
serological assays for the presence of hepatitis B
surface antigen (HBsAg). HBsAg is detectable in
virtually all infected individuals and the hepatitis B
e antigen (HBeAg) is detected in most individuals
with high levels of viral replication. Serological
assays, usually enzyme linked immunosorbant assays
(ELISAs), can utilize either proteins purified from
serum or recombinant proteins expressed in yeast or
tissue culture cells. ELISAs for detection of antigens
can utilize monoclonal antibodies.
Because HBV infection can usually be
diagnosed by serological assays, molecular biological
methods to measure or detect nucleic acids are
usually not necessary in routine clinical diagnosis. In
some instances, however, measurement of viral
nucleic acids from serum may be helpful in the
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assessment of patients with chronic hepatitis B.
Viral nucleic acid concentrations in serum can be
assessed by hybridization to complementary DNA
sequences and by a branched chain DNA (bDNA)
assay[3]. Such assays can be quantitated to provide
estimates of the concentration of viral DNA in
serum. As serum viral DNA concentrations may
be predictive of prognosis or of response to
treatment and prognosis, estimation of viral loads
may be useful clinically.
Polymerase chain reaction (PCR)
amplif i c a t i o n [ 4 , 5 ] of HBV DNA is also relatively
easy as HBV is a double stranded DNA virus whose
genome is fairly stable in blood and tissue.
Sequencing of amplified DNA can be performed to
identify mutant viruses of clinical significance.
Truncating mutations in the HBV precore gene have
been identified that prevent secretion of the e
antigen but allow the continued assembly of
infectious virus[6,7]. Such mutant strains may be actively
replicating even though HBeAg is not detectable using
serological assays.
Hepatitis C

In Western countries, molecular biology has
arguably had its greatest clinical impact with regards to
liver diseases in the diagnosis of viral hepatitis C.
Although the virus that causes hepatitis C cannot be
propagated in cell culture, molecular biological
methods have enabled the identification of this virus
and determination of the sequence of its entire
genome. This has revolutionized the practice of
hepatology.
The hepatitis C virus (HCV) was identified in
1989 by investigators at Chiron Corporation [8].
HCV was identified by antibody screening of cDNA
expression libraries made from DNA and RNA from
the plasma of chimpanzees infected with serum from
humans with what was then called non-A, non-B
hepatitis. The expression library was screened with
serum antibodies from patients with non-A, non-B
hepatitis. This work led to the isolation of cDNA
clones that were derived from portions of the HCV
genome and encoded fragments of viral
polypeptides. The authors also showed that HCV
was a positive stranded RNA virus[8] and that the
vast majority of individuals with chronic non-A,
non-B hepatitis had antibodies against this virus[9].
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Following the identification of fragments of the
HCV genome, the entire genome was cloned and
sequenced in several laboratories[10-13]. This work
showed the HCV genome to be a positive stranded RNA
of approximately
10 000 nucleotides with a
single open reading frame encoding a polyprotein of
3010 to 3033 depending upon the strain (Figure 1) .
The polyprotein is processed by host cell and virally
encoded proteases into several structural and nonstructural polypeptides (Figure 1) . The structural
proteins are the core and two envelope polypeptides.
The several non structural proteins have various different
enzymatic functions.

Figure 1 Schematic diagram of the HCV genome and proteins.
The positive stranded RNA of about 10000 nucleotides is
translated into a polyprotein of approximately 3 000 amino acids.
This polyprotein is proteolytically cleaved into several smaller
proteins. Core, E1 and E2 are structural polypeptides. Core
protein is the virus nucleocapsid and E1 and E2 are viral envelope
proteins. A small polypeptide known as P7 (not shown) is also
produced by additional cleavage between E2 and NS2. The major
non-structural proteins are NS2, NS3, NS4 and NS5. NS4 is
further processed into NS4A and NS4B and NS5 into NS5A and
NS5B. NS2 and part of NS3 are proteases that process the viral
polyprotein. NS3 also has RNA helicase activity. NS4A is a
cofactor for the NS3 protease and NS5B is an RNA-dependent,
RNA polymerase. The functions of NS4B and NS5A are less well
understood but NS5A is thought to play a role in determining
sensitivity to interferon.

ELISAs utilizing recombinant HCV polypeptides
have been available since the discovery of the virus
to detect antibodies against HCV. In individuals
with risk factors, the presence of anti-HCV
a n t i b o d i e s and an elevated serum alanine
aminotransferase activity is highly sensitive for the
diagnosis of infection. However, false positive
antibody tests are not uncommon and some
individuals with HCV in fection develop antibodies
at low titers that may not be detected.
In the past few years, assays have become
routinely available for the detection of HCV RNA
in serum. In the bDNA assay, viral RNA is
captured by virus-specific nucleotide probes
followed by hybridization to branched DNA
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molecules which are detected by a chemiluminescent
substrate system [3,14]. The bDNA assay can be
quantitated and is relatively easy to perform in the
routine clinical laboratory. However, bDNA is of
lower sensitivity than PCR that is now available to
detect HCV RNA is serum and tissue. Since the
HCV genome is RNA, reverse transcription must be
performed before HCV complementary DNA
sequences can be amplified by PCR. The amplified
cDNA products are separated by agarose gel
electrophoresis and detected by a variety of methods
such as ethidium bromide staining or Southern
hybridization. Care must be taken in the clinical
laboratory to avoid contamination when using reverse
tr a n s c r i p t i o n - P C R t o d e t e c t H C V R N A ,
however, the standardization of this method in
excellent clinical laboratories has made it the goldstandard for the detection of HCV infection. PCR
has even been made semi-quantitative by using
competitive inhibitors or highly standardized assay
procedures.
The ability to readily reverse transcribe,
amplify and s equence HCV RNA has led to the
identification of several HCV genotypes [15]. By
using different PCR primers and probes to amplify
and detect different sequences from various isolates,
routine HCV genotype analysis is possible in the
clinical laboratory [16,17]. Different genotypes may
differ in the severity of disease they cause and the
response to treatment[18].
Hepatitis G

Sensitive molecular biological techniques led to the
identification of a new virus in 1995 and 1996 in
individuals with hepatitis [19,20]. This virus, termed
both hepatitis G virus (HGV) and GB-C virus, is a
novel Flavivirus with approximately 25% sequence
identity to HCV. The initial identification of this
virus was originally met with considerable
enthusiasm as it was proposed to be a relatively
common cause of non-A, non-B, non-C acute and
chronic hepatitis. However, subsequent studies[21,22]
have questioned the etiological role of HGV/GB-C
as a cause of serious liver disease. Most investigators
now feel that HGV/GB-C infection is quite
common but that it does not cause clinically
significant liver disease.
AUTOIMMUNE LIVER DISEASES

Autoimmune liver diseases such as primary biliary
cirrhosis, autoimmune hepatitis and sclerosing
cholangitis are associated with the presence of
various autoantibodies. Although the
pathophysiological significance of these
autoantibodies are generally unclear, their detection
is central to diagnosis. Basic molecular biological
methods have made possible the identification and

Howard J, Worman, et al. Molecular biology and the diagnosis and treatment of liver diseases

cDNA cloning of some of the intracellular protein
antigens and the predominant epitopes recognized
by disease-specific autoantibodies. This work has
led to the development of assays for their detection
that can be used in the clinical laboratory.
Illustrative examples on the identification of
intracellular antigens recognized by autoantibodies
in a liver disease come from work on primary biliary
cirrhosis (PBC). Almost all individuals with this
disease have autoantibodies directed against the E2
subunits
of
mitochondrial
oxo-acid
dehydrogenases [23-25] and about 25% of patients
have autoantibodies against gp210, an integral
membrane protein of the nuclear pore
complex [26,27] . Autoantibodies of these specificities
are virtually 100% specific for primary biliary
cirrhosis.
Screening of bacteriophage lambda cDNA
expression libraries with autoantibodies from
patients with PBC was used to identify the E2
subunits of the pyruvate dehydrogenase complex,
the branched chain 2-oxo-acid dehydrogenase
complex and the 2-oxo-glutarate dehydrogenase
complex as the mitochondrial autoantigens in this
disease [24,25,28-30] . ELISAs utilizing expressed
recombinant proteins have been devised that are
sensitive and specific for the detection of antibodies
against these proteins [23,31,32]. Determination of the
immunodominant epitopes the E2 subunits of all
three oxo acid dehydrogenases has allowed for the
construction a designer hybrid clone that contains
the major epitope of each£Û32£Ý. An immunoassay
utilizing a polypeptide expressed from this hybrid
clone is highly sensitive and specific for the
diagnosis of PBC[32].
In 1990, nuclear pore membrane glycoprotein
gp210 was identified as an autoantigen recognized
by approximately 25% of individuals with PBC[33].
Using overlapping cDNA for gp210, its
immunodominant epitope which was mapped to a
stretch of 15 amino acids in this protein of over 1880
amino acids [34]. Based on this information, two
ELISAs have been developed for the detection of
autoantibodies, one which utilizes a recombinant
HJfusion protein expressed in bacteria[35] and the other
which uses a synthetic polypeptide[36].
As PBC is a relative uncommon diseases, assays
to detect autoantibodies again oxo-acid
dehydorgenase subunits and gp210 have not received
much commercial attention. These examples
nonetheless demonstrate how molecular biology can
impact on the diagnosis of a relatively rare disease.
G E N E D I S C O V E RY A N D M E TA B O L I C L I V E R
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some of the major metabolic diseases that affect the
liver. In the past decade, genes mutated in Wilson
disease, hereditary hemochromatosis, congenital
hyperbilirubinemias and inherited cholestatic
disorders have been discovered (Table 1) . These
discoveries will permit the use of molecular
diagnostic methods to diagnose these disorders. An
understanding of the defective genes will also lead to
new treatment options. This section reviews some of
the major discoveries of genes responsible for
metabolic liver diseases in the 1990s. The entry
number for On line Mendelian Inheritance in Man
(OMIM; http://www3.ncbi.nlm.nih.gov/Omim/) is
given for each diseased that is discussed.
Table 1 Some inherited diseases that affect the liver and the genes
that were indentified in the 1990s by molecular biological and
genetic methods.
Disease

Gene

Wilson disease
Hereditary hemochromatosis
Crigler-Najjar syndrome
Dubin-Johnson syndrome
Benign Recurrent Intrahepatic
Cholestasis
Progressive familial Intrahepatic
Cholestasis Type 1

Cu-transporting ATPase
HFE
UDP-glucuronosyltransferase
cMOAT
P-type ATPase
P-type ATPase

Wilson disease (OMIM # 277900)

Wilson disease is an autosomally inherited disorder
that causes changes in the basal ganglia and liver
that respectively lead to neuropsychiatric disease,
hepatitis and cirrhosis. Abnormalities in serum
ceruloplasmin, urinary copper excretion and copper
accumulation in the liver have for many years
suggested a primary defect in copper metabolism as
the cause. In 1985, the Wilson disease gene was
shown to be linked to the esterase D locus on
chromosome 13 [37]. Over the next eight years, the
Wilson disease locus was more precisely localized by
genetic analysis of various families and individuals
and was placed at the junction of band q14.3 and
q21.1 on chromosome 13 in 1993 by using
fluorescence in situ hybridization studies of
chromosomal aberrations [38] . Finally, in 1993,
several yeast artificial chromosomes spanning this
region were molecularly cloned and a gene encoding
a P-type ATPase that was mutated in individuals
with Wilson disease was identified [39-41] . This
ATPase was highly similar to the ATPase previously
shown to be responsible for Menke disease, another
disorder of copper metabolism, and is thought to be
a copper-translocating ATPase. At least 70 different
mutations have since been described in this copperATPase gene in individuals with Wilson disease[42].

DISEASES

Hereditary hemochromatosis (OMIM #235200)

Advances in positional cloning and genomics have
led to the identification of the genes responsible for

Hereditary hemochromatosis is the most common
inherited disease in individuals of European
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descent [43]. Homozygous individuals suffer from the
complications of excess iron deposition in the liver,
heart, joints and some endocrine organs. Excessive
hepatocyte iron causes hepatitis and cirrhosis. The
disease often goes undiagnosed which is especially
unfortunate because phlebotomy is effective
treatment.
In the 1970’s, hereditary hemochromatosis was
linked to the HLA-A locus on chromosome[44-46]. In
1996, investigators at Mercator Genetics[47] used
linkage disequilibrium and full haplotype analysis to
identify a candidate gene for hemochromatosis on
chromosome 6. They termed this gene HLA-H
because of its homology to other MHC class I
family members; the current accepted designation
of this gene is HFE . A guanine to adenine transition
at coding nucleotide 845 of this gene resulted in a
cysteine to tyrosine substitution at amino acid
residue 282 in the protein in 85% of 178 patients
they examined. Several other studies subsequently
confirmed the mutations identified by the group at
Mercator Genetics£Û48-50£Ý and the cysteine
to tyrosine substitution in HFE is now felt to be present in
between 70% and 100% of individuals with hered
itary hemochromatosis [51] . Another mutation
i n HFE that converts histidine 63 to aspartate also
increases the relative risk of for the development of
hemochromatosis in individuals who are
heterozygous for the cysteine to tyrosine substitution
at amino acid 282[47,52].
When the HFE gene was discovered, it was
unclear how a protein with homology to MHC class
I proteins could be involved in the regulation of
iron metabolism. Recently, however, it has been
shown that the protein encoded by HFE associates
with the transferrin receptor and decreases the
affinity of transferrin receptor for iron bound
transferrin [53-55]. The cysteine to tyrosine mutant
protein does not interact with transferrin receptor
and hence does not decrease its affinity for ironbound transferrin, while the histidine to aspartate
mutant protein associates with transferrin receptor
but does not decrease its affinity for iron bound
transferrin as much as the wild type protein [54] .
These findings can explain how mutations in the
HFE gene product cause iron overload.
Crigler-Najjar syndrome type 1 (OMIM
#218800)

Individuals with Crigler-Najjar syndrome type 1
have a complete absence of activity of the UDPglucuronosyltransferase isoform that catalyzes the
conjugation of bilirubin to mono and diglucuronides [56,57]. Affected individuals present with
severe childhood disease manifested by jaundice,
kernicterus, resultant abnormal neurologic
development and early death. Patients with Crigler-
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Najjar syndrome type 2 have a partial deficiency of
this enzyme activity and generally survive through
adulthood without significant problems[57]. A single
gene of chromosome 2 called UGT1 encodes
bilirubin, phenol, and other UDP
glucuronosyltransferase isozymes with identical
carboxyl termini[58]. Several different mutations in
UGT1 have since been described in individuals with
Crigler Najjar syndrome type 1[58-61].
Dubin-Johnson syndrome (OMIM #237500)

Dubin-Johnson syndrome results form the inability
of conjugated bilirubin to be secreted from
hepatocytes. A cDNA for a rat multispecific organic
anion transporter (cMOAT), a protein homologous
to the multidrug resistance proteins that is located in
the canalicular membrane of hepatocytes, was
characterized in 1996£Û62£Ý. In 1997, the human
o r t h o l o g u e o f r a t c M O AT w a s m a p p e d t o
chromosome 10q24[63]. The human cMOAT cDNA
was cloned and sequenced in 1997[64] and mutations
in this gene have been identified in individuals with
Dubin Johnson syndrome[64,65].
Benign recurrent intrahepatic cholestasis
(OMIM #243300) and progressive familial
intrahepatic cholestasis type 1 (OMIM #
211600)

Benign recurrent cholestasis type 1 or Summerskill
syndrome is characterized by intermittent episodes
of cholestasis without extrahepatic bile duct
obstruction. The symptoms usually spontaneously
resolve after periods of weeks to months and
patients generally have a good prognosis. In 1994, a
candidate gene was localized by linkage
disequilibrium to chromosome 18[66], and in 1997,
the localization was further refined to chromosome
18q21 [67]. Progressive intrahepatic cholestasis or
Byler disease was first described in the OLd Order
Amish. This condition is severe and usually leads to
death within the first decade of life. Because both
benign recurrent intrahepatic cholestasis type 1 and
progressive familial intrahepatic cholestasis have
similar symptoms, albeit different prognoses, it was
suspected that they may be caused by different mutations
in the same gene. In 1995, the gene for progressive
familial
intrahepatic
cholestasis
was
m a p p e d t o chromosome 18q21-22, the benign
recurrent intrahepatic cholestasis region, in an
extended Amish kindred [68]. In 1998, a gene at this
l o c u s t h a t e n c o d e s a P - t y p e AT P a s e w a s
identified [69] . Different mutations in the gene
encoding this P-type ATPase were identified in
individuals with benign recurrent intrahepatic
cholestasis and progressive familial intrahepatic
cholestasis type 1. The P-type ATPases responsible
for these two diseases likely actively transports bile
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salts across cell membranes. Depending upon the
specific mutation in this P-type ATPase, a
cholestatic disorder with a relatively benign or very
severe phenotype can result.
MOLECULAR BIOLOGY AND DRUG DEVELOPMENT
Recombinant vaccines to prevent viral
hepatitis

Molecular biology has had an impact on the
development of safe vaccines to prevent viral
hepatitis. The greatest impact has been in the
development of vaccines against HBV. Highly
effective HBV vaccines have been produced by
recombinant DNA technology [70,71] . For these
preparations, HBV surface antigen is generally
produced as a recombinant protein in yeast. In a
landmark study published in 1997, it was
demonstrated that universal hepatitis B vaccination
reduced the incidence of hepatocellular carcinoma in
children in Taiwan[72]. Universal vaccination with
relatively inexpensive preparations produced by
recombinant DNA technology could lead to the
eradication of this disease. The use of recombinant
proteins for vaccination against hepatitis viruses
other than HBV has lagged. Preliminary results in
monkeys suggest that vaccination with a
recombinant protein containing part of the viral
capsid antigen may be protective against hepatitis
E [73] .
Recombinant interferons for viral hepatitis

Interferon alpha is used in the treatment of chronic
hepatitis B and C [74]. Cloning of the cDNA for
interferon alpha has made it possible to produce it
using recombinant DNA technology. Several slightly
different recombinant preparations with various
amino acid substitions are available. Although much
leaves to be desired regarding long-term cure rates
of treated individuals, recombinant interferons
currently provide a partially effective first line
treatment option for individuals with hepatitis B
and C.
Rational drug design

Determination of the three-dimensional structures
of target molecules facilitates the design of
compounds that inhibit or possibly enhance the
functions of the target. For example, inhibitors of
an enzyme can be rationally designed if the threedimensional structure of the active site is known.
Structure based design can be combined with high
throughput combinatorial
methods to rapidly
identify compounds that are effective against a
target.
The ability to express portions of proteins from
recombinant cDNA clones has tremendously
simplified the ability to purify starting materials for
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structural studies. Improvements in methods for Xray crystallography and nuclear magnetic resonance
spectroscopy have also reduced the amount of time
and starting material required for accurate structure
determination. These advances have recently had an
impact in the rational design of drugs to treat liver
diseases as exemplified by the structure
determinations of several non structural proteins of
HCV (Table 2) . The NS3 polypeptides has two
functional domains, one with protease activity that
cleaves the viral polyprotein at several sites and the
other with RNA helicase activity that unwinds viral
RNA. Both of these activities are necessary for viral
replication. Expression of recombinant polypeptides
of the protease and helicase domains of NS3, as well
as the protease domain complexed with its co-factor
NS4A, has permitted their three dimensional
structures to be determined[75-78]. Based on this
knowledge, pharmaceutical and biotechnology
companies are in the process of rationally designing
inhibitors of these essential viral enzymatic
functions.
Table 2 HCV non-structural proteins with three-dimensional structures determined and published in the literature
Polypeptide Function Reference
NS3 protease domain

Protease that cleaves HCV polyprotein

75,76

at several locations
NS4A (complexed to NS3) Cofactor for NS3 protease

76

NS3 RNA helicase domain Unwinds viral RNA

77, 78

Novel processes have also recently been used to
determine the structures of hepatitis viral proteins.
Despite many efforts, the core protein of HBV has
eluded crystallization. However, high resolution
cryoelectron microscopy has recently been used to
establish the three-dimensional structure of
complexes of this protein[79,80]. This knowledge can
also provide a rational foundation to develop
inhibitors of HBV particle assembly.
With regards to liver diseases, rational drug
design is not limited to hepatitis virus. For example,
the domain of the hemochromatosis protein HFE
that binds to transferrin receptor has been expressed as
a recombinant protein and its three-dimensional
structure determined by X-ray crystallography [55].
This knowledge can lead to the potential design of
drugs that bind to transferrin receptor in a similar
fashion to inhibit cellular iron uptake that may be
increased in hereditary hemochromatosis because of
defective HFE binding.
Gene therapy

Gene therapy for gastrointestinal and liver diseases
have been reviewed in detail elsewhere [81,82]. A
detailed discussion of hepatic gene therapy is beyond
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the scope of this paper and only some of the major
areas are touched upon here. Hepatic gene therapy
will probably have the greatest initial impact in the
treatment of inherited metabolic diseases but
variations on classical techniques may also find
utility in the treatment of viral diseases, cancer and
in the production of vaccines.
In ex vivo hepatic gene therapy, hepatocytes
are removed from the patient, cultured in vitro and
the desired expression vector is introduced into the
cultured hepatocytes. The transduced or transfected
hepatocytes are then introduced into the portal vein
and lodge in the patient’s liver. Hepatocyte directed
ex vivo gene therapy has already been performed in
human subjects with familial hypercholesterolemia
using the low density lipoprotein (LDL) receptor
gene [83]. Several treated patients had persistent and
significant reductions in serum cholesterol and LDL
concentrations.
In vivo gene therapy is also an option for the
treatment of liver diseases. In in vivo gene therapy,
gene transfer vectors are introduced directly into the
patient and taken up by the liver. Vectors for
hepatic in vivo gene therapy include DNA
complexed with proteins, DNA in liposomes, naked
DNA and hepatotropic viral vectors such as those
based on adenovirus.
Besides the transfer of human genes, other
nucleic acid based therapies may be useful in the
treatment of liver diseases. Antisense
oligonucleotides [84] can be used to inhibit the
expression of genes such as those essential for the
replication of hepatitis viruses. Ribozymes are
catalytic RNA molecules that can also be used for
similar purposes[85]. Direct injection of DNA vectors
into human cells may also be used for the production
of vaccines against viral hepatitis [86]. All of these
techniques are in their infancy, however, clinical
trials will likely be common in the next decade.
CONCLUSIONS
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Molecular biology will continue to have a
tremendous impact on the diagnosis and treatment
of liver diseases. The basic research conducted in
the past three decades will revolutionize the way
hepatology, and all of medicine, is practiced. As a
result, common conditions such as viral hepatitis B
and C and inherited metabolic diseases affecting the
liver such as hemochromatosis will hopefully vanish
from the world.
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Since the central nervous system was first
demonstrated to be involved in regulation of gastric
function by Pavlov [1], and Selye[2] established the
stress theory that physicopsychiatric stress altered
physiological functions[3], electrical stimulation or
lesion of specific brain nuclei identified specific sites
in the hypothalamus, limbic system, and medulla
that influence gastrointestinal functions. A plethora
of peptides have been characterized in the brain by
immunohistochemical and molecular biological
techniques [4] . The development of retrograde
tracing techniques combined with
immunohistochemistry reveals that these peptides
are localized in the nerve fibers or cell bodies of the
hypothalamus and medulla which are important sites
for autonomic nervous outflow to the
gastrointestinal tract [5,6]. Based on these studies,
Ta c h é f i r s t r e p o r t e d t h e e ff e c t o f c e n t r a l
neuropeptides in regulation of gastric functions[7,8].
Since then, more than 40 peptides have been
examined and it is well established that many
neuropeptides, such as thyrotropin releasing
hormone (TRH), corticotropin releasing factor
(CRF), neuropeptide Y (NPY), bombesin and
somatostatin, mediate a central nervous system
induced stimulation or inhibition of gastrointestinal
function [9,10]. On the other hand, the liver is also
richly innervated [11,12] and retrograde tracing
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technique has revealed hepatic innervation through
the vagus originating in the medulla [13], where
abundant neuropeptides exist. This review
introduces the current knowledge of central nervous
system regulation of hepatic functions by various
neuropeptides.
THYROTROPIN RELEASING HORMONE (TRH)

TRH exists in the central nervous system and
abundant TRH immunoreactive nerve terminals and
TRH receptors are localized in the dorsal vagal
complex including the vagal motor nucleus and the
nucleus of
the
solitary
truct [14,15] .
Neuropharmachological studies demonstrated that
TRH displayed a vast array of central nervous
system-mediated actions unrelated to its
physiological roel in the regulation of the pituitary
thyroid axis[16]. TRH injected into the cerebrospinal
fluid or into specific brain nuclei exerted a variety
of behavioral effects. Accumulated evidence also
demonstrated that TRH had potent central nervous
system mediated stimulatory effects on
gastrointestinal secretion, motility and transit, as
well as on the development of gastric ulceration in
rats and other animals[7,8,17,18] Mapping studies using
microinjection of TRH or TRH analogs into
selective nuclei have identified brain sites important
for stimulation of gastric secretion and motility.
The gastric secretory response has been elicited by
microinjection of TRH into the lateral and the
ventromedial hypothalamus[19]. More sensitive sites
have been identified in the brainstem including the
dorsal vagal complex, the nucleus ambiguus and the
raphe pallidus[20-22].
Hepatic blood flow is composed of hepatic
arterial and hepatic portal blood supplies. In rats
portal blood flow constitutes 80% of hepatic
circulation. Portal blood flow was altered by
electrical stimulation of autonomic nerves and
specific brain nuclei which are important sites for
autonomic nervous regulation [23]. Stimulation of
sympathetic nerves caused constriction of hepatic
arterial and portal vessels, resulting in a decrease of
liver blood volume and flow in hepatic artery, and
an increase in portal pressure [24] .Electrical
stimulation of the hypothalamus produced changes
in intestinal blood flow and, consequently, in portal
vein and in intrahepatic arterial and portal beds[25].
Moreover, stimulation of the medial and posterior
hypothalamus has been reported to increase hepatic
arterial resistance and decrease portal blood flow
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through sympathetic nerves[26]. On the other hand,
using an in vivo microscopic technique in rats,
dilatation of the liver sinusoid following electrical vagal
stimulation and acetylcholine application has
been observed[27,28].
We studied the effect of central TRH analog on
hepatic microcirculation in anesthetized rats[29]. We
used the stable TRH analog, RX 77368, which has
the same receptor affinity and about the times the
potency of natural TRH. In rats under urethan
anesthesia, hepatic microcirculation was assessed by
the hydrogengas clearance method. Intracisternal
injection (the injection into the cisternal magna of
the brain) of TRH analog induced stimulation of
hepatic blood flow by 17%-74% in a dose
dependent manner ranging from 5ng to 100ng.
This stimulatory response of hepatic blood flow to
central TRH analog occurred during the first 15minute observation period, reached a plateau at 30
minutes and returned to basal value at 60 minutes.
On the other hand, intravenous injection of the
TRH analog did not modify hepatic blood flow,
confirming the central but not peripheral action of
the TRH analog. Although this increased hepatic
blood flow by central TRH analog was not modified by
spinal cord transection, it was reversed by
atropine, vagotomy, and N-G-nitro-L-arginine
methyl ester, an inhibitor of nitric oxide and
indomethacin, indicating that TRH acted in the
brain to stimulate hepatic blood flow through vagal,
muscarinic, prostaglandin and nitric oxide
pathways. Mapping studies by microinjection of
TRH analog into the medullary nuclei revealed that
the left but not right dorsal vagal complex was a
responsive site for TRH on modulation of hepatic
blood flow [30] . This finding agreed well with
anatomical evidence that hepatic vagal nerve is
originated in the left, but not right, dorsal vagal
complex[13].
Although in adult animals the liver is normally
in a state of growth arrest, once the liver is
damaged or impaired because of hepatic injury or
liver resection, hepatic regeneration or proliferation
is immediately started. Seventy percent partial
hepatectomy[31] performed in rats initiated a very
striking response in the liver remnant through
hypertrophy and hyperplasia, and returned to its
original size in 7-10 days [31]. Hepatocytes in the
non stimulated liver were essentially arrested in the
G0 state. After partial hepatectomy, growth related events
started almost instantly as the cells underwent the
transition from G0 to G1 state(prereplicative phase), which
lasted about 12 hours, at which point DNA synthesis
(S state) began and peaked at about 24 hours. Mitosis a
similar course 6-8 hours later[32]. Many factors, such as
hormones, peptides and cytokines, were thought to
be involved and may interact synergistically to initiate
and maintain hepatic proliferation. The autonomic
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nervous system was also suggested to play a role in
the liver regeneration and regulation of hormones
and growth factors related to hepatic proliferation.
Partial hepatectomy suppressed the sympathetic
nerve activity [33] and plasma adrenaline and
noradrenaline increased immediately after partial
hepatectomy and α-blockade reversed DNA
synthesis induced by hepatectomy[34,35], indicating
the involvement of an adrenergic effect on hepatic
regeneration. The parasympathetic nervous system
was also suggested to play an important role in
hepatic proliferation. Subdiaphragmatic vagotomy
more strongly suppressed DNA synthesis after
partial hepatectomyas compared with the
splanchnicectomy [36], and selective hepatic branch
vagotomy suppressed or delayed liver regeneration
in partially hepatectomized rats [37]. Moreover,
lesion of the ventromedial hypothalamus has
recently induced hepatic DNA synthesis through the
vagal nerve[38].
The effect of central administration of TRH
analog, RX 77368, on hepatic proliferation has recently
been studied in conscious adult rats [39], because
central TRH was known to activate vagal efferent
fibers [40,41]. Rats was injected with TRH analog
intracisternally and hepatic DNA synthesis was
assessed by thymidine incorporation into the hepatic
DNA fraction and BrdU accumulation 6-72 hours
later. Hepatic proliferation was stimulated by
intracisternal TRH analog (10ng) with a peak response
at 48 hours after peptide injection and returned to basal
at 72 hours. This stimulatory effect by central TRH
on hepatic proliferation was dose related, ranging from
5ng to 100ng assessed at 24 hours. Intravenous TRH
analog did not influence hepatic proliferation,
confirming a central but not peripheral action of TRH.
Stimulation of hepatic proliferation by central TRH
was abolished by hepatic branch vagotomy, atropine
and indomethacin, suggesting that TRH acts in the
brain to stimulate hepatic proliferation through vagal,
muscarinic and prostaglandin pathways. However, NG-nitro-L-arginine methyl ester did not reverse central
TRH induced stimulation of hepatic proliferation as it
did central TRH induced hepatic circulation, indicating
that stimulation of hepatic proliferation is not
secondary to the change in hepatic circulation. These
data suggest that TRH in the central nervous system
may be involved in the vagal regulation of hepatic
proliferation.
These findings led us to speculate that central
TRH might also protect against experimental liver damage,
so effect of central injection of TRH on CCl4 induced
liver injury has been investigated £Û42£Ý. Rats were
coadministered CCl4 (2ml/kg, ip) with TRH analog injected
intracisternally and liver damage was assessed by serum
alanine aminotransferase (ALT) levels. Intracisternal, bnt
not intravenous, injection of TRH analog dose-
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damage and this protective effect of central TRH was
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CRF is one of the brain neuropeptides, and effect of
central CRF on physiological, pharmacological, and
pathophysiological regulations of the gastrointestinal tract
have been reported. Injection of CRF into the
cerebrospinal fluid or the brain nuclei, such as
paraventricular nucleus or loecus ceruleus inhibited
gastric motility and secretion[43-46], and enhanced colonic
motility through the autonomic nervous system[47,48]. Since
CRF is known to act in the hypothalamus and stimulate
the sympathetic nervous outflow, the opposite effect to
TRH on hepatic function was expected when injected
in the central nervous system.
We studied the effect of central CRF on hepatic
microcirculation in anesthetized rats[49]. In rats under
urethan anesthesia, hepatic microcirculation was
assessed by the hydrogen gas clearance method and
laser Doppler. Intracisternal injection of CRF induced
inhibition of hepatic blood flow by 18%-36% in a dose
dependent manner, ranging from 1µg to 5µg . This
inhibitory response of hepatic blood flow to central CRF
was noted during the first 15 minute observation period,
reached a plateau at 30-60 minutes and maintained for
more than 120 minutes. On the other hand, intravenous
injection of the CRF did not modify hepatic blood flow,
confirming the central but not peripheral action of the
TRH analog. Although this deceased hepatic blood flow
by central CRF was not modified by atropine and
vagotomy, it was reversed by hepatic sympathectomy
and 6-hydroxydopamine, which depleted noradrenergic
fibers, indicating that CRF acted in the brain to inhibit
hepatic blood flow through sympathetic and
noradrenergic pathways. The effect of central injection
of CRF on CCl4 induced liver injury has also been
investigated[50]. Rats were injected with CCl4 (2ml/kg,
sc) and CRF was injected just before and 6 hours after
CCl4 administration. Liver damage was assessed by
serum ALT levels. Intracisternal, injection of CRF dose
dependently aggravated CCl4 induced liver damage and
this aggravating effect of central CRF was block by 6hydroxydopamine and chemical sympathectomy.

administration of NPY affected feeding behavior and
visceral function [57] . The bile duct was richly
innervated by autonomic nerves [59] and electrical
stimulation of sympathetic and parasympathetic nerves
and stimulation or lesion of certain hypothalamic
regions[60] altered bile secretion[61,62]. With respect to
the gastrointestinal tract, injection of NPY into the
cerebrospinal fluid stimulates gastric acid and pepsin
secretion, and pancreatic exocrine and endocrine
secretion in rats and dogs [63-65]. Farouk et al[66] and
we[67] have found an effect of central NPY on bile
secretion in dogs and rats. The effect of intracisternal
injection of NPY on bile secretion in urethan
anesthetized rats was investigated [67]. Rats were
anesthetized with urethan (1.5g/kg , ip) and the
common bile duct was cannulated to collect bile
samples. Sodium taurocholic acid (30µmol·kg·h) was
infused intravenously to compensate for bile acid loss
due to biliary drainage. Intracisternal NPY (0.02nmol0.12nmol)dose-dependently stimulated bile secretion
by 9%-20%. The secretory response occurred within
the first 20-40 minutes after injection and lasted 120
minutes. On the other hand, intravenous injection of
NPY (0.12nmol) did not modify bile secretion,
confirming that NPY did not leak from the
cerebrospinal fluid to the peripheral circulation. Thus,
central NPY stimulated bile secretion in a bile acid
independent and bicarbonate dependent bile flow
because central NPY increased only biliary
bicarbonate secretion but not biliary bile acid,
phospholipid or cholesterol secretion. In other words,
central NPY stimulated ductal bile secretion. Although
cervical cord transection, bilateral adrenalectomy or
pretreatment with N-G-nitro-L-arginine methyl ester
did not alter intracisternal NPY induced stimulation
of bile secretion, atropine and bilateral cervical
vagotomy completely abolished the stimulatory effect
of intracisternal NPY on bile secretion, indicating that
NPY acted in the brain to stimulate bile acid
independent bile secretion through vagal and
muscarinic pathways. Mapping studies by
microinjection of NPY into the medullary nuclei have
shown that the left dorsal vagal complex is a
responsive site, like TRH on hepatic circulation, for
NPY on stimulation of bile secretion[68].

NEUROPEPTIDE Y (NPY)

OTHER NEUROPEPTIDES

NPY, a 36 amino acid peptide of the pancreatic
polypeptide family, was first isolated from porcine
brain [51,52] . NPY was localized mainly in the
peripheral nervous system[53], where it contributed
to the innervation of the digestive organs, including
the biliary tree[54]. In the brain, NPY nerve fibers
and terminals, and NPY receptors were localized in
the paraventricular nucleus of the hypothalamus and
the dorsal vagal complex[55-57] which are important
sites for the autonomic nervous system [58]. Central

Besides TRH, CRF and NPY, a few peptides were
suggested to act in the central nervous system to
modulate hepatobiliary function. β-endorphin has
produced 70% inhibition in liver DNA synthesis in
six day old rats[69]. Intracerebroventricular injection
of bombesin with a dose of 10µg induces bicarbonate
dependent inhibition of bile secretion in rats [70].
Moreover, intracisternal injection of opioid peptide,
DAla-Met enkephalinamide decreased bile secretion
in urethan anesthetized rats[71].

CORTICOTROPIN RELEASING FACTOR (CRF)
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Figure 1 Schematic illustration of interaction bween neuropeptides in the central nervous system and hepatobiliary function.

SUMMARY AND CONCLUSIONS
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Several peptides have been established to act
in the brain to influence hepatic function
(Figure 1) . Bile secretion is modified by
central administration of bombesin, opioid
peptide and NPY, hepatic blood flow is
altered by central CRF and TRH, hepatic
proliferation is regulated by central βendorphin and TRH, and central CRF and
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Evolution of gastrointestinal double contrast
radiography in China: researches, application and
popularization
SHANG Ke-Zhong
Subject headings Gastrointestinal diseases/radiotherapy;
barium/diagnostic use;contrast media

Gastrointestinal double constrast radiography
(DC) is a major procedure for gastrointestinal (GI)
diagnoses, even for small and early structural
lesions. Based on experiences reported at home
and abroad, GI radiologists in China have studied
DC in many aspects in the past few decades:
including mechanisms of imaging, physical factors
influencing appearance of images, better
preparation of images barium surfate (contrast
media), substructure of area gastrica,
measurement of image density, significance of
some phenomena and signs, etc. Great efforts have
been dedicated to its clinical application and
popularization throughout the country and
noticeable achievements have made.
MECHANICS OF IMAGING[1-9]

Barium suspension (BS) and gas are contrast media for
DC. Both are fluids. Being influenced by principles of
fluid mechanics, most DC images often appeared
pleomorphic andchangeable.
Wetting It is defined as a phenomenon occurring
upon the contact of the liquid (e.g. BS) with solid (e.
g. GI mucosa). Adoption of a kind of BS which has
appropriate wetting as wellas high concentration
andlow viscosity, is an important prerequiste for DC.
Chinese radiologists have made significant
improvement in the DC quality of home-made barium
preparations[5-9].
Barium collection in recesses More BS is retained in
the concave recesses of theangles formed by any
protruding or depressing part of the mural surface.
This is induced by the cohesive force of thefluid and
the surface phenomenon and has considerable
Department of Radiology, Shanghai Sixth People’s Hospital Shanghai
200233, China
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significance in differentiating protrusion (blurred in outer
side) from depression (blurred in inner side) in nature of
lesions. (Figure 1).
Ad-gravitational wall (Ad wall) and Abgravitational wall (Ab wall) The flow,
spreading, distribution and stagnation of BS in the
air filled sac (such as GI lumen) is much
influenced by the effect of gravity. The wall of
the enclosed sac may be divided into 3 catagories:
Ad wall, Ab wall and lateral wall, just like the
floor, ceiling and lateral wall of a room. These
denominations of the walls are relative and
interchangeable, which depends on the body
position adopted at the time of examination. For
example, the anterior wall of stomach is Ab wall
in supine position, but will be changed to Ad wall
in prone position. One notable point is that the
lesion (e.g. polyp or ulcer) may give similar or
entirely different manifestations when it is located
on the Ad wall or Ab wall. Cretian phenomena
(e.g. hanging droplet) can occur only on Ab wall
whereas others (e.g. barium pool) are limited to
the Ad wall These condotions and terms in DC
imaging are very helpful in understanding and
describing the shape and position of lesions
(Figure 2).
SUB-STRUCTURE OF AREA GASTRICA[10-13]

Using a flexible specimen holder and magnifying
technique, experimental DC was made on 10 human
gastric specimens to investigate the differences in
appearance of area gastric (AG,2mm-3mm in size) by
the authors. The following new finer distinctions were
discovered: silkworm-like and petal-like AG occurring
in 25%-74%; subª²groove and sub-area of AG; the “tepover lines” are helpful in discrimination AG of the
overlapping Ad wall or Ab wall. The diagnostic
significance of such detailed AG study in early gastric
carcinoma has been evaluated. (Figures 3-8).
NEASURMENT OF IMAGE DENSITY[1,3,4]

The image density (E) the figure obtained from a
densitometer, i.e., the logarithm of the degree of
light attenuation (“blackening”) of the part of the
film, was examined by our group. E is an important
qu a n t i f i c a t i o n s t a n d a r d f o r m o r e s u b t l e
differentiation between various parts of DC. We
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measured the E value of different phases in 97 DC cases.
It is the first reported series of measurement of E value
in DC.
PHENOMENA AND SIGNS[14-34]

Some DC phenomena and signs have been investigated.
The results showed that several of them are extremely
valuable for determining the shape, site and nature of?
lesions (Table 1).
Vertical plate phenomenon It is the appearance
of BS coating surface which lies in a direction
tangential to the X-ray beam. It is similar to the change
in transparency of a glass plate when its position is
turned from transverse to vertical. The depth of BS
in the site of vertical plate is much thicker than other
parts. They, therefore, occur as single or multiple
dense white lines. The majority of anatomical and
pathological structures can be better revealed by this
phenomena.
Overlapping white line The term is used to denote
partially visible white line seen through a relatively
shallow barium pool of the ad-gravitational wall. The
overlapping white line is produced by linear image
of the vertical plate that projects within the field of
the Ab wall. We can always trace the existence and
nature of such lesions and to determine its Ab wall
origin (Figure 6).
Tide and rock phenomenon A protrusion (rock)
within the shadow of barium pool(water tide) is rather
similar to the relation between the ebb and tide of
water and a rock in it. A low and small protrusion
could only be demonstrated at “shallow water tide”
phase (Figure 9).
Eye-like sign It is a characteristic feature of polyp
(Figures 10-11).
Foggy droplets sign This is the characteristic feature
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of carcinoma located at Ab wall (Figure 12-19).
Foggy droplets sign This is the characteristic
appearance of lateral wall carcinoma involving the
Ab wall and often accompanied by thefoggy droplets
sign (Figures 12-19).
APPLICATION AND POPULARIZTION[4,34]

GI radiologists in China have been giving increasing
emphasis on the application and popularization of
DC. Seminars have been held each year in
Shanghai and other regions since the 80s. Among
the radiological techniques to be popularized, DC
may be a prominent one in terms of duration and
scale of its nation-wide recommendation throughout
these years.
In many regions of China, DC has been accepted
as a routine technique for GI barium
examination; and is one of the standard of
assessment in testing the specialty level of
radiological practice.
Preliminary data of inquiry from 315 radiology
departments showed that among up to 90 000 DC
cases, the detectability of GI structural lesions in
DE was about 8% higher than when traditional
barium studies were employed. The number of early
GI cancer found by DC has been increased
markedly.
According to a general survey in China, up
to 41% of radiological departments have not yet
employed DC; and in more than 20%, DC
technology has not attained to a qualified standard.
Besides, up to 31% DC cases were misdiagnosed
because of unfamiliarity with DC appearances, or
were not properly interpreted. This status suggests
that more strenuous education of DC should be
continued.

Table 1 Features and frequencies (%) occurring in 200 different lesions of Ab wall[19]

Anterior gastric wall

Lesions
(n=200)

Involving
lateral wall

150

-46
+104

Carcinoma

-33
+72

Foggy
droplets

30(91)
70(97)

Multiple Overlapping
mural lines white line

0
70(97)

16(48)
10(14)

Eyelike

Ring

0
0

0
0

Polyp

19

-12
+7

0
0

0
0

0
0

3
0

12(90)
0

Ulcer

26

-6
+20

0
0

0
0

0
0

0
0

3(50)
0

Localized colon wall
Carcinoma

39

0

5(13)

Polyp
Diverlieulum

8
3

38(97)
0
0

35(87)
0
0

37(95)
5(56)
0

8(100)
3(100)
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Figure 1 Diagramatic drawing shows the different menifestations in protrusion (blurring in outer side) and in depression (blurring in inner
side) caused by barium collection in recesses.
Figure 2 Model DC. The larger round images are protrusions and the smaller ones are depressions. They are all located on Ad wall in A
and in Ab wall in B. Note the difference in protrusion (blurring in outer) and in depression (blurring in inner); and the difference of the same
lesion in Ad wall (A) or in Ab wall in B.
Figure 3 Gastric specimen magnified (×10) with a biomicroscopy shows the substructures of AG.
Figure 4 Area gastrica in clinical DC shows silkworm-like AG, petal-like AG and the step-over lines of two overlapping walls.
Figure 5 DC of human gastric specimen shows the subtle difference of AG in two overlapping walls (upper 1/3 part) and single
unoverlapping wall (lower 2/3 part).
Figure 6 Diagramatic representation of AG. W, silkworm-like AG; SA, sub-AG; SV, subgrooves.
Figure 7 Diagram depicts the step-over lines of AG in two overlapping walls seen in DC film.
Figure 8 Gastric specimen with barium coated and radiographed by soft X-ray showing the ulcer crater and the grooves of AG surounding it.
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Figure 9 The same sized small round protruions located in Ads wall. Note the different appearance in various phase of “tide and rock”.
Those are most distinctable in “low water tide” (arrow).
Figure 10-11 A patient with 6 polyps in gastric antrum. In Fig 10, 3 polyps in Ab wall (anterior wall) appeared as eye-like sign (single
arrow), one in lateral wall apeared as bowler hat sign (double arrows). In Figure 11, the 3 polyps in Ab wall and 3 in Ad wall (single arrow)
all can be seen in horizontal projection.
Figure 12-13 Two patients with gastric carcinoma located in lessor curvature involving Ab wall. Both cases in DC appeared as multiple
mural lines sign and foggy droplets sign.
Figure 14 Sigmoid colon carcinoma appeared as foggy droplets sign.
Figure 15-16 Localized carcinoma of sigmoid colon, two projections in the same case, showing the multiple mural lines sign (double
arrows) and the foggy droplets sign (single arrow). Figure 16 the multiple mural lines sign (double arrows) and overlapping white
lines (single arrow).
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Abstract
AIM To study the relationship between intercellular
adhesive molecule-1 (ICAM-1) and liver cancer
metastasis and to search for factors to predict
metastasis of liver cancer.
METHODS ICAM-1 expression in fresh tissues of
normal liver and hepatocellular cancer (HCC) was
examined by immunoperoxidase staining. The
expression of ICAM-1 in human hepatoma, tumor
surrounding tissues and normal livers were
semiquantitatively analyzed by Dot immuno blot.
Tissue ICAM-1 expression at mRNA level was
detected by Northern blot.
RESULTS All 6 cases of normal liver samples were
negative in anti-ICAM-1 immunohistochemical staining,
80.0% (36/45) of HCC presented various ICAM-1
expression. The number of positive cells was a little
higher in large tumors, tumors with intact capsule and
metastasis, but there was no significant difference.
Two cases with cancer embolus also had high ICAM-1
expression. ICAM-1 concentration in HCC (13.43±0.09)
was higher than that in tumor surrounding tissues (5.
89±0.17, P<0.01) and normal livers (4.27±0.21,
P<0.01). It was also higher in metastasis group (20.
24±0.30) than in nonmetastasis group (10.23±0.12,
P<0.05). Northern blot analysis revealed that ICAM-1
expression at mRNA level was also higher in HCC and
cancer embolus than that in tumor surrounding tissues
and normal livers.
CONCLUSION Tissue ICAM-1 could indicate the
growth and metastasis of HCC, and may be an
index that can predict liver cancer metastasis.
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INTRODUCTION

Tumor metastasis is one of the main causes of poor
prognosis of hepatocellular carcinoma (HCC) [1].
The processe of metastasis includes dissociation of
tumor cells from primary location; arrest, adhesion
and extravasation of metastatic tumor cells.
Adhesive molecules on endotheliocyte suchas
selectin cause circulating tumor cells to roll along
the surface. Other molecules on tumor cells including
intercellular adhesive molecule-1 (ICAM-1), vascular
cellular adhesive molecule-1 (VCAM-1) and so on,
subsequently stop the cells completely, then
extravasated through the blood vessels into selective
target tissues. During the metastatic cascade,
tumor cells interact with various host cells
(endothelial cells, platelets or lymphocyte), and/or
extracellular matrix and basement membrane
components, the homotypic and heterotypic cell
clumps form a multicellular embolus, which can
enhance the survival, arrest and invasiveness of
tumor cells [2]. The metastatic potential of cancer
cells is related to the activity of their surface
adhesive molecule [3]. Recently, it was noticed that
ICAM-1 plays an important role in this processe.
In this study, we investigated the relationship
between ICAM-1 expression and the metastasis of
HCC.
MATERIALS AND METHODS
Patients

The tissues of HCC used for immunohistochemical
study were collected from 45 patients (39 males and
6 females, aged 10-82 years with a median of 51.1)
who had undergone hepatectomy for HCC. All the
cases were diagnosed pathologically. Eighteen of the
patients were in early stage (without symptoms and
signs of HCC), and 27 in moderate stage (having
symptoms and signs of HCC, but no ascites, jaundice
and long distance metastasis). Thirty patients had
positive AFP ( 30 µg/L) and 15 had negative AFP.
The median diameter of the resected tumor was 6.
7cm (1.5-18), 30 had large tumors (>5cm) and 15
were had small tumors ( 5cm). Patients with
embolus in portal vein and its main branch or with
intrahepatic and ultrahepatic metastasis nodules
belonged to the metastasis group, the other patients
were to nonmetastasis group. Six normal livers were
from the surrounding noncirrhotic liver tissues of
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pathologically proved benign tumors (4 hemangioma,
1 adenoma and 1 cyst).
The tissues used for detection of ICAM-1 were
collected from 40 patients with HCC, 20 of them had
large tumors and 22 encapsulated: 9 patients were in
early stage and 31 in moderate stage. Positive AFP
was found in 30 cases. There were 16 patients in the
metastasis group, and 24 in nonmetastasis group. The
8 normal liver tissues were collected form
thesurrounding noncirrhotic tissues of pathologically
proved benign liver tumors (5 hemangioma, 1 adenoma
and 2 cyst).
Reagents

Monoclonal antibody of ICAM-1(1g/L) was
purchased from R-G Company, Britain; AKP goat
anti mouse IgG andbiotinylated rabbit anti-mouse IgG
were from Sino-Amercain Company, China;
TRIzol TM total isolation reagent from Gibro
Company, USA; and megaprimeTM DNA labeling
systems from Amersham Company,UK.
Methods

Indirect immunoperoxidase staining The fresh
specimens embedded by O.C.T were frozen in liquid
nitrogen, and then stored at -70 . Serial frozen
sections (6µm) of liver specimens were fixed with
acetone. After preincubated with human serum to
reduce background, the sides were incubated with
the primary antibody (1:50) at 4 overnight,
biotinylated rabbit anti mouse immunoglobulin (1:200)
was used at 37 for 1 h, added with avidin biotin
HRP mixture (1:100v/v), and counterstained with
hematoxylin.
Dot immuno blot Three hundred mg tissue was
homogenized in 1.5 ml suspended buffer solution
(0.1mol/L NaCl,0.01mol/L Tris. Cl, pH 7.6, 0.
001mol/L EDTA pH 8.9, 1% Triton-X-100), the
protein concentration was determined by Hatree
method[4]. The supernatant (30µl) was spotted onto
nitrocellulose membrane in a dot blot format. After
non-specific blocking with 5% lipid free milk, the
blots were incubated with ICAM-1 antibody (1:500)
at room temperature for 2 h, and then incubated
with AKP conjugated goat anti-mouse IgG (1:200)
for 2 h at room temperature, then stained with NBT/
BCIP (2:1 v/v). The integrated optical density (IOD)
of the blot was measured by MIAS 300 automatic
image analyzer. Tissue ICAM 1=(sample IOD
background IOD)×sample area/(µg protein
concentration ×1000).
Northern blot Total RNA was extractedby
TRIzolTM reagent according to the manufacturer’s
instruction (Gibco Life Technologies Cat No.15596.
026). Total RN A of 20 µg was denatured in
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formaldehyde, electrophoresed, and transferred
to nitrocellulose membrane. The plasmid
containing ICAM-1 probe sequence was kindly
provided by Dr. Christian Stratowa (Ernst
Boehringer Institute, Vienna, Austria). Northern
transfer membranes were prehybridized for 4 h
at 42 with 5×SSPE/5×SSPE/5× Denhardt’s
solution/1% SDS/100 mg/L Samon sperm DNA.
The 1.8 kb cDNA was labeled with 32Pisotope
by random primer method (Megaprime TM DNA
Labeling Systems, Amersham). Nothern blot
analysis was performed under stringent washing
conditions, 1×SSC 0.1% SDS, 30 min at room
temperture and 1×SSC 0.1% SDS, 1 h at 50 .
Autoradiography was carried out at -70 for 7
days.
Data analysis Significance was assessed by Student’s
t test. The results were expressed as χ±s.
RESULTS
Immunohistoch emical observation of ICAM-1 in
human HCC

By using anti ICAM-1 monoclone antibody, no
ICAM-1 was foundin normal liver tissues (Figure
1). ICAM-1 was positive in fresh HCC (Figure 2),
mainly on cell membrane, with a rate of 80% (36/
45). In this group, 42.6% showed strong positive
(++ªª, 30%-70% positive cells), others were weak
positive (+, 0-30% positive cells). ICAM 1 was also
positive in 2 cases with tumor embolus in portal vein
(Figure 3).
Semi-quantitative analysis of human tissue
ICAM-1

Dot immuno-blot was employed in semiquantive analysis of tissue ICAM-1 (Figure 4).
Table 1 demonstrats that ICAM-1 content in
HCC was about two-fold higher than that in the
tumor surrounding liver tissues and normal
controls (P<0.01), no significant difference was
found between the latter two.
Table 1 ICAM-1 expression in different liver tissues
[(χ±s)/1000]
Groups
HCC
Tumor surrounding liver tissues
bNormal liver

Cases

ICAM-1

40
40
8

13.43±0.09
5.89±0.17
4.27±0.21

P<0.01, compared with HCC group

The expression of tissue ICAM 1 was also
compared with tumor biological characters
(Table 2), ICAM-1 in cancer tissues was only
related to tumor metastasis, and there was no
relationship with tumor size and capsule formation.
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Table 2
The relationship of ICAM 1 content with some tumor
χ ± s)
biocharacters (χ
Groups

Cases

ICAM-1

P- value

Metastasis

16

20.24±0.30

<0.05

Nonmetastasis

24

10.23±0.12

Metastasis tumor surrounding liver

16

6.80±0.08

Nonmetastasis tumor surrounding liver

21

4.78±0.04

Intact capsule

22

13.55±0.20

Nonintact capsule

15

12.93±0.32

Large HCC

20

14.45±0.26

Small HCC

14

10.96±0.47

>0.05

>0.05

>0.05

Figure 4 Tissue ICAM-1 expression by Dot immunoblot.

ICAM-1 expression at transcriptional level

In this study, special DNA probe was used in
Northern blot for detecting ICAM-1 mRNA, two
transcripts with 3.3 kb and 2.4 kb in length was
defined. β-actin was acted as internal standard.
The data obtained from image analysis indicated
that ICAM-1 mRNA expression in tumors was
higher than that in tumor surrounding liver tissues
and normal controls as well as cancer embolus
(Figure 5).

Figure 5 Detection of ICAM-1 mRNA by Northern blot. E: emblous;
N; tumor surrounding liver; C: liver cancer; nurmal liver

DISCUSSION

Figure 1 ICAM-1 expression in normal liver tissues by
immunohistochemical staining.
Figure 2 ICAM-1 expression in liver cancer tissues by
immunohistochemical staining.
Figure 3 CAM-1 expression in tumor embolus by immunohistochemical staining.

Intercellular adhesive molecule-1 (ICAM-1,
CD54), a transmembrane glucoprotein, is a
member of the immunoglobulin superfamily and
functions as counterreceptor for leukocyte function
associated antigen-1 (LFA-1, CD11a/CD18) and
complement receptor type 3 (MAC-1, CD11b/CD18)[5].
It mediates homotypic and heterotypic cell
interaction, not only plays an important role in the
tumor genesis, but also can reflect tumor curative
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effect[6], and may be a critical factor in the process
of bloodborne metastasis of cancer[7]. Recently it
wasfound that ICAM-1 plays an important role in
tumor recurrence and metastasis. Hung[8] et al found
that anti-ICAM-1Ab can prevent the growth of
APH-77 tumors in SCID mice by altering the homing
and growth of tumor cells in certain anatomical sites.
Most of normal tissues do not express ICAM-1, but
ICAM-1 expression has been observed in many
tumors, such as renal cancer, uterine cancer, lung
cancer, gastric cancer, bladder cancer, etc.
Santarosa [9] et al demontrated that renal cancer
recurrence after operation was related to ICAM-1
expression in cancer tissues and patients with <50%
of ICAM-1 positive cells in cancer tissues had
prolonged disease-free survival after a median
follow-up of 60 months.
In this study, all 6 cases of normal liver sample
were negative in anti ICAM-1 immunohistochemical
staining, 36/45 HCC presented various ICAM-1
expression. The rate of positive cell was a little higher
in large tumors, tumors with intact capsule and tumors
with metastasis, but there was no significant
difference. It has been noticed that 2 cases with
enbolus also had high ICAM-1 expression. As
indicated in semiquantitative analysis of tissue
ICAM-1, ICAM-1 concentration in liver cancer was
higher than in tumor surrounding liver tissues and
normal livers. Tissue ICAM-1 was higher in
metastasis group than that in nonmetastasis group.
Northern blot analysis revealed that ICAM-1
expression at mRNA level was also higher in HCC
and cancer embolus than in tumor surrounding liver
tissues and normal controls. So it was suggested that
ICAM-1 might be one of the characters of liver
cancer, and could be a diagnostic indicator for
metastatic status of liver cancer.
The deduced ICAM-1 amino acid sequence
analysis revealed the presence of C 3/C 4 binding
protein consensus sequence between residues 341
and 404, so ICAM-1 may be involved in C3b binding.
Since C3b binding protein generally acts to accelerate
the dissociation of active complement complexes,
ICAM-1 may help the tumor escape immune
destruction, providing an important property needed
for successful metastasis. Functioning as a ligand of
LFA-1, ICAM-1 can establish the heterotypic
adhesion of tumor cells with migratory and invasive
leukocytes present in the tumor cells, enabling individual
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cell to dissociate from primary tumor and go into
circulation[10]. There is soluble ICAM-1 (sICAM-1) in
serum, which comes from proteolytic cleavage of
membrane associate ICAM-1. Since LFA-1 could also
be blocked with soluble ICAM-1, sICAM-1 may also
block the attachment of cytotoxic T cell and/or NK cells
to cancer cells. This could be one of the mechanisms of
cancer cells escaping from the immunosurveillance
system of the host, and can inhibit lymphocyte mediated
cytotoxicity, therefore a favorable environment for tumor
cell proliferation would be created[11]. Spontaneous
regression of human liver tumor was quite rare and the
tumors were unusually resistant to various
immumotherapy, probably due to the high content of
sICAM-lin those patients.
In our experiment, we also found that there was
no statistically significant difference in ICAM-1
expression between tumor surrounding liver tissues and
normal livers, and between tumor metastasis group and
nonmetastasis group. So we think that ICAM-1 reflects
the metastatic ability of cancer cells but not the cancer
environment.
In conclusion, tissue ICAM-1 could reflect the
growth and metastatic status of HCC and may be a factor
to predict liver cancer metastasis.
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Abstract
AIM To investigate the morphological changes in
the process of heteroserum induced rat liver fibrosis
and the mechanism of fibrogenesis of this model.
METHODS A model of heteroserum-induced rat
liver fibrosis was established by intraperitoneal
injection of porcine serum. In addition to the
observation of the morphological changes of this
model, the infiltration of eosinophils and mast cells
were measured quantitatively and the deposition
of IgG and complement C3 was detected by
immunofluorescence.
RESULTS The rat liver fibrosis was induced
successfully at the end of the 8th week after the
injection of heteroserum. Besides the increase of
hepatic stellate cells (HSC) during the process of
liver fibrosis, proliferation and activation of primary
mesenchyma cells (PMCs) were also found. In
the early stage, the infiltration of eosinophils and
mast cells was significantly increased and the
deposition of IgG and complement C3 was positive
in the portal tracts and septa, while gradually
reduced after the injection was stopped.
CONCLUSIONS This model is suitable for the
research on liver fibrogenesis; the pathogenesis
of this model may be related with the allergeninduced late phasereaction (LPR) caused by the
injection of heteroserum, and the HSCs and the
PMCs are important sources of ECM-producing cells.
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INTRODUCTION

There are several kinds of animal model of liver
fibrosis in the literature, among which CCl4-induced
model initiated with marked damage of liver tissues
was extensively investigated and applied. There have
been a few reports about immune liver fibrosis model
without severe injury of hepatocytes because of the
complexity of its making and the higher mortality of
the animals. In this paper, a kind of immune liver
fibrosis model established by intraperitoneal injection
of heteroserum was reported in this paper, and the
morphological characteristics and the pathogenesis
were studied.
MATERIALS AND METHODS

The model was established according to the method
of Paronetto’s [1] . Forty Wistar female rats
weighing about 100g and fed with common stuff
and water were randomly divided into 5 groups.
In each group, 5 rats were injected with 0.5ml
porcine serum intraperitoneally twice a week for
10 weeks, and 3 rats with sterile physiological
saline in stead. Three groups of rats were killed
at the end of the 3rd, 8th and 10th week, and the
other two groups at the end of the 15th and 20th
week respectively. The liver tissue was regularly
fixed, embedded and sliced for light or electron
microscopy, and serial paraffin sections were
stained with H.E. , von Gieson and toluidine blue.
IgG and complement C 3 w e r e d e t e c t e d b y
immunofluorescence in the frozen sections. Rabbit
antibody against human C 3 was purchased from
Dako Co. Rabbit antibody against rat IgG and
FITC labeled goat antibody against rabbit IgG
were prepared in our department. Eosinophils and
mast cells in the liver tissue were counted and
statistically analyzed with rank-sum test.
RESULTS
Morphological changes

During the whole period of the experiment no rats
died and all the experimental rats advanced into liver
fibrosis after injection of porcine serum for 8
weeks. Observed with the naked eye, the liver
surface appeared normal until the end of the 8th
week, and presented tiny particle-like changes, the
tissue became hard afterwords, and the hardness
increased progressively.
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Microscopically, at the end of the 3rd week of the
injection, one rat remained almost normal. The
portal tracts enlarged mildly with extracellular
matrix (ECM) and proliferated mesenchymal cells
and small bile ducts without canal were visible in
4/5 rats although there existed the structure of the
liver lobules. Most of the interstitial cells were
enlarged and spindled in shape (Figure 1). The
increased ECM and cells were also observed
around the hepatic veins and central veins. In some
areas, the early cellular septa consisting of the
increased interstitial cells were found and inserted
into the parenchyma. In one of the rats, the lobules
were almost completely separated by the septa.
At this stage, the liver cells had no obvious damage
except the apoptosis of individual cells near the
septa. Under the electron microscope, the sorts
of mesenchymal cells in septa were different,
some of which were typical fibroblasts, and some
appeared as primitive mesenchymal cells (PMCs)
with a high ratio of nucleus to plasm and a large
elliptic nucleus containing 2.4 nucleolus and a few
of cell organels (Figure 2). Hepatic stellate cells
(HSCs) of perisinusoid close to the portal tracts
or septa were elongated with less or none lipid
droplets and increased and dilated endoplasmic
reticula, which was often near the mesenchymal
cells (Figure 3).
At the end of the 8th week, the structure of liver
lobules was undiseriminated in all of 5 experiment
rats, and markedly enlarged portal tracts with
connective tissues were distinctly exhibited in VG
stain. The septa containing many mesenchymal
cells and collagen fibrils (so-called cellular fibrious
septa) were extended into parenchyma, connected
with adjacent portal tracts or hepatic veins and
separated the lobules. The number of mesenchymal
cells increased apparently in the portal tracts and
septa, and PMCs were relatively less in these
areas. Hepatic cells were swollen with vacuoles
in cytoplasm, and some of which trapped in septa.
Elcotronmicroscopically, among the mesenchymal
cells in or around the portal tracts or septa, PMCs
were less in number while HSCs increased as
compared with those at the end of the 3rd week.
The transitional cells between PMCs and
fibroblasts were also seen with increased and
dilated endoplasmic reticula and slightly leaner
nucleus with small wrinkled?nuclear membrane
(Figure 4). However, myocyte-like structure as
macula densa or dense body was not seen in these
mesenchymal cells. At the end of the 10th week,
the amount of ECMs in portal tracts and septa
increased obviously, but the number of
mesenchymal cells decreased. As a result, the
fibrous septamainly composed of ECMs were
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formed and revealed strong VG stain (Figure 5).
The cells in the fibrous septa were fibroblasts and
fibrocytes with leggy and deeply colored nucleus.
At the end of the 15th week, i.e. 5 weeks after the
serum injection, the liver structure was similar to
that in the 10th week, but the number of
mesenchymal cells declined progressively, and
some of fibrous septa were thin or even diminished,
and faded in VG stain. Under the EM, lipid droplets
in HSCs increased again, although a large amount
of bunched and intersected collagen in septa
remained the same. In addition, some blood vessel
walls thickened and became homogeneous in portal
tracts and septa, but necrosis and infiltration of
neutrophils were never discerned throughout the
experiment.
Changes of eosinophils and mast cells

Dramatic changes were found in the number
of eosinophils and mast cells in portal tracts
and septa. The average of their counts in the
experimental groups was higher than that of the
c o n t r o l g r o u p s ( Ta b l e 1 ) . I n f i l t r a t i o n o f
eosinophils was also shown in the portal tracts
and some of early septa at the end of the 3rd
week (Figure 1), and peaked at the end of the
8th week. However,it gradually decreased from
the end of the 10th week, and was seldom seen
after the intermission of the injection. Mast
cells stained with toluidine blue were seen
around blood vessels in the larger portal tracts
in the normal rats, but were scarce in the
smaller portal tracts. After injection of porcine
serum, the number of mast cells in the smaller
portal tracts and septa also increased in
different stages of the experiment with the
same trend of count changes as that of
eosinophils although there was no significant
difference between various stages.

Figure 1 At the end of the 3rd week, the structure of liver lobules
was defined well, the portal tracts were enlarged mildly with
increased ECM and proliferated mesenchymal cells. The infiltration
of eosinophils was visible in these areas. HE×200
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Detection of IgG and complement C3 in liver
tissue

IgG and complement C3 in the normal liver tissue
detected with immunofluoresence was lightly
distributed along the sinusoids and blood vessels. At
the end of the 3rd week, besides the deposition as
that in the control rats, linear or spotty positive
reaction of IgG and C3 were also detected in the
portal tracts and early formed septa. At the end of
the 8th week the degree of their positive reaction
was enhanced and the reaction looked like threads
and strands in the same area, and was also strongly
positive in the wall of sinusoid and blood vessels. At
the end of the 10th and 15th week, the distribution
of IgG and C3 was diffused in the septa and portal
tracts (Figure 6), and weakened obviously at the end
of the 20th week.
DISCUSSION

Figure 2 PMC with larger clliptic nucleus and HSC nearby at the
end of the 3rd week. EM×5000
Figure 3 The activated HSC enlarged with organels and less lipid
droplets at the end of the 3rd week. EM×4000
Figure 4 A large quantity of collagen fibrils around the PMC and
the fibroblast. EM×8000
Figure 5 The fibrous septa inserted into and circled the pasenchyma
at the end of the 10th week. VG×40
Figure 6 IgG was diffusedly deposited in the septa and portal
tracts at the end of the 15th week. Immunofluoresence×100
Table 1 Average count of eosinophils and mast cells in different
groups

Groups

Eosinophil

Mast cell

Control
3rd week
8th week
10th week
15th week
20th week

1.17±0.80
18.35±7.74a
22.72±11.76b
8.10±2.16a
6.60±3.96b
3.30±1.18b

1.24±0.31
2.82±0.72a
7.30±2.72b
6.20±1.05a
2.94±0.71a
1.85±0.52a

ªP<0.01, bP<0.05, vs control group.

The different modes of immune rat liver fibrotic model
induced with human or bovine albumin intravenously
have been reported[2,3]. After a large dose of injection,
focal necrosis and fibrosis were found, leading to
allergic shock and a high mortality of about 50%. if
a small dose was administered for 16 weeks, different
degrees of fibrosis formed in 80% with a mortality
of 20%-30%, although the mortality could be reduced
when the mixture of albumin and prostaglandin E2
were added. Therefore, those models were not ideal
for their complicated procedures, severe damage of
liver tissue and high motality of animal. In our
experiment, liver fibrosis formed in all the rats after
continuous injection of poreine serum
intraperitoneally for 8 weeks, and no rat died during
the experiment. In addition, morphology of liver tissue
was distinct without severe injury of hepatic cells,
therefore, it famitates in situ study and is superior to
the the CCl4-induced fibrosis model with severe
distortion of liver structure. As a result, our model is
more suitable for research on liver fibrogenesis with
the advantages of less expenses, short duration and
higher success rate and simplicity of pathological
changes. Our model can reveal clearly the three
stages in the process of the experiment: the cellular
septa formation, cellular-fibrous septa and fibrous
septa. As for the source of ECM-producing cells, it
has been considered that HSCs are the most
important cells. This was further confirmed in our
model by the appearance of proliferation and
activation of HSCs with abundant collagen fibrils
around. At the same time, PMS, the immature mesen
chymal cells mostly located in the portal tracts and
early septa, were considered as another source of ECMproducing cells, increased and developed into fibroblasts.
It is suggested that in porcine serum induced liver fibrosis
model, ECM-producing cells may both originate from
PMCs and HSCs, and synthesize and excrete ECM,
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sequentially accumulate and finally result in liver fibrosis.
However, in this observation the myofibroblast, the
another sort of ECM-related cells characterized with
the myocyte-like structure such as macula densa or
dense body in cytoplasm, was not found, which differed
from the CCl4-induced model but was similar to that
of Bhunchet[4].
Pathogenesis of heteroserum-induced immune
liver fibrosis has not been clarified. Wang BN and
Zhu QG and their coworkers[2,3] reported that IgG
and complement C3 were detected in the liver tissue
with obvious fall of C3 in serum, and they considered
the mechanism of their model as type III allergic
reaction due to the immune complex deposition. In
our experiment, there was no typical type III allergic
reactive pathological changes such as fibrinoid
necrosis and infiltration of neutrophils in connective
tissues or blood vessels although the deposition of
IgG and C3 was seen in the portal tracts and septa
and the walls of blood vessels were thickened. The
role of immune complex in this model was still
needed to be confirmed in the future. It was
noticed that the appearance of the large number
of eosinophils infiltrated in the portal tracts in the
early stage was exactly the same as what
happened in the late phase reaction (LPR) in type
I allergic response. Eosinophils infiltration was
considered to be intimately associated with chronic
inflammations with fibrosis such as sclerotic
mediastinitis, sclerotic cholangitis, idiopathic
pulmonary fibrosis and so on [5]. It was reported
that a number of eosinophils existed in bleomycininduced pulmonary fibrosis and the high level of

209

TG F-β 1 was expressed in the tissue with in situ
hybridization and immunohistochemical techniques[6].
Upregulation of expression of TGF-β1 was proved to
be closely related with tissue repair and fibrosis[7,8]. All
these phenomena suggest the hypothesis of this
experimental liver fibrogenesis that LPR is initiated by
heteroserum and mediated by mast cells to attract a
number of eosinophils, which release active mediators such
as TGF-β1 to activate and proliferate PMCs and HSCs,
and to increase the synthesis of ECM and eventually result
in excessive accumulation of ECM in the tissue.
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Abstract
AIM To investigate the therapeutic potential of
gamma interferon (IFN-γ) genemodified human
hepatocellular carcinoma (HCC) cells.
METHODS The IFN-γ gene was introduced
retrovirally into four HCC cell lines. Secreted IFN-γ activity
was assessed using bioassay. The expression of MHC
molecules was detected by FACS. Tumorigenicity was
analysed by tumor formation in nude mice.
RESULTS Four IFN-γ gene transduced HCC cell
lines secreted different amounts of IFN-γ, as in
the same case of five clones derived from one
HCC cell line. Transduction with IFN-γ caused
significant increase in the expression of major
histocompatibility complex (MHC) antigens on HCC
cells. The expression of HLA class I was increased
by 2-3 times in terms of mean fluorescence
intensities, while for class II expression, the
percentage of positive cells augmented from <10%
to >50%. When equal amount of tumor cells were
injected into nude mice, the tumor igenicity some
transduced cells decreased dramantically.
CONCLUSION IFN-γ gene transduction can convert
weakly imunogenic HCC cells to activate antitumor
immune response, and further pave the way for
the future use of such gene modified tumor cells as
a modality for the cancer immunotherapy.
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INTRODUCTION

The past several years have seen an explosive
growth in cancer immunotherapy using cytokine
genetransduced tumor cell vaccines. This strategy
seeks to locally alter the immunological
environment of the tumor cell so as to enhance
either antigen presentation of tumor-specific
antigens to the immune system or both the
activation of tumor-specific lymphocytes and
nonspicific immunity. Many cytokine genes have
been introduced into tumor cells with varying
effects on both tumorigenicity and immunogenicity
[1,2]
. The success of cytokinesecreting tumor
vaccines in murine models of cancer has led to
the initiation of clinical trials in patients [3]. IFN-γ
is a pleiotropic cytokine produced by activated Tlymphocytes, which can influence the outcome of
an immune response in several distinct ways [4]. An
important property of IFN-γ is the ability to upregulate the expression of major histocompatibility
complex (MHC) molecules, which play a central
role in immune response. An increase in
immunogenicity after MHC class I up-regulation
by IFN- γ is thought to be due to improved
presentation of tumor-specific antigens to CD8+
CTLs [5] . We successfully transduced IFN-γ into
four HCC cell lines with retroviral vector results
showed a significant up-regulation of surface
MHC molecules. Moreover, transduced HCC cells
decreased in tumor growth. The increased
immunogenicity and decreased tumorigenicity
might reflect the immunotherapeutic potential of
such IFN-γ gene transduced HCC vaccines.
MATERIALS AND METHODS
Cell lines

The following human hepatocellular carcinoma
cell line were used: QGY7701, SMMC7721,
BEL7404 and HHCL. All the cell lines were
purchased from Bank of Cell, Institute of Cell
B i o l o g y, C h i n e s e A c a d e m y o f S c i e n c e s
(Shanghai). HCC cells were maintained in RPMI
1640 (GIBCO) supplemented with 10% heatinactivated fetal bovine serum (FBS), penicillin
(100U/mL), streptomycin (100 µg/mL) and
2mML-glutamine. The monolayer was propagated
by trypsinization as required.
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Construct of retroviruses and IFN-γ transduction

Human full-length IFN-γ cDNA encoding a
leading peptide and IFN- γ was cloned into
pLXSN retroviral vector (provided by Dr. AD
Miller), generating recombinant construct pL
(IFN-γ)SN. The inserted IFN-γ gene was driven
by the long terminal repeat (LTR), of moloney
murine leukemia virus (MLV) while the neomycin
phosphotransferas gene (Neo-R) was driven by
both the LTR and the simian virus early promoter
(SV40). The vector was introduced into
a m p h o t r o p i c p a c k a g i n g c e l l l i n e PA 3 1 7 .
Transfected cells were selected in 0.4mg/mL
G418 (Gibco) and resistant colonies were isolated
and amplified. Viral titers of the retroviral
supernatant ranged from 5×104 to 2×106 colony
forming units (CFU)/mL, when assayed for their
ability to transfer neomycin-resistance to
NIH3T3 cells.
HCC cells (0.5-1×106) were cultured overnight
in T80 flasks (Nunc). Retroviral supernatants
supplemented with 8mg/L polybrene (Sigma) were
added to each flask to obtain a ratio of about
1MOI/cell. The following day, cells were fully
selected by the neomycin analogue, geneticin
G418. The concentration of G418 used for the
selection ranged from 0.5 to 1g/L (active dose),
depending on the sensitivity of each cell to the toxic
effects of G418. Approximately, cells were
maintained in selecting medium for 2 weeks.
Colonies that survived the G418 selection were
isolated and expanded.
IFN-γ assay

The amount of IFN-γ produced by transduced cells
was determined by the standard cytopathic inhibition
assay. Briefly, 5×105 cells were incubated for 24
hours, then supernatants were harvested, centrifuged
and aliquoted as test asmples. Human fibroblasts
were clutured with serial dilutions of test samples or
standard IFN-γ (Boehringer Mannheim). The cells
were challenged with vesicular stmatitis virus (VSV)
and cultured overnight. The IFN-γ titer was
calculated as the reciprocal of the dilution that
protected 50% of the monalayer cells from the
cytopathic effect of the virus.
Flow cytometric analysis

Flow cytometry was performed for quantitative
analysis of surface MHC class I and II expression.
One million cells were harvested by trypsinization,
washed twice in phosphate balance solution (PBS)
containing 2% FCS and 0.1% sodium azide
(Sigma), and incubated for 30min at 4 with
saturating amounts of monoclonal antibodies (antiHLA class I and anti-HLA class II, Dept.
Immunology, Beijing Medical University). After
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twice washing, cells were incubated with a 1×50
dilution of fluorescence isothiocyanatic-conjugated
goat antiª²mouse IgG (Huamei Co., Shanghai) for
30min at 4 in the dark. The cells were washed twice,
fixed with PBS containing 0.2% formaldehyde and
examined by an FACScan flow cytometer (Becton
Dickinson) for the percentage of positive cells and
mean fluorescence intensities.
Tumor formation in nude mice

Female athymic nude BALB/c mice of 4-5 weeks
(purchased from Animal Center, Chinese Academy
of Sciences, Shanghai) were housed under
pathogen free conditions. Six to eight animal in a
group were used. Cells (3×106 in 200µL) were
injected into the right flank of the mice. The tumors
were measured by a caliper in two dimensions and
the volume were calculated using the formula
(width2×length/2). At the end of 45 days, the tumors
were removed and weighed.
RESULTS
Production of IFN-γ from transduced clones

The tumor cell lines were successfully infected
with recombinant retrovirus containing IFN-γ
cDNA. G418-resistant colonies were isolated and
expanded to cell lines for further analysis.
According to the number of selected clone, each
transduced cell line was designated as QGY7701.
3A, SMMC7721.2C, BEL7404.6A and HHCL.5D,
respectively. Five different clones derived from
the transduced HHCL were designated following
the same rule. Southern blot analysis was made
and showed that the intact gene of interest was
present in the transduced cell lines in the form of
provirus. Northern blot analysis further indicated
that the correct mRNA species were transcribed
(data not shown). Secretion of IFN-γ by HCC cells
transduced with the retroviral vectors was
determined by an appropriate bioassay. As shown
in Table 1, transduced cell lines derived from
different HCC cell lines produced different
amounts of IFN-γ, as the same case of five clones
derived from one parental HHCL.
Enhancement of the MHC molecule expression
after IFN-γ gene transduction

All the four HCC cell lines used in this study were
screened for cell surface expression of HLA
molecules by flow cytometry as described above.
As shown in Table 1, all the cell lines expressed
HLA class I molecules, however the expression?
of HLA. DR, a HLA class II molecules was very
low. Transduction with the IFN-γ gene resulted
in significant increases in the expression of HLA
molecules. The expression of HLA clas s I
molecules was increased 2-3 times in terms of
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fluorescence intensities, while for class II molecules, the
percentage of positive cells was augmented from
<10% to >50%. There was nocorrelation between
the degree of increase in HLA expression and the
amounts of IFN-γ production, even when five
transudced clones derived from one parental cell
line HHCL were compared. But it is fairly clear
that the cells with lower expression of HLA class
I molecules, such as QGY7701 and BEL7404,
have stronger response to IFN-γ transduction in
inducing the expression of HLA molecules, and
thus resulting in more increase in the intensities
of such molecules (Table 1).
Tumor growth in nude mice

Live parental 3×106 or transduced HCC cells were
injected s.c. into the thigh region of nude mice, and
tumor growth was measured weekly. The
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tumorigenicity was different in each parental HCC cell.
The tumor growth of QGY7701 was more rapid than
HHCL. Injection of the former cells resulted in palpable
tumor within 7 days, while the latter formed discernible
tumor after 14 days. However, the tumor formation of
respective IFN-γ transduced HCC cells was also
different. Transduced QGY7701.3A showed no
distinguishable decrease in its tumor growth as
compared with that of parental cell line, whereas
transduced HHCl.5D reduced its tumorigenicity
dramatically (Table 2). In addition to the much lower
tumor incidence (1/7), there was a significant decrease
in both the size and the weight of the tumor (P<0.01).
The other two transduced HCC cells also inhibited
the tumor growth, although in different degrees. It is
notable that the reduction in tumor growth following
IFN-γ transduction was related to the original tumor
formation potential of its parental HCC cell line.

Table 1 Secretion of IFN-γγ and expression of HLA antigens by transduced hepatocellular carcinoma cells in culture
Cell lines
QGY7701
QGY7701.3A
SMMC7721
SMMC7721.2C
BEL7704
BEL7404.6A
HHCL
HHCL.2C
HHCL.2D
HHCL.5C
HHCL.6C
HHCL.5D

IFN-γ Production
(U/5×105 cells/24h)

Control*
MCN(% positive)  

0
75
0
150
0
75
0
100
25
100
75
200

18(6)
21(5)
9(2)
21(3)
20(7)
22(5)
10(3)
22(6)
14(6)
11(4)
15(3)
10(3)

HLA class I * *
MCN (% positive)
159(99)
306(100)
200(100)
348(100)
34(93)
117(100)
232(100)
340(100)
440(100)
401(100)
550(100)
341(100)

HLA class II
MCN (% positive)
26(11)
28(77)
13(12)
14(58)
21(8)
29(47)
12(10)
37(56)
12(68)
19(83)
10(44)
10(40)

*Cells were stained with fluorescence isothiocyanatic-conjugated goat anti-mouse IgG (FITC-IgG) as a control.
**Cells were stained with anti-HLA class I McAb following with FITC-IgG.

Cells were stained with anti-HLA class II McAb following with FITC-IgG.

Mean fluorescence channel number (MCN) and percentages of positive cells (in parenthese).

Table 2 Formation of tumors by parental and transduced
hepatocellular carcinoma cells in nude mice
Cell
QGY7701
QGY7701.3A
SMMC7721
MMC7721.2C
BEL7404
BEL7404.6A
HHCL
HHCL.5D

Incidence
8/8
8/8
7/7
5/6
8/8
8/8
8/8
1/7

Volume (cm3)

Weight (g)

5.58±0.90
5.16±16
3.87±0.24
1.26±0.32a
4.32±0.28
3.35±0.21
2.04±0.32
0.15 b

1.62±0.36
1.60±0.72
0.55±0.12S
0.28±0.08 a
0.78±0.14
0.50±0.12
0.35±0.18
0.02b

All the values are measured at 6 weks after injection with equal amounts
of cells (3×106 each), and presented as the average value ± the standard
error of the mean
a
P<0.05, compared with SMMC7721 value by Student’s t test
b
P<0.01, compared with HHCL value by Student’s t test

DISCUSSION

In this study human hepatocellular carcinoma
cell line were the genes for human IFN-γ
were transduced successfully. Four different
HCC cells transduced with the IFN-γ gene
produced varying levels of IFN- γ, and such
difference is also existed among the five
clones derived from one parental HCC cell
line (HHCL). Since the distinguished feature
of retroviral vector is its integration into the
host genomic DNA in the form of provirus [5] ,
the expression difference might be due to the
random integration resulting in varying
efficiency of gene expression derived by
interior promoter.
It has been repeatedly demonstrated that IFN-γ
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can exert significant antitumor effects via either direct
antiproliferative effects on the tumor or indirectly
through the host immune system, including
enhancement of MHC class I and II expression,
activation of macrophage and natural killer cells,
generation of cytotoxic T-lymphocytes and induction
of tumor associated antigen[4]. MHC class I and II
molecules play a central role in cellular immunity and
tumor survillance. Recent studies have demonstrated
that the loss of MHC class I expression was associated
with tumor progression or metastasis[7]. Enhancing
MHC class I expression by tumor cells may promote
antitumor response against them. Our results in MHC
as consistent with most others in melanoma and RCC
[8-10]
. The cell surface expression of both HLA class I
and II molecules was increased in HCC cells
transduced with the IFN-γ gene. Considering the
original display of HLA class I, but not class II in
parental HCC cells, it is not surprising that following
IFN-γ transduction, HLA class I expression was
significantly in creased in terms of mean fluorescence
intensities, while for class II, in terms of percentage
of positive cells. There was no definite correlation
between the magnitude of the increase in the
expression of HLA molecules and the amount of the
IFN-γ secreted by tranduced HCC cells. However,
the magnitude of the increase in the expression of
HLA class I in mean fluorescence intensities appeared
to be greater in transduced HCC cells with lower
expression of such molecules in its parental cells. This
suggests that the augmentation of MHC expression
is associated with both the effects of IFN-γ and the
potential of expression of such molecules.
Most animal studies have showed that IFN-γ
secretion by tumor cells results in reduced
tumorigenicity. However, when the tumorigenicity
of human tumor cells was examined in nude mice,
several element must be considered. Nude mice is a
T cell deficient strain, but other components of the
immune system may still exist. In addition, human
IFN-γ secreted by transduced HCC cells have little
effect on mouse immune system. Our results
obtained from nude mice injected with parental or
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transduced HCC cells were different. That the tumor
growth of the transduced QGY7701.3A in nude mice
was not significantly different from that of the parental
untransduced cell lines was surprising. But it should be
noted that QGY7701 was of the highest tumorigenicity
among the four HCC cell lines. In contrast to QGY7701,
HHCL, which was of the lowest tumorigenicity, showed
dramatic decrease in tumor growth in nude mice
following transduction with IFN-γ gene. The
observation of such difference might reflect either the
heterogeneity of the cells with which we worked or
the limited effects of IFN-γ for tumor cells of high
tumorigenicity.
In summary, the data obtained in this study
indicated that IFN-γ gene modified HCC cells might be
useful in the treatment of human cancers, especially in
inducing specific immune responses. However, the
heterogeneity of tumor cells should be considered in
establishing effective tumor vaccine, thus a more
potential tumor vaccine can be selected and an increased
antitumor immunity induced in vivo can be obtained.
This study has laid ground for the future use of cytokine
gene modified tumor cells as a modality for the cancer
immunotherapy.
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Abstract
AIM To introduce computed tomography during
percutaneous splenoportography (CTSP), a new
method for determining hepatic diseases.
METHODS Ten hybrid dogs and 20 patients with
primary hepatic cancer (PHC) were included in the
study. Each dog was examined by CT, CTAP
(computed tomography during arterial
portography) and CTSP to compare the enhanced
degrees of the liver. The 20 PHC patients were
examined by CTSP and the appearance of PHC
was compared with their pathological results to
evaluate the diagnostic significance of CTSP.
RESULTS The animal experiments showed that
both CTAP and CTSP could obviously enhance the
liver (P<0.01), but there was no significant
difference in the enhanced results between the
two methods (P> 0.05). On the CTSP images in
the 20 patients, the density of the livers was
increased to 168-192Hu, whereas the density of
the cancers remained as low as that on the images
of CT scans (<58Hu). The CTSP findings were
consistent with the surgical ones from
spaceoccupying lesions. Its diagnostic value was
obviously superior to that of general enhanced
CT and ultrasonic examination. However, it was
difficult for CTSP to show nodules less than 1cm
in size located on the surface of the liver or the
hepatic portal zone.
CONCLUSIONS Like CTAP, CTSP is also a
sensitive method for showing occupants in the liver.
But the equipments and the procedures for CTSP
are simpler than for CTAP. Therefore, it is an
alternative procedure in clinical practice.
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INTRODUCTION

Computed tomography during arterial portography
(CTAP) established by Hisa in 1980 is the most sensitive
method for showing occupantis in the liver [1-3] .
Unfortunately, CTAP is not convinient for arterial
catherization, which is necessary before CT
examination. Based on CTAP, we used CT during
splenoportography (CTSP) to show occupants in
the liver. CTSP does not require complicated
instruments and is easy to operate. And it has been
proved to be sensitive and safe for clinical
application [4-5].
MATERIALS AND METHODS
Animal experiments

Animals and instruments Ten hybrid dogs were
supplied by the Animal Experimental Unit of Nanfang
Hospital. The instruments used in this experiment were:
800mA remote controlled gastrointestinal machine
(Daojin, Japan), 5F Cobna catheters, somaton plus
whole body CT machine (Simens Corporation,
German), syringes of MCT310-2 model (Medrad
Corporation, USA), and 20G trocar (Terumo
Corporation, Italy).
Procedures Firstly, plain CT scaning was performed
in all of the dogs from the top of the diaphragm to the
inferior margin of the liver. Each layer was and distance
between two neighbouring layers was 10mm. Then, the
animals were examined by CTAP. Using Seldinger
technology, a catheter was inserted from the left femoral
artery to the anterior mesenteric artery (Figure 1). Four
hours later, 76% compound meglumine diatrizoate (1.
5ml/kg body weight) was injected through the catheter
at a rate of 1.5ml/sec and the animals were examined
by continous dynamic scanning. Seven days after CTAP,
CASP was performed. In this procedure, the point of a
20G trocar was inserted into the relatively larger veins
or the splenic paronchyma (Figure 2). The same quantity
of compound meglumine diatrizoate was injected at the
same rate as CTAP. The animals were examined as in
the second step.
Clinical application

General data Seventeen men and three women with
PHC were examined by CTSP. Nine of the 20
patients were operated on after CTSP to remove
the tumors who were proved pathologically to have
primary hepatocellular carcinomas. Seven patients
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had postoperative recurrence of hepatocellular
carcinomas. Diagnosis of PHC in 4 patients was made
according to the criteria formulated in the National
Consonsus Conference on Prevention and Therapy of
Hepatic Carcinoma in 1977.
Instruments The same trocar, syringes and CT scan
machine were used as for the animal experiments.
Examination methods The position for insertion of a
20G trocar was determined by CT. The puncture point
for CT was generally on the middle or posterior
axillary line of the 8th to 11th intercostal space. The
depth of the needle was determined by CT image.
When the needle was inserted, the patients were
scanned once again. When proper position, depth and
direction of the needle were achieved (Figure 3), a
total volume of 60ml-80ml 60% angiografin
(SCHRING Corporation, Germany) was injected at a
rate of 1ml/sec. Twenty seconds later, continuous
dynamic scanning was started. When the scanning
was finished, the trocar was quickly pulled out and
the puncture point was pressed for 4-5 minutes and
covered with gauze. If necessary, the puncture site
should be scanned to get 1-3 images to observe
whether bleeding happens.
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Sometimes, block-shaped contrast medium could be seen
remaining in the spleen (Figure 11). In three patients,
image of high density could be observed beneath the
capsule of the spleen, which may be resulted from reflux
of the contrast medium there.
The postoperative reaction of the patients. The
patients did not feel obviously uncomfortable when
the contrast medium was injected at a rate of 1ml/
sec. They felt slight local swelling and pain at the
beginning when the injection was rapid (2ml/sec-3ml/
sec). The pain was alleviated 10-20 minutes later.
Three patients felt more severe pain because the drug
was injected into the pleural cavity. The contrast
medium was spontaneously absorbed one week later.
No bleeding occurred.

RESULTS
Animal experiments

The CT values of the dog livers in plain CT scan,
CTAP and CTSP were 70.5Hu ± 8.7Hu, 209Hu ± 23.
9Hu and 212Hu ± 28.2Hu, respectively. CTAP and
CTSP could markedly enhance the liver (P<0.01),
with no significant difference (P>0.05) (Figures 4).
To observe the liver, kidney and spleen, two of the
ten dogs were killed each time immediately, 3, 5, 7 or
10 days after CTSP examination. No abnormality was
seen in the livers and kidneys of all the dogs. The
surface of the spleens was smooth, without
haematoma.?In the spleens, dotted bleeding sites about
2mm×2mm appeared where the needle was inserted.
Those bleeding sites were substituted by connective
tissues later (Figures 5-7).
Clinical application

The apearance of PHC in CTSP. In the 20
patients with PHC, 58 foci with low density were
found by CTSP. After the contrast medium was
injected, the CT values of normal livers could
reach 168Hu-192Hu, whereas the values of
hepatic cancers were no more than 58Hu. The
carcinomas showed similar density in CTSP and
plain CT scan. The neoplasms showed clear
borders (Figures 8a-c, 9a-c and 10a-d).
The density of the spleen was not high after
injection of the contrast medium, because most of
the contrast medium was quickly e xcreted.

Figure 1 Anterior mesenteric arteriography in a dog. The point of
the catheter is in the stem of the anterior mesenteric artery.
Figure 2 The point entered the right place of the dog’s spleen.
Figure 3 The point entered the right place of the patient’s
spleen.
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Figure 4a-c The CT images of the same dog’s liver. a. plain CT scan; b. CTAP; c. CTSP.
Figure 5 The spleens of the dogs eviscerated 5 days after CTSP. a. The surface of the spleen is smooth and b. there is nobleeding foci in the
longitudinally dissected spleen.
Figure 6 The splenic tissue of one dog killed immediately after CTSP. HE stain 3.3×10.
Figure 7 The spleen of a dog killed 10 days after CTSP. A little proliferation of connecuive tissue could be seen at the point where the
catheter entered the spleen. HE stain 3.3×10.
Figures 8 PHC of a 59-year-old male patient. a. plain CT scan: only a small cyst was seen in the anterior part of the right lobe of the liver.
b. enhanced CT: except the cyst, the carcinoma could not be shown clearly. c. CTSP: two carcinomas were clearly shown behind the cyst, and
proved to be primary hepatocyte carcinoma.

ZHANG Xue-Lin, et al. CT during percutaneous splenopwrtography
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Figure 9 Primary hepatocyte carcinoma of a 30- year-old female patient. a. plain CT scan; b. enhanced CT; c. CTSP. Though they all could
show carcinoma, CTSP not only could show it more clearly than the other two, but also show metastases to the right of the inferior vena
cava.
Figure 10 Postoperative recurrence and hepatic metastases of primary hepatocyte carcinoma of a 44-year-old female patient. a, b, plain
CT scans; c, d, CTSP.
Figure 11 The contrast medium remained in the spleen after CTSP. The splenic veins show high density. The recurrent cancer in the liver
and the child focus in the portal vein (the left posterior arrow) are both shown clearly.
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DISCUSSION

The liver was supplied with blood by the portal vein and
the hepatic arteries, but by the portal vein, whereas the
hepatic carcinoma was mainly supplied by the hepatic
arteries. In CTSP, the contrast medium injected into the
spleen reached the liver through the portal vein, therefore,
the density of the normal liver tissue obviously increased
and that of the hepatic carcinoma tissue remained
unchanged. Animal experiments showed that CTSP
could have the same enhancement effects as CTAP did,
which provided a good radiological basis for CTSP to
show occupants in the liver.
CTSP has been shown to be a very sensitive
method for showing both primary and metastatic foci of
PHC. In 9 patients, CTSP was as sensitive as operative
exploration in finding the foci of 1cm in size in the liver.
In the other three patients, CTSP could not find nodules
<1cm on the surface of the liver or metastatic foci <1cm
in the hepatic portal zone that were found during
operation. Compared with ultrasonic examination, CTSP
could find more foci. Ultrasonic examination could find
only 5 of 15 foci 1.5cm found by CTSP in 12 patients.
CTSP was even superior to ultrasonic examination in
showing nenoplasms located on the diaphragmatic
surface of the liver. In four patients examined by
enhanced CT and CTSP, CTSP showed seven foci
1.5cm, whereas enhanced CT found only three foci
unclearly. In general, according to our limited
experiences, CTSP could show PHC with high
sensitivity. Further work is necessary for qualitative
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diagnosis of PHC by CTSP.
CTSP is sensitive in showing occupants of as
small as 5mm in size in the liver. Therefore, CTSP should
be done when primary or metastatic occupants were
suspected in the liver that could not be shown clearly by
other examinations. For patients with occluded portal
veins, CTSP is not acceptable, because the contrast
medium is difficult to pass through the portal veins.
CTSP is a microtraumatic examination. Though
early observation in animal experiments could find
bleeding foci at the splenic puncture sites, their diameters
were less than 2 mm and substituted by connective tissues
later, without spleen rupture. No bleeding in the abdominal
cavity and spleen rupture occurred either in our clinical
application. The vein intima remained smooth and no
portal veins were obstructed, no injuries were seen in
the livers and the kidneys. Therefore, CTSP could be
safely used in clinical practice.
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Relationship between expression of laminin and
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carcinoma *
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Abstract
AIM To study the expression and significance of
laminin in human colorectal carcinoma.
METHODS Using the monoclonal antibody to
laminin and streptavidin-peroxidase
immunohistochemical method, the expression of
laminin in 63 cases of human colorectal carcinoma
tissues was determined.
RESULTS In normal marge intestinal mucosa
adjacent to carcinoma, laminin was largely restricted
to basement membrane in continuous linear
pattern. In contrast, human colorectal carcinomas
exhibited a progressive loss of an intact basement
membrane that was correlated with decreasing
differentiation degree. Well and moderately
differentiated tumors exhibited a thin basement
membrane with intermittent disruptions, and poorly
differentiated tumors exhibited no areas of intact
basement membrane. An association was found
between lack of basement membrane laminin
immunohistochemical staining in colorectal carcinoma
and poorly differentiated tumor (P<0.01).
CONCLUSION Immunohistochemical staining for
laminin could provide a very useful indexfor the
determination of the differentiation degree of
colorectal carcinoma.
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INTRODUCTION

Normal epithelial tissues secretes, assembles, and
adhere to well-defined basement membranes. Loss
of a well-defined basement membrane is one of the
features of neoplastic proliferation for epithelialderived tumors[1]. Laminin, a major glycoprotein of
basement membrane which has been shown to
regulate a variety of biological phenomena including
cell attachment, growth, morphology and cell
migration by specific high affinity receptors, plays
an important role in the interaction of tumor cells
with the basement membrane, the differentiation,
i n v a s i o n a n d m e t a s t a s i s o f t u m o r s [ 2 , 3 ].
Immunohistological studies, by using antibodies
specific for laminin and other basement membrane
components, such ast type-IV collagen, have revealed
disruption or loss of basement membrane staining in
a number of malignant tumors, including breast,
pancreatic, bladder, prostatic and colorectal
carcinomas [4]. In this study, basement membrane
protein laminin was assessed by streptavidinperoxidase immunohistochemical method to facilitate
the understanding of the relationship between laminin
expression in human colorectal carcinoma and the
pathological features of tumor
MATERIALS AND METHODS
Materials

Sixty-three cases of human colorectal carcinoma
specimens were obtained from the Department of
Pathology, China Medical University. Thirty-three were
male and 30 were female with ages ranging from 26 to
72 years. The tissues were fixed in 10% nautral buffered
formalin and embedded in paraffin wax. Five µm paraffin
sections were cut and used for HE staining and
immunohistochemistry.
Methods

Laminin expression was determined by using
streptavidin-peroxidase (SP) immunohistochemical
method with anti-laminin monoclonal antibody (SIGMA,
1:1000; SP kit ZYMED). Both negative and positive
controls were set. The staining was scored according to
both intensity and continuity of the basement membrane.
they were scored as negative(-), fragment pattern (+),
interrupted linear pattern(++), and continuous linear
pattern (+++). Negative and fragment patterns were
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classified as discontinuity and the other two patterns as
continuity. Statistical analyses were conducted by χ2 test.
Results were considered significantly different when P
value was less than 0.05.
RESULTS
Tumor grading and laminin expression

Normal large intestinal mucosa adjacent to
carcinoma exhibited an organized glandular
epithelium overlying a well-defined continuous
linear basement membrane that stained for laminin
( + + + ) , ( F i g u r e 1 ) . We l l a n d m o d e r a t e l y
differentiated colorectal carcinomas differed from
normal colon in which periglandular basement
membrane staining was thin and intermittently
discontinuous (++ to+++), (Figure 2). Poorly
differentiated tumors consisted of solid
nonglandular islets of cells. Patches of laminin
staining was scatered throughout the tumor.
Nonpolarized cytoplasmic laminin staining without
a surrounding basement membrane (- to +) (Figure 3)
was found sometimes in the nests of cells in these
tumors.
Relationship between tumor grade and basement
membrane laminin staining pattern in the tumors is
shown in Table 1. Of the well and moderately
differentiated cases, 80% and 57.1% showed
continuous basement membrane laminin staining
respectively, compared with 14.6% of poorly
differentiated ones. When the staining patterns for
poorly differentiated tumors were compared
statistically with well and moderately differentiated
tumors, a significant difference was found (χ2: P<0.01).
Hence, discontinuous basement membrane laminin
staining is associated with poor differentiation of
tumors.
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Table 2 Tumor stage and laminin staining pattern
Laminin staining pattern

Tumor grade

n

Dukes’s stage A
Dukes’s stage B

36
6

20(45ª±6%)
3(50.0%)

16(44.4%)
3(50.0%)a

Dukes’s stage C

21

8(38.1%)

13(61.9%)

a

++ to +++

- to +

P>0.05 vs Dukes’s stage A tumor.

Table 1 Tumor grading and laminin staining patterns
Laminin staining pattern
Tumor grade
Well differenciated
Moderately differenticated
Poorly differenticted

n
20
21
22

++ to +++
16(80.0%)
12(47.1%)
3(13.6%)

- to +
4(20.0%)a
9(42.9%)a
19(86.4%)

a

P<0.01 vs poorly differentiated tumor.

Tumor stage and laminin expression

Comparison between basement membrane
laminin staining pattern in tumor and tumor stage
is given in Table 2. When regional lymph nodes
were involved (Dukes’s stage C), there was no
linear staining of basement membrane laminin in
13/21 (61%) cases of primary tumors, whereas
the majority (23/42) of stages A and B tumors
showed continuous basement membrane laminin
staining. However, there was no statistical
significance (χ 2: P>0.05).

Figure 1 Expression of laminin in normal large intestinal mucosa.
SP×100
Figure 2 Expression of laminin in well differentiated colorectal
carcinoma. SP×200
Figure 3 Expression of laminin in poorly differentiated colorectal
carcinoma. SP×200

FENG Shu et al. Expression of laminin colorectal carcinoma

Tumor invasion depth and laminin expression

With the increasing maximum depth of tumor invasion,
discontinuous basement membrane laminin staining
became more prominent in tumors (Table 3), but without
statistical significance (χ2: P>0.05).
Table 3 Tumor invasion depth and laminin staining pattern
Laminin staining pattern
Depth of invasion

n

Mucosa and submucosa
Muscularis
Serosa and subserosa

++ to +++

- to +

4
32

3(75.0%)
17(53.1%)

1(25.0%)
15(46.9%) a

27

11(40.7%)

16(59.3%) a

a

P>0.05 vs tumor not extended beyond the submucosa.

DISCUSSION

Human colorectal carcinomas are comprised, in
part, of malignant cells of varying degrees of
differentiation from well to poorly differentiated.
At present, tumor histology is the primary criterion
used to determine the degree of differentiation of
a given tumor. It is becoming increasingly apparent,
however that the morphological characteristics of
tumors that relate to their degree of differentiation
result from alterations in the biological properties
of the cells[5]. Moreover, these biological properties
probably contribute to the clinical be havior
associated with tumors of a particular
differentiation state. For example, poorly
differentiated colorectal carcinomas are considered,
in general, to be more aggressive and to offer a
worse progress than well and moderately
differentiated tumors[6].
Laminin, the major basement membrane component,
was determined by using immunohistochemical
method. We demonstrated a defined, continuous
basement membrane underlying normal colonic
epithelium. In contrast, human colorectal carcinomas
exhibited a progressive loss of an intact basement
membrane that was correlated with decreasing
differentiation degree. Well and moderately
differentiated tumors showed a thin basement
membrane with intermittent disruptions, and poorly
differentiated tumors exhibited no areas of intact
basement membrane. An association was found
between lack of basement membrane laminin
immunohistochemical staining in colorectal carcinoma
and poorly differentiated (P<0.01).
We also found an association between
discontinuous basement membrane laminin
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immunostaining in colorectal carcinomas and more
advanced tumor stage; and with increasing depth of
invasion, tumors more frequently show discontinous
basement membrane laminin staining. An important
underlying factor may be the basement membrane
laminin discontinuity in tumor is associated with poor
tumor differentiation, which itself is linked with a more
invasive phenotype.
There is an evidence for a number of mechanisms
explaining basement membrane discontinuity in malignant
tumors. Daneker et al [7] reported that in poorly
differentiated colon carcinoma cells, newly synthesized
laminin was secreted more slowly than in well
differentiated cells. Basement membrane degradation
by tumor-derived proteinases may also be important.
Proteinase specific for the basement membrane
component type-IV collagen has been identified in
invasive tumors. Increased amount of the degradative
enzymes cathepsin B, urokinas-type plasmignogen
activator and β-glucuronidase has been demonstrated in
colorectal carcinomas[4,8-9].
Up to now, the genetic and biochemical factors
that under the tumore differentiation and other biological
properties are poorly understood. Studies aimed at
definding these factors would not only contribute to an
understanding of differentiation at molecular and cellular
level but also would provide new reagents and criteria
for a more precise determination of the degree of tumor
differentiation, thus faciliate the understanding of the
biological behaviors of tumors. The results of this study
confirmed that immunohistochemical staining of laminin
could provide a very useful index for the determination
of the differentiation degree of human colorectal
carcinoma.
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Peripheral mechanism of inhibitory effect of
centrally administrated histamine on gastric acid
secretion
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Abstract
AIM To study the peripheral mechanism of the
inhibitory effect of intra-third ventricular
administration (icv) of histamine (HA) on gastric
acid secretion in rats.
METHODS Gastric acid was continuously washed
with 37 saline by a perfusion pump in male
adrenalectomized SD rats. Drugs were injected
intravenously (iv) by a syringe pump and their
effect on pentagastrin-induced (10 µg kg h, iv)
gastric acid secretion was observed.
RESULTS The inhibitory effect of HA (1 µg, icv)
on gastric acid secretion was blocked by
subdiaphragmatic vagotomy, and pretreatment
with atropine (0.005 mg kg h, iv). Pretreatment
with somatostatin antagonist, cyclo-[7aminoheptanoyl-Phe-D-Trp-Lys-Thr(Bzl)], (2 µg4 µg kg 100 min, iv) could also block the
inhibitory effect of HA on gastric acid secretion in
a dose dependent manner.
CONCLUSION The inhibitory effect of centrally
administrated HA on gastric acid secretion may be
mediated by vagi, acetylcholine M receptor and
somatostatin.
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INTRODUCTION
It has been reported by our laboratory that intrathird-ventricular administration (icv) of histamine
(HA) or 2-pyridylethylamine (PEA), a H1-receptor
agonist, inhibits gastric acid secretion induced by
intravenous (iv) pentagastrin (G-5) in rats. The
inhibitory effect of HA or PEA on gastric acid
secretion was mediated in turn by corticotropinreleasing factor (CRF) and β-endorphin in central
nervous system and abolished by subdiaphragmatic
vagotomy (SV)[1-3]. The aim of the present study was
designed to determine the peripheral mechanism of
inhibitory effect of centrally administrated histamine
on gastric acid secretion.
MATERIALS AND METHODS
Animals
Male Sprague-Dawley (SD) rats weighing between
200g-300g were used. The animals were deprived of
food for 24 hours, but were allowed free access to water
prior to anesthesia.
Animal models

The rats were anesthetized with a single intraperitoneal
injection of pentobarbital (50mg/kg). Intra-thirdventricular implantation and acute gastric lumen
perfusion were carried out as described previously
by our laboratory[1]. Gastric perfusion samples were
collected every 10 minutes and were titrated by 0.
01mol/L NaOH to neuter. Total acid output per 10
minute was calculated. The anus temperature of rats
was kept at 37 by electric light during the
experiment. Sufficient pentobarbital was given
subcutaneously before G-5 was injected.
In has been reported by our laboratory[2] that
adrenal gland was associated with stimulating effect of
icv PEA on gastric acid secretion in SV rats. To remove
this effect, the following experiments were done in
adrenalectomized rats.
After gastric acid secretion was kept at base
level (0.8-3.5 µmol/10min) for 20 minutes, G-5 was
injected iv by a syringe pump to increase gastric
acid secretion. After the gastric acid secretion was
increased and kept stable for 30 minutes, other
experimental drugs were given. HA was
administered by a syringe pump in a silicon tube,
which was equally long and connected with the

ZHANG Zhi-Fang, et al. HA (ivc) on gastric acid secretion

implanted cannula. The injected volume of HA solution
or vehicle was 5 µl. The acute SV was performed as
described previously[4].
G-5 and HA were purchased from Shanghai
Dongfeng Biochemistry Reagent Factory, Chinese
Academy of Sciences. Cyclo-[7-aminoheptanoyl-PheD-Trp-Lys-Thr (Bzl)] (c-PTLT), from Sigma Company,
U.S.A. and atropine sulfate, from Guangzhou Qiaoguang
Pharmaceutical Factory.
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100min; and group 3, 2 µg kg 100min. In group
1 (n=9), 40 minutes after c-PTLT was given HA (icv,
1 µg/5 µl), had no significant effect on the TAO(Figure
3), suggesting the inhibitory effect of HA (icv) on
gastric acid secretion was blocked. In the control
group (iv NS), HA (icv, 1 µg/5 µl), injected 40 minutes
after NS was injected, could still inhibit gastric acid
secretion. Compared between the two groups, P
values were less than 0.01 or 0.001 at 60min,70min,
80min, 90min and 100min.

Data analysis

Experimental data was expressed in % change of
total acid output, which was calculated as follows:
% change of total acid output=(E2-E1)/E1×100%,
in which E1 represents total acid output per 10
minutes before experimental drugs were given (it is
the mean of total acid output of 30 minutes before
experimental drugs were given); E2, the total acid
output (TAO) per 10 minutes after experimental
drugs were given; “+”, the TAO increase and “-’,
TAO decrease. Significance was assessed by
Student’s paired t test. The results were expressed
in x±sx .
RESULTS
All the experiments were done on the basis of iv
injection of G-5 in a dosage of 10 µg kg h. HA,
injected icv in the dosage of 1 µg/5 µl (n=9),
decreased significantly the TAO (the maximum
reached 44%). When HA group was compared with
NS group (5 µl, n=9), P values were less than 0.05,
0.01 or 0.001 at 10min, 20min, 30min, 40min, 50min
and 60min (Figure 1). In SV rats (n=8), icv injection
of HA in the same dosage had no significant effect
on the TAO (Figure 1).
HA (icv 1 µg/5 µl, n=8) was injected 40 minutes
after the atropine (iv, 0.05mg kg 100min) was
administered, the total acid output, had no
significant change (Figure 2) compared with that
before HA. If HA (icv, 1 µg/5 µl, n=9) was
injected 40 minutes after iv NS was given, the
total acid output, decreased significantly (the
maximum to -44%) compared with that before
HA. Compared with NS group, atropine group
had significant changes at 50min, 60min, 70min,
80min, 90min and 100min (P<0.05, 0.01 or 0.001),
(Figure 2).
There were no significant changes (P>0.05)
in the total acid output at 10min, 20min, 30min,
40min, 50min, 60min, 70min, 80min, 90min, and
100min with pretreatment of c-PTLT (4 µg kg
100min, iv). These results suggest c-PTLT in the
dosage of 4 µg kg 100min had no significant
effect on gastric acid secretion induced by
iv G-5. The following experiments were divided into
three groups according to the difference of c-PTLT
dosage: group 1, 4 µg kg 100min; group 2, 3 µg kg

Figure 1 Effects of intra-third-ventricular injection of histamine
(HA) on gastric acid output induced by G-5 in adrenalectomized
and subdiaphragmatic vagotomized (SV) rats.

Figure 2 Effects of iv administration of atropine sulfate on icv
histamine-induced inhibition of gastric acid output in
adrenalectomized rats.

Figure 3 Effects of iv administration of c-PTLT on icv histamineinduced inhibition of gastric acid output in adrenalectomized rats.
a
P<0.05 compared with NS group; bP<0.01; cP<0.001.
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In group 2(n=9), the inhibitory effect of HA (icv,1
µg/5 µl) on gastric acid secretion was partly blocked
(Figure 3). Compared with the control group, P values
were less than 0.05, 0.01 or 0.001 at 50min, 60min, 70min,
80min, 90min and 100min.
In group 3 (n=8), the inhibitory effect of HA (icv,
1 µg/5 µl) on gastric acid secretion was not changed.
Compared with the control group, P values were more
than 0.05.
DISCUSSION
The present study demonstrated that HA has central
inhibitory effect on gastric acid secretion in
adrenalectomized rats. This result is consistent with the
results reported by Wang, Sun and Li[1-3]. The central
inhibitory effect of HA on gastric acid secretion could
be blocked by pretreatment with either SV, or atropine
and c-PTLT, an antagonist of somatostatin, suggesting
that the central inhibitory effect of HA on gastric acid
secretion may be mediated by vagi, acetylcholine M
receptor and somatostatin.
It is D cell that synthetises and secrets somatostatin
in mammals. D cell is located near G cell in gastric
antrum, and along gastric gland, particularly near the
parietal cell in oxyntic mucosa. Somatostatin, mediated
by its receptor in the membrane of parietal cells, inhibits
gastric acid secretion induced by gastrin and
acetylcholine. In addition, somatostatin inhibits the gastrin
secretion in the basal condition or the gastrin secretion
induced by feeding, acetylcholine and bombesin. In
stomach, somatostatin inhibits the histamine secretion in
the basal condition or induced by gastrin. The c-PTLT,
as an artificial antagonist of somatostatin, completely
blocked the inhibitory effects of exogenous somatostatin
on growth hormone, insulin, and glucagon release. The
efficiency of c-PTLT was demonstrated by the almost
complete and sustained reversal of acid inhibition after
exogenous infusion of somatostatin. Therefore, c-PTLT
should have effectively reversed inhibition by
endogenously released somatostatin throughout the
period of the intraduodenal fat perfusion[5]. In the present
study, c-PTLT, dose-dependently inhibited central
inhibitory effect of HA on gastric acid secretion, which
might be mediated by somatostatin in the periphery. The
blocked central inhibitory effect of HA on gastric acid
secretion by SV suggests that this effect was
accomplished by the vagi. That vagi was involved
in the control of somatostatin secretion was proved
by some early studies. Vagotomy reduced the
somatostatin responses to feeding during the first
30-min period following the ingestion of the meal.
Atropine sulfate in the dosage of 0.02 mg kg h,
iv decreased the somatostatin responses to the
meal, while the dosage of 0.05mg kg h blocked
such responses [6] . This suggests that vagus and
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cholinergic mechanisms play important roles in the
control of somatostatin secretion responses to the
meal. After vagotomy, atropine sulfate still decreased
the somatostatin secretion[6], indicating that local
factors are involved in the control of somatostatin
secretion. CRF, injected icv, increased blood level of
somatostatin. This effect was blocked by vagotomy
or pretreatment with atropine [7]. Li et al [3] in our
laboratory reported that the central inhibitory effect
of PEA on gastric acid secretion was blocked by
antiserum of CRF, suggesting that the effect of PEA
is mediated by CRF in the central nervous system.
According to this report and the present study, vagi
or cholinergic mechanisms are involved in the control
of somatostatin secretion. Holst[8] reported that vagus
stimulation or atropine mediated by GRP (gastrinreleasing polypeptide)-containing fibers stimulated
somatostatin secretion in the isolated perfused porcine
antrum. Schubert [9] reported that methacholine
exerted dual inhibitory and stimulatory effects on
somatostatin cells of mucosal segments from the
fundus and antrum of rat or the isolated luminally
perfused mouse stomach. There are some
contradictory reports about somatostatin secretion of
vagal control. For example, somatostatin secretion was
deoreased by vagus stimulation and this effect was
abolished by atropine 10-9M[10]. As there are lots of
fibers in vagi, the above contradictory reports may be
related with too much fibers stimulation when vagi
was stimulated electrically. In summary, the
mechanism that somatostatin secretion is controlled
by vagi still remains unclear and more studies are
needed.
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A clinical evaluation of serum concentrations of
intercellular adhesion molecule-1 in patients with
gastric cancer
LIU Yong-Zhong, CHEN Bin and SHE Xi-Dian
Subject headings stomach neoplasms/immunology;
intercellular adhesion molecule-1/blood; lymphatic
metastasis; intercellular adhesion molecule-1/analysis;
enzyme-linked immunosorbent assay

Abstract
AIM To investigate the correlation between the
serum soluble intercellular adhesion molecule-1
(sICAM-1) and the clinicopathologic features and
to evaluate the possible prognostic significance of
sICAM-1 concentration in gastric cancer.
METHODS Thirty-four patients with gastric
cancer were prospectively included and
evaluated. Venous blood samples were collected
before the surgery. Sera were obtained by
centrifugation, and store at -30 until assay.
The control group consisted of 20 healthy
volunteers. Serum concentrations of ICAM-1
were measured with the quantitative sandwich
enzyme immunoassay technic. Differences
between the two groups were analyzed by
Student’s t test. x+2s of normal control sICAM1 was taken as upper limit to calculate the
positive rates.
RESULTS The mean value of serum ICAM-1 in
patients with gastric cancer was 367.7 µg/L±104.
7 µg/L and that of control group was 236.9 µg/
L±74.3 µg/L, and the difference was significant
(P<0.001). The patients with tumor size of
5cm had significantly higher serum concentrations
of sICAM-1 than those with smaller ones (406.7
µg/L±90.2 µg/L vs 319.9 µg/L±105.3 µg/L, P
<0.01). Compared with stages I-II gastric
cancer patients, patients with more advanced
clinical stage (III-IV) had higher levels of sICAM1 (397.1 µg/L±102.4 µg/L vs 306.0 µg/L±82.3
µg/L, P<0.05). Difference was significant
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sta t i s t i c a l l y i n s I C A M - 1 l e v e l s b e t w e e n
patients with positive lymph node status and
those without lymph node involvement (403.
6 µg/L±99.7 µg/L vs 302.7 µg/L±81.4 µg/L,
P<0.01). No relation was observed between
the level of sICAM-1 and grade of histological
differentiation in the patients with gastric
cancer.
CONCLUSION Serum sICAM-1 concentration
may be a valuable parameter for predicting the
prognosis and degree of the gastric cancer.

INTRODUCTION
Cell adhesion is essential for establishing and
maintaining a normal immune defense system.
Intercellular adhesion molecule-1 (ICAM-1;
CD54), a 80-110KD cell surface glycoprotein
and a member of the immunoglobulin supergene
family, functions as a ligand for the leucocyte
integrin adhesion receptors CD11a/CD18 (LFA-1)
and CD11b/CD18 (mac-1). ICAM-1 expresses
in various cell types and plays an important role
in immunemediated mechanisms, especially in
the process of antigen presentation and
recognition, lymphocyte cytotoxicity, lymphocyte
recruitment and targeting. It has been reported
that the upregulated expression of ICAM-1 on
cell surfaces occurred in a variety of diseases,
including autoimmune diseases, endocrine
diseases, and some cancers [1,2] . A soluble form
of ICAM-1 (sICAM-1) lacking cytoplasmic tail
and transmembrane region has also been found
[2]
. sICAM-1 can compete with membranous
ICAM-1 to bind LFA-1, so that it can block
l e u k o c y t e L FA - 1 a n d p r e v e n t e f f e c t i v e
recognition and lysis of target cells by effector
leukocyte. This phenomenon represents an
important mechanism for tumor escaped from
immune surveillance [3,4] . The sICAM-1 levels
and its prognostic significance for various
malignant diseases have been evaluated [5-8]. In
this study, we determined the concentrations of
sICAM-1 antigen in the sera of patients with
gastric cancer to reveal the possible relationship
between sICAM-1 and clinical pathological
parameters such as histologic type, size of
tumors and so on.
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MATERIAL AND METHODS
Patients and specimens

A group of 34 patients (24 men and 10 women) with
gastric cancer were investigated. Their ages ranged
from 35 to 74 years with a mean of 54. Eleven
patients were in stages I and II, and 23 in stages III
and IV. Blood samples were obtained from patients
before the initial treatment. Samples collected from
20 healthy volunteers served as controls. All blood
samples were processed immediately for
centrifugation, and the sera were stored at -30
until the sICAM-1 assay.
Measurement of sICAM-1

Serum sICAM-1 concentrations were determined
with sICAM-1 ELISA (Biosource International,
USA). Briefly, serum samples were diluted at 1:
100 and applied to prepared polysteyrene
microcells precoated with mouse monoclonal
antibody to human ICAM-1, a horseradish
peroxidase conjugated anti-ICAM-1 was then
added. Test wells are incubated to allow any
ICAM-1 to be bound by antibodies on the
microtiter plate. The walls were then washed and
stabilized chromogen was added to the walls
producing a blue color in the presence of
peroxidase enzyme. The color reaction was then
stopped by the addition of 1mol/L H2SO4 and
changed from blue to yellow. Absorbances for
samples and sICAM-1 standards were determined
on a spectrophotometer using 450nm. Average
absorbance values for each set of duplicate
samples or standards were within 15% of the
mean. sICAM-1 concentrations in serum sample
were determined by comparing the mean
absorbance of duplicate samples with the standard
curve for each assay.
Statistical analysis

The Student’s t test was used for statistical significance
of differences between groups. P<0.05 was considered
to be significant.

RESULT
The mean serum sICAM-1 levels in healthy
volunteers and patients with gastric cancer were
236.9 µg/L±74.3 µg/L, 367.7 µg/L±104.7 µg/L,
respectively; and serum sICAM-1 levels in 58.
8% of patients exceeded 385.5 µg/L (x+2s of
normal controls), the difference being significant
between patients with gastric cancer and healthy
controls.
The relationship between serum sICAM-1 levels
and clinicopathological features of gastric cancer
patients was also observed. Patients with tumor
size 5cm showed remarkable elevated levels of
sICAM-1 than those with tumor size <5cm (P<
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0.01). Patients with advanced gastric cancer
(stage III-IV) had higher serum levels of sICAM1 ( P<0.05) than early-stage gastric cancer
patients (stage I-II). sICAM-1 levels in patients
with lymph node matastasis were significantly
higher than in those without lymph node invasion
(P<0.01). No correlation was found between
sICAM-1 levels and grade of differentiation in
the observed gastric cancer patients. The positive
rates of each group were calculated with x+2s
of normal control sICAM-1 as a limit. The results
are shown in Table 1.
Table 1 Correlation between soluble ICAM-1 concentrations
and clinical histopathology in gastric cancer
ICAM-1
Factors

n

(x±s, µg/L)

Positive rate %(n)

Tumor size
5cm
<5cm

19
15

406.7±90.2 a
319.9±105.3

Lymph node invasion
Positive

73.3 (14/19)
40.0 ( 6/15)

21

403.6±99.7 a

71.4 (15/21)

Negative
13
Grade of differentiation
Differentiated
12

302.7±81.4

38.5 ( 5/13)

320.5±93.2

33.3 ( 4/12)

Poorly differentiated
Clinical staging

22

393.9±103.1

72.7 (16/22)

I-II
III-IV

11
23

306.0±82.3
397.1±102.4 b

36.4 ( 4/11)
69.6 (16/23)

a

P<0.01, bP<0.05, vs the control.

DISCUSSION
A previous studies indicated that ICAM-1 was
expressed on tumor cells in 12 of 28 cases of gastric
carcinoma[9]. Expression of ICAM-1 by tumor cells
facilitated immune recognition and cytotoxicity[10,11].
However, ICAM-1 also represents an escape
mechanism in certain cancers. sICAM-1, after
shedding from tumor cells or originating from other
cells especially mononuclear cells, may block the
attachment of cytotoxic T lymphocyte (CTL) cells and/
or NK cells to tumor cells, since LFA-1 on immune
cells could be blocked with sICAM-1[3]. Recently,
Becker et al found that cytolysis of melanoma cells
mediated by CTL in an MHC-restricted manner, could
be completely blocked in the presence of sICAM-1, the
concentration of sICAM-1 for blocking cytotoxicity was
950 µg/L[4]. Because the serum sICAM-1 concentration
may reflect the level of sICAM-1 in tumor microenviroment
in vivo, an increase in the circulating level of ICAM-1
may reflect unfavourable prognosis. It has been found
that patients with malignant melanoma, having
high levels of sICAM-1, had a statistically significantly
shorter time to first relapse and lower overall
survival[7]. In this study, we have found that serum

LIU Yong-Zhong et al. Soluble ICAM-1 in gastric cancer

sICAM-1 levels were significantly increased in
patients with gastric cancer, which were above
the normal range in 20 of 34 gastric cancer
patients. It is entirely possible that concentration
of sICAM-1 in gastric tumor microenviroment
may be high enough to block the cytotoxicity
mediated by immune effector cells. To further
confirm this hypothesis, we will establish a
method to assess the sICAM-1 level in gastric
carcinoma tissues.
In this study, we observed the correlation between
the level of sICAM-1 and the clinical parameters in
patients with gastric carcinoma. Patients with tumor
size of 5cm had higher level of sICAM-1 than
those with small ones. This results indicated that
tumor load may be correlated with the level of
sICAM-1. In other words, the gastric tumor cells
were probably the major source of sICAM-1. This
was confirmed by the study of Hyodo et al. They
found that the elevated serum levels of sICAM-1 in
a patient with hepatocellular carcinoma decreased
after treatment with tracatheter arterical
embolization (TAE) in a same pattern of change with
the AFP levels. As AFP is produced and shed by
hepatocellular carcinoma cells, it could be interpreted
that sICAM-1 in HCC patients is released from
tumor cells[8]. Our study also showed that sICAM-1
levels were correlated with both clinical staging and
lymph node involvement. Patients with lymph node
invasion and advanced clinical stage of tumors had
significantly higher serum concentrations of sICAM1. Lymph node status, tumor size and clinical stage
are significant prognostic indicators, therefore,
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sICAM-1 may be a valuable predictor for gastric cancer
clinically.
In summary, elevated levels of sICAM-1 exist in
gastric cancer as in some other types of tumors. Though
serum level of sICAM-1 can not be served as a specific
parameter for gastric cancer, it is no doubt that the
measurement of the ICAM-1 level may provide a convenient
means to obtain a general indication of gastric cancer.
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Expression of bcl-2 protein in gastric carcinoma and
its significance *
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Abstract
AIM To further study the role of bcl-2 protein
expression in gastric carcinogenesis and tumor
progression.
METHODS U s i n g i m m u n o h i s t o c h e m i c a l
staining, the bcl-2 protein expression in 50 cases
of gastric carcinoma and its relation to clinical
status and pathomorphological parameters were
observed.
RESULTS Forty-one (82%) cases were positive
for bcl-2 protein staining which was located in
the cytoplasm and nuclear membrane of tumor
cells. The rate of bcl-2 protein expression was
not correlated with the patient, sex, tumor size,
lymph node status or clinical stages (P>0.05).
It was strongly associated with intestinal-type
tumors and poorly differentiated tumors (P<0.
05 and P<0.01).
CON C L U S I O N A b e r r a n t b c l - 2 p r o t e i n
expression appears to be specifically associated
with development of intestinal-type gastric
carcinoma, bcl-2 protein expression might play
an important role in the early development/
promotion and phenotypic differentiation of
gastric carcinomas, but not in tumor
progression.
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INTRODUCTION
Recently, emphasis has been placed on the role of
apoptosis and its regulation in tissue homeostasis and
carcinogenesis. To determine whether bcl-2 plays a role
in the gastric carcinogenic sequence, an
immunohistochemical study of bcl-2 expression in gastric
carcinoma and its relation to clinical status,
pathomorphological parameters was carried out.
MATERIALS AND METHODS
Histological specimens

Fifty cases of surgically resected gastric
carcinomas (male 34, female 16; mean age 56.3
years) were extracted from the files of the
Department of Pathology, Southwest Hospital, Third
Military Medical University. All blocks were fixed
in 10% formalin and embedded in paraffin. Serial
sections were cut from each block in 4 µm, stained
with hematoxylin and eosin and confirmed
pathologically.
Immunohistochemical methods

Immunohistochemical staining for bcl-2 protein was
performed using SP technique with the following
procedure:
slides were diparaffinized in two
changes of xylene for 10 minutes each and then
were hydrated in decreasing concentrations of
ethanol and rinsed in phosphate-buffered saline.
Endogenous peroxidase was blocked by 3% H2O2
in methanol for 5 minutes, and then incubated for 10
minutes at room temperature in normal goat serum
(1:20).
slides were incubated with a 1:50 dilution
of the primary rabbit antihuman bcl-2 monoclonal
antibody (Santa Cruz, USA) for 30 minutes at 37 .
A biotin-streptavidin detection system was employed
slides
with diaminobenzidine as the chromogen.
were washed twice with phosphate-buffered saline
and incubated with the linking reagent (biotinylated
anti-immunoglobulin) for 10 minutes at 37 . After
rinsing in phosphate-buffered saline, the slides were
incubated with the peroxidase-conjugated
streptavidin label for 10 minutes at 37 , and
incubated with diaminobenzidine and H2O2 for 10
minutes in the dark, the sections were then
counterstained with hematoxylin. With each batch
of test samples, a positive control consisting of a
tissue section from tonsil was evaluated. In
addition, a negative control was prepared for each
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sample using an irrelevant antibody of the same isotype
as the primary antibody.
The immunostaining of bcl-2 was visually classified
into four groups by observing 1 000 tumor cells in
areas of the sections: no staining present in any of
tumor cells (-); slight staining in most of the tumor
cells or less than 25% tumor cells with strong
staining (+); 26%-50% tumor cells with strong
staining (++); and strong staining in more than 51%
tumor cells (+++). The classification was done by
two senior pathologists who did not know the
clinicopathological data.
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clinical pathological data of gastric carcinoma are
illustrated in Table 1. The rate of bcl-2 protein expression
was not correlated with patient age, sex, tumor size, lymph
node status and clinical stages (P>0.05). The
immunoreactivity of bcl-2 was significantly associated
with morphologic phenotype and grades of differentiation
of gastric carcinoma. Twenty-six (92.86%) of 28 gastric
carcinomas of intestinal morphologic phenotype were
immunoreactive versus 15 (68.16%) of 22 diffuse tumors
(P<0.05). Twenty-one (95.45%) of 22 poorly
differentiated gastric carcinomas were immunoreactive
versus 11 (61.11%) of 18 well and moderately
differentiated carcinomas (P<0.01).

Statistics

Analysis of data was accomplished using Chi square
test. P values less than 0.05 were considered to be
statistically significant.

Table 1 Correlation between bcl-2 protein expression and
clinicopathological parameters of gastric carcinomas
bcl-2 protein expression
n

Positive rate (%)
-

RESULTS
Expression of bcl-2 protein in gastric
carcinoma

Forty-one (82%) of the fifty gastric carcinomas
showed immunoreactivity for bcl protein in gastric
carcinoma cells. Expression of varied: + in bcl-2
protein, 6(12%), ++ in 20(40%) and +++ in 15
(30%). The bcl-2 protein immunoreactivity
appeared brown or dark brown, which was localted
on the cytoplasm and nuclear membrane of tumor
cells (Figure 1). Some of the mature lymphocytes
infiltrating in the stroma of gastric carcinomas had
bcl-2 protein expression with a strong staining
intensity.

Age (a)
59
36
7
60
14
2
Sex
M
34
7
F
16
2
Type
Intestinal
28
2
Diffuse
22
7
Grade of differentiation
Well/moderate 18
7
Poor
22
1
Mucoid
10
1
Tumor size
<5cm
31
8
5cm
19
1
Lymph-node metastasis
Negative
21
4
Positive
29
5
Serosal invasion
Absent
25
7
Present
25
2
Clinical stages
I and II
32
6
III and IV
18
3

+

++

+++

4
2

15
5

10
5

80.56
85.71

2
4

13
7

12
3

79.41
87.50

3
3

13
7

10
5

92.86 a
68.18

1
4
1

5
12
3

5
5
5

61.11
95.45 b
90.00

4
2

11
9

8
7

74.19
94.74

2
4

9
11

6
9

80.95
82.76

3
3

9
11

6
9

72.00
92.00

5
1

12
8

9
6

81.25
83.33

χ =5.082, P<0.05, vs diffuse-type gastric carcinoma; bχ2=7.298,
P<0.01, vs well/moderately differentiated gastric carcinoma.

a 2

Figure 1 Immunoreactivity of bcl-2 was detected in the cytoplasm
of gastric carcinoma cells. SP ×200

Correlation between bcl-2 protein expression
and clinicopathological parameters of gastric
carcinomas

Correlations between bcl-2 protein expression and

DISCUSSION
The bcl-2 proto-oncogene is initially identified in human
follicular and diffuse B-cell lymphomas characterized
by the reciprocal translocation[1]. The product of the
proto-oncogene bcl-2 is a 26-kDa protein that blocks
apoptosis. bcl-2 protein is localized in the mitochondria,
endoplasmic reticulum and nuclear envelope membranes.
More recently, several normal and malignant tissues
other than hematolymphoid cells have been shown to
express bcl-2, including the lung, breast, prostate,
stomach, small bowel and colon[2-5].
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The relation of bcl-2 protein expression to
clinicopathological parameters of tumors was still
unclear. Joensuu et al [6] demonstrated that bcl-2
expression was correlated with the age of patients,
which was more common in aged than in young
patients. Silviastrini et al[7] found that bcl-2 protein
expression was related to the tumor size. A
significantly higher fraction of bcl-2 positive cells was
observed in small tumors than in large tumors. Sierra
et al[8] found that bcl-2 protein was more frequently
expressed in tumors with early metastasis than in
lymph-node negative tumors. Our study showed that
bcl-2 protein expression was associated with
morphologic phenotype and grades of differentiation
of gastric carcinomas. The difference in the bcl-2
protein expression in the intestinal and diffuse types
demonstrated that aberrant bcl-2 protein expression
was preferentially associated with development of
intestinal-type gastric carcinoma, indicating again the
different biologic mechanisms involved in the
development of these two histologic subtypes. The
difference in the bcl-2 protein expression between
poorly differentiated and well/moderately-differentiated
gastric carcinomas demonstrated that aberrant bcl-2
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protein expression was associated with differentiation
or growth speed of gastric carcinomas. There was no
significant relationship between bcl-2 protein expression
and tumor size, lymph-node metastasis, serosal invasion
or clinical stages. Therefore, bcl-2 protein expression
might play an important role?in the early development
and phenotypic differentiation of gastric carcinomas, but
not so in tumor progression.
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Telomeric associations of chromosomes in patients
with esophageal squamous cell carcinomas
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Abstract
AIM To inv estigate the role of telomeric
association in the development of esophageal
cancer.
METHODS Using chromosome R banding
technique,telomeric association of chromosome
in peripheral blood lymphocytes from 16
untreated patients with esophageal squamous
cell carcinoma were observed and 16 healthy
adults served as controls.
R E S U LT S T h e t e l o e m e r i c a s s o c i a t i o n
frequencies of cell and chromosomes were
significantly higher than those of controls
(χ 2 = 9 . 5 6 , P<0.01), but its distribution on
the chromosome showed no significant
difference (χ 2 =1.01, P>0.05) between the
two groups.
CONCLUSION Chromosomal instability
can be initiated by telomeric associations,
and sequential chromosome analysis can aid
the understanding of the tumor occurrence
and progression.

INTRODUCTION
Telomeres are genetic elements located at the end
of all eukaryotic chromosomes and are essential
for normal cell viability. One or their basic
functions is to pretect themselves. DNA at the
terminal end of all chromosomes has a special
structure to avoid binding to the end of DNA from
other chromosmes, thus preventing end-to-end
fusion or telomeric association (TAs). Telomeric
DNA consists of terminal repeat arrays in the 3’
strand (TTAGGG) n and has been isolated from
telomeres in human. Recent studies have
suggested that abnormal telomeric behavior plays
a key role in cancer development. Fitzgeral [1]
reported a case of B-cell leukemia and found
chromosomal translocation resulting from Tas. The
phenomenon has also been observed in tumor cells
from a malignant hishocytoma[2] and a case of preT-cell acute lymphoblastic leukemia [3], three cases
of cardiac myxoma [4] , and two cases of renal
tumor [5] . In the present report, we observed the
telomeres in the peripheral blood lymphocytes
from 16 untreated patients with esophageal cancer
and 16 controls. So as to explore the relationship
between abnormal telomeric behavior and
chromosomal instability.
MATERIALS AND METHODS
Samples
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Sixteen patients (12 men, 4 women) with esophageal
squamous cell carcinoma admitted to the Institute
of Oncology, Yanling County, Sichuan Province, aged
42 to 60 years were selected before the start of any
kind of therapy. Sixteen healthy adults (12 men and
4 women) with no history of cancer; genetic diseases
aged 35-65 years and radiation exposure served as
controls.
Methods

Whole blood lymphocytes from all individuls were
cultured in 199 medium (pH 7.5) containing 5% fetal
calf serum, phytohemaggutinin and antibiotics. The cells
were grown in the dark at 37 for 96 hours. At 94
hours, colcemid was added to a final concentration of
0.1ng/L. After hypotonic treatment with KCl and
fixation in methenol: acetic (3:1), the slides were
prepared by air drying. R banding of chromosomes were
obtained according to the technique of GAO Chung-
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Sheng[7] with slight modification. For each individual, 50
metaphases were studied under a same microscope to
record the frequency of TAs and the distribution on
chromosomes.

RESULTS
Data on the frequency of TAs per cell in esophageal
cancer patients and normal control are shown in
Table 1.
Table 1 Cellular telomeric association frequencies in patients
with esophageal cancer and controls
Cells observed
Patients
Controls

Telomeric associations
No. of cells

Frequencies(%)

115
75

14.38
9.38

800
800

The patients had a TAs frequency of 14.38%,
which was significantly higher than that observed in
normal controls (9.38%) (χ2=9.56, P<0.01).
Comparison of distribution of TAs on chromosomes
between the patients and controls is shown in Table 2.
The frequency of TAs per chromosome was increased
as compared with the controls (P<0.01). Statiscal analysis
showed that the distribution of TAs in two groups was
nonrandom. In the patients, there was a high frequency in
groups E and B, and a low frequency in groups D and
G+Y (P<0.01).
Proportion analysis of telomeric associations
indicated that TAs distribution on chromosome was not
different between the two groups (P>0.05).
Table 2 Distribution of TAs on each chromosome in peripheral
blood lymphocyte from patients and controls
Chrom
osome
groups

Patients
Control
Chrom
osomes No. of Frequencies Percent No. of Frequencies Percent
observed Tas
(%)
(%)
TAs
(%)
(%)

A
B
C+X
D
E
F
G+Y
Total

4
3
12
4
4
3
3
36

800
200
200
800
800
200
800
800

42
50
72
16
51
14
14
259

0.88
1.56
0.59
0.33
1.06
0.44
0.37
0.70

16.2
19.3
27.8
6.2
19.7
5.4
5.4
100

23
30
57
6
18
9
7
150

0.48
0.94
0.47
0.13
0.38
0.28
0.18
0.41

15.3
20.0
38.0
4.0
12.0
16.0
4.7
100

DISCUSSION
Recently, the study on the relationship between
abnormal telomeric behavior and machanism of
canceration has become a ‘hot spot’ in the field of
molecular genetics. TAs of human chromosome is a
rare phenomenon, which has been observed mostly
in metephase cell of a pathologic nature. Since the
1990s, it has been found that telomeric lengths are
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evi d e n t l y s h o r t e n e d i n h u m a n c o l o r e c t a l
carcinoma, Wilms’ tumor; giant cell tumor of
bone, breast cancer, lung cancer, etc. while loss
of telomeric sequences would lead to
chromosomal instability. Because telomere
integrity is critical for the normal replication of
chromosomes in mitosis, telomeric reduction may
lead to chromosomal dysfunction and manifest
cytogenetically as TAs. Sawyer [8] reported TAs
evolving to ring chromosomes in a Pleomorphic
xanthoastrocytoma. TAs between chromosomes
15pter and 20qter, and between chromosome 1q
and 22qter, evolved in a stepwise fasion to ring
chromosome 20 and 22. Thus, TAs is one of the
mechanisms that can initiate chromosomal
instability by generating subclones with unstable
chromosome intermediates and result in ring
chromosomes and subsequent chromosome loss.
Adamson [9] postulated that absent telomere
sequence causes chromosome loss and instability,
and that it may cause bridge break-fusion cycles,
leading to partial chromosome deletion/
duplication. In the early tumorgenesis, the
telomore repeat sequence (TTAGGG) n is often
shortened in tumor cells, which may trigger the
activation of telomerase to elongate telomere
sequence. The shortened telomeric sequence was
often shown to be TAs. TAs not only causes
nondisjunction but also trigger further structural
changes, which may contribute to the complexity
of karyotypes of solid tumors and could be one
of mechanisms of oncogene activation and/or
tumor-suppressor gene disruption.
We had reported genetic instability in patients with
esophageal cancer. However, it is necessary to
prove whether there is a relationship between
chromosomal unstablility and TAs. In our
experiment cellular TAs rate was 14.38% in
patients and 9.3% in controls, compared with the
report in literature [10], the frequency of TAs was
decreased slightly, which may be the difference
of susceptibility of tumor and chromosome banding
techniques.
To our knowledge, this is the first report on TAs in
esophageal cancer. It is not known whether the
biologic changes resulting in TAs have any causal
role in the carcingogenic process, or are of any
importance in tumor cell progression. Molecular
studies should increase our understanding of
mechanisms involved in telomeric rearrangements
and the relationship between chromosome change
and pathogenesis and disease course in esophageal
cancer.

REFERENCES
1
2

Fitzgerald PH, Morris CM. Telomeric association in B-cell lymphoid
leukemia, Hum Genet, 1984;67(4):385-390
Mandahl N, Heim S, Kristoffersson U, Mitelman F, Rooser B, Rydholm A et

XIAO Lin, et al. TAs in ESCC

3
4
5
6

al. Telomeric association in a malignant fibrous histiocytoma. Hum Genet,
1985;71(4):321-324
Morgan R, Jarzhabek V, Jaffe J. Telomeric fusion in pre-T-cell acute lymphoblastic leukemia. Hum Genet,1986;73(3):260-263
Dewlap GW, Dahl RJ, Spurbeck JL, Carney JA, Cordon H. Chromosomally
abnormal clones and nonnandom telomeric translocation in cardiac
myxomas. Mayo Clin Proc,1987;62(7):558-567
Kovacs G, Muller-Brechlin R, Szucs S. Telomeric association in two human
renal tumors. Cancer Genet Cytogenet, 1987;28(2):363-366
Gao CS, Qiu HC, Cheng ZY. A simple, stable method for chromosome R
banding. Heredity and Disease, 1991;8(2):98

233
7
8
9
10

Herbert S, Sehwartz, George A, Schwartz HS, Dahir GA, Butler MG. Telomere reduction in giant cell tumor of bone and with aging. Cancer Genet
Cytogenet, 1993;71(2):132-138
Sawyer JR, Thomas EL, Roloson GJ, Chadduck WM, Boop FA. Telomeric
association evolving to ring chromosomes in a recurrent pleomorphic
xanthoastrocytoma. Cancer Genet Cytogenet, 1992;60(2):152-157
Adamson DJA, King DJ, Haites NE. Significant telomere shortening in childhood leukemia. Cancer Genet Cytogenet, 191(2):204-206
C. Fusrer,R Miro, L Barrions, J. Egozcue. Telomere association of chromosomes induced by aphidicolin in a normal individual. Hum Genet, 1990;84
(5):424-426

234

ISSN 1007-9327

CN 14-1219/R

WJG, 1998;4(3):234-237

Detection of bacterial DNA from cholesterol
gallstones by nested primers polymerase chain
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Abstract
AIM To search for bacterial DNA sequences in
cholesterol gallstones with negative bacterial culture.
METHODS DNA was extracted from cholesterol
gallstones in gallbladders and nested primers
polymerase chain reaction (NP-PCR) was used to
amplify bacterial gene fragments for identifying the
existence of bacteria. The samples of bacterial
DNA extracted from potentially causative or
unrelated living bacteria were amplified in vitro as
the standard markers and comparative 16S
ribosomal RNA sequence analysis was made for
bacterial identification.
RESULTS The gallbladder gallstones of 30
patients were analyzed and bacterial DNA was
found in 26 patients. Among them, gallstones with
cholesterol content between 30%-69% were seen
in 5 (5/5) patients, 70%-90% in 11(11/14)
patients, and more than 90% in 10(10/11)
patients. There was no difference either in
cholesterol and water content of gallstones or in
harboring bacterial DNA of gallstones. E. coli1
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related DNA fragments appeared in the stones
of 8 (26.67%) patients; propionibacteria type
DNA in 7 (23.33%); and harbored bacterial
gene fragments in 2 patients, similar to
Streptococcus pyogenes. A more
heterogenous sequence collection was found
in 7 (23.33%) patients, which could belong to
m u ltiple bacterial infections. Two (6.67%)
patients had bacterial DNA with low molecular
weight which might be related to some
unidentified bacteria.
CONCLUSION Most cholesterol gallstones
harbor bacterial DNA. It is important to determine
whether these microorganisms are innocent
bystanders or active participants in cholesterol
gallstone formation.

INTRODUCTION
Although several factors are known to trigger
nucleation and/or growth of cholesterol crystals, the
pathogenesis of cholesterol gallstones so far is still
unclear. Most studies suggested that cholesterol
gallstones may originate mainly from the disturbances
of cholesterol metabolism, especially involving the
balance between biliary pronucleating and
antinucleating proteins[1]. Unfortunately, the role of
bacterial etiology was usually neglected. We
searched for bacterial DNA sequence in cholesteral
gallbladder gallstones with negative bacterial culture
by highly sensitive and specific nested primers
polymerase chain reaction (NP-PCR) as the
molecular genetic evidence of bacterial colonization
of cholesterol gallstones.
MATERIALS AND METHODS
Subjects

The gallbladder gallstones were consecutively collected
from October to December 1995. Patients with positive
aerobic or anaerobic bile cultures were excluded. The
group for analysis consisted of 5 men and 25 women
with a mean age of 54.5 years, ranging from 27-73 years.
All of them had symptomatic gallstone disease and
underwent selective surgery. Fresh gallbladder bile
samples were obtained by needle puncture aspiration
during surgery. All stones had diameters of more than 5mm
and stored at -20 .
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Methods

DNA extraction. DNA (3.1 µg-26.2 µg) was
obtained from stone samples by the special
purification methods using an UV-240
spectrophotometer (Shimadzu Corporation, Japan).
Stone samples of about 300mg were crushed in a
5ml Eppendorf tube with a glass rod and incubated
with 600 µl 1% sodium dodecyl sulfate rotating
overnight at 20 . Lithium chloride solution (7mol/
L) was added to a final concentration of 1.5mol/L
for precipitating the interfering substances in
gallstones. Bacterial DNA was extracted from
potentially causative or unrelated living bacteria
including E. coli, Propionibacterium acnes,
S t re p t o c o c c u s p y o g e n e s, P s e u d o m o n a s
aeruginosa, Staphylococcus aureus and Serratia
odorifera. All of them were ATCC strains. The
DNA was then extracted by the conventional
purification methods, resuspended in 50 µl TE
buffer (Tris/EDTA), and stored at -4 .
NP-PCR amplification According to the literature[2],
primers sequences were designed for amplifying bacterial
16S ribosomal RNA gene in vitro, including a generic
5’primer set p1: 5’-AGAGTTTGAT (c/t)(c/a)
TGGCTCAG-3’, P2: 5’- ACTAC (c/t) (a/c/g)
GGGTATCTAA(g/t) CC-3’ and a new nested 3’primer
P3: 5’-ACCGC(g/t) (a/g)CTGCTGGCAC (Institute of
Cellular Biology, Chinese academy of Sciences,
Shanghai).
The PCR was done in 0.5ml polyproylene
micr o c e n t r i f u g e t u b e w i t h a P T C - 1 0 0 T M
Programmable Thermal Controller (MJ Research,
INC., USA). The total incubation volume was 25
µl, containing 100mmol/L “tris”-hydrochloric acid,
pH 8.3, 500mmol/L potassium chloride, 15mmol/L
magnesium chloride, 100 µmol/L of each dNTP, 0.
2 µg-1.0 µg template DNA and 1 unit of Taq DNA
polymerase (Sino-American Biotec Engineering,
China). The reaction mixture was covered with 1
d ro p o f m i n e r a l o i l . I n t h e f i r s t r o u n d o f
amplification, 0.2pmols each of the outer primers
(P1, P2), was used then the reaction tubes were
supplemented with 0.2pmols each of the inner
primers (P1, P3), and 1 µl amplified DNA and 1
unit of Taq DNA polymerase were used in the
second round. The PCR cycle took place at 94
for 30s, 56 for 1min, and 72 for 1min 40s.
During the last cycle, the 72 step was extended
to 8min. Thirty-five cycles were carried out for
each reaction.
NP-RCR product comparative analysis The
sequence of 16S ribosomal RNA gene fragments
amplified by NP-PCR was approximately 500-base pairs.
Lambda DNA/EcoR I+ Hind III (Promega Corporation,
USA) was used as molecular standard. Five µg
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reamplified DNA was applied to a 1.4% agarose
gel containing 0.8g/L ethidium bromide and after
electrophoresis 4.0V/cm, 40min was visualised
with an ultraviolet light source. The reamplified
DNA of ATCC bacteria was included in every
run. The agarose gels from the NP-PCR
procedure were then subjected to computer
image system for further bands comparative
analysis. If the NP-PCR of the first gallstone
(chosen at random) was positive, the rest of the
stones of a given patient were usually not
analyzed. Otherwise, all gallstones or at least five
stones would be analyzed.
Cholesterol and water content analysis DNA
isolated from a part of a same gallstone was used
for NP-PCR amplification and another part for
cholesterol and water content analysis. Accurate
100mg of nativeg allstone material was dried at 105
for 3 hours to a constant weight. The cholesterol
was extracted by a modified chemical method and
underwent photometric test using a 722
Spectrophotometer (Shanghai Third Analysis
Instrument Factory). The cholesterol and water
content was analyzed according to the
manufacturer’s instructions.
Statistical analysis All values were expressed as x±s. The relationship between cholesterol or water content
and NP-PCR results were analyzed with Wilcoxon rank
sum test.

RESULTS
The gallstones of 30 patients were analyzed. Bacterial
16S ribosomal RNA gene fragments were amplified
in the stones of 26 patients. Amplification was not
possible in the remaining 4 patients whose stones
had no detectable bacterial DNA (Figure 1). In
the 26 patients, the positive gallstones contained
cholesterol content between 30%-69% in 5 (5/5)
patients, 70%-90% in 11 (11/14) patients, and more
than 90% in 10 (10/11) patients. The water content
of gallstones changed from 10.3% to 52%. The
group with bacterial DNA in the gallstones had
water content of 26.5%±10.39% while the group
without bacterial DNA had water content of 19.
18%±4.88%. There was no difference either in
cholesterol and water content or in harboring
bacterial DNA of gallstones (P>0.05) (Tables 1,
2).E.coli related DNA fragments were found in
the stones of 8 (26.67%) patients. Propionibacteriatype DNA was obtained in 7 (23.33%) patients. Stones
of 2 (6.67%) patients harbored bacterial gene
fragments similar to Streptococcus pyogenes.
Simultaneously, multiple heterogenous sequence
collections were found in 7 (23.33%) patients, which
could belong to the mixed infections including E.coli,
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Propionibacterum acnes and Streptococcus pyogenes
or some other unidentified bacteria such as Clostridium
difficile. The stones of the other 2 (6.67%) patients had
bacterial DNA with lower molecular weight and could
be related to some unidentified bacteria.

Figure 1 Agarose gel electrophoresis comparative analysis of NPPCR products of bacterial DNA fragments from gallstones.
M: Molecular standard, Lambda DNA/EcoR I+ Hind
III. Lanes 1, 2, 3, 6, 8 and 10: NP-PCR positive products
similar to the amplified products of 11 P.acnes 16S rRNA
gene; 11: amplified product of P.acnes 16S rRNA gene;
7, 9: NP-PCR positive products, molecular weight less
than 300bp; 4: negative control; 5: NP-PCR negative
product.

Table 1 The relationship between cholesterol content of
gallstones and the rate of gallstones harbor bacterial DNA
Harbor bacterial DNA No harbor bacterial DNA
Cholesterol
content (%)

30-69
70-90
>90

Case

%

Case

%

Case

5
11
10

16.67
36.66
33.33

0
3
1

0
10.0
33.33

5
14
11

Total
%

16.67
46.67
36.66

Table 2 The relationship between water content of gallstones
and gallstones harbor bacterial DNA
Group
Harbor bacterial DNA
No harbor bacterial DNA

Case

Water content (%)

26
4

26.57±10.39
19.18±4.88

DISCUSSION
Few previous studies considered the role of bacteria
in the pathogenesis of cholesterol gallstone as there
was no direct evidence of bacterial existence,
because of the failure in the bacteria culture from
cholesterol stones. However, the process in
gallbladder gallstone formation may take a longer
time, and the embedded bacteria may be destroyed
or killed. PCR technique has a high sensitivity and
specificity as compared with the bacterial routine
culture. Theoretically, PCR can detect a copy gene
of a bacterium or cell. The nested primer approach
increases the specificity as well as sensitivity of
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PCR [3] . To prevent artifacts resulting from
contamination, gallbladder stones were collected
and prepared with stern sterilization, control
experiments omitting template DNA were made
in parallel, and pre and post-PCR procedures were
performed in different rooms. Furthermore,
primers were designed according to bacterial
genes coding for 16S ribosomal RNA. The
structure of these ribosomal RNA genes is highly
specific for different bacteria.
Bacteria can invade the biliary tract by ascending
from the duodenum and via the hematogenous
route from the hepatic portal venous blood [4] .
Many aerobe, facultative aerobe and anaerobe
species such as E.coli, P.vulgaris, B.fragilis,
C l o s t r i d i u m p e r f r i n g e n s , c a n p r o d u c e βglucaronidase that catalyzes the hydrolysis of
bilirubin conjugates in bile, leading to increased
amounts of unconjugated bilirubin, which
precipitates as calcium bilirubinate stones.
Bacteria could also disturb gallbladder wall
secretion and cause acute or chronic inflammation
with resultant precipitation of bile. Bacteria have
adhesive properties and can produce glycocalyx
or other matrices within which the pigment or
cholesterol coalesces. In fact, most of cholesterol
gallstones have a pigment nucleus or section. It
seems likely that bacterial infection serves as an
initiating factor or plays other important roles in
the development of gallstones. Besides most
bacteria that cause biliary infection can produce
palmitate via a phospholipase, and result in
precipitation of calcium palmitate. Meanwhile, the
reduction of lecithin in bile leads to a lower
solubility of bilirubin and promotes banding of
bilirubin and calcium. Bacterial phospholipase, on
the other hand, degrades lecithin which will
reduce the solubility of cholesterol and promote
cholesterol nucleation in bile.
Propionibacterium acnes is a gram-positive
anaerobic rod bacterium which is a normal bacterial
colony usually located on the skin and mucosa. The
role of Propionibacterium acnes in gallstone
formation has not been clarified. Up to the present,
the possible pathogenic mechanisms are [5]: This
bacterium produces a nonspecific extracellular
lipase that catalyses the total hydrolysis of
triacylglycerols to free fatty acids and glycerol and
that is able to use lecithin as a substrate.
Propionibacterium acens - also produces a
phospholipase C, which is a promoter of cholesterol
procipitation [6].
Propionibacterium can bind to
[7]
lipids , and the binding is increased as lipid
hydrophobicity increases. This ability may permit
Propionibacterium acnes to bind biliary lipid
vesicles and degrade them with the extracellular lipolytic
enzymes. The nonspecific lipase is a chemotactic
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agent for neutrophils, and activation of neutrophils
would result in the release of oxygen radicals
capable of causing phospholipid perioxidation, which
reduces the stability of mixed micellar systems
containing cholesterol, lecithin, and cholate.
Propionibacterium acnes has specific affinity for
the calcium containing regions of gallstones and can
promote calcium salt procipitation. Once the
calcium bilirubinate salt and calcium palmitate salt
were formed, the bacterial colony would secrete
sufficient lipolytic enzymes to promote cholesterol
nucleation.
We found that most cholesterol gallstones harbor
bacterial DNA with the highly sensitive, specific
and reproducible NP-PCR technique. Bacteria and
their metabolites might play an important role in
the formation of cholesterol gallstones with
different mechanisms. Obviously, the study
searching for molecular genetic evidence of
bacterial conolization of cholesterol gallstones is
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only at the initial stage. A lot of work remains to be done
before it can be decided whether these microorganisms
have a cause and effect relationship in cholesterol gallstone
formation and an infectious etiology can be established.
We are now determining heterologous sequence
collections with the dideoxy chain termination technique.
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Effects of octreotide on gallbladder pressure and
myoelectric activity of Oddi sphincter in rabbits
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Abstract
AIM To observe the effect of octreotide (OT)
and somatostatin (SS) on gallbladder pressure and
myoelectric activity of SO in rabbits.
METHODS Male rabbits fasted for 15h-18h and
anesthetized with urethane. The mean gallbladder
pressure (GP) and myoelectric activity of SO were
simutaneously measured with a frog bladder connected
to a transducer and a pair of copper electrodes.
RESULTS After injection of OT (10 µg/kg, iv),
the GP decreased in 2min and reached the lowest
value in about 60min (P<0.01, n=19), and
completely or partially returned to the normal level
in 120min. The frequency of myoelectric activty
of SO was reduced, even disappeared in 2min (P
<0.01, n=19) and returned to normal in about
20min. Injection of SS (10 µg/kg, iv) also decreased
GP and myoelectric activity of SO (P<0.01, n=7);
Before and after injection of OT or SS, injection of
CCK-8 (100ng or 200ng) caused similar increase in
myoelectric activity of SO and GP (P>0.05). Before
and after injection of OT, there were no significant
differences in increases of myoelectric activity of
SO and GP caused by electric stimulation of dorsal
motor nucleus of vagus (P>0.05).
CONCLUSION OT and SS decreased GP and
myoelectric activity of SO, demonstrating that
effects of OT were similar to those of SS.
Intravenous injection of OT did not affect the
increase of myoelectric activity of SO and GP
caused by CCK-8 or electric stimulation of dorsal
motor nucleus of vagus.
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INTRODUCTION
Octreotide (OT) is an 8 amino acids synthetic analog
of somatostatin (SS). Treatment with OT in
acromegaly is effective but leads to gallstone
formation. OT injections inhibit gallbladder contraction
in acromegalic patients [1,2] and normal subjects [3],
stimulating human sphincter of Oddi (SO) activity[4],
which may impair bile evacuation. However, studies
of SS, especially effect of OT on motor function of
biliary system in animals are scarce and controversial.
The aim of this study was to observe the effects of
OT and SS on gallbladder pressure (GP) and
myoelectric activity of SO in rabbits.
MATERIALS AND METHODS
Preparation of animals

Thirty-eight male rabbits, weighing 2kg-2.5kg were used.
They were fasted for 15h-18h with free intake of water
and then anesthetized with urethane (1.0g/kg, iv). A
cannula was inserted into trachea and the unilateral
femoral artery was cathered for the blood pressure
measurement.
Measurement of GP and myoelectric activity of SO

A frog bladder perfused with saline was placed into
the gallbladder and connected to a transducer (TP200T). A pair of copper electrodes was inserted
into subsera of SO. Blood pressure, GP and
myoelectric signals of SO were simutaneously
measured by a polygrapher (RM-6000, NIHON
KHODEN).
Administration of drugs

OT, cholecystokinin octapeptide (CCK-8) and SS were
injected through ear vein. SS and CCK-8 were products
of Sigma Chemical Company (St. Louis, U.S.A.) and
Pennisula Laboratories (Belmont, U.S.A.) respectively.
OT was produced by the Sandoz Pharm Ltd (Besel,
Switzerland).
Electric stimulation of dorsal motor nucleus of
vagus (DMV)

The animal’s head was fixed in a sterotaxic
instrument (I-C model, Jiang Wan, China) A wire
electrode was inserted into DMV for stimulation (0.
2mA, 10Hz, 0.5ms duration, 1min) according to
Messen’s method. An indifferent electrode was
placed on the skin tissure of skull.
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Statistical analysis

The constant mean GP of each animal was taken as
control level (i.e., basic GP served as 0kPa in place
of the real value) and the frequency of myoelectric
activity of SO was considered as normal value. The
percentage of frequency changes=(effect valuenormal value) ÷ normal value×100%. All values were
expressed as x±sx. Experimental data were treated
statistically by Student’s t test.
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of myoelectric activity of SO was reduced, even
disappeared in 2min (-83.1%±8.0%, P<0.01) and
returned to normal in about 20min. At the dose of 5
µg/kg of OT, frequency of myoelectric activity of
SO also decreased (-54%±6.1%, P<0.01). In
contrast to OT 10 µg/kg group, the effect is weak
(P<0.05). Injection of the same volume of 0.9%
saline influenced neither GP nor myoelectric activity
of SO (Figures 1, 2, Table 2).
Effect of iv injection of SS on GP and myoelectric
activity of SO

RESULTS
Effect of intravenous injection of OT on GP

Intra v e n o u s i n j e c t i o n o f O T c a u s e d d o s e dependent decrease of GP. After injection of OT
(10 µg/kg, iv), the GP decreased in 2min (-0.
142kPa±0.029kPa, P<0.01) and reached the
lowest value in 60min (-0.257kPa±0.065kPa, P<0.
01), and completely or partially returned to the
normal level in 120min. Small dose of OT (5 µg/
kg, iv), also decreased GP (P<0.01) but the effect
was slight. No change in GP was found after
injection of 1ml of 0.9% saline (P>0.05). The
differences were significant (P<0.01) (Figure 1,
Table 1) between the two groups of OT.
Effect of intravenous injection of OT on
myoelectric activity of SO

After injection of OT (10 µg/kg, iv), the frequency

After injection of SS (10 µg/kg, iv) in 7 rabbits, GP and
myoelectric activity of SO were decreased. These
changes were similar to those in OT (P>0.05) (Figure 3,
Tables 1, 2).
Effect of iv OT and SS on changes in GP and
myoelectric activity of SO caused by CCK-8

Ten minutes before and 15 minutes after injection
of OT (10 µg/kg, iv), and CCK-8 (100ng) there was
a marked increase in GP and myoelectric activity
of SO. Before and after injection of SS (10 µg/kg),
and CCK-8 (200ng) greatly increased GP and
myoelectric activity of SO. These responses to
CCK-8 showed no significant differences between
pre- and post-injection of OT or SS (P>0.05),
(Figure 4, Table 3).

Table 1 Effect of OT and SS on gallbladder pressure
Changes in gallbladder pressure (basic pressure=0kPa)
Groups

n

NS

5

OT
(5 µg/kg)
OT2
(10 µg/kg)
SS(10 µg/kg)

6
19
7

2

10

-0.024
±0.020
-0.074a
±0.012
-0.142bc
±0.020
-0.143 b
±0.034

-0.000
±0.024
-0.097b
±0.023
-0.196bd
±0.052
-0.122a
±0.037

20

40

60

80

100

120min

-0.013
±0.024
-0.068
±0.024
-0.184 a
±0.034
-0.071
±0.021

-0.013
±0.032
-0.135
±0.050
-0.154 a
±0.052
-0.021
±0.036

-0.010
±0.024
-0.101
±0.062
-0.257 a
±0.065
0.029
±0.028

-0.010
±0.024
-0.120
±0.052
-0.145
±0.048

-0.012
±0.024
-0.068
±0.038
-0.104
±0.036

-0.020
±0.040
-0.052
±0.031
-0.040
±0.042

a

P<0.05, bP<0.01 vs NS group; cP<0.05, dP<0.01, vs group 1 OT.

Table 2 Effect of OT and SS on frequency of myoelectric activity of SO
Groups

Changes in frequency of myoelectric activity of SO (%)

n
2

NS

5

OT1
(5 µg/kg)
OT2
(10 µg/kg)
SS
(10 µg/kg)

6

a

19
7

-8.0
±8.2
-51.4 b
±6.1
-83.1 bd
±8.0
-86.7 b
±11.0

10

20

-4.0
±6.5
-42.3 a
±11.9
-65.0 a
±11.3
-78.5 a
±14.0

-2.0
±5.0
-18.5
±9.0
-21.5
±9.3
-48.9
±14.0

P<0.05, bP<0.01 vs NS group; cP<0.05, dP<0.01, vs OT 1 group.

40
0.0
±11.0
-5.0
±10.0
5.0
±6.2
-10.0
±18.8

60

80

100

4.0
±6.0
-4.0
±6.0
3.5
±9.1
7.0
±9.0

-3.0
±6.0
5.0
±6.5
-4.0
±7.0

-1.0
±8.2
-2.0
±4.5
-4.0
±5.0

120min
-2.0
±5.0
4.0
±5.3
-3.5
±8.5
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Table 3 Comparision of effects of iv CCK-8 and electric stimulation of DMV on gallbladder pressure and myoelectric activity of
SO after

Group

n

Changes of frequency of
myoelectric activity of SO (%)

Changes in gallbladder
pressure (basic pressure = 0kPa)

Before

After

Before

After

285.8 ± 75.8
275.8 ± 37.7
426.4 ± 59.0

0.128 ± 0.046
0.363 ± 0.113
1.795 ± 0.468

0.123 ± 0.031
0.321 ± 0.112
1.955 ± 0.340

DMV OT

10

283.8 ± 69.6

CCK-8 (100ng) OT
CCK-8(200ng) SS

12
4

346.8 ± 79.2
485.8 ± 78.9

Before, before injection of TO or SS; After, after injection of OT or SS.

Effects of iv OT on changes of GP and
myoelectric activity of SO caused by electric
stimulation of DMV

Ten minutes before and after injection of OT (10 µg/kg,
iv), electric stimulation of DMV increased GP, frequency
and amplitude of myoelectric activity of SO, the effects
being similar (P>0.05), (Table 3).

Figure 3 Effect of iv SS on gallbladder pressure and myoelectric
activity of SO. A, injection of normal saline; B, injection of SS;
MBP, mean blood pressure; MGP, mean gallbladder pressure;
MESO, myoelectric activity of SO; , iv injection mark.

Figure 1 Effect of iv octreotide on gallbladder pressure and
myoelectric activity of SO. A, injection of normal saline; B, injection
of OT; MBP, mean blood pressure; MGP, mean gallbladder pressure;
MESO, myoelectric activity of SO. , intravenous injection mark.

Figure 4 Effect of iv CCK-8 on gallbladder pressure and myoelectric
activity of SO after injection of octreotide. A, before injection of
OT; B, After injection of OT.

Figure 2 Effect of octreotide on myoelectric activity of SO. A,
injection of normal saline; B, injection of OT (10 µg/kg, iv)

DISCUSSION
Several studies of SS effect on biliary motility have
been reported but the results are different. SS has
no effect on contraction of gallbladder smooth
muscle strips in guinea pigs, dogs [5] and rabbits[6],
but inhibits gallbladder motility in human [7] and
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dogs[5] in vivo. SS has been reported to either stimulate
or inhibit the SO of dogs[8,9]. In the present study, SS
decreased both GP and myoelectric activity of SO. The
latter response was similar to the inhibitory SS effect
on SO in rabbits reported before[10]. OT, a long-acting
analog of SS, has been found to inhibit human
gallbladder motility and to stimulate SO contraction
which may impair bile evacuation with a risk of
gallstone formation[1,2,4]. The animal experiment of OT
effect was only conducted on prairie dogs in which
OT decreased the motility index of SO, but did not
affect the gallbladder pressure[11]. In the present study,
OT decreased GP and myoelectric activity of SO in
rabbits. These results were consistent with those of
SS, demonstrating that inhibitory effect of OT is similar
to that of SS. The diverse effects of SS and OT on
motility of SO and gallbladder may be explained by the
species difference.
The motility of gallbladder and SO is regulated by
both autonomic nervous system and intestinal hormones.
CCK is an important hormone for mediating motility of
biliary tract. In the experiments on dogs, SS inhibits
contraction of gallbladder strips induced by electric
stimulation and decreased GP by CCK-8 in vivo probably
through suppressing Ach release by the intrinsic
cholinergic neurons, but does not affect contraction of
gallblader strips intiated by Ach or CCK[5]. Intravenous
injection of SS inhibits contraction of human gallblader
in response to CCK[7]. In our study, injection of CCK-8
markedly raised GP and increased myoelelctric activity
of SO in rabbits. After injection of OT or SS, and
CCK-8 resulted in increases of GP and myoelectric
activity of SO, indicating that SS and OT do not affect
the stimulatory effect of CCK-8 on gallbladder and
SO. It is reported that electric stimulation of DMV
raises GP and increases myoelectric activity of SO
through a cholinergic mechanism of vagal nerve. In
this study, before and after injection of OT, electric
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stimulation of DMV caused similar increases in GP and
myoelectric activity of SO. These results imply that OT
did not inhibit the increase in motility of gallbladder and
SO caused by DMV stimulation. The mechanisms of
OT effect on motor function of biliary tract require
further investigations.
In conclusion, OT and SS decrease GP and
myoelectric activity of SO, demonstrating that the
inhibitory effect of OT is similar to that of SS in rabbits.
Before and after injection of OT and SS, and CCK-8
injection or electric stimulation of DMV similar increases
are caused in GP and myoelectric activity of SO,
suggesting that OT and SS do not affect the increases in
motility of gallbladder and SO caused by CCK-8 and
electric stimulation of DMV.
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Relationship between enteric microecologic
dysbiosis and bacterial translocation in acute
necrotizing pancreatitis *
WU Cheng-Tang, LI Zhan-Liang and XIONG De-Xin
Subject headings pancreatitis; bacterial translocation;
intestines; lipopolysaccharide/blood; amylase/blood;
bifidobacterium; lactobacillus

Abstract
AIM To investigate the potential role of intestinal
microflora barrier in the pathogenesis of pancreatic
infection.
METHODS Fifteen dogs were colonized with a
strain of E.coli JM109 bearing ampicillin resistance
plasmid PUC18. The animals were divided into two
groups. In experimental group (n=8), acute
necrotizing pancreatitis (ANP) was induced by
injection of 0.5 ml/kg of sodium tarocholate with
3000U/kg trypsin into the pancreatic duct. The
control group (n=7) underwent laparotomy only.
All animals were sacrificed 7 days later. Mucosal
and luminal microflora of intestine were analyzed
quantitatively, and various organs were harvested
for culturing, blood samples were obtained for
determination of serum amylase activities and
plasma lipopolysaccharide (LPS) concentrations.
RESULTS In the experimental group, the number
of E.coli in the intestine was much higher than those
of the controls, while bifidobacterium and lactobacillus
were decreased significantly (Jejunum, 1.75±0.95 vs
2.35±0.79, P<0.05; 1.13±0.8 vs 1.83±0.64, P<0.
05; ileum, 2.89±0.86 vs 3.87±1.05, P<0.05; 1.78±0.
79 vs 3.79±1.11, P<0.01;cecum, 2.70±0.88 vs 4.
89±0.87, P<001; 2.81±0.73 vs 3.24±0.84, P<0.05.
Content of Cecum, 3.06±0.87 vs 5.15±1.44, P<0.
01; 2.67±0.61 vs 4.25±0.81, P<M0.01), resulting in
reversal of bifido-bacterium/E.coli ratio as
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compared with the control group (jejunum,0.51±0.
76 vs 1.23±0.53, P<0.05; ileum, 0.62±0.68 vs
1.16±0.32, P<0.05; cecum,0.46±0.44 vs 1.03±0.
64, P<0.05). In addition, intestinal bacteria were
isolated from organs of all animals in the
experimental group, and JM109 was also detected
in most cases. Positive blood culture was 75.0%
and 62.5% on day 1 and 2 after induction of
ANP, respectively, but no bacterium was found
in the controls. As compared with the control
group, blood LPS levels and serum amylase
activities increased 1-3 times and 3-8 times
respectively.
CONCLUSION Microecological disturbance
could occur in ANP, and overgrowth of intestinal
gram-negative bacteria may lead to translocation
to the pancreas and other organs, becoming
the source of pancreatic and peripancreatic
infection.

INTRODUCTION
Secondary pancreatic and peripancreatic infection
is a common severe complication in acute
necrotizing pancreatitis (ANP) and responsible for
80% of death due to this disease. The pathogenesis
of pancreatic infection has not been clear
completely. Pathogens isolated from infected
pancreas were similar with common intestinal flora,
providing indirect evidence of gut origin of
pancreatic infection.
The microecological disturbances of intestine might
play an important role in the development of
pancreatic infection following ANP. The purpose of
this study was to determine if indigenous enteric flora
were a primary source of pancreatic infection, and
to reveal the relationship between enteric
microecologic dysbiosis and bacterial translocation
in ANP in dogs.
MATERIALS AND METHODS
Adult mongrel dogs weighing 13kg to 18kg were
observed for at least 1 week, prior to the
experiment, stools were cultured with eosin
methylene blue agar containing ampicillin (100ng/
L). Animals without resistant bacteria in stool
culture entered the experiment and received
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20 000IU gentamicin orally for 2 days to suppress
the indigenous enteric flora. E.coli JM109 bearing
ampicillin-resistance plasmid PUC18
(approximately 109 colony-forming units)
administered with food. For the rest of the
experiment, drinking water was supplemented with
100ng/L ampicillin. Stool samples were cultured
with eosin methylene blue agar (supplemented with
100ng/L ampicillin), Colonization was considered
established when culture was positive for 3
successive days. Fifteen dogs were then randomly
divided into two groups: ANP group (n=8) and
control group (n=7), and laparotomy was
performed under general anesthesia (i.v.
thiopentalsodium). In ANP group, pancreatitis was
induced by injection of 0.5 ml/kg sodium
taurocholate with 3 000IU/kg trypsin into the
pancreatic duct under pressure of 7.8kPa. The
dogs in the control group received laparotomy only.
Before the operation and on days 1, 2, 4 and 7
postoperatively, blood samples were obtained for
determination of serum amylase activities (iodiumstarch method) and plasma LPS concentrations
(LAL test), and blood was cultured for aerobic
and anaerobic bacteria on each postoperative day.
All dogs were killed on the 7th day after operation.
Under strict aseptic conditions, specimens of
tissues from mesenteric lymph nodes (MLN), liver,
pancreas, spleen, kidney and lung were harvested,
weighed, and homogenized. Ten µl of each
homogenate was cultured for aerobic and
anaerobic bacteria. All bacteria isolated from
organs were cultured in luria-bertani (LB)
supplemented with 100ng/L ampicillin for 24 hours.
Positive germs were initially identified as resistant
bacteria. Final identification of those strains was
accomplished by confirming the presence of
plasmid PUC18. Plasmid DNA was purified by an
alkaline lysis method and subjected to restriction
digestion with endonuclease EcoR1 (Sigma Corp.)
in 37 water for 1 hour. Ten µl DNA fragments
were separated by electrophoresis through
horizontal 0.8% agarose gel, stained with ethidum
bromide and photographed under ultraviolet lamp
in 590nm.
Jejunum, cecum, ileum and content of cecum were
harvested, weighed and homogenized in 5ml
physiological saline. Homogenate (0.5ml) was serially
diluted (10 times), and 10 µl dilution was plated on
selective media for E.coli, enterococci, bacteroids,
bifidobacteria and lactobacilli, respectively, and
incubated at 37 for 24-48 hours, aerobically or
anaerobically for 48 hours, positive specimens were
subcultured and the bacteria identified by standard
procedures.
Sections of cecum and pancreas were stained
with hematoxylin and eosin and examined under
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light microscopy.
Data were analyed by Student’s t test, and results
were expressed as x±s. Differences were considered
significant when P<0.05).

RESULTS
Acute necrotizing pancreatitis

Laborat o r y t e s t s s h o w e d s i g n i f i c a n t
hyperamylasemia on days 1, 2, 4 and 7 after
operation in dogs with pancreatitis (Table 1).
The pancreas in ANP group appeared enlarged
and swollen with visible grey or black areas.
Histologic examination revealed severe
hemorrhagic necrotizing pancreatitis (Figure
1).?In the control group, no abnormalities were
found both macroscopically and histologically
(Figure 2).
Intestinal morphology

Cecal mucosa were severely damaged in dogs with
pancreatitis. The surface epithelium was denuded on
the top of the villi, and there was an extensive
neutrophilic granulocyte infiltration of the lamina
propria. No pathologic changes were noticed in the
controls.

Figure 1 Light micrography showing severe hemorrhage in pancreas
of ANP. HE×100
Figure 2 Light micrography of a normal pancreas. HE×100
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The population levels of E.coli in the mucosa of
jejunum, ileum, cecum and in the cecal content were
increased significantly in ANP dogs on day 7
postoperatively (P<0.05 or P<0.01, Table 2), while
bifidobacteria and lactobacilli were decreased obviously.
The ratio of bifidobacterium/E.coli (B/E) was reversed
(P<0.05, Table 3).

pancreas (87.5%), liver (87.5%), lung (75%),
kidney (75%) and spleen (50%). The
isolation rate of E.coli JM109 was 75% in
pancreas, 50% in the liver and lung. Blood
positive cultures were seen mainly on the
first (75%) and second (62.5%)
postoperative day, and JM109 was found in
m o r e t h a n 6 0 % of cases.

Bacterial translocation

LPS concentration

Blood and tissue cultures were negative
except for 2 episodes of bacterial
translocation to MLN in the control group and
were positive in the ANP group, bacterial
t r a n s l o c a t i o n w a s f o u n d i n M L N ( 1 0 0 % ),

The LPS concentrations in ANP group were
elevated significantly as compared with those of
the control group in each postoperative day (P<0.
05 or P<0.01, Table 4).

Intestinal microflora

Table 1 Activity of plasma amylase (U/L)
Group

Preoperation

d1

d2

d4

d7

Control
ANP

796.61±82.41
825.50±82.94

816.56±57.82
7363.25±1383.26 b

787.26±78.66
7060.75±1135.65 b

807.68±89.56
4590.25±1312.44 b

778.59±80.95
2783.75±893.42 b

b

P<0.01, compared with the control group.

Table 2 Population levels of mucosal and luminal flora (CFUlogn/g, x±s)
Content

Group

E.coli

Jejunum

Control
ANP
Control
ANP
Control
ANP
Control
ANP

1.91±0.49
3.42±0.93b
3.51±0.84
5.80±1.27b
4.74±0.93
5.88±1.18a
4.86±0.64
7.43±1.19b

Ileum
Cecum
Content
of cecum

Enterococcus

Bacteroid

Bifidobacterium

1.69±0.79
0b
2.05±0.44
1.17±0.95a
2.61±0.77
1.27±1.04a
3.50±0.85
2.27±1.49a

2.23±0.92
3.75±0.77 a
3.61±1.06
4.35±0.98 a
3.54±0.99
4.01±1.10
4.81±0.95
4.72±1.13

2.35±0.79
1.75±0.95a
3.87±1.05
2.89±0.86a
4.89±0.87
2.70±0.88b
5.15±1.44
3.06±0.89b

Lactobacillus
1.83±0.64
1.13±0.80
3.79±1.11
1.78±0.79b
3.24±0.84
2.81±0.73a
4.25±0.81
2.67±0.61b

a

P<0.05, bP<0.01 compared with the control group.

the same strains.

Table 3 Ratio of bifidobacterium/E.coli (B/E)
Group

Jejunum

Control
ANP

1.23±0.53
0.51±0.76 a

Ileum
1.16±0.82
0.62±0.68a

Cerum
1.03±0.64
0.16±0.44a

a

P<0.05 compared with the control group.

Table 4 Changes of plasma LPS (Eu/ml)
Group

d1

d2

d4 d7

Control 0.068±0.005 0.074±0.008
ANP

0.217±0.085 b 0.346±0.127 b

0.064±0.009 0.066±0.007
0.268±0.054 b 0.107±0.064 a

a

P<0.05, bP<0.01, compared with the control group.

Plasmid DNA analysis

The strain of ampicillin-resistant E.coli was
isolated in all dogs with pancreatitis. All ampicillinresistant E.coli isolated from different organs had
identical antibiograms and contained plasmid DNA
that appeared identical as shown by plasmid
electrophoresis profile, indcating that they were

DISCUSSION
Numerous studies have revealed that intestinal
microecologic dystiosis may lead to decreased
colonization resistance of the gut, which plays an
important role in the pathogenesis of
enterogenous infection. Runkel found that gramnegative germs overgrew in cecal mucosa 24-48
hours after onset of pancreatitis, suggesting that
microecological disturbance of intestine was an
important factor for sepsis following pancreatitis
[3]
. Kazantsev used plasmid labeled E.coli
(kanamycin-resistant) to confirm that intestinal
bacteria could translocate to pancreas in
pancreatitis, but he could not explain the
relationship between bacterial translocation and
enteric microecologic dysbiosis[4].
The present study showed that the enteric
microecologic disturbance did take place following
pancreatitis. The population levels of E.coli were
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increased significantly, while the bifidobacteria and
lactobacilli were decreased obviously. So the main
manifestation of the disturbance of enteric flora were
overgrowth of opportunistic pathogens including aerobic
bacteria and facultative anaerobes, and reduction of
anaerobic bacteria such as bifidobacteria and lactobacilli,
as reported earlier by Gianotti[5] et al. Blood and organ
culture further showed that bacteria translocated to
organs and blood in all animals with pancreatitis, and to
pancreas in 87.5% of cases, 75% of them were E.coli
JM109 colonized previously in the gut. These results
provided substantial evidence that the gut was the primary
source of pancreatic infection, and the translocation of
the enteric overgrowing gramnegative germs in the gut,
were the main pathogens of pancreatic infection.
The enteric microecologic dysbiosis following
ANP might be explained by the overgrowth of
gramnegative germs (mainly E.coli) and their
inhibitory effect on the growth of dominant
bacteria in gut such as bifidobacteria, resulting in
the decreased colonization resistance and the
immunity of host. This disturbance might lead to
colonization of potential opportunistic pathogens
and increase the chance of bacterial translocation.
The intestinal epithelium was also injured by enteric
ischemia and ischemia-reperfusion in ANP. In such
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circumstances, enteric bacteria which attached to and
colonized on the surface of intestinal epithelium, could
penetrate the mucosal barrier and translocate to MLN,
other organs and blood, and caused infection in the
pancreas which was seriously damaged by inflamation,
hemorrhage and necrosis. The overgrowth of E.coli may
also produce a large amount of LPS, becoming the source
of endotoxemia following pancreatitis.
In conclusion, our data demonstrated that the
enteric microecologic dysbiosis played an important
role in the pathogenesis of infection complicating
ANP. Taking effective measures to reduce the
microecological disturbance and to protect the gut
barrier function should be an important principle to
prevent infection secondary to acute necrotizing
pancreatitis.
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Effect of Helicobacter pylori infection on gastric
epithelial proliferation in progression from normal
mucosa to gastriccarcinoma
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Abstract
AIM To study the effect of Helicobacter pylori
(H. pylori) infection on gastric epithelial proliferation
in the progression from normal mucosa to gastric
carcinoma.
METHODS Gastric biopsy specimens from normal
controls (n=11), superficial gastritis (n=32),
atrophic gastritis with intestinal metaplasia (n=83),
dysplasia (n=25) and gastric carcinoma (n=10)
were studied by immunohistochemical stianing of
proliferating cell nuclear antigen (PCNA).
RESULTS The gastric epithelial proliferation,
expressed as PCNA labeling index (LI)%, was
progressively increased in successive stages from
normal mucosa to gastric carcinoma regardless of
H. pylori status. There was significant difference
in PCNA LI% among all groups (P<0.01). The
analysis pursuing the effect of H. pylori infection
on gastric epithelial proliferation in the progression
from normal mucosa to gastriccarcinoma showed
that in superficial gastritis and mild atrophic gastritis
groups, PCNA LI% in H. pylori positive patients
were 13.14±1.6 and 19.68±2.22 respectively,
significantly higher than 6.95±0.78 and 11.34±1.
89 in H. pylori negative patients (P<0.01); but
there was no such difference in other groups (P>
0.05).
CONCLUSION H. pylori infection causes
increased gastric epithelial proliferation in the stages
of superficial and mild atrophic gastritis and may
play a part in triggering gastric carcinogenesis.
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INTRODUCTION
Gastric carcinoma is one of the leading causes of
malignancy-related death in China, and its etiology
has not been fully elucidated. The epidemiological
and histopathological studies have shown that
Helicobacter pylori (H. pylori) infection is closely
associated with gastric carcinogenesis [ 1 - 5 ] .
However, the mechanism and the stages in which
H. pylori participates in the process of gastric
carcinogenesis are largely unknown. An increase
in epithelial cell proliferation is one of the earliest
mucosa changes in the development of gastric
cancer, and may serve as a risk indicator for it [6,7].
The proliferation nuclear cell antigen (PCNA)
expression is a reliable marker for evaluation of
cell proliferation [8,9]. In this study, we used PCNA
as a marker to investigate the effect of H. pylori
infection on gastric epithelial proliferation in the
progression from normal mucosa to gastric
carcinoma.
MATERIALS AND METHODS
Subjects

Archival gastric biopsy specimens used in this study
were randomly selected from those kept in the
pathological department of Shanghai Institute of
Digestive Diseases between January and December
1996. The specimens were taken from 161 subjects,
and the diagnosis was made based on the endoscopic
and histological findings. Subjects were assigned to
one of the following five study groups according to
the histological diagnosis: Group 1, normal gastric
mucosa, H. pylori negative; group 2, chronic
superficial gastritis; group 3, chronic atrophic gastrits
with intestinal metaplasia; group 4, dysplasia; and
group 5, gastric carcinoma (intestinal type). The
atrophy and intestinal metaplasia in gastric mucosa
were graded as mild, moderate and severe respectively
according to the criteria proposed in Sydney system,
and scored 1, 2 and 3. Atrophic gastritis was usually
accompanied by intestinal metaplasia, so the scores
of atrophy and intestinal metaplasia in each patient
were added up, and then further classified as mild for
total score equal or less than 2, moderate for scores
3-4, and severe for scores more than 4. The patients
with chronic gastritis accompanied by dysplasia all
belonged to group 4.

LIU Wen-Zhong, et al. H. pylori infection and gastric epithelial proliferation

PCNA staining

PCNA staining of antral biopsy specimens was
performed using immunohistochemial ABC method.
Briefly, PCNA staining was proceeded, after
deparaffinizing in xylene, clearing in ethanol,
rehydrating through graded ethanol and washing in
PBS. Endogenous peroxidase was blocked by 0.3%
H2O2, and then washed slightly in PBS. The sections
were preincubated with diluted normal goat serum,
and then incubated with anti-PCNA antibody (PC10,
mouse anti-human, DAKO Company) diluted 1:80
at 4 overnight. After draining, the sections were
incubated with a biotinylated anti-mouse IgG diluted
1:50 for 60min, then incubated with ABC working
solution for 30min according to manufaturer’s
instruction (Sino-American Biotechnology
Company). After another washing, the sections were
incubated with 3-3’diaminobenzidine
tetrahydrochloride (DAB) solution under microscopic
monitoring, and then counterstained with
hematoxylin. The stained PCNA positive tissue
(gastric polyp) sections served as positive controls.
A negative control, where primary antibody was
replaced by PBS, was also stained parallelly.
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Table 1 The demographic profile and H. pylori status in 161
subjects
Study
groups

Normal gastric mucosa
Superficial gastritis
Atrophic gastritis
Mild
Moderate
Severe
Dysplasia
Gastric Carcinoma

No. of
patients

Femal/
male

Average No. of Hp No. of Hp
ages(yrs) positive negative

11
32

2/9
10/22

44.5
43.6

0
16

11
16

32
26
25
25
10

11/21
11/15
8/17
7/18
3/7

42.1
51.0
56.1
53.2
66.2

16
15
10
13
5

16
11
15
12
5

Figure 2 shows the PCNA LI% in the groups
associ a t e d w i t h H . p y l o r i s t a t u s . A t r o p h i c
gastritis group was further classified into mild,
moderate and severe subgroups based on the
scores of atrophy and intestinal metaplasia. In
superficial gastritis and mild atrophic gastritis
groups, PCNA LI% in H. pylori positive
patients was 13.14±1.6 and 19.68±2.22
respectively, significantly higher than 6.95±0.78
and 11.34±1.89 in H. pylori negative patients
(P<0.01); but there was no such difference in
other groups (P>0.05).

Analysis of gastric epithelial proliferative activity

PCNA positive cells were counted only in well oriented
sections with visible entrire gastric pits. A mean number
of 10 pits were examined for each specimen, and
greater than 500 cells were analysed. Labeling index
per cent (LI%) was measured by counting the
percentage of the number of PCNA positive cells of
the total number of cells.
Identification of H. pylori infection

H. pylori was detected under microscopy on the
histological sections stained with a modified Giemsa
staining method.
Statistical analysis

LI% was compare among groups, and the significance
was analysed using Student’ t test for unpaired data, P
values less than 0.05 were considered statistically
significant.

RESULTS
Table 1 shows the demographic profileand H. pylori
status in 161 subjects. Figure 1 shows PCNA LI% in
the study groups regardless of H. pylori status. PCNA
LI% in normal gastric mucosa, superficial gatritis,
atrophic gastritis, dysplasia and gastric carcinoma
group was 6.31±1.67 (x±s), 10.04±1.32, 17.11±2.55,
32.46±4.16 and 46.05±4.63, respectively. PCNA LI%
was progressively increased from normal mucosa to
gastric carcinoma, and there was significant
difference between the
groups (P<0.01).

Figure 1 PCNA LI% in thestudy groups from normal gastric
mucosa to gastric carcinoma regardless of H. pylori status.

Figure 2 PCNA LI% in study groups associated with H. pylori
status from normal mucosa to gastric carcinoma. AG=atrophic
gastritis.
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DISCUSSION
The etiology of gastric carcinoma has not been fully
elucidated. In 1988, Correa[10] proposed a human
model of gastric carcinogenesis based on the
epidemiological, pathological and clinical findings.
He postulated that gastric cancer develops through
a complex sequence of events from normal to
superficial gastritis, atrophic gastritis, intestinal
metaplasia, dysplasia and finally to intestinal type
gastric carcinoma, and that the chronic gastritis in
the first step in the progression to malignancy. This
postulation was proved correct later by several
studies [11,12].
H. pylori is the primary etiological cause of chronic
gastritis[13,14], and is associated with a sixfold increased
risk of gastric carcinoma[2]. Long-term studies of H.
pylori infection have provided evidence of a progression
from H. pylori gastritis to atrophic gastritis, intestinal
metaplasia, and dysplasia. H. pylori has been listed by
the WHO as class 1 carcinogen for gastric cancer. But
the exact mechanisms that H. pylori participates in
gastric carcinogenesis are not clear.
Excessive cell proliferation increases the chance
of spontaneous error of DNA replication, and
potentiates the action of any carcinogen targetting
DNA, and therby enhences the risk of neoplastic
transformation of cells [15] . The assessment of
epithelial cell proliferation as an indicator of risk
has been validated in gastric carcinoma, even before
H. pylori was found to be associated with chronic
gastritis [6]. Several recent studies have shown that
H. pylori infection can promote gastric epithelial
proliferation[16,17] so that H. pylori infection links
to increased risks of gastric carcinogenesis. But
few studies have pursued the effect of H. pylori
infection on gastric epithelial proliferation in the
progression from normal mucosa to gastric
carcinoma[18].
Our results showed that gastric epithelial proliferative
activity expressed as PCNA LI% increased progressively
from normal mucosa to superficial gastritis, atrophic
gastritis, dysplasia and gastric carcinoma, suggesting that
increased gastric epithelial proliferation is associated with
gastric precancerous changes and gastric cancer, and
can be used as an indicator for evaluating the risk of
gastric carcinogenesis.
The analysis of the effect of H. pylori infection
on gastric epithelial proliferation in progression from
normal mucosa to gastric carcinoma indicated that the
increase in gastric epithelial proliferation associated with
H. pylori infection was only seen in superficial gastritis
and mild atrophic gastritis, and in other groups, there
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was no significant difference in PCNA LI% between
H. pylori positive and negative patients. The results
suggested that H. pylori infection causes increased
gastric epithelial proliferation primarily in the stages of
superficial and mild atrophic gastritis, and it may not have
so strong influence in the late stages of gastric
carcinogenesis. There, H. pylori infection may be the
precipitating factor in triggering gastric carcinogenesis.
Once H. pylori gastritis develops to the stage of
gastric atrophy, the gastric acid secretion will decrease
markedly, leading to changes in gastric bacterial flora,
and subsequently promoted the endogenous formation
of carcinogenic N-nitrosocompounds[19,20], and gastric
epithelial proliferation. This may explain why H. pylori
infection has less effect on gastric epithelial proliferation
in late stages of gastric carcinogenesis.
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Abstract
AIM To detect antibodies against Helicobacter
pylori spiral and coccoid antigens in human sera.
METHODS Blood samples were collected from
278 patients with gastric diseases. A 3-day-old
culture of H. pylori on chocolate blood agar was
used to providespiral form. ‘Synchronous’
coccoids were cultured in (BHY) (brain heart
infusion supplemented with 10% horse serum
and 0.4% yeast extract) medium in a
chemostat. Antigens from spiral and coccoid
form were prepared using acid glycine
extraction. Enzyme-linked immunosorbent
assay (ELISA) was performed to detect serum
IgG antibodies against spiral and coccoid forms
of H. pylori.
RESULTS Seroprevalence of H. pylori infection
was higher in patients with gastric ulcer (79%)
and gastric cancer (83%) than those with nonulcer dyspepsia (NUD)(44%) and other
diseases (45%) (P<0.05). IgG antibodies
against spiral and coccoid antigens were
detected in 50.7% (141/278) and 49.6%
(138/278), respectively.
CONCLUSION The spiral and coccoid forms of
H. pylori coexist in patients infected with the
bacterium.
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INTRODUCTION
It was reported that Helicobacter pylori can
convert to coccoid form from spiral form in vitro
after prolonged incubation[1] or under antibiotic stress
[2]
. By histological examination, Chan et al[3] and
Janas et al[4] observed two morphological forms of
the bacteria in H. pylori-positive gastric specimens.
The dimorphism of H. pylori has stimulated
researchers to investigate whether coccoid form of
H. pylori is viable and pathogenic[1,5,6]. Coccoid form
like its spiral form has similar proteins except that a
high-molecular-mass antigenic fraction (>94kDa),
absent in spiral forms, was detected during coccoid
conversion [6] and that a smaller number of
immunoreactive bands were recognized in the
coccoid antigens compared with the spiral antigens
[5]
. In this study, we used ELISA technique to detect
immune response of IgG to spiral and coccoid
antigens.
MATERIALS AND METHODS
Serum specimens

Blood samples were collected from 278 patients with
gastric disorders at the National University Hospital,
Singapore. Informed consent was obtained from all
the patients. After collection, blood specimens were
allowed to clot at room temperature for 36mins60mins. The sera were removed from the clot and
any remaining insoluble material removed by
centrifugation at 2 000×g for 10min at 4 . Sera were
stored at -20 until use.
Antigen preparation

A local H. pylori strain V2 isolated from a patient
with non-ulcer dyspepsia was used. A 3-day-old
culture of H. pylori on chocolate blood agar was used
to provide spiral form. ‘Synchronous’ coccoids were
cultured in BHY (brain heart infusion supplemented
with 10% horse serum and 0.4% yeast extract)
medium in a chemostat. Antigens from spiral and
coccoid form were prepared according to a modified
method of Goodwin et al [7] as described by
Vijayakumari et al[5].
Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed according to the method
described previously [8]. Briefly, flat-bottomed
microtitre plates (Nunc) were coated with acid
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glycine ex t r a c t a n t i g e n s o f H . p y l o r i . T h e
sera tested were diluted at 1:100. Each
diluted serum was examined in triplicate.
Positive control serum was diluted at 1:100,
1:200, 1:400, 1:800, 1:1 600 and 1:3 200 and
negative control serum at 1:100. Horse
radish peroxidase-labelled rabbit anti-human
IgG (Dako) was used as conjugates. The
substrate used was ophenylenediamine
dihydrochloride (OPD, Sigma). The optical
density at wavelength 490 and 620nm
reference filter was read immediately using
a n E L I S A r e a d e r ( C e r e s 9 0 0 B i o - Te k
Instruments, Inc). The cut-off value for the
ELISA was derived according to Khin and
H o [8] .

RESULTS
Seroprevalence of H. pylori infection was higher
in patients with gastric ulcer (79%) and gastric
cancer (83%) than those with non-ulcer dyspepsia
(NUD) (44%) and other diseases (45%) (P<0.05).
Furthermore, of the 278 sera, IgG antibodies against
NCTC 11637 spiral and coccoid antigens were
detected in 141 (50.7%) cases and 138 (49.6%)
cases.
In 191 NUD patients, 84 (43.9%) and 86 (45.0%)
were detected with IgG antibodies to spiral and
coccoid antigens, respectively. There was no
significant difference in seroreactivity to spiral and
coccoid antigens in patients with NUD (P>0.05)
(Figure 1).
Of the 47 peptic ulcer patients, 37 (78.7% and 33
(70.2%) showed antibodies IgG against spiral
and coccoid antigens ( P>0.05). Among the
peptic ulcer patients, 69.2% (9/13) and 76.
9% (10/13) of the gastric ulcer patients
while 82.1% (23/28) and 67.9% (19/28) were
positive for spiral and coccoid antigens,
respectively. Serum IgG antibodies against
spiral antigens were detected in 83.3% (5/
6) patients with both gastric and duodenal
ulcer, while 66.7% (4/6) of these were
seropositive for IgG antibodies against
coccoid antigens (Figure 1).
Of the 6 cases of gastric cancer antibodies IgG 5
(83.3%) cases were positive with IgG antibodies to
spiral antigens and 2 (33%) cases were positive with
IgG antibodies to coccoid antigens. No statistical
difference was found in IgG antibodies against spiral
and coccoid for antigens in this group (P>0.05)
(Figure 1).
Of the 34 cases of other diseases, there was 45.
4% (15/33) and 51.5% (17/33) had positive seroreactivity
against H. pylori spiral and coccoid antigens
respectively. There was no significant difference
(P>0.05 ) ( F i g u r e 1 ) .
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Figure 1 Prevalence of antibodies against H. pylori
spiral and coccoid antigens in patients with different
gastric diseases.

DISCUSSION
Most adult patients colonized with H. pylori elicit a
measurable systemic antibody response which
comprises predominantly IgG. In this study, the
systemic immune response of 278 sera was examined
by ELISA. IgG to H. pylori spiral and coccoid
antigens was found to be 50.7% and 49.6%,
respectively. The serological response to both spiral
and coccoid antigens indicates the possibility of
coexistence of two forms of H. pylori in these
patients which leads to the production of similar IgG
responses in patients. It has been shown earlier that
there were differences in protein profiles of spiral
and coccoid antigens[6]. in vitro, coccoid form could
be detected 6 hours after exposure to 10ng/L of
amoxycillin [2]. Janas et al[4] reported the presence
of two different morphological forms of H. pylori in
gastric antrum specimens. Could these two
morphological forms of spiral and coccoid of H.
pylori be the complete cell cycle in vivo The
morphological changes could have been triggered
under physical or chemical stress which is
unfavourable to H. pylori. Spiral form may then
convert into coccoid form. When the environment
becomes favourable, the bacteria may revert from
coccoid form to spiral form in vivo. However, what
could have led to the revision is still unknown. Some
in vitro studies indicated that coccoid form of H.
pylori might be viable [1,9-11] . Furthermore,
Vijayakumari et al [5] showed that the adherence
patterns of coccoid form of H. pylori on kato III
in vitro were similar to those observed with spiral
form in gastric biopsy specimens in vivo. It was
reported that the vital cytotoxic proteins of spiral
forms were also conserved in the coccoids [6] .
Therefore, like its counterpart, coccoid form could
be an infective, transmissible, immunogenic and
pathogenic form of H. pylori which participates in
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the pathogenesis of gastroduodenal diseases.
The coccoid form was present above damaged
epithelial cells[4] and is not easy to be detected by
the techniques now being used. Patients with
morphological conversion of H. pylori from spiral
to coccoid form after treatment may be neglected
and considered as eradication of H. pylori. The
possible cell cycle of H. pylori may have clinical
relevance. Xia et al[12] reported that recurrence of
H. pylori infection was probably caused by
recrudescence in the patients studied. One possible
reason of relapse could be morphological reversion
of H. pylori form coccoid from to spiral form after
treatment.
This study demonstrated the presence of antibodies
to different antigens of H. pylori in patients. Coccoid
form like its counterpart spiral form may have clinical
relevance in the outcome of gastric diseases.
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Abstract
AIM To determine the tumor necrosis factor alpha
(TNFα), interleukin 6 (IL-6) and soluble interleukin
2 receptor (sIL-2r) from peripheral blood
mononuclear cells (PBMC) in 25 Chinese patients
with ulcerative colitis and 20 healthy controls.
METHODS PBMC were isolated by density
gradient centrifugation of heparinized blood and
cultures for 24 or 48 hours by stimulation with LPS
or PHA. TNFα and sIL-2r were measured by ELISA
method and IL-6 measured by biossay.
RESULTS TNFα production stimulated by LPS
and sIL-2r production by PHA in ulcerative colitis
were significantly lower than in healthy controls
(TNFα 509(46-7244)ng/L vs 1995(117-18 950)ng/
L, P<0.05; sIL-2r 320U/ml±165U/ml vs 451U/
ml±247U/ml, P<0.05). Spontaneous TNFα and sIL2r production were not significantly different between
ulcerative colitis and controls (TNFα 304(46-7044)
ng/L vs 215(46-4009)ng/L, P>0.05; sIL-2r 264U/
ml±115U/ml vs 236U/ml±139U/ml, P>0.05). IL-6
production by spontaneous release from PBMC in
ulcerative colitis group was 109U/ml±94U/ml vs
44U/ml±39U/ml for those in healthy controls, P
<0.01. IL-6 stimulated by LPS in ulcerative colitis
group was (261U/ml±80U/ml) higher than in healthy
controls (102U/ml±54U/ml, P<0.01). No correlation
of TNFα, IL-6, sIL-2r production was found to
disease activity, disease location and medication.
CONCLUSION Cytokine production from PBMC
was also disturbed in Chinese patients with ulcerative
colitis.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory
bowel disease (IBD). Its etiology is still unknown
so far. Immunological abnormality demonstrated in
IBD patients and imbalance between
proinflammatory cytokines and anti-inflammatory
cytokines play an important role in the initiation and
regulation of the immune responses [1,2] . Tumor
necrosis factor alpha (TNFα) produced by activated
mononuclear cells is a potent proinflammatory and
immunoregulatory cytokine [3]. It was named TNF
at beginning because of its cytotoxic and anti-tumor
activities [4] . Now it is known to have a wide
spectrum of importance in IBD, e.g., TNF
antibodies have been successfully used for
treatment of Crohn’s disease[5].
IL-6 is produced by a variety of cells, such as
monocytes, macrophages, T lymphocytes, B
lymphocytes, fibroblasts, endothelial cells, etc. It may
affect the proliferation of epithelial cells and act as an
autocrine growth factor for enterocytes[6,7]. It has been
shown to stimulate T cell and B cell activation and
proliferation [8-10], and to increase immunoglobulin
synthesis from epithelium of human intestine[11,12]. It is
interesting to know that IL-6 has been proposed as a
marker of inflammation in IBD and its concentration
was elevated in serum, peripheral blood mononuclear
cells (PBMC), mucosa biopsy and lamine propria
mononuclear cells (LPMC) in IBD patients[13-16]. Some
papers also show that IL-6 is increased in the systemic
circulation in Crohn’s disease and is not elevated in
UC patients[17].
Soluble interleukin-2 receptor (sIL-2r) is one form
of IL-2 receptor secreted by activated T cells and
other monocytes [18]. It corresponds to the “Tac”
antigen (alpha chain) and could bind IL-2, and then
participate in the regulation of IL-2 mediated
lymphocyte activation[19,20]. Recent studies reported
that sIL-2r was increased in vivo and in vitro in active
IBD patients and may be an index for IBD activity[2123]
. The present study was to determine in vitro
production of TNFα, IL-6 and sIL-2r in PBMC in
Chinese UC patients and analyze the relation of these
three cytokine production from PBMC to disease
activity, location and medication.
MATERIALS AND METHODS
Patients

Twenty-five patients with UC were studied (13 male,
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12 females; mean age 43 and range 23-67 years).
Diagnosis of UC was based on the conventional
clinical, radiological, endoscopical and pathological
criteria designed by Lennard-Jones[24]. Assessment
of its activity followed Sutherland’s score criteria
[25]
. Of 25 patients, 7 patients had Sutherland’s
scores 1-4, 12 had scores 5-8, and 6 patients 9-12;
3 patients had proctitis, 14 left-sided colitis, 8 total
colitis; 16 patients were on oral sulphasalazine
(SASP) treatment (2 patients were being treated
with corticosteroid), 8 patients were on Chinese
medicine and one patient was treated with
metronidazole.
Twenty healthy volunteers served as controls (9
male, 11 females; mean age 37 and range 21-66 years).
There is no statistical difference in age and sex between
these two groups.
Laboratory methods

From each patient, five ml of heparinized blood were
collected. Vials were coated and PBMC isolated within
two hours after blood collection.
Stimulation of PBMC PBMC were isolated by density
gradient centrifugation of heparinized blood and
washed three times with Hank’s balanced salt
solution (without Ca ++ and Mg ++). After washing,
cells were suspended in RPMI 1640(GIBCO) with
15% fetal calf serum (GIBCO), 2mM L-glutamine,
100U/ml penicillin and 100 µg/ml streptomycin.
The isolated cells were cultured for 24 hours (for
TNFα and IL-6 determination) or 48 hours (for
sIL-2r determination) at 37 under 5% CO2 and
100% humidified air in small sterile culture flasks
in 2ml culture medium at a concentration of 1×106/
ml. The cells were cultured in the presence of
100mg/L of LPS (SIGMA) for TNFα and IL-6
stimulation production, and in the presence of
200mg/L PHA (SIGMA) for sIL-2r stimulation
production. For spontaneous production of these
cytokines, no stimulators were added in cell
culture medians. After culturing, cell culture
supernatant was harvested, added 1mmol/ml
PMSF, aliquoted and stored at -30 until assay.
Viability was determined using 3% trypan blue.
Only more than 95% viable cells were used in this
study.
TNFα
α measurement TNFα was determined using
specific TNFα ELISA kit (Beijing Biotin Biomedicine
Co.). In brief, 100µl/well TNFα standard markers and
supernatant samples (in duplicate) were added into
immunoplates and incubated for 2 hours at 20 and
washed three times with 0.01M PBS (pH 7.4) and 0.
05% Tween 20. The plates were subsequently incubated
with 100 µl/well horseradish labelled polyclonal rabbitanti-TNFα (1:1 000) for 1 hour and washed three times
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with 0.01M PBS (pH 7.4) and 0.05% Tween 20.
Then 100 µl/well substrate Ophenylenediamine
added. Incubation was allowed for 15 minutes in
the dark at room temperature. The reaction was
stopped by 50 µl/well 2 M H2SO4 solution.
Absorption was read at 492nm on ELISA reader.
A standard curve was drawn according to OD
values of TNFα markers. TNFα concentration of
each sample was read to its OD value within
standard curve and expressed as ng/L.
IL-6 bioassay The IL-6 bioassay was performed
using the IL-6 dependent cell line B9 according to
Hou [26]. Briefly, each 100 µl of different samples
and standard recombinant human IL-6 was added
into 96 well microtitration plate (CORNING).
Meanwhile, the IL-6 dependent cell line B9 cells
were suspended in RPMI 1640 containing 10%
fetal calf serum (GIBCO) and regulated at a
concentration of 5×10 4 cells/ml. Each 100 µl/ml
of the cells were added into the plate and cultured
at 37 in 5% CO2 for 68 hours. Ten µl/well of
5g/L methyl thiazolyl tetrazolium blue (MTT,
FLUKA) was added. The culture was continued
for another 4 hours. Absorption value was read at
570nm on an automatic ELISA Reader and
represented B9 cell proliferation. The
concentration of IL-6 in a supernatant sample was
calculated as follows: IL-6(U/ml)=the diluted
concentration of supernatant of giving rise to half
maximal proliferation of B9 cells × standard IL-6
activity (100U/ml) ÷ the diluted concentration of
standard IL-6 giving rise to half maximal
proliferation of B9 cells.
sIL-2r measurement sIL-2r concentration in
supernatants from 48-hour culture of PBMC with
or without PHA stimulation was determined using
s pecific sIL-2r ELISA kit (Beijing Biotin
Biomedicine Co.). In brief, 48-well plate was
coated with monoclonal anti-IL-2r alpha antibody
and blocked with 1% BSA in PBS. IL-2r markers
and samples (in duplicate) were added, and
incubated for 2 hours at 37 . After washing three
times with 0.01M PBS (pH 7.4) and Tween 20, 100
µl/well horseradish labelled polyclonal rabbit-antiIL-2r alpha antibody (1:40) was added and
incubated at 37 for one hour and a half, then
washed three times, and added substrate
Ophenylenediamine for 30 minutes at room
temperature. The reaction stopped with 50 µl of
2M H2SO4. The absorption was read at 490nm on
a ELISA reader. sIL-2r concentration was
expressed as U/ml.
Statistical analysis

All values were transformed by log transformation.
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Then t test was used for comparison of TNFα, IL-6 and
sIL-2r between UC and healthy control groups. Relations
of TNFα, IL-6 and sIL-2r production to disease activity,
disease location and medication were analyzed by linear
correlation. P value less than 0.05 was considered
statistically significant.

RESULTS
α , IL-6 and sIL-2r production The spontaneous
TNFα
and stimulated TNFα, IL-6 and sIL-2r production are
shown in Table 1. TNFα production stimulated with LPS
and sIL-2r production by PHA in UC group was
significantly lower than that in healthy control group.
Spontaneous TNFα and spontaneous sIL-2r production
were not different significantly between UC and control
groups. Large inter individual differences were observed
in TNFα production. However, both spontaneous and
stimulated IL-6 production in UC group were significantly
higher than those in healthy controls.
Linear correlation of TNFα
α , Il-6 and sIL-2r
production from PBMC to disease activity, location
and medication No significant correlation was found
between TNFα, IL-6 and sIL-2r production and
disease activity, disease location and medication,
but a tendency of correlation was shown between
spontaneous IL-6 production and disease activity
(r = 0.37) and medication (r = 0.38).
Table 1 Spontaneous and stimulated production of TNFα, IL6 and sIL-2r from PBMC
UC (n = 25)

HC (n = 20)

TNFα (spontaneous) ng/L

304(46-7044)

215(46-4009)

TNFα (stimulated) ng/L

509(46-7244)*

1995(117-18950)

IL-6 (spontaneous) U/ml

109±94*

44±39

IL-6 (stimulated) U/ml

261±80*

102±54s

IL-2r (spontaneous) U/ml

264±115

236±139

sIL-2r (stimulated) U/ml

320±165*

451±247*

P<0.05. Median values shown in TNFα, range in brackets; Mean
values with standard diviation shown in IL-6 and sIL-2r; HC:
heathy controls.

DISCUSSION
In this study there was a marked decrease in LPS
stimulated release of TNFα and a significant decrease
in PHA stimulated release of sIL-2r by PBMC from
patients with UC as compared with healthy controls.
No significant difference was found in spontaneous
release of TNFα or sIL-2r by PBMC between these
two groups. Our study also showed that both spontaneous
and stimulated IL-6 production was increased from
PBMC as compared to healthy controls. These implied
that the release of TNFα, IL-6 and sIL-2r by activated
PBMC may not always be paralleled.
IL-1β, TNFα and IL-6 are three important
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proinflammatory cytokines which respond to the initial
stimulation. Many studies on TNFα production in UC
have been reported with a different results [27-31]. Our
previous study in Dutch population showed a
tendency towards lower TNFα production in PBMC
from UC patients [32]. The present study in Chinese
UC patients confirmed this result. A large interdifference was observed in TNFα production in
Chinese UC patients.
Several studies have shown that IL-6 concentration
is increased in active IBD and may be an index of
disease activity[13-16] . Our study confirmed these
observations, but only a tendency of correlation
between spontaneous IL-6 concentration and
disease activity was found in UC patients. The
explanation may be that, the patients with mild
inflammation often take maintenance dose of SASP
or no medicine, only the patients with severe
diseases were administered with high dose of SASP
and corticosteroid. The latter medicine may have
an inhibiting effect on immune reaction of the body.
Our data also showed that IL-6 had norelation to
the disease location. These results suggested that
IL-6 from PBMC may reflect the active stage of
the disease.
sIL-2r concentrations were increased in serum,
tissue homogenates and PBMC from IBD patients,
especially in Crohn’s disease [20-22] . However,
Schreiber et al reported a moderately increased
spontaneous release of sIL-2r and significantly
less sIL-2r secretion stimulated by pokeweed
mitogen in 14 days culture of colonic LPMC from
UC patients [33]. Our study had a similar result that
wIL-2r concentration was silightly higher in
spontaneous release from PBMC in UC patients
than in healthy controls. When PBMC were
cultured with PHA only for 48 hours, less release
of sIL-2r was observed in UC group than in
healthy controls.
PBMC is a very heterogeneous cell population.
Macrophages and T cells may be mostly responsible
for release of these three cytokines. The circulatary
changes of proinflammatory cytokines may reflect
the original status for cytokine secretion. For this
reason, studies on local tissue production of cytokines
are more accurate and more exact than studies on
circulation. The changes of the proinflammatory
cytokines may also reflect different genetic
background. Our previous study showed in Dutch
population TNF gene polymorphisms are present in
five combinations [34] and TNFα production is
associated with TNF haplotypes. These data
strongly supported the concept that a different
immunogenetic background may determine the
degree of the immune response in IBD.
Our findings showed that TNFα, sIL-2r in vitro
production were reduced and IL-6 was increased
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from PBMC activation in Chinese UC patients. Further
study is necessary to confirm these in vitro findings to in
vivo conditions. Studies at local intestinal level should be
undertaken in order to assess the significance of the
cytokine dysregulation in the inflammatory response.
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Protective effect of YHI and HHI-I against
experimental acute pancreatitis in rabbits
ZHAO Lian-Gen, WU Xiao-Xian, HAN En-Kun, CHEN Yu-Ling, CHEN Chi and XU Dong-Qin
Subject headings pancreatitis/pathology; pancreatitis/
therapy; Yuanhu; Huoxuehuayu; amylase/blood; interleukin6/blood; microcirculation; rabbits

Abstract
AIM To observe the protective effect of combined
i.v. administraction of Yuanhu injection (YHI) and
Huoxuehuayu injection-I (HHI-I) against acute
pancreatitis (AP) in rabbits.
METHODS Sever acute pancreatitis (SAP) was
induced by retrograde infusion of artificial bile juice
into biliary-pancreatic duct, and treated with YHI
and HHI-I intravenously. The protective effect was
judged by the survival time and rate, serum
amylase, serum interleukin-6, pancreatic
microcirculation and pathological alteration.
RESULTS Combined use of YHI and HHI-I could
markedly increase the rabbits’ 5-day survival rate
after AP (83.3% in the treatment group and 33.
3% in control). The serum amylase value (x±s)
decreased to 1596.6U/L±760.50U/L in the 5th day
from the high level (6320.83U/L±2614.12U/L) in
the 1st day after AP in the treatment group, while
in the control group the amylase activity in the 5th
day was 2095.0U/L±1081.87U/L, being significantly
different from that before AP (837.17U/L±189.
12U/L). YHI and HHI-I also obviously improved
the pancreatic microcirculation and lowered the serum
interleukin-6 level, one of the indices of severe
pancreatitis. Pathological examination indicated all the
changes typical for AP in YHI and HHI-I treatment
group were milder than those in the control.
CONCLUSION Y H I a n d H H I - I u s e d i n
combination might have protective effect against
acute pancreatitis in rabbits.
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INTRODUCTION
Auto d i g e s t i o n o f p a n c r e a t i c e n z y m e s i n
pancreatic tissues and pancreatic ischemia are
two most important pathogenic factors in acute
pancreatitis (AP). In order to lower the
morbidity and mortality of AP, inhibition of
pancreatic digestive enzymes and prevention
and treatment of pancreatic ischemia are the
two necessary therapies. Recently, many
experimental researches and clinical trials are
b e i n g a d d r e s s e d t o t h e s e f i e l d s . Yu a n h u
(Rhizoma Corydalis) injection (YHI) is the
most effective inhibitory Chinese medicine
screened from the decoction used in our
institute for AP. Huoxue Huayu Injection I
(HHI-I) is one of best Huoxue Huayu
(promoting blood circulation to remove blood
stasis) decoctions. It has been demonstrated
that YHI can inhibit the activity of typsin and
elastase and HHI-I can improve the pancreatic
b l o o d f l o w a n d o x y g e n s u p p l y [1]. I n t h i s
experiment, we have observed the protective
effect of YHI and HHI-I against AP in rabbits.
MATERIAL AND METHOD
Animal model of AP

The AP model in rabbit was produced according
to Klar’s method with slight modefication [2].
Male white healthy rabbits weighing 2.5kg±0.
4kg were used. After overnight fasting, the
animals were anesthetized with intravenous 6%
pentobarbital (20mg/kg) and intramuscular
ketamine (25mg/kg). Under sterile condition,
the abdoman was opened and biliary pancratic
duct at duodenum wall was found and inserted
with a polyethylene catheter. A mixture of 5%
sodtaurocholate, trypsin (24U/ml) and
homologous blood (30 µl/ml), incubated at 37
for 60min was infused at 0.8ml/kg body
weight into the duct under 5.3kPa, at an
interval of about 10min.
Reagent

Sod taurocholate (Sigma Co, USA); Trypsin
(Boehringer Mannheim CO), Activity was
determined by the Biological Department, Nankai
University; and Kit of amylase (Zhongsheng Co,
Peijing).
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Instrument and assay method

Dyna m i c a n a l y z e r o f D o p p l e r l a s e r
microcirculation (JM-200, Jinke Co, Tianjin).
Serum amylae activity was determined with
UNIFAST analyzer. Serum interlukin-6 was
assayed by the MTT method.
Experimental design

Twelve rabbits were divided into treatment and
control groups 6 each. During experiment, the
abdomen was opened, the state of pancreatic
microcirculation was determined and AP was then
induced. Immediately, 30, 60, 90 and 120min after
the AP was induced, microcirculation was
evaluated once more. The abdoman was then
closed and the survival time and rate were
observed. Before AP and 1 and 2 days after the
operation blood samples were obtained from
auricle vein to measure the serum amylase and
interleukin-6 levels. Normal saline was infused
intravenously in control animals immediately after
AP and 1 and 2 days after that. The treatment
group was administered with YHI and HHI-I
simultaneously at lg/kg desolued in 10ml normal
saline. When the animals died, sample of pancreas
was harvested for pathological examination.

Figure 1 Effect of YHI and HHI-I on pancreatic blood flow, blood
concentration, flow speed in rabbits with SAP.

RESULTS
Survial time and survival rate

Two of 6 animals in the control group died 12 and 24
hours after AP was produced respectively. Another
two died at 96 hours and the remaining survived till
the end of experiment, with a 5-day survival rate of
33.3%. In treatment group, one rabbit died at 72 hours
after AP and all the others survived, with a 5-day
survival rate of 83.3%. An increased trend of survival
rate was observed in treatment group but was not
different significantly from the control group (P<0.
05).
Serum amylase

Serum amylase activity increased obviously in the
control group at the 1st and 3rd day. At the 5th day it
began to decrease, but still remained markedly higher
than before AP. In treatment group, higher levels of
amylase activity could be seen at first day after AP. At
the 3rd day, however, it decreased significantly and
almost reached to the normal level at the end of
experiment (Table 1).
Changes of pancreatic microcirculation

Immediately after AP, the microcirculation of
pancreatic tissue became obviously deteriorated. In
treatment group pancreatic blood flow was improved
somewhat at 30, 60, 90 and 120min after AP was
induced, but in the control group it was getting worse
and worse (Figures 1 and 2).

Figure 2 Effect of normal saline on pancreatic blood flow, blood
concentration and flow speed in rabbits with SAP.

Serum interleukin-6

All animals after AP had increased level of serum
interleukin, which remained high in the control group
at the 3rd and 5th day while in treatment group it
decreased more significantly than the control group
(Table 2).
Pathologic examination

Most parts of pancreatic and fat tissue in control
group had necrosis and large areas of hemorrhage.
In the necrotic tissues there were many foci of PMN
infiltrations and abscesses. The necrosis dimension
and the number or size of hemarrhage in the
treatment group were obviously lower than in the
control. The extent of PMN leukocyte infiltration and
the size or number of abscesses were also milder,
with some more intact pancreatic bolules. Even
though some lobules were dystroyed severely, the
was still intact (Table 3).
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Table 1 The effect of YHI and HHI-I on serum amylase of rabbit with SAP (x±s)
Group

After AP (d)

Before AP

1

3

Treatment(U/L)

867.67±374.62

6320.83±2614.12(6) b

Control(U/L)

838.17±189.12

7586.67±3745.03(5) b

4774.0±1859.36(5) b
7380.0±3687.41(4) b

5
1596.6±760.50(5)
2095.0±1081.87(2) a

( ) number of survived, aP<0.05 and bP<0.01 compared with before AP.
Table 2 The effect of YHI and HHI-I on serum interleukin-6 in AP rabbits (x±s)
Group
Control(U/L)
Treatment(U/L)

After AP (d)

Before AP

1

32.37±9.11(6)
30.0±16.40(6)

3

69.75±19.18(5)
59.50±17.59(6)

5

72.35±10.14(4)
50.33±16.57(5)a

70.25±10.34(2)
46.50±14.94(5) a

( ): animal number, aP<0.05 compared with control.
Table 3 Effect of YHI and HHI-I on pathologic changes of pancreas in rabbits with SAP

Lobule structure
Acinus
Intralobular duct
Interlobular duct
Fatty tissue
Inflammatory cell
Focal hemorrhage
Interstitial hyperplasia of fibrous tissue
Island

Control group

Treatment group

Destroyed totally
Destroyed
Destroyed seriously
Residually existed
Destroyed totally
Abscess formed
Large size
A few around abscess and necrosis
No

Relatively intact
Atrophied
Existed, expanded
Existed
Mild-moderately destroyed
A few abscesses and WBC
Small size and a few number
Much more around abscess and necrosis
Existed

DISCUSSION
Aprotinin was an antiprotease used firstly in clinical
practice. However, the therapeutic effect for SAP was
not satisfactory possibly because its molecular weight
was too heavy to enter into acinar cells, and the
half-life was short in blood circulation.
Subsequently, some other antiproteases with low
molecular weight were found such as Gabexate
Mesilate (GM, Mr 417.5) and Camostate (FOY-305,
Mr 494.5). Several experiment studies showed that
GM was a very valuable medicine for prevention
and treatment of AP, especially when it was before
the disease was induced. The results of the first
mult-center clinical research was also encouraging.
A report of a case-control clinical trial indicated
that GM (900mg/d) could decrease the number of
operations associasted with AP. Owing to the
relative low dosage used, Büchler and his coworkers increased the dose of GM to 4000mg/d in
223 patients with moderate to severe pancreatitis
(average Ranson score at 3.7) for 7 days, and found
there was no difference in the mortality,
pancreatitis-associated operation, hospitalized days,
complication score and some parameters of
biochemical assays as compared with those in the
control group. Their conclusion was that GM was
not effective in prevention of complications and

deeth[3]. According to the result of the recent
retrospective reviews GM could obviously decrease
the incidence of complications in operations. Being
expensive in price could only be used in those
patients at high risk to create a better cost-effect
ratio[4].
Possessing wider enzyme-inhibitory spectrum,
FOY-305 could markedly increase the survival
r a t e i n e x p e r i m e n t a l S A P a n i m a l s [4]. T h e
beneficial effect of FOY-305 could be obtained
by FOY-305 and its metabolites which could be
absorbed from intestine into blood circulation; by
stimulating the endogenetic secretion of secretin
and CCK to increase the exocrine pancreas; and
decreasing the intra-acinar vacuolization.
Recently, it was demonstrated that oral
administration of FOY-305 could also decrease
the extent of pancreatic edema and vacuolization
of acinar cells in AP rats induced by cerulein.
FOY-305 could decrease the level of trypsin in
pancreatic tissues as well. By means of above
actions, FOY-305 might be beneficial to ceruleininduced AP rats [6]. To date no information was
found on clinical application of FOY-305.
Antiprotease was not satisfactory for treating AP
clinically made the researchers suspect the
cerrectness of the concept of enzyme-inhibition in
treatment AP. It was important to recognize that

ZHAO Lian-Gen, et al. Protective effect of YHI and HHI-I against experimental acute pancreatitis in rabbits

the patients could not be admitted to hospital 12 to 24
hours after the occurrence of inflammation, during which
the patients’ kinin and complement system were already
activated, capillary endothelium cells injuried, some
enzymes released from activated leukocytes. All these
were related to the poor therapeutic effect of trypsin
antagonist used after that period.
It was demonstrated that Chinese medicines, such
as Banxia (Penellia ternata), Dahuang (Rheum
palmatum), Huangqin (Scutellaria baicalensis), Hulian
(Rhizoma picrorhizae) and Baishao (Radix paeoniae
alba), that had enzyme inhibitory actions. The results
from our institute indicated that among the 9 medicines
investigeted, Yuanhu (Rhizoma corydalis) was the most
potent inhibitor for trypsin activity.
Pancreatic ischemia was the etiologic and
deteriorating factor for AP, and played an important role
in necrosis of pancreas in the early period of AP[7,8].
Pancreatic ischemia imposed on pancreatic edema could
induce necrotic AP. After AP was induced by ligation of
pancreatic duct and overstimulation to exocrine pancreas,
blockade of pancreatic artery for only 5 minutes could
induce parenchymal necrosis of pancreas. Temporary
ischemia of pancreas made the acinar cells more
sensitive to the degradation effect of enzyme and more
easy to form necrosis. Mithofer used bleeding method
to induce blood hypotension (30mmHg, 30min) in rats,
resulting in pancreatic ischemia, and found the serum
amylaseincreased in 1 hour after ischemia and rose at
the 4th hour. Trypsinogen activative peptide (TAP) of
pancreatic tissue was also increased at the first hour,
and further increase occurred at 24 hour. Pancreatic
edema and necrosis were observed as well. In our
opinion, besides deteriorated action, pancreatic ischemia
itself, if serious, could also initiate AP[9]. On the other
hand, changes of pancreatic blood circulation could be
found in the course of AP. That reported that 5min
after AP was induced, segmental spasma of arteriole
and venule of acinus could be observed, and there
was blood stasis at 15min. Using vital microscopy
technique, Klar observed that perfusion of pancreatic
capillaries of rabbit diminished gradually 30min after
AP and stopped completely at 3 hours[2]. Klar also
found that isovolemic hemodilution with dextran 60
could maintain pancreatic capillary perfusion, and the
relative number of vacuolization in acinar cells and
parenchymal edema were both obviously lower than
in the control group. Clinicaly, Klar carried out a

259

trial treatment in 13 patients with SAP (mean Ranson
score 4.6). The time interval between appearance of
symptoms of AP to the beginning of hemodilution was
38 (19-90) hours. The hematocrit (HCT) decreased
to 34%±6% at the first hour and 31%±4% at the
second hour. The mean exchanging time was 45.70
minutes and the exchanging volume was 750ml-170ml.
The ultimate results showed a mortality of only 7.7%.
Therefore, we think that the isovolemic hemodilution
had no harmful side-effect and could be used in further
clinical trial[11].
In vitro screening test in our research indicated
that YHI was the most potent inhibitor for pancreatic
digestive enzymes among the nine screened Chinese
herbs. Optimized selection experiment showed that HHII was the most beneficial herb for both intestinal and
pancreatic blood flow and oxygen consumption. In this
experiment satisfactory results were obtained in treatment
of AP in rabbits with YHI and HHI-I in combination.
These were related with their enzyme-inhibitory action
and improvement of pancreatic blood circulation.
However, this is a preliminary experiment only,
further investigation on toxity, side-effect, effective
dosage, and pharmacodynamics etc. are needed.
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Abstract
AIM To confirm the therapeutic effect of Zijin
capsule on liver fibrosis in rat model.
METHODS Model group: Bovine serum albumin
(BSA) Freund’s incomplete adjuvant 0.5ml was
injected subdermally at d1 d15 d22 d29 and d36
for primary sensitization. Seven days after the fifth
injection, BSA antibody in the serum was detected
by double agar diffusion method. Normal saline of
0.4ml was injected through cauda vein to BSA
antibody-positive rat twice a week for fifteen times.
Traditional Chinese medicine (TCM) decoction group
and Zijin capsule group: In the attack injection period,
Chinese medicinal decoction or Zijin capsule was given
ig, the others were the same as in the model group.
NS was used in the control group. The collagen
content of rat liver was determined by Bergman’s
method and expressed as x±s. The liver pathological
changes were divided into four grades and
expressed as the avarage of the total rank sum.
RESULTS The collagen content (mg/g) of the
liver in the control group (7.2±1.9) was significantly
lower than that in the other groups; it was higher
in the model group (31.7±16.6) than that in the
two therapeutic groups; and lower in Zijin capsule
group (9.7±2.8) than that in the TCM decoction
group (11.5±5.3). The pathological changes were
more aggravated in the model group (37.4) than
those in the two therapeutic groups; and more
severe in the TCM decoction group (30.2) than in
the Zijin capsule group (22.9).
CONCLUSION The therapeutic effect of Zijin
capsule on the model was confirmed.
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INTRODUCTION
The pathological changes of the rat liver fibrosis induced
by bovine serum albumin (BSA) injections are similar to
those in human portal cirrhosis. Compared with the TCM
decoction proved effective in clinic the therapeutic effect
of Zijin capsule in rat liver fibrosis was observed.
MATERIALS AND METHODS
Materials

Wistar rats (female 30, male 30, 150g-210g) were
purchased from Hubei Medical Institute. BSA was
product of Shanghai Medical Testing Agent Plant,
prepared as 18g/L in normal saline, clean from
bacteria through filtration, and stored at 4 .
Freund’s incomplete adjuvant: One gm lipid from
sheep hair (CP Third Lipid Company in Shanghai)
was mixed with 2 gm liquid paraffin (Fushan
Chemical Industry), sterilized in a steam autoclave
and stored at 4 . L-hydroxyproline, standard sample,
was from Biochemistry Institute of the Chinese
Academy of Sciences. Zijin capsule. prepared mainly
from herba swertiae puniceae and endothelium
corneum gigeriae galli in Hubei College of
Traditional Chinese Medicine. The concentration of
crude drugs was
5g/1ml. The TCM decoction provided by the
Department of Infectious Diseases, the Afficiated
Hospital of Hubei TCM College, containing mainly
Radix astragali, Radix condonopsis pilosulae,
Rhizoma atractylodis macrocephalae, Rhizoma
polygoniti, fructus lycii, fructus corni, radix
rehmanniae and Radix rehmanniae preparata.
Method

Wistar rats with free access to water were randomly
divided into four groups.
Control group (n = 12). Normal saline was used
for immunological primary (sensilization) and second
(attack) injection instead of BSA, the others were the
same as those in the model group.
Model group (n=12). BSA Freund’ incomplete
adjuvant 0.5ml was injected subdermally at d1 d 15
d 22 d 29 and d 36 for primary sensitization. Seven
days after the fifth injection, BSA antibody in rats’
serum was detected by double agar diffusion
method. BSA of 0.4ml in normal saline was
administered once through cauda vein for attack
injection in BSA antibody-positive rats, twice a
week for fifteen times, the concentration of BSA
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was 5.00, 5.25, 5.50, 5.75, 6.00, 6.25, 6.50, 6.75, 7.00, 7.
25, 7.50, 8.50, 9.00, 9.50 and 10.00g/L. The rats
were given 10ml kg d N.S. ig at the same
period. All animals were killed with decollation
nine days after the last injection. The livers were
taken for biochemistry detection and
morphological observation. The whole period
was 95 days.
TCM decoction group (n = 18). In the attack injection
per i o d , t h e C h i n e s e m e d i c i n a l d e c o c t i o n
equivalent to 36g crude drugs/kg d was given
ig, the others were the same as those in the
model group.
Zijin capsule group (n = 18). In the attack injection
period, Zijin capsule, equivalent to 12.8g crude drugs kg
d, was given ig, the others were the same as those in the
model group.
The collagen content in rat liver was determined
by Bergman’s method [1] , and expressed as x±s
and analyzed by t test. Value of P<0.05 was
considered at a significant level. The rat livers
were embedded with paraffin and stained with
HE. The pathological changes were classified
into four grades according to the quality and
quantity of the liver histological features,
expressed as the avarage of the total rank
sum in each group and analyzed by H- test .
Va l u e o f P < 0 . 0 5 w a s c o n s i d e r e d a t a
significant level.

RESULTS
Collagen content in rat liver

The indexes are shown in Table 1. The collagen
content was significantly lower in the control
group than that in the model group (P<0.01),
the TCM decoction group (P<0.05) and Zijin
capsule group (P<0.05); it was higher in the
model group than that in the TCM decoction
group (P<0.01) or Zijin capsule group (P<0.
01); and not significantly lower in Zijin capsule
group than that in the TCM decoction group
(P>0.05).
Table 1 The collagen content in rat liver (x±s)
Groups

Dosage

n Content (mg/g)

Control

10.0ml/(kg

d)

10

7.2±1.9

Model

10.0ml/(kg

d)

6

31.7±16.6b

TCM decoction

36.0g/(kg

d)

12

11.5±5.3 ad

Zijin capsule

12.8g/(kg

d)

9

9.7±2.8 ad

a

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

The pathologic change grade in rat livers

After a comprehensive observation on the pathologic
changes, a distinct grading standard was defined as
follows:

Grade 0 (normal rat liver) Liver capsula was a thin
connective tissue. The parenchyma consisted of
hepatic lobules and portal areas. The hepatic
lobules were similar to round balls, their central
veins, laminae of hepatocytes (radiated
arrange) and siunsoids were normal and clear.
The hepatic lobule boards were hepatic cell
layers as limiting laminae. There was hepatic
sinusoid between the hepatic laminae, their
endothelia were distributed regularly, Kupffer’s
cells can be seen obviously. The ratio of the
hepatic laminae to the hepatic sinusoids was 3
to 2. The hepatocytes are polygonal cells,
cytoplasm was normal acidophil, the hepatic
nuclears in round shape, the chromatin
distributed rarefactionally along the nuclear
membrane with nucleole. The portal area was
mainly connective tissues, including the
interlobular hepatic artery, the portal vein
branches and interlobular bile ducts. Some
lymphocytes and plasma cells had infiltrated
into the portal areas. The necrosis within a few
hepatocytes and their lymphocyte or plasma
cell infiltration (spotty necrosis) were
occasionally observed in one hepatic lobule or
two. There were many red-dyed microgranules
(slight cloudy swelling) in some hepatocytes.
Grade 1 (liver injury change). Serious and extensive
changes were present as the degeneration and
necrosis of hepatocytes and the congestion or
bleeding in the hepatic sinusoid. Cloudy swelling of
hepatocytes: enlarged volume, round shape, many
small red-dyed granules in hepatic cytoplasm were
observed; hepatic laminae became wider, and
hepatic sinusoid were pressed to ischemia. Thin
hepatic cytoplasm: the hepatocyte volume became
larger, red-dyed cytoplasm thinner and less
homogeneous; the nuclears stained dim; and the
ratio of hepatic laminae to the hepatic sinusoids
became higher. Ballooning degeneration of
hepatocytes: the volume of hepatocytes became
extremely large, round shaped; the cytoplasm
appeared empty (light transparency) like a balloon;
nuclear not located at the cell centre. Lytic necrosis
of hepatocytes: the ballooning degeneration of
hepatocytes further developed to karyopyknosis,
karyorrhexis and karyolysis; the whole structure of
the hepatocyte body even disappeared, only the
network of the reticular fibers remained; however,
the lymphocytes infiltration in necrotic focus was
not obvious; and the necrosis of hepatocytes did
not occur at the limiting laminae in the hepatic
lobules. The congestion and bleeding in the hepatic
sinusoid: the hepatic sinusoids were expanded and
filled with blood. The bleeding in Disse’s cavity was
extensive. Two kinds of congestion and bleeding in
hepatic lobules were observed in these cases, one
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distribution was limited around central veins, which was
seldomly observed, the other mainly appeared near the
limiting laminae of hepatic lobules, which were
predominant. At the same time, there were light
hyperemia, edema and fibrous proliferation in the portal
areas (Figure 1).
Grade 2 (liver prefibrosis). The necrosis within a
few hepatocytes occurred at the limiting laminae
(piecemeal necrosis); and the necrosis range may
be expanded to a large region of hepatic necrosis
which connected the central veins or portal areas
(bridging necrosis). Serious congestion and
bleeding near the limiting laminae in the hepatic
lobules were common. The hepatic laminae
became thinner in the same region accompanied
by hepatocyte atrophy, cloudy swelling and fatty
degeneration and the hepatocytes even disappear
in the same region. The congestion may be
connected with the central veins or portal areas
(bridging congestion). In those cases, the
Kupffer’s cells in the hepatic sinusoid enlarged
and proliferated obviously with more processes.
In the portal areas, fibroblasts proliferated
obviously and collagen increased, which made the
boundary in the normal hepatic lobules more clear,
but they were not streching into the hepatic lobules
through the limiting laminae.
Grade 3 (liver fibrosis). The hepatocyte injury
(degeneration and necrosis) at the limiting laminae has
advanced obviously, while the proliferated collagen
at portal areas has invaded into the hepatic lobules
along with the injuried limiting laminae. It was called
as liver fibrosis while the proliferated collagen has
not been completely contacted each other and
absolutely separated the hepatic lobules. It was the
cirrhosis when the proliferated collagen has been
contacted each other completely, and absolutely
separated the hepatic lobules, leading to the formation
of pseudolobules (many round islands of hepatocytes).
Their hepatic laminae have not radiated regularly, the
central vein dystopy (asymmetry, disappear or several
veins), the structure of portal areas was located in
the pseudolobules, there were some atrophy, fatty
degeneration and necrosis of the hepatocytes in the
pseudolobules; they were separated continuously with
the proliferated collagen, the cholestatic bile capillaries
appeared and their bile thrombus formed. Among the
pseudolobules, the fibrous bands were continuous,
homogeneous and delicate; and there are more
infiltrated lymphocytes. The collagenous fibers were
stained bright-red (Figure 2).
According to the grading, H test was used to analyse
statistically the liver pathological changes among
those groups. The pathological changes are more
moderate in the control group than those in the
other three groups (P<0.01, Table 2). They were
more severe in the model group than those in the
two therapeutic groups; and more aggravated in
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the TCM decoction group than those in the Zijin
capsule group.
Table 2 The pathological change grades in rat liver
Groups

Dosage

n

Control

10.0ml/kg

d

Model

10.0ml/kg

d

Pathologic grade
1

2

3

4

10

0

0

0 10

0

1

3

5

9

Rang x-Rang
sum sum
55.0

5.50

337.0 37.44b

TCM decoction 36.0g/kg

d

0

5

5

3 13

393.0

30.23 bc

Zijin capsule

d

0

11

4

0 15

343.0

22.87bde

12.8g/kg

b
e

P<0.01 vs control group; cP<0.05, d P<0.01, vs model group;
P<0.05 vs TCM decoction group (H test).

Figure 1 Grade 1 pathologic change (liver injury).HE×250
Figure 2 Grade 2 pathologic change (liver fibrosis).HE×250

DISCUSSION
Rat liver fibrosis induced by BSA injections After BSA
sensitization injection (sc), the rats were intravenously
injected with BSA as attack injection, the CIC (the
circulating immune complex formed with BSA antigens
and their antibodies) or the remained antigens (BSA)
has deposited in some tissues of the rats, leading to
classical type III or/and type II of the allergic reactions,
subsequently local tissue injuries. The administration
of antigen, including the route, time and dose of the
injected antigen decides the location and features of
injury lesions. Based on the references about the
experimental methods, BSA injected with various
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dosages, at different times and dates produced
serious injuries (37/37) of livers and even obvious
fibrosis or cirrhosis (8/37). The locations and
features of the pathologic changes have suggested
the pathogenesis of cirrhosis, i.e., the pathological
changes were advanced near the limiting laminae
in the hepatic lobules, because the CIC deposited
earlier and more seriously at the location according
to the circulative dynamics in the hepatic lobules.
The features of the pseudolobules (such as shape,
size, laminae arrange, cellular injuries) and the
fibrous bands (delicate, homogeneous) were similar
to the pathological changes in human poral
cirrhosis. The hepatocytes did not regenerate to
form pseudobobules obviously. However, the liver
structures were normal (P<0.01) and the collagen
content was low (P<0.05) in the control group. The
results indicate that the rat cirrhosis models induced
by BSA injections according to the immunological
principles are succesful[1,2].

as well as the TCM decoction group. It confirms the
effect of Zijin capsule to treat the rat liver fibrosis.
Compared with that in the TCM decoction?group with
confirmed therapeutic effect in human liver fibrosis[3],
the collagen content remained the same level (P>0.05)
in Zijin capsule group. The main active components[4] of
Zijin capsule can increase the permeability of capillary,
lead to the CIC depositing in different locations, enhance
the ability of the mononuclear phagocyte system (it may
promote the elimination of the CIC from the circulating
blood), activate the hepatocyte metabolism to normalize
their biology, and protect the hepatocytes from injuries.
All these may be associated with the therapeutic effect
of Zijin capsule in the rat liver fibrosis induced by BSA
injections.

The therapeutic effect of Zijin capsule on rat liver
fibrosis

2

In contrast to the model group, the collagen was
low (P<0.01), and the pathologic changes were
slight (P<0.05 or P<0.01) in Zijin capsule group
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A new method of extensive resection for gastric
carcinoma: selective type III operation
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INTRODUCTION
One of the most important factors related to the
prognosis of progressive gastric carcinoma is the
metastasis to lymph nodes. Since 1968, we have
made researches on the lymphatic metastasis and
the proper scope of resection of lymph node in
progressive gastric carcinoma. On the basis of this
research, we designed a new method of extensive
radical operation with special reference to the
resection of lymph nodes.
MATERIALS AND METHODS
Theoretical basis of selective D3 operation

Since 1968, we have studied comprehensively the
lymphatic metastasis in gastric carcinoma in 181
patients and reviewed 1317 cases reported in
literature [1,2]. There were 784 cases of carcinoma
in gastric antrum, and the overall rate of lymphatic
metastasis in stations 1 and 2 were 16.5%-58.1%.
The rate of lymphatic metastasis in station 3 was
group 12, 20.7%; group 14, 13.4%; group 10, 13.
2%, group 15, 12.8%; group 13, 11.6%; group 11,
9.0%, group 2, 4.1%; and in station 4: group 16, 3.
7%. There were 481 cases of carcinoma in the
gastric body, the overall rate of lymphatic
metastasis were 13.5%-60.4% in stations 1 and
2. The rate of lymphatic metastasis in station 3
was: group 12, 12%; group 13, 4.9%; group 14, 4.
3%; group 15, 2.4%; and in station 4: group 16, 3.8%.
There were 162 cases of carcinoma in gastric cardia,
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the overall rate of lymphatic metastasis in stations
1 and 2 were 8.1%-60.2%. The rate of lymphatic
metastasis in station 3 was group 12, 7%; group
111, 5%; group 13, 2.5%; group 14, 15 and in
station 4: group 16, 1%. There were 71 cases of
carcinoma in the whole stomach, and the overall
rate of lymphatic metastasis in stations 1, 2, 3 were
8.6%-80.3%.
According to the above results, in cases of
progressive gastric carcinoma, the resection of
only station 2 lymph nodes will result in
incomplete resection of lymph node metastases,
and if routine resection of station 3 lymph nodes
is performed, the operational injury and
postoperative complications will be increased,
leading to unnecessary total gastrectomy. All
these may influence the quality of postoperational life. On the basis of our study and
with reference to the Japanese Clinical
Pathological Standard for Gastric Carcinoma, we
designed selective D 3 operation.
The scope of lymph node resection in selective
D3 operation

This operation is characterized by the routine resection
of lymph nodes in stations 1 and 2, and high lymph nodes
metastasis rate in station 3.
In the cases of carcinoma of gastric antrum, the
lymph nodes in groups 3, 4, 5 and 6 in station 1
and groups 1, 7, 8 and 9 in station 2, and the
groups 11, 12, 13, 14, 15 in station 3 should be
resected. The groups 2 and 10 lymph nodes in
station 3 and group 16 in station 4 should not be
routinely resected, unless they are suspected of
having metastasis. In the cases of carcinoma of
gastric body, the lymph nodes in groups 3, 4, 5
and 6 of station 1 and groups 2, 7, 8, 9, 10 and 11
of station 2 and groups 12 and 13 of station 3
should be resected. The lymph nodes in groups
14 and 15 in station 3 and group 16 in station 4
are not routinely resected, unless they are
suspected to have metastasis. In the cases of
carcinoma of gastric cardia, the lymph nodes in
groups 1, 2, 3 and 4 of station 1 and groups 5, 6,
7, 8, 9, 10, 11 and 110 of station 2, and groups 12
of station 3 should be resected. The lymph nodes
in groups 13, 14, 15 and 111 of station 3 and group
16 of station 4 are not routinely resected, unless
they are suspected to have metastasis.

LIN Chao-Hong, A new method of extensive resection for gastric carcinoma: selective type III operation

RESULTS
Complications and mortality

In the 834 cases of gastric carcinoma treated from
1960 to 1982 in our hospital, the rates of
complication treated with different operational
modalities were D 1 2.4% and D 2 4.7%; and
selective D3 6.7% and D3 6.7%, with no significant
statistical difference (P>0.05). The mortality rates
were D1 0.7% and D 2 2.3%; and selective D 3 2.
1% and D 3 6.7%, with no significant statistical
difference (P>0.05)[3]. No complications and death
occurred. In the 216 cases of stage III carcinoma
of gastric antrum and body treated from 1972 to
1989 with D 2 or selective D 3 in our hospital.
Survival time

In the 834 cases of gastric carcinoma from 1960 to
1982, no significant statistical difference was observed
in the 243 stage I and II cases, whether treated with
D1, D2 or selective D3. The 5-year survival rate were
2.8%, 49.2%, 68.3% and 83.8%, respectively in the
stage III gastric carcinoma treated with D1 in 139
cases, D2 in 181 cases, selective D3 in 88 cases and
D3 in 6 cases. The 5-year survival rate in cases treated
with D3 and selective D3 were significantly higher than
that of cases treated with D1 and D2 (P<0.01), but no
significant difference was noted between cases treated
with D3 and selective D3 (P>0.05). Among 216 cases
of stage III gastric antrum and body carcinoma
managed from 1975 to 1989 in our hospital. The 5year survival rate was 35.7% in 114 cases treated with
D2, and 56.3% in 102 cases treated with selective D3,
difference was significant statistically (P<0.01).

DISCUSSION
Surgical resection is the treatment of choice for gastric
carcinoma and the resection of lymph nodes is a very
important part of the operation. To reduce the residual
lymphatic metastasis as much as possible, we conducted
a research into the lymph node metastasis of gastric
carcinoma, and found that there was a close relationship
between the site of tumor, the depth of invasion, the size
of tumor and the biological behavior of the tumor. And
there was a definite role of lymph node metastasis, except
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for the carcinoma involving the whole stomach.
Based on the research, we designed the selective
D3 operation. This operation includes mainly: a. The
complete resection of lymph nodes in stations 1 and
2, and those of higher rate of metastasis in station
3. b. As to the low lymph node metastasis rate of
stations 3 and 4, whether they should be resected
or not may be judged by if any metastasis was found
during the operation in combination with the clinical
pathological factors. No statistical difference of
complication and mortality rate was noted between
selective D 3 and D 1 and D 2 modality. Long-term
clinical practice showed that the selective D 3
operation can significantly prolong the survival of
stage III cases and part of the stage IV cases, with
significant statistical difference from D1 and D 2.
No significant statistical difference in survival time
was noted in comparison with D3, but the operational
injury was less severe and unnecessary resection
of whole stomach can be avoided in part of the
selective D 3 cases with better quality of postoperational life.
Through more than 20 years of practice, we
consider the indications for selective D3 operation
are: a. carcinoma with invasion to the serosa
without involvement of liver and peritoneum; b.
direct invasion to neighboring tissues and organs,
which can be radically resected by combined
resection; and c. minor metastasis to peritoneum
close to the primary lesion and isolated metastasis
to liver, which can be completely resected.
Contraindications: a. carcinoma with invasion to
mucosa and submucosa only. In case except there
was metastasis to lymph nodes in station 3, D 2
was used routinely; b. carcinoma involving whole
stomach (>2 regions). If these lesions can be
completely resected, D3 was used; and c.
extensive metastases to liver and peritoneal
cavity.
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Expression of nm23 gene in hepatocellular
carcinoma tissue and its relation with metastasis
HUANG Bei, WU Zhong-Bi and RUAN You-Bing
Subject headings liver neoplasms; carcinoma,
hepatocellular; nm23 gene; gene expression; neoplasm
metastasis; immunohistochemistry

INTRODUCTION
Among the mostly expressed 23 genes in nonmetastatic
tumors, nm23 had the highest frequency. Steeg et al[1]
first identified and cloned its complementary DNA and
confirmed that its lower expression was related to the
high metastatic activity of melanoma cell lines. Many
studies found afterwards that the expression of nm23 at
the RNA or protein level was inversely correlated with
the development of metastasis or poor clinical course in
cohorts of several human tumor types, including breast,
colorectal and gastric carcinomas. But the effects of
nm23 on metastasis of hepatocellular carcinoma (HCC)
is still unclear. In this study we have investigated nm23
expression in HCC with immunohistochemical
techniques and the correlation between its expression
level and metastatic progression.
MATERIALS AND METHODS
Subjects

Specimens of 24 cases of human HCC were
obtained from surgical resections in Tongji Hospital.
Observations were carried out on tissues from tumor
areas, nonneoplastic areas and their boundary areas
when available. Ten of them showed cancer cell
emboli in portal vein or metastasis in portal lymph
nodes or in distant organs, e.g. in the lung. Fourteen
cases without metastasis were characterized by no
findings of tumor invasion into the surrounding
tissues at operation or no metastasis outside the
liver by X-ray and sonography. The samples were
fixed with 4% paraformaldehyde and embedded
wi t h p a r a f f i n . S u c c e s s i v e s e c t i o n s w e r e
Department of Ultrastructural Pathology, Research Center of
Experimental Medicine, Tongji Medical University, Wuhan 430030,
Hubei Province, China
Dr. HUANG Bei, female, was born on Feb. 13, 1964 and graduated from
Tongji Medical University in 1987.
*Project supported by the National Natural Science Foundation
of China, No. 39070376
Correspondence to: Dr. HUANG Bei, Department of Ultrastructural
Pathology, Research Center of Experimental Medicine, Tongji Medical
University, Wuhan 430030, Hubei Province, China
Tel. +86 27 3692639
Received 1997-09-10

stained with HE, as well as immunohistochemically with
the SP method. The staining was considered negative
(-) when no cells were stained on the section, and weakly
(+), moderately (++) and strong (+++) positive, when a
few, more and a lot of cancer cells were darkly stained,
respectively.

RESULTS
The positive signal revealed brown grains in
cytoplasm of tumor cells. nm23 protein
expressed highly in HCC, but was not obviously
related to the degree of malignancy
histologically. The positive rate was 67% (16/
24). The expression of nm23 was heterogeneitic
in different cancer cell nodules and in the same
nodule. The positive cells presented focal
distribution or scattered through the cancer
nodules. nm23 protein also expressed in the
normal liver tissues around the carcinoma. The
positive rate of nm23 was 86% in the group
without metastasis, and 40% in the group with
metastasis. The nm23 expression level in
metastatic HCC was significantly lower than that
in nonmetastatic HCC (P<0.05, Table 1).
Table 1 Relationship between ª«nm23ª« expression and
metastasis of HCC
nm23 expression
Groups

n

Nonmetastatic
Metastatic

14
10

a

-

+

++

+++

2
6

3
2

3
1

6
1

Positive rate(%)
85
40a

P<0.05 compared with metastatic group.

DISCUSSION
nm23 is a suppressor gene for tumor metastasis that
encodes nucleoside diphosphokinase (NDPK).
NDPK causes activation of a G protein pathway
involved in the signal transduction of many growth
factors and hormones. Expression of nm23 at the
RNA or protein level was shown to be inversely
correlated with the staging and differentiation of
human breast cancer. In later period of poorly
differentiated tumors, nm23 showed in general a
lower expression and their recidive rate was higher,
and survival rate was low [2]. Similar results were
obtained by prostate and thyroid carcinoma[3]. Our
data showed that the expression level of nm23 was

HUANG Bei, et al. nm23 and metastasis of hepatocellular carcinoma

significantly lower in cases of HCC with metastasis
than that without metastasis, suggesting that nm23
had some effects of inhibiting metastasis of HCC.
However, no relation between expression of nm23
and lymph node metastasis was reported by Haut et
al[4]. However, Cohn et al[5] found that nm23 was
associated with distant metastasis after operation in
colorectal carcinoma. Moreover, nm23 was reported
to be related with lymph node metastasis in pulmonary
squamous cell carcinoma, but not in pulmonary
adenocarcinoma [6] . Our preliminary study also
showed that there was no nm23 expression in 2
nonmetastatic HCC tissues, but stronger expression
in 1 metastatic HCC. These suggested that some
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other regulatory factors may exist evidently in the process
of metastasis of HCC.
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Detection of blood AFPmRNA in nude mice bearing
human HCC using nested RT-PCR and its
significance
LIU Yang, ZHANG Bai-He, QIAN Guang-Xiang, CHEN Han and WU Meng-Chao
Subject headings carcinoma,hepatocellular/pathology;
lung neoplasms/secondary;kidney neoplasms/secondary;
alpha-fetoproteins/analysis; RNA, messenger; polymerase
chain reaction

Prognosis of patients with HCC is estimated by
several factors, such as histological differentiation of
tumor cells, tumor size, and extent of lymhatic or
hemotogenous spread. In this study, we detected the
AFPmRNA in the blood of nude mice bearing human
hepatocellular cacinoma (HCC) using nested reverse
transcriptase polymerase chain reaction (nested RTPCR) and study its significance and role in blood spread
and distant metastasis.

MATERIALS AND METHODS
Animal SMMC-LINM cell lines which can
secrete AFP (provided by the pathology
department of our university [1]) were inoculated
into the neck and back of nude mice (BALB/C/
NU, 4 weeks after birth), (107 HCC cells to each
mouse). After 6 weeks, 20 nude mice (15g-20g
in weight) with tumors growing to 2cm-4cm were
used in the experiment.
Collection of samples Both eyes of the nude
mice bearing HCC were scooped out and blood
(about 1ml) was collected and placed into a 12ml
centrifuge tube. The subcutaneous tumors were
resected, and their integrity and relationship with the
surrounding tissues were observed. The liver, lung,
kidneys and other oragans of the mice were cut and
examined pathologically.
Methods One ml whole blood was collected from the
peripheralvein of each subject into a centrifuge tube.
AFPmRNA was detected with nested RT-PCR. The
detailed procedures were as follows.

Detection of AFPmRNA Heparinized whole
blood was centrifuged and the plasma fraction
was removed. The cellular fraction was enriched
for mononuclear cells or possible tumor cells
according to the method by Komeda [2] . Total
cellular RNA was extracted by a single-step
m e t h o d o f R N A i s o l a t i o n [3]. T h e r e v e r s e
transcription reaction was carried out in 20 µl
reaction mixture using a first-strand cDNA
synthesis kit (Promega USA) according to the
manufacturer’s instructions. Nested PCR was
conducted by addition of 5 µl solution of cDNA
to 100 µl reaction mixture containing 10mM Tris
HCl (pH 9.0), 50mM potassium chloride,4.5mM
magnesium chloride, 250nM dNTP 15pmol of
each outer primer (EX-sense and EX-antisense)
and 2.5 units of Taq DNA polymerase (Promega,
USA). The reaction mixtures were subjected to
35 cycles of amplification in a programmable
thermal cycler (Perking-Elmer Cetus, USA) using
the following sequence: 94 for 1.5min, 57 for
1.5min and 72 for 2.5min, and a final extension
step at 72 for 10min. A sample of 10 µl of the
first amplification product was further amplified
using an inner pair of primers (IN-sense and INantisense). To verify the amplified AFP DNA
fragment, the samples were digested with the
restriction enzyme Pst I and analysed by
electrophoresis on a 2% agrose gel and stained
with ethidium bromide for the specific bands of
174 base pairs (first amplification product) and
101 base pairs (second amplification product).
Nested PCR was performed two or three times
for samples with conflicting results. The external
and inner pair of primers were designed as
follows:
EX-sense 5’-ACTGAATCCACAACACTGCATAG-3’
EX-antisense 5’-TGCAGTCAATGCATCTTCACCA-3’
IN-sense 5’-TGGAATAGCTTCCATATTGGATTC-3’
IN-antisense 5’-AAGTGGCTTCTTGAACAAACTGG-3’
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According to this design, the PCR products of 176
and 101 base pairs were amplified from AFPcDNA by
external (EX-sense and EX-antisense) and internal (INsense and IN-antisense) primer pairs, respectively. EXsense was located in exon 1 (AFPmRNA nucleotides
90-112), EX-antisense in exon 2 (AFPmRNA nucleotides
241-263), IN-sense over exon 1 and exon 2 (AFPmRNA
nucleotides 122-145) and IN-antisense in exon 3
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(AFPmRNA nucleotides 200-222). cDNA sequences
followed the method reported previously[4].
Statistical analysis The relationship between
the AFPmRNA in peripheral blood and various
clinical parameters was examined by Chi-square
test.

RESULTS
AFP mRNA was detected in the blood of 6 (30.
0%) mice bearing HCC, 4 (66.67%) of 6 nude mice
had distant metastasis in lungs, liver or kidneys
(Figures 1-3).
Table 1 The relationship between detectable rate of AFPmRNA
and distant metastasis
Types

Cases Cases of metastasis Metastasis rate

AFPmRNA (+)

6

4

66.67 b

AFPmRNA (-)

14

0

0.00

b

P<0.01, vs AFPmRNA (-).

The diameters of HCC in 6 mice with positive AFP
mRNA in blood were more than 3cm, no distant
metastasis occurred in tumors below 3cm in diameter
(Table 2).
Table 2 The relationship between tumor diameters and distant
metastasis
Diameter
>3cm
<3cm

Cases

Cases of AFPmRNA (+)

9
11

Positive rate
66.67 b
0.00

6
0

b

P<0.01, vs tumors below 3cm in diameter.

AFPmRNA was detected among 12 (50%) nude
mice bearing HCC with serum AFP levels beyond 4 000
µg/L while no AFPmRNA was found in 8 nude mice
with serum AFP levels below 4 000 µg/L (Table 3).
Table 3 The relationship between AFP levels in serum and
detectable AFPmRNA
AFP levels(µg/L)

Cases

AFPmRNA (+)

Positive rate

>4000

12

6

50.0b

<4000

8

0

0.0

P<0.01, vs nude mice with serum AFP levels below 4 000 µg/L.

b

The first-cycle PCR products, 174 base pairs, can
be cut into two pieces of 102 and 72 base pairs by
restriction enzyme Pst I. The second-cycle PCR product,
101 base pairs, can be cut into two pieces of 60 and 41
base pairs (Figure 4).

Figure 1 Metastasis in liver. (×30)
Figure 2 Metastasis in lungs. (×30)
Figure 3 Metastasis in kidney. (×30)
Figure 4 The first-cycle PCR products was cut into two pieces of
102 bp and 72 bp by restriction enzyme Pst I; and the final PCR
products was cut into two pieces of 60 bp and 41 bp.
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DISCUSSION
Recently, there have been some reports about
the employment of the reverse transcriptasepolymerse chain reaction (RT-PCR) technique
to detect tumor cells spreading into the
peripheral blood, bone marrow, and lymph nodes
[5-7]
. There trials have aimed to amplify tumorspecific gene transcripts which can not be
detected in these tissues under normal
conditions. Free mRNA is so fragile under
conditions of abundant RNAse activity that the
specific mRNA in blood can indicate the
presence of intact cells producing such proteins
just before the extraction of RNA.
This study showed that AFPmRNA was detected
in 6 (30.0%) of 20 nude mice bearing human HCC 4
(66.67%) of them had distant metastasis. None of 14
nude mice with negative AFPmRNA in blood had distant
metastasis (P<0.01), suggesting that the distant
metastasis occurred via blood circulation. The detectable
rates of AFPmRNA was significantly related with AFP
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levels, tumor size and distant metastasis (P<0.01). In
other words, AFPmRNA in blood may be a prerequisite
for distant metastasis of HCC.
In conclution, AFPmRNA may be an effective and
sensitive marker for HCC matestasis in blood and distant
metastasis as well.
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Biological effects of hepatoma cells irradiated by
25MeV/u40Ar14+
ZHOU Guang-Ming1, CHEN Wei-Qiang1, GAO Qing-Xiang2, LI Wen-Jian1, LI Qiang1 and WEI Zeng-Quan1
Subject headings carcinoma,hepatocellular/radiotherapy;
liver neoplasms/radiotherapy;argon/therapeutic use

INTRODUCTION
Radiotherapy was initiated when Grubbe treated tumor
with X-rays in 1896[1]. Afterwards, radioisotopes such
as Ra and Rn, were used for clinical?diagnosis and
treatment. Basic researches on the biological effects of
X-rays, γ-rays, fast neutron, and so on discovered that
damages to mammalian cells induced by high-LET
irradiation were more serious than that by low-LET[2].
Because of their low oxygen enhancement ratio
(OER) and high relative biological effectiveness (RBE),
heavy ions can kill carcinoma cells efficiently[3], among
which about 5%-20% was hypoxia. There was a Bragg
peak along the energy deposition of heavy ions, so that
more dose could reach to the tumor while less to the
normal tissues[4]. Therefore, heavy ion beam is believed
to play an important role in the future in the radiotherapy
for tumors.
The treatment with heavy ion beam has been
studied and put into clinical practice since the 1970s in
America and since 1994 in Japan. But in our country,
this research is still in its initial stage. This is our
preliminary report on the dose--response and fractionated
irradiation with 25MeV/u40 Ar14+ in human hepatoma
SMMC-7721 cells.
MATERIALS AND METHODS
Cell culture

The human hepatoma SMMC-7721 cell line was
obtained from the Second Military Medical
University[5]. The cells were cultured in RPMI-1640

medium (Gibco Inc.) supplemented with 10% calf, 100u
penicillin and 100 µg/ml streptomycin. The medium was
placed at 37 in humidified atmosphere with 5% CO2.
The cells were inoculated in the glass flasks with a
diameter of 35mm and density of 5×104cells/ml 2 days
before irradiation.
Irradiation

25MeV/u 40Ar 14+ was accelerated by HIRFL. The
intensity of the beam was 2.1×106 ions/s.
Before irradiation, the medium was removed and
the cells were washed twice with D-Hank’s buffer.
The flasks were enveloped with 4 µm mylar
membrane. A part of cells were irradiated at the dose
of 0.68 Gy, 6.8 Gy, 68 Gy, 680 Gy and 6800 Gy,
respectively. The others were irradiated with
tractionated dose of 68 Gy for 1, 2, 3 and 4 times,
respectively, at an interval of 2 hours. After
irradiation, each flask was added 2ml medium and
kept in 37 incubator for 24 hours.
Analysis of samples

After washed with D-Hank’s buffer, the cells were
fixed for 4 hours and then stained with acridine
orange (0.01mg/L, pH 6.8) for 10min and
differentiated with stilled water for about 5min.
Cells with micronuclei were counted under the
fluorescence microscope to obtain frequency of
micronuclei (FM). Afterwards, cells were washed
once with PBS (pH 6.8) and stained with Giemsa
(1:20, pH 6.8) for 8 min to gain number of cells per
mm 2 (NC).

RESULTS
Observation of cellular configuration
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Under the florescence microscope, the null were
bright yellow while cytoplasm and nucleolus were
red. After irradiation, many types of aberration were
observed, such as micronuclei, small nuclei, free
chromosomes, chromosome bridge, and so on
(Figure 1).
Cells treated with 680 Gy and 6 800 Gy were dead,
but the remnants appeared different. The remnants induce
by 680 Gy were far smaller than controls and the nuclei
were bright yellow and the cytoplasm was light yellow, while
those induced by 6 800 Gy change little in size, but the
nucleus and the cytoplasm could not be distinguished. The
death of the former may be caused b y the change of the
permenace ability of cellular membrane caused by
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the high dose, and shrinking of the cells. When fixed,
the nuclei were smaller than controls but not disperse.
The dose for the latter one was even higher, and cells
died quickly after irradiation. So, the nuclear
membrane was broken, and the nuclei entered the
cytoplasm when fixed.
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Table 1 Dose-response of single irradiation with heavy ions
Dose
(Gy)

Number of
cells

FM
(%)

NC

0
0.68
6.8
68

861
1952
2008
1960

2.56
4.27
4.83
5.62

380
391
235
207

Table 2 Biological effects of fractionation irradiation

Figure 1 Abnormal nuclei and chromosome aberration induced
by 25MeV/u40Ar14+
a. micronuclei, b. free chromosome, c. chromosome bridge.

Dose-response

As shown in Table 1, FM of the samples was
higher than the control, which was correlated
positively with the dosage (r = 0.9952) while
NC was negatively correlated with dosage
(r = -0.9279). This is consistent with other
approaches[6].

Times of
irradiation

Number of
cells

FM
(%)

NC

1
2
3
4

1960
971
974
1000

5.62
5.13
2.47
1.80

207
213
250
281

DISCUSSION
The damages induced by heavy ions were intensified
with the increasing dose, but NC induced by 0.68
Gy was higher than that of the control, possibly
because very low dose can stimulate cell
propagation.
When the times of irradiation were increased, the
repair mechanism is activeted and the efficiency of
repair was enhanced. FM induced with four divided
doses was less than that of control. This may be due to
the high repair efficiency.
MF peaked when cells underwent one division
cycle after irradiation [6] . The time of a division
cycle was about 24 hours because of the
delayed division induced by irradiation.
According to our approach, FM was not the
highest one (the data are not shown), but there
was significant correlation between MF and
dosage, MF and the times of irradiation.
Micronucleus was one kind of nuclear
structure, less than 1/5 of the normal nucleus,
forming fragments induced by irradiation during
the cell division. Therefore, FM after one
division cycle represented the direct effects of
irradiation with heavy ion beam.
NC was closely correlated with FM, but NC
represented by the lethal effect more directly that FM.
The correlation efficient was -0.8870 for single one. Both
as the endpoints of radiosensitivity, they reflected the
same results.
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Effects of Yibei multi-active elements on
mesenteric microcirculation in rats
SHAO Bo-Qin1, SHI Yi-Ju2, LIU Sai1, ZHANG Jian1, GUO Jin-Tai1

Subject headings microcirculation; mesentery; Yibei
multi-active elements (YBMAE); blood flow
velocity
Mytilus edulis linnaeus (Yibei) belongs to mytilide, gill
lamella, and mollusc. There are rich resources in Bohai
and Huanghai of China. Yibei multi-active elements
(YBMAE)[1] come from mytilus edulis linnaeus
containing taurine, EPA, Zn, Ci, Ferris, etc. Its preparation
and composition were described previously[2]. This paper
aims at studying the effect of YBMAE on the mesenteric
microcirculation in rats.

ip. A 2-cm incision was made on the abdominal
wall. The blood color, flow velocity and vessel
wall clarity of tertiary blood vessels were
observed, meanwhile blood flow and flow
velocity were monitored with microcirculation
monitoring system. Sterile amniotic fluid (1ml/
kg) was given intravenously. The abovementioned indexes were monitored and video
recorded immediately 10 and 30min after
amniotic fluid injection.
Statistical analysis Student’s t test was used for the
statistical study.

MATERIALS AND METHODS

RESULTS

Materials

Effect of YBMAE on blood flow of Wistar rat
mesenteric microcirculation

YBMAE was provided by the Department of
Pharmacology, Medical College of Qingdao
University. Sterile amniotic fluid and Panax
Notoginsenosidum (PNS) were obtained from
Taishan Medical College. Wistar rats were
purchased from the Animal Center of Shandong
Medical University. The microcirculation monitoring
system was product of Xuzhou Optic Instrument
Factory, China.
Methods

Thirty Wistar rats (male or female, weighing 300g±50g)
were divided into 5 groups: YBMAE group I (1.2g/kg),
group II (3g/kg), group III (6g/kg), PNS group (40mg/
kg) and control group (with saline). Each group consisted
of 6 rats. The drugs were givenig qd for 28 days[3-5].
Thirty minutes after the last administration of drugs, the
rats were anaesthetized with vinbarbitol 50mg/kg
1
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Immediately, 10min and 30min after amniotic
fluid injection, blood flow of the control group
was decreased significantly (P<0.05, P<0.01,
P< 0 . 0 1 ) , w h i l e t h e b l o o d f l o w o f Y B M A E
groups I and II showed no obvious changes
compared with that before amniotic fluid
injection, but more significant changes than
that of the control groups (P<0.05, P<0.01).
In YBMAE group III, the blood flow at 10min
was lower than that before amniotic fluid
injection ( P< 0 . 0 5 ) , s i g n i f i c a n t l y h i g h e r a t
30min than the control group (P<0.01). In PNS
group, the blood flow had no obvious changes
immediately and 10min after amniotic fluid
injection, and increased at 30min (P<0.01),
being significantly different compared with the
control group (P<0.05, P<0.01) (Table 1).
Effect of YBMAE on blood flow velocity of rat
mesenteric microcirculation

The blood flow velocity was greatly decreased
immediately, 10min and 30min after amniotic fluid
injection in the control group (P<0.05, P<0.01),
while in the YBMAE group I, there was little
change in the blood flow velocity, but greater than
that of the control group (P<0.05, P<0.01). In
YBMAE group II, right after amniotic injection,
the velocity was significantly decreased (P<0.05),
but still faster than that of the control group. At
10min, 30min, the velocity was increased, but not
faster than that before amniotic injection. In
YBMAE group III, the velocity was decreased
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immediately and 10min after injection (P<0.05),
and increased at 30min, which was significantly
faster than that of the control group at any time
(P<0.05, 0.01). In PNS group, the velocity had
no obvious changes after injection, but significantly
faster than the control group (P<0.05) (Table 2).
Effect of YBMAE on microcirculation status,
blood color and vessel wall clarity of rat
mesentery

The microcirculation condition of the control group
changed from linear to linear granular flow after
Table 1 Effect of the drugs on blood flow (µm3
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amniotic fluid injection. At 30min, 90% of the
vessels turned to linear granular flow, the blood
color was dark red, the vessel wall was not clear,
and there was stasis in the venous blood. At 12 h,
50% of the animals died. In the three YBMAE
groups and PNS group, 40%, 10%, 0% and 0%
vessels had linear granular flow after amniotic fluid
injection. The blood color changed from bright red
to dark red in about 30%, 20%, 20%, 10% vessels
respectively. Thirty minutes later, it returned to
normal, and the vessel walls became clear. No
animals died within 12 h.

s-1) of mesenteric microcirculation in rats (x±s)
After amniotic fluid injection

Groups
NS
YBMAE

PNS

Dosage (g/kg)

1.2
3.0
6.0
0.04

n

6
6
6
6

Before amniotic
fluid injection
6616±91.79
576±67.41
560±57.88
733±100.76
586±60.58

Immediately
432±132.68
545±105.47
450±86.49
602±99.26
616±67.34 c

10min
a

30min
b

348±84.30 b
560±57.12 d
588±50.75 d
665±73.12 d
766±60.40 bd

358±64.32
593±70.63 d
561±77.96 c
578±93.03 ac
638±55.11 d

Compared with before amniotic fluid injection, aP<0.05, bP<0.01; compared with NS, cP<0.05, dP<0.01.
Table 2 Effect of the drugs on the blood flow velocity of rat mesenteric microcirculation (x±s)
After amniotic fluid injection
Groups
NS
YBMAE

PNS

Dosage (g/kg)

1.2
3.0
6.0
0.0

n

6
6
6
6

Before amniotic
fluid injection
60.51±0.10
0.56±0.05
0.54±0.05
0.64±0.06
0.50±0.07

Immediately
a

0.35±0.05
0.52±0.07 c
0.45±0.07 a
0.48±0.08 a
0.45±0.06

10min

30min
a

0.32±0.10
0.49±0.07 c
0.53±0.07 d
0.49±0.08 ac
0.49±0.06 c

0.32±0.08a
0.55±0.05 d
0.55±0.04 d
0.59±0.06 d
0.52±0.07c

Compared with before amniotic fluid injection, aP<0.05, bP<0.01; compared with NS, cP<0.05, dP<0.01.

DISCUSSION
Recent studies showed that the flow velocity, blood flow,
flow status, the agglutination ability of platelet and red
blood cell, the amount of opening capillary were important
factors determining the functional status of the flow
velocity, improve the blood flow status, the blood color,
the vessel wall clarity, increased the amount of opening
capillaries[6]. The results of this study demonstrated that
YBMAE could increase the blood flow, and could
improve the microcirculation status. The increment of
flow velocity and blood flow were proportional to
the amount of YBMAE before and 30min after
amniotic fluid injection. According to the literature,
taurine could regulate Ca ++ metabolism and
prevent arterial atherosclerosis [7] . EPA could
inhibit the blood vessel constriction induced by
norepinephrine, and vasoconstrictin A2 and
increase elasticity of RBC, decrease the blood

viscosity and synthesis of TXA2[8]. YBMAE contains
plenty of taurine, EPA, amino acid and unsaturated lipid
acid, therefore the effect of YBMAE in improving
microcirculation may be related to its components.
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Effects of erythromycin on pressure in pyloric
antrum and plasma motilin and somatostain
content in dogs
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Subject headings erythromycin/pharmacology;
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effects

INTRUDUCTION
Erythromicin (EM) is a potent agonist of motilin (MTL)
receptors[1]. EM may enhance the gastroenteric motion
by binding with MTL receptors[2]. However, effects of
EM pyloric antrum and its mechanism are not clear. The
purpose of this study was to investigate the relation
between EM, plasma MTL and somatostatin in regulation
of pyloric sphincter muscle function in dogs.
MATERIALS AND METHODS
A randomized study was performed using male or female
dogs weighing between 11kg-19kg. Before operation,
dogs was prohibited form eating food for 24h.
Animals were anaesthetised with i.v. injection of
pentobarbital (2.5%, 1mg/kg). The upper medial incision
of abdomen was performed. The anterior wall of gastric
antrum was cut about 0.5cm, the tube of the gastric
pressure meter (WYY-1 type, Sapceflight Medicine
Engineer Research Institute) was inserted and fixed.
The pressure graph was recorded by the pressure
transducer.
Erythromycin lactate was dissolved in 5% glucose
liquid, and transfused i.v. (5mg/kg per hour).
Isoptin (1mg/kg) was injected i.v. at an interval
of 60min. At 90min i.v. atropine sulfoacid (0.1mg/
kg) was given. During 120min of pre- and postinfusion, pressure measure was done for 2min and
1
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1ml blood sample was collected from dog femoral vein
every 15min. Nine blood samples (1ml each) were
collected from each dog. 3ml EDTA-Na2 and 200KIu
aprotinin was added into the samples. Blood samples
were immediately centrafuged at 3 500r/min for 15min
at 4 . The plasma was stored at -70 . MTL and SS
was assayed by radioimmune method. (MTL and SS
radioimmune reagment box, East-Asia Immune
Technique Research Institute). The concentration of
MTL and SS in blood was counted with a FJ-2003-50G
counter.

Statistical analysis
Statistical analysis was carried out using the Statistical
analysis System. When a significant analysis of variance
was found, Student’s t test between two samples was
performed.
RESULTS
The changes of plyoric pressure and the concentration
of MTL and SS in plasma before and after i.v. transfusion
(Table 1).
Our results showed that the dog pyloric antrum
basic pressure, total pressure and wave amplitude
significantly increased after administration of EM. The
interval time of high pressure wave amplitude was
reduced and the frequency increased. After i.v. injection
of antagonists isoptin and atropine, the plyoric pressure
was inhibited repidly. The level of MTL in plasma of
dogs and the change of the plyoric pressue induced by
EM was related significantly, and were also infuenced
by atropine and soptin. The concentration of SS in plasma
of dogs was increased after EM administration and not
inhibited by atropine and isoptin.
DISCUSSION
EM is one of most common antibiotics. To investigate
the gastroenteric side effects of EM, Pilot and Itol, et al
[3]
, have found that the i.v. infusion of EM might mimick
the migrating synthetical electric current of muscles (or
contraction) during dog digestion induced by MTL.
The effect of EM was similar with MTL in vivo or
vitro, EM competitively inhibited the compination
of receptors and MTL, therefore EM is considered
one of the agonists on MTL receptors. Sarna, et al[4] have
found that i.v. EM 1mg kg -1 h-3mg kg -1 h
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(far below the dose of antibiotics) might induce migrating
synthetical electric current of III phase muscles,
beginning at stomach and migrating downward, which
was related to MTL release. The main physiological
action of MTL is to enhance the gastroenteric motion
and increase the gastric and plyoric pressure. By i.v.
EM 5mg kg -1/h, the plyoric pressure increased
immediately, suggesting that EM could increase the
pressure in plyoric antrum and it was highly sensitive;
and the effect of EM was related with MTL. We believe
that EM might be used to treat the gastroduodenal reflux
diseases in future.
It has been found that the effect of EM on dog
stomach, duodenal and gall doct might be inhibited
b y a t r o p i n e [5], i n d i c a t i n g t h a t E M a c t o n
preconjunctional receptors of cholinergic. Some
studies have suggested that EM and MTL have a
similar gastroenteral action and race specificity.
EM could induce the contration of rabbit gastric
smooth musles, and was not inhibited by atropine,
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but blocked by antagoists of calcium passway
Nifedipine. This indicated EM effect was related with
calcium passway. Our result is similar with other
investigators’.
There have been a lot of investigations on the effect
of gastroenteric hormone. Increase in plyoric
pressure was increased by human or dog duodenal
infusion of HCl or florence oil, suggesting that
gastroenteric hormone could regulate pyloric
motion. We observed for the first time the plasma
SS changes, and found that the plasma SS level
was not blocked by isoptin and atropine after i.v.
EM, and the plasma SS was higher in late stage.
This phenomenon may be related to be
autoregulation in vivo in order to maintain the
balance among gastroenteral hormones like MTL
and normal plyoric pressure.
In summary, the study suggested EM may increase
the pressure in plyoric antrum. The effect may be related
to the plasma motilin and somatostatin level.

Table 1 Pyloric pressure and plasma MTL and SS content before and after infusion of erythromycin in dogs.
(n = 10, x±s)
Parameters

Before drug administration

Total pressure (kPa)
Basic pressure (kPa)
Wave amplitude pressure (kPa)
Wave frequency (time/min)
Wave interval (s)
Plasma MTL (ng/L)
Plasma SS (ng/L)

20.1± 2.2
4.1 ±2.5
16.0±14.4
9.8±4.5
3.0 ±1.1
426.9 ± 53.4
64.6±13.7

Erythromycin

Verapamil

Atropine

34.5 ± 3.1 a
6.9±0.9 a
27.6± 9.6 a
5.4±0.5 a
6.7±0.6 a
553.9 ± 87.2a
75.2± 4.7 a

10.3 ±0.4 a
4.4 ± 0.8
5.9 ±0.4a
2.9 ±0.4a
3.8 ± 0.4
447.9 ± 67.6
85.6±2.9 b

8.2±0.2 a
5.2 ±0.2
3.0±0.1 b
2.0±1.0 b
3.1 ±0.1
378.3± 8.2 a
105.6 ±0.2 b

a

P<0.05, bP<0.01 vs before used medicine.
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Molecular biology of Barrett’s esophagus and
esophageal cancer: role of p53
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adenocarcinoma; Barrett’s esophagus; p53 gene

Despite recent advances in multimodality therapy,
the prognosis for invasive esophageal cancer is
poor, with a five-year survival generally below
10%. While improvements in survival may be
anticipated with early detection, improved
staging, and rational use of adjuvant therapies,
it is likely that significant progress in the
treatment of this disease will only occur with
an improved understanding of its tumor biology,
and careful evaluation of clinically relevant
molecular markers.
Over the past decade, various molecular alterations
have been reported in human esophageal cancers.
As the p53 tumor suppressor gene appears to
have a central role in human neoplasia, the aim
of this review is to discuss the potential clinical
applications of this biomarker in esophageal
cancer.

ESOPHAGEAL CANCER EPIDEMIOLOGY[1]
Squamous cell carcinoma of the esophagus is one
of the most frequent malignancies worldwide. The
epidemiology of this disease is characterized by a
striking geographic variation in incidence, not only
between countries, but also within distinct
geographic regions and among ethnic groups.
Epidemiologic and experimental studies from highincidence areas have implicated several
environmental factors with the development of
esophageal cancer, including nutritional
deficiencies, dietary nitrosamine precursors,
alcohol intake and tobacco smoking. However, the
relative influence of each factor appears unique
to the region studied.
Recent reports from North America and Europe
confirmed clinical suspicions that adenocarcinomas
of the lower esophagus and cardia were being seen
more frequently. The 10% annual rate of increase
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in white males exceeded that for any other solid
tumors. Furthermore, a proximal shift in gastric
carcinomas towards the upper third has also been
described in recent years. Although the factors for
this changing pattern of disease are unknown,
molecular epidemiologic studies may provide further
insight into the etiology and biology of
esophagogastric carcinomas.

ESOPHAGEAL ADENOCARCINOMA
Pri m a r y e s o p h a g e a l a d e n o c a r c i n o m a s a r e
frequently confused with proximal gastric (or
cardia) cancers. Despite apparently different
clinical and biologic behaviour, there currently
appears to be no clear way to accurately
distinguish between these tumors. This is of
particular importance in view of the changing
epidemiology of this disease, and in planning
treatment strategies. One recent classification [2]
proposed a definition based on tumor
measurements related to the anatomic
esophagogastric junction (EGJ). Primary
esophageal adenocarcinomas were defined as
tumors centred 1 to 5cm above the EGJ; cardial
carcinomas, between 1cm above and 2cm below
the EGJ; and subcardial gastric carcinomas, with
a tumor centre from 2cm to 5cm below the EGJ.
In 1991, we proposed guidelines in an attempt to
establish the primary esophageal origin of
adenocarcinomas [3]. These criteria (summarized
below), incorporating clinical and pathologic
characteristics of these tumors, were determined
by preoperative endoscopy, radiology, at surgery,
and on pathologic examination of the resected
foregut.
a. An associated Barrett’s epithelium. When
present, this is virtually a diagnosis of a primary esophageal
adenocarcinoma. However, approximately 50% of
tumors will not have a demonstrable Barrett’s mucosa,
presumably because this has been incorporated into the
tumor mass. In this situation, the following criteria assume
increasing importance.
b. Greater than 75% of the tumor mass involving
the tubular body of the esophagus.
c. Direct histologic invasion of periesophageal
tissues.
d. Minimal gastric involvement.
e. Clinical symptoms of esophageal obstruction
(i.e. dysphagia).
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These criteria have been crucial to the design and
conduct of our laboratory/translational studies, and are
increasingly used in current clinical practice.

BARRETT’S ESOPHAGUS[4]
Barret t ’ s e s o p h a g u s i s c h a r a c t e r i z e d b y
replacement of normal squamous epithelium, by
intestinalized columnar epithelium. Previous
definitions of a columnar epithelium lined esophagus
required variable lengths of replacement proximal
to an arbitrary 2cm-3cm of “normal columnar
lining” of the lower esophagus. However, the
histologic finding of intestinal type goblet cells is
now accepted to be a prerequisite for the diagnosis
of Barrett’s mucosa, which incorporates “short
segment” Barrett’s esophagus (i.e. less than 3cm).
Barrett’s esophagus is thought to be an acquired
condition resulting from chronic gastroesophageal
reflux disease. In symptomatic patients (i.e.
dyspepsia,heartburn), the prevalence of Barrett’s
epithelium is estimated at 10%, whereas less than
1% of asymptomatic patients will have this
diagnosis. The importance of this finding is that it
is premalignant. The risk that patients with
preexisting Barrett’s mucosa will develop invasive
esophageal carcinoma was estimated by two
prospective studies to be at least fifty times greater
than the general population. Dysplasia is widely
regarded as the precursor of invasive cancer, and
high-grade dysplasia in Barrett’s epithelium is
frequently associated with primary esophageal
adenocarcinoma. Dysplastic change may be
characterized histologically by experienced
pathologists in biopsy specimens obtained at
esophagoscopy. Recent reports suggest that
endoscopic surveillance can detect early
adenocarcinoma in Barrett’s epithelium, and that
early detection and surgical resection may decrease
the mortality rate for esophageal carcinoma [5].
THE p53 TUMOR SUPPRESSOR GENE[6,7]
Certain genes appear necessary to regulate cell
growth and prevent oncogene-driven clonal
expansion and uncontrolled cellular proliferation.
Loss of tumor suppressor function (thereby providing
a selective growth advantage for clonal expansion)
is thought to require inactivation of both alleles, and
this may occur through several mechanisms including
chromosomal deletion, point mutation, or by
neutralization of the protein product by interaction
with other cellular proteins.
The p53 protein was first discovered in 1979 as a
cellular 53-kD nuclear phosphoprotein bound to the
large transforming antigen (T antigen) of the
Simian virus 40 (SV40), and subsequently to
oncoproteins from other tumor viruses. The normal
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function of p53 protein is not known with certainty,
but it is believed to be a transcription factor which
plays a role in cell cycle progression. DNA
damage induces a rapid accumulation of cell
nuclear p53 protein, resulting in transactivation of
target genes including the cyclin kinase inhibitor
p21waf-1, bax-1, a regulator of apoptosis, and
other key proteins regulating DNA replication,
transcription and repair.
The p53 gene is localized to the short arm of
chromosome 17 (17p13), and comprises 11 exons
with five evolutionarily conserved domains within
the coding region. 95% of known p53 mutations fall
within these DNA-binding regions, the majority of
which are missense, which lead to stabilization and
cell nuclear accumulation of p53 protein. Various
p53 mutations may result in different biological
properties, and this varies depending on the cell
system. The molecular basis of p53 mutations /
function is not fully understood. Exons encoding the
N and C terminal domains contain a higher
proportion of nonsense mutations.
The diversity of p53 mutations is human solid
tumors suggests that this may be a potentially useful
biomarker for molecular epidemiologic studies. For
example, mutations arising from endogenous events,
such as methylation and deamination of cytosine to
thymine, result in C to T transitions at CpG
dinucleotides. Mutations do not form at an equal rate
at all base positions, and a strand bias in distribution
suggests exogenous mechanisms. Mutation patterns
may also suggest DNA damage induced by
exogenous carcinogens. For example, A:T to T:A
transversions in patients with hepatic angiosarcomas
following exposure to vinyl chloride; and G to T
transversions in patients with lung cancers associated
with tobacco (benzo-a-pyrine) eyposure. The most
frequently mutated p53 codons in lung cancer are
157, 248, and 273, which may be preferential sites
for DNA adduct formation. Codon 157 is rarely
mutated in other tumors, and may be seen as a “hot
spot” for lung carcinoma. By contrast, while codons
248 and 273 are frequently mutated in several other
cancers, patterns of mutation may differ at these
sites. For example, in breast and colorectal cancers,
C to T transitions at CpG dinucleotides suggest an
endogenous mechanism.

p53 ALTERATIONS IN ESOPHAGEAL CANCER AND
BARRETT’S MUCOSA
p53 gene mutations were first reported in
esophageal squamous cell carcinomas by Hollstein
et al in 1990 [8] . Using strict criteria to define
adenocarcinomas of esophageal (vs. gastric) origin,
we reported p53 mutations in primary esophageal
adenocarcinomas and associated Barrett’ s
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epithelium[3]
These original observations have now been
confirmed by other investigators, documenting additional
p53 mutations, altered expression of p53 mRNA, p53
protein accumulation and loss of heterozygosity of
chromosome 17p[9].
Patterns of p53 mutations differ widely for squamous
cell carcinomas and adenocarcinomas of the esophagus.
To date, most esophageal tumors studied have been
squamous cell carcinomas, where 46% of tumors were
found to have p53 mutations, predominantly at codons
175, 193, 194, 195 and 270. The high frequency of G:C
to A:T transversions and A to T transitions at CpG
dinucleotides, suggesting that p53 mutations in these
tumors may occur spontaneously by deamination or
mismatch repair.
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markers, such as p53, into conventional clinicopathologic
staging schema may improve reliability of predicting
tumor recurrence, metastasis or survival.
To date, published studies evaluating the prognostic
value of p53 protein in esophageal cancer have
reported conflicting results. We recently reported a
prospective study, evaluating p53 mutations and protein
accumulation in esophageal adenocarcinomas, in an
attempt to clarify the role of p53 as a predictor of
survival following surgical resection. We found that
p53 alterations were associated with significantly
reduced disease-free and overall survival, by both
univariate and multivariate analysis, suggesting p53
to be a potentially useful prognostic marker in this
disease[11].
Therapy

POTENTIAL CLINICALAPPLICATIONS[10]
It has been proposed that p53 alterations in esophageal
tissues may have potential clinical applications: for early
diagnosis of invasive esophageal cancer in patients with
Barrett’s esophagus undergoing endoscopic surveillance,
for staging, as a stratification factor in future clinical
trials, and as a molecular target for novel anticancer
therapies.
Early detection

Although the natural history of Barrett’s epithelium is
not known, it is considered a premalignant tissue.
Endoscopic surveillance is currently used to identify
patients at increased risk for developing malignancy.
However, conventional histologic markers such as
dysplasia do not reliably predict the development of
invasive carcinoma.
The timing of p53 alterations in esophageal
tumorigenesis is not known with certainty. However, the
finding of p53 mutations in metaplastic (non dysplastic)
Barrett’s mucosa, suggests this may be an early event in
esophageal tumorigenesis. This is in keeping with other
tumors of the upper aerodigestive tract (i.e. oropharynx,
lung), where p53 mutations are believed to occur as
relatively early molecular events. The finding of a p53
alteration in Barrett’s mucosa, may, in the future, be used
to identify subsets of patients at increased risk for
esophageal malignancy, prompting further intervention
(increased surveillance or resection). Prospective clinical
studies are warranted to test this hypothesis.

Prognosis
Fundamental differences in esophageal tumor
biology may explain different clinical outcomes for
patients with histologically similar tumors within each
well defined stage. Incorporation of molecular

There has been increased interest in the use of
chemotherapy in the multimodality therapy of esophageal
cancer. It has been suggested that p53 may be used to
stratify patients in future clinical trials evaluating induction
chemotherapy. This approach was recently supported
by experimental studies of esophageal cancer cell lines,
where mutational status of p53 protein was predictive
of chemosensitivity[12].
The correction of underlying molecular alterations
for preventing or treating cancer is a goal of gene therapy.
Current approaches use modified or attenuated viral
vectors to deliver genetic material into the tumor cell
nucleus. Preliminary results with lung cancer have been
encouraging, and it is believed that this approach will be
successful for other upper aerodigestive tract tumors.

REFERENCES
1
2

3
4
5
6
7
8
9
10
11
12

Casson AG, McKneally MF. Esophageal cancer epidemiology. In: Pearson
FG, Deslauriers, J, Ginsberg RJ, Hiebert CA, McKneally MF, Urschel HC, eds.
Esophageal surgery. New York: Churchill Livingstone, 1995:551-559
Holscher AH, Siewert JR. Classification of adenocarcinomas of the
esophagogastric junction. In: Peracchia A, Rosati R, Bonavina L, Fumagalli
U, Bona S, Chella B, eds. Recent advances in diseases of the esophagus.
Bologna: Mondizzi Editore, 1996:549-555
Casson AG, Mukhopadhyay T, Cleary KR et al. p53 gene mutations in Barrett’s
epithelium and esophageal cancer. Cancer Res, 1991;51:4495-4499
Dent J, Bremner CG, Collen MJ et al. Barrett¡äs esophagus. J Gastroenterol
Hepatol, 1991;6:1-22
Streitz JM, Andrews CW, Ellis FH. Endoscopic surveillance of Barrett’s
esophagus. Does it help. J Thorac Cardiovasc Surg, 1993;105:383-388
Levine AJ, Momand J, Finlay CA. The p53 tumor suppressor gene. Nature,
1991;351:453-456
Hollstein M, Sidranski D, Vogelstein B et al . p53 mutations in human cancers.
Science, 1991;253:49-53
Hollstein MC, Metcalf RA, Welsh JA et al . Frequent mutation of the p53 gene
in human esophageal cancer. Proc Natl Acad Sci USA, 1990:9958-9961
Montesano R, Hollstein M, Hainaut P. Genetic alterations in esophageal cancer
and their relevance to etiology and pathogenesis: a review. Int J Cancer, 1996:
225-235
Harris CC, Hollstein M. Clinical implications of the p53 tumor suppressor
gene. N Engl J Med, 1993;329:1318-1327
Casson AG, Tammemage M, Eskandarian S et al. p53 alterations in esophageal cancer: association with clinicopathological features, risk factors, and
survival. J Clin Pathol: Mol Pathol, 1998;51:71-79
Nabeya Y, Loganzo F, Maslak P et al. The mutational status of p53 protein in
gastric and esophageal adenocarcinoma cell lines predicts sensitivity to
chemotherapeutic agents. Int J Cancer, 1995;64:37-46

280

ISSN 1007-9327

CN 14-1219/R

WJG, 1998;4(4):280-284

A review of reflux esophagitis around the world
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In the Western world, esophageal reflux is a common
condition. In other parts of the world, the prevalence is
less well defined, but appears to be swiftly approaching
the levels seen in the West. As complications of this
condition such as Barrett’s epithelium and esophageal
adenocarcinoma have seen huge increases over the past
several decades in the West, there seems a likelihood
that the rest of the world is at risk for a similar explosion
in esophageal complications. This article will review the
epidemiologic information about esophageal reflux, and
pathophysiologic components of acid migration and
altered peristaltic motility, and examine the advantages
of treating this growing medical illness with acid
suppression and prokinetic medication, as well as other
nonpharmacologic therapies.

EPIDEMIOLOGY
The prevalence and incidence of esophageal reflux
are difficult to establish. These values are dependent
on the population under study. Reported frequencies
tend to be lower if the studied population is based
on the general population as opposed to a study of
patients from a medical facility. Frequencies based
upon endoscopic observation tend to be
substantially lower than symptom surveys, which
is consistent with the observation that endoscopic
evidence of damage is present in only 10% of
symptomatic patients.
Despite the differences in methods for collecting
prevalence and incidence data, there appears to be
variability in frequencies of reflux around the world (Table
1). In a 1997 U.S. report, the prevalence of weekly
heartburn symptoms in the general population was 19.
8% (95% confidence interval 17.7-21.9)[1]. This appears
to be higher than the often quoted weekly heartburn rate
of 14% from 1976[2], suggesting an increase in reflux
over the past two decades. Reflux was reported to be
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rare in Nigeria fifteen years ago [3] , and the low
frequency was postulated to be due to protective
differences in the structure of the lower esophageal
sphincter. The frequency of symptoms in Taiwan
recently was thought to be similar to the U.S.
frequency reported two decades ago [4], and the
authors expressed concern that westernization of the
diet, aging of the population, and increasing obesity
would put the Taiwanese at higher risk of reflux and
its sequelae.
Table 1 Prevalence of reflux in various geographic sites(%)
Weekly
symptoms
U.S.A. [1,2,10]
Europe[8,37,39,40]
East Asia [4,7,8,9]

19.8
12-23
14

Monthly
symptoms
36
21-34

Endoscopic
damage
7
2
1.5-5

In the U.S., heartburn occurring at least once per
month is reported in 36% [2] of patients. This
seems similar to the 40% prevalence of
dyspepsia in the British population [5] , a n d
heartburn prevalence of 38% in Danish males
and 30% in Danish females[6].
The prevalence of endoscopic esophagitis in the
U.S. is approximately 7%. In non-Western countries,
the prevalence of esophagitis seems to be lower. It
is seen during endoscopic observation in 1.5% to 5%
of cases in China [7,8], 2.7% in Korea[9], and 2% in
Germany[10].
The pattern of higher prevalence of reflux in the
Western countries, lower prevalence in Asia, and
the lowest prevalence in Africa is similar to the
frequencies of hiatal hernia around the world. As
reviewed by Wienbeck and Barnert[10], hiatal hernia
are found most frequent in the industrialized
countries.

CLINICAL PRESENTATION
Reflux can present at any age, but seems most
common in the 20 to 50 year age group. Symptoms
occur equally often in males and females[10], and the
like lihood of hospitalization is similar for the two
genders [11]. However, occurrence of esophageal
damage is two to three times more often in males
both in the West[6-10] and in China [7]. As individual
patients age, they become less likely to experience
symptoms of reflux but their risk for esophageal
damage remains constant[4]. Patients with Barrett’s
epithelium are substantially less likely to feel
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discomfort during acid regurgitation. Mild and moderate
obesity is strongly associated with the development of
reflux.
Typical symptoms of esophageal reflux are
epigastric or lower retrosternal pain. The pain lasts one
or two hours and occurs one hour after a meal, or
sooner if aggravating food was consumed such as spicy
food, tomatoes, citrus fruit, onions or alcohol. The pain
usually is described as burning, and may be
accompanied by nausea or regurgitation. If the reflux
occurs during sleep, the patient often notices a bile taste
and hyper-salivation. Regurgitation without vomiting is
also frequently reported. Many patients report a history
of attempted therapy with over the counter antacids
which usually provide relief that is effective but of too
short duration.
In addition to the typical presentation, some patients
reports symptoms which should serve as a warning
that the reflux may be more severe or complicated
than the classical case. Such warning symptoms
may include dysphagia, weight loss, and anemia. If
present, dysphagia may be suggestive of a motor
dysmotility if it occurs to both solids and liquids,
occurs intermittently, and is not associated with the
need for vomiting in order to obtain relief. The
presentation is more suggestive of an esophageal
stricture if it occurs regularly and in response to
solid food, or of regurgitation is the only method
for relief.
Atypical presentations of reflux are being recognized
in a widening arena of medical conditions. Certainly,
many patients with atypical chest pain derive their
symptoms from gastrointestinal reflux[12]. Pulmonary
symptoms such as chronic bronchiectasis or repeat
aspiration pneumonia may be due to esophageal
reflux. More commonly, small volumes of reflux
such as micro-aspiration or acid regurgitation
without aspiration are thought to produce chronic
cough, hoarseness, or asthma. The asthmatic events
usually occur in non-allergic young adults who have
nocturnal reflux. Over 80% of adults with asthma
have esophageal reflux. This is mediated by a vagal
reflex and may require anti-reflux surgery for long
term treatment. Recently, chronic nasal sinusitis is
being investigated for possible association with
GERD.
Regardless which form of presentation occurs,
reflux is most often seen in patients with mild to moderate
obesity. Interestingly, 50 massively obese patients with
a mean BMI of 42 had a prevalence of symptoms that
was similar to that of normal controls, and they were not
found to have macroscopic evidence of reflux[13]. It is
unclear why this occurs. Aside from mild obesity, reflux
occurs more often in cigarette smokers. Patients with
H. Pylori infections are less likely to have reflux
[14]
. The mechanism of this phenomenon may be
related to decreased acid production in patients with
chronic H. Pylori infections.
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PATHOPHYSIOLOGY
Esophageal reflux occurs when gastric contents
move in a retrograde direction into the esophagus.
This regularly occurs in everyone on a daily basis.
Problems develop when the gastric contents have
prolonged exposure time to esophageal mucosa.
This happens when the lower esophageal
sphincter fails to provide an adequate mechanical
barrier, when the esophageal peristaltic
contractions fail to provide adequate clearing of
the gastric contents, or when gastric contents are
available for a prolonged time due to
gastroparesis. The various physiologic events
which contribute to the development of reflux are
listed in Table 2.
Table 2 Pathophysiologic factors contributing to the
development of reflux
Incompetent lower esophageal sphincter
Low pressure sphincter
Short sphincter length
Poor esophageal peristalsis
Decreased amplitude of contractions
Absence of propagated peristalsis
Delayed gastric emptying
Inadequate gastric contractions
Partial gastric outlet obstruction
Mucosal susceptablity to refluxate
Acid
Pepsin
Bile
Duodenal fluid

The lower esophageal sphincter pressure is low
in one third of reflux patients, and normal in the
remainder. Reflux may occur in the setting of normal
sphincter pressure if the functional length of the
sphincter is short, as shown by DeMeester et al[15].
As there is some inherited predisposition towards
development of reflux, [16] it seems possible that
worldwide variations in reflux prevalence may in part
be due to genetically determined differences in
sphincter length.
The normal action of peristaltic clearing of
esophageal contents may fail in reflux disease. The
magnitude of the failure of esophageal clearance is
directly proportional to the severity of esophageal
mucosal injury [17]. The most common peristaltic
malfunction is a decreased amplitude of contractions
in the distal esophagus, and occasionally a total failure
of peristaltic propagation through this region. With
these failures, gastric contents which have gained
access to the esophageal mucosa will have extended
exposure to this tissue. While it is unclear whether
the peristaltic failure or the mucosal damage occurs first,
it is commonly seen in clinical practice that pharmacologic
resolution of the tissue injury is followed by return of the
contractile activity.
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A delay in gastric emptying can contribute to
esophageal reflux, because it provides a substantial
pool of acidic gastric contents for an extended period
of time. Approximately half of patients with
esophageal reflux have abnormal gastric emptying
[18]
which can be measured by radio nucleotide
scintiscan or by electrogastrogram. Patients who fail
to improve on acid suppression therapy should be
evaluated for this comorbid condition.
A large sliding hiatal hernia traps gastric contents
in its pouch above the diaphragm. This leads to free
retrograde flow of acid into the esophagus[19] and is
associated with poor esophageal emptying. Large
hernias typically are at least four or five centimeters
in length. More common smaller hernias are
associated with comparatively normal esophageal
emptying, and usually do not contribute to symptoms
of reflux.
The injurious agent in reflux disease principally is
gastric acid, however pepsin and perhaps other
compounds also contribute. Because pepsin requires acid
for activation, it is felt to be a less important caustic
agent. In some surgical conditions such as partial
gastrectomy, symptoms of reflux and the presence of
esophageal damage may be due to regurgitation of
duodenal fluid including bile into the esophagus. This may
be directly measured and assessed with specialized
research equipment[20].

COMPLICATIONS
Chronic reflux can lead to esophageal stricture
formation, hemorrhage, and development of
Barrett’s mucosa. Strictures usually occur in
patients with chronic esophageal ulceration.
Hemorrhage is an uncommon complication, and most
often is an acute problem seen in patients confined
to an intensive care unit.
Barrett’s mucosal transformation is found in
Caucasians more often than in Africans or Orientals[4].
This may be a reflection of the lower prevalence of
reflux in those populations. However, reflux is becoming
more common in Asia, and there is concern that the
risk of Barrett’s and adenocarcinoma may rise in the
coming decades[4]. Barrett’s mucosa is eventually found
in 15% of patients with reflux disease, however the
condition is probably under diagnosed. In a study of
Minnesota residents, the clinically diagnosed prevalence
of Barrett’s was 18 per 100 000 adults but the autopsy
diagnosed prevalence was 376 per 100 000 cases[21].
This under diagnosis may occur because Barrett’s
patients are less likely to feel symptoms of reflux, and
thus are less likely to present for medical evaluation.
In addition, the extent of Barrett’s mucosal changes
may be very limited. These cases of short segment
Barrett’s are detected by extensive biopsy, or more
recently by biopsy directed through the endoscopic use
of stains such as methylene blue or an iodine solution.

WJG

August 1998

Volume 4

Number 4

According to a study which was age and gender
matched, Barrett’s patients develop reflux symptoms
at an earlier age (onset at the age of 35 vs 44 for non
Barrett’s GERD patients), have a longer duration of
symptoms (16 years vs12 years), and were more likely
to have smoking histories [22]. Efforts to reverse
Barrett’s changes with long term, high dose acid
suppression by proton pump inhibitors have been
unsuccessful. Recent reports suggest preliminary
success with mucosal ablation by laser, cautery, and
photo therapy[23].

DIAGNOSTIC APPROACH
The American College of Gastroenterology suggests that
empirical therapy is appropriate in patients with typical
symptoms of uncomplicated reflux disease[24]. All others
should be considered for a diagnostic evaluation to
confirm the diagnosis and define the extent of disease.
The evaluation options include endoscopy, barium
esophagram, 24 hour pH is monitoring, and esophageal
motility testing.
Endoscopy is a very valuable tool in the evaluation
of esophageal reflux. It permits assessment of the
mucosa, both visually and by biopsy. Over 85% of reflux
patients have a normal visual findings at endoscopy, which
can leave the origin of their symptoms in doubt. The use
of biopsy in the distal esophagus is invaluable for
confirming the presence of reflux which fortunately is
too mild to produce visible damage.
Barium esophagram seems to have lost popularity
after the advent of endoscopy. Currently, the best use
of radiography is to establish the presence of minor
strictures which can produce dysphagia. This uncommon
condition may be hard to detect by endoscopy. One study
reported that patients primarily evaluated by radiography
rather than gastrointestinal consultation or endoscopy had
higher total costs for their care[25].
The 24 hour pH is monitored to confirm and quantify
the existence of esophageal reflux, and to correlate the
occurrence of symptoms with the presence of acid in
the esophagus. This tool is most often used in patients
with atypical presentations. It is also useful in patients
with typical symptoms who do not improve on maximal
medical therapy. In these patients, the 24 hour test should
be done while the patient consumes the full
pharmacologic regimen prescribed.
Esophageal motility testing is most useful prior to
the decision for surgery. Patients found to have poor
esophageal peristalsis are at risk for dysphagia after an
antireflux procedure.
TREATMENT
Lifestyle changes

The prevalence of smoking is higher in reflux
patients than in healthy controls. This suggests that
smoking may promote the development of
esophageal reflux damage, perhaps due to its
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relaxation of the lower esophageal sphincter. Symptoms
in patients who smoke are more difficult to control than
those in non smokers. Thus it is beneficial in the treatment
of reflux for the patient to stop the use of tobacco
products.
With the observation that moderate obesity
aggravates or initiates reflux symptoms, patients are
advised to achieve a modest weight loss. Symptoms are
improved once there is a weight loss of 5% to 10%.
Elevation of the head of the bed aids the gravitational
drainage of the esophagus. Since a substantial
portion of reflux patients have impaired esophageal
emptying, the lifting of the head of the bed by six
inches should be beneficial. This has been
demonstrated in a study which noted equivalent
rates of healing of esophageal ulcers when bed
elevation was compared to standard dose of a
histamine receptor antagonist[26].
Pharmacologic options

As listed in Table 3, the currently available options
for reflux treatment include acid suppression drugs
such as histamine receptor antagonists (H2RA) or
proton pump inhibitors (PPI), and promotility agents.
While some studies have reported a beneficial effect
of isolated promotility drugs in cases of mild
esophagitis, most others suggest a lesser role.
Several authors recommend that mild to moderate
reflux patients be treated initially with H2RA, and
that severe cases use PPI drugs[27,28]. This practice
suggestion is consistent with observations of actual
practice patterns by primary care physicians and
gastroenterologists [29]. Prokinetic agents may be
added to acid suppression therapy for additional
symptomatic and healing effects.
Several review papers have reported that all four
H2RA agents are similar in efficacy[24]. However, there
are very few direct studies which attempt to compare
two or more of these agents using equivalent doses in
appropriate clinical populations. Thus it is unclear whether
all branded H2RA agents, or their generic equivalents
now beginning to appear on the markets, are truly similar.
Table 3 Pharmacologic agents used in the treatment of reflux
Dosage*

Possible mechanism

H2 receptor antagonist
Cimetidine

800mg bid or 400mg qid

Reduce acid

Famotidine
Nizatidine

20mg bid or 40mg bid
150mg bid

Reduce acid
Reduce acid, prokinetic

Ranitidine

150mg qid

Reduce acid

30mg qd
20mg qd

Reduce acid
Reduce acid

Proton pump inhibitor
Lansoprazole
Omeprazole
Prokinetic
Cisapride

10mg qid or 20mg qid

Prokinetic

Metoclopramide

15mg qid

Prokinetic

*Dosages for erosive esophagitis, except for cisapride which is
suggested for symptomatic treatment only[41].
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A review of the medical literature suggests several
potential differences among the H2RA drugs. In
order to clinically measure whether these differences
are important in clinical practice, carefully designed
studies will be needed which compare H2RA drugs
in the mild and moderate severity groups of reflux
esophagitis. A potential point of differentiation among
the H2RA drugs in the observation that one agent,
nizatidine, has prokinetic acitivity. In a dog model,
the intensity of this activity may exceed that of
cisapride[30]. Prokinetic activity was not significantly
present in the other H2RA. Nizatidine has been
shown in human, dog and rat models to improve
gastric emptying [30-32]. The mechanism of the
prokinetic activity may be due to nizatidine’s
antiacetylcholinesterase activity[30]. Another point of
differentiation is that two agents, famotidine and
nizatidine, have no interaction with the hepatic P450 enzyme system. As this system is capable of
metabolizing many medications, interference with its
function by one of the other H2RA drugs has the
potential to alter the clearance of other medications
taken by a patient. Whether such a hypothetical
interaction has clinical significance is not known.
The proton pump inhibitor drugs available in the
U.S. are both capable of healing esophageal ulcers
and relieving symptoms of reflux. At least one study
suggests that lansoprazole (30mg per day) was better
at symptom relief than omeprazole (20mg per day)
[33]
. The two drugs seem to differ in that lansoprazole
has fewer interferences with blood levels of other
medications.
Surgical therapy

While the vast majority of patients with esophageal
reflux can be successfully treated with lifestyle and
pharmacologic therapies, a small number need
surgical help. Patients who fail to respond to
maximal medical therapy are candidates for surgical
correction. Another group of candidates are the
patients who are unable to stop their medication
and yet unwilling to take the medicine over a long
time frame. Both groups of medically resistant
patients are often younger than the usual reflux
patient, and tend to have a near normal body
weight. A third group of surgical candidates are
those with atypical symptoms such as asthma. Often
they do not resolve their atypical symptoms on
maximal medical therapy.
Of the patients undergoing a Nissen fundoplication,
over 90% can anticipate cures of their symptoms. This
figure appears to hold true for both the open procedure
as well as the laparoscopic approach. The rate of
conversion from laparoscopic to open Nissen procedure
is less than 2% [34]. The reoperation rate for this
laparoscopic approach is 3.9%. Unfortunately, the laparoscopic
Toupet procedure may not promote such good long term
results, as one study reported the Toupet procedure
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was associated with a high incidence of recurrent
postoperative esophageal reflux disease[35].

5

Maintenance therapy

7

After a course of anti-reflux medication has been
completed, those patients who succeeded in their lifestyle
changes are the ones most likely to be symptom free.
Of the patients who immediately redevelop their
complaints, symptomatic relief can be reacquired by
giving the former H2RA patients one half of their former
dose, and by giving the former PPI patients a standard
dose of H2RA. The duration of this maintenance dose
is variable, but commonly exceeds six months. During
this time, further efforts at long term life style changes
should be made. Maintenance therapy with acid
suppression alone is not as effective as the combination
of acid suppression plus prokinetic activity[36].
Over extended time, the reflux symptoms resolve,
as shown by a study of the natural history of reflux
disease[37]. Of patients thought to have severe disease,
the prevalence of erosive esophagitis fell from 60% to
10% over a two-decade study. Symptoms reduced in
most patients, and the use of medications ended in 68%
of the patients. This suggests that reflux, even in severe
patients, will slowly resolve over time.
Summary

Approximately 85% to 90% of patients with
heartburn have mild disease. This can be suspected
in patients who are under the age of 50 years, have
intermittent symptoms only during the waking hours,
and have no warning symptoms. Other patients with
mild illness may be discovered by finding normal
esophageal tissue at endoscopy, or the presence of
only distal esophageal erythema. These mild
patients should begin therapy with H2RA[38]. The
use of H2RA plus prokinetic agents is more
effective than acid suppression alone [36]. The
uncommon patient with more severe illness may
need PPI. These medicines are continued for six
to eight weeks. During this time, all necessary
lifestyle changes should be attempted, particularly
loss of weight and cessation of smoking. Patients
who do not respond to therapy, and are not already
receiving a medication with prokinetic activity,
should be considered for further evaluation which
may include gastric emptying time, esophageal pH
probe, or manometry.
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Therapy of acute severe pancreatitis awaits further
improvement
WU Xian-Zhong
Subject headings pancreatitis/therapy; pancreatitis/drug
therapy; pancreatitis/mortality; pancreatitis/complication;
TCM-WM therapy

Being one of the highly fatal diseases, severe acute
pancreatitis (SAP) had a mortality of over 30% before
the 90s as documented at home and abroad[1,2], with
large divergence between various therapeutic
viewpoints and methods. However, over the recent
decades, great changes have taken place in the
knowledge of the disease, the prognostic factors
become basically clear, thus providing favorable
conditions for improving therapeutic methods as well
as clinical results. The mortality has been reduced to
around 20%[3].
With pathologic morphological, pathophysiological,
biochemical, immunologic and imaging live
observations, adequate evidences have revealed that
SAP is a systemic rather than a local critical condition.
So the prognosis can hardly be changed by merely
treating the organ. However, the concrete situation
of the individual patient should be considered
seriously, be it systemic treatment or local management
of the pancreas or peritoneum. What ought to be
stressed is the individualized treatment but not a
standardized or regularized one.
The clarification of the pathophysiological role of
cytokines and other inflammatory media, and the
continuous maturation of the SIRS/MODS hypothesis
are helpful in the explanation of the natural course
of SAP. During the clinical course of most SAP
patients, two MODS peaks can be seen. The first
one appears in a week after the onset, being
nonseptic MODS, and can be recovered through
appropriate treatment. The mortality in this stage is
reduced significantly in comparison with the
past. The second peak usually appears 10 days to
two weeks, being septic MODS, with rather high
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morbidity and mortality. This is due to necrotizing
pancreatic tissue and intraperitoneal infection
which is caused by translocation of intestinal flora.
As the two MODS events develop on different
backgrounds, different methods of treatment
should be instituted. Operative intervention will not
be beneficial to the first peak, while in the second
peak, accurate evaluation of the liquidifying
sequestration degree of necrotizing pancreatic
tissue, definite location of abscess formation and
prompt drainage, and prevention of other
complications are of great significance in patient’s
recovery. The systemic treatment of SAP is
actually the treatment of MODS, that should be
carried out under intensive monitoring and care,
including supportive systemic treatment,
prevention and treatment of infection, keeping
water, electrolyte and acid-base balance. Trypsin
inhibitor can be given earlier, and gastric acid
secretion inhibitor given to prevent stress ulcer
bleeding. In case of certain organ deficiency,
corresponding supportive treatment is mandatory.
Early in the mid 80s, Beger pointed out four
prognostic factors of SAP, i.e., the extent of
pancreatic necrosis, presence or absence of
retroperitoneum invasion, presence or absence of
ascites and infection or not of the necrotic pancreatic
tissue[4]. Active and aggressive therapeutic measures
pointing to these factors which have been proved by
later documents would help increase the cure rate
of SAP.
Since the mid 80s extensive researches on the
treatment of SAP by integrating traditional Chinese
and western medicine has been carried out in this
country with significant advances. Systematic
reports have been presented by West China Medical
University, Dalian Medical University, Harbin
Medical University and Tianjin Institute of Acute
Abdominal Diseases [5-7] . Extensive clinical
investigations and experimental studies revealed the
therapeutic mechanisms of traditional Chinese
medicine and the medicinal herbs were mainly the
actions on SIRS/MODS and the control by the herbs
on peritoneal exudation and absorption[8,9]. These can
be summarized as follows:
1. MODS can be definitely prevented by early use
of purgative herbs such as Dachengqi Decoction.
Since ileus is very frequently seen in SAP, not only
interfering with the evacuation of intestinal contents
but also causing multiple reproduction of intestinal
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flora and expansion of endotoxin pools. Restoration of
the intestinal motor function through the action of
purgative herbs is helpful in reducing the risks of
enterogenic infections and enterogenic endotoxemia, the
effects and the results have been proved by clinical and
experimental studies.
2. Purgative herbs have a significant protection
on the intestinal barrier. In all the three types of
MODS rat models, i.e., bacterial infection of the
peritoneum, mesenteric artery ischemia and
reperfusion, and zymogen peritonitis, obvious failure
of intestinal barrier could be seen. When E. coli
labeled with 35S were injected into the intestinal
lumen, translocation of the labeled E. coli to various
viscerae could be detected. If the animal was given
Dachengqi Decoction in advance through the
gastric tube, translocation of flora would be
markedly inhibited.
3. Experimental studies proved the pharmacological
actions such as improving the blood supply of intraabdominal viscerae, reducing inflammatory exudation,
promoting remission of inflammation and minimizing
abscess formation, of the medicinal herbs with effects of
“clearing heat and detoxicating” and of “activating blood
circulation and dispersing stasis”.
4. One hundred and forty-six patients with SAP
were treated with integrated traditional Chinese and
western medicine in Tianjin Institute of Acute Abdominal
Diseases. Besides the conventional supportive treatment
in western medicine, purgative herbs were administered
early; when the abdominal distention was diminished with
bowel movements, herbs with effects of “clearing heat
and detoxicating” and of “activating blood circulation
and dispersing stasis” were used. For patients with
surgical indications, corresponding operative
procedures were performed. The results of clinical
observation revealed that herbal treatment lowered
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the incidence of injury of extrapancreatic organs,
markedly decreased the incidence of late infections of
SAP, and finally reduced the mortality to 16.6%, which
is significantly superior to the control group of western
medical therapy alone.
In recent years although progresses have been
made in the treatment of severe acute pancreatitis, the
mortality remains as high as nearly 20%; for a few
specially critical cases, effective therapeutic strategies
are still lacking; in those cured cases the course was
lengthy, usually over 2-3 months, with many complications,
thus causing heavy medical expenses; treatment by
integrated medicine is at present in the testing stage,
more experience in reasonable application of Chinese
herbs need to be accumulated.
Facing the forthcoming twenty-first century, I
believe that it will be an era of rapid development of
medical sciences, in which a new hope will be brought
to patients under critical care including those with severe
acute pancreatitis, with increase of cure rate and
amelioration of sufferings of patients.
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Apoptosis and its relationship with cell
proliferation, p53, Waf1p21, bcl-2 and c-myc in
esophageal carcinogenesis studied with a high-risk
population in northern China
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Abstract
AIM To determine the extent of apoptosis and its
possible relationship with the changes of p53,
Waflp21, bcl-2, and c-myc at different stages of
esophageal carcinogenesis.
METHODS Tw o h u n d r e d a n d fo r ty - o n e
esophageal biopsy samples from symptom-free
subjects and 38 surgically resected esophageal
carcinoma tissues from a high-risk population for
esophageal cancer in Henan, China were used in
this study. Apoptotic cells and apoptotic bodies
were identified by well-established morphological
criteria. The extent of apoptosis and its possible
relationship with the rate of cell proliferation (PCNA)
and changes of p53, Waf1p21, bcl-2, and c-myc
were analyzed in samples with esophageal
precancerous and cancerous lesions.
RESULTS The apoptotic cells, identified
morphologically, were located in the same proliferative
compartment of hyperproliferative cell population in
the esophageal epithelia as the cells immunostainingpositive for p53, bcl-2, c-myc and PCNA.The apoptotic
indices (total number of apoptotic cells and apoptotic
bodies per mm2 of the tissue section) were low in the
normal epithelia, and increased significantly as the
lesions progressed from BCH to DYS and to SCC.
The extent of apoptosis correlated well with the
cell proliferation indices based on PCNA. The total
number of positive cells for p53 stain was much higher
than that of apoptotic cells. No difference in apoptotic
indices was found between p53-positive and p53negative samples. Waf1p21-positive cells resided in
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cell layers were higher in number than p53 and
PCNA-positive cells. The number of immunostaining
positive cells for Waflp21 increased slightly from
normal to BCH, but decreased in DYS and SCC.
Positive staining samples for bcl-2 and c-myc
increased as the lesions progressed from BCH to
DYS and to SCC. No apparent correlation between
apoptosis and Waf1p21, bcl-2 or c-myc expression
was observed.
CONCLUSION The extent of apoptosis was low
in normal esophageal epithelium and increased as
the lesions progressed. The apoptotic cells were
located in the same hyperproliferative cell
compartment as cells immunostaining-positive for
p53, bcl-2, c-myc and PCNA, but no apparent
correlation between apoptosis and these
parameters was observed, possibly due to the
complexities of molecular changes in esophageal
carcinogenesis.

INTRODUCTION
Carcinoma of the esophagus (EC) is a widely occurring
disease in Huixian and Linxian counties of Henan
Province in northern China and remains a leading cause
of cancer-related death[1,2]. The development of human
esophageal squamous cell carcinoma (SCC) is a
multistage progressive process[3-6]. An early in dicator
of abnormality in persons predisposed to EC is the
increased proliferation of esophageal epithelial cells,
morphologically manifested as basal cell hyperplasia
(BCH), dysplasia (DYS) and carcinoma in situ (CIS),
which could be considered precancerous lesions of EC.
Changes in cell proliferation and cell death may be a
key factor contributing to the rate of neoplastic
progression and tumor growth. Although previous studies
on the subjects from these high incidence are as have
suggested the importance of epithelial cell
hyperproliferation in human esophageal carcinogenesis,
little information is available on cell death and the
molecular mechanisms involved.
Recent evidence suggests that apoptosis, a
gen e t i c a l l y p r o g r a m m e d c e l l d e a t h , i s o f
fundamental importance in tumorigenesis[7,8]. There
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are several genes which participate in the regulation
of apoptosis, and bcl-2 has been identified as an
apoptosis inhibitor[9-11]. In spite of a lack of detectable
autonomous transforming activity, bcl-2 has been
shown to cooperate with c-myc in immortalizing cells
[12]
. Under certain conditions, constitutive expression
of c-myc induces apoptosis and it can be suppressed
by bcl-2. It appears that the c-myc-cooperating
oncogenic activity of bcl-2 is related to its inhibition
of apoptotic pathways[9].
The tumor suppressor gene p53, a transcription
factor, has been identified as a participant in the
cellular DNA damage response. Upon DNA
damage, p53 up regulates Waf1p21 to cause G1
arrest, which allows time for damaged DNA to be
repaired, or for triggered apoptosis to eliminate
genetically damaged cells [13-16]. The apoptosis
promoting capacity of p53 is presumably due to its
ability to activate bax, a gene that encodes an
inhibitor of bcl-2 [15]. Bax prote in inhibits the
function of bcl-2 leading to increased apoptosis.
Recent reports indicate that Waf1p21 can also
induce apoptosis[17]. As the Waf1p21 is up-regulated
by wild type p53 protein, the levels of Waf1p21
protein may reflect the functional status of p53.
Our previous studies indicated that accumulation
of p53 protein occurred at early stages of human
esophageal carcinogenesis, even in
histopathologically normal epithelium[18-19]; p53 gene
mutations were observed in some of these samples
[20-22]
. The results indicated that p53 protein
accumulation and gene mutation could be an early
event in esophageal carcinogenesis. The loss of
normal p53 function, for instance due to mutations,
could delay apoptosis[15].
Quantitative analysis of both apoptosis and
proliferation should provide important insights into cancer
development, but such analysis has not been made in
samples at different stages of esophageal
carcinogenesis. In this study, we have investigated the
extent of apoptosis and its relationship with cell
proliferation and changes of p53, Waf1p21, bcl-2 and cmyc in human esophageal epithelia with different
severities of precancerous and cancerous lesions from
subjects in Henan, China.

MATERIALS AND METHODS
Tissue collection and processing

Esophageal biopsy tissues were collected from 241
symptom-free subjects, and surgically-resected EC
specimens were collected from 38 patients in
Huixian and Linxian, China. Of these 279 subjects,
there were 160 males (20 to 71 years of age with a
mean±SD of 48±14 years) and 119 females (20 to
79 years of age with a mean±SD of 47±16 years).
None of these cancer patients received any
treatment of chemotherapy or radiotherapy before
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the operation. All specimens were fixed with 85%
alcohol, embedded with paraffin, and serially
sectioned at 5 µm. The sections were mounted
onto histostick-coated slides. Three or 4 adjacent
ribbons were collected for histopathological
analysis (hematoxylin and eosin stain), for
apoptosis analysis, and for immunohistochemical
staining.
Histopathology analysis

Histopathological diagnosis for esophageal epithelia
were made according to cellular morphological
changes and tissue architecture using previously
established criteria [23] . In brief, the normal
esophageal epithelium contained 1-3 proliferating
basal cell layers; the papillae were confined to the
lower half of the epithelium. In BCH, the
proliferating basal cells were increased to more than
3 cell layers and less than half of the whole epithelial
thickness. DYS was characterized by the partial loss
of cell polarity and cell nuclear atypia. SCC was
characterized by confluent and invasive sheets of
cohesive, polymorphous cells with hyperchromatic
nuclei.
Immunohistochemical staining for PCNA, p53,
Waf1p21, bcl-2 and c-myc

The avidin-biotin-peroxidase complex (ABC) method
was used for PCNA, p53, Waf1p21, bcl-2 and cmyc antigen detection (Oncogene Science, Inc.,
Manhasset, NY). In brief, after dewaxing,
inactivating endogenous peroxidase activity, and
blocking cross-reactivity with normal serum, the
sections were incubated overnight at 4 with a
diluted solution of the primary antibodies (1:200 for
PCNA, 1:1 000 for p53, 1:20 for Waf1p21 and bcl-2
and 1:150 for c-myc). Location of the primary
antibodies was achieved by subsequent application
of a biotinylated anti-primary antibody, an avidinbiotin complex conjugated to horseradish peroxidase,
and diaminobenzidine (Vectastain Elite Kit). Normal
serum blocking and omission of the primary antibody
were used as negative controls [18,19].
Quantitative analysis of immunostaining results

Quantitative analysis of nuclear immunostaining
results was recorded as the number of positive cells
per mm2 of the tissue section as described previously
[19]
. This was done by counting all the positive stained
cells in the whole piece of tissue under a microscope
with magnification ×400; usually 24 fields for biopsy
and 50 fields for surgically resected specimens were
counted.
Analysis of apoptotic index

Apoptotic cells and apoptotic bodies were identified
by well-established morphological criteria[7,24-26]. In
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general, the morphologic characteristics attributed
to apoptotic cells include cell shrinkage,
disconnection with neighboring cells, nuclear
chromatin condensation, maintenance of
cytoplasmic membrane integrity, strong
eosinophilic cytoplasm and lack of an
inflammatory reaction. Apoptotic bodies were
defined as small, roughly spherical or ovoid
cytoplasmic fragments, some of which contain
nuclear fragments. Apoptosis was scored in coded
slides by microscopic examination ofH & E-stained
sections at 400X. Quantitation of apoptotic cells
and bodies was performed in the following manner
[25]
. The serial sections of the tissues were first
scanned under a microscope with low
magnification, and the tissue slides were selected
based on the following criteria: flat with good
orientation, clear cell and tissue structure, and
uniform staining. All identified apoptotic cells and
bodies in the slide were counted. In SCC, only
fields with the least amount of stroma were
selected for counting. Apoptotic cells or bodies
were not evaluated from the vicinity of necrotic
areas. In cases in which many apoptotic bodies
were found clearly in one cell, the group of
apoptotic bodies was counted as one. Quantitative
analyses of apoptotic changes were recorded as
apoptotic cell indices (ACI, the number of
apoptotic cells per mm 2 of the tissue), apoptotic
body indices (ABI, the number of apoptotic bodies
per mm 2 of the tissue) and apoptotic indices (AI,
the combined number of apoptotic cells and bodies
per mm 2 of the tissue).
Statistical analysis

The mean±SE of the PCNA, p53 and Waf1p21
immunostaining positive cells/mm2 and the AI in the
esophageal biopsy and surgically resected EC
samples in each histologic category were calculated
by univarious analysis, compared by the Wilcoxon
rank-sum test for unpaired data and correlated by
Pearson’s correlation. The Chi-squared test was
used for the percentage of samples with
immunostaining positivity.

RESULTS
Apoptotic indices in esophageal precancerous
and cancerous lesions

Both apoptotic cells and apoptotic bodies were
observed in tissues with different severties of
lesions (Table 1). The apoptotic cells usually had
small nuclei and condensed eosinophilic cytoplasm.
In normal epithelia and epithelia with BCH and
DYS, apoptotic cells were located among the
hyperproliferatic basal cells (Figure 1). In SCC,
most of the apoptotic cells were seen among the
peripheral cancer cells, but not in the keratinized
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areas of the tumor. The apoptotic cells were
usually scattered single cells which had highly
condensed nuclear chromatin and cytoplasm as
well as strong eosinophilic staining of the
cytoplasm. No inflammatory response was
observed around these apoptotic cells. The
apoptotic bodies most frequently appeared as a
single structure separated from the surrounding
intact cells by a clear halo (Figure 1). The AI and
the frequency of apoptosis occurrence was low in
normal epithelia, but increased significantly from
BCH to DYS and to SCC (P<0.01, Table 1). The
ratio of ACI and ABI reversed from 1.5:1 in normal
epithelia to 1:1.7 in SCC, suggesting a higher
turnover of apoptosis activity in cancers than in
normal tissues.
Immunoreactivity for PCNA, p53, Waf1p21, bcl2 and c-myc in different stages of esophageal
carcinogenesis

Intense immunostaining of p53 protein and
PCNA was observed in the cell nuclei of tissues
with different lesions. In brief, similar
immunostaining patterns were observed for
PCNA and p53, but the number of PCNApositive cells was higher than that of p53 in the
same histological category (3- to 4-fold, Tables
1 and 2). As the esophageal tissue progressed
from BCH to DYS and to SCC, the PCNA and
p53 immunostaining positive cells increased
significantly in number and expanded upwards
in the epithelium. This finding is consistent with
our previous report [19].
The Waf1p21 positive cells were located at the
third and forth cell layers which was 2 to 3 cell layers
higher than those staining positive for PCNA and p53
in esophageal epithelia (Figure 2). Waf1p21
immunostaining was confined to the cell nucleus. The
percentage of samples with Waf1p21 positive
immunostaining was similar in normal and BCH
esophageal epithelia, but the number of Waf1p21
immunostaining positive cells was slightly higher in
BCH than in normal (Table 2). As the lesions
progressed to DYS and to SCC, the percentage of
samples with Waf1p21 immunoreactivity and the
number of immunostaining positive cells decreased.
The total number of Waf1p21 positive cells appeared
to be lower than that of p53 in normal and BCH
esophageal epithelia, much lower in DYS (24 fold)
and markedly lower in SCC (162 fold).
Bcl-2 immunoreactivity was observed only in the
cytoplasm of the cells. Bcl-2 positivity was seen
in none of the 23 morphologically normal
esophageal epithelial samples but was observed
in 16% (5/31) of the BCH, 40% (4/10) of the DYS
and 86% (6/7) of the SCC samples (Figure 3). Cmyc immunoreactivity was observed in both the
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nuclei and the cytoplasm of the cells. The
percentage of the samples with positive
immunostaining for c-myc was 13% (4/31) in normal
epithelia, increased to 25% (15/61) in BCH and
markedly increased to 54% (7/13) in DYS, and 59%
(16/27) in SCC (Figure 3). Strong nuclear staining
for c-myc was noted in esophageal glandular cells
in submucosal tissues.
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Apoptosis in relation to p53, Waf1p21, bcl-2 and
c-myc

In samples with p53 positive staining, the AI was similar
in the normal epithelia and BCH (Table 3). All 31 samples
with DYS lesions were p53-positive. The AI for samples
with p53-positive stain appeared to be slightly higher than
those with p53-negative stain, but this difference was
not statistically significant (Table 3). The total number
of p53 positive cells per mm2 was higher than that of
apoptotic cells in morphologically normal esophageal
epithelia, BCH and DYS, and much higher in SCC
(Tables 1 and 2). In bcl-2 staining positive samples, the
AI was low in BCH, but increased in DYS and SCC.
The AI in BCH, DYS and SCC with bcl-2 positive stain
was not significantly different from the corresponding
samples with bcl-2 negative stain (Table 3). The AI in
normal, BCH, DYS and SCC with c-myc positive
staining were also not significantly different from those
with c-myc negative stain (Table 3).

Apoptosis in relation to cell proliferation

Both AI and the number of PCNA positive cells
increased significantly as the lesions progressed from
BCH to DYS and to SCC (P<0.01, Table 1, Figure
4). Pearson’s correlation analysis showed a good
correlation between AI and the proliferation index in
esophageal carcinogenesis (r = 0.363, P<0.001). In
the same category of lesions, the number of PCNA
positive cells was several hundred fold higher than
that of AI (Table 1).

Table 1 Apoptosis and cell proliferation in esophageal epithelia with different severities of lesions
Apoptosis

PCNA immunostaining
Apoptotic indexa (x±s)

Histology

Number of
Percent of samples
samples examined with apoptosis

Normal
BCH
DYS
SCC

38
156
47
38

24
32
79c
100c

AI

ACI

0.3±0.7
0.6±0.9
1.8±1.5b
2.5±2.1 b

Number of
samples examined

ABI

0.2±0.5
0.3±0.6 b
0.9±0.9 b
0.9±0.9

0.1±0.4
0.2±0.5
0.8±1.0 b
1.6±1.5 b

31
106
31
26

Number of positive
cells/mm2 (x±s)

200±113
286±150b
719±389 b
1 261±45b

a
ACI, the number of apoptotic cells per mm2; ABI, the number of apoptotic bodies per mm2; AI, the number of both apoptotic cells and
apoptotic bodies per mm2. bStatistically different from the adjacent low-grade lesion by Wilcoxon rank-sum test, cP<0.01.

Table 2 Changes of p53 and Waf1p21 in esophageal epithelia with different severities of lesions
p53 immunostaining

Waf1p21 immunostaining

Histology

Normal
BCH
DYS
SCC

% of samples with positive
stain % (n/N)a

Number of positive
cells/mm2 (x±s)

% of samples with positive
stain % (n/N)a

74 ( 23/31)
87 (102/117)
100 ( 31/31)
89 ( 23/26)

53±7839
74±66
262±341b
1 297±1110 b

(11/28)
38 (14/37)
27 ( 3/11)
14 ( 1/7)

Number of positive
cells/mm2 (x±s)

34±72
53±10 b
11±20 b
8±22

a

n, positive cases; N, total cases examined. bStatistically different from the adjacent low-grade lesion by Wilcoxon rank-sum test, P<0.01.

Table 3 Apoptotic indexes in samples with positive and negative immunoreactivity for p53, bcl-2 and c-myc in esophageal
epithelia with different severities of lesions
p53 immunostaining
Histology

Normal
BCH
DYS
SCC
a

Positive

bcl-2 immunostaining

Negative

Na

AIb

N

AI

23
102
31
23

0.4±0.8
0.4±0.8
1.8±1.5
2.3±2.1

8
15
0
3

0.2±0.4
0.3±0.6
1.1±0.4

Positive
N
0
5
4
6

c-myc immunostaining

Negative

Negative

AI

N

AI

N

AI

N

AI

0
0.1±0.3
1.7±1.3
2.0±0.9

23
26
6
1

0.2±0.6
0.5±1.1
1.9±0.4
2.8

4
15
7
16

0.6±1.2
0.8±1.1
2.0±1.7
2.2±2.2

27
46
6
11

0.3±0.6
0.5±1.1
0.7±0.7
2.0±1.8

N, Number of samples examined.
AI, apoptotic index, i.e., the number of apoptotic cells and apoptotic bodies per mm2.

b

Positive
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Figure 1 Apoptotic cells in human esophageal epithelia (H & E staining). Micrographs illustrate the apoptotic cells in normal tissue (A)
and the tissues with lesions of BCH (B), DYS (C) and SCC (D). ×400. C’ and D’ were the higher magnification of C and D. ×1 000. Scattered
apoptotic cells (arrow) were located among the compartments of dysplastic and hyperproliferatic cells. The apoptotic bodies most often
appeared as a single structure separated from the surrounding intact cells by a clear halo (C).
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Figure 2 Immunostaining of Waf1p21 in biopsy samples of
esophageal BCH. The Waf1p21-positive immunostaining cells were
located at the third and forth cell layers of the epithelium (arrow).
×400

Figure 3 Changes of apoptosis and immunoreactivity of bcl-2
and c-myc in esophageal normal epithelia and epithelia with
different severities of lesions.

Figure 4 Changes of apoptosis and cell proliferation determined
by PCNA in esophageal carcinogenesis.

DISCUSSION
The detection of apoptotic cells and apoptotic bodies
by normal light microscopy is based on several wellestablished morphological features[7,24-26]. These
features include condensation of chromatin and
cytoplasm as well as fragmentation of the cells
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which leads to the appearance of membrane-bound
apoptotic bodies.
An interesting observation in this study was that
apop t o t i c c e l l s w e r e l o c a t e d i n t h e s a m e
compartment of hyperproliferative cell population in
the esophageal epithelium as the cells staining
positive for p53, bcl-2, c-myc and PCNA. This
finding was consistent with the recent report on
human lung and breast tumors[25,27], but not consistent
with the report on apoptosis detection by terminal
deoxynucleotide transferase mediated UTP nick end
labeling (TUNEL) method [28]. In our samples the
apoptotic cells were also found at the superficial
layers of the esophageal epithelium by TUNEL (data
not shown). The superficial cells of the epithelium
are usually at the late stage of differentiation, and
the cells gradually die with DNA fragmentation which
may be detected by the TUNEL method. TUNEL
has been used to detect apoptotic cells in many studies
[27,29]
, but different opinions exist concerning the
interpretation of the results [30]. It has been reported
that apoptotic cells were not detected by TUNEL,
but were observed on routine H&E stained sections
in colorectal carcinomas[31,32]. The most meaningful
standard of apoptotic cell death in studying
carcinogenesis, we believe, is the characteristic
morphological changes.
Another observation is that the number of cells
undergoing apoptosis was low in esophageal
epithelia with different lesions. p53 is known to act
as a cell cycle check-point protein and to induce
a p o p t o s i s f o l l o w i n g D N A d a m a g e [14,33,34].
Inactivation of wild-type p53 function, frequently
reflected by the accumulation of mutated p53
protein, could delay apoptosis [35]. In the present
study, no distinctive difference was noted in the
level of AI between the p53 positive and p53negative lesions. It is possible that the effect of
p53 inactivation on apoptosis in these cases is
masked by other dominant regulators.
Expression of bcl-2 oncoprotein has been shown
to block apoptosis in various experimental systems[36].
In the present study, we observed a low level of
apoptosis and high frequency of bcl-2 and c-myc
expression in DYS and SCC, which is in keeping with
the role of bcl-2 in blocking apoptosis. The lack of
difference in AI between the bcl-2 positive and
negative groups suggest that other factors may
dominate the regulation of apoptosis and override the
inhibitory effects of bcl-2.
A third observation is the inverse correlation between
Waf1p21 and p53 and PCNA. In this study a low
number of Waf1p21-positive cells, much lower than
that of p53 and PCNA, in DYS and SCC was
observed. Waf1p21 has been shown to bind to
Cdk2 and to be a potent Cdk inhibitor, and also has
been shown to bind to PCNA and to inhibit DNA
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replication in vitro. In esophageal DYS, p53 mutation
has been identified frequently[20-22]. The low levels
of Waf1p21 at the stage of DYS may be related to
the functional loss of p53. Other mechanisms may
also be responsible for the lack of Waf1p21
expression in DYS and SCC[37]. The distribution of
Waf1p21-positive cells was different from that of
p53 and PCNA in that Waf1p21-positive cells reside
in the middle third of epithelium, a better
differentiated area, and are usually located 2 to 4
cell layers higher than that of p53- and PCNApositive cells, suggesting that the expression of
Waf1p21 is related to the presence of wild type p53
or with cell differentiation.
In summary, we found that AI was at a low level
in normal esophageal epithelia and increased as the lesions
progressed. The low number of Waf1p21-positive cells
may be due to functional loss of p53 by mutations. The
relationship between Waf1p21 and bcl-2 positivity and
apoptosis is not clear, possibly due to the complexities of
molecular changes in esophageal carcinogenesis.
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Expression of alpha fetoprotein messenger RNA in
BEL-7404 human hepatoma cells and effect of L-4oxalysine on the expression *
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Abstract
AIM To investigate alpha-fetoprotein (AFP) mRNA
expression in BEL-7404 human hepatoma cells and
the effect of L-4-oxalysine (OXL) on the expression.
METHODS Bel-7404 human hepatoma cells were
maintained in RPMI 1640 media. Human AFP cDNA
probe was labelled with digoxigenin-11-dUTP by
the random primer labelling method. The
expression of AFP mRNA in Bel-7404 cells was
determined by an in situ hybridization technique
with digoxigenin-labelled human AFP cDNA probe.
The positive intensities of AFP mRNA in cells were
analyzed by microspectrophotometer and
expressed as absorbance at 470nm. For the
experiment with OXL, cells were incubated with
various concentrations of the agent for 72h.
RESULTS Essentially all the hepatoma cells
contained AFP mRNA in the cytoplasm, although
in various amounts. The specificity of the
hybridization reaction was confirmed by control
experiments in which the use of Rnase-treated
BEL-7404 cells, non-AFP producing cells (HL-60
human leukemia cells) or a nonspecific cDNA probe
resulted in negative hybridization. When the cells were
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treated with OXL (25, 50mg/L), the content of
AFP mRNA in the cytoplasm was decreased with
the inhibition percentages of 34.3% and 70.1%,
respectively (P<0.05).
CONCLUSION AFP mRNA was expressed in BEL7404 human hepatoma cells and OXL suppressed
AFP mRNA expression in the cells.

INTRODUCTION
Serum alpha-fetoprotein (AFP) has been widely
detected as a marker for primary hepatocellular
carcinoma (PHC). However, the relationship
between AFP and PHC is still unclear. We found
recently that AFP directly stimulated the growth of
mouse ascites hepatoma-22 cells and inhibited the
immune responses [1-4] . It is suggested that AFP
contributes the generation and development of PHC
and is an important target of anti-hepatoma drugs
[5-7]
. L-4-oxalysine (OXL) is a natural product
isolated from a new species of Streptomyces roseo
viridofuscus n. sp. in China. Previous studies
indicated that OXL exhibited marked
antiproliferative activity against several animal
tumors. The antimetastatic influence of OXL was
also detected in mice bearing Lewis lung carcinoma
[8-10]
. OXL also exhibited immunoregulatory activity
[11]
. Preliminary clinical studies suggested that oral
treatment with OXL induced an improvement in the
symptoms of PHC patients, and no serious side
effects were observed [12]. Recently, our laboratory
also found that OXL antagonized the biological
activities of AFP [13]. AFP content in human BEL7404 hepatoma cells and cultured media was
obviously decreased after the OXL treatment [14].
It is inferred that OXL has anti-AFP activities. In
this report, an in situ- hybridization (ISH) technique
was used to study the level of AFP mRNA
expression in BEL-7404 human hepatoma cells. The
effect of OXL on AFP mRNA expression was also
observed.
MATERIALS AND METHODS
Cell culture

A human hepatoma cell line, BEL-7404, was
m a i n t a i n e d i n R P M I 1 6 4 0 m e d i a ( G i b co)
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supplemented with 10% calf serum, 100kU/L of
penicillin and 100mg/L of streptomycin, at 37 , 5%
CO2 and 100% humidity. The RPMI 1640 media
was replaced with fresh media every three to four
days. For in vitro experiment with OXL, cells at a
density of 5×10 6 cells/L were grown on circular
coverslip in each well of 24-well culture plate.
Twenty-four hours later, various concentrations of
OXL (Department of Antibiotics of this Institute)
were added, and cells were again incubated for
72h. Control group contained cells alone. After
incubation, adhesive cells were directly used for
ISH assay.
Labelling of probes

The probes used in this experiment are shown
in Table 1 [15,16]. Recombinant plasmids pHAF-2
containing human AFP cDNA and phalb-7
containing human serum albumin (HSA) cDNA were kind
gifts of Drs Yoshitake Hayashi and Kyoskuke Ohta at
University of Kobe, Japan. Plasmids were grown in bulk
in Escherichia coli- HB101, extracted by the alkaline
procedure, purified by phenol and two ethanol
precipitations. Plasmids were digested with restrictive
enzymes (Promega). The digests were then
electrophoresed in 1% preparative agarose gels to separate
the purified inserted gene sequences from the residual
linearized plasmid band[17].
Table 1 Probes used in this experiments
Plasmids Carrier

Gene
Inserted Restrictive
contented
enzyme

Resistance

pHAF-2

pBR322

AFP

900bp

Pst I+Hap II

phalb-7

pBR322

Albumin

727bp

Pst I+Hind III Tetracycline

Tetracycline

A 900bp Pst I-Hap II fragment from the plasmid
pHAF-2 and a 727bp Pst I-Hind III fragment from
the plasmid phalb-7 were labelled with digoxigenin
(Dig)11-dUTP by random primer labelling method
with Dig DNA labelling kit (Boehringer
Mannheim Company) and used as AFP and
albumin probes, respectively [18] . Briefly, the
cDNA was denatured by heating for 5min at 100
and then quickly chilled on ice. The following
reagents were added to an Eppendorf tube on ice:
4 µ l freshly denatured cDNA (1 µ g), 2 µ l
hexanucleotide mixture, 2 µl- dNTP labelling
mixture, 11 µl- sterile water and 1 µl Klenow
enzyme, mixed and incubated at 37 for at least
1h (usually incubated 2h-3h). Ten µl of 2g/L yeast
tRNA (Sigma) was added and the probes were
precipitated with the addition of 4 µl of 3mol/L
NaAc (pH 5.2) and 3 volumes of 95% prechilled
ethanol (-20 ) at -70 for at least 30min. The
supernatant was discarded by centrifugation and the
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probes were stored in 50 µl of TE (10mmol/L Tris HCl,
1mmol/L EDTA, pH 8.0) at -20 . The yield of labelled
probes in this reaction was 250ng (5ng/µl). To test the
sensitivity of each probe, dot-blot hybridization was
carried out with Dig-labelled cDNA probe. The size of
the probes was 50 to 250bp as estimated by
polyacrylamide gel electrophoresis.
In situ hybridization (ISH)

ISH was done essentially according to the
procedure of Breborowicz et al [19] with some
modifications. Briefly, adhesive cells were fixed
in 4% paraformaldehyde for 5min-8min at room
temperature. The coverslips were serially
washed with the following solutions at room
temperature: 0.05mol/L Tris-buffered saline
(TBS, pH 7.2) three times, 5min each; 100mmol/
L glycine once, 15min; TBS three times, 5min
each; 0.4% Triton X100 in TBS once, 15min; and
TBS three times, 5min each. The coverslips were
then treated with 1mg/L of proteinase K (Sigma)
in 20mmol/L Tris-HCl (pH 7.4) and 2mmol/L
CaCl2 for 15min at 37 , washed with TBS three
times for 5min each, air dried, postfixed in 4%
paraformaldehyde for 5min at room temperature,
and washed with TBS three times for 5min each.
The coverslips were finally washed with 2×SSC
(1×SSC: 150mmol/L NaCl, 15mmol/L sodium
citrate) or treated with RNase (Sigma,100mg/L
in 2×SSC) for 30min at 37 .
The hybridization mixture contained 50% deionized
formamide, 5×SSC, 10% dextran sulfate (Sigma),
5×Denhardt’s solution, 2% sodium dodecyl sulfate,
100mg/L of salmon sperm DNA (Sigma) denatured
at 100 and 25mg/L-50mg/L of Dig-labelled
probe denatured at 100 . 100×Denhardt’s
solution contained 2% Ficoll 400 (Sigma), 2%
polyvinylpyrollidone (Sigma) and 2% bovine serum
albumin (BSA, Sigma). Two hundred µl of the
hybridization mixture was added to each well of
24-well plate. Cells were incubated in a humidified
atmosphere for 18h at 37 . The coverslips were
washed at 37 in 4×SSC three times for 5min
each, and then sequentially immersed in 2×SSC,
1×SSC, 0.5×SSC and 0.1×SSC at 37 for 30min
each. The coverslips were then washed in TBS
containing 1% BSA and 0.4% Triton X-100 for
30min at room temperature. Sheep anti-Dig
antibody conjugated to alkaline phosphatase (AP,
Boehringer Mannheim Company) was diluted 1:
500 with TBS containing 1% BSA and 0.4% Triton
X-100, and applied to specimens. Cells were
incubated for 2h at 37 , then washed in buffer I
(100mmol/L Tris-HCl, 100mmol/L NaCl, 10mmol/L
MgCl2, pH 8.0) and II (100mmol/L Tris-HCl, 100mmol/
L NaCl, 50mmol/L MgCl2, pH 9.5), respectively, for
10min each at room temperature. Development
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reagent contained 33 µl of nitroblue tetrazolium
salt (NBT, 75 µg/L in 70% dimethylformamide)
and 25 µl of 5-bromo 4 chloro 3 indocyl phosphate
(BCIP, X-phosphate, 50 µg/L in dime
thylformamide) in 7.5ml of buffer II. Cells were
incubated in the color solution at 37 for up to
4h in the dark. Color development was periodically
checked and reaction was stopped by washing the
coverslips for 5min in TE at room temperature.
The coverslips were rinsed well in distilled water,
air-dried, cleared in xylene and mounted with
glycerin jelly.
The following controls were performed. Just before
the hybridization, cells were incubated with 2×SSC
containing RNase 100mg/L for 30min at 37 , then
were processed for ISH as above; Diglabelled AFP
cDNA probe was replaced by Diglabelled albumin
cDNA probe; Nonhepatoma cells (human leukemia
HL-60 cells) were incubated with hybridization
buffer containing the Diglabelled AFP cDNA probe.
The positive intensities of AFP mRNA in hepatoma
cells were analyzed by microspectrophotometer
(Leitz MPV-3) and expressed as absorbancy at
470nm (A470).
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was found that AFP mRNA content in hepatoma cells
was significantly decreased by OXL; the effect of
higher concentration was more obvious. It is suggested
that OXL inhibits AFP mRNA expression in hepatoma
cells (Table 2).
Table 2 Influence of L-4-oxalysine (OXL) on AFP mRNA
expression in BEL-7404 human hepatoma cells
Treatment

Control
OXL
OXL

Concentration
(mg/L)

25
50

Positive intensities
of AFP mRNA
(A470±S)

Inhibition
(%)

0.67±0.08
0.44±0.06a
0.20±0.05b

34.3
70.1

BEL-7404 human hepatoma cells (5×106 cells/L) were cultivated
for 72h in absence or presence of various concentrations of OXL.
The results were expressed as absorbance at 470nm (A470). The
percentage of inhibition was calculated in the cultures in absence
of OXL. aP<0.05; bP<0.01.

Statistical analysis

The statistical significance of differences was evaluated
using analysis of variance (ANOVA).

RESULTS
Detection of AFP mRNA by ISH

It was demonstrated with dot-blot hybridization that the
sensitivity of the Diglabelled probes was 1.0pg. When
Diglabelled AFP cDNA probe was used, purple grains
were present in the cytoplasm of BEL-7404 human
hepatoma cells, with fewer grains seen in cell nuclei.
The number of grains in the cytoplasma varied, but
essentially all the hepatoma cells, including those
undergoing mitotic division, were considered to contain
AFP mRNA -(Figure 1).
In order to establish the specificity of hybridization,
BEL-7404 cells were incubated with Diglabelled
albumin cDNA probe under the same hybridization
conditions. No accumulation of grains over the cells
was observed (Figure 2). Pretreatment of BEL7404 cells with RNase abolished the formation of
grains. Other cell lines not producing AFP, such as
HL-60 human leukemia cells, also gave negative
results.
Influence of OXL on AFP mRNA expression in BEL7404 human hepatoma cells

Hepatoma cells were incubated with OXL 25,
50mg/L. Cell viability was greater than 95% using
trypan blue exclusion. Seventy-two hours later, the
change in AFP mRNA content in hepatoma cells
during OXL treatment was determined by ISH. It

Figure 1 Detection of alpha-fetoprotein (AFP) mRNA in human
BEL-7404 hepatoma cells. In A, BEL-7404 cells were hybridized in
situ with digoxigenin (Dig)-labelled AFP cDNA probes. Reaction
products were visible in almost all cells.
Figure 2 Same as in Figure 1, except that the Diglabelled albumin
cDNA was used as probes. Cells were counterstained with
hematoxylin. ×400
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DISCUSSION
Various amounts of AFP were present in almost all the
BEL-7404 hepatoma cells shown by the avidin-biotinperoxidase complex (ABC) method[14]. We got the similar
result in our study. The specificity of the hybridization
reaction was confirmed by control experiments in which
the use of RNase-treated BEL-7404 cells, non-AFPproducing cells or a nonspecific cDNA probe resulted in
negative hybridization. We presume that ISH method
has the following advantages: It permits to study the
expression of genes qualitatively and quantitatively in an
individual cell; it is not necessary to purify RNA, fewer
instrument and equipment are needed, and only a small
quantity of specimen is required; the samples can be
preserved for a long time and can be reviewed if
necessary; it needs only a small amount of DNA probes;
and Dig-labelled probes cause no radioactive
contamination.
It has been known that the synthesis of AFP is
often elevated to a significant level in association with
development of PHC. Hence, the in situ detection of
AFP mRNA may help in histopathological diagnosis of
PHC which does not secrete AFP in amounts detectable
by immunological means. Moreover, ISH also provides
a very useful tool for investigating the effect of some
drugs on AFP mRNA expression[20]. Present results
indicated that OXL suppressed, to a certain extent, AFP
mRNA expression in hepatoma cells. Taking our
investigation on the whole, it is strongly inferred that OXL
exhibits significant anti-AFP activities, which may be one
of the mechanisms of anti-tumor action of OXL. Such
findings could also lead to the development of new antiPHC drugs based on AFP target.
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Abstract
AIM To detect the presence of HPV DNA and
study the alteration of p53 expression in anal
cancers in Chinese.
METHODS HPV DNA was amplified by PCR. The
amplified HPV DNA was classified by DBH. HPV
antigen and p53 expression were respectively
detected by immunohistochemistry.
RESULTS HPV DNA was amplified only in one
case of squamous cell carcinoma of the 72 Chinese
anal cancers and further classified as HPV type
16. Others were all HPV negative. HPV antigen
and p53 expression were also detected in this case.
Positive stainings with anti-p53 antibody were seen
in 61.2% anal cancers. There were no statistically
significant differences between anal squamous cell
carcinomas and adenocarcinomas and between
anal adenocarcinomas and rectal adenocarcinomas.
p53 protein expression was observed in the basal
cells of squamous epithelium of condyloma
acuminatum and morphologically normal squamous
epithelium in 2 cases invaded by anal
adenocarcinoma.
CONCLUSION HPV infection was not associated
with these cases of anal cancer. p53 alteration
was a common event. Positive p53 immunostaining
can not be regarded as a marker for differentiating
benign from malignant lesions.
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INTRODUCTION

Anal cancer is an uncommon tumor accounting for
2%-3% of all anorectal tumors. The association
between human papillomavirus (HPVs) and lesions
of anus has been reported, but the reported
incidence of HPV infection in anal lesions varies
in different studies. HPVs are infectious agents
with tropism for cutaneous or mucosal epithelium.
Infection with high-risk HPV types 16, 18 and 33
has been detected in a high percentage of patients
with several types of cancers including anal
cancers, suggesting that it may be a risk factor for
some carcinomas [1].
The oncogene products of several DNA tumor
viruses appear to target the retinoblastoma gene
(Rb) product and p53 protein. The E6 and E7
oncoproteins encoded by HPV respectively bind to
p53 protein and to Rb product, resulting in
inactivation of them [2]. The binding of E6 protein
encoded by HPV16 and 18 rapidly degrades p53
via the ubiquitin-directed pathway [3]. Therefore, it
is obvious that the role of the E6 oncoprotein is to
eliminate or inactivate p53 as a tumor suppressor,
although the functional consequences of p53 bound
and degraded by E6 in HPV-induced cancers remain
unclear. It is often found that there is an inverse
relationship between p53 mutation and HPV
infection in HPV-related tumors, but the actual
correlation between HPV infection and p53
mutation needs to be clarified.
In this study, anal cancers in Chinese were screened
for the presence of HPV DNA and for the alteration of
p53 expression.
MATERIALS AND METHODS
Materials

Tumor samples. Archival, formaldehyde-fixed,
paraffin-embedded tissue blocks of anal carcinomas
were obtained from the First Affiliated Hospital of
Zhejiang Medical University from 1979 to 1984.
The term “anal cancer” is defined according to the
WHO 1989 standard as the cancer occurring in the
anal canal, “which extends from the upper to the
lower border of the internal anal sphincter (from
pelvic floor to anal verge)”. The anal cancer in this
series include 19 squamous cell carcinomas, 8
cloacogenic carcinomas, 23 adenocarcinomas, 6
adenosquamous cell carcinomas and 16 other tumors
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of the anus. In addition, 23 rectal adenocarcinomas
were also tested. In each case, all the available
hematoxylin and eosin-stained sections were reviewed,
and a representative block was chosen for further
studies. Altered expression of p53 was
immunohistochemically detected in most of the above
samples because there were not enough tissues in
some cases, although all the above cases were
detected for HPV infection.
Methods

Polymerase chain reaction (PCR) amplification
was used with confirmation of the products by dot
blot hybridization (DBH). DNA was extracted from
paraffin-embedded tissues as standard procedures
using phenol and chloroform. HPV target
sequences were amplified for 40 cycles using HPV
L1 consensus sequence primers (MY11 and
MY09) (Shanghai Institute of Cell Biology).
Reaction volume of 100 µl included 50mmol/L KCl,
4mmol/L MgCl2, 10mmol/L Tris-HCL pH 8.5, 0.
2mmol/L each of dNTPs, 2.5 unit Taq DNA
polymerase (Perkin-Elmer/Cetus), 0.5mmol/L
each of the primer sequences and 10 µl purified
DNA sample. Positive control sample (Hela cell
DNA) and negative control sample (distilled
water) were run simultaneously with the test
specimens. Each cycle consisted of 94 for 1
for 1 minute and
minute, annealed at 52
extended at 72 for 1 minute. After the last cycle
of amplification,10 µl of product was analyzed by
agarose gel electrophoresis, ethidium bromide
staining and visualization under UV light. The
amplification product was confirmed using dot blot
hybridization by five biotinylated type specific
probes as follows:
HPVL1 MY11(+): GCMCAGGGWCATAAYAATGG
MY09(-): CGTCCMARRGGAWACTGATC
M=A+C, R=A+C, W=A+T, Y=C+T
MY12HPV6: CATAAGTAACTACATCTTCCA
MY13HPV11: TCTGTGTCTAAATCTGCTACA
MY14HPV16: CATACACCTCCAGCACCTAA
MY74HPV18: GGATGCTGCACCGGCTGA
MY16HPV33: CACACAAGTAACTAGTGACAG
DBH procedure. In brief, 5 µl amplified
product was first heat-denatured, then directly
spotted to the nitrocellulose membrane and air dried.
The membrane was put into denatured solution for
10 minutes, then neutralizing solution for 1 minute,
air-dried and baked for 60 minutes in an 80
vacuum oven. The membrane was put into
prehybridization solution at 65 for 2 hours. The

299

biony l a t e d p r o b e w a s a d d e d t o t h e a b o v e
solution at the last concentration of 2ng/L.
Hybridization was performed at 65
overnight. The membranes were washed at
high stringency and incubated at 63 for 60
minutes with 3% (W/V) bovine serum albumin
(BSA). Treated membranes were incubated
with straptavidin (4ng/L) at 37
for 60
minutes and washed and finally incubated with
bionylated alkaline phosphatase (2ng/L) at 37
for 60 minutes. Substrate was naphol AsMX, stained with fast blue. Hela cell DNA
was used as positive control and distilled water
at negative control.
Immunohistochemistry. HPV antigen was assessed
by immunohistochemical examination with
rabbit anti-bovine papillomavirus (Dako,
dilution 1:100), detected by goat antibody
against rabbit (Dako, dilution 1:50), then by
rabbit PAP (Dako, dilution 1:200), and stained
by AEC. P53 protein expression was examined
with a monoclonal antibody (D0-M7001),
detected by SABC (streptavidin-biotin
complex peroxidase kit, 1:100) and stained by
DAB. Antibodies were checked by positive
and negative controls.
RESULTS

HPV DNA was amplified only in one squamous
cell carcinoma (SCC) (Figure 1), representing 5%
of anal SCC (1/19). The amplified HPV DNA was
further classified as HPV16 by DBH. Others
were all HPV negative. HPV antigen was also
immunohistochemically detected in this case. HPV
antigen positive cells were not only distributed in
cancer cells (Figure 2), but also found in
nonneoplastic superficial epithelium (Figure 3),
sebaceous glands, sweat glands (Figure 4) and hair
follicles (Figure 5) adjacent to the tumor positive
for HPV DNA.
Positive stainings with the anti-p53 antibody were
detected in 61.2% anal cancers (30/49) (Figure
6). The positive rates in different histological
types of anal cancers were 71.4% (10/14) in SCC,
57.1% (16/28) in adenocarcinomas, 50% (3/6)
in cloacogenic carcinomas, 100% (1/1) in
malignant melanoma and 60% (9/15) in rectal
adenocarcinomas. There were no statistically
significant differences between anal SCC and
adenocarcinomas and between anal
adenocarcinomas and rectal adenocarcinomas.
P53 protein expression was also found in the SCC
case with positive HPV DNA and antigen and
the basal cells of squamous epithelium of two
cases of condyloma acuminatum (Figure 7) and
morphologically normal squamous epithelium
invaded by anal adenocarcinoma (Figure 8).
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Figure 1 Detection of PCR products by agarose gel electrophoresis. Lane A: DNA size marker (kb), Lane B: negative control, Lane C: Hela
cell DNA amplified as a positive control, Lane D/E: the sample containing HPV DNA.
Figure 2 Immunohistochemical staining for HPV antigen in squamous cell carcinoma. ×400
Figure 3 Immunohistochemical staining for HPV antigen in nonneoplastic superficial epithelium. ×400
Figure 4 Immunohistochemical staining for HPV antigen in sweat gland. ×400
Figure 5 Immunohistochemical staining for HPV antigen in hair follicles. ×400
Figure 6 Immunohistochemical staining for p53 in anal adenocarcinoma. ×400
Figure 7 Immunohistochemical staining for p53 in condyloma acuminatum. ×200
Figure 8 Immunohistochemical staining for p53 in morphologically normal epithelium invaded by anal adenocarcinoma (left above). ×400
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DISCUSSION

More and more evidence have shown that HPV
plays a causal role in benign and malignant lesions
of the urogenital tract and the head and neck
region. Carcinoma of the cervix, aerodigestive
tract, lung and esophagus have been proved to be
related to HPV. HPV DNA has been found in up
to 90% of cases of cervical dysplasia and 100%
of SCC of the cervix [4] . Sixteen HPV types are
involved in genital tract lesions. HPV was
epidemiologically implicated in the pathogenesis of
anal cancers. HPV antigen has been
immunohistochemically found in both biopsy
specimens of condyloma acuminatum and at least
half of the biopsy specimens of anal squamous cell
carcinomas [5]. HPV16 or 18 DNA were detected
in more than half of the?cases (Palmer, et al,
1989) by southern blot or dot blot hybridization,
and HPV 16 was found positive in 49 of 207 cases
of anal SCC (Scholefield, et al, 1990) by alkaline
hydrolysis. Histochemical localization of the virus
by in situ hybridization was demonstrated in 22%67% of anal SCC. HPV types 6/11, 16/18, 31, or
33 were identified in up to 100% of cases of
i n v a s i v e a n a l S C C b y P C R [6]. U s i n g
immunohistochemical staining and PCR
techniques, HPV DNA and antigen were found in
only one of 19 SCC cases in our series (5%) and
HPV type 16 was further confirmed by DBH. It
is considered that the pathogenesis of this group
of anal carcinoma is not associated with HPV
infection.
It has been suggested that multiple factors may be
operative in the pathogenesis of anal carcinoma.
Risk factors for anal cancer include cigarette
smoking, anorectal chronic inflammation, radiation
of anorectal area, virus infections such as herpes
simplex virus-2, increasing number of sexual
partners and poor sexual hygiene,
immunosuppression, etc[1]. Scholefield et al[7] have
shown that positive rate of HPV DNA in SCC was
much higher in Sweden and Brazil than in South
African and India, that there may exist
demographic differences in the prevalence of HPV
infection. An increasing prevalence of HPV
infection in homosexual men is associated with an
increasing incidence of anal cancer. Therefore,
prevalences of HPV infection vary in different
ethnic population and areas. It was reported that
25% of American women had experienced
heterosexual anal intercourse and it occurred
frequently in 8%. The low HPV infection in our
series may be related to different sexual habit from
that in western countries. Anal intercourse may
contribute to both anal condyloma and carcinoma.
It has been suggested that anal cancer in older
group, especially older women, is not associated
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with HPV infection[4]. The average age of our patients
with SCC is 61 years (ranging from 50-81) and 60%
were women.
It was suggested that there were HPVpositive and HPV-negative subgroups of HPVrelated tumors. In HPV-negative subgroup,
mutation of p53 often occurred, while in HPVpositive tumor it did not. E6 protein of HPV bound
and degraded wild p53 protein by ubiquitindirected pathway [3]. The wild-type p53 protein, a
product of the p53 gene located at 17p13, is a
normal growth controll protein. Mutation of the
p53 gene produced a mutant p53 protein which
promoted tumor formation through loss of growth
suppression. The deletion, mutation and
inactivation of the p53 gene were present in the
majority of solid tumors. In our study 61.2% of
total anal carcinomas and 71.4% of SCC were
immunohistochemically p53 positive. This result
indicated that the alteration of the p53 gene is a
common phenomenon. Auvinen et al [8] reported
that 69% of 144 cases of colorectal carcinomas
were p53 positive. Jakate et al [9] demonstrated
that mutant p53 protein was present in 58.6% of
anal cancers, in 85.7% of anal adenocarcinoma
and 42.1% of SCC, and coexpression of both
mutant p53 and E6 protein was seen in three
cases (10.3%). p53 overexpression also existed
in the SCC with HPV infection in our group. The
above results indicated that HPV infection and
p53 mutation are two independent genetic events
in anal cancers.
It has been generally accepted that the p53 protein
detected immunohistochemically is a mutant p53
protein and is seen only in malignant cells [10], but
accumulating evidences deny this concept.
Overexpression of wild p53 gene may also be
detected by immunohistochemistry and identified
in benign lesions [11-13]. Two cases of normal
squamous epithelium adjacent to anal carcinomas
and 2 cases of anal condyloma acuminatum had
p53 overexpression and immunohistochemical
positivity of p53 in our series. Weaker staining
signals were seen in the basal cells of epithelium.
Combined with the fact that almost 40% of anal
cancers were p53 negative, immunohistochemical
staining of p53 protein can not be regarded as a
marker for differentiating benign from malignant,
although p53 protein detected in benign lesions
can not be exclusively ruled out to be a mutant
protein.
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Abstract
AIM To determine whether Hb3 and its fragment
F(ab’)2 have practical value in radioimmunoimaging
of colorectal cancer.
METHODS I n t a c t H b 3 w a s p u r i f i e d b y
hydroxylapatite chromatography. The fragment
F(ab’)2 was prepared by cold digestion and purified
as intact Hb3. Hb3 and its fragment F(ab’)2 were
labeled with 99mTc by direct labeling method using
SnCl2 as reducing agent. The radioactive doses
ranged from 15 to 40 mCi. The imaging was
accomplished by single photon emission
computered tomograph (SPECT) with imaging time
ranging from 2.5 to 48 hours. In this study, 10
patients were selected. Among them, 7 were
administered with intact Hb3, and 3 with F(ab’)2
fragment. All the patients were diagnosed as
having colorectal adenocarcinoma.
RESULTS After purification, intact Hb3 and its
fragment F(ab’)2 were fit for radioimmunoimaging.
The percentage of labeling of 99mTc to Hb3 or F
(ab’)2 was 80.6%-91.5%. Among the 10 patients,
3 of 7 patients administered with intact Hb3 had
positive scans, the other 4 had negative scans,
and 2 of 3 patients administered with F(ab’)2 had
positive scans, the other 1 had negative scans.
CONCLUSION The results showed that both
intact Hb3 and its F(ab’)2 have some practical
value in radioimmunoimaging of colorectal cancer,
and the effects of imaging with F(ab’)2 was better
than that with intact Hb3.
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INTRODUCTION

Colorectal cancer is a common malignant disease. In
recent years, there have been many reports about
radioimmunoimaging used to diagnose the colorectal
cancer, but antibodies used were mainly the anti-CEA
monoclonal antibodies. Hb3 is an anti-colorectal cancer
monoclonal antibody produced by our laboratory, its
sensitivity and specificity are superior to that of antiCEA[1]. The positive rate of radioimmunoimaging with
131I labeled Hb3 in nude mice model of colorectal
cancer was 92.4% (13/14)[2]. This result shows that
Hb3 may be useful in clinical diagnosis of colorectal
cancer. Based on the preparation of intact Hb3 and its
fragments, clinical radioimmunoimaging has been done
in 10 patients, the results showed that Hb3 is valuable
in clinical practice.
MATERIALS AND METHODS
Preparation and purification of Hb3

The Hb3 ascites was prepared routinely and collected
under aseptic condition. Hb3 was purified by
hydroxylapatite chromatography (Sigma) [3]. In the
process of purification, aseptic condition and pyrogen
free condition were maintained.
Digestion of Hb3 to prepare F(ab’)2

Cold digestion was performed by modified Ballou
method. Briefly, intact Hb3 solution(5 µg/L-10 µg/L),
was adjusted to pH 4.0-4.2 with 0.3N acetate buffer,
and pepsin (Sigma) in 0.3N acetate buffer (pH 4.0)
was added to a final ratio of 1:10 (pepsin: Hb3, Wt/
Wt). The digestion was allowed to proceed for 24-34
hours at 4 . The reaction was terminated by adding
1M NaOH to bring the pH to 7.8-8.0. The F(ab’)2
fragment was purified using hydroxylapatite
chromatography, and the yield of F(ab’)2 was
calculated (Wt/Wt).
Detection of purity of Hb3 and F(ab’)2

The purity of Hb3 and its fragment F(ab’) 2 were
detected by SDS-PAGE using Multiphor II
Electrophoresis System (Pharmacia). The
concentration of stacking gel was 3%, and resolving
gel 7.5%. The constant current was 50mA, the
temperature 15 , and the running time 2 hours.
After electrophoresis, the gel was stained
immediately using Coomassie Blue and dried in
vacuum condition and reserved in room
temperature. Before electrophoresis, 2-
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me r c a p t o e t h a n o l w a s a d d e d t o t h e s a m p l e
solution, and the samples then boiled in water bath
for 3 minutes.
Labeling of Hb3 and its fragment F(ab’)2 with 99mTc

The modified Paik’s direct labeling method was
used [5]. Briefly, monoclonal antibody Hb3 and its
F(ab’)2 (2mg-8mg) were adjusted to pH 4.0-4.2 with
0.3N acetate buffer (pH 4.0), then added with
freshly prepared SnCl2/HCl and mixed, the
antibody-SnCl2 mixture was incubated for 15-30
minutes at room temperature, then freshly prepared
15mCi-40mCi 99mTc was added, reaction of antibody
with technium was maintained for 0.5-1.0 hour at
room temperature.
Detection of labeling efficiency

The free-form and combined 99mTc was detected
with G-50 chromatography (0.9cm×40cm,
Sephadex), and the radioactivity of free-form 99mTc
(FT), combined 99mTC (CT), and G-50 column
absorbed 99mTc (AT) was measured with radioactivity
meter. The percentage of labeling and radiochemical
purity of antibody were calculated (because the
labeled antibody was used directly without further
purification, percentage of labeling was equal to
radiochemical purity). The immunoreactivity of
antibody before and after labeling and the fraction
of immunoreactivity in G-50 chromatography were
detected. Percentage of labeling = radiochemical
purity = CT/CT+FT+AT
Indirect ELISA to detect specific antibody Hb3
and its F(ab’)2

Wells of plate were coated with 50 µg colorectal cancer
crude antigen. The antibodies to be detected were Hb3
and its fragment F(ab’)2. The anti-Ig was rabbit antimouse IgG+IgM+IgA conjugated with horseradish
peroxidase (diluted 1:1 000). The substrate was ABTS.
OD405 value was obtained using Microplate Autoreader
(EL309, BIO-TEK).
Clinical cases and imaging

Ten patients (6 males, 4 females, aged from 36 to
74 years, averaging 54.2) were selected (Table 1).
Seven patients suffered from rectal cancer, and
one of them was complicated with liver
metastasis. Three patients had colonic cancer.
All of the patients proved to have adenocarcinoma
by histopathology and the results of
immunohistochemistry of biospies with Hb3 were
positive. The amount of antibodies used were
2mg-8mg, and the radioactivity of 99mTc used was
15mCi-40mCi.
Radioimmunoimaging was performed with GE
STARCAM 3 000/4 000 SPECT system. 99m Tc
labeled antibodies were diluted in 100ml 0.9%
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NaCl solution, then injected into the patients iv. The
anterior, posterior, left, and right side planar scanings
were taken 3, 6, 24 and 48 hours later. Tomography
was performed if the planar imaging is questionable.
Thirty-two or 64 angles were recorded in each
tomogram.
RESULTS
Preparation of Hb3 and its fragment

The hydroxylapatite chromatogram of Hb3 ascite
showed three peaks. The third peak was IgM and
possessed immunoreactivity[3]. After digestion, the
chromatogram showed three peaks as well. The first
was low molecular weight peptides, the second was F
(ab’)2, and the third was intact IgM. Among them, the
second and the third peaks possessed immunoreactivity
(Figure 1). After digestion, the F(ab’)2 yield was 25.
0%-36.6%, and the immunoreactivity of F(ab’)2 was
lower than that of intact Hb3.
SDS-PAGE

As showed in Figure 2, there were two bands in the
lane of intact Hb3 denaturated and broken, their
molecular weights were about Mr 72 000 and Mr 23
000, and they represented H chain and L chain,
respectively (lane 2-5, the bands with molecular
weight higher than Mr 94 000 were contaminated
proteins). In the lane of F(ab’) 2 (unbroken, lane 7),
two bands were found, and their molecular weights
were about Mr 130 000 and Mr 65 000, and
represented F(ab’)2 and Fab’ respectively. In the lane
of F(ab’)2 (broken, lane 6), there were two bands as
well, and their molecular weight were about Mr 43
000 and Mr 23000, and represented VH+CH1 and
L chain respectively.
The labeling of antibody with 99mTc

99mTc Labeled Hb3 was analyzed by G-50
chromatography. The percentage of labeling and
radiochemical purity was 80.4%-91.5%. In the
chromatogram, the fractions of immunoreactivity of
labeled antibody overlapped the fractions of radioactivity
(Figure 3). After the antibodies were labeled, their
immunoreactivity was 90% more than that of unlabeled
antibodies.
Imaging

Radiommunoimaging was performed in 10
patients, 5 had positive images, and 5 negative
images (Table 1), with no side effects. Patient No.
4 suffered from rectal carcinoma complicated with
liver metastasis with positive images at 6 and 24
hours. Figure 4 (upper left) shows an unclear
abnormal radiation concentration under bladder in
6 hour. In 24 hour scan (lower left), there was a
clear abnormal radiation concentration in the left
lobe of liver.
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Table 1 Clinical data and imaging results
No.

Sex

Age
(year)

Clinical
diagnosis

Tumor
size(cm)

1
2
3
4
5

Male
Female
Male
Male
Female

74
47
35
67
54

Rectal carcinoma
Rectal carcinoma
Rectal carcinoma
Rectal carcinoma
Colonic carcinoma

3.0 × 5.0
1.8 × 2.0
3.0 × 4.5
3.5 × 4.5
4.0× 5.0

6
7
8**
9**
10**

Female
Male
Male
Male
Female

55
61
38
65
44

Rectal carcinoma
Colonic carcinoma
Rectal carcinoma
Colonic carcinoma
Rectal carcinoma

2.5 × 3.5
2.5 × 3.5
3.5 × 5.0
2.5 × 3.0
2.5 × 3.0

Pathological
diagnosis

Immunohisto Quantity of Radioactivity Imaging
chemistry antibody
of 99m
(mg)
Tc (mCi)

Adenocarcinoma
Papilloadenocarcinoma
Adenocarcinoma
Low differentiated adenocarcinoma

+++
++
++
+++

3.0
5.0
7.5
7.5

23
20
19
16

+
+

Adenocarcinoma
Adenocarcinoma stage II
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma stage II
Adenocarcinoma stage II

++
++
+
++
++
++

8.0
5.0
5.0
5.0
2.0
5.0

15
19
40
38
15
18

+
+
+

“+” partial weak staining; “++” partial strong staining or broad weak staining; “+++” broad strong staining.complicated with liver
metastasis. The antibodies used were fragment F(ab’)2.

Figure 1 Chromatogram of digested Hb3. OD280 (¡¤ - ¡¤) shows
concentration of protein. OD405 (+ - +) shows immunoreactivity.

Figure 3 Chromatogram of 99mTc labeled antibody, OD405 shows
immunoreactivity. ¡¤ - ¡¤ radioactivity, + - + immunoreactivity.

Figure 2 SDS-PAGE results of antibody electrophoresis.
Lane 1: low molecular weight marker; lane 2-3: intact Hb3;
lane 4-5: intact Hb3 (1/10 concentration); lane 6: Hb3
fragments F(ab’) 2 (broken); lane 7: Hb3 fragments F(ab’) 2
(unbroken); lane 8: high molecular weight marker; lane 9: low
molecular weight marker.

Figure 4 Images of Patient 4. Rectal cancer complicated with liver
metastasis.
Anterior scan (6 hour) shows an unclear abnormal radiation
concentration under the bladder (upper left). Anterior scan (24
hour) shows a clear abnormal radiation concentration in the left
lobe of liver (lower left).
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DISCUSSION
Purification of antibody and preparation of
fragment

Hydroxylapatite chromatography is simple. The column
is short and is convenient for aseptic and pyrogen free
treatment. The purity of antibody after purification was
fit for clinical usage. As reported, antibody can be
digested to F(ab’)2 by cold and warm digestion. In our
study we selected cold digestion to prepare F(ab’)2. The
yield of F(ab’)2 varied from 25.0% to 36.6%, lower than
that prepared by Ballou[4] (cold digestion, 40%-60%),
but higher than that prepared by Kurkela[5] (warm
digestion, 24%±11%). As a matter of fact the prepared
fragments contained F(ab’)2 and Fab’ (Figure 2),
because pepsin digestion canproduce these two kinds of
fragments, and it is difficult for hydroxylapatite
chromatography to separate them.
Labeling of Hb3 with 99mTc

Direct labeling of antibody is to combine the reduced
99m
Tc with antibody through the disulfied linkage. Its
advantage is that the labeling process can be finished
in one step, which is beneficial for making a marketable
radioimmunoimaging kit. In this study, we selected SnCl2
as reducing agent, and labeled antibody with 99mTc using
direct method. The reaction was performed in one step.
Imaging

Hb3 is an IgM monoclonal antibody against CA-Hb3.
The results of immunohistochemistry showed that the
positive rate of Hb3 reacting with colorectal carcinoma
was high, ant it did not react with normal colorectal tissue
[1]
. The results of radioimmunoimaging in nude mice model
of colorectal carcinoma also showed a higher imaging
efficiency[2]. Among the 10 patients in this study,
five got positive images. The reasons why the
positive rate is not high may be:
The effect of
antibody molecular weight: The molecular weight of
intact Hb3 is Mr950 000, its half-life and optimum
imaging time are longer than 48 hours, yet the halflife of 99mTc is 6 hours, and the imaging is required
to be performed within 24 hours. In his study, one
of the radioimmunoimagings was performed in a
transverse colon cancer patient with intact Hb3,
the imaging result at 24 hour was negative. Fourtyeight hours later, the resected tumor sample was
scanned by SPECT. In the circumstance of prolonging
the acquisition time (30 minutes), the radioactivity of
tumor was higher than that of the surrounding
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normal tissues. This evidence showed that the
inconsistency of half-life between antibodies and
radionuclide was unfavorable to imaging. The
molecular weight of F(ab’)2 is 1/7 that of intact Hb3,
and its half-life is 26 hours, which is more consistent
with that of 99mTc, and its imaging efficiency is higher
than that of intact Hb3. Effect of free 99mTc: Free
99m
Tc (5.3%-8.6%, Figure 3) can pass through gastric
mucosa accompanying the secretion of gastric juice,
and get into the gastrointestinal tract through the
peristalsis, resulting in false positiveness[7]. Among the
10 patients in this study, negative images were found
in the intestinal tract of four patients. Accumulation
of Tc-Sn colloids (absorbed by column G50, 3.2%-11.
0%, Figure 3) can also influence tumor imaging.
The effect of HAMA (human anti-mouse antibody):
Antibody Hb3 is mouse-derived, it can cause HAMA
after being injected into human bodies. This reaction
will interfere with the combination of antibody with
antigen, and then influence the imaging. In this
experiment, the duration from antibody injection to
imaging was short, so HAMA was not the major
influencing factor.
In conclusion, we consider that Hb3 is a valuable
monoclonal antibody in radioimmunoimaging of
colorectal carcinoma. The imaging effect of F(ab’)
2 is better than that of intact Hb3. Further study is
needed to optimize the labeling condition,
increase the labeling rate of Hb3 with 99mTc, and
finally improve the diagnostic value of
radioimmunoimaging.
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Modification of ricin and its hepatotoxicity and
activity against hepatocellular cancer in mice
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Abstract
AIM To observe the effects of ricin (RT) with and
without chemicalmodification on both hepatotoxicity
of mice and activity against hepatocellular cancer
(HCC), and evaluate the possibility to improve RT
anticancer activity via chemical modification.
METHODS RT was modified with N-succinimidyl3
(2-pyridyldithio) propionate (SPDP), a
heterobifunctional cross-linker, and SPDP derivative
of RT (PDP-R) was obtained. The serum glutathiones-transferase (SGST) activity, as an index of liver
damage, was determined in mice intoxicated with
RT and PDP-R, at various doses and time.The tissue
damage of HCC in the nude mice ip injected with
PDP-R was compared with that with RT at the same
dose by immunohistochemical method, the relative
content of both RT and PDP-R in the HCC tissues
was measured by computerized image-analysis.
RESULTS The SGST activities increased with
doses or/and time intoxicated with both RT and
PDP-R, and the increase in the value of RT group
was more significant than that in the PDP-R group;
the SGST activity of RT group was 2.8-fold
(P<0.01) of PDP-R group at a dose of 12.5 µg/kg
for 42 h, showing the much lower toxicity of RPDP than that of RT. Under an optical
microscope, hemolysis and necrosis of massive
cells in the HCC tissues of PDP-R group were
observed and the ratio of necrosis mounted to
90.5% while the corresponding value of RT group
only to 62.5%. With computerized imageanalysis, the average relative content of RT and
Department of Toxicology, Faculty of Military Health Service and
Statistics, Fourth Military Medical University, Xi’an 710033, Shaanxi
Province, China
WANG Wen Xue, male, was born on 1938-11-23 in Laoting County,
Hebei Province, China and graduated from the Northwest University,
now professor of toxicology, specializing in research of poisons, drugs
and protein modification and activities, having 63 papers published.
Project supported by the National Natural Science Foundation
of China, No.3870638
Correspondence to: Prof. WANG Wen Xue, 403-2 Room, Fourth
Military Medical University, Xi’an 710032, China
Tel. +86 29 3221616-75676
Received 1998-03-20

PDP-R in the HCC tissues, represented as
greyness, was 140.06±3.43 and 169.10±2.74,
respectively. There was significant difference
between the two (P<0.05), indicating the higher
content of PDP-R in the HCC tissue than that
of RT.
CONCLUSION The hepatotoxicity of PDP-R
to mice may be reduced by chemical
modification with SPDP, but both the affinity of
PDP-R to the HCC tissues and ability to kill it
may be stronger than that of RT. So this might
be a valuable attempt to improve the anticancer
activity of RT.
INTRODUCTION

Ricin toxin (RT), a glycoprotein with high cytotoxicity,
isolated from caster beans (Ricinus communisbeans),
has received extensive interest in anticancer
research. The natural RT, however, has been
restrained in treatment of cancer due to its extreme
toxicity. In order to overcome its side effect, various
attempts have been made by investigators [1,2], but
no report so far has been presented in direct use as
anticancer agent. We modified RT with Nsuccinimidyl3-(2-pyridyldithio) propionate (SPDP),
aheterobifunctional cross-linker, and toxicity of the
resultant (PDP-R) to normal tissues reduced but its
inhibition to some tumor cells increased[2,3]. In the
present paper, we reported the preparation,
determination of PDP-R and comparison between
PDP-R and RT in hepatotoxicity to normal mice and
activity against hepatocellular cancer (HCC) in nude
mice.
MATERIALS AND METHODS
Materials

RT was prepared as described previously [5] and
shown to be a single band by SDS-PAGE, Mr65 000.
SPDP was synthesized by a modified method[6], mp
80 -81 . Glutathione reduced form (GSH,
BRITISH) was freshly made into 10.0mmol/L (pH
6.5) solution in 1.0mol/L of PB prior to use. 1chloro-2, 4-dinitrobenzene (CDNB, Xi’an Chemical
Reagent Factory) was made into 1.11mmol/L
solution in 1.0mol/L of PB containing 40ml/L
ethanol after second recrystallization in absolute
ethanol, m.p 53 -54 . Kunming mice, weighing
17.5g-22.5g and nude mice weighing 18.0g, with
human HCC were supplied by The Research Center
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of Experimental Animals in our university.
Methods

Preparation and determination of PDP-R RT of a
4.2mg in 1.0ml of PBS (0.1mol/L, pH 7.5, containing
1.5mol/L of NaCl) was added under stirring, 20 µl solution
of N, N-dimethylformamide containing 0.25 mg of SPDP
and reacted for 30 min at 23 . The solution of reacted
mixture was thoroughly dialyzed against saline at 4 .
PDP-R in the solution and the number (n) of PDP groups
bonding to molecules of RT were determined by
ultraviolet spectrophotometry[7].
Effects of PDP-R and RT on SGST activity in normal
mice.

The effect of dosage Fifty Kunming mice were
randomly divided into PDP-R group and RT group.
Twenty-five mice in each group were equally subdivided
into 5 groups, of which each mouse was injected ip
with 2.5, 5.0, 7.5, 10.0 and 12.25 µg/kg body weight
respectively. Ten mice served as control group, of
which each mouse was ip injected with the same
volume of saline. The mice intoxicated were
continuously observed for 42 h, blood was collected
from fundus veniplex, and serum was separated and
SGST activity of each specimen measured by dynamics
method[8].
Effect of intoxication time Eighty Kunming mice
were randomly divided into PDP-R group and RT
group. Forty mice in each group were equally
subdivided into 8 groups, of which each mouse was ip
injected with 12.5 µg/kg body weight and the
intoxication time was 6, 12, 18, 24, 30, 36, 42 and 48
h, respectively. Then the procedure was followed as
mentioned above.
Com p a r i s o n b e t w e e n P D P - R a n d RT i n
hepatotoxicity to normal mice and activity
against HCC in nude mice Eighteen nude mice
with human-HCC were randomly divided into PDPR group, RT group and control group. Six mice of
each group were ip injected with the same dose of
PDP-R, RT and saline, respectively. The HCC tissue
of mouse was taken out 4 h later and was treated by
routine procedure to obtain the pathological slices
with thickness of 4 µm-6 µm, which were stained
immunohistochemically (ABC method). The slices
were observed under the optical microscope and the
relative content of both RT and PDP-R in the HCC
tissues was measured by computerized imageanalysis.
RESULTS
Determination of PDP-R and the number of
bonding PDP (n) in each molecule of RT

A small amount of PDP-R solution was added to
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dithiotheol (DTT) to a final concentration of 40 mmol/
L and treated for 30 min at room temperature. The
ultraviolet absorption spectrum of the reaction solution
was determined in spectrophotometer. After thorough
dialysis of the reaction solution against PB, the ultraviolet
absorption spectrum was determined again and
compared with those of both solution of PDP-R and
RT. The results are shown in Figure 1 and the
absorbence (A) of the four solutions at 280 nm and
343 nm are shown in Table 1. The A value of PDP-R
solution at 280 nm is 0.19 more than that of RT (Table 1).
The number (n) of PDP bonding to each molecule of
RT was 6.02 according to both molecule absorption
coefficient of SPDP at 280 nm and the concentration
of RT. On the other hand, based on both molecular
absorption coefficient of α-mercaptopyridine (α-MP)
and the concentration of RT, the value was calculated
to be 5.8 because when the solution of PDP-R was
treated with excess of DTT, it results in equimolecular
α-MP to PDP and the α-MP in the solution had a strong
absorption at 343 nm. The n value obtained from the
two ways is close.
Table 1 Absorbence of the four kinds of solution at 280nm and
343nm
Absorbence

/nm

280
343

RT

PDP-R

PDP-R+DTT

(PDP-R+DTT)
dialyzed

0.476
0.007

0.665
0.065

0.700
0.345

0.484
0.066

*The four kinds of solution were ricin (RT), SPDP derivative of RT
(PDP-R), PDP-R treated with dithiothetol (PDP-R+DTT) and
dialyzed (PDP-R+DTT).

Effect of PDP-R and RT on the SGST activity of
mice

Effect of dose Under the same conditions, the SGST
activities increased with doses intoxicated with both
RT and PDP-R, but the increase in the value of RT group
was more significant than that in the PDP-R group (Figure 2).
When the dose increased to 12.5 µg/kg death in the
mice of RT group occurred, the survivor’s blood
volume decreased and the blood viscosity increased
with apparent symptoms of intoxication. The
average SGST activity of RT group was as high as
1.797 µm/s±0.087 µmol/s, being 5.3-fold that of the
control group (0.340 µm/s±0.025 µm/s). However,
it seems that the symptoms of PDP-R group
resulting from intoxication with the same dose were
not at all serious, no death for 42 h, no difference
between PDP-R group and control group in the
blood volume and viscosity in these mice, their
average SGST activity being only 0.642 µm/s±0.
054 µm/s, 36% (P<0.01) of that of RT group at
a dose of 12.5 µg/kg for 42 h, which showed
much lower toxicity of R-PDP than that of RT.
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Effect of intoxication time The SGST activities
of mice of both PDP-R and RT group increased with
intoxication time extended, although within 10 h
difference between the two were insignificant
(Figure 3). After 10 h, however, increase of RT group
was gradually getting more quick and difference
between the two at 42 h was up to a maximum
measurable value. After 42 h this value was unable to
measure due to increased number of death of mice in
RT group, while the SGST activity of PDP-R group
smoothly decreased.
Comparison between PDP-R and RT in activity
against hepatocellular cancer Under an optical
microscope, hemolysis and necrosis of massive cells
in the HCC tissue of PDP-R group was observed
and the ratio of necrosis mounted to 90.5%, while it
was only to 62.5% in RT group. With computerized
image-analysis, the average relative content of RT
and PDP-R in the HCC tissue, represented as
greyness, was 140.06±3.43 and 169.10±2.74,
respectively. There was significant difference
between the two (P<0.05), indicating the higher
content of PDP-R in the HCC tissue than that of RT
and PDP-R has stronger affinity and activity against
HCC than that RT.
DISCUSSION

Reaction of RT with SPDP and determination of PDPR The molecular structure of SPDP and its reaction
with RT is shown in Figure 4.There were 13 amino
groups (ª²NH2) in each molecule of RT which may
be acylated by SPDP. The experiment showed that
acylation ratio of -NH2 in RT molecule is not high
under general conditions, possibly due to that some NH2 was located at hydrophobic domain of RT
molecule and being not easy to get access to SPDP.
In this experiment 26 equimolecular SPDP was used
to react with RT to increase the acylation ratio. The
resultant, PDP-R, was determined by two ways: first,
based on the number (n) of PDP bonding to each
molecule of RT to be positively proportional to
increased value in absorbence of PDP-R at 280nm,
so the n value can be calculated from absorbence of
solution, the molecular absorption coefficient of SPDP
at 280 nm and the concentration of RT. Second, when
the solution of PDP-R was treated with excessive
DTT, it resulted in equimolecular α-MP to PDP and
the α-MP in the solution had a strong absorption at
343 nm. So the n can be calculated from the
absorbence of reacted solution at 343 nm, molecular
absorption coefficient of α-MP and the concentration
of RT. The n value is close by the two ways and it
can be used as the evidence for each other. After dialysis
of the reaction solution, its absorption spectrum was the
same as that of RT, which showed that the absorption at
343 nm was caused by α-MP.

Figure 1 Ultraviolet absorption spectrum of four kinds of solution.

Figure 2 The effects of dosage of ricin and its derivative (PDP-R)
on serum glutathine-s-transferase activity in mice.

Figure 3 The time effect of intoxication time with ricin and its
derivative (PDP-R) on serum glutathine-s-transferase activity in
mice.

Figure 4 Reaction of ricin with N-succinimidyl3-(2pyridyldithio) propionate and determination of resultant.

310

ISSN 1007-9327

CN 14-1219/ R

WJG

August 1998

Volume 4

Number 4

Comparison between PDP-R and RT in effect on
SGST activity of mice The liver injury caused from
intoxication may lead to release of GST to blood flow,
resulting in the significant increase of SGST activity and
this has been a sensitive index to detect liver injury[9].
We compared the hepatotoxicity of PDP-R with that of
RT by determination of SGST activity of intoxicated
mice. The results were identical with that obtained by
pathomorphological method[3]. The experiment showed,
in view of effects of either dose or time, that the increase
of SGST activity caused by PDP-R apparently lower
than that by RT, indicating that the hepatotoxicity of
PDP-R was significantly lower than that of RT, other
symptoms intoxicated with PDP-R was less serious than
that with RT and the mice had stronger tolerance to PDPR than to RT. These differences may imply that the
mechanism of intoxication of PDP-R differs from that
of RT.

cellular surface. It is reported that the content of SH on
cellular surface of some tumors was ten times more than
that on normal cells[12]. PDP-R molecules may have a
higher affinity to some cancers and stronger ability to
kill them. These suggest that PDP-R molecules might
have biological activities different from that of RT and
might be a anticarcinogen worth investigating further.
Modification of RT with heterobifuctional linker containing
group able to bind -SH groups, such as SPDP and so
forth, might be a new way to improve activity of RT
against cancer including hepatocellular cancer and
related investigations are underway.

Some biological activities of PDP-R different from
that of RT It is reported that after RT entered into a
mouse body for 0.5h almost 50% of it was located in the
liver, showing very strong hepatotoxicity[10]. Therefore,
to determine the hepatotoxicity of PDP-R is of a typical
significance to know its systemic toxicity. The experiment
showed that the ability of RT to bind galactose (G) and
the residue containing G will be decreased by reaction
of RT with SPDP[11]. It may be inferred that the toxicity
to normal cells including hepatocytes might be
weakened because the interaction between RT and
the receptor containing G on cellular surface can be
decreased by modification of RT with SPDP. On
the other hand, the PDP in PDP-R molecules were
very sensitive to hydrosulfury (-SH) on the cellular
surface of some tumors and easy to bind to these
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Abstract
AIM To investigate the effect of cytokines on
the liver necrosis.
METHODS rIL (interleukin)-1, rIL-6, rIFN
(interferon)γ, rTNF (tumor necrosis factor)α with
or without D-galactosamine (D-GAL) were injected
into the abdominal cavity of mice separately. ALT,
TBIL (total bilirubin) and histological changes were
observed.
RESULTS There was no effect on hepatocyte
of normal mice after injection of rIL-1, rIL-6,
rIFN alone or together. The serum total bilirubin
(TBIL) and liver necrosis of mice increased after
rTNFα, rIL-6 or rIFNγ were used separately
with D-GAL. The TBIL level (µmol/L)was 46.
19±10.62, 44.55±12.9 and 41.94±14.9, higher
than that caused by D-GAL alone (TBIL, 26.67
µmol/L¡À11.14 µmol/L). The serum TBIL of
mice and the degree of liver necrosis increased
after injection of IL-1, IL-6 with D-GAL and
rTNFα.
CONCLUSION Cytokines, like IL-1, IL-6, IFNγ and
TNFα joined in the process of hepatocyte necrosis.
They can enhance the degree of liver necrosis
induced by D-GAL.
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INTRODUCTION

Immune system in human body is a net system and
so are the effects of cytokines, which can be
affected by other cytokines. They promote or inhibit
each other, TNFα can aggravate hepatic necrosis
[1]
, and its effect is also influenced by other
cytokines. The levels of IL-1, IL-6 and IFNγ in
plasma of hepatitis patients were increased after
infection [2-6] . We investigated the effect of
multicytokines to understand the synergistic action
of multicytokines.
MATERIALS AND METHODS
Material and animal

Animal Ninety-six Balb/c male mice weighing 20g each
were used. They were provided by the Center of
Experiment Animal of Chinese Academy of Medical
Sciences.
Reagent rIL-1 (10 5U/ml), rIL-6 (10 5u/ml),rIFN
(5×10 5 U/ml) andrTNFα (5×10 5 U/ml) were
provided by the Chinese Academy of Military
Medical Sciences. D-GAL were derived from
Department of Chemistry, Chongqing Medical
University.
Method

The effect of rIL-1, rIL-6, rTNFα and rIFNγ
on normal mice Thirty mice were selected and
divided into 5 groups. rIL-1 (106U/kg), rIL-6 (106U/
kg), rIFNγ (5×10 6U/kg) andrTNFα (5×10 5U/kg)
were injected into the abdominal cavity of mice
separately and normal saline was used for the
control. TBIL and ALT were detected 48 hours after
the injection. The pathologic changes of the liver
were observed.
The combined effect of TNFα with IL-1 or IL-6
or IFNγ on liver Eighteen mice were selected and
divided into 3 groups. TBIL and ALT were detected
48 hours after injection ofrTNFα with rIL-1, or rIL6, or rIFNγ separately into the abdominal cavity.
Liver histological changes were observed at the same
time.
The aggravating effect of rIL-1, rIL-6, rIFNγ and
rTNFα separately in liver necrosis Thirty mice
were divided into 5 groups. D-GAL (1.5g/kg), or
D-GAL with rIL-1 (5×104U/kg) or rIL-6 (5×104U/kg)
or rIFNγ (2.5×10 5U/kg) or rTNFα (1×104 U/kg)
were injected separately into abdominal cavity of
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mice. Serum TBIL and pathologic changes in liver were
compared with the control after 48 hours.
The rest 18 mice were divided into 3 groups. DGAL and rTNFα with rIL-1 or rIL-6 or rIFNγ (the same
dose as above) were injected into the abdominal cavity
of mice separately.
ALT and TBIL detection Beckman Biochemistry
Machine was used to detect the serum ALT and
TBIL.

Methods of liver biopsy[7] Hepatic tissues were taken
and fixed in Bovin’s fluid. After dehydration they
were embedded in paraffin wax, and sections were
made, and stained by HE. We marked mild
degeneration as - or ±, spot necrosis as +, small piece
necrosis as ++, sublarge necrosis as +++, large
necrosis as ++++.
Statistical analysis χ2 test was used to compare the
difference among groups.
RESULTS
The effect of multicytokines on normal liver of
mice

rTNFα, rIL-1, rIL-6 and rIFNγ were injected into the
abdominal cavity of normal mice separately. The
changes of their hepatic function are shown in Table
1. And the results of their hepatic histologic
examination were - or ±. There was no difference
from normal control. There was no difference in TBIL
and ALT either between each group, indicating that
the injection of rTNFα, rIL-1, rIL-6 and rIFNγ have
no effects on liver function and liver histology of
normal mice.
Table 1 The changes of liver function after cytokines injection
in mice (x±s)
n

TBIL(µmol/L) ALT(IU/L)
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Table 2 The combined effect of rTNFα
α with rIL-1 or rIL-6 or
rIFNγγ on liver function of normal mice (x±s)
n
Control
rTNFα
rTNFα+rIFNγ
rTNFα+rIL-1
rTNFα+rIL-6

6
3
3
3
3

TBIL(µmol/L)

ALT(IU/L)

AST(IU/L)

46±4
50±11
32±3
42±11
36±5

187±28
89±27
100±14
128±19
115±12

7.28±4.82
8.70±5.34
7.38±6.01
8.59±5.9
10.85±3.25

F = 0.8, between groups, P>0.05.

The effect of cytokines on mice liver

DGal combined with cytokines were injected separately
into the abdominal cavity of mice. The results of liver
function and hepatic histology are shown in Table 3. The
level of TBIL in different groups of cytokine was higher
than that of controls. The TBIL level in groups of D +
rIL-6,D + rIFN and D + rTNFα rose significantly
compared with group D, and hepatic necrosis worsened.
There was no difference in TBIL level between group
D+rIL-1 and group D.
Table 3 The effect of D-GAL with cytokines on TBIL and
histological changes of liver
Group

n

TBIL(µmol/L)

Histological changes (n)

Control

6

7.28±4.82

46±4

3

8.70±5.34

50±11

187±28
89±27

rIL-1

3

7.23±0.87

40±5

76±10

rIL-6

3

11.77±3.51

31±1

62±2

rIFNγ

3

9.30±2.7

31±5

89±13

+

±
Control
D-GAL
D+rIL-1
D+rIL-6

6
6
6
6

7.28±4.82
26.67±11.14
29.69±9.6
45.55±12.9a

D+rIFNγ
D+rTNFα

6
6

41.94±14.9a
46.19±10.62 a

a

++

6
6
6
1
2
2

5
4
4

P<0.05, vs group D-GAL.

Table 4 The effects of DGal and rTNFα with rIL-1, rIL-6, rIFNγ
separately on TBIL and hepatic cell of mice

AST(IU/L)

rTNFα

Number 4

Histological changes
Group

Control
D+rTNFα
D+rTNFα+rIL-1
D+rTNFα+rIL-6
D+rTNFα+rIFNγ

n

6
6
6
6
6

BIL(µmol/L)
(x±s) -or±

7.28±4.8 6
46.19±10.6
66.27±18.7a
69.28+18.9 a
36.75±14.5

+

++

2

4

2

+++

++++

3
2

3a
4a

4

F = 08 between groups, P>0.05.
a

The effect of rTNFα with rIL-1 or rIL-6 or rIFNγ on
normal mice

rTNF α with rIL-1, or rIL-6, or rIFN γ were
injected into the abdominal cavity of normal mice.
The changes of their liver function are shown in
Table 2. There was no difference in TBIL and ALT
among the groups, and no difference in liver
histology compared with normal control. So, it is
obvious that rTNFα with rIL-1 or rIL-6 or rIFNγ
had no effect on liver function and liver histology of
normal mice.

P<0.05, vs group of D+rTNFα.

DGal and rTNFα with rIL-1, or rIL-6 or rIFNγ
were injected into the abdominal cavity of mice.
The results of liver function and hepatic histology
are shown in Table 4. The degree of hepatic
necrosis was more severe and the level of TBIL
was higher in group D+T+1 and group D+T+6 than
in group D+T. There was no significant difference
between group D+T+IFNγ and group D+T. It is
suggested that D+T can raise the level of TBIL and
the degree of hepatic necrosis. And adding, rIL-1

YU Yan-Yan et al. Cytokines in liver

and rIL-6 can increase the level of TBIL and ALT and
enhance the degree of liver necrosis, but no difference
with rIFNγ.
DISCUSSION

Our experimental results showed that various
cytokines, such as TNFα, IL-1, IL-6 and rIFNγ
alone or together have no effect on liver. But
TNFα, rIL-6 and rIFNγ can enhance the degree
of liver lesions caused by D-Gal and rIL-1 and
rIL-6 can aggravate liver necrosis caused by
TNFα.
Lipopolysaccharide (LPS) is a very strong inducer
of many cytokines. It can induce IL-1, IL-6,TNFα and
IFNγ and so on,[8,9] e.g., hepatitis B can induce TNFα in
hepatocytes[10]. Besides increased TNFα in patients
with viral hepatitis, the level of many other cytokines
was elevated, for example IL-1, IL-6 and IFNγ. The
effect of any cytokine could be affected by other
cytokines. IFNγ can induce the production of TNFα
[11]
, which produced cytokines including IL-1 and IL6. So, not only TNFα, but many other cytokines affect
the liver function when infections appear. Our results
demonstrated the role of multiple cytokines in hepatic
necrosis. There might be many routes for multiple cytokines
to worsen the hepatic damage in hepatitis. One of the routes
is local Shwartzman reaction. TNFα and LPS can induce
Shwartzman as either sensitizing agent or stimulating agent
[12]
. TNFα together with IL-1, IL-6 can aggravate hepatic
necrosis and bleeding. They can spoil the cell membrane
by inducing indirectly serine protease and by activating
phosphatase A2[13]. Cytokines could not induce hepatic
lesions in mice with normal liver function. The susceptibility
to cytokines was increased after injection of D-GAL. DGAL, actimycin D and mitomycin C are hepatocytespecific inhibitors of RNA synthesis. The toxic
effect of cytokine can increase dramatically when
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cytokines injected with DGAL[14]. The catabolism and
anabolism of protein in hepatocytes are affected in
hepatopathy and the toxic effect of cytokine can reveal
in hepatitis.
It can be supposed that viral infection and
bacteriotoxemia in patients with hepatitis can induce a
large amount of cytokines and aggravate liver necrosis
through their interaction, resulting in severe hepatitis. To
study the effect of multicytokines in patients with hepatitis
is of great importance to understand the mechanism of
hepatic necrosis and to search for effective means for
prevention and treatment of liver necrosis.
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Abstract
AIM To study the phase cancer tissue intercellular
adhesion molecule-1 (ICAM-1) expression of
human cancer metastasis model in nude mice,
and to analyze the relationship between ICAM-1
expression and the metastasis and recurrence
of hepatocellular cancinoma (HCC).
METHODS HCC tissues from liver cancer
metastasis model in nude mice (LCI-D20) was
orthotopically implanted, and ICAM-1 expression in
HCC tissues at different growing time were detected
by immunodot blot. Tumor size, intrahepatic and
extrahepatic metastasis foci were observed by
naked eyes and under light microscope.
RESULTS ICAM-1 was positively correlated to the
tumor growing time (r = 0.88, P<0.01) and tumor
size r = 0.5, P<0.05). It was higher in metastatic
HCC than in nonmetastatic HCC (8.24±0.95 vs
3.03±0.51, P<0.01). ICAM-1 content in cancer tissues
increased suddenly after metastasis occurred and then
maintained in a high level. ICAM-1 was also higher in
multimetastasis group than in monometastasis group
(10.05±1.17 vs 5.48±0.49, P<0.05).
CONCLUSION Tissue ICAM-1 could predict not
only the metastasis of human liver cancer
metastasis model in nude mice early and
sensitively, but also the metastasis degree. So
tissue ICAM-1 may be a potential index indicating
the status of metastasis of HCC patients.

INTRODUCTION

Alt h o u g h m a n y m e t h o d s h a d b e e n u s e d t o
prohibit posthepatectomic metastasis of liver
cancer in clinic, but the 5-year postoperative
metastasis rate was still up to 61.9% in general,
and 45.3% in small HCC [1] . Metastasis and
recurrence have become the main obstacle in
HCC patients to gain better outcome and longer
survival. Up to now we can not diagnose or
predict it before the formation of metastasis
node. In the pervious studies, we found ICAM1 was related to liver cancer and its metastasis,
and tissue and serum ICAM-1 could predict the
status of HCC metastasis [2,3] . It was unclear
whether the ICAM-1 could reflect the HCC
metastasis early and sensitively, and how
ICAM-1 changed during the HCC growing
time. So in this experiment, we observed the
phase tissue ICAM-1 expression of human liver
cancer high metastasis model in nude mice
(LCI-D20) at different time period from tumor
implantation to metastasis and telophase.
MATERIALS AND METHODS
Reagents

Monoclonal antibody of ICAM-1 (1g/L) was
purchased fromR & D Company, Britain. AKPrabbit-anti-mouse IgG was from Sino-Amercan
Company, China. NC membrane, NBT and BCIP
were bought from Sigma Company.
Mice
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BALB/cA male nude mice (Shanghai Institute of
Materia Medica, Chinese Academy of Sciences,
China) aged 4 to 6 weeks and the nude mice model
of human hepatocellular carcinoma with high
metastatic potential (LCI-D20) [4], which were
established in our institute in 1996, were used in
this study.
Animal model

Tumor block of LCI-D20 nude mice human liver
cancer metastasis model was implanted into the left
lobe of the nude mouse liver according to the routine
procedure in our laboratories. Briefly, a left upper
abdominal transverse incision was made under
anaesthesia; the left lobe of the liver was exposed
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and a part of the liver surface were mechanically
injured with scissors. Then, a tumor block of 0.
2cm×0.2cm×0.2cm was fixed within the liver
tissue. After operation, mice were kept in laminarflow cabinets under specific-pathogen-free
conditions.
Mice were killed at day 7, 10, 13, 16, 19, 21, 25,
32 and 35 postimplantation, and tumor size,
intrahepatic, lung, intra-abdominal metastasis nodes
were found. The tumors were resected and frozen,
and then stored at -70 for further use. The residual
liver and lung were also resected and processed for
routine gross and finding metastasis node under
microscope.
Immuno-dot blot

Three hundredmg tissue was homogenized in
1.5ml suspending buffer (0.1mol/L NaCl,0.
01mol/L Tris.Cl, pH 7.6, 0.001mol/L EDTA pH
8.9, 1% Txiton-X100), the protein
concentration was determined by Hartree
method [5]. Thirty µl supernatant or 50 µl serum
was applied onto the nitrocellulose membrane
in a dot blot format, and physiological saline
was used as control. After non-specific
blocking with 5% lipid-free milk, the blots were
incubated with ICAM-1 antibody (1:500) at
room temperature for 2 h, followed by
incubation with AKP-conjugated rabbit-antimouse-IgG (1:200) for 2 h at room
temperature, then stained with NBT/BCIP (2:
1v/v). The integrated optical density (IOD) of
each blot was measured by MIAS-300
automatic image analyzer. Tissue ICAM-1 =
[sample IOD-background IOD] ×sample area/
µg protein concentration/1 000.
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Tissue ICAM-1 at different tumor growing time
(Table 1)
Table 1 Tissue ICAM-1 expression at different tumor growing
time
Tumor growing time (day) Cases
10
13
16
19
22
32
36

1
1
3
3
3
4
2

ICAM-1 (x±s)
2.71±0.00
2.78±0.00
2.53±0.53
5.30±0.81
7.77±1.21
8.69±2.01
6.57±1.95

Tissue ICAM-1 was highly correlated to tumor
growing time, the correlation coefficient(γ) was 0.
88(P<0.01). The time course of tissue ICAM-1
indicated that there was a plateau stage at day 10,
13 and 16 after implantation, then suddenly reached
a higher level at day 19, meanwhile the metastatic
node were discovered in lung and iliac fossa
lymphnode. At this time ICAM-1 expression was
nearly two times higher than that before day 19.
Thereafter ICAM-1 expression in HCC continued
and maintained in a high level until day 36. It became
lower at day 36, probably because at this terminal
HCC some necroses occurred inside the tumor. It
was suggested that tissue ICAM-1 expression could
act as an indicator of liver cancer metastasis in LCID20 model.
Tissue ICAM-1 expression and tumor size

Data analysis

Student’s t test and linear correlation analysis were used
statistically.
RESULTS

At the 7 th day postimplantation, tumors were
too small, only 0.2-0.3 in diameter, to take
sample for ICAM-1 detection. At the 10th and
13 th day, tumor in only one mouse was big
enough for ICAM-1 detection. No metastasis
node was found before the 19 th day. At the
19 th day, metastasis nodes were found in 2
of the 3 killed mice, 1 with metastasis node in
lung under optical microscope, 1 mouse with
visible metastasis node in iliac fossa
lymphnode. Later, metastasis nodes increased,
which could be found in liver, lung, iliac fossa,
inferior kidney, pelvic cavity, lymphnode of
mesentery, para-aorta retroperitoneum, and at last
bloody ascites.

Figure 1 ICAM-1 content in liver cancer tissue of different tumor sizes.

According to Figure 1, ICAM-1 increased as the
tumor were growing larger. Statistical analysis
revealed that ICAM-1 content in tissue was
correlated to tumor size (γ = 0.5, P<0.05). This
suggested that tissue ICAM-1 could reflect the
growing status of liver cancer.
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Tissue ICAM-1 and tumor metastasis

Tissue ICAM-1 was significantly different between
before metastasis (3.03±0.51) and after metastasis
(8.24±0.95, P<0.01), and between monosite
metastasis (5.48±0.49) and multisite metastasis (10.
05±1.17, P<0.05). These data indicated that ICAM1 might reflect not only the status but also the degree
of the metastasis of LDI-20D liver cancer metastasis
model.
DISCUSSION

The process of tumor metastasis is very complex,
including the tumor cell dissociating from the primary
locus, invading across the surrounding tissue, entering
and extravasation from the circulation, and growing in
distant organs[6]. Tumor angiogenesis, matrix degradation,
cell adhesive molecule, oncogene, signal transduction,
factors like IGF, ect are involved in this procedure[7].
Intercellular adhesion molecule-1 (ICAM-1), so called
CD54, is a member of the immunoglobulin superfamily
of adhesive molecule. It was found that ICAM related
to cancer and cancer metastasis. Serum SICAM-1
(soluble ICAM-1) in patients with advanced stage (IIIV) or recurrent cervical uterine cancer increased
significantly[8].
SICAM-1 was also related to lesion thickness,
staging, recurrence probability of melonoma[9]. In lung
cancer patients, SICAM-1 showed a significantly positive
correlation with primary tumor size, and the overall
survival of patients with low serum ICAM-1
concentration tend to be longer than that of patients with
high serum ICAM-1 concentration[10]. Renal cancer
recurrence was related to ICAM-1 expression in cancer
tissues, patients with <50% of ICAM-1 positive cell
in cancer tissues showed improved disease-free
survival after a median follow-up duration of 60 months
[11]
. But no study has been found on if serum or tissue
ICAM-1 could indicate the early cancer metastasis
and recurrence sensitively up to date according to
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our knowledge, neither the articles about phase change
of ICAM-1 during tumor formation to tumor metastasis
and terminal stage.
In this experiment, we analyzed the tissue ICAM1 expression of LCI-D20 liver cancer metastasis model
of different time after implantation, and found that tissue
ICAM-1 expression was positively correlated to tumor
size and tumor growing time. It is interesting that ICAM1 content increased suddenly. It was also higher in HCC
with multimetastasis nodes than in HCC with
monometastasis node.
With this point of view, we conclude that tissue
ICAM-1 could reflect both the metastasis of LCI-D20
human liver cancer metastasis model sensitively and the
degree of metastasis early. ICAM-1 might be an index
indicating the status of liver cancer metastasis clinically.
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Reversing effect of Tanshinone on malignant
phenotypes of human hepatocarcinoma cell line
YUAN Shu-Lan, HUANG Ren-Min, WANG Xiu-Jie, SONG Yi and HUANG Guang-Qi
Subject headings tanshinone; liver neoplasms;
carcinoma, hepatocellular; tumor cell, cultured; cell line;
immunohistochemistry; proliferation cell nuclear antigen;
flow cytometry

Abstract
AIM To study the reversing effect of Chinese
drug tanshinone on malignant phenotype of cancer
cells.
METHODS Human hepatocarcinoma cell line
(SMMC-7721) was treated in vitro with 0.5 mg/L
tanshinone for 4 days, and variation in cell
differentiation wasdetected.
RESULTS The morphology of cancer cells was
tended toward well differentiation and cell growth
was markedly inhibited. BrdU uptake assay and
immunohistochemical stain of PCNA showed that
the BrdU labeling rate and PCNA positive rate
were lower than the controls, but no difference
was found statistically as compared with all
transretinoic acid. Flow cytometric assay
demonstrated that S phase cells decreased and
G0/G1 phase cells increased. Expression of cmyc oncogene protein decreased but the c-fos
oncogene protein markedly increased.
CONCLUSION Tanshinone could reverse the
inducing differentiation in human hepatocarcinoma
cells (SMMC-7721). It may become a new
prospective inducer of cell differentiation to treat
cancers.

INTRODUCTION

Study on reversion of cancer cells is an important field
of tumor molecular biology at present. The application
of all transretinoic acids to treating leukemia is a
successful example of differentiation inducing therapy.
But attention was also been paid to screening highly
effective and low toxicant inducer of differentiation
to treat the solid tumors. Tanshinone is an alcohol
extract from the root of the traditional Chinese herbal
medicine -Salvia Miltiorrhiza Bunge. Previous studies
in vitro have shown that tanshinone possessed
cytotoxic effect on cancer cells and induced
differentiation of cervical carcinoma cells[1,2]. Zhang
ZW, et al. reported that all transretinoic acid can
reverse malignant phenotypes of human
hepatocarcinoma cells, and promote carcinoma cells
to differentiate toward normal cells [3]. We used
transretinoic acids as positive control to study the
reversing effect of tanshinone on malignant phenotypes
of human hepatocarcinoma cells in cellular
morphology, cellular properties of growth and
proliferation, cell cycle and expression of oncogene.
MATERIALS AND METHODS
Cell and culture

Human hepatocarcinoma cell line (SMMC-7721) was
derived from Shanghai Institute of Cancer Research
[4]
. Cells were cultured in RPMR1640 medium that
contained 15% inactivated bovine serum and 100 mg/
L ampicillin, 100 mg/L streptomycin at 37 in a 5%
CO2 incubator.
Drugs and treatment
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Tanshinone II A (Tan) was provided by the Chinese
Institute for Drug and Biological Assay (pure product).
It was dissolved in DMSO (final concentration is 0.22%
V/V). The solution was filtered through a 0.22 µm
microporefilter, then stored at 4 for use. SMMC-7721
cells were seeded, and treated with 0.5 mg/L Tan or 0.5
mg/L ATRA. The control cells were added equal amount
of DMSO for negative control experiment. The cells
were treated with drugs or DMSO for 4 days
continuouslly. The usage of all transretinoic acid (ATRA,
Sigma’s product) was equal to tanshione.
Reagents

5-Bro-mo-2’-deoxyuridine labeling and detection kit II
is a product of Boehringer Mannheim Company,
Germany. Anti-proliferation cell nuclear antigen
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(PCNA) monoclonal antibody PC10, c-myc and c-fos
monoclonal antibody were purchased from Denmark
Dake Company and S-P kit from American Maxim
Company.
Cellular morphological observation

The treated cells were observed under inverse and
light microscopy after HE stain. On the other hand,
the cells were made into ultra-slice by routine
method, and observed under transmission electron
microscopy.
Cellular growth measurement

The cells treated with drugs and control cells were
harvested by trypsinization and the total number of
cells was counted by trypan blue exclusion daily for
4 days.
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control group, the cells arranged in aggregation, the
cellular shape was polygon or spindle, with different
volumes, more tumor giant cells, large karyon and more
nucleus. The karyon/cytoplasm ratio rose, with few
organelle. In Tan or ATRA group, the cellular
arrangement was scattered, the cells became thin and
long, the cellular volume became accordant, with less
tumor giant-cells (Figure 1). The karyon became small
and the nucleus became scarce. The karyon/
cytoplasm ratio fell,the well-differentiated organelle
such as microfilament and Golgi complex occurred.
Morphology of the cells tended towards welldifferentiation as compared with the control cells
(Figure 2).

BrdU labeling rate measurement

BrdU labeling The cells treated with drugs for 4 days
were continuously cultured with BrdU labelling culture
liquid (final concentration of 10 µmol/L) for 30 min,
centrifuged and washed with PBS, added 5% albumin
PBS to make the cell smears. The diluted 1:10 BrdU
monoclonal antibody (mouse IgG1) on the smears was
added with 1:10 anti-mouse-IgAP, and developing dye
(NBT, X-phosphate).
Result observation The distracts of more positive cells
were chosen under low power light microscopy. The
positive cells of 2000 cells were counted under oil
immersion lens. The labeling rate and positive rate were
calculated.
Immunohistochemical detection

LSAB method was used for immunohistochemical
staining of PCNA according to SP-kit instruction. PC10
was diluted 1:200. Human tonsil tissues served as positive
control and PBS substituted PC10 for negative control.
Observation of result is similar to above.
Flow cytometry measurement

The sample preparation and measurement followed
the method described in reference[5]. The cells were
harvested, counted and fixed. The cell concentration
was adjusted to 105/ml. According to the routine
method, using FACS-420 FCM, cell frequency
distribution of each phase in cell cycle was measured,
and by combined with immunohistochemical method,
cell c-myc, c-fos gene and their protein expression
were detected. The results were shown with scanning
figure and date.
RESULTS
Effect of Tan and ATRA on morphology of SMMC7721 cells

Light and electron microscopy observation. In

Figure 1 Tan group, morphology of SMMC-7721 cells under light
microscopy. HE×100
Figure 2 Tan group, morphology of SMMC-7721 cells under
transmission electron microscopy. ×12 000

Effect of Tan and ATRA on growth curve of SMMC7721 cells

Cellular growth was measured by growth curve.
The cells treated with Tan and ATRA were
markedly inhibited in logarithmic growth phase
(2-4 days after treatmentwith drugs). On day 4 after
treatment with drugs, the inhibition rates of growth
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were 58.1% and 52.2%. No cells died by trypan blue
exclusion.
Effect of Tan and ATRA on proliferation of SMMC7721 cells

The BrdU labeling rate and PCNA positive rate of the
Tan and ATRA group were lower than those of control
group (Table 1), and there was significant difference
statistically (P<0.01). But, there was no significant
difference between PCNA positive rate of Tan group
and ATRA group (P>0.05).
Table 1 Effect of Tan on BrdU labeling rate and PCNA positive
rate of SMMC-7721 cells
Groups

BrdU labeling
rate (%)

Control
Tan
ATRA

28.0
8.9
13.6

P

<0.01
<0.01
<0.01

PCNA positive
rate (%)
74.3
57.0

P

<0.01
<0.01
>0.05

47.6

*Tan compared with ATRA group by χ2 test.

Effect of Tan and ATRA on cell cycle and gene
expression of SMMC-7721 cells

The results are shown in Table 2. Tan or ATRA increased
the number of cells in G0/G1 phase, but decreased the
number of cells in S phase. Tan markedly inhibited the
expression of cellular c-myc oncogene protein, but
enhanced the expression of cellular c-fos oncogene
protein, while ATRA inhibited the c-myc gene expression,
but did not enhance the c-fox gene expression.
Table 2 Effect of Tan on cell cycle and gene expression of
SMMC-7721 cells
Distribution
of cell cycle (%)
Groups

Labeling rate of
gene expression (%)

G0/G1

S

G2+M

c-myc

47.7
57.6b
59.5 b

16.2
8.9b
8.2b

36.1
33.5b
32.3b

23.8
14.6b
13.4b

Control
Tan
ATRA

c-fos
25.9
41.7b
28.5a

a

P<0.05, vs control group; bP<0.01, vs control group.
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with 3H-thymidine uptake test. BrdU was a kind of
analogue of thymidine. It can incorporate the
multiplicating cells, and label the cells of S phase[6,
7]
. BrdU monoclonal-antibody-ligase was used as an
indicator. This method can measure the cells
including BrdU, get the number of multiplicating cells
of S phase, and show the cellular DNA synthesis
ability. PCNA was an auxiliary protein of DNA
polymerase , directly participate in DNA
duplication in the course of cellular multiplication.
Its expression or content represents the multiplication
activity of cells. Measured positive cells are the cells
of late G1 phase or early S phase[8]. We found that
BrdU labeling rate and PCNA positive rate of
SMMC-7721 treated with Tan or ATRA markedly
decreased. This showed that the cellular number of
S phase decreased. This result is consistent with
analysis of FCM (the cells were prevented in the
G0/G 1 phase of cell cycle). Previous studies have
showed that the expression of c-myc or c-fos
oncogene was closely related to cellular multiplication
and differentiation. The amplification and overexpression of c-myc gene were associated with
malignancy and tumorigenicity of cells, but its lowexpression was related to cellular morphologic
changes and differentiation [9]. The result of FCM
showed that via the inhibition or enhancement of
expression of cellular gene, Tan and ATRA inhibited
the ability of DNA polymerase and PCNA protein
expression, inhibited the cells to enter S phase and
DNA synthesis, thus inhibiting the cellular growth,
multiplication, and promoted cellular differentiation.
Tanshinone, acting as an effective component of
a traditional Chinese medicine to induce cellular
differentiation, has many advantages. It has low
toxicity and side effects, can induce tumor cells to
differentiate, at the same time, exerting other
pharmacological effect. So tanshinone is considered
to be a new prospective, high effective and low
toxicant inducer of differentiation for clinical
application.
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HBx-DNA probe preparation and its application in
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Abstract
AIM To study the role of HBV especially HBx
Open Reading Frame (ORF) in the development
of hepatocellular carcinoma (HCC).
METHODS HBV 3.2 kb fragment was retrieved
by digesting recombinant plasmid pBR322-2HBV
with EcoR I, and HBx 0.59 kb fragments by
digesting HBV-DNA with BamH I and Bgl II. These
fragments were labelled with digoxigenin to get
HBV-DNA and HBx-DNA probes. HBV-DNA was
detected in HCC by dot blot and Southern blot
hybridization with HBV-DNA probe, so the positive
specimens in which HBV-DNA were integrated were
selected. HBx-DNA was subsequently detected in
the selected specimens with HBx-DNA probe.
RESULTS HBV-DNA was detected in 75% HCC,
among which integrated type, integrated + free
type covered 63.6% and 36.4%. There was no
free type. HBx-DNA was detected in 90.5%
specimens of integrated type.
CONCLUSION Hepatocarcinogenesis was highly
related to HBV-DNA integration, and HBV-DNA
mainly integrated into chromosome with incomplete
virus DNA fragments among which HBx fragment
was the predominant one.

INTRODUCTION

HBx gene, which is the smallest one of the four open
reading frames (ORF) of HBV, has the
transactivation function and is closely related to
h e p a t o c a r c i n o g e n e s i s [1,2]. I n t h e s t u d y o f
hepatocellular carcinoma (HCC) formation, HBxDNA probe is needed to investigate HBx gene
integration and its mRNA transcription. We retrieved
HBx-DNA fragment by digesting HBV-DNA and
labeled it with digoxingenin. To study the HBx gene
function in hepatocarcinogenesis, HBV-DNA was
detected first in HCC by dot blot and Southern blot
hybridization, and the positive specimens in which
HBV-DNA were integrated were selected.
Subsequently, integrated HBx-DNA was detected
in the selected specimens with HBx-DNA probe.
This study may provide some fundamental data for
further research into hepatocarcinogenesis.
MATERIALS AND METHODS
Materials

Subjects HCC tissues were obtained at surgical
resection from Jinan Qianfeshan Hospital, which were
confirmed later by pathology, and stored at -20
immediately after surgical resection for use.
Reagents Recombinant plasmid pBR322-2HBV is
provided by Professor CB and DIG Hight Prime Labeling
and Detection Starter Kit is product of Boehringer
Mannheim Company, Germany. Restriction
Endonucleases EcoR I, BamH I, Bgl II, Proteinase K
are purchased from Huamei Company.
Methods
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HBV-DNA retrieval Isolation of recombinant
plasmid pBR 322 -2HBV and HBV-DNA retrieval
were carried out as described by CAO et al [3].
p B R 322- 2 H B V w a s t r a n s f o r m e d i n t o t h e
Escherichia coli strain HB 101. A 500 mL bacterial
culture was grown to OD600=1.0, chloramphenicol
was added to a final concentration of 170 mg/L,
and the culture was continued for another 4 hours.
The extracted pBR 322-2HBV was digested with
EcoR I, and electrophoresis was performed in 1.
2% agarose gel. HBV-DNA 0.59 kb fragment
(n1398-n1992) was retrieved according to the
standard method [4].
DIG DNA labeling HBV and HBx-DNA labeling

GAO Feng-Guang, et al. HBx-DNA probe preparation and its application

procedures were described before[3]. Template DNA
(1.0 µg) and sterile redist water were added to a reaction
vial. Denature the DNA and add DIG high prime and
incubate for 20 hours at 37 . Reaction was stopped by
addtion of EDTA. Quantification of labeling efficiency
was performed according to instructions of the
manufacturer.
DNA extraction Genomic DNA from the tumors were
isolated according to the standard methods[5].
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or free existing in plasma, HBV-DNA positive HCC
specimens can be divided into three types:
integrated type which has integrated HBV-DNA
only; free type which has free HBV-DNA in
plasma;and integrated + free type which has HBVDNA both in chromosome and in plasma. In this
study, the integrated type and integrated + free type
covered 63.6% and 36.4%. Free type was not found
(Figure 2).
HBx-DNA detection

HBV-DNA detection Denatured genomic DNA 5 µl,
DNA 10 ng, HBV-DNA 10 pg, and 1.0 pg were heated
in a boiling water bath for 5 min-10 min, and chilled quickly
in an ice/ethanol bath for 5 min. They were mixed with
20×SSC and tipped to nitrocellulose filters. The filters were
prehybridized for 8-12 hours, hybridized for 24-36 hours
at 42 , washed and subjected to immunodetection
according to the standard dot blot hybridization
procedures.

Confirmed with HBx-DNA probe by dot blot
hybridization, 19 (90.5%) of 21 cases of integrated
type HCC specimens, showed positive HBx-DNA
(Figure 3).

Southern blot hybridization Positive specimens
DNA which had been verified containing HBVDNA by dot blot hybridization was then digested
completely with specific restriction endonucleases,
electrophoresed in agarose gels, denatured, and
transferred to nitrocellulose filters. The filters
were performed with standard Southern blot
procedures.
HBx-DNA detection Selected positive specimens
which had integ rated HBV-DNA only were confirmed
by Southern blot hybridization and standard dot blot
hybridization substituting HBV-DNA probe with HBxDNA probe was performed.
RESULTS
HBx-DNA retrieval result

Retrieved HBx-DNA and marker pBR322/Hae III were
subjected to electrophoresis in 1.5% agarose gels. HBxDNA was 0.59 kb fragment and its concentration was
0.1g/L (Figure 1).
Probe sensitivity and specificity

Confirmed with homologous DNA by dot blot
hybridization, HBV-DNA probe and HBx-DNA probe
all had a high sensitivity of 1.0 pg, and had high specificity
confirmed with heterologous DNA.
HBV-DNA detection of HCC

Thirty-three cases (75%) were confirmed to be infected
by HBV previously with HBV-DNA probe by dot blot
hybridization, and 11 cases had no evidences of HBVDNA existence.
Southern blot hybridization

Based on HBV-DNA integration into chromosome

Figure 1 The electrophoresis result of HBx-DNA fragment. A:
HBx-DNA 0.59 kb, B: pBR322/Hae III.
Figure 2 The result of Southern blot hybridization of liver tissues of
HCC. A, C, D, E: integrated type B: both integrated and free type.
Figure 3 The detected result of HBx fragment of integrated type
HCC. 1D: HBV-DNA 1.0 pg, 1E: HBV-DNA 0.1 pg, 1F: DNA
10 ng, the others: specimens.
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DISCUSSION

Digoxigenin (DIG), a steroid hapten, is coupled to dUTP
via an alkali-labile ester-bond. For DNA labeling, DIG11-dUTP was labeled into HBx-DNA strands. DIGlabeled HBx-DNA probe was used for hybridization to
membrane blotted nucleic acids and the hybridized probe
was immunodetected with anti-digoxigenin-AP and then
was visualized with the colorimetric substrates NBT/
BCIP. HBx-DNA probe prepared by us can detect 1.
0 pg homologous DNA and had no reaction with
heterologous DNA which indicated a high sensitivity
and specificity. The labeling process need no expensive
equipment and without radioactive pollution. In this
study, the HBx gene integration of integrated type
HCC were detected using HBx-DNA probe, and HBxDNA probe was used to observe the transcription
ratio of integrated HBx-DNA. All these may provide
some fundamental data for further research of
hepatocarcinogenesis.
In our study, 75% HCC patients were found to be
infected with HBV previously. Of all HBV-DNA positive
HCC specimens, the integrated type and integrated +
free type covered 63.6% and 36.4%, which indicated
that HBV-DNA mainly integrated into cell
chromosomes. Robinson et al[6] drew the similar
conclusion. With PCR technique, Unsal H et al[7]
studied the HBx existence in 80 HCC cases from
Europe, Asia and Africa. The results showed that 78%
cases had HBx-DNA including 28 cases from China.
In this study, using intact HBV-DNA probe by Southern
blot hybridization, integrated type HCC was selected
first, and then integrated HBx-DNA was detected from
the selected specimens. Excluding the possibility of
pseudopositive results caused by free type HBVDNA existing in plasma, our study can reflect HBxDNA integration status exactly and efficiently. Of
the integrated type HCC, 90.5% showed HBx-DNA
integration, which suggest the important role of
HBX gene in the development of HCC. On the other
hand, the difference among HBV subgenic
integration percentage may indicate that HBV-DNA
integration was fragmental and always accompanied
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by virus DNA deletion.
It was reported that the integrated HBx gene can
be transcribed as temple and hence guided HBx protein
synthesis[8]. By now, more and more evidences have
demonstrated that HBx protein has a transactivation
function and integrated HBx-DNA or recombinated one
with flank chromosome sequences has even stronger
transactivation function than wild type one. Benn J et al
[9]
discovered that HBx protein deregulated checkpoint
controls and consequently promoted the G0/G1 and G2/
M shift of cell cycle by activating ras or other unknown
factors. Greenblatt MS et al[10] found that HBx protein
can interact with p53 and suppress normal function of
p53 protein. All these findings indicated that HBx function
and the interaction among HBx protein, oncogene and
tumor suppressor gene may play important roles in the
development of HCC associated with HBV infection.
Obviously, HBx mRNA transcription and its relationship
with oncogene activation and tumor suppressor gene
inactivation should be focused in further researches.
Acknowledgments: We would like to thank Professor
Liu CB for providing us the recombinant plasmid
pBR322-2HBV.
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Expression and kinetic changes of alkaline
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Abstract
AIM To explore the expression and changes of
hepatoma specific alkaline phospatase (ALP) in rats
during canceration.
METHODS The ALPs and isoenzymes of rat
livers and sera were investigated in SD hepatomas
induced with 0.05% 2-fluoenylacetamide (2-FAA).
RESULTS By pathological examination and
biochemical analysis. ALPs were overexpressed in
rat livers during canceration and then were secreted
into blood. Serum total ALP activities, liver ALP
specific activities (U/g) including soluble and
membrane-combined ALP activities of each group
were all significantly higher (P<0.01)than those of
control group. The average ratios of soluble ALP
to membrane-combined ALP were increased
significantly after 6 weeks. ALP isoenzymes of rat
sera and livers showed 5 bands on PAGE: ALP-I
and ALP-II were specific for normal liver and rat
hepatoma tissues, the ALP-II appeared in rat liver
after 6 weeks and in sera after 8 weeks.
CONCLUSIONS ALP with carcino-embryonic
protein was overexpressed in hepatoma tissues;
the abnormal ALP-II of ALP isoenzymes in sera
and liver of rats can be used as a tumor marker
for early diagnosis of rat hepatoma.

INTRODUCTION

Alkaline phospatase (ALP) (EC, 3.1. 3.1) may
separate several isoenzymes bands on
Polyacryamide Gel Electrophoresis (PAGE) and
Starch Gel Electrophoresis. The ALP-I of nearly
anode (also called hepatoma specific ALP) can
diagnose hepatoma with a specificity of 100%
clinically. It is the characteristic of hepatoma of
fibrolamellar type. ALP-I was not related to patient
age, sex and total ALP activities, being positive
when AFP was in low concentration, which has
drawn great attention in clinical practice [1-3]. But
the expression mechanism of the band is still unclear
in tumorigenesis. We used a chemical carcinogen,
2 Fluoenylamide (2-FAA), to feed Wistar rats so
as to examine the expression and kinetic changes
of ALP and isoenzymes during carcinogenesis of
rat hepatoma.
MATERIALS AND METHODS
Animal model

Forty-eight male Wistar rats weighing 140g-180g
were obtained from Shanghai Experimental
Animal Centre. The rats were divided into 8
groups at random. Each group had 6 animals. One
of these groups was randomly chosen as the
control group. Control group was fed with
ordinary fodder, and experimental groups were
fed with 0.05% 2-FAA. One group was killed
every two weeks respectively after feeding.
Peripheral blood was collected for biochemical
assay and a part of the liver was used for
histopathological examination.
Liver homogenate preparation
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Fresh rat liver was washed in 0.9% NaCl solution,
dried with filter and cut into pieces. Two parts (A
and B) of 1g wet tissue were weighed respectively.
Five ml homogenate solution (pH 8.6, 0.1mol/L TrisHCl buffer solution) was added to part A for purified
soluble ALP; and 5ml homogenate solution with 0.
5% Trito X-100 to part B for purified soluble and
membrane-combined ALP. They were then put in
ice bath, homogenate was produced on YQ 3
homogenizer at 12 000×g, stopped for 5 minutes
every 30 seconds and repeated for five times, then
centrifuged for 45 minutes at 15000×g, the
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Enzymes activity and isoenzyme analysis

The ALP activities (U/L) of rat livers and sera were
measured by the method of Disodium-phenylorthophosphase and the protein of liver homogenate
was analyzed by Lorry’s method, and homogenate
ALP’s ratio activities (U/g) were calculated. For
the sake of convenience in analysis, soluble and
membrane-combined ALP activities and their ratios
were also calculated. ALP isoenzymes of the livers
and sera were analysed with the improved Stage
Polyacryamide Gel Electrophoresis (4%, 7.8%, 11.
8%) and were named ALP I-V band in turn from
anode to cathode [4].
RESULTS
Histopathological findings

Table 1 s h o w s t h e r e s u l t s o f h i s t o l o g i c a l
examination of experimental rat livers with H.E.
staining. From the second week, precancerous
lesions occurred in all livers and from the fourth
week 1/3 of the livers presented with
precancerous lesions and 2/3 of the livers had
canceration and from the 6th to 12th week, all the
rat livers were found to have canceration. At the
precancerous stage of the experimental group,
most of the rat liver tissues demonstrated normal
tissue structure, a few of hyperplasic oval cells
and the tendency of nodule formation were seen.
The cancerous tissues indicated that the structure
of hepatic lobules was destroyed, and necrosis
spread all over the rat livers and a large number
of small oval cells and cancer nest lobules were
observed. In the experimental rats fed with 2-FAA
from the 6th to 12th week, all the rat livers were
seen to have canceration and the morphology of
hepatic cells showed highly differentiated
hepatocellular carcinoma.
Table 1 Results of histological examination of rat livers
Groups

n

Precancerosis

Canceration

Control group
2nd week
4nd week
6nd week
8nd week
10nd week
12nd week

6
6
6
6
6
6
6

0
6
2
0
0
0
0

0
0
4
6
6
6
6

Kinetic changes of rat serum and liver ALP

The kinetic changes of ALP activities in sera and
livers during canceration are shown in Table 2. A lot
of ALPs were expressed after 2-FAA was given,
ALP activity of the experimental group was much
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higher than that of control group after 2 weeks (P<0.01),
from the 4th to 10th week it kept rising, although
decreased a little to the twelfth week, it still remained at
a high level. The total ALPs, soluble and membranecombined ALP activities of liver homogenate in the
experimental groups were also higher than those of the
control group. The ratios between the soluble ALP and
membrane-combined ALP in each experimental group
were much higher than that of the control group.
Table 2 Kinetic changes of ALP of rat sera and livers
ALP of homogenate (U/g)
Groups

n Serum ALP
(U/L)

B
(Total ALP)

A
B-A
A/B-A
(Soluble) (Membrane
combined)

Control group

6

9.2±4.1

16.8±2.7

7.5±3.5

9.3±4.2

0.81

2nd week

6

22.0±6.3a

57.8±8.2a

24.9±7.2a

32.9±6.5a

0.76

25.7±13.9a 30.4±21.1a 0.85

4nd week

6

26.2±20.9a

56.2±31.7a

6nd week

6

25.0±8.0a

127.5±43.9a

8nd week

6

32.8±4.0a

73.1±11.8a

51.2±6.8a

21.9±6.5a

10nd week

6

33.3±3.1a

77.6±20.3a

52.1±7.1a

25.5±14.5a 2.04a

12nd week

6

27.0±2.9a

60.5±4.1a

38.0±6.9a

22.5±6.6a

a

72.1±32.4a 55.4±22.9a 1.30a
2.34a
1.69a

P<0.01 compared with control group.

Changes of ALP isoenzymes of sera and livers

The electrophoresis analysis of ALP isoenzymes of
livers and sera during canceration is shown in Table 3.
ALP isoenzymes showed 5 bands on PAGE, band V
still stayed where samole was added, band IV was
situated at the boundary of condensation gel and
separate gel, in band I electrophoresis speed was the
fastest, it was a bit nearer to anode than band II.
Electrophoresis results are as follows: band I was not
found in rat sera but found in liver homogenates of the
control group and the experimental group in the 2nd
and the 4th week, but in the 4th week only one sample
of the experimental group was detected. Band II was
seen in liver homogenates from the 6th week and in
the sera from the 8th week, six samples were found to
have deeply stained band II in the sera and the liver
homogenates in the 10th and the 12th week, and bands
III, IV and V all could be detected from the sera and
the liver homogenates of both the control and the
experimental groups, and the isoenzyme results were
the same.
Table 3 Changes of ALP’s isoenzymes
Serum (liver tissues) ALP isoenzyme
Groups

n

Control group
2nd week
4th week
6th week
8th week
10th week
12th week

6
6
6
6
6
6
6

I

II

III

IV

V

0(6)
0(6)
0(1)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
0(4)
4(6)
6(6)
6(6)

6(6)
6(6)
6(6)
6(6)
6(6)
6(6)
6(6)

6(6)
6(6)
6(6)
6(6)
6(6)
6(6)
6(6)

6(6)
6(6)
6(6)
6(6)
6(6)
6(6)
6(6)
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DISCUSSION

Various hepatoma-related proteins, polypeptides and
isoenzymes can be synthesized and secreted, such as
AFP, GGT-II, etc. in hepatoma tissues. When the genes
which control ALP synthesis is expressed abnormally, it
will produce and secrete a few- tumor-associated ALP
such as ALP-I, Nagao, Regan, Kasahara, Warnock
isoenzymes, etc. There is no ALP-I in healthy persons
or patients with non-malignant hepatopathy, its specificity
in diagnosis of hepatoma is 100%, but the sensitivity is
low, probably due to the detection method. Its positive
rate in diagnosis of hepatoma is 18% in Europe and
Amercan, 31% in Japan and about 10%[4,6] in China. To
understand the expression and mechanism of hepatoma
ALP, the expression of ALP and abnormal changes of
isoenzyme were observed during carcinogenesis of rat
hepatoma induced with 2-FAA.
In the early stage of the rat liver carcinogenesis
induced by chemical carcinogens, oval cells were
observed in the histopathological examination and nondifferentiation was revealed in morphology. This may
be relevant to the cytotoxic effects of liver cells in
resisting carcinogen, and in the meantime, the ALP
activities of liver tissues and sera of the experimental
groups were obviously higher than the normal control
group (P<0.01), indicating that the oval cells can express
ALP and secrete into blood. ALP activities increased
continuously and the highest in the experimental groups,
and the livers of the exprimental groups in the 6th week
were seen to have canceration. In the following weeks,
the liver tissues still synthesized a lot of ALP, but the
activities became a bit lower than that in the 6th week,
however, they still remained at a high level.
Tissue ALP has two types: soluble type and
membrane-combined type. Soluble ALP could be
purified only with homogenate solution without surface
activity agent, if added surface activity agents (such
as Triton X-100, deoxycholic acid, etc), membranecombined ALP could be isolated, which constituted
tissue total ALP with soluble ALP. Their average
ratios (Table 2) reflected the tendency of simultaneous
increase in the early stage of carcinogenesis (the 2nd
and the 4th week). But it was proved by histology
that liver tissues which began to have canceration from
the 6th week synthesized a large quantity of soluble
ALP. The ratios of the soluble and the membranecombined ALP were obviously higher, probably due
to the destroyed structure of hepatic lobules in the
later stage of canceration and the large quantity of
secretion of the enzyme to the blood after necrosis of
liver cells.
According to the family system theory of ALP
isoenzyme, hepato-type ALP is controled by tissue
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non-specific genes. Cancer induced by chemical
carcinogens is a course with multiple stages, the primary
reason for this is that the carcinogens induce the
activation of the original-cancer genes and/or the
inactivation of repressive-cancer genes. It can make the
genes controlling ALP synthesis express abnormally,
producing ALP which can be shown on electrophoresis
[7,8]
. ALP of rat liver is different from that of human
liver. Only 5 bands were shown on electrophoresis:
normal rat liver is bands I, III, IV and V, and the latter 3
bands in the serum. In the early stage of carcinogenesis,
ALP-I of liver tissue began to disappear, in the 6th week
band ALP-II appeared; in the 8th week ALP-II appeared
in sera, after that, it appeared with liver tissues
simultaneously. In the whole process of carcinogenesis,
bands III, IV and V had no obvious changes except for
increased enzyme activities. ALP-II produced hepatoma,
and secreted to blood, then formed soluble ALP, which
was only found in the liver tissue in early stage of
carcinogenesis and detected in sera in late stage of
carcinogenesis. From these, we can infer that clinicaly,
liver biopsy during the early stage of canceration or in
the sera of hepatoma produced may detect hepatomaspecific isoenzymes.
It suggested that the rat hepatoma tissues can
express abnormal ALP isoenzyme bands in the animal
model, and all of them were positive in the late stage of
carcinogenesis. It still remains unknown whether ALPII is synthesized by hepatoma tissues or degradation of
ALP-I in normal liver tissues. Clinically although the
specificity of hepatoma diagnosis is high, the positive
rate of the appearance of ALP-I in human sera is not so
desirable at present[4], and much lower than the results
of animal model, and the number of bands does not
coincide with human being either. It is suggested that
ALP varied among different races. In addition, the cause
of human hepatoma is associated with many factors.
ALP-I could become a valuable marker for diagnosis of
hepatoma if the sensitivity of the detection method is
improved.
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Orientated thermotherapy of ferromagnetic
thermoseed in hepatic tumors
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Abstract
AIM To study the thermotherapeutic effects of
implanted ferromagnetic thermoseeds in high
frequency electromagnetic field in hepatic tumors.
METHODS The ferromagnetic thermoseeds
made of nickel-copper alloy, which has a lower
Curie temperature, were implanted into hepatic
tumors of mice. The high frequency electromagnetic
field was then applied in vitro to make the
ferromagnetic thermoseeds produce the
hyperthermia. Before and after thermotherapy,
the tumor size, pathologic alteration and animal
survival period were assessed.
RESULTS The temperature at the central area
of the tumor could be heated up to 50 . Most of
tumors in mice disappeared with a large amount
of tumor necrosis. The survival period of mice
was prolonged.
CONCLUSION This thermotherapy is beneficial
to directional selection and temperature control for
treatment of hepatic tumors.
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INTRODUCTION

The problem of selected hyperthermia for tumors has
not been well solved so far. In this paper the
orientated heating technique of implanted
ferromagnetic thermoseed induced by high frequency
electromagnetic field was evaluated in mice hepatic
tumors.
MATERIALS AND METHODS

Thirty-eight female Kunming mice (provided by
Xuzhou Medical College) weighing 18 to 22 g were
used. Hepatic tumor models were made by
subcutaneous inoculation of H 22 cells (provided by
Shanghai Institute of Materia Medica, Academia
Sinica) to the back of the mice. Tumors were
allowed to grow for 1 week. When the tumors were
measured to be as large as 10 mm in diameter in 1
week, the animals were used for experiment. Part
of them were used to observe the temperature
change during the heating of tumors and the
histopathological changes after the tumors were
heated. The others were divided at random into four
groups to observe the growth of tumors and the
survival period of the animals.
Untreated control group (G1). Tumor-bearing
animals received no treatment.
Thermoseed group (G2). The tumors of the mice
were implanted with two ferromagnetic thermoseeds
which were 1cm in length in parallel.
Electromagnetic group (G3). Tumor-bearing animals
were exposed to high frequency electromagnetic field
for 60 minutes.
Heat-treated group (G4). G4=G2+G3, tumor-bearing
animals were kept in a position in which the thermoseed
axes must be aligned with the direction of the magnetic
field.
High frequency electromagnetic field was produced
by the induction coil of our “heating apparatus”.
Megnetic field strength at the center of the coil was
5 mT and the frequency was 200 kHz. Water was
supplied for cooling the coil during the induced
heating.
Ferromagnetic thermoseed (provided by Beijing
Science and Technology University) 1 mm in
diameter was made of nickel-copper alloy. Induced
heating of the seed by eddy current would generate
when the seed was exposed to electromagnetic
field. Then the seed of this alloy had its Curie point
at 60 . When the seed was heated up to the Curie
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point in the magnetic field, the seed would lose its
ferromagnetic properties, thereby providing an automatic
temperature regulative effect.
A laboratory-built thermometer was used to measure
the temperature during hyperthermia. The sensor of the
thermometer was made of thermocouple with the error
of +/- 0.5 . And the sensor was shaped in needle,
therefore it could be inserted into tissue directly for
measuring the temperature.
The diameter of the tumors was measured 2dimensionally using a sliding caliper. The average size
of a tumor was expressed by the product of maximum
diameter and minimum diameter. The statistical
differences were assessed using Student’s t test.
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of 5 weeks, the tumor size of G1-G4 was 9.74cm2±4.
72cm 2 (n = 8), 10.71cm2±5.16cm 2 (n = 8), 8.
51cm 2±3.42cm2 (n = 8) and 0.15 cm 2±0.17cm2 (n
= 7). The difference was significant in tumor size
between heat-treated groups and the control
groups (P<0.01). The survival time in 4 groups is
shown in Table 2. All of the animals in the 3 control
groups died within 10 weeks. While the survival
time of the heat-treated animals was markedly
prolonged as compared with the control (P<0.01).
Five of seven animals of the heat-treated group
were still alive at the end of experiment with no
evidence of tumors.

RESULTS

Thermoseed-induced heating at the centre of
tumors occurred rapidly after the magnetic field
was applied. To heat the tumor up to 42 , the
effective therapeutic temperature in tumor
hyperthermia, only 5min was needed. The
maximum temperature to 50 was recorded in
30 min and was stabilized in subsequently
continous heating. The temperature of the
boundary between tumor and normal tissues
increased less rapidly and maintained at 39
(Table 1).
Table 1 Temperature changes at the centre and boundary of
the tumors (x±s, )
Heating time (min) Centre of tumor
5
10
20
30
40
50

42.93±1.10
46.90±1.14
47.38±1.52
50.02±2.46
49.67±2.68
49.74±3.12

Boundary of tumor
34.91±0.81
35.41±1.00
35.94±1.03
38.13±1.42
38.92±2.33
39.22±2.94

Coagulation necrosis occurred in the tumors after
thermal injury. Tumor tissues for the light microscopic
examination were prepared in 1 week after the
induced heating was performed. The sections
showed that there were extensive necrosis and
infiltration of inflammatory cells appeared in the
peripheral region.
In all groups of animals, there was no significant
difference in tumor size before thermotherapy. In
the heat-treated group (G 4 , n = 7) the tumor
began to decrease in size in 2 weeks after the
induced heating and disappeared in 5 of 7 animals
5 weeks later. And the tumor growth in the
remaining two animals was significantly delayed.
Meanwhile, the tumor in the other 3 groups (G 2,
G3, G4) grew progressively (Figure 1). By the time

Figure 1 Changes of H22 tumor growth after thermotherapy.
--------Untreated control group(G1)
---- ----Thermoseed groups (G 2)
--------Electromagnetic group (G3)

Heat-treated group (G4)

Table 2 Survival period of mice after thermotherapy (x±s)
Groups

n

Survival time (d)

Untreated control group
Thermoseed group
Electromagnete group
Heat-treated group

8
8
8
7

50.1±12.2
38.6±8.8
46.0±12.1
123.1±45.9 a

a

P<0.01 vs untreated control group.

DISCUSSION

Traditional hyperthermia methods are limited in the
treatment of hepatic tumors. Many problems, such
as over-heating of surface tissue and reflection from
tissue-air interface, are often encountered with
external microwave or ultrasound heating
techniques. Interstitial technique, on the other hand,
produces heat by means of directly implanting
devices into the target area. Although invasive,
interstitial source usually can localize heating in a
tumor and minimize thermal damage to the
surrounding normal tissues. Implanted electrodes
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and microwave antennas are used most frequently in
interstitial techniques. However, the need for connecting
the implanted devices to a power source and the invasive
temperature monitoring limit the practice of these
methods.
In recent years, thermoseed method for the brain
tumors was reported in literatures [1-6]. The clinical
trials described in tumor-bearing animals and
patients have shown the thermoseed technique to
be a promising method in tumor hyperthermia. In
an effort to obtain orientated hyperthermia for
hepatic tumors, we investigated the effects of
thermoseed heating on subcutaneous hepatic tumors
(H 22 ) as the first step of our studies. This
preliminary report suggests that the method is
beneficial to heating selection and temperature
control for treatment of hepatic tumor. When
thermoseed is implanted into tumors, it can absorb
energy from an externally applied electromagnetic
induction field and act as a “seed in heating” within
the tumors, thus make the localized heating of deepseated hepatic tumor possible. Automatic
temperature regulation is another advantage in this
method. Because of its lower Curie temperature,
thermoseed has a function of self-regulating in the
electromagnetic induction heating so as not to
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damage the surrounding normal tissues.
However, it is necessary to investigate how to warm
relatively a large volume of tumor tissues before
clinical applications. In our another experiment on
rabbit (to be published), we found that when the renal
artery was ligated during thermoseed hyperthermia,
the temperature of the kidney increased by 10 .
Obviously, the cooling effect by blood flow can not
be ignored. Therefore, the combination therapy of
hyperthermia and ligation or embolization of tumor
supply artery may be beneficial to the treatment of
large, deep-seated tumors.
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Effect of endotoxin on fibronectin synthesis of rat
primary cultured hepatocytes
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Abstract
AIM To investigate the effect of endotoxin on
liver fibrosis and further define the role of
hepatocytes in production of fibronectin in primary
livercell culture by endotoxin.
METHODS After isolation and seeding of
hepatocytes, the obtained cells were added to
various doses (0, 5, 10, 15 and 20 mg/L) of LPS
treated culture media. The cells were collected and
counted at various periods (0, 12, 24, 48, 72, 96,
120 h). The concentrations of fibronectin were
tested by electrophoresis.
RESULTS The fibronectin levels tended to
increase with prolongation of culture time. There
was a sharp increase after 72 h in 10 or 15 LPS
treated group. The peak level of fibronectin was
above 20 mg/L. However, cell proliferation was
inhibited during the course. Cell number of
untreated control group (4.6±0.1×106) was about
three fold that of 20 LPS treated group (1.6±0.
2×106) at 120 h.
CONCLUSION Hepatocytes have a potent ability
to produce fibronectin stimulated by endotoxin,
suggesting that hepatocytes might participate in
the process of liver fibrosis.
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INTRODUCTION

Endotoxin may contribute to the pathogenesis of
several disease processes, including thermal injuries,
bowel diseases, pancreatitis and septic syndrome[1].
Previous experiments proved that gut-derived
endotoxemia was a hallmark of hepatic failure[2]. As
an essential presupposition of chronic hepatic failure,
liver fibrosis was also directly associated with gutderived endotoxemia [3]. Besides Ito cells, Kupffer
cells, endothelial cells and biliary epithelial cells, some
experiments in vivo or in vitro indicated that liver
parenchymal cells participated in the process of liver
fibrosis[4]. Fibronectin, a component of extracellular
matrix, arises at the early stage of liver fibrosis. In
this study, we observed the alteration of cell
population and fibronectin secreted by primarily
cultured rat hepatocytes in response to
lipopolysaccharide (LPS).
MATERIALS AND METHODS
Isolation and culture of hepatocytes

Hepatocytes were isolated from Wistar rats
(250g-300g in weight, fasted overnight) by the
collagenase method of Gressner [5] . The liver
was preperfused with D-Hank’s solution
containing 0.2% glucose for 10min at a flow
rate of 10 ml/min to wash out the blood. Then
it was perfused with D-Hank’s solution
containing 0.05% collagenase (Collagenase
type I, Sigma) for another 10min. After
removal, the liver was cut into tiny pieces.
Passing through a stainless steel mesh (mesh
size: 100 µm), hepatocytes were purified by
centrifugation (50×g, 1min×2, 4 ). The
viability of the final parenchymal cell
suspension, checked by trypan blue exclusion,
was between 90% and 95%. Cell recovery was
about 2×10 8 cells/liver and contamination with
non-parenchymal cells was less than 1%. Cells
were seeded at a density of 30×10 6 cells/10cm
culture dish (Coring, N.Y.) and cultured at
37
in a humidified atmosphere of 5% CO 2
and 95% air in 10ml RPMI-1640 (Gibco)
containing 10% fetal bovine serum, 0.02U/ml
insulin, penicillin (100 IU/ml) and streptomycin
(100 µg/ml). The medium was changed 3 h after
plating, during which non-adherent and non-vital
c e l l s w e r e r e m o v e d . L i p o p o l y s a c c h a r ide
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(Escherichia coli, 0111B4, Sigma) was added to
hepatocyte culture media at various
concentrations of 0, 5, 10, 15 and 20 mg/L.
Finally, the number of cells per dish were
counted at 0, 12, 24, 48, 72, 96 and 120 h. The
morphology of hepatocytes was observed under
microscope.
Determination of cellular fibronectin

Rocket electrophoresis was employed to determine
the fibronectin concentration in the culture medium
of hepatocytes. Gelatin was made from 0.05M pH
8.2 sodium barbiturate-HCl buffer containing 2%
agarose and 1% fibronectin antibody (Shanghai
Biologic Products Research Institute). Time of
electrophoresis was limited within 6 h. Voltage and
current intensity were controlled respectively at 80
v and 100 mA. The final numerical value was
determined by linear regression according to peakshift length of fibronectin standard ladder
concentrations.

Figure 1 Effect of various doses of LPS on cellular fibronetin
concentrations in primary hepatocytes culture. Mean ± SD of six
groups are given. aP<0.05 compared with 10 or 15 µg/ml LPS
treated group.

Statistical analysis

The r e s u l t s w e r e e x p r e s s e d a s m e a n ± S D .
Va r i a n c e a n a l y s i s a n d q t e s t w e r e u s e d t o
determine the statistical significance by SPSS/
PC + 4.0 general software. When the P value
was less than 0.05, the result was considered
statistically significant.
RESULTS
Alteration of cellular fibronectin

The present experiment demonstrated the effect of
LPS on cellular fibronectin. As shown in Figure 1,
in 10 and 15 mg/L LPS treated groups, fibronectin
tended to increase progressively, especially after
72 h. However, the fibronectin concentrations of 5
and 20 mg/L LPS treated groups varied slightly, but
were significantly different from those of 10 and
15mg/L groups (P<0.05). It should be noted that
fibronectin concentration of 0 mg/L LPS treated
group could not be tested by the present means. So
did it in 5 and 10 mg/L LPS treated group before
24 h, 15 mg/L group before 12 h, and 20 mg/L group
before 72 h.
Changes of hepatocytes population

As shown in Figure 2, proliferation of cultured
hepatocytes was remarkably inhibited in all LPS
treated groups, especially in 20 mg/L group.
Hepatocyte population of untreated control group
increased progressively. After 72 h, multiplication
rate in all groups was accelerated. Hepatocyte
population of 10, 15, or 20 mg/L was significantly
less than that of control group. Population of control
group (4.6±0.1×106) was approximately three-fold
that of 20 mg/L LPS treated group at 120 h.

Figure 2 Effect of various doses of LPS on cell population in
primary hepatocytes culture. Mean ± SD of six groups is given. aP
<0.05 compared with 0 or 5 mg/L LPS treated group. bP<0.05
compared with 10 or 15 mg/L LPS treated group.

Morphological observation in cultured
hepatocytes

In morphological study, appearance of hepatocytes
exhibited a slight difference if they were cultured
at various concentrations of LPS. Almost in every
culturedish, binuclear and even trinuclear cells
could be observed, which indicated active
proliferation in the culture. The higher the LPS
levels were, the more hepatocyte lesions
exhibited. These pathologic changes included
cloudy swelling, hydropic degeneration, and
pyknosis or karyolysis. After 72 h, there were cell
debris and new products (without defined
characteristics) around vital cells.
DISCUSSION

Fibronectin is a high molecular weight glycoprotein
and increases firstly among extracellular matrix
proteins during liver fibrosis. The increased serum
fibronectin level is now considered as an important
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and susceptible marker of fibrosis and necrosis in
chronically injuried liver[6]. Normally, it is very difficult
to detect fibronectin because of its low concentration.
Thus enhanced fibronectin may serve as an indicator of
pathophysiological process. Fibronectin in the liver mainly
exists in the portal, septal and perisinusoidal matrix. Most
of fibronectin is secreted from mesenchymal cells
including Kupffer cell, Ito cell and endothelial cells. In
some pathological processes, hepatocytes may secrete
fibronectin[7]. Until now, no study has shown the direct
relation between endotoxin and hepatocytes in the liver
fibrosis process. In this study, hepatocytes culture in vitro
was used to observe this relationship. In 10 and 15 mg/
L LPS treated groups, fibronectin concentrations tended
to increase progressively during the whole culture
process, especially after 72 h. It may indicate that it is
endotoxin that stimulates fibronectin synthesis of
hepatocytes. In 5 and 20 mg/L LPS treated group,
however, synthesis was not stimulated. Therefore, there
may be response limits in which endotoxin acts as a
stimulator of fibronectin synthesis. As for control group,
hepatocytes did not secrete fibronectin because there
was no stimulator.
This study demonstrated that the proliferation of
hepatocytes in primary culture was inhibited by
endotoxin. There was no positive correlation
between fibronectin secretion and hepatocyte
proliferation in the first 72 h. Then, the increase of
hepatocyte population coincided with that of
fibronectin concentration, indicating that there may
be refractory period for hepatocytes to secrete
fibronectin or proliferate. In terms of morphology,
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it may be relevant to degeneration, production of
uncertain new protein and nuclear mitoses. Previous
studies confirmed that biological behavior of hepatocytes
was influenced by some mediators secreted by Kupffer
cells, such as tumor necrosis factor, transforming growth
factor, etc. In our study, it is presumed that there may
be a mechanism to modulate the function of liver cells
by some factors secreted from hepatocytes (still
unknown in this study) if they are stimlulated by
endotoxin. According to Roeb’s opinion[8], besides playing
a controvertible role as initiator and regulator of
fibrogenesis, fibronectin acts as a scaffold for other matrix
proteins. Enhanced fibronectin secretion of hepatocytes
in the culture media containing LPS suggests that
endotoxin plays a crucial role in the liver fibrosis.
Therefore, hepatocytes may take part in the liver fibrosis
which is stimulated by endotoxin
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Abstract
AIM To investigate the pathogenesis of gastric
cardia and the distal part of stomach cancer and
to further characterize the histopathogenesis model
for gastric cardia cancer from the high-risk
population for esophageal cancer.
METHODS Mass survey with endoscopic mucosa
biopsy and histopathological examination were
carried out on 226 subjects aged above 30 years.
Three biopsies were collected one each from the
middle part of the esophagus, the gastric cardia
and the pyloric antrum. The biopsy tissue was
fixed with 85% alcohol and paraffin-embedded.
RESULTS The incidence of intestinal metaplasia
and dysplasia at gastric cardia epithelium was higher
than that at the pyloric antrum from the subjects
in the same area. And there were high incidences
of both esophageal and gastric cardia cancer, but
a low incidence of gastric cancer at the distal part
of the stomach.
CONCLUSION There might be different etiology
and pathogenesis of gastric cardia and pyloric
cancer at the distal part of the stomach.

INTRODUCTION

Gastric cardia cancer is one of the most common
malignancies in the population at high-incidence
areas for esophageal cancer in Henan, China. In
spite of the mechanism for this coincidence of high
incidence of esophageal and gastric cardia cancer
in this special population, the evidence indicated
that the pathogenesis and the risk factors of gastric
cardia carcinogenesis are quite different from
those of distal part of gastric adenocarcinoma.
Another characteristic for gastric cardia cancer
in this special population is the discordant higher
incidence of gastric cardia cancer and much lower
incidence of distal part stomach cancer. It appears
very important to compare the pathogenesis in
gastric cardia and distal part of the stomach
cancers, which will facilitate the understanding of
the factors and mechanisms of carcinogenesis of
esophagus and gastric cardia in this area. The
specific aim of this study is to further characterize
the pathogenesis model of gastric cardia cancer
by comparing the lesions at gastric cardia and
pyloric antrum in the symptom-free subjects from
the high incidence area for both esophageal and
gastric cardia cancer.
MATERIALS AND METHODS
Subjects

All the subjects were from Loucun Village, Henan
Province, a high incidence area for esophageal cancer,
subjects (n = 226) aged above 30 years without
gastrointestinal symptoms were selected randomly. The
biopsied tissues were fixed in 85% alcohol, embedded in
paraffin and cut in 5 µm for HE staining.
1
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Endoscopic biopsy examination

Three biopsies were obtained one each from the middle
part of the esophagus, the gastric cardia and the pyloric
antrum.
Histopathological analysis

Histopathological diagnosis for gastric cardia and
pyloric antrum epithelia were made according to the
previously established criteria. Based on the cell
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morphology and tissue structure, the epithelia were
divided into normal, the epithelial cells
differentiated well, without obvious inflammatory
cell infiltration; chronic superficial gastritis, an
inflammation manifested by mild lymphocyte and
plasma cell infiltration; chronic atrophic gastritis,
mucosal glandular morphology eradicated partially
o r c o m p l e t e l y b y c o n n e c t i v e t i s s u e s w ith
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interglandular space infiltrated mainly by plasma
cells and lymphocytes; dysplasia, characterized by
nuclear atypia with or without architectural
abnormalities in the gastric epithelium, but without
invasion; and intestinal metaplasia, columnar
absorptive cells and mucous goblet cells of intestinal
phenotype partially replace portions of the gastric
mucosa.

Table 1 Histological results of gastric cardia and pyloric mucosa biopsy
Sites
Gastric cardia
Gastric pyloria

Cases

Normal(%)

226
226

117(51)
128(57)

Chronic superficial Chronic atrophic
gastritits (%)
gastritis (%)

RESULTS AND DISCUSSION

The histopathological results of gastric cardia and pyloric
mucosa biopsy of 226 subjects from the high incidence
area for esophageal cancer are listed in Table 1. The
results show that the incidence of intestinal metaplasia
and dysplasia in gastric cardia was significantly higher
than that in pyloria in the subjects from the same area,
although the incidence of chronic superficial gastritis and
chronic atrophic gastritis in gastric cardia was similar to
that in gastric pyloria. This observation suggested that
different factors and mechanism might be involved in
the carcinogenesis of gastric cardia carcinoma and pyloric
carcinoma in the area, which was consistent with the
previous results that there was a high incidence of gastric
cardia cancer, but low incidence of distal part of stomach
cancer in the high incidence area for esophageal cancer.
Gastric adenocarcinoma is one of the most common
malignant diseases in China and was previously
considered as the cancer occurring at the distal parts of
the stomach and the adenocarcionma occurring at gastric
cardia was usually included, and classified into the type
of esophageal cancer. However, the pattern of gastric
cancer has changed over the past decades. In contrast
to the decrease in cancer incidence from the distal
part of the stomach, the adenocarcinoma incidence
from the gastric cardia and the esophageal and gastric
cardia junction increased dramatically, especially in
western countries [1-4]. This phenomenon was
particularly obvious in the high-incidence area for
esophageal cancer in northern China. Retrospective

54(23)
43(19)

36(16)
46(20)

Intestinal
metaplasia (%)
12(7)
7(3)

Dysplasia
(%)
8(3)
2(1)

analysis for esophageal and gastric cardia cancer
occurrence in Linzhou City (originally known as Linxian)
from 1987-1995 indicated that gastric cardia cancer
accounted for 45% of all the cancers from digestive tract,
and esophageal cancer 55%[5].
It is worth emphasizing that both the incidences of
esophageal and gastric cardia carcinomas were higher
among the subjects from the high-incidence area for
esophageal cancer, while the incidence of distal gastric
carcinoma was very low. It suggested that different
factors and mechanism of carcinogenesis were involved
in these two kinds of tumors. Recent reports showed
that the infection of Helicobacter pylori was different
between the gastric cardia and pylori. Therefore, further
studies of the molecular basis for cardia and pyloria
epithelial pathogenesis will be of great importance in the
understanding of molecular mechanism and the etiological
factors of carcinogenesis in the gastric cardia cancer.
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Two novel gastric cancer-associated genes
identified by differential display
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Abstract
AIM To clone novel gastric cancer-associated
genes and investigate their roles in gastric cancer
occurrence.
METHODS A method called differential display
was used which allows the identification of
differentially expressed genes by using PAGE to
display PCR-amplified cDNA fragments between
gastric cancer cells and normal gastric mucosa cells.
These fragments were cloned into plasmid vector
pUC18. Homology analysis was made after
sequencing these fragments.
RESULTS Two novel genes were identified
compared with sequences from GenBank. One
was registered with the AD number AF 051783. In
situ hybridization showed that these two novel
genes expressed specifically in gastric cancer
tissues.
CONCLUSION The two novel genes obtained
by differential display were confirmed to be gastric
cancer-associated genes using in situ hybridization.

INTRODUCTION

Cancer is a disease state caused by multiple genetic
alterations, which lead to uncontrolled cell
proliferation. The process often involves the
activation of cellular protooncogenes and inactivation
of tumor-suppressor genes. We used a method called
differential display [1] to search for novel gastric
cancer associated genes. mRNA from normal gastric
mucosa cell line GES and gastric cancer cell line
7901 were compared. The identification and
characterization of the two cDNA fragments
designated GCC1 and GCC2 expressed exclusively
in the gastric cancer cell line 7901 are reported
below. These sequences have been included into the
database in GenBank.
MATERIALS AND METHODS
Cells

Gastric cancer cell line SGC7901 and normal gastric
mucosa cell line GES were routinely grown at 37 with
10% CO2 in RPMI 1640 medium (Gibco) supplemented
with 4mM glutamine and 10% fetal bovine serum.
RNA isolation

Total cellular RNA from 1×107 SGC7901 and GES cells
were extracted by the single-step method for RNA
isolation by acid ganidinium-thiocyanate-phenolchloroform extraction[2]. Poly(A)+RNA was isolated
using mRNA Isolation Kit (Promega).
Primer design

According to the primer design principle of differential
display[3], 3’-end anchored primers: T12A, T12G and
T12C; 5’-end random primers: P1:GCCACCATGC; p2:
GCCACCATGA were designed by us and synthesized
by Sangon Company.
Differential display[4-7]
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Reverse transcription of 0.2 µg mRNA,10 µmol/L
T12M (M=G, C, A),1 mmol/L dNTP was carried
out using the Reverse Transcription Kit (Promega)
according to the manufacturer’s instruction in 20
µl total volume. The mixture was kept warm at 42
for 2 hours, added with 180 µl TE and boiled for
5 minutes. PCR was conducted using the RT
products as templates. The total volume of 20 µl
contained 2 µl RT products, 2 µl dNTP (100 µmol/L),
5 µl H2O, 2 µl 3’-end primer, 2 µl 5’-end primer,
2 µl 10×Buffer, 4 µl Taq enzyme (0.5×106U/L) and 1 µl
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[α-32P] labeled dATP (3.7×10 8Bq/L). Reacting
condition: 95 , 30sec; 42 , 3min; 72 , 30sec; 40
cycles, and finally extended at 72 for 10min. Four µl
PCR products were analyzed on a 6% polyacrylamide
DNA sequencing gel. Recovery and reamplification of
positive fragments from the differential display gel was
as described above.
Purification and subcloning of PCR products

Recovered PCR products from 2% agarose gel and
purified by PEG8000 (Sigma), and subcloned into
pUC18 which was previously digested by Hinc II.
Identification of recombinants were carried out by
restriction enzyme digestion. DNA sequencing
reaction was performed by a model 373A
automated sequencer (Applied Biosystem).
Database searches and homology analysis

Database searches and sequence alignment were done
using the FASTA and BLAST search servers at the
NCBI.
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encoding gene. Nucleotides were partly shown as
follows:
GCC1:ATCCTGCTTTGCACATGCAGCGCCCGATG
GGCACCAGCCACTCGCCGTCCCCGTTACAGTAGAGCT
TGATGGGTACATCCACCTCTTCCGCATTGGCGATGCAG
CTGCAGCTGC;GCC2:TAGTCAGCCATGGGGCGG
AGAATGGGCGGAACTGGGCGGAGTTACGCGGGGG
GGGGATGGGCGGAGTTAGGGGCGGGACTTAATGGT
TTGCTGGACTTAATTTTGAGATGGCAT(GenBank:
AF051783).
In situ hybridization

Various normal tissues from dead infants were used,
including: heart, liver, lung, brain, kidney, bladder,
spleen, esophagus, stomach, intestine and colon.
Malignant gastric cancer tissues served as control.
Positive hybridization signals were mainly distributed
in the cytoplasm of gastric cancer tissues. No positive
signals were detected in normal tissues mentioned
above, indicating the expression specificities of these
two genes.

In situ hybridization

mRNA probes were labeled by digoxigenin (DIG)
using DIG-labeling and detection Kit (Boehringer
Mannheim Inc). In situ hybridization was done
according to the manufacturer’s instructions.
Frozen sections were fixed in 4%
paraformaldehyde/PBS and then rinsed with PBS,
0.1N HCl and Triton-100PBS in turn. Hybridization
buffer contained 120 µg DIG-mRNA probes,
5×SSPE, 50% formamide, 5×Denhardts solution, 0.
1% SDS and 100mg/L ssDNA. Prehybridized for 2
hours at 42 and then added labeled probes into
prehybridized solution to hybridize in humid chamber
overnight at 42 .
RESULTS
Identification and cloning of differential cDNA
fragments by display

Total RNA of 100 µg was isolated from 107 cells.
The ratio of A260/A280 was above 2.0, which
indicated good quality of RNA. Four cDNA
fragments that appeared to be differentially
expressed in SGC7901 cells were identified
(Figure 1). These fragments were not detected in
normal gastric mucosa cells. Positive results were
observed after reamplification of these cDNA
fragments (Figure 2). Identification was conducted
by restriction enzyme digestion after subcloning
these fragments into pUC18 vector. Pst-Iand Kpn
I were used to identify recombinants. Two
fragments, 500bp (GCC1) and 800 bp (GCC2),
were obtained (Figure 3). Sequence analysis of
these two fragments revealed that GCC1 had 80%
homology to protein tyrosine kinase encoding gene,
while GCC2 had 30% homology to leukemia virus

Figure 1 6% polyacrylamide DNA sequencing gel with DDPCR.
a, c. GES cells; b, d. 7901 cells.
Figure 2 Electrophoresis results of reamplification of differential
display cDNA fragments.
a. fragment 1,b. fragment 2,c. PCR marker,d. fragment 3,e.
fragment 4.
Figure 3 Electrophoresis result for GCC1 and GCC2.
a. pUC GCC2 cDNA; b. pUC GCC2/Kpn I + Pst I; c. DNA
Marker/Hind III; d. pUC GCC1/Kpn I + Pst I; e. pCU GCC1
cDNA.
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DISCUSSION

One approach to learn about the mechanisms
underlying functional or structural changes in cells
or tissues is to determine the changes in their pattern
or rate of gene expression. Techniques aiming at
making an inventory of differentially expressed gene
products in two populations of cells being compared
often employ (PCR) amplification of all gene
products to obtain detectable levels, normally as
cDNA fragments. The subsequent identification of
these differentially expressed and amplified gene
products is generally achieved by one of the two
following methods. The differential display method
relies on amplification of the entire mRNA
populations, followed by a direct comparative display
of the resulting populations of cDNA on a sequencing
gel to visualize differences in prevalence. Gastric
cancer still remains a leading cause of death among
all malignant tumors in China. So various mechanisms
are involved in cancer. Genetic alterations could be
considered as one of the most important one. Multiple
genetic alterations can be subgrouped into three
groups: the deletion, inactivation or mutation of
tumor suppressor genes. For example, p53, the
hottest focus in tumor suppress or populations,
protects malignant subtype transformation of mutated
cells by in itiating programmed cell death. Mutated
p53 gene expression was up to 49%-61.5% in gastric
cancer tissues by immunohistology[8]. Deletions of
other tumor suppressors were often found in gastric
c a n c e r, i n c l u d i n g A P C a n d D C C .
The
overexpression of oncogenes which plays an
important role in tumor occurrence, development and
metastasis by encoding growth factors and their
related receptors which could promote proliferation
of cells. EGF, EGF-R,TGF-α, c-erbB-2, etc,
secreted by gastric mucosa cells, were proved to
be involved in gastric cancer occurrence. nm23,
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which is thought to be related to metastasis in gastric
cancer[9]. All these genes contribute to the diagnosis
and prognosis of gastric cancer, only to some extent.
Most of them could be detected at the latest period of
malignant gastric cancer. And results often vary
among different detecting methods. People can not
expect to use them for early diagnosis and treatment.
Clone novel gastric cancer-associated genes may
provide a clue to clinical treatment. We cloned the
novel gastric cancer-associated genes using
differential display. Homology analysis indicated that
GCC1 was 80% homologue to Trk gene, while GCC2
was 30% homologue to leukemia virus gene. It is well
known that Trk plays a significant role in signal
transduction, so does leukemia virus in leukemia
occurrence. Do these two novel fragments belong to
the same families of Trk and leukemia virus What
mechanisms of these two fragments are involved in
gastric cancer All these questions still need further
investigations.
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Changes of lipid metabolism in plasma, liver and
bile during cholesterol gallstone formation in
rabbit model
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Abstract
AIM To find out the relationship between the
disturbances of lipid metabolism and the formation
of cholesterol gallstones by studying the changes of
lipid metabolism in plasma, liver tissue and the bile.
METHODS Male and female white Japanese
rabbits were divided randomly into a control group
(Con) and four experimental groups of 10 rabbits
each fed with a diet containing 1.2% cholesterol
for one, two, three and four weeks (1 wk, 2 wk, 3
wk and 4 wk group). The measurement of plasma
triglyceride (TG), total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C) and its subfractions
(HDL2-C, HDL3-C), very low and low density
lipoprotein cholesterol (VLDL-C, LDL-C) was taken
with standard enzymatic techniques. Apolipoprotein
(apo) concentrations in plasma were measured
by radial immunodiffusion assay for apoA1,
apoB100, aopC¢ò and apoC II. Total cholesterol
of liver was measured by the enzymatic procedure
for each animal. Bile acids, mainly glycocholate
(GCA) and glycodeoxycholate (GDCA) were
detected by dual wavelength thin layer scanner.
RESULTS In all the experimental groups fed with
dietary cholesterol, cholesterol crystal was found
in the gallbladder in 2/10 cases of the 1 wk group,
4/10 of the 2 wk group,6/10 of the 3 wk group
and 7/10 of the 4 wk group respectively. The
concentration of plasma total cholesterol (TC),
triglyceride (TG), phospholipid (pl), VLDL-C, LDLC, apoB100, apoC II, apoC III gradually increased
(P<0.05)with the prolonged feeding time of
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dietary cholesterol. High density lipoprotein
cholesterol and its subfractions (HDL-C, HDL2-C,
HDL3-C) showed a tendency to decrease, but
without statistical significance (P>0.05). ApoA1
was reduced with increased feeding time of dietary
cholesterol (P<0.05). The hepatic and biliary
cholesterol increased 1-1.5 times as compared
with the control group (t = 5.221 and 3.445, P
<0.05). The GCA gradually decreased beginning
from the control group to the 4 wk group (P<0.
05).
CONCLUSION Owing to the high cholesterol diet,
the increased concentrations of plasma TC, TG,
VLDL-C, LDL-C, hepatic TC and TG, apoB100, apoC
II and apoC III possibly enhanced the secretion
of biliary cholesterol into bile; the decreased plasma
apoA1 level might reduce the secretion of
antinucleating factor into bile. All those factors
mentioned above probably contribute to the
formation of cholesterol gallstones.

INTRODUCTION

Cholesterol cholelithiasis is one of the common diseases
in China. The mechanism of gallstone formation is quite
complicated and it has been supposed to be synthesized
from a variety of related factors. Among them
oversaturation of cholesterol and decrease of bile acids,
as well as lecithin in bile might be the fundamental
causative factors. Furthermore, these changes are
closely related to the disorders of lipoprotein
metabolism in liver. However, during the formation of
cholesterol gallstones, different links in the disturbance
of lipoprotein cholesterol metabolism and their effects
in lithogenesis still has much controversies. Besides,
the mechanism and regulating elements are still unclear.
This study is aimed to investigate the changes of lipid
metabolism in plasma, liver tissue and bile in order to
find out the relationship between the disturbance of
lipid metabolism and the formation of cholesterol
gallstones.
MATERIALS AND METHODS
Animals and diets

Male and female white Japanese rabbits were
obtained from the Experimental Animal Center of
West China University of Medical Sciences. They
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layer scanner.

were divided randomly into a control group (Con) and
four experimental groups of ten rabbits each fed with 1.
2% cholesterol diet for one week (1 wk), two weeks (2
wk), three weeks (3 wk) and four weeks (4 wk). All
animals were maintained in separate cages with free
access to water.

Statistical analysis

Results were shown as x±s (means±SD) and a paired
Student’s t test was used for quantitative information, P
<0.05 is considered statistically significant. Statistical
analysis of the results was carried out using SPSS
software in computer.

Gallstone evaluation

At the end of experiment following an overnight fasting,
animals were exsanguinated under anesthesia, blood
samples were collected for the measurement of plasma
lipoprotein cholesterols and apolipoproteins, and portions
of liver were removed for the analysis of cholesterol.
Bile specimen was aspirated from gallbladder and kept
for subsequent analysis. The gallbladder was cut open
under the microscope, and the gallstones were evaluated
according to Juniper’s method. Cholesterol stones
proved by infra-red spectrometry were collected.

RESULTS
Gallstones evaluation

Cholesterol crystal in gallbladder was not found in any
animal of the control group fed with routine diet.
However, in all the experimental groups fed with dietary
cholesterol, cholesterol crystal in gallbladder was found
in 2/10 of 1 wk group, 4/10 of 2 wk group, 6/10 of 3 wk
group and 7/10 of 4wk group, suggesting the formation
of cholesterol gallstones. Plasma lipids and
apolipoproteins (Table 1) Table 1 shows that the
concentrations of plasma total cholesterol (TC),
triglyceride (TG), phospholipid (p1), VLDL-C, LDL-C,
apoB100, apoC II, apoC III gradually increased with
the prolonged feeding time of dietary cholesterol (P<0.
05). High density lipoprotein cholesterol and its
subfractions (HDL-C, HDL2-C, HDL3-C) showed a
decreasing tendency, without statistical significance (P>
0.05). ApoA1 was reduced with increasing feeding time
of dietary cholesterol in rabbits (P<0.05).

Plasma lipid and lipoprotein analysis

The measurement of plasma triglyceride (TG), total
cholesterol (TC), high density lipoprotein cholesterol
(HDL-C) and its subfractions (HDL2-C, HDL3-C), very
low and low density lipoprotein cholesterol (vLDL-C,
LDL-C) was taken with standard enzymatic techniques.
Apolipoproteins (apo) concentration in plasma were
measured by radial immunodiffusion assay for apoA1,
apoB100, apoC II and apoC III.
Analysis of hepatic cholesterol

Hepatic and biliary cholesterol and bile acids
(Table 2)

Following lipid extraction of liver samples with chloroform
and methanol (2:1, v/v) total cholesterol of liver was
estimated by the enzymatic method for each animal.

Table 2 shows that the hepatic and biliary
cholesterol significantly increased by more than 11.5 times as compared with the control group. The
GCA gradually decreased from the control group
to the 4 wk group, and GDCA showed an increase
at the beginning of dietary cholesterol feeding in 1
week group, then decreased gradually without
statistical significance in the other experimental
groups.

Analysis of bile cholesterol and bile acids

Gallbladder bile was extracted with chloroform and
methanol (2:1,v/v), and cholesterol was analyzed
in the chloroform phase. Bile acids, mainly
glycocholate (GCA) and glycodeoxy-cholate
(GDCA), were detected by dual wavelength thin

Table 1 The results of plasma lipids (mmol/L) and apolipoproteins (mg/L) for each group
Experimental groups

Control
TC
TG
PL
HDL-C
HDL2- C
HDL3-C
LDL-C
VLDL-C
apoB100
apoA I
apoC II
apoC III
a

0.79±0.03
0.83±0.21
0.94±0.29
0.70±0.21
0.32±0.10
0.31±0.11
0.05±0.02
0.06±0.01
0.15±0.01
20.82±1.57
0.05±0.01
0.17±0.02

1 wk

2 wk

4.50±1.86a
1.10±0.45
2.37±0.68a
0.72±0.30
0.35±0.11
0.37±0.17
0.90±0.13a
0.45±0.18
0.54±0.06a
18.10±2.23
0.15±0.02a
0.45±0.06a

7.23±3.87a
1.45±0.51a
3.10±1.32a
0.52±0.23
0.25±0.13
0.26±0.12
1.88±0.97a,c
1.22±0.91a,c
0.54±0.10a
17.87±2.07
0.30±0.04a,c
1.22±0.05a,c

P<0.05, vs Con; cP<0.05, vs 1 wk; eP<0.05, vs 2 wk; gP<0.05, vs 3 wk.

3 wk
16.35±3.49 a,e,c
1.52±0.41a
6.24±2.43a,e,c
0.55±0.21
0.27±0.11
0.29±0.17
4.86±0.98a,e,c
3.43±0.87a,e,c
5.36±0.11a,c
18.16±0.74
0.25±0.01a,c
1.62±0.06a,e,c

4 wk
17.21±4.78 a,e,c
2.87±0.81a,e,c
6.71±2.80a,e,c
0.58±0.24
0.31±0.16
0.28±0.15
5.56±1.07a,e,c
3.76±1.01a,e,c
6.45±0.54a,e,c
15.96±1.13 g
0.69±0.046 a,e,c
2.91±0.07a,e,c,g
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Table 2 The results of hepatic and biliary cholesterol and bile acids
Control
TCd
TGd
PLd
GDCAe
GCAe
CHf

25.02 ±6.21
158.72 ± 58.15
29.21 ±7.04
275.35 ± 101.46
97.81± 59.28
2.51±1.36

Experimental groups
1 wk

2 wk

3 wk

4 wk

33.63±16.86 a
145.37 ± 21.34
34.65± 7.56
532.83± 258.71
87.56±59.52
3.58± 1.98

36.23 ±8.31a
142.27 ± 30.24
30.23 ± 10.16
413.73 ± 132.37
73.26± 49.54
3.85±1.41

65.75± 33.41 a,b
148.22 ± 38.16
29.02 ±10.89
393.54 ± 108.71
58.61 ± 9.89a
4.32 ±1.23a

83.87± 35.10a,b,c
151.52 ± 35.52
27.81± 9.53
348.14 ± 132.71
43.79 ± 38.74 a
5.02± 1.86a

a
P<0.05, vs Con; bP<0.05, vs 1, 2 wk; cP<0.05, vs 3 wk; dHepatic TC, TG and PL (mg/g); eBile GDCA and GCA (mg/L); fBile cholesterol
(mol/L).

DISCUSSION

In this study the changes of plasma lipoproteins, hepatic
lipids and bile lipids have been observed in the processes
of cholesterol gallstone formation, which was induced
by the cholesterol diet in animal model.
In epidemiological studies[1,2], the concentrations
of plasma lipoprotein cholesterol were various in
cholesterol gallstone patients. In normal people, the
plasma LDL-C concentration appeared to be related to
the biliary cholesterol concentration[3], but the pathway
of its metabolism is still unknown. In type IV
hyperlipidemia patients with elevated VLDL-C and
LDL-C, the incidence of gallstone was high [4] .
Recent investigations showed[5] that in cholesterolfed hamsters with the VLDL-C/HDL-C ratio greater
than 1.0, cholesterol gallstone formation occurred
easily. Hayes et al [4] found an expanded pool of
VLDL and LDL cholesterol and a reduced pool of
HDL 2 predominated in hamsters with cholesterol
gallstone. Likewise, increased VLDL and decreased
HDL, primarily HDL 2, were common in obese
persons with gallstones, therefore, elevation of
VLDL-C and LDL-C is closely related to excessive
dietary cholesterol [5]. The decreased HDL, as
recently found[6], bears a close relationship to the
elevated activity of plasma CETP (cholesteryl ester
transfer protein) which promotes the lipoprotein
cholesterol of HDL to be transfered to other
lipoproteins such as VLDL and LDL in patients with
cholesterol gallstones. Our study also showed
elevated plasma TC, TG, VLDL-C, LDL-C and a
slightly lowered HDL-C and its subfractions (DHL2C, HDL3-C). Kern Jr [7] reported that the dietinducedcholesterol increase was found in biliary
cholesterol secretion in the gallstone subjects, but not in
the controls, indicating that dietary cholesterol might be
important in the pathogenesis of cholesterol gallstones,
and also supported the hypothesis that hepatic
metabolism of cholesterol in gallstone patients differs
from those without stones. Although the factors that
regulate biliary cholesterol secretion are not certain, a
number of researches have suggested that most

biliary cholesterol were derived from the existed rather
than newly synthesized cholesterols. This study shows
that dietary, hepatic and biliary cholesterols increased
concomitantly, which is consistent with the above
conclusion. Robins et al[8] suggested that the precursor
cholesterol secreted by the gallbladder was transported
directly from plasma through the plasma membrane of
hepatocytes to the biliary canaliculi without entering the
interior of the cell.
The concentration of apolipoproteins in bile is about
10% of that in plasma. Although apolipoproteins are
potential antinucleating protein in bile, their functional
role in vivo as a factor in the solubilization of biliary
cholesterol is relatively unexplored. In vitro apoA1 in
low concentrations can delay the shift from micelles to
vesicles, thereby enhancing the cholesterol-solubilizing
capacity of bile acids. Another finding[9] is that apoA1
stabilizes phospholipid lamellae and thus prolongs
nucleation time in model bile systems. This study
demonstrates that the concentration of plasma apoA1
gradually decreased following dietary cholesterol which
might result in a reduced concentration of apoA1 and
cholesterol crystal formation in bile.
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Copper-chelating therapeutic effect in Wilson
disease with different clinical phenotypes and
polymorphisms of ATP7B gene
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Abstract
AIM To investigate the copper-chelating therapeutic
effect in Wilson disease (WD) with different clinical
phenotypes and polymorphisms of ATP7B gene.
METHODS One hundred and twenty-two WD
patients with different clinicalphenotypes were given
DMPS intravenously and Gandou copper-chelating
tablet orally for one month. The therapeutic effect
was judged by modified Goldstein mothod. Exon
18 of ATP7B gene extracted from the DNA of
patients and 20 healthy volunteers was amplified
with PCR mutation and polymorphism were
screened with SSCP technique.
RESULTS Four kinds of abnormal migration bands
in PCR-SSCP were observed in 37 WD patients,
mutation frequencies of three different disease
phenotypes, and curative effect between mutation
group and non-mutation group showed no statistically
significant difference (P>0.05), but the total
effectiveness rates in patients with Wilson type or
pseudosclerosis type were significantly higher than those
of patients with hepatic type (χ2 = 6.17, P<0.05).
CONCLUSION Most WD patients are compound
heterozygotes, the patients with different clinical
phenotypes have different response to copperchelating therapy. Specific mutation, at least in part,
plays a role in influencing the disease phenotypes
and therapeutic effect.
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INTRODUCTION

Wilson disease (WD) occurs most frequently in
adolescence and characterized by failure to
incorporate copper into ceruloplasmin in the liver,
and failure to excrete copper from the liver into bile
[1]
. This results in toxic accumulation of copper in
the liver, and also in kidney, brain and cornea. The
induced liver cirrhosis and/or progressive
neurological damage are fatal if not treated with
copper chelating agents promptly. WD is divided into
different clinical phenotypes according to the age at
onset and clinical presentations. The therapeutic
effect and its prognosis depend on the clinical
phenotypes. With the cloning of WD gene (ATP7B)
and elucidation of its molecule structure, it is possible
to explore the relationships between clinical
therapeutic effect and phenotypes or mutations. In
this report, we observed the effect of copperchelating therapy in WD with different phenotypes
and polymorphisms of ATP7Bgene.
MATERIAL AND METHODS
Subjects

From March 1995 to July 1996, 122 inpatients with WD
were chosen for this study. There were 74 men and 48
women with a mean age of 19±6.5 years and an average
disease course of 2.5±1.5 years. They had clinically
definite WD by criteria that there are typical
extrapyramidal system and/or liver symptoms; the
concentration of caeruloplasmin <200mg/L and urinary
copper excretion >100 µg/24 hours[2]. According to
clinical symptoms, we divided all WD patients into Wilson
type (74 cases), pseudosclerosis type (36 cases) and
hepatic type (12 cases) [3]. The severity degree of
sickness were graded by modified Goldstein method[4].
They included 21 patients with grade I, 45 grade II, 41
grade III and 15 grade IV. Twenty healthy volunteers
consisting of 11 men and 9 women with a mean age of
20±4.5 years were chosen as control.
Method of treatment

All WD patients were given DMPS (unithiol)
intravenously, at a dose of 20 mg/kg daily.
Meanwhile, Gandou copper-chelating tablets were
given orally, 10 tablets, three times daily, with one
month as acourse of treatment. They had low-
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copper diet throughout the study. Before and after
treatment, typing, grading and therapeutic effect judgment
were accomplished independently by two experienced
neurologists in our institute.
PCR-SSCP analysis and silver staining

White blood cells were first separated from 10mL
peripheral blood anti-coagulated with 3 mL ACD,
then genomic DNA was extracted as described by
salting-out method[5]. The primer sets for exon 18
mutation analysis were: 5’ACCTGTTGCCAACACTAGCAT-3’ and 5’TCCCAGCACCCACAGCC-3’[6]. Genomic DNA of
800ng was dissolved in 25 µl PCR buffer solution
containing 20 µmol/L TrisCl (pH 8.5), 50 mmol/L
KCl, 2 mmol/L MgCl2, 200 µmol/L dATP, dGTP,
dCTP, dTTP,0.5 µmol/L each primer and 1 unit Taq
DNA polymerase (Promega Corporation). The
cDNA was amplified in a DNA thermal cycler (MJ
research, U.S.A.). The cycle of denaturation at 93
for 45 seconds, renaturation at 58 for 45
seconds and extension at 70 for 90 seconds was
repeated for 35 times, with the last step extended to
10 minutes. Nondenatured 8% polyacrylamide gel
(acrylamide/bis-acrylamide cross linker with a ratio
of 49:1, and glycerol content 5%) was poured
between two glass plates of DYY-III vertical
electrophoresis gel tank apparatus with cooling
compartment, placed at least 2 hours in room
temperature for the gel to set, the wells were added
with 1×TBE buffer using a Pasteur pipette or pipette
tip. After electrophoresis for 30-60 minutes in
advance,5 µl-8 µl PCR product was added with same
amount of SSCP gel loading buffer (containing 96%
formamide, 20 mM EDTA, 0.05% bromophenol blue,
0.05% xylene cyanol FF). All samples were
denatured at 98 for 5 minutes, and then quickly
chilled on ice for electrophoresis. Fragments were
resolved by electrophoresis (30W, 15 -20 ) for
6-8 hours. Silver staining was performed and
photograph was taken for further analysis according
to the method reported by Yu Long[7].
RESULTS
Therapeutic effect criterion

Marked effectiveness. After one month of copperchelating treatment, conditions were improved
remarkably by two grades.
Improvement. There were some improvement in
clinical condition, conditions were one grade better than
before treatment.
Inefficiency or exacerbation. Conditions had no
obvious changes or became worse.
Polymorphism of exon 18 and clinical
phenotypes

The exon 18 of 122 WD patients was analyzed. Four
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kinds of abnormal migration bands in PCR-SSCP were
observed in 37 WD patients, which were named by
us as type I, II, III and IV temporarily (Figure 1). It
was found that type I, II and III had both abnormal
band shifts and similar band shift as control group,
which indicated that most WD patients were
compound heterozygotes, i.e., they carry two different
mutations. According to the relationship of ssDNA
conformation with molecular electrophoresis shift,
mutation frequencies of Wilson type, pseudosclerosis
type and hepatic type WD were 29.7%, 30.6% and
33.3%, respectively. No statistically significant
differences were found by Chi-square test (P>0.05,
Table 1).

Figure 1 Abnormal SSCP band shift (exon 18) C:Control, 1-10:
WD patients, I-IV: Abnormal band shift type.

Table 1 Clinical phenotype and polymorphisms of exon 18
Abnormal SSCP
Phenotype

Cases Length of PCR
product (bp) I

II

III

Mutation
frequency
IV Total
(%)

Wilson

74

204

17

4

1

0

22

29.7

Pseudosclerosis

36

204

9

2

0

0

11

30.6

Hepatic

12

204

3

0

0

1

4

33.3

Relationship between therapeutic effect and
phenotypes or mutations

No statistically significant difference was found by
Ridit analysis in notable effectiveness between
three different phenotypes (P>0.05), while the total
effectiveness of Wilson type or pseudosclerosis type
was much better than that of hepatic type WD
(χ2=6.17, P<0.05). Comparison of total and notable
effectiveness between mutation group and nonmutation group showed no significant difference
(P>0.05).
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Table 2 Therapeutic effect and phenotypes or mutations
Cases

Wilson
Pseudosclerosis
Hepatic
Mutation
Non-mutation

74
36
12
37
85

Marked Improved Ineffective/ Total effec
effectiveness
exacerbated tiveness

20(27)
8(22)
1(8.0)
8(22)
21(25)

45(61)
23(64)
5(42)
22(59)
51(60)

9(12)
5(14)
6(50)
7(19)
13(15)

65(88)a
31(86) a
6(50)
30(81)
72(85)

a
P<0.0, vs WD with hepatic type. The No in parenthesis indicates
the percentage.

DISCUSSION

WD is certainly preventable and to some extent is
curable, if it is diagnosed and treated in early stage.
Recently, we have achieved satisfactory therapeutic
effects in treating WD patients with copperchelating
agents DMPS, DMSA and Gandou copperchelating
tablet[8-10]. The gene for WD, predicted to encode a
coppertransporting membrane protein, has now been
cloned, making it possible to explore the relationship
between therapeutic effect and different phenotypes or
mutations. It has been proved that mutation of WD gene
could disrupt ATPase function so that copper was
detained in tissues and cells, leading to the occurrence
of different clinical phenotypes. Up to now, Thomas
et al has identified 23 disease-specific mutations
including 59 monosomic mutations in 58 WD patients,
which explained the diversity of the disease
phenotypes, but he did not sum up the relationship
between mutation and clinical phenotypes due to the
limited number of cases[11]. These mutation sites
involved largely functional regions of ATPase (exon
13-18), but occasionally detected in copperbinding
regions. It was reported that the frequencies of
missense mutation detected in exon 14 and 18 were
28% and 10%, so that they were usually chosen as
important sites of genetic screening[12]. PCR-SSCP
technique is of great value in direct mutation
identification and polymorphism analysis, and SSCP
analysis of PCR products was made by denaturing ds
DNA and fractionating the strands on a non-denaturing
polyacrylamide gel. Under the appropriate condition,
the electrophoretic mobility of the DNA was dependent
not only on its length and molecular weight, but also
on its conformation. This secondary structure was
determined by the balance between destabilizing
thermal forces and weak stabilizing forces such as
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intra-strand base pairings and stacking, which were in
turn dependent on the primary structure of the DNA
strand, not only did the complementary strands
migrate as separate bands on the gel, but small
differences in sequence also altered the mobility of
these strands. Aberrant bands were then sequenced
to confirm the presence of mutation or polymorphism
[13]
. In this study, 37 WD patients had aberrant
migration bands in PCR-SSCP, indicating strongly
that the exon 18 of ATP7B gene may be one of the
regions with a higher mutation frequency, although
the exact mutation sites and its trait could be identified
by further sequential analysis. At same time,
comparative results of the therapeutic effect showed
that there were no statistically significant differences
between the three kinds of clinical phenotypes as
well as mutation group and non-mutation group (P>
0.05). In view of the fact that most WD patients
who carry two different mutations are compound
heterozygotes and total effectiveness of Wilson type
or pseudosclerosis type WD are much better than
that of hepatic type WD, we consider that specific
mutation, at least in part, plays a role in influencing
the disease phenotype and curative effect.
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Role and pitfalls of hepatic helical multi-phase CT
scanning in differential diagnosis of small
hemangioma and small hepatocellular carcinoma
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Abstract
AIM To compare and analyze the contrast
enhancement appearance of small hemangioma
(SHHE) and small hepatocellular carcinoma (SHCC)
with helical multi-phase CT scanning so as to
determine their roles and pitfalls in the differential
diagnosis of SHHE and SHCC.
METHODS The pre and postcontrast CT scanning
of the liver in 73 cases (38 SHHE, 35 SHCC) were
carried out. The first phase scan of the entire liver
began at 30s after the injection of contrast medium,
the second and third phases began at 70s, and 4
min respectively. The contrast enhancement
patterns and characteristics of all lesions were
observed and compared.
RESULTS In SHHE, 64.29% (27/42) had typical
manifestations in two-phase dynamic scanning, such
as peripheral dramatic high-density enhancement
of the lesions with progressive opacification from
the periphery toward the center, 30.95% (13/42)
were hyperdense in both phases and 4.76% (2/
42) were hypodense in both phases. In the third
phase scanning, 96.67% (28/30) of SHHE were
hyperdense and isodense. In SHCC 59.52% (25/42)
presented typical appearances, such as hyperdense
in the first phase and hypodense in the second
phase, 23.81% (10/42) were hyperdense in the
first phase and isodense in the second phase with
4.76% (2/42) of hypodense in both phases. In the
third phase scanning, 85.71% (24/28) of SHCC
were hypodense.
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CONCLUSION According to the contrast
enhancement patterns of SHHE and SHCC in the
two-phase or multi-phase scanning by helical CT,
diagnosis can be established in the majority of
lesions, while some atypical cases needed MRI for
further investigation.

INTRODUCTION

Hemangioma is the most common benign tumor
of the liver. It is found incidentally during the
abdominal imaging examination, which is
important in the differential diagnosis from
hepatocellular carcinoma (HCC) [1] . In most
cases, the differential diagnosis is easy, but in
some cases, it is difficult. With the application
of helical CT, the scan speed is greatly
improved, the entire liver can be scanned during
a single breath-hold and it can be done during
dual-phases or multi-phases of hepatic
enhancement for optimal visualization of small
hemangioma (SHHE and small hepatocellular
carcinoma (SHCC) [2]. To improve the capability
of differential diagnosis between SHHE and
SHCC, it is necessary to renew their
enhancement patterns on helical CT scanning.
We analyzed the appearance of 38 SHHE (42
lesions) and 35 SHCC (42 lesions) on dual-phase
and multiphase helical CT scanning, and evaluate
their roles and pitfalls in the differential
diagnosis between the two.
MATERIALS AND METHODS

Seventy-three patients were reviewed, 52 men, 21
women, aged 32-76 years, averaging 53 years.
Thirty-five cases of SHCC were confirmed by
surgical pathology or biopsy and 10 of 38 cases of
SHHE were proved by surgery, and the others
confirmed with the combination of other
examinations (US, MRI) and the follow-up CT
scan at least for one year. All lesions were
3cm in diameter. The CT imaging was performed
with a GE-Hispeed Advantage Scanner, scanning
time 1s, 120 kV-140 kV, 230 mA-280 mA, an
image matrix of 512×512, section thickness and
interscan gap of 5 mm or 10 mm. The postcontrast
scanning was started after the plain scan. The contrast
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medium (CM, Ultravest) was injected at a rate of 3
or 4 ml/s with a total amount of 80 ml-120 ml (1.5
ml/kg body weight). The first (arterial) phase scan
of the whole liver began at 30s after initial injection
of CM into the antecubital vein, and the second
(portal venous) phase scan started at 70s. In
addition, 28 SHCC patients and 30 SHHE patients
underwent the third (delayed) phase scan with 4
min.
All cases received US examination (HITANICAEUB-40B, Japan), and 25 of the patients underwent
MR imaging (GE-1.5T Sigma Superconducting
Magnet). The SE technique was used and T 1 weighted and T2-weighted (2000/30-50) imaging of
the entire liver was carried out. The dynamic
contrast enhancement MR imaging was performed
with the fast multiplanner spoiled gradient recalled
sequence.
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hyperdense (homogeneous or unhomogeneous) and
isodense, and the other 2 of the 30 were
homogeneously hypodense, one of them was
hypodense, the other associated with fatty liver was
hyperdense on both plain scan and the first phase
scan, and became hypodense compared with the liver
parenchyma enhanced markedly on the second
phase. Those two cases were misdiagnosed as
hepatocellular carcinoma, but on the dynamic MR
contrast imaging, they began to be opacified fully at
the 10 min. For SHCC, 85.71% (24/28) were
hypodense on the delayed phase scan, 4 were
isodense (with fatty liver), 2 hyperdense on the first
and the second phase, and the other 2 were
hyperdense on the first phase and isodense on the
second phase, resulting in misdiagnosis of SHHE
preoperatively.
DISCUSSION

RESULTS

Fourty-two lesions were detected in 38 SHHE patients
with a size of 1 cm-3 cm, averaging 2.2 cm,and 42 lesions
were detected in 35 SHCC patients, with a size of 0.8
cm-3.0 cm, averaging 1.8 cm.
Plain scanning

Twenty-eight lesions of SHHE were detected,
25 of them had low attenuation with the edge
clear or unclear, 3 of them presented high
attenuation because of the existence of fatty
liver. Twenty-six SHCC were detected on the
plain scan, 24 of them had low attenuation and
2 had high attenuation with fatty liver
background.
Contrast enhancement

On the first phase, 30.95% (13/42) of the SHHE
revealed homogeneous high attenuation, 50% (21/
42) of them with unhomogeneous high attenuation,
and 19.05% (8/42) homogeneous low attenuation.
On the second phase, 61.90% (26/42) presented
with homogeneous high attenuation, 28.57% (12/
42) with unhomogeneous high attenuation, 2.38%
(2/42) isoattenuation and low attenuation,
respectively.
On the first phase scan, SHCC presented the
following enhancement findings: homogeneous high
attenuation in 71.43% (30/42), unhomogeneous
high attenuation in 16.67% (7/42), isoattenuation
in 7.14% (3/42) and low attenuation for 4.76% (2/
42). On the second phase, 71.43% (30/42) of them
became low attenuation (homogeneous or
unhomogeneous), 23.81% (10/42) isoattenuation,
4.76% (2/42) had high attenuation associated with
fatty liver.
On the delayed phase scan, the appearance of
SHHE varied, but the majority (96.67%) were

The diagnostic standards of HHE suggested by
Freeny [3] were:
early contrast enhancement in
the peripheral areas;
progressive opacification
from the periphery to the center of the lesion;
full opacification in the delayed scan, but only 55%
HHE were typical due to the different
characteristics of each lesion and pitfalls of the scan
protocol. The single-level dynamic CT can remedy
the shortcomings of conventional contrast CT, but
the scan phase can not be controlled accurately to
pass through the center of small lesions. The helical
CT is able to overcome the disadvantages of the
conventional dynamic CT. The scanning of entire
liver can be finished during a single breath-hold
without respiration motion. On the other hand, the
major advantage of helical CT is that the entire liver
can be scanned at the different periods of hepatic
enhancement, facilitating lesion’s characterization
in general[4]. The arterial phase scan usually started
at 25s-35s after initial injection of contrast medium,
and the portal phase at 65s-70s, sometimes an
additional delayed scan at 3 min-5 min was needed
in patients suspected of having HHE in order to
distinguish from HCC.
Our results showed that, 27 of 42 SHHE (64.28%)
had obvious globular enhancement peripherally
(Figure 1 A, B), and it was not seen in the other
15 lesions. Thirteen of 15 lesions were homogeneous
hyperdense on the early phase, which was difficult
to differ from hyperwascular SHCC, but in the
second phase, the lesions remained hyperdense,
which was helpful in making definite diagnosis
of SHHE. The time of opacification needed in
SHHE was usually 1 min-4 min or more, but the
smaller the lesion, the faster the spreading of
contrast medium, becoming homogeneously
hyperdense rapidly, with a longer peak period of
about 1 min-2 min [1,5] , therefore, remaining
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hyperdense on the second phase scan. Thirty-seven of
42 of SHCC (88.09%) cases were homogeneous or
unhomogeneous hyperdense on the first phase, but 71.
43% of them became hypodense on the second phase
(Figure 2 A, B), and 23.81% (10/42) of them were
isodense. The result showed that the peak period of early
enhancement of SHCC lasted short and waked out
rapidly, so the dual-phase (arterial phase and portal
venous phase) scans can reflect sufficiently the specific
feature of blood supply of SHHE and SHCC. Findings
during the portal venous phase scan was especially
important for the differential diagnosis. Early
homogeneous hyperdense findings in some SHHE have
been reported to be atypical[1-7], but the prolonged
hyperdense on the second phase can make a positive
diagnosis (Figure 3 A-D). In addition, Hanafusa[5] et al
reported a group of SHHE, 7 of them were considered
atypical as hyperdense on the first phase and isodense
on the second phase. Ten lesions in our group had the
same appearance, all were performed with the delayed
phase scan, 8 of them being hypodense and diagnosed
as SHCC (Figure 4 A-D). The other two lesions of
isodense were misdiagnosed as SHHE preoperatively,
but later were confirmed as SHCC by the surgical
pathology. The misdiagnosis might be inferred that
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a few SHCC received the blood supply from portal vein
rendering them more hypervascular and prolonged
enhancement into the portal venous phase[8]. On the other
hand, in the patients with fatty liver, due to the lower
parechymal attenuation, the difference between the
lesion and the liver parenchyma was minimized. The
delayed phase scan was necessary in these patients, so
as to lower the misinterpretation. The demonstration of
capsule of the lesions was also important in the
differential diagnosis, but rarely seen on CT, and MR
imaging may be helpful under this condition.
Thirty SHHE and 28 SHCC had the third phase
scanning, the result showed that 96.67% (20/30) of
SHHE were hyperdense or isodense, and 85.71% (24/
28) of SHCC were hypodense. These reflected further
changes of the enhancement patterns of SHHE and
SHCC. The early enhancement patterns of SHHE were
various, but the majority of lesions were opacified
gradually or rapidly and lasting longer while those of
SHCC had the enhancement pattern of both ascending
and descending rapidly. In some atypical cases,
especially in the patients associated with fatty liver,
either dual-phase or multi-phase scan showed the
limitation in the differential diagnosis, and MR imaging
would be the best choice.

Figure 1 SHHE confirmed by surgery.
A. Arterial phase CT scan demonstrated the peripheral nodular enhancement of the lesion in the left lobe (arrow).
B. Portal venous phase CT scan demonstrated the lesion was opacified fully, its dense was higher than normal liver parenchyma (arrow).
Figure 2 SHCC confirmed by surgery.
A. Arterial phase CT scan demonstrates the lesion enhanced homogenously and became hyperdense (arrow).
B. Portal venous phase scan demonstrated the lesion was hypodense homogenously (arrow).
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Figure 3 SHHE confirmed by surgery.
A. Plain scan demonstrated a hypoattenuating lesion in the right lobe, the edge was unclear (arrow).
B. Arterial phase CT scan demonstrates the lesion enhanced homogenously and hecame hyperdense (arrow).
C. Portal venous phase CT scan demonstrated the lesion remained hyperdense (arrow).
D. Delay phase scan demonstrated the same finding as portal venous phase scan (arrow).
Figure 4 SHCC confirmed by surgery.
A. Plain scan demonstrated a small hypoattenuating lesion in the right lobe, the edge was clear (arrow).
B. Arterial phase CT scan demonstrates the lesion enhanced homogenously and became hyperdense (arrow).
C. Portal venous phase CT scan demonstrated the lesion was isodense and could not be found (arrow).
D. Delay phase scan demonstrated the lesion was hypodense with clear boundary (arrow).
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Depending on the enhancement patterns of SHHE
and SHCC, the following findings were helpful in
peripheral globular
the diagnosis of SHHE:
enhancement on the first phase;
homogeneous
hyperdensity on the first phase and maintaining to
the second phase or/and the third phase;
homogeneous hyperdense on the first phase and
isodense on the second phase and the third phase
(except the cases associated with fatty liver).
Forty of 42 SHHE had the above-mentioned
findings (95.24%), the other two was difficult to
diagnose.
MRI was considered to be the most accurate method
in the diagnosis of HHE among the imaging
modalities with an accuracy of 95% [9], helical CT
could alsoreflect sufficiently the blood supply of
SHHE, thus helping with a definite diagnosis. The
result of our study showed that the accuracy of
diagnosis with helical CT was similar to that of
MRI, and significantly superior to that of
conventional CT especially in the portal venous
phase scan for the differential diagnosis. Two phase
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scan should be routinely used, the addition of the third
phase scan or multiphase scan would be the choice for
further confirmation, and if the diagnosis is still unclear,
MRI ought to be the preference.
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Effects of Fuzheng Huayu 319 recipe on liver
fibrosis in chronic hepatitis B *
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Abstract
AIM To investigate clinic effects of Fuzheng Huayu
319 recipe (319 recipe) on liver fibrosis in chronic
hepatitis B.
METHODS Ninety-five patients with chronic
hepatitis B were divide into the treated (63 cases)
and control (32 cases) group, and orally
administrated with 0.5g 319 capsule or 0.5g
Dahuang Zhachong pill tid for 3 months,
respectively. The liver functions and serological
fibrotic markers were observed before and after
treatment, 12 cases in the treated group were
examined with liver biopsy.
RESULTS Three hundreds nineteen recipe could
remarkably decreased serum ALT level and total
bilirubin and significantly improve serum albumin
and A/G ratio. Its effects were better than Dahuang
Zhachong pill. Before treatment, patients¡äserum
monamine oxidase activities, tissue inhibitor of
metalloproteinase (TIMP)-1, procollagen type III
and laminin were all higher than those of health
peoples. These levels decreased remarkably after
treatment, and urine hydroxyproline level increased
significantly (P<0.001-0.05). Compared with the
control, the improvement in treated group was
better than that in the control except TIMP-1.
According to the scoring system for staging of
chronic hepatitis, the fibrotic extents of 7 cases
among 12 cases examined by liver biopsy decreased
remarkably (1 case decreased by 3 scores, 5 by 2
scores, 1 by 1 score).
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CONCLUSION Fuzheng Huayu 319 recipe
had good therapeutic effects on chronic
hepatitis B, it could reverse the development
of liver fibross to some extent. In general its
effects were better than that of Dahuang
Zhachong pill.

INTRODUCTION

Our previous study showed that Fuzheng Huayu
319 recipe had good effect on the patients with
post-hepatitic cirrhosis [1] . In order to study this
recipe actions on chronic liver diseases and liver
fibrosis, 95 patients with chronic hepatitis B
(CHB) were treated and observed. Among them
63 cases were treated with 319 recipe, 32 with
Dahuang Zhachong pill as controls. Patients’ liver
functions and serum fibrotic markers were
observed and the liver histological changes in 12
cases were examined by biopsy before and after
treatment.
OBJECTS AND METHODS
Patients

Ninety-five in-patients were included, 11 female and
84 male, aged from 20 to 65 years, averaging 37.6.
They were clinically diagnosed as CHB according
to the revised standard of the sixty Shanghai national
virus hepatitis symposium in 1990. Each case had at
least one positive serum HBV marker. Among them,
there were 63 cases with HBeAg positive, 33 with
jaundice, 29 with vascular spider or liver palm, 37
with splenomegaly. 26 cases were examined
randomly by laparoscopy or biopsy and the
histopathological assessment was in accord with
clinic diagnosis.
Groups and therapy

Ninety-five patients were randomly divided into the
treated group (63 cases) and the control group (32
cases). The patients’ ratio of sex, range of age, course
of disease and liver functions were paralleled between
two groups.
The treated group orally took 1.5g 319 recipe, tid,
composed of Semen Persicase, Radix Salviae,
Miltiorrhiae, Cordyceps Sinnensis (Berk) Sace,
Pollen Pini, etc. and was purified and made into
capsules (0.3g per capsule, equivalent to 8.17g
raw herbs) by Shanghai Zhonghua Pharmaceutical
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After thoroughly medical history inquiring, physical
examination and the course of treatment, the blood
samples were collected from patients with empty
stomach in the morning before and after treatment and
the following items were detected such as HBV markers,
liver functions, monamine oxidase (MAO) activity and
fibrotic markers etc. Also 24 h urine amount was
recorded and measured for fibrotic markers. The normal
serum samples were collected from healthy donors,
whose sex ratio and age range were paralleled to the
patients.

in 10% neutral formalin buffer, and embedded in
paraffin regularly, continuously cut to 5 µm slice and
stained with HE. The pathologic examination standard
was observed according to the grading and staging of
the draft “The project of preventing and treating virus
hepatitis” in 1995[3]. The inflammation activities were
classified into 5 grades (G0-4), fibrosis degres into 5
stages (S0-4).
Rabbit anti-bovine type I collagen (I-C) serum,
rabbit anti-human type III collagen (III-C) anti-serum,
and rabbit anti-human IV-C serum were from the
pathology department, Shanghai Medical University
and rabbit anti-human LM serum from Sigma
Company.
The paraffin sections of liver samples were
deparaffined, gradient dehydrated with alcoholic solution,
incubated at 37 for 1h with H2O2 methyl alcohol so
the endogenous peroxidase was removed, and digested
with 0.2% peptic solution at 37 for 1 h, stained with
regular PAP method. The negative and blank control
were made.
Statistical analysis χ2, t test Ridit and u test methods
were used.

MAO activity clorimetric assay, the kit was from
Wenzhou Yilikang Biology Technique Company.

RESULTS
The liver function and clinic manifestation

Factory. The control group orally took 1.5g Dahuang
Zhachong pill, tid, which was one of the traditional typical
recipes for supporting healthy energy and eliminating
blood stasis effectively, produced by Shanghai First Herb
company (lot No.91221A1) and smashed to powder and
made into capsules (0.3g per capsule). Both groups were
treated for 3 months, accompanying with the same
expectant treatment and observed by double blind method
and continuously observed for half a year after the
treatment.
Observed items and methods

Tissue inhibitor of Metalloproteinases-1 (TIMP1) content ELISA, the kit was from Japan Fuji Medical
Industrial Company.
Type-III-procollagen-N-peptide (P-III-P) content
ELISA, the kit was from Jingshi Medical Technique
Development Institute.
Type IV Collagen (IV-C) content ELISA, the kit
was from Japan First Chemical Medicine Company.
Hyaluronic Acid (HA) content radioimmunoassay,
the kit was from Shanghai Navy Medical Institute.
Laminin (LM) content Radioimmunoassay, the kit
was from Shanghai Navy Medical Institute.
Hydroxyproline (Hyp) content (Jamall’s method)
[2]
. Laparoscopy and biopsy Twelve cases in the
treated group were examined with liver biopsy before
and after treatment, among them 6 were also examined
with laparoscopy. The patients’ liver, spleen,
peritoneum, mesentery, etc. were observed under
STORZ fiber laparoscope and photographed. Also
under laparoscopy, liver tissues were quickly taken in
the point on the diaphragmatic surface of liver left
lobe 2.5 cm away from falciform ligament and liver
edge. The needle liver biopsy was punctured with 1
second paracentesis.
Liver histology The liver tissue samples were fixed

ALT activities There were 52 cases were with
increased ALT activities in the treated group before
treatment, 48 (recovery rate 92.3%) recovered in 14
d-80 d after treatment, the average recovery time was
33.8 d. 24 had higher ALT activities in the control
before treatment, 19 (79.2%) recovered after
treatment in 14 d-90 d, the average recovery time was
37.0 d.
Serum total bilirubin In the treated group, 30 cases
were higher before treatment, 23 (76.7%) became
normal after treatment, 6 decreased but 1 increased. In
the control, 12 cases were higher before treatment, 8
(66.7%) became normal after treatment, 2 decreased
and 2 increased.
Serum albumin In the treated group, the serum
albumin (Alb) content was 40.04±5.2 before
treatment, and 45.3 g/L±5.1 g/L (P<0.001) after
treatment. Among them 13 cases were less than 35
g/L before treatment, and 11 were normal after
treatment. In the control, that was 39.0±4.9 before
treatment and 39.7 g/L±5.3 g/L after treatment. Six
cases were less than 35 g/L before treatment, 2 were
normal after treatment. The Alb differences between
two groups before and after treatment were 4.9 g/
L±4.9 g/L, 0.7 g/L±2.5 g/L respectively. Significant
difference (P<0.001) was found.
Serum-A/G ratio In the treated group, it was 1.
46±0.43, and 1.72±0.48 respectively before and
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after treatment (P<0.001). Twenty-one cases were less
than 1.3 before treatment, 13 were normal after treatment.
In the control, it was 1.32±0.34 and 1.31±0.34 before and
after treatment, 8 cases were less than 1.3, 1 case normal.
A/G difference between two groups before and after
treatment were 0.26±0.34, -0.01±0.21 respectively and
significant difference was found (P<0.001).
The main symptoms and signs in both groups were
improved obviously, such as fatigue, abdominal flatulence,
nausea, yellow in eyes and hypochondriac pains etc., but
no significant difference was found (Table 1).
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Follow-up observation Half a year after the
treatment, ALP of 5 among the 48 recovered cases
relapsed in the treated group, and 7 of 19 cases in the
control relapsed. The HBsAg and HBeAg negative
conversion rates were 2.8% and 38.5% in the treated
group, 0 and 25% in the control respectively. For the
therapeutic evaluation, 54 cases were effective, 9 not
effective, and the effective rate was 85.7% in the
treated group. 21 cases were effective, 11 not
effective, and the effective rate was 65.6% in the
control (Tables 2, 3).

HBV markers Before treatment there were 52
cases with positive HBsAg and HBeAg. 36 cases in
the treated group, 2 or 16 of them had HBsAg or
HBeAg negative conversion (5.6% or 41.0%) after
treatment respectively. For 16 in the control, 1 was
with HBsAg and 6 with HBeAg negative conversion
(6.3% or 37.5%). No case had HBsAb negative
conversion in both groups. There were 8 cases in
the treated group (20.5%) and 1 in the control (6.3%)
with positive HBeAb conversion, but no significant
difference.

Serum fibrotic markers

MAO activities Compared with normal people,
patients’ serum MAO activities increased obviously
before treatment, 22 cases (59.5%) among 37
patients were more than 54U (normal peoples’ x+2SD
the same as following).
TIMP-1 Serum TIMP content increased obviously
before treatment, in 16 cases (38.1%) with more than
204 ng/ml (-379 ng/ml) among 42 cases.

Table 1 The main symptoms and signs before and after treatment (cases)
Group

n

Fatigue

Anorexia

Abdominal
flatulence

Nausea

Yellow
urine

34

20

21

13

16

Yellow Hypochondriac
eye
pain

Treated

63

Before
After

1

1

1

1

3

3

4

Control

32

Before

24

10

9

12

6

9

10

After

1

1

1

0

1

2

1

21

21

Table 2 Serum fibrotic markers in patients with Chronic hepatitis B
Group

MAO(u)

TIMP

P-III-P

IV-C

HA

LM(ng/ml)

Normal people

28 ± 13

164 ± 20

0.31± 0.12

99 ±23

38 ±36

234± 69

(20)

(20)

(15)

(60)

Chronic hepatitis

63 ± 29 d

192 ± 39 d

1.41 ±2.19 b

494± 300d

(37)

(42)

(34)

(46)

B

(60)

(60)

362 ± 235d

358 ± 64 d

(61)

(61)

b

P<0.01, dP<0.001, vs control. ( ) inside number was patient cases.

Table 3 The serum fibrotic markers and urinary hydroxyproline (x±s)
Group

Treated

MAO(U)

a

P-III-P

IV-C

HA

LN(ng/ml)

Urine Hyp

Cases

30

24

20

29

44

42

29

Before

64±30

184±58

1.81±3.9

547±345

377±293

369±73

21.6±8.9

After

28±16 d

153±54 b

0.80±1.69 a

386±212 b

210±241 d

208±85 d

24.5±7.8 a
3.2±7.5

Difference

Control

TIMP

36±27

c

31±44

1.01±2.08

161±262

167±199

161±116

Cases

7

18

14

17

17

17

17

Before

60±30

204±59

1.57±1.46

404±179

356±313

382±68

20.7±7.3

After

47±33

139±39 d

1.71±3.14

333±150 a

220±218a

282±103d

22.6±5.6

Difference

13±14

65±47

0.14±2.51

72±121

136±251

99±92

P<0.05, bP<0.01, dP<0.001, vs before treatment. cP<0.05 vs control.

2.0±6.5
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P-III-P and IV-C Serum P-III-P and IV-C increased
obviously before treatment, in 17 cases (50%) with more
than 0.55 ng/ml (-24.22 ng/ml) P-III-P in 34 cases, in 45
cases (97.8%) with more than 145 ng/ml (-1511 ng/ml)
in 46 cases.
HA Patients’ serum HA content increased obviously
before treat ment, in 44 cases (72.1%) with more
than 110 ng/ml. In the treated group , there were 31
cases with HA levels more than 110 mg/ml before
treatment , after treatment 14 cases recovered, 15
decreased, 1 had no change and 1 increa sed. In the
control there were 13 cases with HA levels more
than 110 mg/ml before treatment; 5 recovered, 6
decreased, 1 had no change and 1 increased after
treatment.
LM The serum LM contents of patients increased
significantly compared with the normal (P<0.001).
There are 31 cases among 61 patients with LM
contents more than 372 ng/ml (-540 ng/ml). All 21
cases in the treated group with LM more than 372
ng/ml recovered. For 10 cases in the control with
more than 372 ng/ml LM, 6 recovered, 3 decreased
and 1 increased. After treatment both groups had
less MAO, TIMP-1, P-III-P, IV-C, HA and LM
contents than before treatment, but the treated
group decreased more significantly than the control
(P<0.05).
Urinary Hyp In the treated group urinary Hyp increased
signific antly after treatment compared with that before
treatment (P<0.05). It slightly increased in the control,
but there was no significant difference.
The histological changes of 12 cases in the
treated group

Laparoscopical examination One case was diagnosed
as chronic persistent hepatitis (CPH) according to
the old classification, the liver right lobe enlarged
slightly; the edge was a little bit blunt, the small vessels
on the ligamentum teres hepatis proliferated slightly
and the spleen swelled mildly before treatment. After
treatment the vessel proliferation attenuated. The
livers of 4 patients with chronic active hepatitis (CAH)
swelled and enlarged to varying degrees before
treatment. The liver edges was slightly blunt, the color
was pink or red, the most of the surface capsule
thickened, the stripe was not clear enough. Among
these 4 cases, 1 showed wave wrinkle, 2 had mass
(±4 mm diameter), 1 osmosised fibrin, and liver
surface of 1 case covered by the greater omentum.
After treatment, in 1 case the liver surface was
separated from omentum (Figure 1). In another case
with early liver cirrhosis, the right and left lobe of
front liver swelled, accompanied with blunt edge, dark
red color, thick capsule in the liver surface, vague

351

stripe, 4 mm-6 mm diameter mass surrounded by
the fibrous bundle, edemaed ligamentum teres
hepatis, swollen spleen, and slightly varicosed veins
in the great omentum and mensentery etc. After
treatment the swelling of the liver lobe attenuated,
fibrous bundles on liver surface reduced and the
varicose vein on the omentum and mensentory
recovered.
Pathological observation

After treatment the liver inflammatory grades of 4
cases had decreased (1 decrea sed by 3 scores, 1 by
2 scores, 2 by 1 score), 6 cases had no obvious
changes, a nd 2 cases increased by 1 score. Therefore,
the improvement of liver inflammatio n was not
significant on the whole ( P>0.05). But the
improvement of the liver fibrotic stages was significant
(P<0.005). 7 cases improved (1 decreased by 3
scores, 5 by 2 scores, 1 by 1 score), 4 cases had no
marked change, only 1 case increased by 1 score
(Table 4).
Table 4 The liver inflammatory grades and fibrotic stages
Inflammatory grades

Fibrotic stages

G0 G1 G2 G3 G4 S0 S1
Before treatment
After treatment
a

0
1

1
2

7
7

3
1

1
1

1
3

1
5

S2

S3

S4

3
1

5
2

2
1a

P<0.05, vs after before treatment.

Immunohistochemical observation

Type I collagen Before treatment, I-C was positively
stained along the most liver sinusoid with a ground
circular shape. The portal areas became wider,
surrounded by hepatocyte necrosis and formed fibrous
septum stretched from the portal areas to hepatic
lobules. After treatment, these collagen became smaller,
thinner or discontinuous. Stained areas decreased in
1/3 of cases, unchanged in 1/2 of cases, increased in
only 1 case. The portal areas decreased in 1/2 of cases,
the others unchanged. Although positive stained in
hepatocellular necrotic areas, 6 of 8 cases positive stained
in fibrous septum before treatment showed either
negative stain or decreased areas, none in-creased after
treatment (Figure 2).
Type III collagen Before treatment, most III-C with
ground circular shape expressed around the sinusoids as
well as I-C, in widen portal areas, in hepatocyte necrotic
areas along limitlate plate and in fibrous septum. After
treatment, the positive stains did not change obviously around
sinusoid, but decreased, unchanged or increased respectively
for 1/3 of cases in the portal areas. Of the 9 cases positive
stained before treatment in fibrous septum, 6 cases became
negative or decreased, 1 unchanged and 2 increased
slightly (Figure 3).
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Figure 1 Liver surface of patients’ with CBH under laparoscopy before (F) and after (S) 319 recipe treatment.
Figure 2 Type III collagen expression in the liver of patien ts’ with CBH under laparoscopy before (F) and after (S) 319 recipe treatment (×200).
Figure 3 Type I collagen expression in the liver of patient s’ with CBH under laparoscopy before (F) and after (S) 319 recipe treatment (×200).
Figure 4 Type IV collagen expression in the liver of patien ts’ with CBH under laparoscopy before (F) and after (S) 319 recipe treatment (×200).

Type IV collagen Before treatment, IV-C around
sinusoids expressed as thicker or thinner circles,
some of them were thin and continuos. In the portal
areas, hepatocellular necrosis areas and fibrous
septum, IV-C expressed as I-C and III-C. After
treatment, IV-C expression around sinusoid in half
of the cases increased, or became grosser or become
continuous from discontinous, none decreased. 10
cases were stained positive for IV-C in fibrous
septum before treatment, and after treatment, 6
became negative or decreased, 2 unchanged, 2

slightly increased (Figure 4).
Laminin Before treatment, LM was stained
slightly positive, scattered around sinusoids and
in fibrous septum like thin circle or discontinuous
string. But in sinusoids with hepatocyte
speacemeal necrosis and in the portal areas, LM
expressed strong positive and thick circles. After
treatment, among 10 cases with LM positive stain
around sinusoids, 2 decreased, 6 unchan ged, 2 slightly
increased. The changes in the portal areas were

LIU Ping, et al. Effects of Fuzheng Huayu 319 recipe on liver fibrosis in chronic hepatitis B

similar to those around sinusoids. Among 9 cases with
positive staining in fibrous septum, 4 decreased or became
negative, 4 unchanged, 1 increased.
DISCUSSION

The histological staging for fibrotic degrees was
emphasized on the new classifi cation of chronic hepatitis[4].
WANG reported that although most inflamation activities
decreased after treatment, fibrosis still existed even
developed in the patients observation of twice liver biopsy
[5]
. It is suggested that it is necessary to treat fibrosis
during chronic hepatitis.
319 recipe had good therapeutic effect on posthepatitic cirrhosis. In this study it had been found
that 319 recipe could decrease serum ALT activities
and serum bilirubin, improve serum Alb and A/G ratio.
The effects on CHB were better than Dahuang
Zhachong pill.
The fibrotic degrees could demonstrate pathological
development of chronic hepatitis. Because the difficulty
and limit of liver biopsy, serum fibrotic markers important
for diagnosis and evaluation of drug effects[6]. Serum
MAO was first used in clinic[7], later serum P-III-P, LM,
IV-C, HA and TI MP-1 were applied[8-12]. But these
markers could be influenced by body connective tissue
metabolism, and single marker lacked specificity, so
recently it is maintained that multi-markers should be
combined for practice[6]. In this paper, serum MAO,
TIMP, P-III-P, IV-C, HA and LM in patients all
increased remarkably compared with normal people.
If “x±2SD” was set as abnormal value, their abnormal
ratios were IV-C (97.8%) , HA (72.1%), MAO (59.
4%), LM (50.8%), P-III-P (50.0%), TIMP (38.1%),
similar to other reports[10-12]. After the treatment,
however, these 6 markers were improved to some
extents. Except TIMP, the other 5 markers
improvement in the 319 recipe treated group were more
obvious than the control, especially the serum MAO
and LM. Urinary Hyp excretion increased also after the
treatment. It is shown that 319 recipe not only
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improved patients’ liver functions, but also decreased
serum fibrotic markers which pathologically increased
in CHB. Its comprehensive effects are better than
Dahuang Zhachong pill.
Among 11 cases with fibrotic stage 1-4 in the treated
group, 7 cases had obviously decreased fibrotic septum,
the enlarged portal areas reduced, and hepatic lobule
structure nearly recovered. In 5 cases, fibrotic stages
decreased by 2 scores, 1 case by 3 stages and 1 case
by 1 stage. Type I, III and IV collagen expressions in
portal areas and fibrotic septum in most samples
decreased or became negative, but in some cases the
changes were not obvious. LM expressions in these
places also decreased and were paralleled to pathological
staging. All these indicated that 319 recipe could inhibit
CBH fibrotic development, improve degradation of
proliferated fibrous tissues in liver, and had a significant
application on inhibition of liver cirrhosis.
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Effects of Dangshen on isolated gastric muscle
strips in rats *
ZHENG Tian-Zhen1, LI Wei1, QU Song-Yi1, MA Yong-Ming1, DING Yong-Hui2, WEI Yu-Ling2
Subject headings Dangshen; stomach; muscle, smooth;
muscle contraction; receptors, cholinergic; rats

Abstract
AIM To study the effects of Dangshen [dried
root of Codonopsis Pilosula (Franch) Nannf] on
contractile activity of isolated gastric muscle strips
in rats and its possible mechanism involved.
METHODS Each isolated gastric muscle strip
was put in a tissue chamber containing 5 ml Krebs
solution, constantly warmed by water jacket at
37 and supplied with a mixed gas of 95% O2
and 5% CO 2 . After incubating for 1h with 1g
tension, Dangshen of varied concentration was
added cumulatively in the tissue chamber at
intervals of 2 minutes. The isometrical response
was measured on ink-writing recorders.
RESULTS Dangshen dose dependence increased
the resting tension of longitudinal muscle (LM) of
fundus (r = 0.96, P<0.01), the mean contractile
amplitude of circular muscle (CM) of the stomach body
(r = 0.87,P<0.05) and CM of antrum (r = 0.98,
P<0.01), and the motility index CM of pylorus (r
= 0.87, P<0.05). Atropine (5×10 -8mol/L) or
Hexamethonium (10 -5 mol/L) or Indomethacin
(5×10 -7mol/L) was given 2 minutes before the
administration of Dangshen, it did not abolish its
dose related manner. Atropine apparently reduced
the increasing action of 10% and 30% Dangshen
on the resting tesion of LM of fundus (P<0.05),
30%, 100% and 200% Dangshen on bodied strips
(P<0.05), 100% and 200% Dangshen on antral
strips (P<0.05).Hexamethonium reduced the
increasing action of 10% and 30% Dangshen on
the resting tesion of LM of fundus (P<0.05 and
P<0.05), 30%, 100% and 200% Dangshen on
1
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bodied strips (P<0.05), and 100% and 200%
Dangshen on pyloric strips (P<0.05). Indomethacin
inhibited the effect of 10% Dangshen on the resting
tesion of LM of fundus (P<0.05), but did not affect
the exciting action of Dangshen on strips of body,
antrum and pylorus.
CONCLUSION T h e r e s u l t s s h o w e d t h a t
Dangshen possessed exciting action on the isolated
gastric smooth muscle strips of the rat. The exciting
action of Dangshen was partially mediated via
cholinergic M and N receptors.

INTRODUCTION

Recently, close attention has been paid to the Chinese
drugs that affect the alimentary tract and are used to
treat gastrointestinal motility disorders. Dangshen
[Codonopsis Pilosula (Franch) Nannf.] is a main
Chinese drug to treat spleen and stomach disorders.
Previous studies had shown that Dangshen regulated
gastric basic electrical rhythm disorder on stress
condition and inhibited gastric motility on acute gastric
ulcer in rats[1]. The effect of Dangshen on isolated
gastric muscle strips in rats has not been published,
so we have studied the action of Dangshen on gastric
smooth muscle in rats and the possible mechanism
involved.
MATERIALS AND METHODS

Dangshen was ground into coarse powder, boiled
in distilled water, filtered and made 100% extract
solution. The 100% Dangshen extract solution was
dispensed in the concentration of 1%, 2%, 7%,
20%, 70% and 100% respectively (The drug was
made and identified by Gansu Institute for Drug
Control).
Wistar rats, weighing 250 g-300 g were fasted with
free access to water for 24 hours. Then they were
hit to lose consciousness and the whole stomach
was removed. The stomach was opened along
greater curvature and four strips (8mm×2mm)
were cut, parallel to either the longitudinal or
circular fibers and named longitudinal muscle
(LM) of fundus, circular muscle (CM) of body,
antrum and pylorus [2]. Each strip with the mucosa
removed was suspended in a tissue chamber
containing 5 ml Krebes solution, constantly
warmed by circulating water jacked at 37 and
supplied with a mixed gas of 95% O2 and 5% CO2.
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One end of the strip was fixed to a hook on the bottom
of the chamber while the other end was connected
by a thread to an external isometric force transducer
(JZ-BK, BK) at the top. Preparation were subjected to
1g load tension and washed with 5 ml Krebs solution every
20 minutes. The contractions of gastric strips in 4 tissue
chambers were simultaneously recorded on ink-writing
recorders (LMS-ZB, Cheng-Du)[3]. After incubating for
1 h, Dangshen (1%, 2%, 7%, 20%, 70% and 100%) were
added in a 5 ml bath continuously at intervals of 2min, so
that the cumulative concentration reached 1%, 3%, 10%,
30%, 100% and 200%. Atropine (5×10-8mol/L) or
Hexamethonium (10-5mol/L) or Indomethacin (5×10-7mol/
L) was given 2 minutes before administration of
Dangshen.
We measured the resting tension of LM of fundus,
the mean contractile amplitude of CM of body and antrum
and the motility index [MI= (amplitude×duration)] of
CM of pylorus. Frequency of contraction was calculated
by counting the contraction waves. The results were
demonstrated by the increasing percentage (%) of the
control spontaneous contraction (x±sx). The data were
analyzed with the Student’s t test. The correlation
coefficients were calculated, and value of P<0.05 was
considered to be significant.
RESULTS
Effect of Dangshen on spontaneous contraction
of fundic strips

Dangshen dose dependence increased the resting tension
of LM of fundus (r = 0.96, P<0.01). Atropine (5×10-8mol/
L) or Hexame thonium (10-5mol/L) or Indomethacin
(5×10-7mol/L) did not affect its action in dose related
manner (r = 0.99, P<0.01). Atropine or hexamethonium
reduced the effect of 10% and 30% Dangshen
(P<0.05), while Indomethacin inhibited the effect of
10% Dangshen on the resting tension of LM of fundus
significantly (P<0.05, Table 1).
Effect of Dangshen on the spontaneous
contraction of bodied strips

Dangshen dose dependence increased the mean
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contractile amplitude of CM of body (1.7%±3.9%,
4.2%±3.3%, 7.5%±6.8%, 15.7%±5.4%, 16.6%±4.
9% and 32.2%±11.8%, respectively, r = 0.87, P<0.
05). Atropine (5×10 -8 mol/L) or hexamethonium
(10-5mol/L) apparently reduced the increasing action
of 30%, 100% and 200% Dangshen (-1.5%±4.3%,
-1.5%±5.3%, -2.3%±3.9%, and -1.9%±3.8%, -2.
4%±3.1%, -0.7%±5.8% respectively,P<0.05), while
Indomethacin (5×10-7mol/L) did not apparently affect
the increasing action of Dangshen (Figure 1). All
drugs did not affect the contractile frequency of
bodied strips significantly.
Effect of Dangshen on the spontaneous
contraction of antral strips

Dangshen dose dependence increased the mean
contractile amplitude of CM of antrum (5.4%±5.
5%, 5.6%±5.1%, 6.3%±6.1%, 8.6%±6.2%, 23.
9%±7.5% and 43.8%±7.5%, respectively, r = 0.98,
P<0.01). Atropine (5×10 -8mol/L) significantly
reduced the increasing action of 100% and 200%
Dangshen (-12.5%±8.6% and -2.0%±11.4%, P<0.
05), while Hexamethonium (10 -5 mol/L) or
Indomethacin (5×10 -7 mol/L) didn’t affect the
increasing action of Dangshen (Figure 2). All drugs
did not significantly affect the contractile frequency
of antral strips.
Effect of Dangshen on the spontaneous
contraction of pyloric strips

Dangshen dose dependence increased the motility
index of CM of pylorus (5.1%±9.7%, 7.4%±5.0%,
8.5%±7.1%, 14.4%±6.5%, 28.8%±4.1% and 38.
8%±10.6%, respectively, r = 0.87, P<0.05).
Atropine (5×10-8 mol/L) or hexamethonium (10-5 mol/
L) significantly reduced the increasing action 100%
and 200% Dangshen (5.3%±9.3% and 5.7%±7.7%;
7.0%±6.9% and 3.4%±7.9%, respectively, P<0.05).
Indomethacin (5×10 -7 mol/L) didn’t affect the
increasing action of Dangshen (Figure 3).All drugs
did not affect the contractile frequency of pyloric
strips significantly.

Table 1 Effect of Dangshen and antagonists plus Dangshen on the resting tension of the fundus in rats

Dangshen
Atropine (5×10-8 mol/L)+Dangshen
Hexamethonium(10 -5 mol)+Dangshen
-7

Indomethacin(5×10 mol/L)+Dangshen

1%

3%

10%

30%

100%

200%

0

5.4±3.3

38.8±6.9 b

75.8±11.9 b

153.8±17.9b

163.3±20.0b

(n = 12)

(n = 12)

(n = 12)

(n = 12)

(n = 12)

(n = 12)

1.0±0.7

4.3±2.2

18.0±4.8 bc

38.0±10.5 bc

120.3±21.9b

132.3±23.0b

(n = 15)

(n = 15)

(n = 15)

(n = 15)

(n = 15)

(n = 15)

-1.8±1.3

-1.5±1.8

14.1±5.7 ad

42.6±9.3 bc

143.0±21.7b

179.4±28.8b

(n = 17)

(n = 17)

(n = 17)

(n = 17)

(n = 17)

(n = 17)

0
(n = 14)

a

0
(n = 14)

14.3±5.4

ac

(n = 14)

42.1±14.9
(n = 14)

a

116.4±24.1
(n = 14)

P<0.05, bP<0.01 vs control; cP<0.05, dP<0.01 vs Dangshen on the same concentration; 0, no effect; x±sx (%) increase.

b

157.8±29.9b
(n = 14)
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Figure 1 Effect of Dangshen and antagonists plus Dangshen on
the mean contractile amplitude of bodied strips in rats.
a
P<0.05, bP<0.01 vs control; cP<0.05 vs Dangshen in the same
concentration; x±sx (%) increase.

Figure 2 Effect of Dangshen and antagonists plus Dangshen on
the mean contractile amplitude of antral strips in rats.
a
P<0.05, bP<0.01 vs control; d P<0.01 vs Dangshen on same
concentration; x±sx (%) increase.
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It was reported that Dangshen might react
experiment gastric ulcer and lesion of stomach mucosa
and inhibit gastric acid secretion in rats. Dangshen had
the regulating action on gastrointestinal motility,
influenced gastric basic electrical rhythm disorder, and
partly reduced the increasing action of gastric motility
and emptying on stress condition of the rats[4]. It also
had the inhibiting and exciting effects on isolated ileum
segment in guinea pigs[5]. Our previous experiments have
shown that BU-QI had the exciting action on isolated
gastric strips[6]. Our results indicated that Dangshen dose
dependence increased the resting tension of LM of
fundus, the mean contractile amplitude of CM of body
and antrum, and the motility index of CM of pylorus.
This may support that on clinic Dangshen has the
gastroprokinetic effect of treating “Pi-Wei-Xu-Han and
Shi-Yu-Bu-Zhen”.
All smooth muscle is involuntary and the nerves
in the gastrointestinal tract are controlled both by extrinsic
autonomatic nerves and by intrinsic neural plexus. These
plexus extensively interact with each other and are
independently extrinsic neural control. Many of the local
neurogenic reflexes in the gut occur in these plexuses,
and play an important role in regulating the gastrointestinal
motility. Cholinergic N-receptors exist on the membrane
of the nerve ganglion cell of cholinergic M-receptors on
the membrane of gastric smooth muscles. Our experiment
showed that Atropine partly blocked the increased action
of Dangshen on the isolated strips of fundus, body,
antrum and pylorus in rats. Hexamethonium had the same
effect on fundus, body of the stomach and pylorus. This
is an evidence that effect of Dangshen was partly
mediated via cholinergic M and N receptors.
Prostaglandin protected gastric mucosal cells and
regulated gastric motility[7]. Indomethocin inhibited
endogenous prostaglandin synthesis. In our experiment,
Indomethocin did not influence the action of Dangshen
on the rat stomach strips except 10% Dangshen on fundic
strips.
It is very interesting to study traditional Chinese
medicine and to select different drugs for treating the
gastrokinetic disorder in patients.
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Traditional Chinese medicine “Qing Yi Tang”
alleviates oxygen free radical injury in acute
necrotizing pancreatits
LU Zhan-Liang1, WU Cheng-Tang2, LU Lian-Rong, ZHU Xiao-Feng and XIONG De-Xin
Subject headings pancreatitis/therapy; Qing Yi Tang; free
radicals; superoxide dismutase/analysis; malonyldiadehyde/
analysis

Abstract
AIM To observe the changes in oxygen free
radical (OFR) and the curative effect of traditional
Chinese medicine “Qing Yi Tang” in acute necrotizing
pancreatitis (ANP).
METHODS After induction of ANP by injection
of sodium taurocholate into pancreatic duct, 16
dogs were randomly divided into control group
and Chinese medicine group. Serum amylase,
SOD and MDA were determined on postoperative
day 1, 2, 4 and 7. The animals were sacrificed
on day 7. SOD and MDA in organs were
determined, and pathological changes in pancreas
were observed.
RESULTS As compared with control group, the
serum level of amylase (734 U/L vs 2783 U/L)
and MDA (7.8 nmol/ml vs 14.8 nmol/ml) in Chinese
medicine group were decreased on day 7 (P<0.05),
while SOD increased significantly (281 nU/ml vs
55 nU/ml, P<0.01), and similar changes occurred
in MDA and SOD in organs, especially in the
pancreas; the pathological changes in the pancreas
were alleviated as well.
CONCLUSION “Qing Yi Tang” is effective in
clearing OFRs and alleviating pathological changes in
ANP.

INTRODUCTION

It has been shown that OFR plays an important role in
the mechanism of ANP[1], and it mediates the earliest
and most fundamental pathophysiological changes,
leading to injury of tissues and organs, even to multiple
organ dysfunction syndrome (MODS). Zhu N [2]
reported that some Chinese medicines had inhibiting
effects in peroxidation in acute pancreatitis. In this
study, a formula of Chinese medicine “Qin Yi Tang”
was used and its curative effect in ANP dog model
was observed.
MATERIALS AND METHODS
Animal model

Adult mongrel dogs weighing 15 kg ± 2 kg were
acclimatized in the laboratory for a week before the
experiment was started. Laparotomy was performed
under general anesthesia with sodium thiopental, 30
mg/kg intravenously. The duodenum was exposed
and turned over, and the main pancreatic duct was
identified at the mesenteric margin of the duodenum.
Acute pancreatitis was induced by injection of 0.5
ml/kg of 5% sodium taurocholate with 3 000U/kg
trypsin into the pancreatic duct under a pressure of
7.84kPa (80cmH2O). During the first 2-3 days after
operation, 5% glucose-saline was infused as needed
and anti-shock measures were taken when indicated.
After induction of ANP, 16 dogs were equally divided
in-to two groups at random. Group 1 (ANP, n = 8)
received no treatment for ANP, group 2 (CM, n =
8) was fed with “Qing Yi Tang”, 20 ml/kg d, by
gavage everyday. The ingredients of “Qing Yi Tang”
include: rhubarb root, bupleurum root, white peony
root, 24 g each; scutellaria root, picrorhiza rhizome,
corydalis tuber, aucklandia root, sodium sulphate, 18
g each. All animals were sacrificed on the 7th
postoperative day.

1

Parameters examined

2

Serum and organ superoxide dismutase (SOD)
and malonyldialdehyde (MDA) Blood samples
were obtained on d 1, d 2, d 4 and d 7 postoperatively.
Tissues of the liver, pancreas, kidney, and ileum were
harvested on d 7, weighed and homogenized with
phosphate buffered solution. SOD activities were
determined by xanthine oxydase method and
expressed as nU/ml or mg protein. The levels of
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MDA were quantified according to the reference[3] and
expressed as nmol/ml or mg protein.
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Tran s m i s s i o n e l e c t r o n m i c r o s c o p y A
significant dilatation of the rough-surfaced
endoplasmic reticulum (RER) was revealed in
ANP group, and the mitochondria were swollen
markedly as well. In CM group, there was mild
dilatation of RER, without significant swelling of
the mitochondria, and the zymogen granules could
be easily seen.

Serum GPT and BUN Monarch biochemical analyser
(USA) was used for determination.
Serum amylase (Amy) Amy was measured by
iodoamylum method and expressed as U/L.
Morphological studies Tissue samples of pancreas
were harvested and observed under light microscope
and transmission electron microscope.

Serum and organ SOD and MDA

In CM group, as compared with ANP group, the
serum SOD activities were increased significantly
(P<0.05) from second postoperative day, while the
serum levels of MDA were decreased significantly
(P<0.05, Table 1). At the same time, SOD in organs
were increased markedly (P<0.05), and MDA
reduced significantly (P<0.05), especially in the
pancreas (P<0.01).

Statistical analysis All results were expressed as x±s.
Data were analyzed by t test. P- values <0.05 were
considered statistically significant.
RESULTS
Morphological changes of pancreas

Macroscopy In ANP group, the pancreas was enlarged,
swollen and tough, with grey to dark foci, while in CM
group, only uniform edema of pancreas was noticed.

Serum GPT and BUN

Light microscopy In ANP group, there were multiple
areas of hemorrhage and necrosis on a background of
inflammatory infiltration. In CM group, the pancreatic
acini were basically intact. There was slight interstitial
congestion and edema, with mild infiltration of
inflammatory cells.

Serum amylase

In CM group, as compared with ANP group, serum levels
of GPT and BUN were significantly lower (Table 3).
Serum amylase levels were markedly elevated after
induction of ANP in both groups. But in CM group,
amylase levels were significantly lower than those in
ANP group on d 4, and returned to normal on d 7
(Table 4).

Table 1 Changes in serum SOD (nU/ml) and MDA (nmol/ml) levels
Group

Parameter

ANP

SOD
MDA
SOD
MDA

CM

a

d1

d2

89.87±18.43
21.48±3.62
90.85±15.27
20.29±3.44

78.19±13.39
26.20±5.37
94.72±11.54 a
16.62±2.67 a

d4

d7

63.89±11.23
20.49±4.53
234.83±45.96b
11.85±2.36a

55.87±28.54
14.83±2.03
281.59±29.79b
7.84±1.69 a

P<0.05, bP<0.01, vs ANP.

Table 2 Levels of SOD (nU/mg) and MDA (nmol/mg) in organs
Group
ANP
CM

a

Parameter

Liver

Pancreas

Kidney

Ileum

SOD
MDA
SOD
MDA

149.53±24.05
29.56±8.42
279.46±38.66 a
15.83±3.21 a

146.94±31.48
10.41±1.38
295.92±53.38 a
4.52±1.09b

115.65±18.29
25.80±4.49
200.87±31.37 a
13.37±1.02a

126.25±14.54
6.06±2.19
298.88±22.26a
3.24±0.64 a

P<0.05, bP<0.01, vs ANP.

Table 3 Changes in GPT (U/L) and BUN (mmol/L) levels
Group
ANP
CM

a

Parameter
GPT
BUN
GPT
BUN

P<0.05 vs ANP.

Before oqeration
22.25±8.25
3.11±1.13
18.96±4.32
3.13±0.84

d1

d2

d4

d7

72.10±12.61
5.49±2.20
68.56±12.68
5.14±1.89

54.88±10.67
4.26±1.08
34.71±9.46 a
3.48±0.87a

41.38±6.75
3.83±0.99
28.92±5.28 a
2.97±0.64a

25.85±8.41
2.84±0.79
24.35±6.44
3.12±0.56

LI Zhan-Liang, et al. Chinese medicine for treatment of acute pancreatitis

359

Table 4 Changes in serum amylase levels (U/L)
Group

Before operation

d1

d2

d4

d7

ANP

825.50 ± 82.94

CM

816.58 ± 74.85

7363.25 ± 1383.26
7158.60 ± 1258.82

7060.75 ± 1135.65
5673.43 ± 1173.45

4590.25 ± 1312.44
1567.43 ± 863.55 b

2783.75 ± 893.42
743.68 ± 101.44 b

b

P<0.01 vs ANP.

DISCUSSION

The tissues of intestine and pancreas and rich in xanthine
oxidase (XOD). In healthy tissues, XOD exists as a
dehydrogenase which is inactive or minimally active.
During ischemia and hypoxia of the intestinal tissue and
subsequent reperfusion, a large amount of xanthine
dehydrogenase was converted rapidly to active XOD,
promoting the oxidation of hypoxanthine which was
accumulated in hypoxic tissue. Hence a burst of oxygen
free radical (OFR) generation occurred, including O2 -,
O-, OH-, O and H2O2. OFRs were highly reactive,
with a half-life time in µs. Usually MDA, a product of
lipid peroxidation, was quantified to reflect the OFR levels
[4]
. Dabrowski [5] showed a decrease of SOD in
pancreatic tissue and blood in experimental acute
pancreatitis and referred it to the enhanced lipid
peroxidation caused by OFR. OFR can react on almost
all components of cells such as phospholipids, proteins
and DNA, exerting influences on cell metabolism and
function, leading to destruction of tissue structure,
producing a series of pathophysiologic changes. There
has been evidence that OFR can cause dysfunction of
acinar cell microtubule of the pancreas, releasing a large
amount of abnormal secretion-zymogen granules directly
into pancreatic interstitium and bloodstream. OFRinduced reduction of membrane stability may lead to
release of acinar cell lysosome and activation of various
pancreatic enzymes. OFR can also activate
phospholipase A2, decompose cell membrane lecithin of
the pancreas, bringing about further damage to pancreatic
tissue. The long half-life lipid peroxides may reach via
blood stream to the remote organs, causing
extrapancreatic damage[6]. It is believed that some
severe complications of ANP, especially ARDS and
MSOF, are related to OFR injury which may play a

role as a “trigger”. The data of this study demonstrated
that in Chinese medicine group, in contrast to the control
group, the SOD levels in serum and organs were higher
significantly, while the MDA levels decreased markedly,
especially in the pancreatic tissues, and the functions of
the liver and kidneys were improved remarkably. These
results suggested that Chinese medicine “Qing Yi Tang”
could reduce OFR generation significantly, thus
attenuating the lipid peroxidation injury in ANP. The
mechanism of alleviating OFR injury by Chinese medicine
in ANP is not clear. The effects of “Qing Yi Tang” might
include: inhibiting the XOD activity in tissue of the
pancreas, attenuating the production of OFR;
improving the blood perfusion of gastrointestinal mucosa,
alleviating its ischemic and hypoxic state, thus inhibiting
the OFR generation;
reducing the organ damage
caused by OFR and their chain reactions; decreasing
pancreatic enzyme release; and
playing a part in
regulating the immunologic function of the organism. A
large number of clinical reports has indicated that “Qing
Yi Tang” has satisfactory therapeutic effects in acute
edematous pancreatitis. Our study suggested that “Qing
Yi Tang” could also alleviate the pathophysiologic
changes in ANP, and might be beneficial to improving
the prognosis.
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Traditional Chinese medicine for primary liver
cancer
LI Zuo-Qing
Subject headings Liver cancer, primary; TCM;
complication; pain; ascites; fever

Further progress has been made in the traditional
Chinese medicine for primary liver cancer over the past
few years, especially in the research of traditional
Chinese medicine (TCM) treatment principle,
improvement of therapeutic results and prolonging the
survival.
Research of TCM therapy principles

Strengthening the Spleen and replenishing Qi.
According to Yu Er-Xin’s[1] principle, medication
to strengthen Spleen and replenish Qi is believed
to be effective in hindering the growth of tumors,
even decreasing the size of tumors, improving
patients’ health conditions and prolonging their
lives. It is also believed to strengthen the function
of T lymphocytes, adjust the NK cells and help
protect the liver function. Song Ming-Zhi’s [2]
examination of cyclic nucleoside in the blood of
cancer patients showed that cAMP in the patients
with weakness and slackness of the Spleen
decreased significantly, while in the type of damp
and heat and Yin deficiency, cGMP tended to
increase greatly. The medication to strengthen
Spleen and replenish Qi can increase cAMP but
decrease GMP.
Activating the blood flow and phosphating stasis
(ABFPS). Modern medicine has proven that
cancer patients usually have trouble with
microcirculation. The therapy of ABFPS can
improve microcirculation and enhance
immunity, and some medications can directly
kill cancer cells. Of 24 cases of 3 primary liver
c a r c i n o m a t r e a t e d w i t h Wa n g X i a o ’s [ 3 ]
ABFPS, 60% showed improvement, 26% had
the size of carcinoma decreased, the medium
survival was five months and the >1 year
survival rate was 25%, which indicates that
such medication can improve microcirculation,
i n c r e a s e b l o o d f l o w a n d d e c r e a s e p l a telet
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aggregation. The research by Ying Duo-Rong[4] in
mechanism of this medication showed that it is
effective in fighting against carcinoma, normalizing
proteinogen of plasma and increasing the
activation of lysozyme. Such a medication can also
affect the synthesis of cellular toxin of S 180 RNA
in mice and adjust the immunity. Some
components of the medication such as Rhizoma
Sparganii, Rhizoma Zedoaxiae, Radix Angelica
Sineasis, Flos Carthami Radix Paeoniae,
Squama Manitis, Olibanum, Myrrha and
Eupolyphaga Seu Steleophaga had inhibitory
effect in carcinoma of animal models. They also
help prevent radioactive fiberosis and regulate
nervous system and internal secretion. A
pathological and ultrastructural study by Liu JinFang [5] revealed that this medication can directly
affect the structure of liver cancer cell membrane
by breaking it down, expanding rough surfaced
endoplasmic rediculum (RER) and swelling of
mitochondrion so as to destroy the liver cancer
cells.
Cleaning the heat and toxins. This medication of
TCM is one of the main therapies for cancers. It
was reported in Japan that treatment with herbs
like -Herba Solani Lyrati, Herba Agrimoniae-andRadix Sophorae Tonkinensis-proved effective for
various kinds of carcinomas with an effective rate
of 84.6%-100%. Lu Gui-Zhi’s[6] compound -Herba
Solani Nigri- injection(composed of Herba Solani,
s n a k e v e n o m - a n d - H e r b a S o l a n i Ly r a t i )
administered to mice with ascitic carcinoma had
an inhibiting effect of 87.35%. According to Pan
Ming Ji’s [7] theory, the medication of cleaning heat
and toxins can remove the stasis of cancer toxin
from human body, therefore, strengthen Yin
exhausted by the long period of sickness and
balance the body function.
Strengthening body resistance to eliminate pathogenic
fac t o r s . Q i u J i a - X i n [ 8 ] i n t h e p r i n c i p l e o f
strengthening the Spleen and replenishing Qi,
cleaning heat and eliminating toxin and
softening hard mass and eliminating phlegm,
used Radix Pseudostellariae, Rhizoma
Panacis Majoris, Rhizoma Atractyodis,
Poria, Radix Salviae Miltiorrhizae, Flos
L o n i c e r a e , R a d i x S e ro b i l a n t h e s , C o n c h a
Ostreae, Spica Preunellae, Carapax
Trionycis, Flow Rosae Rugosae, Prumus Mume
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(sie b ) , L u m b r i c u s , F r u c t o s e A k e b i a e a n d
Rhizoma Arisaematis to treat 123 cases of
advanced cases of liver cancer with a 1-year
survival rate of 32.5%. It was proved that the
formula of cleaning heat and eliminating toxin was
most effective in killing liver cancer cells, and some
components of the medication such as Rhizoma
A t r a c t y l o d i s , C o n c h a O s t re a e , R h i z o m a
Arisaematis, Flos Mume Albus can inhibit the
cancer growth and transmission of Lewis cancer.
Chen Kai’s [9] medication was composed of roots
of Radix Quinguefolium, Radix Acanthopanacis
Senticos, Radix Asparagus, Venenum Bufonis
and Bulbus Bolbostemmae, which were made into
liquid and experimented on mice with transmitted
cancer. The experiment revealed that the liquid
can promote the activation of these mice’s NK
cells and IL2, and help enhance the transformation
of T cells and the function of macrophages, with
a 50% inhibitory rate of the development of
carcinoma.
Dialectical treatment

In recent years, obvious progress has been made
in clinical treatment of cancer and prolonging the
survival of cancer patients. Wang Ze-Guang [10]
treated 110 liver cancer patients with self-made
anti-cancer prescriptions No.1.4 at one dose daily
for 30 days as a therapeutic course. Liver cancer
characterized by stagnation of Liver Qi was treated
with No.1 formula composed of Radix Bupleuri,
Radix Paeonia Alba, Radix Curcumae, Fructus
Citriimmaturi, Indigo Naturalis and Herba
Scutellariae Barbatae. Liver cancer featured in
blood stasis and Qi stagnation was treated with No.
2 formula composed of raw Concha Ostreae,
Squama Manitis, Scolopendra, Eupolyphaga Sen
Steleophaga, Rhizoma Corydalis, Flos Genkwa
and Nidus Vespae. Liver cancer with damp heat
and virulent heat was treated with No.3 formula
composed of Herba Artemisiae Scopariae, Radix
et Rhizoma Rhei, Fructus Gardeniae, Rhizoma
Curcumae Longae, Rhizoma Paridis, Fructus
Forsythiae, Herba Lysinachiae, Herba Taraxaci,
Radix Phytolaccae and Rhizoma Smilacis
Glabrae. Liver cancer with weakness of Liver
and Spleen was treated with No.4 formula
composed of Radix Pseudostellariae, Radix
Glehniae, Radix Angelicae Sineasis, Semen
Pharbitidis, Herba Lobeliae Chinensis, Herba
Artemisiae Annuae, Cortex Moutan and Cortex
Magnoliae. These types of liver cancer were
treated at the same time with No.5 formula
composed of Radix Ginseng, Cornu Cervi
Pantotrichum, Placenta Hominis, Moschus,
Realgar, Flos Carthami, Rhinoceros Bicornis,
Cornu Antelopis, Borneolum, Endothelium
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Corneum Gigeriae Galli, Hirudo, Calculus,
Semen Strychnis, Vennenum Bufonis, Sanguis
Draconis, Radix Kansui, Carapace Trionvcis,
Radix Aconiti and Squama Manitis. Most of the
patients showed improvement and decreased size
of diseased livers. Some of the patients had
decreased or even negative results of AFP. The
longest survival time was17.4 months, averaging
7.4 months. Lin Zong-Guang [11] treated 44 cases
of primary liver cancer of advanced stage with
the therapy of strengthening body resistance and
activating blood flow and softening hard mass
which greatly improved the patients symptoms and
quality of life with 1-year, 3-year and 5-year
survival rates of 50%, 27.2% and 4.5%. Zhang
Li-Ying[12] treated 34 cases of primary liver cancer
by the formula of replenishing Qi, activating blood
flow, eliminating stasis, softening hard mass and
removing symptoms, as a result, 10 patients
survived more than one year. Liu Bian-Lin [13]
treated 30 patients with traditional dialectical
therapy, who were divided into four types of Qi
stagnation and blood stasis, dampness and heat of
Liver and Gole, weakness of Spleen and Stomach,
weakness of Liver and Kidney, with an average
survival time of 15 months and two cases remained
alive for over two years. Xu Yi-Yu’s [14] medication
was composed of Concha Arcae, Pingdimu,
Shiyan and Radix Rhapontici seu Echinopsis,
dispersing mass in combination of chemical therapy
and surgery. Of the 212 primary liver cancer
patients treated, 8 lived over 10 years, 9 lived over
5 years, 39 cases over 3 years and 93 over one
year. Liu Ji-Fang [15] treated 201 cases of middle
or advanced primary liver cancer with tablets of
resolving masses, 198 showed obvious clinical
improvement and 89.12% of them prolonged their
lives for 10 to 36 months, 6.5% had temporary
recovery, the total effective rate being 58.8%. The
medication also showed reduction of AFP. In five
cases of liver cancer treated with Liu’s medication,
electronic microscopic observation revealed that
the tissues of their tumor lumps had been
destroyed and a large amount of lymphocytes and
phagocytes infiltrated and the proportion of nucleic
shrank. According to Cai Xin’s[16] medication, 20
g beehouse boiled in the liquid was taken once
daily for the treatment of two cases of primary
liver carcinoma. One showed shrinkage of the
tumor lump and AFP turned negative, with 6 years
of prolonged life. The other case treated
incombination of other medications for three
months also showed shrinkage of tumor lump and
AFP turned negative. Now the patient is still alive.
Zhou Jia-Xi [17] treated two patients with Liu LuMing’s medication, which included disinfection
and invigoration, by using Pianzaihuang to disperse
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mass a n d r e m o v e s t a g n a t i o n , a n d r a d i x
Quinguefolium to strengthen the body resistance,
as a result, one of the patients continue to live
for three years and the other for five years. Li
Ya-Lin [18] treated 36 patients with liver cancer
who could not be operated on with the traditional
medication with the effect of soothing the Liver,
activating the blood, removing stagnation and
strengthening the Spleen. Pharmaceutical
analysis showed that the components of the
medication like Rhizoma Zedoariae had
suppressing effect on the cancer lumps and the
other components had different degree of
resistant effect on liver cancer. Treated with this
medication, 94.4% of patients remained in stable
conditions and 5.5% showed improvement. Cheng
Ning’s [19] analysis of the results achieved in the
recent ten years in TCM treatment of primary
liver cancer showed that 92.1% of the TCM
medications used in treatment of liver cancer
were characterized by activation of the blood and
removal of stagnation, 84.3% by elimination of
heat and toxin, and 79.9% by enhancement of the
Spleen. All this indicates that the major
pathological cause and mechanism of primary
liver cancer in the middle or advanced stage were
accumulation of blood stasis, heat and toxin and
the weakness of the Spleen.
Treatment of complications

Pain. The pain caused by liver cancer is most
common among the advanced cases and is most
difficult to control according to TCM such pain
is caused by the stagnation of the Liver and blood
stasis or by the blocking of blood vessels that
resulted from body’s internal damp heat. In TCM
therapy both oral administration and external
application were adopted, which was superior to
the modern medicine, being more convenient and
effective but with less side effects.
Oral
administration. Liu Lu-Ming [20] applied Xiangsha
Liujunzi Tang, Jishi Xiaopi Pills, Chaihu Sugan
San, Wendan Tang, Yiguang Jian and Simoyinzi
to 169 cases of liver cancer pain, with an
effective rate of 46.1%. If complemented with
anti-inflammatory drugs and salicylic acids, it can
relieve 93.5% of pain. Li Ya-Lin treated 36
patients with liver cancer who could not be
operated on, with the traditional medication with
the effect of soothing the Liver, activating the
blood, removing stagnation and strengthening the
Spleen. Pharmaceutical analysis showed that the
components of the medication like Rhizoma
Zedoariae had suppressing effect on the cancer
lumps and the other components had different
degree of resistant effect on liver cancer.
Treated with this medication, 94.4% of patients
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remained in stable conditions and 5.5% showed
improvement. Cheng Ning’s analysis of the
results achieved in the recent ten years in TCM
treatment of primary liver cancer showed that
92.1% of the TCM medications used in treatment
of liver cancer were characterized by activation
of the blood and removal of stagnation, 84.3%
by elimination of heat and toxin, and 79.9% by
enhancement of the Spleen. All this indicates that
the major pathological cause and mechanism of
primary liver cancer in the middle or advanced
stage were accumulation of blood stasis, heat and
toxin and the weakness of the Spleen, while if
used alone, it can kill 100% of the pain of degree
I and 76.9% of degree II. Huang Wen-Wen [21]
injected Venenum Bufonis liquid into the tumor,
which shrank the lump and killed the pain. Zhao
Xi-Shan [22] used Xiaoai Fuhe Yuantang to treat
50 cases which relieved the pain in 32 cases and
partially relieved in 18 cases. The quickest effect
appeared in 16 minutes and the slowest in 40
minutes. Guo Ren-Su [23] gave 71 patients the oral
liquid extracted from prepared Radix Trionycis,
Fructus Corni, Herba Cistanchis, Fructus
P s o r a l e a e , A g k i s t ro d o n , R a d i x A c o n i t i
L u t e r a l i s P re p a r a t a , R h i z o m a D r y n a r i a e ,
Scolopendra, Venenum Bufonis, Poria a n d
Moschus. Of the 51 seriously ill patients, 17 were
thus relieved of pain and of 17 less serious cases,
External application. Duan Feng13 relieved.
Wu’s[24] No.1 Ganwai formula which consists of
Resina Olibani, Realgar, Indigo Naturalis,
Natrii Sulfas, Alumen and Myrrha 60 g each
and 10g of Borneolum and Resina Draconis,
blended in vinegar or pig’s bile can relieve
patients of pain if it is applied to patients once
30g-60g daily. Wang Bi-Fa’s [25] medication
consists of the paste of two turtle heads, 150 g
fresh Xiancai and 90g seeds of safflower can
eliminate the pain and soften tumor lumps after
it is applied externally to the position of the liver
once every 12 hours for seven days. Guo FengHai’s [26] pain killing paste showed good effect in
58 of 103 cases, ordinary effect in 36 and no
effect in 9, with a total effective rate of 91%.
Its effect began after 2 hours of application and
became obvious in two days. Yang Geng-Lu’s [27]
formula consisting of more than 20 kinds of herbs
including Maschus, Borneolum, Rhizoma
Dioscoreae Bulbiferae, Rhizoma Paridis and
Fructus Gleditsiae Abnormalis, etc. was applied
to 91 cancer patients, 42 of whom showed
obviously good effect, 22 good effect and 5 no
effect, with a total effective rate of 95%. This
medication worked quickly and its effect lasted
long.
Ascites. Hu An-Bang’s [28] medication made
from Co r n u R h i n o c e r i , R a d i x R e h m anniae,
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Rhizoma Imperatae and Cortex Moutan, each 30
g, and Cortex Cinnamomi, Rhizoma
Anemarrhenae, Cortex Phellodendri, Radix
Vladimiriae and Pericarpium Arecae, each 15g
showed good effect in reducing ascites. Li Pei-Wen’s
[29]
formula composed of Radix Astragali, Semen
Coicis, Semen Pharbitidis, Radix Scutellariae and
Radix Aristolochiae produced good effect when
administered externally.Lin Zhong-Guang’s [30]
medication aimed to strengthen the resistance and
to soften the cancer lump. In 22 cases of ascite
patients treated with this medication, 15 were
improved in their condition, with an effective rate of
72.7%.
Cancer fever. The mechanism of cancer fever is
not yet clear and there has been no specific method
for it. Patients with such symptom are usually
treated with anti-inflammatory drugs in modern
medicine, which has more side effects and longterm usage might do harm to patients’ health. Li
Zuo-Qing [31] treated 68 of such cases with
traditional Chinese dialectical therapy which are
classified into three kinds of blood stagnation
caused by Yin deficiency, blood stagnation caused
by heat toxin and simple blood stagnation, and
achieved an effective rate of 86%. Xu Ji-Ping’s[32]
medication showed better effect than
dexamethasone and aminopyrine in treatment of the
fever caused by malignant carcinoma. His
medication consists of 15 g Flos Lonicera, 40 g
Cornus Bubalis, 30 g Pseudobulbus Cremastrae
Appendiculatae, 30 g Radix Tetrastigmae, 12 g dried
toad skin and so on, which was cooked and taken
twice a day. According to Wang Qing-Cai’s [33]
dialectical analysis, such fever can be divided into
four groups of Qi weakness, Yin deficiency, blood
stasis and heat toxin. He treated 70 cases according
to his theory with the medications of Buzhong Yinqi
decoction, Zhen Yi Tang, Xuefu Zuyu decoction and
Qingwen Baidu decoction for ten days with an
effective rate of 78.5%.
Comprehensive therapy

In treatment of primary carcinoma at advanced
stage, the combination of traditional Chinese and
modern medicine is usually advocated to obtain
higher clinical effective rate and survival rate.
Dong-Wei-Yan’s [34] combined therapy includes
a traditional medication of Radix Codonopsis
Pilosulae, Rhizoma Atractylodis, Herba
Patrinia, Herba Agrimoniae, Radix
Pseudostellariae, Herba Taraxaci and Herba
Solani Lyrati, etc. and chemical treatment of
5-FU hepato-artery infusion. In a year’s
treatment of 36 cases, their survival rates of 1,
3, and 5 years were 57.9%, 20% and 16.6%
respectively. Hu Bing [35] used combined TCM of
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strengthening the Spleen and chemical therapy of
adriamycine in treatment of primary carcinoma
of advanced stage. The TCM consists of the
liquid made from-Radix Astragalis, Rhizoma
Astrsactylodis, Radix Ginseng, Semen Dolichoris,
Rhizoma Dryxopteris Crassirhizomae, Fructus
Citri, Radix Raphani, etc. The infusion of the
combined medication was administered to 16
cases once every three weeks for nine weeks.
After treatment, two cases were completely
relieved of symptoms, 3 partially relieved, 8
remained stable and 3 deteriorated, with a
relieving rate of 31%. Their median survival
period was 12.6 months. Yu Er-Xin [36] believed
that the combination of chemical therapy and
TCM can increase the therapeutic effect.
Generally, in patients with stage II liver cancer
treated by chemical therapy alone, the 1-year
survival rate was about 30%, and the 5-year
survival rate was only 5%, while the combined
therapy can increase the one-year survival rate
to 70% and five-year survival rate to 10%-20%.
Ling Hong-Ying [37] used traditional herbal liquid
of Bai Nian Le and levamisole and cimetidine to
treat 30 cases of primary carcinoma. The result
showed that the medication could highly increase
the activity of NK cells. Wang Xiao-Xian [38] used
combined oral administration and external
application to 17 primary carcinoma patients. The
TCM Ganai decoction consisting of Fu and
traditional herbal liquid of Rhizoma Smilacis
Glabrae, Carapax Trionycis, Concha Ostrae,
Radix Astragali, Endothelium Corneum
Gigeriae Galli, Herba Lycopi,etc. was taken
orally together with Xiaoji pills or Xiaoji liquid.
Paste made from Venennum Bufonis , Caulis
Fibraureas, etc. was applied externally to the
diseased spots. The result showed that, 14 of 17
cases, died within 5 months, 3 survived, tumor
lump disappeared in one of them who has now
survived 49 months; the other two survived 35
and 38 months with tumor still existing. Wu JunYu [39] found in his 6-year clinical observation of
18 patients with primary liver cancer who were
treated with TCM therapy that TCM could increase
human immunity, slow down the growth of tumor
lumps and even shrink them. Such an effect would
make it possible to perform the second stage operation
on the cancer patients and to prevent to a certain
degree the transmission of the tumor. As a result, 50%
of the patients survived 3 years and 33.33% survived
5 years.
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Brief Reports

Changes of p53 protein blood level in esophageal
cancer patients and normal subjects from a high
incidence area in Henan, China *
YU Guo-Qiang1, ZHOU Qi1, DING Ivan2, GAO Shan-Shan1, ZHENG Zuo-Yu1, ZOU Jian-Xiang1, LI YongXin1, WANG Li-Dong1
Subject headings esophageal neoplasms; p53 protein;
p53 gene; enzyme-linked immunosorbent assay

operation.
Blood collection

Esophageal cancer remains the leading cause of
cancer-related death. Previous studies by us and
others indicated that esophageal carcinogenesis is a
multiple stage process. Abnormal cell
hyperproliferation may be an early indicator for
esophageal carcinogenesis. Although the molecular
basis for esophageal carcinogenesis is still poorly
understood, the recent studies showed that p53
protein accumulation and p53 gene mutation occur
more frequently in the esophageal precancerous and
cancerous lesions from the subjects at high incidence
areas for esophageal cancer in Henan, China. The
frequency of p53 protein accumulation and p53 gene
mutation increased as the lesions progressed to
cancer[1-4]. Therefore, it is much desirable to correlate
the p53 protein changes in blood from esophageal
cancer patients and normal subjects in this area. The
present study was undertaken to further characterize
the changes of p53 protein blood level in patients
with esophageal cancer and to correlate the changes
with those with normal esophageal epithelium.
MATERIALS AND METHODS
Subjects

All the 31 subjects were from Linzhou City
(originally known as Linxian), Henan Province, a
high incidence area for esophageal cancer.
Histopathological examination showed that 20
subjects had primary esophageal squamous cell
carcinoma and 11 had normal squamous epithelium.
None of the cancer patients had received any
chemotherapy or radiation therapy before
1
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University, Zhengzhou 450052, Henan Province, China
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Radiation Oncology Branch, NCI-NIH, Bethesda, MD 20892, USA
Project supported by the National Natural Science Foundation
of China, No.39670296 and No.39770296.
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Ten ml blood was obtained from each subject with empty
stomach. The whole blood was centrifuged,
compartmentalized and preserved in liquid nitrogen for
p53 protein analysis.
p53 protein analysis with ELISA

Reagent. ELISA Kit for p53 protein of both wild and
mutated type (Oncogene Science, Inc., USA); normal
serum of rat; anti-rabbit IgG labeled by peroxidase;
ELISA panel (96 wells) coated by monoclonal antibody
of p53 protein (PAb1801); labeled p53 protein;
autonomic ELISA counter (Fisher Co., USA); buffer
solution (pH 7.4).
Procedure. The main procedures are based on the
method provided by the Oncogene Science Inc. to
define the standard curve of p53; diluted p53 to six
different concentrations, the serum was diluted to 1:
10 with buffered solution; added 100 µl normal
mouse serum in each well on the ELISA panel to
block non-specific reaction; added 100 µl working
solution of p53 and diluted serum in the well, and
incubated for 2 hours under roomtemperature,
washed with buffer solution for three times, then
added sheep-anti-rabbit IgG labeled by peroxidase,
incubated for one hour under room temperature,
washed with buffer solution for three times, the
substrate was added and incubated for 30 minutes.
RESULTS AND DISCUSSIONS

Our study showed that the mean value of p53
protein in the serum of 11 normal cases and 20
cases of esophageal cancer were 0.15 µg/L±0.09
µg/L (x±s) and 0.23 µg/L±0.04 µg/L (x±s)
respectively. The p53 protein level in the serum
of esophageal cancer patients was significantly
higher than that of normal group from the same
area(P<0.05). These results were consistent with
the previous observation of the high frequency of
p53 protein accumulation in the early stage of
esophageal carcinogenesis, suggesting that the
changes of protein level in the blood may be a
sensitive indicator for molecular changes in tissue
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level. Although the molecular basis for these changes
was still unclear, it might be a promising circulating
biomarker for esophageal carcinogenesis.
Considering the fact that the esophageal and gastric
cardia cancer are the most frequent tumor in Linzhou
City, the changes of p53 protein blood level observed
in these patients may reflect the actual response to
esophageal and gastric cardia carcinogenesis.
Recent studies have indicated that circulating p53
protein detected with ELISA method was mostly mutate
type. Further studies should be undertaken to determine
the levels of two types of p53 proteins to elucidate the
biological significance of p53 gene alteration in esophageal
carcinogenesis. It is also worthy to correlate the changes
of p53 protein in blood and tissue during the multiple stage
of esophageal carcinogenesis through long-term followup studies.
It is worth note that serum p53 protein was
detected in the 11 cases with normal esophageal
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epithelium, which is consistent with the previous results
that the accumulation of p53 protein and p53 gene
mutation occurred in the nearly normal esophageal
epithelium. Long-term follow-up studies for these subjects
may not only shed a light on the mechanism of
esophageal carcinogenesis, but also be of great potential
for clinical application in early diagnosis and prevention
of esophageal cancer.
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Functional dyspepsia of ulcer-dysmotility type:
clinical incidence and therapeutic strategy
WANG Xiao-Zhong and LIN Gu-Zhen
Subject headings dyspepsia/drug therapy; famotidine/
therapeutic use; cisapride/therapeutic use; peptic ulcer;
gastrointestinal motility

Functional dyspepsia is a commonly occurring
chronic digestive disorder affecting 20%-40% of the
general population[1]. It is a syndromic term applied to
patients who complain of symptoms presumably arising
from the upper abdomen, often in response to meal
ingestion, but with absence of organic abnormalities
demonstrable by conventional diagnostic tests. Although
functional dyspepsia is very common in the community,
the classification and the clinical therapy are still
uncertain. Therefore this study deals with the clinical
incidence and the therapeutic strategy of functional
dyspepsia of the ulcer-dysmotility mixed type.
MATERIALS AND METHODS
Diagnostic criteria[2]

The patients who fulfilled the following criteria were
selected: postcibal abdominal fullness or bloating with
other associated symptoms, including early satiety,
upper abdominal pain, nausea, and vomiting;
symptoms of moderate to severe intensity, and of
more than 3 months duration; absence of clinical,
biochemical, and morphological evidence of
gastrointestinal, biliary, and systemic diseases
assessed by negative results of anamnesis, physical
examination, laboratory tests, upper gut endoscopy
and ultrasonography; and no previous abdominal
surgery.
Classification

Functional dyspepsia is now conventionally divided
into ulcer (those with symptoms suggestive of
peptic ulceration), dysmotility (those with gastric
stasis including upper abdominal bloating, abdominal
fullness, early satiety, belching, nausea, and
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vomiting), reflux (those with symptoms of
gastroesophageal reflux), and unspecified
dyspepsia (the remainder) [1]. Because many of
subjects with dyspepsia could be classified into
more than one group, we classified the patients
with overlapped symptoms of peptic ulceration and
gastric stasis into ulcer dysmotility mixed type of
functional dyspepsia.
Treatment

The patients with ulcer-dysmotility mixed type of
functional dyspepsia were randomly divided into
three groups: group 1 received famotidine (gaster,
40mg qd) for 3 weeks; group 2 received cisapride
(prepulsid, 5mg tid) for 3 weeks; and group 3 treated
with both famotidine and cisapride for 3 weeks. No
additional medication was given. One month after
termination of the treatment, the patients were
followed up for symptoms disappearance and sideeffects.
Statistics

Statistical analyses were made using χ2 test.
RESULTS

A total of 220 patients with functional dyspepsia
(122 males and 98 females; aged 19-62 years,
averaging 36 years) were included in this study.
All patients fulfilled the diagnostic criteria
mentioned above. According to the symptoms, 59
cases (26.8%) were classified as ulcer type; 57
cases (25.9%), dysmotility type; 2 cases (0.9%)
of reflux type; and 102 cases (46.4%), ulcerdysmotility mixed type.
The ulcer-dysmotility mixed type (59 males and
43 females, aged 21-61 years, mean 39 years)
were randomly allocated to three groups (34
patients each group) and treated with famotidine,
cisapride, and famotidine plus cisapride
respectively. One month after termination of the
treatment, the symptom disappearance of the
patients are shown in Table 1. Three patients
withdrew from the treatment because of
diarrhea caused by cisapride. The results
demonstrated that a single drug (famotidine or
cisapride) could not efficiently eliminate the
symptoms of the patients, while the combined
therapy with famotidine plus cisapride seem to be an
effective treatment for those patients.
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Table 1 Symptom disappearance after treatment
Ulcer-line
Groups

symptoms(%)

Famotidine
Cisapride
Famotidine plus
cisapride

Dysmotility-like

Both

n

34
32
33

33 (97.1)
9 (28.1)a
33 (100)

symptoms(%) symptoms(%)

10 (29.4)a
30 (93.8)
32 (97.0)

10 (29.4)a
9 (28.1)a
32 (97.0)

a

P<0.01 vs famotidine plus cisapride group.

DISCUSSION

Like other functional disorders of the gastrointestinal
system such as irritable bowel syndrome and gastrooesophageal reflux, our understanding of the
pathophysiological mechanisms underlying this
condition still remains elusive. Motor, neurohumoral,
and sensory abnormalities in both the stomach and
small bowel have been demonstrated in some
patients with functional dyspepsia[3]. It has been
proposed that the previous symptom classification
in patients with functional dyspepsia may reflect,
to a certain extent, different pathophysiological
entities, but distinct symptom classification can not
be accomplished. So the investigation and treatment
of functional dyspepsia can be benefited by the
symptom classification [4] . Our study indicated
that the ulcer and dysmotility (46.4%) type was
overlapped in patients with functional
dyspepsia, therefore we suggested the concept
of ulcer-dysmotility mixed type which may
be beneficial to the classification and treatment of

WJG

August 1998

Volume 4

Number 4

those patients.
In present study, a total of 102 patients with ulcerdysmotility mixed type of functional dyspepsia were
randomly divided into three groups and treated with
famotidine, cisapride, and famotidine plus cisapride
respectively. The results demonstrated that
famotidine plus cisapride could more efficiently
eliminate the symptoms of the patients as compared
with the group using famotidine or cisapride alone.
Although the previous study suggested that the
peripheral kappa agonist fedotozine could modify
both sensory and motor responses to stimuli and
effectively relieve the key symptoms associated
with functional dyspepsia including ulcer and
dysmotility-like symptoms [5], famotidine plus
cisapride may be an effective and economic therapy
for the ulcer-dysmotility mixed type of functional
dyspepsia based on the modified symptom related
classification.
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Editorials

New treatments for inflammatory bowel disease
David S. Rampton and D.Phil
Subject headings Crohn’s disease; ulcerative
colitis; inflammatory bowel disease; corticosteroids;
mesalazine; immunosuppressive drugs; cytokines
INTRODUCTION

Although inflammatory bowel disease (IBD) is
apparently still relatively rare in the East, evidence
from Hong Kong suggests that over recent decades
the incidence of both ulcerative colitis (UC) and
Crohn’s disease (CD) may be rising there[1-3].
Indeed, it seems likely that as the prevalence of
enteric infections falls, and urbanisation and
diagnostic awareness increase, IBD will become
increasingly common in Asia, as it has in the last
fifty years in Europe and North America. It
therefore seems appropriate to review advances in
the medical therapy of these often refractory
diseases.
In this paper, I shall not attempt to review
extensive earlier evidence about the efficacy of
corticosteroids, aminosalicylates or, in patients
refractory to these drugs, immunosuppressive
agents; nor shall I discuss the role of surgery.
Furthermore, rather than describing the
management of the “whole” patient with IBD[4,5], I
shall concentrate primarily on drugs which have
recently gained an established place in, or appear
very promising for, the treatment of IBD. I shall
also outline the use of liquid formula diets in active
CD, and mention the possible but unproven place of
traditional medical modalities.
At the outset, it is worth emphasizing some of
the problems encountered in the evaluation of new
treatments for IBD. UC and CD have fluctuating
courses which depend on both site and extent of
disease, as well as, in CD, previous surgery and the
time since the most recent relapse. In both diseases,
objective measurement of disease activity and
definition of trial endpoints is difficult. In CD, for
example, measures of disease activity, such as the
Crohn’s disease activity index ( CDAI ),
colonoscopic appearances and laboratory variables,
do not always move in parallel[6].
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In addition to these difficulties, the design,
conduct and interpretation of trials in IBD is
complicated by the size and variablity of the placebo
response[7], the too frequent use of small numbers
of patients with consequent Type II statistical
errors, and the confounding effects of concurrent or
recently discontinued therapy.
Finally, none of the numerous experimental
animal models of bowel inflammation resembles
human IBD sufficiently closely to enable valid
extrapolation of results in such studies to the clinical
arena. A possible exception to this generalisation is
the spontaneous colitis to which the cotton-top
tamarin in captivity is prone[8], but the animal’s
rarity and expense prevents its utilisation for large
scale therapeutic trials. In this review, therefore,
attention with be focussed primarily on results
obtained in human studies.
AETIOPATHOGENESIS OF IBD

Although the aetiology of IBD remains obscure,
recent studies have begun to shed light on its
pathogenesis. In brief, it appears that an initiating
factor, for example a microbial or dietary product
or antigen, triggers an inappropriately severe and
prolonged intestinal mucosal inflammatory response
in genetically predisposed individuals [9]. The
inflammatory response is amplified and perpetuated
by recruitment of leucocytes from the gut
vasculature which, with upregulation of the
expression of nuclear transcription factors such as
NFkB[10]. leads to excessive release locally of
cytokines [9] , eicosanoids [11] , reactive oxygen
metabolites[12] and other mediators. In CD, in
particular, a procoagulant diathesis and multifocal
granulomatous intestinal microinfarction may occur
early in the disease process[13]. Elucidation of the
pathogenesis of IBD has improved our
understanding of the possible modes of action of
conventional treatment (Table 1) and has led to the
development of entirely mew therapeutic
approaches, to be discussed in the second half of
this review (Table 2).
NEW FORMULATIONS AND
EXISTING DRUGS
Corticosteroids (Table 1)

APPLICATIONS

OF

Corticosteroids are the most useful conventional
agents in the treatment of active IBD, whether
given orally, intravenously or topically[4,5]. They
have multiple potentially beneficial actions on the
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Table 1 New formulations and applications of existing therapies
for IBD
Treatment
Corticosteroids
Budesonide
Aminosalicylates
Mesalazine (enteric-coated pH-released & slow-release),
olsalazine, balsalazide

References
14-18

4,5,19-22

Immunomodulatory agents
Azathioprine & 6-mercaptopurine
Cyclosporine
Methotrexate
Mycophenolate mofetil
Antibiotics
Metronidazole
Other
Liquid formula diet

23-29
30,31
32,33
34
35-37
38
39,40

Table 2 Potential new treatments for IBD aimed at specific
pathophysiological targets
Target
Colonic bacterial flora
Epithelium
Leucocytes
Reduce numbers
Reduce migration

Agent
Non-pathogenic E coli
Short chain fatty acids*

References
41,42
43-46

Apheresis, anti-CD4 antibodies,
47-50
bone marrow transplant
Adhesion molecule antibodies or
51
antisense oligonuleotide

Cytokines
Reduce pro-inflammatory
NFkB antisense oligonucleotide
10
cytokines
Antagonise inflammatory
Anti-TNF antibodies*, IL-1
52-55
cytokines
receptor antagonist
Increase
anti-inflammatory IL-10* , interferon alpha or
56
cytokines
beta, IL-11, TGF beta
Mediators
Cytoprotective prostaglandins
11
COX2 inhibition
Synthesis inhibitors and receptor
antagonists of leucotrienes,
11,57-60,67
thromboxanes, PAF
Antioxidants
12,61
Inducible NOS inhibition
62
Fish oil (EPA)
63-66
Vasculature
Heparin*
67,68
Enteric nerves
Local anaesthetics*
69-71
Nicotine (UC)*, stopping
72-75
Unknown targets
smoking (CD)*

*Denotes current or imminent option

inflammatory process, but which of these is, or are,
of predominant importance in IBD is unclear. The
anti-inflammatory actions of steroids include
inhibition of leucocyte migration and activation;
inhibition of the expression of cellular adhesion
molecules; suppression of synthesis of cytokines
(interleukins-1, -2, -6, -8 and tumour necrosis
factor(TNF)), at least in part by inhibition of the
activation of NFkB; reduction of release of lipid
mediators
( leucotrienes,
thromboxanes,
prostaglandins and platelet activating factor
(PAF)); and inhibition of phospholipase A2, cyclooxygenase 2 and inducible nitric oyide synthase.
The numerous side-effects of systemic
corticosteroids, particularly when given longterm
(e. g. moon face, acne, purpura, dysphoria,
opportunistic infection, hypertension, diabetes
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mellitus, weight gain, osteopaenia and growth
retardation in children), have prompted a search for safer
for mulations. To this end, a number of
corticosteroid preparations have recently been
assessed which when given orally are either poorly
absorbed from the gut or very rapidly metabolised
in the intestinal wall or liver: one of these,
budesonide, has so far achieved clinical application.
When given in an oral controlled ileal release
(CR) formulation to patients with active ileocaecal
CD, budesonide was not significantly less effective
than prednisolone in inducing remission in one
study[14] and substantially better than placebo in
another[15]. Side-effects were much fewer in
patients given budesonide CR than prednisolone, as
was adrenal suppression assessed by measurement of
plasma cortisol levels [14]. When evaluated for
maintenance of remission over 12 months in CD,
budesonide CR delayed the onset of relapse when
compared to placebo, but overall relapse rates at 1
year (60-70%) were, disappointingly, not
improved[16,17]. In a trial in patients with UC, an
oral colonic release preparation of budesonide
showed benefit similar to that obtained with
prednisolone in patients with active disease;
particularly if extensive, disease; improved efficacy for
patients with left-sided disease may depend upon the
development of formulations providing even more
delayed release of the active drug, or the use of
higher doses [18]. Further studies are needed to
clarify the role of oral budesonide in IBD. In
particular, we require reassurance that to achieve a
clinical result equivalent to that of prednisolone, it
will not be necessary to use so great a dose of
budesonide as to produce an incidence of systemic
side-effects and adrenal suppression similar to that
caused by conventional steroids.
Aminosalicylates (Table 1)

Suphasalazine is firmly established in the
management of active colitis ( both UC[4] and
CD [5]), and in the maintenance of remission in
UC [4]; the same applies to its sulphapyridine (and
therefore relatively side-effect) free derivatives,
whether in bacterially-liberated ( olsalazine,
balsalazide), enteric-coated pH-released [Asacol,
Claversal, Salofalk (mesalazine e. c. )] or slowrelease [Pentasa (mesalazine s. r.)] formulations.
Like corticosteroids, aminosalicylates have a
wide variety of anti-inflammatory effects, although
which of these explain their efficacy in IBD is not
known. These actions include inhibition of
leucocyte migration and cytotoxicity; reduced
activation of NFkB; inhibition of the synthesis of
lipid mediators ( leucotrienes, thromboxanes,
prostaglandins, PAF ) and of interleukin-1;
reduction of prostaglandin degradation; antioxidant
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effects; TNF antagonism; and in epithelial cells,
induction of heat shock proteins and inhibition of
apoptosis and MHC Class II expression.
In active ileocaecal CD, recent interest has
focussed on the use of mesalazine slow-release
(Pentasa), a preparation which delivers high
concentrations of 5-aminosalicylic acid to the small
bowel as well as colon. In one study, this
preparation, given in high dose (4 g/ day) for 16
weeks, resulted in a remission rate of 43% in
patients with active ileocaecal CD, while lower
doses (1 g and 2 g) were no more effective than
placebo (remission rates 18% - 24%)[19].
While several individual studies in the last 10
years have suggested that aminosalicylates may also
have a role in maintaining remission in inactive CD,
a recent meta-analysis has shown this effect to be
minimal, with a reduction in relative risk of
symptomatic relapse at 1 year in patients on
mesalazine as opposed to placebo of only 6%, and
in post-operative patients of 13%[20]. Cost-benefit
issues in relation to longterm use of these relatively
expensive drugs in inactive CD clearly need
resolution.
Aminosalicylates
have
a
dose-related
therapeutic role in moderately active (although not
acute severe) UC and, particularly, in patients with
inactive disease, in whom they reduce annual
relapse rates to about 25% compared with 75% in
placebo-treated patients. In patients with left-sided
active UC, clinical trials support the theoretical
proposal that drugs delivering 5 aminosalicylate (5ASA) primarily to the colon ( olsalazine,
balsalazide) may be more effective than those from
which 5-ASA is released more proximally, e. g.
Asacol[21,22].
Immunomodulatory drugs (Table 1)

Azathioprine and 6-mercaptopurine The benefits of
azathioprine and its metabolite, 6-mercaptopurine,
as second-line agents in the management of chronic
IBD are now widely accepted[23]. These agents
inhibit purine nucleotide biosynthesis and appear
thereby to modify Tlymphocyte function.
Azathioprine is useful in maintaining remission
of both UC[24] (in patients failing to respond
adequately to aminosalicylates) and CD[25], and as a
steroid-sparing drug in the minority of patients with
either disease who relapse repeatedly on steroid
withdrawal [23]; it may also play special roles in
accelerating remission and healing ileal lesions when
given in combination with prednisone in active
CD[26,27], and in Crohn’s patients with perianal
disease[23].
Apart from their side-effects ( nausea,
vomiting, headache, joint pains, rash, fever, and,
more seriously, bone marrow depression, acute
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pancreatitis, chronic hepatitis and possible
malignancy in longterm users), the main
disadvantages of a zathioprine and 6-mercaptopurine
are that they take up to 4 months to act when given
orally. Trials to assess the possibility of accelerating
the clinical response in active CD using intravenous
azathioprine are in progress[28]. If results prove
successful, use of this route of adminstration will
demand prior assay of red blood cell concentration
of 6-thiopurine methyltransferase (6-TPMT),
homozygous deficiency of which can be fatal as a
result of failure of inactivation of 6mercaptopurine.
A French report showed that, in patients with
inactive CD, the risk of relapse after 4 years of
successful treatment with azathioprine (or 6mercaptopurine ) was similar whether the
immunosuppressive agent was continued or stopped;
The authors suggested that, in view of the potential
toxicity of long-term use of azathioprine, its
withdrawal should be considered in patients who
had remained in remission after 4 years’
treatment[29].
Cyclosporine Cyclosporine inhibits helper-and
cytotoxic T-lymphocyte function and proliferation,
mainly through inhibition of interleukin-2 gene
transcription. It also reduces interferon-gamma,
interleukin-3 and interleukin-4 production.
Interest in the use of intravenous cyclosporine
in active CD was stimulated by Brynskov’s
provocative report in 1989[30], but subsequent trials
have cast a dampener on the use of this agent, at
least in low dose, in Crohn’s.
In contrast, in a single small controlled
study [31], the results of which have been largely
confirmed by subsequent experience elsewhere,
intravenous (4 mg/ kg·day) followed by oral (5 - 8
mg· kg/ · day) cyclosporin, given in addition to
continuing corticosteroids, averted colectomy in the
acute phase in about 80% of patients with acute
severe UC who had failed to respond to 5-7 days of
intravenous steroids.
Enthusiasm for this approach, however, needs
to be tempered both by the frequency of relapse
necessitating colectomy (up to 50%) that follows
withdrawal of cyclosporine, and by its serious sideeffects. Acutely, these include opportunistic
infections, particularly pneumocystis carinii
pneumonia; renal impairment including a 20%
reduction in glomerular filtration rate in most
patients, and an often irreversible interstitial
nephritis in up to 25% patients; hypertension,
hepatotoxicity, epileptic fits, hyperkalaemia,
hyperuricaemia, hypertrichosis and paraesthesiae.
Longterm oral use may predispose to lymphoma.
The side-effects of cyclosporine necessitate frequent

372

ISSN 1007-9327

CN 14-1219/ R

monitoring of cyclosporine blood levels and serum
biochemistry in treated patients. At present, use of
cyclosporine in acute severe UC should probably be
restricted to clinical trials and specialist centres
familiar with its use. Further studies are needed to
define which patients should be given the drug
intravenously, and what continuing oral therapy,
for example cyclosporin, azathioprine or 6mercaptopurine, they should be prescribed
thereafter. It is possible, however, that intravenous
cyclosporine, perhaps given with prophylactic
trimethoprim/sulphamethoxazole, may turn out to
be very useful, in the minority of patients with
steroid-refractory acute severe UC, for buying time
for improving their nutrition prior to, and/or
preparing them psychologically for surgery.
Methotrexate
Methotrexate
is an
immunosuppressive agent widely used in difficult
rheumatoid arthritis and psoriasis. A North
American group reported that this drug, given once
a week as a 25 mg intramuscular injection, was
superior to placebo in improving symptoms
(remission rates at 16 weeks 40% and 20%,
respectively) and reducing requirements for
prednisone in steroid-dependent CD[32]. In chronic
steroid-dependent UC, in contrast, a lower dose of
methotrexate (12.5 mg), given orally once weekly,
was no more effective than placebo in the induction
of remission or its maintenance over a 9 month
period[33]. Whether use of methotrexate in IBD
becomes widespread will depend on the success of
rival agents with fewer side-effects.
Mycophenolate mofetil
Very recently, a
preliminary study suggested that mycophenolate
mofetil, a T-cell inhibitor used increasingly in the
prevention of transplant rejection, may be of value
in refractory Crohn’s disease[34]. This drug appears
to be relatively non-toxic, although expensive, and
is currently undergoing controlled trial in CD.
Antibiotics (Table 1)

Metronidazole Metronidazole acts not only against
a range of anaerobes and protozoa, but also has
immunomodulatory effects. Controlled trials have
shown that oral metronidazole (800 mg/ day) has
moderate benefit in ileocolonic CD[35], and in
preventing recurrence after ileal resection[36], while
open studies indicate that it may also be effective in
perianal CD[37]. Treatment needs to be given for up
to 3 months, and may be complicated by nausea,
vomiting and unpleasant reactions when combined
with alcohol; more importantly, it may induce a
peripheral neuropathy not always reversible on its
discontinuation.
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Other antibiotics
Anecdotal reports and
uncontrolled trials have suggested possible roles for
clarithromycin and ciprofloxacin in CD, the latter
particularly for perianal disease, and for
trimethoprim/sulphamethoxazole in acute severe
UC. Tobramycin given orally in addition to steroids
and sulphasalazine improved remission rate in active
UC[38], and some gastroenterologists use this or
another broad-spectrum antibiotic as prophylaxis
against bacteraemia and endotoxic shock in severely
ill patients with acute severe UC.
DIETARY THERAPY (Table 1)

There is no specific dietary therapy for patients with
UC, although a few ( < 5%) may improve with
avoidance of cow’s milk, and some with proctitis
and proximal constipation may benefit from fibre
supplementation. Patients with stricturing small
bowel CD should avoid high residue foods (e. g
citrus fruit segments, nuts, uncooked vegetables)
which might cause bolus obstruction. All patients
with IBD, particularly if it is active or extensive, are at
risk of nutritional deficiencies which need replacement
as necessary.
Over the last 20 years, it has become clear that
in children with CD, as well as in adults with
extensive small bowel disease and in those who
respond poorly to, or prefer to avoid
corticosteroids, an alternative therapy is a liquid
formula diet. This can either be elemental
(aminoacid-based), protein hydrolysate (peptidecontaining) or polymeric (containing whole protein
and not therefore hypoallergenic ), and is given for
4-6 weeks as the sole nutritional source[39,40]. This
approach is probably as effective as corticosteroid
therapy in the short-term, about 60% patients
achieving remission. Unfortunately, after the
resumption of a normal diet, many patients relapse
(50% at 6 months): whether this can be prevented
by selective and gradual reintroduction of particular
foods to which indivual patients are not
intolerant, or by the intermittent use of further
enteral feeding for short periods, remains to be
proven.
The success of enteral nutrition as a primary
treatment for CD is also limited by its cost, the
unpleasant taste of some of the available
preparations, the need often to give the feed by
nasogastric tube, and the poor compliance of many
patients in adhering to it. Such therapy does,
nevertheless, offer a valuable alternative in the
well-motivated minority of patients for whom it is
appropriate.
N E W T H E R A P I E S A I M E D AT S P E C I F I C
PATHOPHYSIOLOGICAL TARGETS (Table 2)

Elucidation of the pathogenesis of IBD has led to
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the evaluation in experimental animal models, and
to a lesser extent in the human disease, of several
different therapeutic approaches aimed at specific
pathophysiological targets ( Table 2 ). Where
substantial data in humans, will now be briefly
discussed.
Non-pathogenic escherichia coli

There is some evidence that patients with UC have
increased
proportions of
adhesive and
enterohaemorrhagic E coli in their large bowel.
Two preliminary reports suggest that oral
administration of capsules containing nonpathogenic E coli may have a role in maintaining
remission in patients with inactive UC[41,42], but
further work is required to confirm the efficacy of
this or other
(e.g. , lactobacillus) probiotic approaches.
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shown that intravenous infusions of either mouse/
human chimeric ( cA2 ) or 95% humanised
( CDP571 ) anti-TNF-alpha antibody induced
remission in active refractory CD[52,53] and healed
Crohn’s fistulae[54]; uncontrolled studies suggest
efficacy in UC too[55]. The published results are
impressive, mucosal lesions healing completely in
many instances. However, the relative merits of
cA2 and CDP571 require clarification in relation to
their efficacy, safety and cost. Reassurance is
needed that repeated usage will not lead to adverse
effects as a result of host antibody induction, or of
immunosuppression with consequent opportunistic
infection or malignancy. Definition of which
patients are most likely to benefit from this very
specialist treatment is also needed: this may relate
not only to their disease phenotype (e. g. ,
fistulating disease), but also their genotype (e. g. ,
TNF microsatellite subtype).

Short chain fatty acids (SCFA)

Normal colonic epithelial cells depend for their
energy metabolism on a luminal supply of SCFA,
derived from bacterial flora. In UC, colonocytes
inadequately utilise SCFA; low luminal SCFA levels
in UC exacerbate this metabolic defect[43]. Efforts
to remedy the defect by treatment of patients with
distal UC with enemas containing SCFA, principally
butyrate, have unfortunately not proved uniformly
successful[44-46]; furthermore, the appeal of this very
safe therapy is restricted by the unpleasant smell of
the enemas.
Modifying leucocyte numbers and function

Depleting leucocyte numbers, by use of leucocyte
apheresis, antiCD4 antibodies or bone marrow
transplantation, has been shown in uncontrolled
reports to suppress activity of CD[47-49]; a similar
effect is seen in AIDS when the CD4 count falls[50].
Furthermore, trials are in progress to assess the
clinical efficacy in IBD of inhibiting leucocyte
migration into the gut mucosa using antibodies or
antisense oligonucleotides to adhesion molecules
such as ICAM-1 [51]. As with other major
immunomodulatory therapies, it is not yet clear
whether the benefits of such approaches will
outweigh their cost, complexity and, particularly,
toxicity in relation to the risks of infection and
malignancy.
Modulation of cytokine activity

Recognition of altered cytokine expression in IBD
has prompted therapeutic trials using interleukin-1
receptor antagonist, interferon-alpha and gamma,
anti-TNF-alpha antibody and interleukin-10 (IL10): of these, the last two are the most promising.

Interleukin-10 IL-10 is an anti-inflammatory and
immunosuppressive cytokine. A recent placebocontrolled trial of recombinant human IL-10 gave
promising results in steroid-refractory CD [56], and
further reports are imminent.
Antisense oligonucleotide to NFkB.
The
upregulation of NFkB in IBD tissue may play a
central role in its pathogenesis as a result of
stimulation of the synthesis of proinflammatory
cytokines such as TNF, IL-1 and IL-6[10]. It remains
to be seen whether trials of antisense
oligonucleotides to NFkB will prove as effective and
safe in human IBD as they appear to be in
experimental colitis in mice[10].
Modifying the effects of lipid mediators

Reducing synthesis of proinflammatory
prostaglandins with non-selective non-steroidal antiinflammatory drugs (NSAIDs) has an adverse rather
than beneficial effect in IBD, perhaps because of
the concomitant suppression of cytoprotective
prostaglandins [11]. The efficacy and safety of
selective cyclooxygenase-2 (COX2) inhibitors have
not yet been formally assessed in IBD. Trials with
inhibitors of the synthesis of the extremely potent
inflammatory mediator, leucotriene B4, in UC have
shown at best a very modest benefit[57,58]. Ridogrel,
a dual thromboxane synthesis inhibitor and receptor
antagonist[59], has been shown to induce remission
in over 40% patients with moderately active UC[60],
and is under trial in active Crohn’s. Antagonists to
platelet activating factor (PAF) have been
ineffective in active UC.
Antioxidants

Anti-TNF-alpha antibody

Controlled trials have

While enhanced mucosal production of reactive
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oxygen metabolites is well established[12], published
trials of antioxidant therapy in human IBD are
limited to one open study of patients with steroidresistant CD who appeared to benefit from
intramuscular injections of superoxide dismutase[61].
Despite the lack of controlled data available, many
patients with IBD in the West use over the counter
antioxidant drugs in an effort to ameliorate their
disease.
Although increased mucosal generation of nitric
oxide may contribute to the pathogenesis of IBD[62],
there is no data yet to support the hypothesis that
selective inhibition of inducible nitric oxide synthase
may be beneficial.
Fish oil (eicosapentaenoic acid, EPA)

EPA, the active ingredient of fish oil capsules,
decreases synthesis of leucotriene B4, thromboxane
A2, prostaglandin E2, platelet activating factor and
interleukin-1. Although these actions should make it
a useful anti-inflammatory agent, trials in UC have
shown that high doses produce only modest clinical
improvement[63-65]: in addition, the strong fishy
odour on the breath associated with consumption of
EPA preparations is likely to inhibit their
widespread use.
More recently, an enteric-coated fish oil
preparation, which is better tolerated than standard
formulations, although is not yet commercially
available, has been reported to reduce substantially
the relapse rate in patients with inactive CD
(relapse rate at 1 year 28% on fish oil, 69% on
placebo)[66]. This exciting result, if confirmed by
other groups, could become a very useful and,
probably, safe form of maintenance therapy in CD:
the apparently beneficial cardiovascular effects of
EPA would contribute to its popularity with
patients.
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the gut mucosa of patients with IBD. In open
studies, Bjorck et al have reported clinical and
sigmoidoscopic improvement in 90% of UC patients
treated with lidocaine enemas for up to 12 weeks[69];
similar uncontrolled results using ropivacaine gel
rectally have been published more recently[70]. This
approach needs to be validated by controlled trials;
whether any beneficial effect of lidocaine or other
local anaesthetics is due to modulation of enteric
nerve function or to inhibition of production by
mucosal leucocytes of inflammatory mediators[71] is
unclear.
Smoking: Nicotine

Smoking is rare is patients with UC and anecdotal
reports have suggested that some individuals can
control their disease by judicious indulgence in this
otherwise undesirable habit. Two controlled studies
have confirmed that nicotine patches can induce
remission in active UC[72,73], although, surprisingly,
cannot maintain it[74]. Studies are in progress to
assess the efficacy of alternative formulations of
nicotine (for example in oral pH-release capsules or
enemas) which, by allowing first-pass hepatic
metabolism of nicotine will avert the systemic side
effects produced by skin patches, and allow the use
of higher doses. The mechanism of the therapeutic
effect of nicotine in UC, some of the
pharmacological effects of which appear to be proinflammatory, is unknown: possibilities include
increased colonic mucus secretion, alterations of
cell-mediated immunity, and reductions in gut
permeability, prostaglandin E2 production and
rectal mucosal blood flow.
Smoking has an adverse effect on the natural
history of CD[75], including the reoperation rate:
patients with CD who smoke should be advised to
stop.

Modulation of procoagulant state

TRADITIONAL MEDICINE

Active IBD is characterised by a procoagulant
diathesis which may contribute not only to the
increased risk of systemic thromboembolism
characteristic of the disease[59,67], but also to the
intramucosal inflammatory process[13]. Several
recent pilot studies suggest that intravenous heparin
may have a beneficial effect on disease activity in
both UC and CD[68], and controlled studies are in
progress. Mechanisms of action of heparin in IBD
are likely to include interference with leucocyteendothelial cell adhesion and of platelet activation as well
as its anticoagulant effects[68].

In the West, a substantial minority of patients with
IBD, dissatisfied with conventional pharmacological
treatment, resort to alternative therapies including
herbal medications such as aloe vera, relaxation,
aromatherapy, acupuncture and homeopathy
(Lakeman M & Rampton DS, unpublished) [76,77].
Unfortunately, however, there appear to be very
few reports of the efficacy of such therapy, at least
in the English language literature[78]: controlled
studies of traditional medical treatment of IBD are
urgently needed.
CONCLUSIONS

Modulation of enteric nerve function

Neuronal
hyperplasia,
hypertrophy
and
degeneration, together with abnormalities of
neurotransmitter content, have been described in

There is still no entirely effective, safe, cheap
treatment for the suppression of IBD, let alone its
cure.
Amongst the conventional alternatives, the
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major recent advances are the development of oral
corticosteroids, such as budesonide, with few
systemic side-effects, and of new aminosalicylates,
such as mesalazine slow-release for CD and
balsalazide for UC. The side-effects of existing
immunomodulatory agents, with the possible
exception of azathioprine, make them unlikely to
achieve a major role in patients with uncomplicated
disease. Liquid formula diets are effective and safe
in patients with active small bowel CD, but the
value of traditional medical treatment in IBD is as
yet unproven.
Of the drugs designed to rectify specific
pathophysiological abnormalities in IBD, short
chain fatty acids and lidocaine enemas are
occasionally useful in patients with refractory distal
UC. Injections of anti-TNF antibody and
interleukin-10 may prove to be a major step forward
in patients with difficult IBD, but their safety in the
long- as well as short-term requires confirmation.
Other “designer-drugs” have proved disappointing to
date, perhaps because their effects on the complex
inflammatory response are, unlike those of
corticosteroids and aminosalicylates, too accurately
focussed on specific, but redundant mediator
pathways. We still need to learn what makes the
inflammatory response in the mucosa of patients
with UC and Crohn’s persist chronically: it is
possible that identification of this key abnormality
will, in the absence of the discovery of a reversible
primary cause, offer the best hope of developing an
effective new therapy for patients with IBD.
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Progress in studies of tetrandrine against
hepatofibrosis
LI Ding-Guo, LU Han-Ming, CHEN Ying-Wei
Subject headings liver cirrhosis/therapy; liver
cirrhosis/pathology; liver cirrhosis, expremental/therapy;
tetrandrine/therapeutic use

Tetrandrine (Tet) is the main alkaloid isolated from
the lumpy root of Stephania tetrandra s. Moore. Its
molecular formula is C33 H42 N2O6 and its chemical
structure belongs to a dibenzy-isoquindine. Modern
pharmacological studies have proved that Tet is a
Ca2+ antagonist, which acts mainly on the calcium
channel of cell to block the cross-membrane
transportation of calcium ions as well as their
intracellular distribution and utilization. In recent
years, the actions of Tet in preventing and treating
hepatofibrosis have gradually attracted attention of
more investigators. With the establishment of the
technique of liver cell isolation and culture and
advance in technology of molecular biology, studies
of the antihepafibrotic effects of Tet have probed
into the cellular, subcellular and molecular levels.
This article is to give a brief review of such
researches over the past few years.
EFFECT OF TETRANDRINE ON EXPERIMENTAL
HEPATOFIBROSIS IN RATS

The effects of Tet on CC l4 induced rat
hepatofibrosis model showed that the serum
contents of hyaluronic acid (HA) and serum ALT
activities among the Tet treated groups in different
stages were all lower than those in the untreated
control model (P < 0.01). At the end of the 3rd
week, the degrees of liver cell degeneration and
necroses and inflammatory cell unvasion in the
treated group were all lower than those of the
control model. At the end of the 12th week, the
control model rats showed an increase in fibroblast
proliferation to grade 2.8 with pseudolobule
formation on HE and VG staining; however in the
corresponding treatment group, the lobular
structure was still fairly well preserved, although
there were some proliferation of fibroblasts and
increase in collagen. These indicate that Tet may
improve liver function, reduce liver damage and
inhibit the extracellular matrix ( ECM )
formation[1]. Tet could suppress the proliferation
Xin Hua Hospital, Second Medical University, Shanghai 200092, China
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and transformation of fat storing cells (FSC or Ito
cells), reduce the deposition of type IV collagen and
remarkably decrease the number of FSCs in rat
with hepatofibrosis, as compared with the saline
treated controls (P < 0.01). Moreover, the area of
rough endoplasmic neticulum of FSCs in the treated
group was less than that of the control group (P <
0.05) [2,3] . In rats with liver cirrhosis and portal
hypertension, Tet could reduce liver cell damage
and fibroses, and lower the serum ALT, alkaline
phosphatase (ALP) and total bilirubin (STB) to
normal[4]. Tet could also lower the portal pressure
and systemic arterial pressure in portal hypertensive
rats[5]. In comparison with the traditional
antifibrotic drug colohicine, Tet had more or less
similar effects in reducing serum procollagen III
peptide (P III P), HA and intrahepatic inflammation
and had better effect than colohicine and less toxic
side-effects [6] in suppression of proliferation and
transformation of FSCs as well as the degree of
collagen deposition.
CYTOLOGICAL
EFFECT OF TET

STUDY

OF

THE

ANTIFIBROTIC

Liver fibrosis is a progressive proliferation of
connective tissue in the liver parenchyma caused by
various chronic liver diseases, and is an intermediate
in the course of ultimate development to cirrhosis.
Cells participating in liver fibrosis mainly include
fibroblasts, Ito cells, hepatocytes, endothelial cells,
Kupffer cells, etc. These cells, stimulated by
cytokines of some immune active cells, may
synthesize and secrete excessive amount of collagen
and other extracellular matrix (ECM), which are
deposited in the liver and thus lead to liver fibrosis.
Effects of Tet on the growth and proliferation of
fibroblasts

Fibroblasts can synthesize and secrete large amounts
of collagen, fibronectin, HA, laminin (LN) and
other components of ECM. Consequently, their
growth and proliferation have innegligible effects
on liver fibrosis. It was observed by means of
flowcytometry that Tet in various concentrations
(10, 20, 30, 40, 50 and 60 mg/L ) had the
following actions on the growth of 3T6 fibroblasts:
remarkably delaying the progress of G1 to S stage,
suppressing the increase of DNA contents in S stage
while increasing the protein contents in G1 and G2,
leading to an unbalance in cell growth till their
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death. Moreover, Tet showed a dose-effect
relationship. The addition of Ca2+ and ATP proved
that the effect of Tet on 3T6 growth was not related
to a block of Ca2+ inflow[7,8]. Other studies reported
that Tet in 1.0 mg/L could deter the cells from
passage from G1 to S, Tet in 1.5 and 2.0 mg/L
could remarkably increase G2+M cells, lower their
RNA content, increase protein content, but cause
no change in DNA content. These indicate that Tet
may cause an unbalance of 6T3 growth and have a
dose-dependent inhibition effect on their
proliferation. The 3H proline incorporation test
indicated that Tet at 10 mg/L - 50 mg/L could
remarkably inhibit collagen synthesis by 6T3 cells
and the effect had a positive correlation with Tet
concentration. Under reverse microscopy, the cells
were found growing without well obvious
morphological changes, indicating that the effects
of Tet was not a direct cell-killing, but exerting an
action at a molecular level. Tet may also suppress
the proliferation of human embryonic lung
fibroblasts in a concentration-dependent state, and
the degree of suppression increases with a prolonged
duration[9].
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cells, and the degree of inhibition was positively
correlated with the concentration of Tet.
Effect of Tet on Ito cells

Ito cells are located in the perisinusoidal space of
the liver and have the function of storing fat and
vitamin A, and generating collagen and some other
components of ECM. It is considered that Ito cells
belong to a group of inactive fibroblasts which
under certain circumstances may transform into
myofibroblasts and fibroblasts, and thus play and
important role in the development of liver cirrhosis.
In the CCl4 induced rat hepatic fibrosis model, Tet
could remarkably inhibit the proliferation and
transformation of Ito cell[2,6]. The addition of Tet
to Ito cell culture markedly suppress the synthesis of
DNA and collagen by the cell, and the degree of
suppression is positively correlated with the
concentration of Tet. Furthermore, Tet could block
the action of platelet-derived growth factor (PDGF)
in promoting cell proliferation and collagen
synthesis of Ito cell. This suggests that in addition
to a direct action of Tet on Ito cells, it may also
exert an indirect anti-hepatofibrotic action through
inhibiting the effect of PDGF[14].

Influence of Tet on hepatocytic proliferation

Hepatocytes ( or hepatic parenchymal cells )
constitute over 90% of the liver. They can
synthesize types I and II collagen, chondroitin
sulfate, HA and some other ECMs. In the
physiological state, its collagen synthesis is low, but
under certain pathological conditions collagen
synthesis is markedly promoted. The addition of
CCl4 to the in vitro hepatocyte culture caused cell
damage and an elevation of intracellular Ca2+
concentration. As a result, Tet could increase the
viability of the cell, stabilize intracellular Ca2+
concentration, reduce the release of lactic
dehydrogenase and preserve the state of flow in cell
membrane, thus protecting the cell against noxious
agents[11]. Flow cytometric study of the action of
Tet on the growth and proliferation of rat RBL liver
cell demonstrated that with increasing
concentrations of Tet from 10 mg/L - 60 mg/L, the
progress from G1 to S was hastened, and the DNA
contents in cells in S stage and protein contents in
G1 and G2 stages were all increased with a positive
concentration-effect relationship. The addition of
Ca2+ and ATP into the above preparations indicated
the promoting effect of Tet on hepatocyte growth
and proliferation was not related to an influx of
Ca2+ into the cells[12]. Nevertheless, there were also
contradictory conclusions[10,13]. In addition, with
3H-TdR and 3H-proline incorporation tests, Tet in
concentrations of 10 mg/L - 15 mg/L could
markedly inhibit the synthesis of DNA and collagen
of both human embryonic hepatocytes and rat liver

STUDY OF ANTIHEPATOFIBROTIC EFFECTS OF TET AT
SUBCELLULAR LEVEL

Liver (parenchymal) cells contain mitochondria
(Mc), microsomes (Ms), lysomes (Ls) and other
organelle in abundance. The functions of Mc and
Ms are not limited to energy metabolism and protein
synthesis, but also participate in modulating the
intracellular free Ca2+ ion concentration.
Impairment of the latter function may be one of the
important factors leading to liver cell damage,
eventually causes liver fibrosis. The monoamine
oxidase (MAO) in the mitochondrion is an enzyme
participating in collagen synthesis; and an elevation
of serum MAO activity may be a sensitive parameter
of liver fibrosis. N-acetyl-β-D-glucosaminidase
(NAG) is another Mc enzyme involved in
decomposing matrix proteoglycans and this is also
related to liver fibrosis. Elevated serum NAG
indicates an activity of both synthesis and
decomposition of matrix. Our experiment in CCl4
treated rats showed that small dose of Tet could
lower the activities of mitochondria MAO and
NAG, and increase the active uptake but reduce the
passive release of Ca2+ by Mc. Moreover, Tet
enhanced the flow over the inner membrane as well
as the flow in the middle of lipid-bilayer of Mc, and
there was an increase in sulfhydryl group
content[10,11]. These suggest that Tet may protect
the Mc against injury and also may have an
antihepatofibrotic effect.
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In the 3T6 fibroblast culture, molecular
hybridization of nucleic acid was done with the
cDNA probe. The results demonstrated that Tet
could remarkably suppress the expression levels of
types I, III and IV procollagen mRNAs of 3T6 cells
(P < 0.05 - 0.01), suggesting the inhibiting effects
of Tet on the expressions of types I , III and IV
collagen genes being at the level of transcription. In
liver fibrosis, Tet could also lower the expression
levels of mRNAs of PDGF, PDGF receptor β
(PDGFR β) and transforming growth factor β1
(TGF β1), suggesting that Tet indirectly reduces
collagen synthesis through suppression of gene
expressions of TGF β1, PDGF and other
hepatofibrosis-related growth factors.
CLINICAL OBSERVATIONS OF THE EFFECTS OF TET
ON LIVER CIRRHOSIS AND CHRONIC LIVER
DISEASE

In 33 patients with liver cirrhosis, who received oral
Tet for 3 months, there was obvious improvement in
liver function, including the IV tryptophan load
test; after 18 months continuous Tet therapy, serum
P III P level fell remarkably (P < 0.01)[19]. In
another series of 54 cirrhosis cases, oral Tet therapy
for 18 months resulted in marked decrease of serum
P III P, HA and types I and III collagen in the liver
tissue (P < 0.05 - 0.01). There was statistically
significant difference in comparison with the
glucurone treatment group as a control (P < 0.01).
Patients in the Tet treatment group showed
different degrees of improvement in liver and
kidney function[20]. In 115 cases of chronic liver
disease treated with oral Tet for 6 months, their
serum HA and P III P levels were remarkably lower
than those before treatment (P < 0.01). Among
them, liver fibrosis disappeared in 14 (15.4%)
cases, much reduced in 54 (58.1%) cases and
slightly reduced in 19 (20.4%) cases. In addition,
there were reductions in inflammatory cell
infiltration and numbers of Ito cells in the Tet
treated patients, as compared with the glucurone

379

controls (P < 0.001).
In conclusion, the antihepatofibrotic effect of
tetrandrine has been well proven by the results of
experimental and clinical studies. With the everincreasing in-depth studies about the
pharmacodynamics, pharmacokinetics, reasonable
combinations of drugs, the best preparation form
and dosage of the drug and courses, tetrandrine is
expected to be an effective antihepatofibrotic
agent.
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Abstract
AIM:
To understand the role of nutritional
status in cirrhotic patients without clinical portosystemic encephalopathy (PSE).
METHODS: Fifty-one non-alcoholic patients
with cirrhosis without PSE were studied
prospectively and compared with 20 healthy
volunteers. The nutritional evaluation included
serum prealbumin, albumin, transferrin, body
mass index ( BMI ),
mid-arm
muscle
circumference (MAMC), and grip power. The
occurrence of subclinical PSE ( SPSE ) was
defined when N20 - N65 inter-peak latencies of
median nerve-stimulated somatosensory evoked
potentials were > 2.5 standard deviations of
control means. Blood chemistries were tested
within 12h of somatosensory evoked potentials
test and nutritional evaluation.
RESULTS:
Twenty-five, 17 and 9 cirrhotic
patients were graded as Child-Pugh class A, B,
and C, respectively. Twenty-four (47.1%)
patients developed SPSE. Cirrhotic patients with
SPSE had lower serum albumin (2.8 mg/L ±
5 mg/L vs 31 mg/L±7 mg/L, P<0.001) levels
than those without SPSE. Prealbumin (106mg/L
±57mg/L vs 125 mg/L ±58 mg/L), transferrin
(1.64 g/L ± 0.46 g/L vs 1.78 g/L±0.58 g/L),
BMI (23.7 kg/m2 ± 2.7 kg/m2 vs 25.3 kg/m2 ±
3.6 kg/m2), MAMC (22.2 cm ± 2.6 cm vs 22.7 cm
±3.5 cm), and grip power (26.3 kg ± 6.4 kg vs
26.9 kg ± 6.8 kg) were not different between
cirrhotic patients with and without SPSE. N20N65 inter-peak latencies were correlated with
serum albumin levels (P = 0.01) but not with
prealbumin, transferrin, BMI, MAMC, or grip
power. Serum albumin, prealbumin and
transferrin levels were different among cirrhotic
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patients with Child-Pugh classes A, B, and C (P
<0.05). BMI, MAMC, and grip power were not
different among Child-Pugh classes A, B and C.
CONCLUSION: Our data suggest that serum
albumin level is a simple test in the evaluation of
nutritional status in patients with cirrhosis.

INTRODUCTION

Protein-calorie malnutrition is common in patients
with cirrhosis[1-4]. Many factors, including reduced
nutrient ingestion, malabsorption, increased
demand of mutrients, and alteration of energy
metabolism have been suggested as a cause of
malnutrition in cirrhotic patients[2]. In patients with
cirrhosis, malnutrition may increase the number of
complications and deteriorate liver functions[1].
Malabsorption can result in muscle wasting, amino
acid imbalance, hypoalbuminemia, and zinc
deficiency, which are thought to be involved in the
pathogenesis of portosystemic encephalopathy
(PSE)[5].
In our previous studies, N20-N65 inter-peak
latencies (IPLs) of somatosensory evoked potentials
(SEPs) were useful in the detection and monitoring
of PSE[6-8]. The SEPs in patients with chronic liver
disease without clinical PSE showed minimal
dysfunction in central and peripheral conduction,
with delayed peak and inter-peak latencies
( IPLs )[7-10].
In
patients
with
cirrhosis,
malnutrition and increased circulating toxic
substances may result in diffuse neuropathy[11,12].
Our subsequent study showed that N20-N65 IPLs of
SEPs were helpful in the assessment of subclinical
PSE (SPSE), and about a half of cirrhotic patients
had SPSE [13]. The role of nutritional status in
cirrhotic patients with SPSE remains uncertain.
Thus, we conducted this study.
PATIENTS AND METHODS

We prospectively studied 51 documented patients
(mean age: 58±11 years; 29 men, 22 women) with
non-alcoholic cirrhosis ( hepatitis B virus, 24;
hepatitis C virus, 23; hepatitis B virus and hepatitis
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C virus, 2; hepatitis B virus and hepatitis D virus,
1; cryptogenic, 1) without clinical PSE at the
Cathay General Hospital from 1995 through 1997.
Twenty healthy volunteers served as control
subjects. Cirrhosis was diagnosed when a patient
developed chronic hepatitis, sonographic findings of
small liver as well as splenomegaly, and the
presentation of moderate or severe degrees of
esophageal varices. Chronic hepatitis was defined
when serum alanine aminotransferase (ALT) levels
were 1.5 times higher than the upper normal limit
(normal ALT activity <35 IU/L) over a period of
more than 6 months.
Patients with neurological diseases and
metabolic disorders such as alcoholism, diabetes
mellitus and end-stage renal disease were excluded
to avoid coexistent neuropathy or other brain
dysfunction. Patients with fever, sepsis or shock
were also excluded to avoid variations caused by
body temperature. All cirrhotic patients had blood
tests and were tested for grading of PSE and SEPs.
The degree of PSE of each patient was
semiquantified into grades from 1 to 4, based on the
mental changes proposed by Conn[14] immediately
prior to the SEP test. The SEP recordings were
carried out in a quiet and dimly lit room with the
subjects in a supine position using a Dantec
Counterpoint ( Dantec Elektronik Medicinsk,
Skovlunde, Denmark) by a method as described in
previous studies[6,13]. Median nerve evoked cortical
responses were recorded for N20-N65 inter-peak
latencies ( IPLs ). The occurrence of SPSE in
cirrhotic patients was defined when N20-N65 IPLs
of median nerve stimulated SEPs were greater than
2.5 of standard deviations of control means.
For the assessment of nutritional status,
biochemical analyses and anthropometric
measurements were made within 4h of SEP test.
Biochemical analyses included serum prealbumin,
albumin and transferrin levels. Anthropometric
measurements included weight, height, mid arm
circumference (MAC), triceps skin fold (TSF) and
mean grip power taken by the same dietitian[15].
The body mass index (BMI, kg/m2) was calculated
using the equation: BMI = weight/height-2[15]. The
mid-arm muscle circumference (MAMC, cm), an
index of the body’s total skeletal muscle mass, was
calculated using the equation: MAMC = MAC (0.314±TSF)[15].
Peripheral blood was collected after overnight
fasting and within 4 h of SEP test at our central
laboratory using conventional methods. Serum was
also measured for prealbumin and transferrin levels
using a Beckman ArrayTM Protein System (Vigil
PR XTM, Beckman Instruments Inc., Fullerton,
California). Venous ammonia levels were tested
shortly after the SEP test. Thirty-five patients had
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15 min indocyanine green clearance tests within one
week of SEP testing. Clinical grading of the severity
of liver disease was based on Child Pugh score[16].
Peripheral blood was assayed for leukocyte
subsets. One hundred µL of blood was mixed and
incubated with two or three of the 20 µL
fluorochrome labeled ( FITC, PE or PerCP )
monoclonal antibodies against T cells (CD3+, CD4
+, CD8+, IL-2R+, HLA-DR+), B cells (CD19
+), or monocytic phagocytes (CD14+, Becton
Dickinson, Immuno-cytometry Systems, San Jose,
California) at room temperature for 15 min. The
red blood cells were lysed with 2 mL 1X FACS
lysing solution for 5 min. Centrifugation, washing
and dilution of the pellet were performed with PBS.
Ten thousand leukocytes were measured using a
FACSCAN flow cytometer for leukocytes containing
fluorochrome labeled (FITC, PE, PerCP and 2,7
dichlorofluorescein) monoclonal antibodies within
6h of collection.
The study protocol was reviewed and approved
under the guidelines of the 1975 Declaration of
Helsinki by the Institutional Review Board of our
hospital. Statistical analyses were made using the
appropriate commercially available software
(Microsoft Excel 97SR-1 and SPSS for Windows
Release 7.0).
RESULTS

Clinical and biochemical data are shown in Table 1.
All the following data are shown as mean ±
standard deviation. The patients with cirrhotics
with and without SPSE and the controls were sex
and age matched. Cirrhotic patients had increased
serum ALT levels (non- SPSE: 60 IU/L ± 76 IU/L,
P = 0.004; SPSE: 89 IU/L ± 100 IU/L, P = 0.001)
and total bilirubin levels (non-SPSE: 44.6 µmol/L,
± ×18.81 µmol/L, P = 0.007; SPSE: 64.98 µmol/L
± 106.02 µmol/ L, P < 0.001). Cirrhotic patients
also had prolonged prothrombin time (non-SPSE:
1.9s ± 1.5s, P = 0.001; SPSE: 2.8s ± 1.9s, P <
0.001) and decreased serum albumin levels (nonSPSE: 31 g/ L ± 7 mg/ L, P = 0.02; SPSE: 28 g/ L ±
5g/ L, P<0.001). The mean venous ammonia level
(non-SPSE: 29.27 µmol/ L ± 15.71 µmol/ L; SPSE:
32.84 µmol/ L ± 14.28 µmol/ L was within normal
limits. None of the cirrhotic patients or control
subjects had clinical PSE or abnormal venous
ammonia levels. The meao percentage of the
indocyanine green clearance test results was
increased (non-SPSE: 27% ± 19%, P < 0.001;
SPSE: 35% ± 17%, P < 0.001). Sixteen patients
had indocyanine green clearance test by > 30%.
Cirrhotic patients with SPSE had higher total serum
bilirubin (P = 0.03), higher serum albumin (P <
0.001), and more prolonged prothrombin time (P
= 0.03) than cirrhotic patients without SPSE.
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Table 1 Vital and laboratory data of cirrhotic patients with and
without SPSE
Controls
(
)
(n = 20)
Age (yrs)
Sex (M/F)
Total bilirubin (mg/ L)
Albumin (g/ L)
ALT (IU/L)
Prolonged prothrombin time (s)
Indocyanine green clearance (%)
Ammonia (µmol/ L)
Child Pugh (A/B/C)
N20-N65 inter peak latencies (ms)

53±13
14/ 6
8.5±5.1
39±7
19±9
0.9±0.5
4±3
15.7±7.14
40.2±3.0

SPSE
(-)
(n = 27)
57±9
16/11
22.2±18.8a
31±7a
60±76a
1.9±1.5a
27±19b
29.3±15.7
17/6/4
45.9±8.5

(+)
(n = 24)
59±12
18/ 6
64.9±106.0bc
28±5bc
89±100a
2.8±1.9bc
35±17bc
32.8±14.3
8/11/5b
50.2±9.6bd

a

P < 0.01, compared with control subjects; bP < 0.001,
compared with control subjects; cP < 0.05, compared with
cirrhotic patients without SPSE, and dP < 0.001, compared
with cirrhotic patients without SPSE.

Twenty-five, 17 and 9 cirrhotic patients were
graded as Child-Pugh class A, B, and C,
respectively (Table 2). Age, sex, serum ALT
levels, venous blood ammonia levels, and N20-N65
IPLs were not different among patients in ChildPugh classes A, B and C. Patients in Child Pugh
classes B and C had lower serum albumin levels (P
< 0.001), higher total serum bilirubin levels (P <
0.001), more prolonged prothrombin time (P <
0.001), and less clearance of indocyanine green (B
vs A: P < 0.05, C vs A: P < 0.001) than patients
in Child Pugh class A.
Table 2 Vital and laboratory data of cirrhotic patients in ChildPugh classes A, B and C
A
(n=25)
Age (yrs)
Sex (M/F)
Total bilirubin (µmol/ L)
Albumin (g/dL)
ALT (IU/L)
Prolonged prothrombin time (s)
Ammonia (µmol/ L)
Indocyanine green clearance (%)
N20-N65 inter peak latencies (ms)

59±9
16/9
15.4±6.8
34±5
58±56
1.5±0.9
27.8±10.0
20±17
45.9±8.5

Child-Pugh
B
(n=17)
61±6
11/6
27.4±12.9a
26±3a
103±59
2.3±1.1a
29.3±14.3
35±12c
50.2±7.4

C
(n=9)
50±11
7/2
148.8±109.4ab
24±2a
102±83
4.6±1.5 ab
34.4±7.9
45±9a
48.0±3.7

a

P < 0.001, compared with Child-Pugh class A; bP < 0.001,
compared with Child-Pugh class B; cP < 0.05, compared with
Child-Pugh class A.

The mean N20 - N65 IPLs of the control
subjects was 40.2±3.0 millisecond (ms); which was
compatible with that of general Taiwanese
population[17]. All control subjects had normal N20
- N65 IPLs. Twenty four (47.1%) cirrhotic
patients had abnormal N20 - N65 IPLs. Cirrhotic
patients with SPSE (50.2 ms ± 9.6 ms, P < 0.001)
had prolonged N20 - N65 IPLs as compared with
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cirrhotic patients without SPSE (45.9ms ± 8.5ms)
and controls. The N20 - N65 IPLs of cirrhotic
patients without SPSE were not prolonged (P <
0.001), which were not different among patients in
Child-Pugh classes A, B and C (P = NS).
Cirrhotic patients ( non-SPSE: 4507/ µL ±
1546/ µL, P<0.001; SPSE: 4686/ µL ± 1380/ µL, P
< 0.001) had a lower number of leukocytes than
control subjects (7088/ µL ± 1557/ µL) (Table 3).
The number of leukocytes were not different
between the patients with and without SPSE (P =
0.06). Cirrhotic patients had lower numbers of
polymorphonuclear
neutrophils
(non-SPSE:
2398/ µL ± 1089/ µL, P < 0.001; SPSE: 2714/ µL ±
1904/ µL, P < 0.001), and CD3+ leukocytes (nonSPSE: 586/ µL±325/ µL, P < 0.001; SPSE: 618/ µL
± 420/ µL, P < 0.001) than control subjects. The
number of monocytes, eosinophils, basophils, IL2R+ leukocytes, HLA-DR+ leukocytes, CD14+
leukocytes, and CD19 + leukocytes were not
different between control subjects and cirrhotic
patients. All the leukocyte subsets were not
different between cirrhotic patients with and
without SPSE and among the patients in Child-Pugh
classes A, B and C (P = NS) (Table 4).
µL) of cirrhotic patients with and
Table 3 Leukocyte subsets (/µ
without SPSE
SPSE

Controls
Leukocytes
Polymorphonuclear nutrophils
Lymphocytes
Monocytes
Eosinophils
Basophils
CD3+ leukocytes
CD4+/CD8+
IL-2R+ leukocytes
HLA-DR+ leukocytes
CD14+ leukocytes
CD19+ leukocytes
a

(-)
4507±1546a
2398±1089a
1250±644a
305±137
99±70a
30±15
586±325a
1.9±0.9a
63±58
76±129a
366±469
199±114

7088±1557
4658±1668
1842±747
376±120
204±231
41±28
1231±557
1.5±0.8
94±61
30±20
368±149
218±134

(+)
4686±1380 a
2714±1904 a
1485±603a
307±167
116±88a
24±24
618±420a
1.9±0.9a
104±106
66±59a
350±310
169±113

P < 0.05, compared with control subjects.

Table 4 Leukocyte subsets (/ µ
µL) of cirrhotic patients with
Child-Pugh calss A, B and C

Leukocytes
Polymorphonuclear
neutrophils
Lymphocytes

A

Child-Pugh
B

C

4152±1237
2306±758

3951±1097
2231±674

5669±1299
3824±1037

1418±595

1371±567

1180±422

Monocytes

280±130

245±92

442±182

Eosinophils

113±84

95±57

114±59

Basophils
CD3+ leukocytes
CD4+/CD8+
IL-2R+ leukocytes
HLA-DR+ leukocytes
CD14+ leukocytes
CD19+ leukocytes

31±22

29±12

38±14

569±300
2.0±1.0
77±83
59±68
326±379
178±107

619±316
2.0±0.7
45±29
124±115
327±185
187±91

655±316
1.7±0.6
112±68
48±27
510±310
200±107
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The data of BMI, MAMC and grip power were
not different between control subjects and cirrhotic
patients without and with SPSE ( P = NS )
(Table 5), and among patients in Child-Pugh classes
A, B and C (Table 6).
Table 5 Nutritional profiles of cirrhotic patients with and
without SPSE
SPSE
Controls
Albumin (m/ L)
Prealbumin (mg/ L)
Transferrin (mg/dL)
BMI (kg/m 2)
MAMC (cm)
Grip power (kg)

39±4
313±57
215±50
24.2±3.5
22.1±3.6
28.8±10.6

(-)

(+)

31±7a
125±58d
178±58a
25.3±3.6
22.7±3.5
26.9±6.8

28±5bc
106±57 d
164±46 d
23.7±2.7
22.2±2.6
26.3±6.4

BMI: body mass index, MAMC: mid arm muscle circumference.
a
P < 0.05, compared with control subjects; bP < 0.005,
compared with control subjects; cP < 0.001, compared with
cirrhotic patients without SPSE; dP < 0.001, compared with
control subjects.

Table 6 Nutritional profiles of cirrhotic patients in Child-Pugh
classes A, B and C

Albumin (m/ L)
Prealbumin (mg/ L)
Transferrin (mg/dL)
BMI (kg/m 2)
MAMC (cm)
Grip power (kg)

A
34±5
152±52
1.96±35
24.3±2.6
22.3±2.7
30.0±8.5

Child-Pugh
B
26±3a
93±31a
1.54±39c
24.9±2.5
22.2±2.4
27.9±6.8

C
24±2a
60±19ab
1.35±38c
22.9±2.1
22.9±2.1
22.5±6.4

BMI: body mass index, MAMC: mid arm muscle circumference.
a
P < 0.001, compared with Child-Pugh class A; bP < 0.001,
compared with Child Pugh class B; cP < 0.005, compared with
Child-Pugh class A.

The serum prealbumin and transferrin levels
were lower in cirrhotic patients without (12.5 mg/ L
± 58 mg/ L, P < 0.001; 1.78 g/ L ± 58 g/ L, P <
0.001) and with (106 mg/ L ± 57 mg/ L, P < 0.001;
1.64 g/ L ±0.46 g/ L, P = 0.01) SPSE than control
subjects (313 mg/ L ± 57 mg/ L and 2.15 g/ L ±
0.50 g/ L). Neither serum prealbumin (P = 0.12)
nor transferrin (P = 0.17) levels were different
between patients with SPSE and without SPSE.
Patients in Child-Pugh class B had lower serum
prealbumin and transferrin levels than patients in
Child-Pugh class B (P < 0.001).
Based on simple linear regression, N20 - N65
IPLs of the cirrhotic patients were correlated with
serum albumin levels (r = 0.34, n = 51, P = 0.01),
but not with ammonia (P = 0.35), total bilirubin (P
=0.50), ALT (P = 0.70), prealbumin (P = 0.07),
transferrin (P = 0.88), prothrombin time (P =
0.26), Child-Pugh score (P = 0.21), or indocyanine
green clearance (P=0.80) N20-N65 IPLs did not
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correlated with white cell count (P = 0.58),
leukocyte subsets (P = 0.56), BMI (P = 0.20),
MCAC (P = 0.07), or grip power (P = 0.79).
DISCUSSION

PSE is one of the major complications in patients
with cirrhosis. The clinical course of PSE is often
unstable, and close observation is usually required to
assess it. Some cirrhotic patients may have SPSE
capable of disturbing daily life but without obvious
impairment of mental status[14]. Psychomtric tests
have been widely used for the clinical assessment of
SPSE. However, poorly educated and aged subjects
tend to be abnormal in psychometric tests[13,18]. Our
earlier study showed that SEPs were not affected by
education and age and were more sensitive than
psychometric tests in the assessment of SPSE in
better-educated cirrhotic patients[13]. In the present
study, 24 (47.1%) of 51 cirrhotic patients
developed SPSE, the data confirmed the results of
our previous studies that the occurrence of SPSE was
common in cirrhotic patients without clinical
PSE[7,8,13].
Our data showed that cirrhotic patients in
Child-Pugh classes B and C had more jaundice,
lower serum albumin levels, higher serum ALT
activities, more prolonged prothrombin time, and
less clearance of indocyanine green than those in
class A. Cirrhotic patients with poor liver function
tended to develop PSE. This may explain why the
occurrence of SPSE was mainly in patients in ChildPugh class B and non-SPSE mainly in patients in
class A.
Several parameters including body weight,
anthropometry, and biochemical measurement are
often used to assess the degree of malabsorption in
cirrhotic patients[1,2,15]. In the present study,
cirrhotic patients with SPSE had higher total serum
bilirubin, higher serum albumin, more prolonged
prothrombin time, and less clearance of indocyanine
green than those without SPSE. Serum prealbumin
and transferrin levels were different among
cirrhotic patients in Child-Pugh classes A, B and C.
Cirrhotic patients with SPSE had lower serum
prealbumin and transferrin levels than patients
without SPSE. Our data was compatible with the
study in alcoholic cirrhosis that serum albumin,
prealbumin, and transferrin levels correlated with
the degree of liver damage[19]. However, our data
showed that only serum albumin levels were
correlated with N20 - N65 IPLs. The low albumin
levels reflect the impaired hepatic synthetic
functions[1,4]. The good correlation between N20 N65 IPLs and serum albumin labels suggested that
serum albumin levels are helpful in the evaluation of
nutritional status in cirrhotic patients with SPSE.
It is well known that malnutrition may impair
immunocompetence and increase susceptibility to
infection, and leukocyte count is one of the
indicators of immune status[20,21]. Peripheral blood
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of cirrhotic patients had lower leukocyte count. Our
data confirmed the lower leukocyte count in
cirrhotic patients, and the decrease was mainly
polymorphonuclear neutrophils and leukocytes. The
study of leukocyte subsets further showed that the
decrease of leukocytes were mainly CD3+, CD4+,
and CD8+ leukocytes. The ratio of CD4+ and CD8
+ was higher in cirrhotic patients compared with
those of control subjects. The change of the number
of leukocyte subsets was not significant among
patients in Child-Pugh classes A, B and C. The
number of leukocyte subsets were not different
between cirrhotic patients with and without SPSE.
In this study, BMI, MAMC and grip power
were not different among patients in Child-Pugh
classes A, B and C; N20-N65 IPLs did not correlate
with BMI, MAMC, and grip power. Our findings
were compatible with recent studies[22,23] that midarm
muscle area and mid-arm fat area did not relate to
mortality rate of cirrhotic patients. The role of
anthropometry is limited in theprediction of SPSE in
cirrhotic patients.
Recent studies suggested that nutritional
therapy might be helpful in the reversal of
malnutrition, decreasing morbidity and nutrition,
and improvement of PSE[24,25]. Thus, the early
assessment of malnutrition is important. The
measurement of albumin level is simple and
inexpensive, and it is available to most of the
clinical laboratories. It is likely that lower serum
albumin levels in cirrhotic patients may suggest the
possible occurrence of SPSE, and early nutritional
therapy may be important to correct the
malnutrition.
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Abstract
AIM To study whether Helicobacter pylori is
naturally transformable.
METHODS Transformation was performed in
BHI broth supplemented with horse serum and
yeast extract. Genomic DNA extracted from a
metronidazole resistant H.pylori strain was
added to H. pylori broth culture. The mixture
was incubated at microaerophilic atmosphere.
The DNA-treated cells were plated on blood agar
containing 8mg/L metronidazole to select for
transformants. Sterile distilled water was used
as a negative DNA control. The DNA profiles of
transformants were compared with that of their
parent strains by randomly amplified
polymorphic DNA (RAPD) fingerprinting.
RESULTS Transformation of H. pylori with
DNA from a metronidazole resistant strain as a
marker was demonstrated. Out of the 12 strains
of H. pylori tested, 9 (75%) strains were found
to be transformable. The transformation
frequencies ranged from 3.4×10-6 to 2.4×10-4.
By RAPD, DNA fingerprints of the transformants
and their parent strains showed no change in
DNA profiles though transformants were all
resistant to metronidazole as compared with
their metronidazole-sensitive parent strains.
CONCLUSION Helicobacter pylori is naturally
transformable which might be one of the ways
that H. pylori develops resistance to
metronidazole.

1

Department of Microbiology, National University of Singapore,
Lower Kent Ridge Road, Singapore 119074, Republic of Singapore
2
Temasek Ploytechnic, Repubilc of Singapore
HUA Jiesong, male, born on 16-11-1961 in Shanghai, B Med, M Med
and M Sc, having 20 papers published.
Correspondence to: Dr. HUA Jiesong, Department of Microbiology,
National University of Singapore, Lower Kent Ridge Road, Singapore
119074, Republic of Singapore
Tel. +65·8743285
E-mail: michuajs @nus.edu.sg
Received 1998-08-08

INTRODUCTION

Genetic transformation is a process by which a cell
takes up naked DNA from the surrounding medium
and incorporates it into its own genomic DNA to
acquire an altered genotype. Natural transformation
is widely distributed among bacteria. This process
may enable bacteria to get advantageous mutations
to escape and survive under unfavourable
conditions. Helicobacter pylori is reconized as a
major factor in the development of gastritis and
peptic ulcer[1]. This bacterium can be eradicated
from stomach by antibiotics. However, effective
treatment of H. pylori has proved difficult with the
development of resistance to some antimicrobials.
An increase in prevalence of metronidazole resistant
H. pylori has been reported[2]. In this study we test
in vitro whether natural transformation could be
one way for H. pylori to acquire metronidazole
resistance.
MATERIALS AND METHODS
Strains

H. pylori isolates obtained from patients with
gastroduodenal diseases were used in this study. The
strain was isolated on chocolate blood agar No. 2
medium supplemented with 5% horse blood and
incubated
at 37
under microaerophilic
environment. The strain was identified by standard
procedures as stated by Goodwin et al[3].
DNA extraction

Plate culture of H. pylori was transferred into an
Eppendorf tube and 1.5 mL volume of TE buffer
(100 mM Tris-HCL and 1mM EDTA) was added.
The suspension was centrifuged at 8000 × g and
washed once with TE buffer. The pellet was
suspended in 800 µl TE buffer. The bacterial
suspension was incubated in 100 µl of 10 g/ L
lysozyme (Sigma) at 37 for 30 minutes, and then
lysed with 100 µl of 10% sodium deodecyl sulfate for
another 30 minutes at 37 . Following the addition
of 5 µl of 10 g/ L proteinase K (Boehringer), the
mixture was incubated for 1 hour at 56 . DNA was
purified by extracting twice with equal volume of
phenol and once with equal volume of chloroform,
DNA was then precipitated overnight with two
volumes of absolute ethanol and 20 µl 3M sodium
acetate at -20 . The DNA precipitate was washed
once with 70% ethanol. The pellet was vacummdried using speed-vac (Savant) ant resuspended in
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200µl sterile distilled water. This served as target
DNA for PCR-based RAPD. DNA concentration
was measured at λ 260nm.
PCR-based RAPD fingerprinting

Universal primer for PCR-based RAPD was
randomly chosen according to Akopyanz et al
(1992)[4] to allow for the fingerprinting of the
whole DNA content of cells. The primer used in this
study was 5-AAGAGCCCGT-3. PCR reaction was
carried out in 25µl volume. Fifty ng of H. pylori
genomic DNA, 2 mM MgCl2, 20 pmol primer, 1
unit of Taq DNA polymerase and 250 mM each of
dGTP, dCTP, dATP and dTTP were placed in
standard PCR incubation buffer containing 10 mM
Tris-HCl, 50 mM KCl, 2 mM MgCl2 and 0.01%
gelatin (Promega, USA). The reaction mixture was
overlaid with a drop of mineral oil to prevent
evaporation. PCR was performed with a thermal
cycler (Amplitron, USA) consisting of an initial
step of denaturation of target DNA at 94 for 5
minutes. This was followed by 39 cycles of
denaturation at 94 for 1 minute, annealing at 36
for 1 minute and extension at 72 for 2 minutes.
The microliters of the PCR products were
electrophoresed in 1% horizontal agarose gels for 2
hours at 80 V in TBE buffer. The gels were stained
with ethidium bromide (1 mg/L) and photographed
with filtered UV illumination on Polaroid type 667
film.
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donor to test for natural transformation competence
in broth cultures. To optimize conditions for
transformation of H. pylori, DNA of H38 was
added to NCTC 11637 broth at 6-36 hours after initial
inoculation. Transformants were obtained at
frequencies ranging from 2.8 × 10-6 to 5.9 × 10-5
(Figure 1 and Table 1). The highest number of
transformants and frequency of transformation were
found when DNA was added at 24 hours. It was
interesting to note that the transformation
frequency of NCTC 11637 increased with increasing
donor DNA concentration (Figure 2).
Table 1
11637

Effect of time on transformants of H. pylori NCTC
6 hours 12 hours 18 hours 24 hours 30 hours

Total bacteria
Transformants
Frequencies

7.1×106
20
2.8×106

8.1×106
370
4.6×105

2.8×107
1300
4.6×105

5.4×107
3200
5.9×105

6.3×107
3100
4.9×105

36 hours
9.8×107
290
3.0×106

Transformation experiment

H. pylori transformation was performed in BHI
broth supplemented with horse serum and yeast
extract. Briefly, DNA was extracted from a
metronidazole-resistant H. pylori strain, H38.
Twelve metronidazole-sensitive strains of H. pylori
grown respectively in Brain-heart infusion broth
supplemented with 10% horse serum and 0.4%
yeast extract were incubated under microaerobic
conditions at 37
for 24 hours. Aliquots of 50 µg
DNA of H 38 were added into 1mL test H. pylori
broth culture. The mixture was incubated at 37
for 6 hours. The DNA-treated cells were plated on
blood agar containing 8 mg/L metronidazole to
select transformants. The transformation
frequencies were calculated by dividing the number
of transformants from the tatal number of viable
cells on chocolate blood agar. Sterile distilled water
was used as a negative DNA control. The DNA
profiles of transformants were compared with that
of their parent strains by RAPD fingerprinting.
RESULTS

Transformation of H. pylori using metronidazole
resistance as a marker was demonstrated. H. pylori
H38 DNA (metronidazole resistance) was used as a

Figure 1 Effect of growth phase on the competence of natural
transformation in H. pylori. H38 DNA (50mg/L) was added to
NCTC 11637 at the indicated time intervals. Total cell number
and transformants were enumerated.

Figure 2 Dependence of transformation frequency on the
concentration of donor H38 DNA. H38 DNA with different
concentration was added to 108 NCTC 11637. Number of
transformants was enumerated.
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Using DNA of metronidazole resistant strain,
H38, as a marker for transformation, 9 (75%) of
12 H. pylori strains tested were found to be
transformable. The transformants were all resistant
to metronidazole as compared with their
metronidazole-sensitive parent cells. The
transformation frequencies ranged from 3.4 × 10-6
to 2.4 × 10-4 (Table 2). By RAPD, the DNA
fingerprints of the transformants and their parent
strains showed nochange in DNA profiles
(Figure 3).
Table 2
Recipient
H
H
H
H
H
H
H
H
H
H
H
H

1
9
11
13
29
41
43
46
50
53
62
68

Transformation of different strains of H. pylori
Donor

Total bacteria

H 38

1.8×108
5.2×107
9.3×108
8.4×107
5.6×106
8.3×105
5.1×106
5.8×106
3.2×108
3.5×107
3.9×105
8.8×107

Transformants
43000
8900
No
4100
No
40
30
20
4500
320
No
740

Frequencies
2.4×104
1.7×104
4.9×105
4.8×105
5.9×106
3.4×106
1.4×105
9.1×106
8.4×106
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stable state once developed. Natural transformation
in H. pylori has been demonstrated by NedenskowS-rensen et al[9] and Wang et al[10]. This study has
confirmed that H. pylori can acquire resistance to
metronidazole by natural transformation. Nine
(75%) of 12 strains were found to be transformable
in this study. The transformation frequencies
ranged from 3.4 × 10-6 to 2.4 × 10-4. Furthermore,
we examined the DNA fingerprints of recipient cell
and its progeny by RAPD. DNA fingerprinting
showed that no significant DNA profile change
occurred. This is not unexpected. The size of
metronidazole resistance gene may be insignificant
compared with the entire chromosomal length.
RAPD only can detect a small fraction of target
DNA. It is possible that the universal primer used
for RAPD in study could not recognise this slight
difference especially if a point mutation is involved.
Ling et al[11] found that H. pylori strains
resistance to metronidazole increased from 29% in
1991 to 73% in 1995 in Hong Kong. We believe that
the densely populated environment in Hong Kong
and the increased use of metronidazole and other
imidazoles in the population had contributed to this
phenomenon. This study shows a 75%
transformable frequency in vitro. The results
indicate that natural transformation of
metronidazole resistance may play an important role
in the development of antibiotic resistance. Natural
transformation might promote H. pylori in
acquiring advantageous genes from other strains in
order to adapt and survive in some particular
environments.
In this study natural transformation of H.
pylori was demonstrated in vitro. It might be one
of the means by which H. pylori develops resistance
to metronidazole.
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therapeutic genes, are suitable for the tissuespecific gene therapy for colorectal carcinoma.

Abstract

INTRODUCTION

AIM
To establish a tissue-specific gene
therapy for colorectal carcinoma using bacterial
ADP-ribosylating toxin genes.
METHODS Pseudomonas exotoxin A domain II
+III (PEA) was cloned from genomic DNA of
Pseudomonas aeruginosa. PEA and diphtheria
toxin A chain gene (DTA) were modified to
express eukaryotically. After sequencing, the
toxin genes under the control of human
carcinoembryonic antigen (CEA) promoter were
cloned into retroviral vectors to construct
CEAPEA and CEADTA respectively. In vitro
cotransfection of the constructs with luciferase
vectors and in vivo gene transfer in nude mice
were subsequently carried out.
RESULTS
Both CEAPEA and CEADTA
specifically inhibited the reporter gene
expression in the CEA positive human colorectal
carcinoma (CRC) cells in vitro. Direct injection
of CEAPEA and CEADTA constructs into the
established human tumors in BALB/c nude mice
led to significant and selective reductions in CRC
tumor size as compared with that in control
groups.
CONCLUSION The toxin genes, working as
1
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A major requirement for in vivo gene therapy for
cancer is to target the therapeutic gene expression to
malignant tissues by selecting potent therapeutic
genes. Pseudomonas exotoxin A and diphtheria
toxin A chain, which kill tumor cells by irreversible
ADP-ribosylation of elongation-2, may become
potent therapeutic genes. PE is made of three
structural domains: the N-terminal domain ( I ) is
responsible for the binding of toxin to its receptor
on the cells; the middle domain (II) plays a role in
the translocation of toxin across the membrane, and
the C-terminal domain (III) has the ADPribosylation activity[1]. DT is secreted from Corynebacterium diphtheriae as a single polypeptide
chain containing two major domains: A (aminoterminal, 193 residues), which carries the active
site for ADP-ribosylation of elongation factor-2,
and B (carboxyl-terminal, 342 residues), which
promotes binding of toxin to cells and the entry of A
into the cytosolic compartment. Immunotoxins have
been engineered by fusing domains II and III of PE
and DTA chain to specific antibodies.
Immunotoxin therapy is challenged by limited
accessibility of antibodies or antibody conjugates to
solid tumors[2]. Expression of the toxin genes in
mammalian cells may result in the inhibition of
further protein biosynthesis, and consequent cell
death.
In vivo gene therapy relies on unique tissuespecific or tumor-specific transcriptional elements to
drive the expression of the toxic protein only in
those cells containing transcription factors capable
of activating the promoter elements. CEA is a
tumor-associated cell surface antigen overexpressed
in tumor cells such as colorectal carcinoma cells.
CEA promoters were cloned both from normal and
CEA-positive human colonic carcinoma genomic
DNA[3]. Analysis of the CEA promoters showed
more than 8-fold increase in expression in CEApositive cells, as compared with CEA-negative
cells[4]. We are working on an alternative means of
exploiting a natural toxin which does not depend on
cell surface molecules. Instead, DNA coding for the
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toxin genes driven by CEA promoter is introduced
into tumor cells. The study may provide some
opportunities for tissue-specific gene therapy for
CEA-positive tumors.
MATERIALS AND METHODS
Cells and animals

CEA-positive LoVo and SW1463 human colorectal
carcinoma cell line, HeLa cell line and murine
embryo fibroblast NIH3T3 were originally obtained
from ATCC. CEA-negative human renal cell
carcinoma cell line RC9406 was established by our
laboratory. BALB/c nude mice were from the
Shanghai Tumor Research Institute ( Shanghai,
China). All cells line and animals were maintained
under standard conditions.
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from pGEM-CEA, and subcloned into polylinker
site of G1Na retroviral vector to create G1CEANa.
The Hind III/Cla I digested PEA and DTA
fragments were subcloned to G1CEANa and
pLNCX [6] to create resulting constructs
G1CEAPEANa, G1CEADTANa, pLNCDTA and
pLNCPEA respectively. The structure of the
constructs is shown in Figure 1.

Cloning of PEA and DTA genes

Pseudomonas aeruginosa strains were kept in our
department. The sequence of oligonucleotide
primers for cloning PEA domain II + III gene and
DTA gene were obtained from published data[1,5],
introducing Hind III site and kozak sequence at the 5’
terminus and strong termination signal and Cla I
site at the 3’terminus, and commercially synthesized
(Promega). Inner primers for cloning PEA gene
had the sequence of GG AAG CTT GCC GCC ACC
ATG GAG ACT TTC ACC CGT CAT CGC CA and
GG ATC GAT TTA CTT CAG GTC CTC GCG
CGG C. Outer primers for cloning PEA gene had
the 5’sequence of ACG GTC ATC AGT CAT CGC
CTG CA and shared the same 3’sequence with the
inner primer. Oligonucleotide primers for cloning
DTA had the sequences of GG AAG CTT GCC
GCC ACC ATG GGC GCT GAT GAT GTT GTT GA
and GG ATC GAT TTA TCC GAC ACG ATT TCC
TGC ACA G. Preparation of the bacterial genomic
DNA and Nest-PCR employed to clone the PEA
gene and plasmid pET15b-DT (kindly provided by
Dr. RJ Collier[5]), were performed as previously
described[3], with some modification. Genomic
DNA (0.1 µg) and Elongase (0.5U) (GIBCO) were
used. The PCR products were digested with Cla I
and Hind III, purified by the Wizard PCR product
purification system (Promega), and then subcloned
into pSP72 vectors to create pSP72-PEA and pSP72DTA. Sequences of the cloned PEA and DTA
fragments were analyzed using the double-stranded
DNA sequencing system (Promega). The pSP72PEA, pSP72-DTA, Sp6 and T7 primers (Promega)
served as temples and sequencing primers
respectively. Automatic DNA sequencing was
commercially performed.
Construction of recombinant retroviral vectors

Sph I site of plasmid pGEM-CEA[3], which
contained 400bp human CEA promoter cloned from
genomic DNA of the CEA positive colorectal
carcinoma tissues, was changed to Hind III. The Sal
I/Hind III digested CEA promoter was released

Figure 1 Structure of the retroviral constructs
LTR: long terminal repeat region; Neo: neomycin resistance
gene; CMV: human cytomegalovirus immediate early promoter;
CEA: human carcinoembryonic antigen promoter; PEA:
Pseudomonas exotoxin domain II + III fragment; DTA:
diphtheria toxin A.

Cotransfection and luciferase assays

Each transfection contained 1pmol pGL2 control
(Promega) and 1pmol retroviral constructs. For
transient luciferase assays, cells were transfected
with DOTAP ( Boehringer Mannheim ).
Transfection and luciferase assay were made as
previously described[7]. All values were normalized
to the expression of luciferase transfected with
pGL2-control alone. All plasmids ( pLNCX,
G1CEAP EANa, G1CEADTANa, pLNCPEA and
pLNCDTA) were tested in SW1463, LoVo,
NIH3T3, RC9406 and HeLa cell lines.
Tumor xenograft in BALB/c nude mice and in
vivo gene transfer

Two million LoVo and RC9406 cells were s. c.
injected into the back of the BALB/c nude mice.
When established, the tumors were resected and
sheared to 0 mm - 5 mm3, and s. c. reimplanted
into the BALB/c nude mice of next generation
under sterile conditions. After 30 generations of
reimplantation, the tumors grew steadily in the
nude mice.
After
purification
with
column
chromatography, the constructs (20 mg/L) were
mixed with the same volume of lactated Ringer’s
solution. An aliquot of the mixture was added to the
same volume of a cationic liposome (composed of
TMAG, DLPC and DOPE, with a molar ratio of 1:
2 : 3) in lactated Ringer’s solution in a separate
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sterile vial at room temperature. After incubation
for 15min, 0.1 mL DNA liposome solution was
injected into the tumors, or in the presence of 107
units per ml adenovirus ( Ad2 ), under sterile
conditions. The injection was administered 6 times
at an interval of 2 days. The tumor weight was
estimated as previously described[8]. The mice were
killed at 42 h following the last injection of the
constructs, and then the treated tumors were
resected. Total RNA was extracted with TriZol
(GIBCO), and subsequently digested with RNAsefree DNAse I (GIBCO). RT-PCR for detection of
the transcription of PEA and DTA gene were
performed with the inner pairs of the related
primers to confirm the toxin gene expression.
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expression.

Statistics

The Student’s t test and χ2 test were used. A P
value of <0.05 was considered significant.
RESULTS
PEA and DTA gene cloning

The modified PEA and DTA gene were obtained.
DNA sequencing demonstrated that the introduced
Kozak sequence, termination code and restriction
sites did not destroy the open reading frame of PEA
and DTA coding regions. The PEA gene had no
mutation in the aminoacid sites 485-492, 553 and
612, which were considered to be key positions for
expressing ADP-ribosylation activity. Basereplacement mutation was found in the aminoacid
positions 412 and 420. Roles of these mutations
remained to be investigated. No mutation was found
in the DTA gene.
In vitro specificity of the PEA and DTA gene
expression

In vitro experiments showed that the CEA promoter
conferred a selective expression of PEA and DTA
gene in CEA positive human colorectal carcinoma
cell lines LoVo and SW1463. The levels of
luciferase expression in LoVo and SW1463 cells
were inhibited by 90% - 97% and 80% - 85% at
36 h after transfection with an equal mass of
G1CEAPEANa and G1CEADTANa respectively.
Concentration dependent inhibition was also
observed, the inhibition being substantial with as
little as 0.1 µg. In contrast, cotransfection with a
plasmid lacking the PEA and DTA genes did not
inhibit luciferase expression (Figure 2). The basal
transcription level of the PEA and DTA from the
CEA promoter was inferred from a partial
translation inhibition effect of the cotransfected
luciferase gene in the CEA negative RC9406 and
HeLa cells. The results indicate that the translation
inhibition of luciferase was due to active toxic
protein production and level of the inhibition was
closely associated with PEA and DTA gene

Figure 2
Inhibition of luciferase gene expression by the toxin
gene cotransfection
A: Transfection with pGL2-Control only; B: Cotransfection with
pGL2-Control and G1CEAPEANa; C: Cotransfection with pGL2control and G1CEADTANa; D: Cotransfection with pGL2-control
and pLNCPEA; E: Cotransfection with pGL2-control and
pLNCDTA.

Selective arrest of tumor growth by the in vivo
toxin gene transfer

The growth rate of LoVo tumor in the groups
treatment with G1CEAPEANa and G1CEADTANa
appeared to be reduced as compared with the
liposome controls at day 7 of the treatment. Growth
of RC9406 tumors did not significantly respond to
G1CEAPEANa or G1CEADTANa administration
(P>0.05, compared to the liposome control). The
selective anti-colorectal carcinoma effect of
G1CEAPEANa was stronger than G1CEADTANa
(P<0.05, n = 7). pLNCPEA and pLNCDTA i. t.
injections with the cationic liposome were relatively
capable of reducing the growth rate of both LoVo
tumors and RC9406 tumors (P < 0.05, as against
liposome control). Intratumoral administration of
G1CEAPEANa in the presence of the adenovirus
(Ad2 type) and cationic liposome resulted in
marked regression of the established colorectal
carcinoma, as compared with G1CEAPEANa and
the liposome groups. The ADP-ribosylating
bacterial toxin genes, under the control of the CEA
promoter, showed strong and selective antitumor
activities for CEA positive CRC tumor (Table 1).
RT-PCR employed for the detection of the toxin
gene expression in the treated tumor bodies showed
transcription of the toxin genes in G1CEAPEANa
treated or G1CEADTANa treated LoVo tumors and
pLNCPEA treated or pLNCDTA treated LoVo and
RC9406 tumor, but not in G1CEAPEANa or
G1CEADTANa treated RC9406 tumor bodies. The
results demonstrated that expression of the toxin
genes was responsible for the growth inhibition of
the tumor bodies.

CAO Guang-Wen et al. Gene therapy for colorectal carcinoma
Table 1
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In vivo growth inhibition of human carcinoma by the toxin genes transfer

Days following
gene therapy
0
7
21
35

Estimated tumor weight (mg) of tumor xenograft following toxin genes transfer (x±s, n = 7)
LoVo
RC9406
LoVo
RC9406
LoVo
RC9406
LoVo
RC9406
(CEA/PEA) (CEA/PEA) (CEA/DTA) (CEA/DTA) (CMV/PEA) (CMV/DTA)
486±160
404±176
454±201
758±424

472±201
632±246
1246±212
1840±764
(n = 6)

504±232
480±320
645±340
1084±286

516±164
706±240
1321±324
1986±884
(n = 6)

DISCUSSION

Both DTA and PEA coding genes can be modified to
express prokaryotically and eukaryotically, and
post-translational process in eukaryotic cells did not
eliminate its ADP-ribosylation activity. So the toxin
genes are suitable for cancer gene therapy if
expression of the genes can be restricted into tumor
cells or tumor bodies. In the study, cell typespecific inhibition and concentration-dependent
inhibition of luciferase gene expression were
demonstrated in the cotransfection assay, implying
that expression level of the toxin genes played a
crucial role in the growth inhibition of the
established human tumor. Our previous studies
suggested that tissue and tumor-specific
transcriptional regulatory sequences played a central
role in conferring a selective expression of prodrug
activation gene[8] and cytokine genes[9-11]. We
cloned CEA promoters and found that some transacting elements residing in the nuclei of the
colorectal carcinoma cells LoVo, not in RC9406
renal carcinoma cells, proved to be responsible for
the CEA overexpression in the cancer cells, and the
flanking region of CEA gene lacked the
conventional TATA and CAAT boxes. The results
of these studies indicated that the CEA promoter
might be strict enough to confer the toxin genes to
selectively express in CEA positive colorectal
carcinoma. From in vitro studies, the specific
expression of the toxin genes driven by the CEA
promoter
was
demonstrated
following
cotransfection with the luciferase vectors, but the
basal transcription of PEA and DTA gene in CEA
negative cells may exist. Tissue or cell specificity of
transcriptional regulatory elements for controlling
expression of these genes remains to be improved.
The prokaryotic transcriptional control systems, the
tetracycline system and the lactose system, have
been employed to control expression of DTA gene in
glioma gene therapy[12]. A more practicable control
system needs to be developed.
In the present study, the retroviral constructs
were respectively introduced into ecotropic and
amphotropic retrovirus packaging cells in order to
generate recombinant retroviruses. But we failed to
obtain a stable retrovirus producing cell line.
Concentration of the retrovirus was too low to be
measurable, although HIV-regulated DTA
transcription unit was reported to have been

480±200
365±240
584±402
906±327
(n = 6)

496±320
380±224
638±320
986±380

480±190
680±185
1386±440
2810±528
(n = 4)

490±230
680±210
1206±340
2762±620
(n = 5)

LoVo
(CEA/PEA)+Ad
490±130
414±98
226±63
306±45

packaged
into
recombinant
retroviruses.
Intratumoral injection of the unique retroviral
constructs with a cationic liposome was the only
alternative way for the in vivo gene therapy. The
liposomal delivery system for the toxic gene is
suitable for the in vivo gene therapy for preparation
of liposome using cationic lipids has also become
extremely popular for the delivery of pDNA,
largely due to its simplicity and relative
effectiveness.
Cationic
liposome-mediated
expression of viral promoter regulated DTA gene
has been used for the treatment of HIV
infection[13]. In the study, the liposome delivered
PEA or DTA genes under the control of the CEA
promoter resulted in selective inhibition on the
growth of CEA positive colorectal carcinoma in the
animal models. The inhibition would be stronger if
the Ad2 adenoviruses were added into the gene
transfer system. The addition of adenoviruses in
trans together with the conjugates has resulted in a
significant increase in the transfection activity,
probably because of its ability to aid the escape of
the conjugate from the endosomal-lysosomal
pathway[14]. The strategy may be useful in clinical
investigation.
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Abstract
AIM To explore the etiology and pathogenesis
of
human
primary
intrahepatic
cholangiocarcinoma, the expression of HBV
genes and HBV-antigens was detected in the
cancerous tissue and its surrounding hepatic
tissues.
METHODS HBV-antigens were detected by
immunohistochemical technique and HBV genes
were examined with in situ hybridization.
RESULTS In 20 cases of cholangiocarcinoma,
the positive detection rate of HBxAg, pre-S1,
pre-S2, HBsAg and HBcAg was 75%, 40%, 40%,
10% and 0%, respectively, and in the
surrounding hepatic tissues of 19 cases the
positive rates were 84.2%, 47.9%, 47.9%,
31.6% and 31.6%. Among 40 cases of
cholangiocarcinoma, the positive rate of HBVDNA, x-gene, pre-s gene, s gene and s gene fell
on 77.5%, 70.0%, 47.5%, 40% and 42.5%,
respectively, and of the surrounding hepatic
tissues in 33 cases, 87.9%, 84.8%, 63.6%,
69.7% and 66.7%.
CONCLUSION The development of human
primary intrahepatic cholangiocarcinoma bears a
close relationship with chronic persistent HBV
infection. Particularly, the x gene of HBV and
its protein (HBxAg) might play an important role
in pathogenesis of hepatic carcinoma.
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INTRODUCTION

A large number of studies indicate a close
relationship between human primary hepatocellular
carcinoma and hepatitis B virus (HBV) infection,
which is considered generally as an important factor
in the development of hepatic carcinoma[1,2]. In
human primary hepatic carcinoma, hepatocellular
carcinoma is more frequently encountered, while
intrahepatic cholangiocarcinoma (ChC), including
hepatocholangiocarcinoma (HChC), is relatively
less, being 8% - 10% [3]. For a long time, the
etiology and pathogenesis of intrahepatic
cholangiocarcinoma have been unclear. A few
reports considered it to be related to infestation with
clonorchiasis sinensis[4,5], but never involved with
HBV infection. We used immunohistochemical
technique and in situ hybridization methods to
detect HBV genes and their-related antigens in
the tissues of intrahepatic cholangiocarcinoma and
its surrounding hepatic tissues for the purpose of
exploring the etiology and pathogenesis of
intrahepatic cholangiocarcinoma.
MATERIAL AND METHODS

All the 40 cases of surgically resected specimens of
intrahepatic cholangiocarcinoma and hepatocholangiocarcinoma were from the Pathologic
Laboratory of the Affiliated Hospital of Fourth
Military Medical University. The specimens were
fixed in 10% formalin, paraffin embedded and
serially sectioned 5 µm in thickness. The HBV
antigens (HBxAg, HBsAg, HBcAg, pre-S1 and pre
S2) were detected by immunohistochemical
techniques (ABC and PAP). In situ hybridization
method was adopted for detection of HBV genes
(HBV-DNA, x gene, s gene, pre s gene and c
gene).
Of
the
main
reagents
of
immunohistochemistry, the antibodies of anti-HBx,
S1 and S2 were gained from Fox Chase Cancer
Center, Philadelphia, USA, and ABC kit and PAP
kit (including anti-HBs and anti-HBc) were
purchased from BioGenes Lab, USA. The ABC and
PAP methods were in accordance with the
instructions of the kits. For in situ hybridization,
Bio-11-dUTP was purchased from the Institute of
Pharmacology of Beijing Medical University. The
gene primers of S, pre S and C of HBV were
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acquired from Fox Chase Cancer Center,
Philadelphia, USA. The colony of E. Coli- C600HBV (containing PCP 10) was supplied by the
Research Institute of Liver Diseases of Beijing
Medical University. The colony of PMM15-HBV
was furnished by the Basic Medical Institute of
Military Medical Academy, Beijing. E. Coli, DNA
polymerase I, restriction endonuclease EcoRI,
Bam HI and Bgl II were purchased from Hua Mei
Biotechnology, Co. As for the preparation of
probes, the plasmids of PMM15-HBV and PCPHBV were extracted through lysis by alkali. PCP
10-HBV was cleaved by EcoRI and various sized
gene fragments of 3.2 kb were harvested by freezesqueezing method, and then, cleaved with Bam HI
and Bgl II. 584 X gene fragments of nucleotide were
obtained by PMM15-HBV. The probes of HBVDNA and X gene were labeled through nicking
translation, and the fragments of C gene, S gene and
pre S gene of HBV were labeled with PCR. Control
groups were set up including positivity, negativity,
blank and replacement.
RESULTS
Pathological characteristics

In the specimens of 40 cases, 30 cases were
confirmed by pathological examination as
intrahepatic cholangiocarcinoma and 10 as hepatocholangiocarcinoma. The patterns of intrahepatic
cholangiocarcinoma manifested as tubulo-glandular
structures, mostly the cuboidal cells arranging in
small lumens and partly the high columnar cells
taking the form of variously sized lumens with few
mucus secretion. In some cases, the cells were in
mass arrangement. The carcinoma cells were small
in size with scanty cytoplasm. The fibrous
interstitial tissues were more abundant. The abovementioned tubulo-glandular structures and cellular
masses showed irregular distribution within the
fibrous
interstitial
tissue.
Hepatocholangiocarcinoma appeared as the tubuloglandular structures mingling with hepatocellular
carcinoma-cell cords or masses and the transition of
each other was visible. In individual case, secretion
of the bile was occasionally encountered. The
carcinoma cells possessed a certain atypicality with
relatively less mitotic figures. Of the 40 specimens
of
intrahepatic
cholangiocarcinoma,
the
surrounding hepatic tissues were present in 33 cases,
22 of them were chronic active hepatitis (CAH), 7
chroni cpersistent hepatitis (CPH) and 4 liver
cirrhosis (CIR).
Detection of HBV antigens

HBV antigens were detected in 20 cases of
intrahepatic cholangiocarcinoma and 19 cases of the
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surrounding hepatic tissues. The HBV antigens
included HBsAg, HBcAg, HBxAg, pre-S1 and preS2. Their positive results are shown in Tables 1, 2.
In addition, the positive coexistence of HBxAg, S1
and S2 antigens were present in 6 cases in the
cancerous tissues, and positive HBxAg and HBsAg
in 1 case. In the surrounding hepatic tissues, 7 cases
showed the positive coexistence of HBxAg, S1 and
S2 antigens, 4 cases with positive HBxAg and
HBsAg, and 3 cases with positive HBxAg and
HBcAg.
Table 1

Positive results of 5 HBV antigens in cancerous tissues

Pathological diagnosis
Chc
HChC
Total(%)

Cases

HBxAg

pre-S1 pre-S2 HBsAg

HBcAg

12

8

5

5

0

0

8

7

3

3

2

0

20

15(75)

2(10)

0

8(40)

8(40)

Chc: intrahepatic cholangiocarcinoma
HChC: hepato-cholangiocarcinoma

Table 2 Positive results of 5 HBV antigens in surrounding
hepatic tissues
Pathological diagnosis

Cases

HBxAg

pre-S1

pre-S2 HBsAg

HBcAg

CAH

8

8

5

5

2

5

CPH

6

5

1

1

1

0

CIR

5

3

3

3

3

1

Total(%)

19

9(47.4)

6(31.6)

6(31.6)

16(84.2) 9(47.4)

CAH: Chronic active hepatis
CPH: Chronic persistent hepatitis
CIR: Liver cirrhosis

In the cancerous and surrounding hepatic
tissues, positive HBxAg presented brown-yellow
coloured evenly fine granules, mainly as in the
cytoplasm (Figure 1). They gathered around the
nuclei or on the cellular membranes, or in combined
presence. The distribution and intensity of positive
HBxAg varied in different cases, even in different
places of the same case. In general, detection rate
and intensity of the positive cells in the surrounding
hepatic tissues were both higher than that in the
cancerous tissues (Figure 2). In the abovementioned cancerous and surrounding hepatic
tissues, the positive HBxAg cells were scattered,
local or diffuse in distribution. In this group, local
distribution was most common and diffuse
distribution was the next.
In the cancerous and surrounding hepatic
tissues, HBsAg and the antigens of pre-S1 and preS2 appeared as brown-yellow coloured evenly fine
granules as well, mainly intractytoplasmic, a few
intranuclear or on the cellular membranes. The
intracytoplasmic positive materials appeared
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frequently in shape of an inclusion body, located at
one side of tie nucleus (Figure 3). In some cells
nearly the whole cytoplasm was full of these
materials with a few on the cellular membranes
(Figure 4). These positive cells were mainly in local
distribution.
HBcAg was chiefly present in the surrounding
hepatic tissues, mostly seen in the nuclei, some in
the cytoplasm or on the cellular membranes, even
present in combination (Figure 5). The intranuclear
HBcAg manifested as brown yellow coloured coarse
granules, while fine granules were intracytoplasmic
or on the cellular membranes. Positive HBcAg was
frequently seen in chronic active hepatitis.
The detection of above-mentioned antigens was
compared with several control experiments. The
positive sections remained positive by repeated
stainings, and the negative sections, the
replacement and blank experiments were all
negative.
Detection of HBV genes

The 5 kinds probes of were applied to detect HBVDNA,X gene, pre S gene, S gene and C gene in the
cancerous and surrounding hepatic tissues. The
results are shown in Tables 3, 4.
Table 3 Positive results of hybridization by 5 kinds of probe for
HBV genes in cancerous tissues
Pathological diagnosis Cases HBV-DNA X

pre-S

S

C

Chc

30

23

20

13

12

9

HChC

10

8

8

6

4

8

Total(%)

40

31(77.5) 28(70.0) 19(47.5) 16(40.0) 17(42.5)

Table 4 Positive results of hybridization by 5 kinds of probe for
HBV genes in surrounding hepatic tissues
Pathological diagnosis Cases HBV-DNA

X

pre-S

S

C

CAH

22

18

18

12

14

13

CPH

7

7

6

5

5

5

CIR

4

4

4

4

4

4

Total(%)

33
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genes, and 2 cases only positive X gene.
In the cancerous and surrounding hepatic
tissues, the positive hybridized signal of HBV-DNA
and X gene appeared as blue-purplish coloured fine
granules in the cytoplasm (Figure 6) and the nuclei,
or on the cellular membranes, or present in
combination (Figure 7). The main manifestation
was the nuclear type or nucleocytoplasmic type,
while the purely cytoplasmic type was less
encountered. The distribution and reaction intensity
of positive hybridized signal varied in different
cases, results were even different in different places
of the same case. In general, the detection rate of
the positive cells and intensity of positive reaction in
the surrounding hepatic tissues were higher than
that in cancerous tissues. The distribution of the
positive cells could generally be classified into 3
types: scattered type, only individual positive cells
were visible in section; local type, a small number
of positive cells gathered in clusters located at
certain regions in section; and diffuse type,
numerous positive cells distributed diffusely in
section. In this study, the local type was chiefly
observed, the diffuse type was the next. In the
cancerous and surrounding hepatic tissues, the
positive signal of pre s gene, s gene and c gene also
appeared as blue-purplish coloured fine granules,
mainly located in the cytoplasm or nucleocytoplasm
(Figures 8 and 9), a few on the cellular
membranes. Mostly, nearly the whole cytoplasm
was permeated with the positive materials. Most
positive cells were local in distribution, and the
remainings in diffuse distribution, with scattered
distribution least encountered.
The abovementioned detection of genes was
compared with several control experiments. The
positive sections still presented positive by repeated
hybridizations. The negative sections and the blank
and replacement controls were all negative in
results.

29(87.9) 28(84.8) 21(63.6) 23(69.7) 22(66.7)

On the basis of statistics of positive cases,
among 40 cases of intrahepatic cholangiocarcinoma,
HBV-DNA was positive in 33 cases (82.5%), X
gene, 31 (77.5%), pre S gene 26 (65.0%), S gene
24 (60.0%) and C gene 27 (67.5%). In cancerous
tissues, 9 cases had coexistent positive expression of
X gene, pre S gene, S gene and C gene, 6 had
positive X and S genes, and 4 had only positive X
gene. In the surrounding hepatic tissues, 16 cases
showed the coexistent expression of X gene, S gene,
pre-S gene and C gene, 5 cases postive X and S

Figure 1 Cancerous surrounding hepatic tissue, HBxAg-positive
substance located in the cytoplasms. ABC×400

WANG Wen-Liang, et al. HBV genes and HBV antigens in cholangiocarcinoma

Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
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Cancerous and surrounding hepatic tissues, detection rate and intensity of the HBxAg-positive cells in the surrounding hepatic
tissues were both higher than that in the cancerous tissues. ABC×200
Cancerous tissue, HBsAg-positive substance located mainly in the cytoplasms. ABC×200
Cancerous tissus, pre-S1 antigens located mainly in the cytoplasms, some on cellular membranes. ABC×400
Surrounding hepatic tissue, HBc-Ag positive located mainly in the nuclei, some in the cytoplasms and on cellular membranes.
ABC×400
Surrounding hepatic tissue, HBV-DNA gene located in the cytoplasms, some in the nuclei. ISH×400
Surrounding hepatic tissue, pre s gene located in the cytoplasms, some in the nuclei. ISH×400
Surrounding hepatic tissue, s gene located mainly in the cytoplasms. ISH×400
Cancerous tissue, c gene located mainly in the nuclei, some in the cytoplasms. ISH×400
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DISCUSSION

In human primary hepatic carcinoma, intrahepatic
cholangiocarcinoma is relatively less encountered,
and few reports were involved in the study of
etiology and pathogenesis. This disease was
considered to be related to colloidal thoriun dioxide
(ChO2) [6]. Hou reported that the development of
intrahepatic cholangiocarcinoma bore relationship
with Clonorchis sinensis infection by mechanic
stimulation of worm-moving and chemical irritation
of the bile and tyrosinase from the worm body[6]. In
our study, these patients had[5] neither taken
colloidal thorium dioxide, nor infected with
Clonorchis sinensis. Moreover, the cancerous and
surrounding hepatic tissues showed no pathological
pattern of parasitic infection. In the cancerous and
surrounding hepatic tissues in this series, the
detection rate of HBV antigens was obviously high,
being 85%, especially the HBxAg, being above
80%. The detection rate of HBV-DNA was 82.5%.
Among the genes of X, pre S, C and S, X gene had
the highest detection rate of 77.5%. By
pathological examination of the surrounding hepatic
tissues, CAH was 66.7%, CPH 21.2% and CIR
12.1%. 75.0% of the patients with hepatic
carcinoma had a history of chronic hepatitis. This
result indicates that the development of intrahepatic
cholangiocarcinoma is closely related to HBV
infection. The persistent HBV infection plays an
important role not only in hepatocellular
carcinoma,
but
also
in
intrahepatic
cholangiocarcinoma.
Up to now, the mechanism of development of
intrahepatic cholangiocarcinoma by HBV is still
unclear. The HBV and reverse transvirus are
homologous in the origin of evolution[7], and it is
generally considered that the X gene of HBV and its
protein product may play an important role in
malignant transformation. It has been discovered
that the sera of patients with hepatic carcinoma
contained higher anti-HBx with a detection rate of
85.7%[8]. The X gene region might be the
important region or HBV integrated into the
chromosomes of primary hepatic carcinoma, and
the integration of DNA of the host cells with HBV-

WJG

October 1998

Volume 4

Number 5

DNA was completed through the peculiar
recombination in the X gene region[9]. The
translation product of X gene has a transactive
expression of genes[10]. The experiment of
transgenic mice manifested that the HBx might
directly induce primary hepatic carcinoma[11]. These
facts state clearly that HBV may possess probably
the direct carcinogenic effect, and HBx gene is the
importain
factor.
Thus,
intrahepatic
cholangiocarcinoma may be closely related to HBV
infection.
About 80% hepatocellular carcinoma cases are
accompanied by liver cirrhosis. It can be assumed
that HBV infection may induce chronic active
hepatitis, further progress to live cirrhosis and
finally result in malignant transformation. Fewer
intrahepatic cholangio-carcinoma cases are
complicated with liver cirrhosis[12]. In our study,
only 12% of intrahepatic cholangiocarcinoma were
associated with liver cirrhosis, while 87.8% with
chronic active hepatitis and chronic persistent
hepatitis. This indicates that intrahepatic
cholangiocarcinoma is not chiefly developed through
liver cirrhosis but mainly through persistent
hepatitis. The precise relationship of HBV and
development of intrahepatic cholangiocarcinoma
remains to be further studied.
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Basaloid squamous carcinoma of esophagus: a
clinicopathological, immunohistochemical and
electron microscopic study of sixteen cases
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Abstract
AIM To further clarify the clinicopathological,
immunohistochemical and electron microscopic
features, and prognostic aspect of basaloid
squamous carcinoma (BSC), a rare esophageal
carcinoma.
METHODS We reviewed 763 documented cases
of esophageal malignancies (1977-1996) from
our hospital, and discovered 16 (2.1%) cases of
BSC. The clinicopathological features of these
cases were evaluated. Immunohistochemistry
(S-P method), histochemical stains, and
electron microscopy were used to further
characterize the neoplasm.
RESULTS
The tumors were classified into
stages I (n = 1), IIA (n = 6), IIB (n = 2), III
(n = 5), and IV (n = 2) according to the criteria
of the UICC TNM classification system of
malignant tumors (1987). Most neoplasms were
located in the mid third of the esophagus.
Grossly, they had a similar appearance of
conventional esophageal carcinoma, but showed
a typical cytoarchitectural pattern of BSC
histologically. The most important histologic
feature of this tumor is carcinoma with a
basaloid pattern, intimately associated with
squamous cell carcinoma, dysplasia, or focal
squamous differentiation. The basaloid cells
were round to oval in shape with scant
cytoplasm, arranged mainly in the form of solid,
smooth-contoured lobules with peripheral
palisading. A panel of immunostains were used
for the basaloid component of the tumor with the
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following results: CK (Pan) 14/16 (+); EMA
16/16 (+); Vimentin 4/16 (+); S-100 protein
7/16 (+). CEA and smooth muscle actin were
negative. Electron microscopy (EM) revealed
that the basaloid cells were poorly
differentiated, with a few desmosomes and
fibrils, and numerous free and polyribosome. Of
the 11 patients with adequate follow-up 8 died
within 2 years, with an average survival time of
16.2 months. No stage II, III or IV cases
survived beyond 5 years. The one-year survival
rate was 60% and two-year 20%.
CONCLUSION The BSC of esophagus is a
distinct clinicopathological entity with poor
prognosis. The cellular differentiation and
biologic behavior of esophageal BSC were
assumed to occupy a station intermediate
between that of conventional squamous cell
carcinoma and small undifferentiated cell
carcinoma.

INTRODUCTION

The term basaloid squamous carcinoma (BSC) was
first proposed by Wain et al in 1986 to describe a
rare, aggressive neoplasm with a predilection
occuring in the hypopharynx, base of tongue,
larynx[1], and late in the esophagus[2], nasal and
oral cavity[3,4], tonsil[5], nasopharynx[6], trachea,
bronchus and lung[7-9], and other sites including
external ear[10], anal canal, vulva and penile[11-13].
It is characterized by basaloid carcinoma intimately
associated with squamous cell carcinoma, dysplasia,
carcinoma
in situ, or focal squamous
differentiation. Approximatelly 400 cases of BSC
have been reported in the world literature by the
end of 1996, including 69 cases of BSC of
esophagus. In a recent review of esophageal
neoplasms at the Department of Pathology of our
hospital, sixteen such tumors were identified. In
this paper, we report about the clinicopathological
and immunohistochemical features of these 16 cases
of BSC of esophagus to further categorize this
lesion. Electron microscopic features of seven cases,
and their prognosis were also described.
MATERIAL AND METHODS

All resected esophageal tumor slices examined over
the last 20 years (1977-1996) at the Department of
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and strongly positive (more than 50% positive
cells).

Pathology of our hospital were reviewed. Of 763
cases of esophageal malignancies, 16 showed the
histopathologic pattern of basaloid squamous
carcinoma[1]. Clinical data, including age and sex,
location and size, and gross appearance were
obtained from the medical records. Follow-up
information was available in 11 cases. All surgical
specimens were fixed in 10% formalin and processed
in the usual way for paraffin embedding. In
addition to routine hematoxylin and eosin -(H&E)
staining, periodic acid-Schiff (PAS) with or without
diastase, and Alcian blue (pH 2.5) staining was
performed.
Seven cases was also reviewed electron
microscopically. Immunohistochemistry was
performed on paraffin sections of representative
portions of the tumors using the streptavidin
peroxidase method (S-P method)[14]. The S-P Kit
was obtained from Zymed Laboratories Inc, USA.
The prediluted antibodies against cytokeratin (Pan)
(CK), carcinoembryonic antigen (CEA), epithelial
membrane antigen ( EMA ), vimentin, smooth
muscle specific actin (SMA), and S-100 protein
were products of Maxim Biotech, Inc, USA. The
results of immunohistochemical stains were recorded
as negative (-), weakly positive (less than 10%
positive cells), positive (10% - 15% positive cells)

RESULTS
Demographic and clinical data

The clinicopathologic, TNM staging, therapeutic,
and follow-up data are summariszed in Table 1. The
patients ranged in age from 42 to 72, with a mean
age of 58 years (median 57 years). There were 9
males and 7 females, all were Chinese. The patients
presented with progressive dysphagia. The duration
of symptoms ranged from 1 to 8 months. All cases
were treated with either curative or palliative
esophagectomy. Eleven patients were further
treated by chemotherapy. Eleven of the 16
esophageal tumors were located at the middle third
of the esophagus, 4 at the lower third, and 1 at the
upper third. Their size ranged from 1.3 cm to
7.0 cm in greatest diameter. The gross appearance
of the tumors in this series were infiltrative lesions
in 4 cases, protuberant lesion in 6, ulcerative lesion
in 5, and a polypoid mass in 1. The staging of the
lesions followed the criteria of the UICC TNM
classification system of malignant tumors, 1987[15].
The tumors were then classified as stage I (n = 1),
stage II A (n = 6), stage II B (n = 2), stage III (n =
5), and stage IV (n = 2).

Table 1 Clinicopathological, Staging, Therapeutic and Follow-up Data in 16 Patients with Esophageal BSC
Therapy
Case
No.

Age/
sex

Tumor
location

Tumor size
(cm)

Gross
appearance

1

42/F

Lower 1/3

2.5×1.5×0.6

Stage

Surgery

Polypoid

IIA(T2N0M0)

Curative
esophagectomy

Curative
IIA(T3N0M0)
esophagectomy
Curative
III(T3N1M0)
esophagectomy

Chemo-therapy

Mitoses
(per 10HPF)

Follow-up

198

Not available

51

Not available

74

Not available

2

56/M

Middle 1/3

2.5×2.0×0.8

Protuberant

3

50/F

Lower 1/3

4.0×2.0×1.0

Ulcerative

4

62/M

Middle1/3

3.5×1.5

Protuberant

IIA(T2N0M0)

Curative
esophagectomy

+

5

56/M

Lower 1/3

4.3×2.8×1.8

Protuberant

I (T1N0M0)

+

6

62/M

Upper 1/3

2.8×1.0×0.7

Ulcerative

III(T3N1M0)

Curative
esophagectomy
Curative
esophagectomy

7

54/M

Middle 1/3

4.0×2.8

Infiltrative

+

8

60/F

Middle 1/3

+

98

9

72/M

Middle 1/3

Palliative eso
phagectomy
Curative
III(T3N1M0)
esophagectomy
Curative
IIA(T3N0M0)
esophagectomy

Died of tumor
recurrence at 18 mos
Alive & well
60
at 10
Died of tumor, recurrence
45
14mo after operation
Metastases to lung and pleura,
47 died 12mos after operation

2.5
(in diameter)
5.5×2.0

Infiltrative
Ulcerative

10

62/F

Middle 1/3

3.5×2.0×3.0

Protuberant

11

49/M

Middle 1/3

3.5×3.0

Ulcerative

12

70/M

Lower 1/3

5.0×2.0×1.5

Infiltrative

13

67/M

Middle 1/3

5.0×4.8×2.0

Infiltrative

14

57/F

Middle 1/3
(with two lesions)

15

57/F

Middle 1/3

7.0×5.0×3.0

Protuberant

16

52/F

Middle 1/3

4.0×2.5

Protuberant

2.0×1.5
1.3(in diameter )

Ulcerative

IV(T2N0M1)

Curative
IIA(T2N0M0)
esophagectomy
Paliative
IV(T4N1M1)
esophagectomy
Curative
esophagectomy
Curative
IIA(T3N0M0)
esophagectomy
Curative
IIB(T1N1M0)
esophagectomy
Palliative
III(T4N1M0)
esophagectomy
III(T3N1M0)

II B(T2N1M0)

The criteria of the UICC TNM classification system (1987) was used.

Curative
esophagectomy

+

86

Died of metastases and
recurrence 8mo later

136

Not available

49

Not available

+

54

Metastases to lung and brain,
Died 9mo after operation

+

82

+

104

+

60

+

85

+

105

Died of tumor, recurrence
4 years after operation
Died 16mo after
operation
Died 3mo after
diagnosis
Died 8mo after
operation
Alive 4mo after
operation

ZHANG Xin-Hua, et al. Basaloid squamous esophageal carcinoma

Follow-up information was obtained from 11
cases. Nine patients died 3 to 48 months after
operation. The average survival of these nine
patients was 16.2 months. One patient is alive
disease free at 10 years, and another patient is still
on chemotherapy 4 months after operation. The
survival rate was 60% at 12 months, and 20% at 24
months.
Histopathologic findings

All 16 neoplasms fulfilled the basic histological
features of BSC[1]. The basaloid cells arranged
mainly in the form of solid, smooth-contoured
lobules, some cases also in the form of solid sheets,
anastomosing trabeculae, or microcystic structures
(Figure 1). In fourteen cases, the basaloid
component was found to represent between 60% to
95% of the tumor examined. In the remaining two
cases (case 6 and case 7), it accounted for less than
20% and 30% respectively. In all 16 cases, the
intertrabecular spaces and stroma of the tumors had
eosinophilic hyaline materials. These hyaline
materials, extending between and replacing the
tumor cells, were PAS positive both before and
after diastase treatment (Figure 2). In 8 cases, the
microcystic spaces, some of which lined by PASpositive lamina material, contained basophilic
mucoid matrix which was Alcian blue positive but
PAS negative. The basaloid cells were round to oval
in shape, with scant, amphophilic cytoplasm, but
sometimes it was abundant and clear. The nuclei
showed either dark, hyperchromatin without
nucleoli or dusty chromatin, vacuolated nucleoplasm
with 1 to 3 small distinct nucleoli. The nuclear
pleomorphism was frequently observed in all cases.
The number of mitotic figures (including atypical
ones) was extremely high, ranging from 45 to 198
mitoses per 10 high-power fields. The cells at the
edges of the basaloid islands tended to show
peripheral nuclear palisading. Comedo necrosis was
found within the basaloid lobules in all cases
(Figure 3).
An intimately associated squamous cell
component was another major histopathologic
feature of the tumor. In seven cases, invasive,
keratinizing-squamous cell carcinoma covered 5%80% and merged with the basaloid component. Two
cases (cases 1 and 7) showed conventional squamous
cell carcinoma as well as spindle cell component,
the latter infiltrated between the basaloid lobules
(Figure 4). In case 5 and 13 carcinomas in situ
were found in the overlying epithelium. Four of the
16 (case 3, 11, 15 and 16) cases only had focal
squamous differentiation and keratinization in the
basaloid lobules (Figure 3). In one case (case 1 4),
squamous cell dysplasia, squamous cell carcinoma in
situ in the overlying epithelium as well as invasive
squamous cell carcinoma and small cell carcionoma
were the associated components of basaloid cell
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carcinoma with areas of ductular or glandular
differentiation.
Table 2

Histochemical and immunohistochemical findings
Stroma

Case Component CK EMA CEA Vim
1

2
3
4
5
6
7

8
9
10
11
12
13
14

15
16

B
S
SP
B
S
B
S
B
S
B
S
B
S
B
S
SP
B
S
B
S
B
S
B
S
B
S
B
S
B
S
SM
B
S
B
S

+
++
+++
+++
++
+++
++
+++
+
+
+++
+++
+++
+++
++
++
+++
+++
+
++
+++
++
+++
++
+++
+++
++
++
+++
+
+++

+
++
+
+++
+
+
+
+++
+
+++
+
+++
+++
+
++
++
++
+
+++
++
++
++
++
+
++
++
++
++
+
+++
+
++

++
+
+
++
+
++
+++
++
++
-

S-100 SMA
++
+
+
+
+
+++
+
-

ABP

AS

D-PAS

-

+

+

+

+
-

-

+

+

+

+

+

-

+

+

+

+

+

-

+

+

+

+

+

+

+

+

-

+

+

-

+

+

-

+

+

+

+

+

-

+

+

+

+

+

+

+

+

-

+

+

B: basaloid cell; S: squamous cell; SP: spindle cell; SM: small
cell; D-PAS: diastase treating PSA stain

Immunohistochemical findings

Table 2 gives the immunohistochemical staining
pattern of the 16 neoplasms studied. All squamous
cell component, and basaloid cell component of 14
cases showed variable intracytoplasmic staining for
cytokeratin (Pan) (Figure 5). But the spindle cells
in case 1 and case 7 had negative staining for CK.
EMA-positivit y was also demonstrated in nearly all
the cases, nevertheless, the reactivity was focal and
faint in the basaloid component, and in some cases,
CK and EMA staining highlighted the glandular
spaces focally. CEA was weakly expressed in
squamous area of three cases. Vimentin
immunoreactivity was found focally in the basaloid
component of three cases and in the spindle cells in
case 1 and case 7. In six cases, S-100 protein
positive reaction was focally found within the
lobules of basaloid component. However, the
basaloid component in case 15 had diffusely and
strongly positive staining for vimentin and S-100
protein (Figure 6). SM-actin immunoreactivity was
absent in all cases except the spindle cell component
in case 7.
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Figure 1 The basaloid cells arranged in the form of anastomosing trabeculae and microcystic structures. H&E, ×200
Figure 2 The intertrabecular and microcystic spaces filled with eosinophilic hyaline material which were PAS positive. ×100
Figure 3 Focal squamous differentiation and keratinization and comedo necrosis were found in the basaloid lobules. H&E, ×100
Figure 4 Basaloid cell carcinoma with spindle cell component. H&E, ×200
Figure 5 Immunohistochemical studies (S-P method) show positivity in the basaloid components for cytokeratin (Pan). ×200
Figure 6 The basaloid components in case 15 are diffusely and strongly positive staining for (a) vimentin and (b) S-100 protein. ×200

ZHANG Xin-Hua, et al. Basaloid squamous esophageal carcinoma
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Figure 7 Electron microscopic photograph of esophage al BSC demontrating replicated basal lamina in fingerprint-like pattern filled in the
intertrabecular and intercellular spaces. ×20000
Figure 8 Electron microscopicphotograph of esophageal BSC demonstrating well-formed intercellular desmosomes. ×16000

Electron microscopic features

Seven cases were examined under electron
microscopy (case 9, 10, 11, 12, 14, 15, 16).
Lobules of basaloid cells were seperated from the
stroma by an external lamina. The cells within the
lobules had widened intercellular spaces. The
microcystic and intertrabecular spaces identified by
light microscopy were lined by basal membranes and
filled with either loose reduplicated or compact
globoid basal lamina, showing fingerprint-like
pattern (Figure 7). The basaloid cells were
polygonal. The nuclei had oval profiles and there
were irregular identations, containing finely
dispersed chromatin and small clumps of heterochromatin. One to three compact nucleoli were
present in some nuclei. Within the cytoplasm were
numerous free and polyribosomes, a few
desmosomes, tonofilaments and mitochondria
(Figure 8), but rare other organelles, and absence
of neuro secretory granules.
DISCUSSION

Before the term basaloid squamous carcinoma was
introduced by Wain[1] in 1986, most malignancies of
the esophagus with similar histopathologic pattern
to BSC were diagnosed as adenoid cystic carcinoma
(ACC). But scrutiny of the published reports
showed that most cases were histologically identical
to BSC[16,17], and behaved more aggressively than
ACC. Tumors with identical morphology and
similar clinical behavior have also been noted in
other areas such as the uterine cervix[18], anal
canal[19] and lung[9]. Other terms had also been used
to describe this tumor such as adenosquamous
carcinoma, poorly-differentiated squamous cell
carcinoma, and small undifferentiated cell
carcinoma. In the recent World Health
Organization classification of esopha geal tumors,

there is no mention of this newly recognized type of
basaloid squamous carcinoma[20]. But the presence
of lobules or cords of small, closely packed basaloid
cells with scant cytoplasm, with or without small
cystic spaces and hyalinized stroma, as well as an
associated abnormal squamous cell component
makes this tumor different from other common
esophageal carcinomas. They have identical clinical
and histopathologic features to that of BSC occuring
in the larynx, pharynx and base of tougue described
first by Wain et al, and belong to the same entity of
malignant carcinoma.
In this series, sixteen cases of BSC of esophagus
were found, accounting for 2.1% of 763 esophgeal
carcinomas reviewed. The incidence is higher than that
previously reported[2,21], but similar to the
incidence by Abe et al[22]. This may be due to the
difference of case selection. In our series, all cases
were confirmed by esophagectomy. Morover, the
main portion of each tumor is composed of basaloid
carcinoma in 14 of 16 BSC cases as described in the
literature[1], but in the remaining two, the major
portion of the tumor is composed of squamous cell
carcinoma, the basaloid component accounting for
less than 30%. The most common location of the
tumor is the middle third of the esophagus (11/16).
The gross appearance of BSC is similar to that of
other squamous cell carcinoma, only the cut surface
in the former is more delicate.
BSC of esophagus should be distinguished from
adenoid cystic carcinoma (ACC). The latter occurs
more commonly in females, usually in women aged
40 to 60 years, with a mean age of 52 years[23], and
with a more protracted clinical course.
Histologically, the focal continuity with the
abnormal surface epithelium or carcinoma in situ,
an associated invasive squamous cell carcinoma, and
focal squamous differentiation in the islands of
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basaloid cells are not features of ACC, while alone
or in combination, they have been found in all cases
in the present series. The cells in ACC seem bland
with mild pleomorphic nuclei and infrequent
mitosis, and often exhibits identifiable two-cell-type
differen ciation (palar ductal epithelium and darker
basaloid cells) and distinctive crib riform structures
in nerve invaded areas[24]. Under electron
microscopic examination, four cell types were
revealed in ACC: the intercalated duct cells; the
secretory cells; the myoepithelium; and the
pluripotential reserve/stem cells. These cells,
especially the secretory cells and myoepithelium,
were not noted by either immunohistochemical
staining or electron microscopic examination in
current series. The correct differential diagnosis
between BSC and ACC is of important prognostic
value. Basaloid squamous carcinoma of the
esophagus is associated with poor outcome. The
overall 3-year survival rate of BSC has been
estimated at 28.5%[25]. In our series, most patients
had developed into advanced stages at their
presentation. Of the 11 patients with adequate
follow-up, 8 died within 2 years from diagnosis, the
survival rate being 60% at 12 month and 20% at 24
month. While the cumulative survival rates for
patients with grade I, II and III of ACC were
92%, 65% and 14% at 5 years[24]. Epstein and
coworkers[17] have proposed labelling tumors in the
esophagus with histological features of BSC as
“carcinoma with adenoid cystic differentiation”
instead of “adenoid cystic carcinoma”. But we think
this descriptive term is too long and inconvenient to
use, and the prognosis is apt to be overestimated by
clinicians. In contrast, the term basaloid squamous
carcinoma is shorter and more convenient to use.
Furthermore, the two tumor elements, basaloid and
squamous, of the term make it unique and differ
from other kinds of tumors.
Cytoplasmic staining of BSC for a variety of
antibodies to cytokeratins of different molecular
weight has demonstrated variable staining with
these antibodies[2,8,26,27]. In this study, the faint
immunoreactivity pattern for EMA in basaloid
component, and focal positivity for CK in some
cases, together with intercellular desmosomes and
cytoplasmic organelles and fibrils revealed by
electron microscope provides an evidence that the
basaloid cells in BSC may be largely
undifferentiated, sometimes exhibiting focal tubular
or squamous differentiation. Although Klijanienko
and
associates[27]
suggested
that
the
immunophenotype of S-100 protein-positive and
vimentin-positive cells would indicate adiagnosis of
adenoid cystic carcinoma, our seven S-100 proteinpositive cases and four vimentin-positive cases are
typical BSC rather than ACC. The S-100 proteinpositive cells are not dendritic Langerhan’s cells as
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described by the same authors, but basaloid
carcinoma cells.
The exact line of differentiation or
pathogenesis of basaloid squamous carcinoma is still
unknown. Some reported cases of BSC were
associated with smoking and heavy alcohol
consumption[4,16], with a second primary tumor[28],
and rarely, with previous irradiation [3]. The
relationship of this tumor with viral agents, i. e. ,
Epstein Barr viruses vs BSC of the nasopharynx[6],
human papillomavirus vs BSC of the external
genitalia, perineum, and anus[11-13], has also been
suggested by some authors. Based on the evidence
provided by the present series and those reported in
the literature, weagree with the theory of Ho et
al[29] that a totipotent primitive cell is the common
precursor of all epithelium neoplasms of the
esophagus. With certain carcinogenic stimulation,
the totipotent cells are activated and transformed
into malignant cells. These transformed cells may
differentiate into neoplastic squamous cells,
adenocarcinoma, basaloid cell carcinoma (reserve
cell carcinoma) and small cell carcinoma. These
basaloid and small cells are rather primitive and
retain their potential for further differentiation into
keratin-forming cells, spindle-cell carcinoma,
mucous-producing cells, and so on. We believe that
only those tumors bearing a biphasic cellular pattern
of basaloid and squamous components in an intimate
relationship should be considered true BSC, if not,
as some cases reported by Brambilla et al[8], should
be considered bas aloid (or reserve) cell carcinoma.
The cellular differentiation and biologic
behavior of BSC were assumed to occupy a station
intermediate between that of conventional squamous
cell carcinoma and small cell carcinoma. This
assumptive placement into an intermediate position
was based on the following. First, the clinical
behavior of the tumors, which was less aggressive
than that of small cell carcinoma (most of the
patients died within 6 months from the time of
diagnosis) [30], but more aggressive than that of
conventional squamous cell carcinoma. In their 170
radical resected esophageal squamous cell
carcinoma, Zheng et al[31] reported that the 5-year
survival rate was 47.3% for stage II A cases, 22.2%
for stage II B, and 16.1% for stage III; while in our
patients whose follow-up data were obtained, no
stage II, III, or IV cases survived beyond 5 years.
Second, the histopathologic feature of this tumor,
i. e. , the combination of basaloid and squamous
carcinom a in most cases in our series and
differentiation pattern in some cases. And third,
numerous mitotic figures which were observed
throughout tumor tissues in all our cases.
In conclusion, the BSC of the esophagus
represents a specific and unique clinico pathological
entity with a highly aggressive behavior and a poor
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outcome. Identification of BSC is important because
this lesion may be confused with less aggressive
lesions, such as adenoid cystic carcinoma.
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Immuno-protective effect of tumor cell vaccine on
Kunming mice bearing Ehrlich ascites tumor *
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Abstract
AIM To evaluate the immunity of chemically
modified tumor cell vaccine.
METHODS Tumor cell vaccines (TCV) were
prepared by incubating the live Ehrlich ascites
tumor cells with concanavalin A-mitomycin C
(ConA-MMC), mitomycin C (MMC), concanavalin
A-glutaraldehyde (ConA-Glu), glutaraldehyde
( Glu ), or paraformaldehyde ( Para ),
respectively. The whole cell or soluble forms of
the vaccines were administered intraperitoneally
into Kunming mice once a week for three times
prior to the intraperitoneal inoculation of a lethal
dose of live tumor cells. A second challenge
with live tumor cells was given four weeks later.
Survival and antibody production of the mice
were analyzed.
RESULTS After the first challenge, the mice,
received whole TCV of ConA-MMC, MMC (P <
0.01) and Glu (P < 0.05) promoted survival
incidence than the controls. All the treated mice
had the survival time prolonged. ConA-MMC
vaccine treated mice had longer survival days
than that of ConA-Glu ones (P < 0.05). For the
soluble TCV immunized mice, those treated with
vaccines of Para (P < 0.01), ConA-Para and
ConA-Glu (P < 0.05) had longer survival periods
compared with that of the controls. Following
the second challenge, survival incidence of the
mice received vaccines of ConA-MMC, MMC,
ConA-Glu or Glu was significantly increased (P
< 0.01). Moreover, all the treated mice had the
survival time prolonged, and ConA-MMC vaccine
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treated mice had longer survival days than that
of Para treated ones (P < 0.05). Antibodies
against Ehrlich ascites tumor cells were found to
be positive in sera of the mice treated with
whole TCV of ConA-MMC.
CONCLUSION Ehrlich ascites tumor cells are
immunogenic when treated with ConA-MMC,
MMC, ConA-Glu, Glu or Para, which might act as
safe and effective tumor vaccines with safety
and effectiveness.

INTRODUCTION

Biotherapy represents an alternative option after
surgery, radiotherapy and chemotherapy for
cancer. Tumor vaccine and the induction of active
specific immunity are of great interest in this field.
However few tumor antigen isolated from tumor
cells has been identified as the targets for immune
system, except for some from the melanoma. Early
animal experiments indicated that tumor cell
antigens should be presented as a certain form to
induce the protective immune response.
Modification of tumor cells by different methods as
tumor vaccines applies to all kinds of tumor types
under the condition of unidentified tumor antigen.
This method is simple, cost-effective and useful in
clinic practice[1]. The aim of this study is to
investigate the possibility and feasibility of this kind
of modified tumor vaccines.
MATERIALS AND METHODS
Preparation of tumor cell vaccine (TCV)

Ehrlich tumor cells were obtained from the Animal
Center of the Fourth Military Medical University,
which passed on by inoculating up to 2×106 cells in
0.1 ml suspension intraperitoneally into naive mice.
Tumor cells were collected from ascites and
incubated with mitomycin C ( MMC ) at a
concentration of 20 pg/cell at 37 for one hour, or
with glutaraldehyde (Glu) at concentrations of
0.12 mL/L-0.25 mL/L on ice for 30 minutes, or
with 40 mg/L Para (the final concentration was
20 mg/L) on ice for one hour, then followed by
washing cells for 3 times by centrifugation at 800×g
with normal saline (NS). The modified tumor cell
sample is termed as MMC-Tu, Glu-Tu and Para-Tu
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vaccines, respectively. MMC-Tu/Glu-Tu/Para-Tu
cell vaccines were mixed with 1g/L Concanavalin A
(ConA, the final concentration was 200 mg/L) on
ice for one hour, washed for 3 times, and then
referred to ConA-MMC Tu, ConA-Glu Tu and
ConA-Para Tu vaccines, respectively. For
preparation of soluble TCV, the whole TCV cells
were suspended in antigen extract buffer
(0.01 mol/L Tris-HCl containing 0.5 mol/L NaCl,
1 mmol/L EDTA, 2.5 mL/L NP-40). After being
ultrasonicated with 20Hz at 4 , for 10min × 10
times, cells were centrifuged at 12000×g for 60min
at 4 . The supernatant was passed througha
0.22µm filter. The soluble antigens amounting to
107 cells/mouse were emulsified with Freud’s
adjuvant of the same volume.
Immunization protocols

Female Kunming mice aged 8 weeks were provided
by the Animal Center of the Fourth Military
Medical University, divided into MMC-Tu, ConAMMC-Tu, Glu-Tu, ConA-Glu-Tu, Para-Tu and
ConA-Para groups (for soluble TCV only)
randomly. Each mouse was inoculated
intraperitoneally with 107 of whole TCV cells in
0.2mL of suspension at day 1, 12 and 19. The
controls were given 0.2mL of NS. Two weeks after
the last inoculation, each mouse was challenged
intraperitoneally by injection of 107 (lethal dose) of
live tumor cells. The survivals of free tumor one
month after the 1st challenge were repeatedly
inoculated with 1.44×107 of live tumor cells. The
mice were observed daily within 2 months. The
soluble TCV were inoculated intraperitoneally into
mice at day 1, 21 and 28. After 2 weeks of the last
vaccination, all the mice were challenged with 107
of live tumor cells. The mice were observed daily
within one and a half months. Therapeutic response
was evaluated by promotion of incidence of survivals
and by prolongation of life span of each mouse. The
survival days were expressed as x±s.
Statistics

The results were analyzed for significance using the
ANONA in multiple experiments for prolongation of
life span and Fisher exact test with SPLM software
for survival incidence.
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4 , washed 3 times with PBS and covered with a
biotin-conjugated secondary antibody for 30min at
37 . For the staining, an avidin-biotin-complex
HRP was used (vector). For the controls, normal
mouse sera were used instead of the primary
antibodies.
RESULTS
Response to the whole TCV after the first
challenge

There was no evidence of tumorigenesis such as
ascites or palpable tumor node subcutaneously when
the modified TCV was injected into the peritoneal
cavity of mice. By the end of day 30, 8/10
ConA-MMC mice, 7/10 MMC mice, 6/10 Glumice, 3/9
ConA Glu mice and 4/10 Para mice survived from
the first tumor challenge, whereas none of the
controls did. The survival of the mice in ConA-MMC,
MMC groups (P < 0.01) and Glu group (P <
0.05) has been prolonged significantly as compared
with the controls (Table 1). At the same time,
there was significant difference in the survival days
of the mice in ConA-MMC group (28 d ± 3 d),
MMC group (27 d±5 d) (both P < 0.01), ConAGlu group (23 d ± 7 d), Glu group (25 d ± 8 d) and
Para group (24 d ± 7 d) (all P < 0.05) as compared
with 17 d ± 3 d of the controls (F = 4.55, P =
0.00164, Figure 1). Among all the treated mice,
the ConA-MMC group appeared to have longer
survival time than ConA-Glu group (t = 2.49, P =
0.02). Antibodies against the cellular membrane of
Ehrlich ascites tumor cells were positive in the sera
of the mice immunized with the whole TCV of
ConA-MMC for three times about 35 days
(Figure 4).

Table 1 Survival rate of whole TCV treated mice after the first
challenge
Survival/total

χ2

P value

ConA-MMC

8/10

9.37

0.00b

MMC

7/10

7.19

0.00b

Group

ConA-Glu

3/9

1.60

0.21

Glu

6/10

5.36

0.01a

Para

4/10

2.47

0.09

Control
a

0/9

P<0.05, bP<0.01, survival vs total Fisher exact value.

Antibody detection

The tumor cell smears were prepared and fixed in
acetone, followed by treating in methanol
containing 0.3 mL/L H2O2 at room temperature for
30min. After washing with PBS for 3 times, the
cells were blocked with 100 mL/L FCS at 37 for
30min, then incubated with the serum collected
from the mice immunized with the whole ConAMMC-Tu TCV as primary antibodies overnight at

Response to soluble TCV after the first challenge

The survival days and rates of the mice in groups of
MMC, Glu (P < 0.05), ConA-Para and Para (P <
0.01) were obviously different from that of the
control ( Table 2, F = 3.23, P = 0.00653,
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Figure 2). Among them, ConA-Glu, ConA-Para
(both P < 0.05) and Para (P < 0.01) treatment
conferred the immunity to prolong the life span of
the immunized mice, particularly the Para TCV
treated mice (longer than those treated with ConAMMC, MMC and ConA-Glu, all P < 0.05).
Table 2 Survival rate of soluble TCV treated mice after the first
challenge
Group

Survival/total

ConA-MMC
MMC
ConA-Glu
Glu
ConA-Para
Para
Control

P value

6/18
8/16
6/14
5/9
5/7
12/13
2/17

0.23
0.03a
0.09
0.03a
0.00b
0.00b

Figure 1 Survival days of whole tumor cell vaccine-immunized
mice after the first tumor challenge

a

P<0.05, bP<0.01, survival vs total Fisher exact value.

Response to whole TCV after the second
challenge

The survivors of the whole TCV immunized
individuals after the first challenge free of tumor
signs (i.e., increase of ascites fluid and/or delayed
palpable S.C. tumor growth) received the second
challenge with live tumor cells. ConA-MMC mice
7/8, MMC mice 6/7, Glu mice 4/6, ConA-Glumice
3/3 and Para mice 1/4 survived as long as 12 weeks,
whereas all the controls died within 1 month
(Table 3). The survival rate of all the treated
groups, except Para, was significantly different
from the control (P < 0.01). All the vaccines
prolonged the survival periods except the control
(Para group P < 0.05, other groups P < 0.01,
Figure 3). The survival periods of the mice in
groups of ConA-MMC, MMC, ConA-Glu, Glu and
Para were 77 d ± 20 d, 75 d ± 25 d, 84 d ± 0 d, 62 d ±
34 d and 41 d ± 33 d, which were significantly
different from 18 d ± 3 d of the controls (F = 9.83,
P = 9.2 ± 10-6). ConA-MMC group showed a
stronger response than Para group (t = 2.41,
P = 0.04).

Figure 2 Survival days of soluble tumor cell vaccine-immunized
mice after the first tumro challenge

Figure 3 Survival days of whole tumor cell vaccine-immunized
mice after the second tumor challenge

Table 3 The survival rate of whole TCV treated mice after the
second challenge
Survival/total

χ2

P value

ConA-MMC
MMC
ConA-Glu
Glu

7/8
6/7
3/3
4/6

10.87
9.76
7.98
5.69

0.00b
0.00b
0.00b
0.01b

Para
Control

1/4
0/10

0.24

0.29

Group

b

P<0.01, survival vs total Fisher exact value.

Figure 4 Ehrlich ascites tumor cells were stained with the sera of
the mice immunized with whole TCV of ConA-MMC. ×100
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DISCUSSION
The immunity to the whole TCV

The results have provided important evidence that
chemicals have exerted some in fluences on tumor
cells and manifested in the following aspects. All
the treatment could make tumor cells lose their
tumorigenesis. No evidence of ascites was observed
in mice inoculated with the treated tumor cells.
Combination analysis of the results after 2 times of
challenge revealed that ConA-MMC, MMC or Glu
treatment has a consistent tendency of prolonging
the life span of immunized mice and increasing the
incidence of survival. And administration of such
vaccines could protect for as long as 12 weeks, in
which memory cells may be involved. Although
mice with ConA-Glu treatment for twice both had
longer span than the controls, the survival rate was
improved only after the second challenge (P =
0.00035). Para treatment could prolong the survival
period but not increase the rate after two times of
tumor challenge. The whole TCV, therefore, was
able to promote the immunized mice with a higher
threshold of resistance to lethal dose of live tumor
cells.
Previous studies indicated that both ConAMMC and ConA-Glu treated L1210 leukemia cells
could resist the challenge of tumor cells, and ConAMMC-Tu
vaccine
was
more
potent
immunoprophylactics in inducing immune resistance
of mice than ConA-Glu vaccine[2]. Our study
showed that both types of vaccines with Ehrlich
ascites tumor could prolong the life span of
survivors, but as for short-term immune response,
ConA-MMC had longer survival days than ConAGlu (P < 0.05), and as for long-term one, there
was no difference between the two, possibly because
of the different tumor models.
We found that the immunized mice contained
antibody against cellular membrane of the tumor
cells, but whether it is a specific antibody against a
tumor antigen, H-2 allele or a common cellular
component remains to be elucidated. Intravenous
injection of paraformaldehyde-fixed autologous cells
infected in vitro with recombinant vaccinia virus
expressing HIV-1 protein gave high levels of
neutralization antibody, cell-mediated cytotoxicity
and DTH response[3]. Recently Shrayer et al[4,5]
reported that the immunized mice could acquire
cytotoxic antibodies when injected with
paraformaldehyde or glutaraldehyde treated tumor
vaccines. The antibodies not only inhibited the
proliferation of the tumor cells, but also eradicated
the tumor cells and exerted the protective immune
response by the mechanisms of ADCC and CDC.
Similar results were obtained with Lewis lung

407

carcinoma[6]. Further studies to determine whether
the antibodies are cytotoxic are being carried out.
The immunity to soluble TCV

The soluble TCV showed different results from
those of the whole TCV. Although ConA-Para
treated whole cells had a marginal vaccine effect,
the soluble fragments showed the most obvious one.
On the contrary, the soluble ConA-MMC TCV did
not show the expected vaccines effect as the whole
one did. Whether the procedure of sonication
released some “new” immunogenic determinants
that existed originally in the cytoplasm or nucleus,
or whether it destroyed some antigens remains to be
investigated in detail.
The possible mechanisms of TCV

Conventional wisdom holds that the MMC could
bind the DNA of tumor cell and totally block DNA
synthesis especially targeted G1 and S phases, which
resulted in losing the tumorigenesis and exposing
“new” TAA determinants. Formalin treatment not
only stopped cell division, but also kept the
integrity and preserved the antigenicity of the tumor
cells. Though less liable in solubilization
procedures, formalin-stabilized surface antigens
could be solubilized through sonication. Other
studies assumed that the increased efficacy of
formalin was due to exposed aldehyde groups,
resistance of aldehyde cross-links to hydrolysis at
low pH, and the nature of cross-linking of antigen
monomers[4]. The treatment of further modification
by ConA could enhance the interaction of tumor
cells and immune cells[7].
Advantage and disadvantage of mice chosen
as the model

Kunming mice were developed in China and
obtained the acknowledgement of the world. But till
now their genetic background was not known.
There might exist slight all ogeneic difference
between individuals. Actually such treated tumor
cells as vaccines is a kind of incomplet allogeneic
tumor cell vaccines when injected into the
individuals who had haplotype difference between
the recipients and donors. Allogeneic tumor cell
vaccines, either sharing at least one MHC class I
restricting element (incompletely) or not matching
for any MHC molecule (completely), can induce
syngeneic protective T cell-mediated antitumor
response, instead of deducing the responses[8]. The
phenomenon is explained by the theory of cross
priming.
In our study, the immune response to the
vaccines may represent a combination of the
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immunity to the tumor antigens as well as the
allogeneic antigens. In fact, the present study
showed that there existed the discrepancy of
individual reaction to the same tumor vaccines. On
the basis of the common Ehrlich ascites tumor cells
vaccine, the greater the difference is, the stronger
the immunity is[9].
Tumor model

Ehrlich ascites tumor cell belongs to
undifferentiated type. It was established in 1932 by
injection of saline containing spontaneous breast
adenocarcinoma
into
peritoneum. The
characteristics of this tumor cell line are low
immunity, being transplantable and spontaneous
origin, similar to that of the non-virus originated
human tumor[10].
In conclusion, tumor cells treated with
chemicals or antitumor drugs can be used as tumor
vaccines as indicated by production of many cured
animals and prolongation of life span of immunized
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mice. However the cellular or humoral mechanism
awaits further studies.
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Liver metastasis models of human colorectal
carcinoma established in nude mice by orthotopic
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Abstract
AIM To establish a liver metastasis model of
human colorectal carcinoma in nude mice.
METHODS
Orthotopic transplantation of
histologically intact colorectal tissues from
patients into colorectal mucosa of nude mice.
Tumorgenicity, invasion, metastasis and
morphological characteristics of the
transplanted tumors were studied by light
microscopy, electron microscopy and
immunohistochemistry.
RESULTS Liver metastasis models of human
colon carcinoma (HCA-HMN-1) and human rectal
carcinoma (HRA-HMN-2) were established after
sceening from 34 colorectal carcinomas.They
had been passaged in vivo for 18 and 21
generations respectively. There were lymphatic,
hemotogenous and implanting metastasesis. CEA
secretion was maintained after transplantation.
The primary and liver metastatic tumors were
similar to the original human carcinoma in
histopathological and ultrastructural features,
DNA content and chromosomal karyotype.
CONCLUSION The liver metastasis models
provide useful tools for the study of mechanism
of metastasis and its treatment of human
colorectal cancer.
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INTRUDUCTION

Some models of nude mice that fresh human
colorectal carcinoma tissue or cells were successfully
transplanted subcuteneously have been reported at
home and abroad[1,2]. But until now there has been
no report on a liver metastasis model of human
colorectal carcinoma established by orthotopic
transplantation in nude mice in China. Based on our
previous models of human liver and pancreas
carcinoma by orthotopic transplantation [3,4], we
established liver metastasis models of colon and
rectum carcinoma with a spontaneous metastasis rate
of 100%.
MATERIALS AND METHODS
Animals

BALB/C-nu/nu nude mice were provided by
Institute of Oncology, Chinese Academy of Medical
Sciences. aged 3-5 weeks, weighing 17 g - 20 g, fed
under the SPF (specific-pathogen-free) enviroment.
Specimen

Specimens were obtained from resections of patients
with colorectal carcinoma (16 cases of poorly
differentiated infiltrating colon adenocarcinoma and
14 cases of poorly differentiated infiltrating rectum
adenocarcinoma). The tissues were cut by aseptic
manipulation and put into culture liquid RPMI 1640
and cut into pieces of 1 mm×1 mm×1mm for
transplantation.
Orthotopic transplantation

Nude mice were anaesthetized with pentobarbital
injection via peritoneal cavity and through the
middle incision the colon or rectum were identified.
Two tissue masses were sewn into the submucosa
from outside the lumen with 0/10 no-injury thread.
The growth of the tumor was observed every day.
One nude mice who was about to die was killed by
cervical vertebra dislocation and the tumor tissues
were taken out. A part of tumor tissue was
transplanted in situ to other nude mice (5-16 nude
mice once) and passaged by the method of primarygeneration transplantation continously the
remaining part was frozen in liquid nitrogen. Other
animals were reserved to observe the tumor
metastasis.
Detection and measurement

Autopsy and histology

All the nude mice were
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examined carefully, the volume of the tumor in
situ, and the liver or the other organs and all the
abdominal lymph nodes were detected. Specimens
were fixed in 10% formalin and hemotoxylineosin
stained. Some sections underwent CEA
histochemistry study (ABC procedure). The whole
liver was insected into 10-20 pieces of slices at
different levels to observe the liver metastasis focus.
Tumor in situ and liver metastatic carcinoma
were double fixed in 2.5% glutaraldehyde and 1%
osmium acid and embraced in Epon-812. After
ultramicrotomy, the section was uranium-lead
double stained and observed under the TEM
(Philips-CM10).
CEA and CA-50 in serum and tumor tissues in
situ were measured by radio-immunologic method.
Human tumors, tumor in situ, liver metastatic
carcinoma of the 1st, 5th, 10th and 15th generation were
analyzed according to the method of reference 5.
Tumor in situ and metastatic liver carcinoma were
studied following the methods of Deaven’s and
Peterson’s.
RESULTS
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the grafting. Both passaging survival rate and
resuscitation rate were 100% (17/17). Necroscopy
found that both the primary tumor in situ and liver
metastatic tumor by orthotopic transplantation grew
intensively in mucosa of the rectum in situ
accompanying the metastasis of liver and local
lymph nodes. The nude mice transplanted with liver
metastatic tumor had bloody ascites and extensive
tumor seeding in peritoneum. Pathological evidence
suggested that the 126 nude mice all had liver and
lymph node metastasis, and 31 had lung metastatic
and 23 ovarian metastasis.
Infiltration and metastasis of HCA-HMN-1 and
HRA-HMN-2

Liver metastasis appeared at the end of 3 weeks after
transplantation. The most of metastatic foci were located
in the right lobe of the liver, which were of mononoeud
type. A few had polynoeud in both right and left lobes.
The diameter of tumor ranged from 0.4mm to 2.5cm.
Some liver tissues of nude mice could be replaced by
metastasic tumor (Figure 1). Pathohistological evidence
documented that liver metastatic carcinoma was
poorly differentiated colorectal adenocarcinoma.

After 34 specimens of fresh human colo-rectal
carcinoma were orthotopic transplanted to the nude
mice, 21 cases were successful one strain of liver
metastatic carcinoma model from colon carcinoma was
screened, which is named HCA-HMN-1 and another
strain of liver metastatic carcinoma model from rectum
carcinoma is named HRA-HMN-2.
Establishment of HCA-HMN-1 and HRA-HMN-2
and their continuative passage

HCA-HMN-1 was derived from a 37-year-old male,
patient with poorly differentiated infiltrating
adenocarcinoma accompanied with the metastasis of
lymph nodes. This tumor tissue was transplanted
orthotopically to 5 nude mice and had passaged the 18th
generation. The mean latent period was 10 days. A total
of 102 nude mice received the grafting and 30 days fro
a generation. Both passaging survival rate and
resuscitation rate were 100% (17/17). Necroscopy found
that transplanted tumor grew locally infiltrating in large
scale. Liver metastatic tumor, abdominal lymph node
metastasis and peritonealcavity metastasis could be seen.
Pathological evidence suggested that 102 nude mice had
liver and lymph node metastasis and 27 had metastasic
lung carcinoma.
HRA-HMN-2 was derived from the tumor of a
41-year-old female, patient with poorly
differentiated
infiltrating
adenocarcinoma
complicated with the lymph node and liver
metastasis. The primary tumor tissue and metastatic
liver tumor were transplanted to 8 nude mice
successfully and have passaged the 21st generation.
The mean latent period was 7 days, and 20 days for
one generation. A total of 126 nude mice received

Figure 1

HRA-HMN-2 the 19th generation liver metastasis carcinoma.

Lymph node metastasis was limited in the
abdominal cavity. Metastasis of lymph nodes of
colon, retum, inguinal, mesentery and a few hilur
hepatis could be seen, which can be devided into three
stages: in early stage, carcinoma cell mass only appeared
in afferent lymphatic and marginal sinus; in middle stage,
cancer cell progressively invated the paracortical zone
and medulla; and in late stage, the whole lymph node
was nearly occupied by the cancer cells except for the
residual margins.
Histopathology and TEM

Under light microscopy, the distribution of HCAHMN-1 cancer cells was characterized by blocks and
mass with small adenoid structure which had plenty
of plasma, irregular giant nuclear, obvious nucleoli
and polynuclear tumor giant cells. The HRA-HMN-
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2 cells appeared circle and ellipsoid in shape with,
abundant plasma, heavyly stained giant nuclear,
obvious nucleoli, rough and large karyotin
granulae, and tumor giant and pomynuclear tumor
cells appeared frequently. TEM showed that HCAHMN-1 cancer cells had irregular shape,
heteromorphic giant nucleus and polynucleoli. The
heterochromatin was distributed around the uncleus.
In cytoplasma there were mitochondria and
endoplasmic reticulum, occassionally microvilli.
Intracellular conjunction was complex or
desmosome. Liver metastatic tumors showed the
typical ultrastructure of the poorly differentiated
colon adenocarcinoma. HRA-HMN-2 cells were
circled as adenoid lumen in which the surface had a
little microvilli in which the direction, length and
diameter were highly different. Permutation of
peripheral cancer cells was irregular, with large
nucleus, obvious karyotin and nucleoli, and
wrapped nuclear membrane. In cytoplasma, there
was a moderate quantity of rough endoplasmic
reticulum and a small amount of edema
mitochondria. The maldevelopment desmosome-like
intracellular conjunction was seen in a few cells.
Liver metastatic tumor presented the ultrastructural
features of poorly differentiated
rectal
adenocarcinoma.
The quantities of CEA and CA-50

The mean value of the CEA in tumor tissues was
79.8 mg/L, and CA-50 was 57.6U/mL; and in peripheral
blood, 24.3mg/L and 33.6U/mL respectively.
CEA immunohistochemical study

Whole-plasma-positive cells could be seen in the
transplanted tumor cells and liver metastatic
carcinoma cells of nude mice.
Flow cytometry

The DNA ploidy of the original human tumor
specimen, implanted tumor of nude mice and liver
metastatic tumor tissue were all nearly tetraploid.
Chronsomal detection

Transplanted tumor and liver metastatic carcinoma of
nude mice had the similar karyotype to human tumor
cells. The number of chronsome ranged from 77 to 86,
which demoustrcted as supertriploid or subtetraploid.
DISCUSSION

Liver is the commonest metastatic locus of colorectal carcinoma[6]. The incidence of liver
metastasis might be 20% - 40% when the diagnosis
of colo-rectal carcinoma was documented and 40%50% after radical resection of colo-rectal carcinoma.
About 67% of the patients who died of metastasis
had liver metastasis carcinoma[7]. The deep invasion
and metastasis did not occur in the subcutaneous
tumor models by implanting fresh human colorectal
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carcinoma tissue or cells into nude mice[1,2]. The
liver metastatic tumor produced by endosplenic
grafting of colon carcinoma cell line was
experimental but not spontaneous[8], and was not
ideal model to be used for studying the metastatic liver
carcinoma.
To study the mechanism and therapy of liver
metastasis, a model of ortotopic transplantation,
which was similar to human being and non-cell-line,
should be established. In this study two strains of
models, called HCA-HMN-1 and HRA-HMN-2
were established, which perfectly demonstrated the
clinical metastatic process of human colo-rectal
carcinoma not only in the aspect of the invasive
growth and tumor formation in the colo-rectum of
nude mice but also in keeping 100% of the liver and
lymph node metastatic rate. So our models subjectly
simulated the clinical features of patients with liver
metastasis.
The results showed that in colon carcinoma the
two models, after they continuously passaged for two
years, the feature of chronsome and histological
ultrastructure were totally the same as that of the original
tumors which can secrete the CEA and CA-50. That
liquid nitrogen frozen tissue of transplanted
tumor can still be reimplanted successfully
suggested that the models had stable biologic features.
There were two causes of liver metastasis. Tumor
cells itself had strong potential ability of invasion. This
study successfully used two specimens of Duck’s D
stage of colorectal carcinoma; The microcirculation
(the colo rectum has special structures, and plenty of
lymph and blood supply. It is the colo-rectal
microcirculation of nude mice which was so similar to
the that of human being that the transplanted tumor of
nude mice has the similar clinical process of liver
metastasis from human colo-rectal carcinoma. We
consider that only the orthotopic transplantation method
of nude mice can produce metastasis similar to patients
with higher spontaneous metastasis rate than that of other
models.
Our results show that HCA-HMN-1 and HRAHMN-2, have obtained the biologic features in
aspects of morphology, biochemistry, immunology
and genetics, and are ideal models to study the
mechanism of human colo-rectal carcinoma
metastasis and anti-metastasis therapy.
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Relationship between expression of CD44v6 and
nm23-H1 and tumor invasion and metastasis in
hepatocellular carcinoma *
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Abstract
AIM To detect the expression of CD44v6 mRNA
and nm23-H1 mRNA in hepatocellular carcinoma
(HCC) by in situ hybridization, and to evaluate
the relationship between their expression and also
relationship between their expressions and
tumor invasion and metastasis.
METHODS
CD44v6 cDNA probe was
synthesized with PCR technique and the nm23-H1
cRNA probe by in vitro transcription. The
expression of CD44v6 mRNA and nm23-H1 mRNA
was detected by in situ hybridization.
RESULTS In group with high invasion and
metastasis potential, the positive rates of
CD44v6 mRNA and nm23-H1 mRNA were 80% (8/
10) and 40% (4/10),in group with poor invasion
and metastasis potential, they were 21.7% (5/
23) and 91.3% (21/23). There was a positive
correlation between the expression of CD44v6
mRNA and tumor invasion and metastasis
potential in HCC (P < 0.01), and a reverse
correlation between the expression of nm23-H1
mRNA and tumor invasion and metastasis
potential (P < 0.01) and a reverse correlation in
the expression between CD44v6 mRNA and nm23H1 mRNA in HCC (P < 0.01).
CONCLUSION Detection of CD44v6 mRNA and
nm23-H1 mRNA may be useful for tumor invasion
and metastasis in HCC.
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INTRODUCTION

CD44 is a cell surface transmembrane glycoprotein.
As a kind of adhesive molecule, it participates in
cell-cell and cell-matrix adhesion and interactions.
Many studies revealed a correlation between highlevel expression of CD44, especially CD44v and
tumor invasion, metastasis and prognosis. The exon
6v containing isoforms may be an independent
diagnostic parameter[1,2]. Some other studies,
however, had different results[3,4]. Some researches
showed a reverse correlation between the expression
of nm23-H1 mRNA and tumor metastasis[5,6]. In
order to evaluate the relationship between the
expression of CD44v6 mRNA and nm23-H1 mRNA
and tumor invasive and metastatic potential in HCC
and to evaluate the relationship in the expression
between CD44v6 mRNA and nm23-H1 mRNA, we
detected their expression in HCC by in situ
hybridization.
MATERIAL AND METHODS
Tissue samples

Thirty-three cases of surgically resected HCC
specimens were studied, including 24 males and 9
females, aged from 28 - 61 years (average 45.2
years). According to the clinicopathological data,
the specimens were divided into two groups: high
invasion and metastasis potential group (high-risk
group) and poor invasion and metastasis potential
group (low-risk group). The specimens meeting
with the following standards were assigned to the
high-risk group: presence of metastasis in hepatic
portal lymph nodes; tumor embolus in the portal
vein; and tumor satellite nodules near the main mass
or tumor capsule deficiency or capsule infiltrated or
even penetrated. Ten of 33 cases of HCC tended to
belong to the high-risk group, 23 to the low-risk
group.
CD44v6 cDNA probe preparation by PCR

CD44-cDNA-containing plasmid PGEX-2T was
obtained from Dr. Ursula Gunthert (Basel Institute
for Immunology, Switzerland). CD44v6 primers: 5’
TCCAGGCAACTCCTAGTAGT
and
5’
CAGCTGTCCCTGTTGTCGAA. The conditions of
PCR were 94 for 30 seconds, 60 for 30 second,
72 for one minute, repeated for 30 cycles. The
probes were labeled with Bio-11-dUTP (Boehringer
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Mannheim).
nm23-H1 cRNA probe preparation by in vitro
transcription

PGEM-4Z constructed with the nm23-H1 cDNA
insert was linearized with Hind III and transcribed
in vitro from the SP6 polymerase promoter to yield
the antisense RNA probe and from the T7
polymerase promoter to yield the sense RNA probe
(control) with Dig-RNA labeling Kit (Boehringer
Mannheim).
In situ hybridization

Frozen sections were cut at 8 µm, washed in
0.1 mol/L PBS, glycine/ PBS and Triton X-100/
PBS, and were then treated with 0.1% proteinase
K, and fixed in 4% paraformaldehyde, immersed in
freshly prepared 0.25% acetic anhydride, and in
0.1 mol/L triethanolamine and washed with 2 ×
SSC. Each slide was covered with 20 µl - 40 µl
hybridization solution containing CD44v6 cDNA
probe (denatured before hybridization) or nm23-H1
cRNA probe (digested with proteinase K after
hybridization). Hybridization was performed at
50
- 55 for 12-16hrs in a moisture chamber,
washed with 4 × SSC, 2 × SSC and 1 × SSC,
incubated with avidin-AP or anti-Dig-Fab-AP, and
stained with freshly prepared NBT-BCIP.
Control experiment

The sections were pretreated with RNase A
(0.05 g/L) for 30 minutes at 37 . The procedures
were the same as above but without probe in
hybridizationsolution.
Statistical analysis

The significance of differences was tested by χ test.
2

RESULTS
In situ hybridization results of CD44v6 mRNA

Positive granules for hybridization signal were
mainly distributed in cytoplasm of HCC cells
(Figure 1). Eight of 10 cases in high-risk group and
5 of 23 cases in low-risk group were positive. And
difference between the two groups was significant
(P<0.01). There was a positive correlation
between the expressions of CD44v6 mRNA and
tumor invasive and metastatic potential.
In situ hybridization results of nm23-H1 mRNA

Positive granules for hybridization signal were
mainly distributed in cytoplasm of HCC cells
(Figure 2), 4 of 10 cases in high-risk group and 21
of 23 cases in low-risk group were positive, the
difference being singificant (P<0.01). There was a
reverse correlation between the expressions of
nm23-H1 mRNA and tumor invasive and metastatic
potential.

Figure 1
ISH×200
Figure 2
ISH×200

CD44v6 mRNA positive in cytoplasm of HCC cells.
nm23-H1 mRNA positive in cytoplasm of HCC cells.

Relationship between the expressions of
CD44v6 mRNA and nm23-H1 mRNA

In situ hybridization showed that nm23-H1 mRNA
was present in 20 cases, in which CD44v6 mRNA
expression was all negative, and nm23-H1 mRNA
was negative in 8 cases and positive in 5 cases of 13
cases with CD44v6 positive expression. There was a
reverse correlation between the expressions of
CD44v6 mRNA and nm23-H1 mRNA (P<0.01).
DISCUSSION

CD44 is a cell surface transmembrane glycoprotein.
As a kind of adhesion molecule, it mainly
participates in cell-cell and cell-matrix interactions.
In human CD44 gene is located at chromosome
11p13. Many studies showed that high-level
expression of CD44 especially CD44v was correlated
with tumor invasion and metastasis, the exon 6v
containing isoforms may be an independent
diagnostic parameter [1,2]. Some studies have
demonstrated that CD44 expression was positively
correlated with the metastasis of hepatocellular
carcinoma[7,8]. The following methods were mainly
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adopted: detection of the CD44 proteins by
immunohistochemistry or detection of CD44 mRNA
by RT-PCR. CD44 mRNA was detected by in situ
hybridization only in colorectal carcinomas[9].
Because the formation of tumor invasion and
metastasis was a multi-step process regulated by
multi-gene and multi-factors, and the function of
CD44 in tumor invasion and metastasis must be
regulated by other genes. Some studies showed that
the expression of nm23-H1 mRNA was closely
related to tumor metastasis, and was regarded as the
candidate gene of tumor metastasis inhibitory
gene[5,6]. Due to the functional difference between
CD44 gene and nm23 gene, it is significant to
evaluate the relationship between their expressions,
so as to understand and explain the mechanism of
tumor metastasis. We synthesized CD44v6 cDNA
probes by PCR, and detected the expression of
CD44v6 mRNA by in situ hybridization in 33 cases
of HCC. The results showed that CD44v6 mRNA
expression was positively related to tumor invasive
and metastatic potential. We detected the
expression of nm23-H1 mRNA in these specimens,
and found that there was a reverse correlation
between the expression of nm23-H1 mRNA and
CD44v6 mRNA. However, whether such
correlation is of certain significance, which factor is
a decisive one, and whether other exons of CD44
participate in tumor metastasis, still await farther
studies.
As CD44 molecule is highly variable, the
molecular structure of CD44 varies in different
tissues or cells. But the probes used in current
studies were produced with multi-exon continent.
This kind of probes showed different hybridization
abilities with different CD44 molecules in different
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tissues or cells. This might affect the accuracy of
hybridization. If the different primers are designed
to produce the cDNA probes formed from one of the
exons in the probe synthesis by PCR, and if SScDNA probe is obtained by non-symmetry PCR, the
sensitivity and stability of hybridization can be
improved and non-radiation libeling can be
completed at the same time. Thus, the complicated
techniques and equipment in RNA probe preparation
and in situ hybridization can be avoided. A plenty
of probes can be obtained in a short time with PCR
technique and can meet the needs of large numbers
of detection.
In conclusion, the detection of CD44v6 mRNA
and nm23-H1 mRNA may be useful for diagnosis
and prediction of tumor invasion and metastasis in
HCC.
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study of portal vein embolization with absolute
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Abstract
AIM To investigate the effects of portal vein
embolization (PVE) with absolute ethanol
injection on the cirrhotic livers.
METHODS
Absolute ethanol was injected
intraportally into normal and cirrhotic SD rats
and the changes of the animals in anatomy,
pathology, liver function as well as portal
hemodynamics were observed.
RESULTS
At a dose of 0.05mL/ 100g of
ethanol, the survival rate was 100% in normal
rats compared with 40.9% in cirrhotic rats. PVE
in the cirrhotic rats with 0.03mL/100g of
ethanol, caused significant hypertrophy in nonembolized lobes, mild or moderate damage to
the hepatic parenchyma, slight and transient
alterations in liver function, portal pressure and
portal flow.
CONCLUSION
PVE with absolute ethanol
injection in the setting of liver cirrhosis could be
safe at an appropriate dose, and precautions
aimed at preserving liver function were
preferable.

INTRODUCTION

Portal vein embolization (PVE) plays an important
role in the management of hepatocellular carcinoma
(HCC). We modified the conventional method of
transcatheter embolization and developed a new
PVE technique with ethanol injection via a fine needle
in experimental study[1] and subsequent clinical
application under guidance of portoechography[2].
To further elucidate the therapeutic basis of this
technique, particularly its effects on the cirrhotic
liver, we observed the alterations in liver anatomy,
pathology, biochemistry and portal hemodynamics
in cirrhotic rats undergoing PVE with ethanol
injection.
MATERIAL AND METHODS
Reproduction of cirrhotic rat model

Normal Srague-Dawly (SD) rats with a body
weight between 200 g - 250 g obtained from The
Laboratory Animal Center of our university were
used. Based on our previous method of producing
cirrhotic dog model[3], a dose of 0.3 mL/ 100 g of
60% CCl4 solution was injected subcutaneously at
abdominal wall of rats once every 4 days.
Throughout the period, the rats were fed with
ordinary food and 5% ethanol as drinking water.
Pathohistological examination confirmed the
development of cirrhosis at 60 days after initial
administration of CCl4 solution.
Measurement of weight ratio of rat liver lobes

Livers of 20 SD normal rats were resected under
anaesthesia and weighed, and then the right,
middle and left lobes of each liver were weighed
individually. The mean weight ratios of right,
middle and left lobes to the whole liver were
40.5%, 36.5% and 23.0%, respectively.
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Dr. LU Ming-De, male, born on 1951-03-25 in Hunan Province,
graduated from Sun Yat-Sen University and earned Doctoral Degree
(DMSc) from Kyushuo University (Japan), now professor and
director of Department of Surgery, majoring hepatobiliary surgery,
having 70 papers published.
*Supported by the National Natural Scientific Foundation of China,
No.393706697.
Correspondence to: Dr. LU Ming-De, Department of Hepatobiliary
Surgery, the First Affiliated Hospital, Sun Yat-Sen University of
Medical Sciences, Guangzhou 510080, China
Tel. +86·20·87755766 ext 8599, Fax. +86·20·87750632
Received 1998-05-06 Revised 1998-06-23

Test of rat tolerance to ethanol

Laparotomy was performed in normal rats (n = 10)
and cirrhotic rats (n = 22) under intraperitoneal
anaesthesia with penobarbitol. After exposure of the
hepatic hilum, portal vein was punctured with a 3gauge needle and a dose of 0.05 mL/ 100g of
absolute ethanol was injected into the vessel. The
test showed that all rats in the normal group kept
alive and only 9 (40.9%) of 22 in the cirrhotic
group were alive 4 days after operation.
PVE

According to the method of PVE described above
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The embolized hepatic lobes gradually
atrophied and the non-embolized lobes became
hypertrophical with the time after PVE. The weight
ratio of the embolized lobes to the non-embolized
lobes at the 14th post-PVE day was significantly
higher than the physiological value (Table 1)
statistically.
Pathohistological examination revealed focal
intimitis with development of thrombi at the site of
ethanol injection, degen eration of hepatocytes,
infiltration of inflammatory cells and focal
coagulation necrosis at the regions surrounding the
portal triads of the embolized lobes. With respect to
the ratio of total necrosis area to embolized area,
ME group (30% - 40%) was more severe than NE
group (10% - 20%). One week after PVE,
organization or calcification of thrombi with partial
recanalization, as well as hyperplasia of fibrotic
tissue in the embolized lobes, was noted. In
addition, hepatocytes of the non-embolized lobes
became hypertrophic and proliferative, which was
more remarkable in ME group than in NE group.
Blood biochemical investigations showed that
hepatic functional parameters were significantly
higher in MC group than in NC group (Table 2).
ALT, TBIL and ALP in both NE and ME groups
were elevated from their own baseline values in
small amplitude after PVE, began to fall at the day
3, and returned to the baseline values at week 1
after injection. In contrast, there was no obvious
change of ALB and A/G in both groups after PVE.
ME group had significantly higher portal blood flow
and portal pressure than NE group before PVE. At
the day 1 after PVE portal blood flow and portal
pressure declined slightly in both groups, thereafter
elevated in a limited degree, and returned to the
baseline values at 1 week after PVE.

and the results of tolerant test, a dose of
0.05 mL/100g of absolute ethanol was used to
embolize the portal branches of left and middle
lobes in normal rats (NE group, n = 24), in which
the embolized tissue accounted for 77% of the whole
liver. In cirrhotic rats (ME group, n = 24), the
portal branch of middle lobe (accounting for 36.5%
of the liver) was embolized with a dose of
0.03mL/ 100g of absolute ethanol. In addition, the
same quantity of normal saline was injected into
portal vein in 10 normal rats (NC group) and 10
cirrhotic rats (MC group).
Investigations after PVE

The following aspects were investigated at day 1, 3,
7 and 14 after PVE, respectively: patency of the
portal system by X-ray portography; the weight
ratio of hepatic lobes; blood biochemical profile
( ALT,
TBIL,
ALP,
ALB,
A/G );
pathohistological
changes of liver tissue
microscopically; and portal blood flow (Qpv) and
portal pressure (Ppv) measured by MRF-1200
electromagnetic flowmetry (NIKON, Japan).
RESULTS

The survival rate after PVE was 95.8% in both NE
and ME groups. Postoperative X-ray portographies
demonstrated filling defects at injection sites and
the corresponding portal branches were embolized.
Dissection of the intrahepatic portal system revealed
that in the sites of filling defects on portographies,
there were intraluminal red thrombi, which varied
from 10 mm to 20 mm in length. The thrombi were
soft in consistency and easily separated from the
vascular wall at day 1 and 3 after PVE, became less
bright at day 7, and then brightless, fragile and
tightly adhered to the wall at day 14.
Table 1

WJG

The weight ratio of embolized lobe to the whole liver
Time after PVE (days)

A. nonembolized lobe (g)
B. whole liver (g)
A/B (%)

1(n=6)

3(n = 6)

7(n = 6)

14(n = 6)

NE

3.04±0.29

2.75±0.20

4.04±0.42

5.25±0.38

1.86±0.42

ME

8.04±0.22

7.71±0.17

8.63±0.24

9.58±1.10

5.13±0.53

NE

10.62±0.32

8.63±0.28

8.12±0.33

7.63±0.14

8.08±0.51

ME

12.29±0.31

12.09±0.21

12.13±0.21

11.04±0.72

8.08±0.51

NE

30.0

ME

65.5

31.9
63.8

49.8 a
71.7

Baseline value(n = 20)

68.8 a

23.0 a

b

63.5 b

86.8

a b

, P<0.01, as compared with each own baseline value by Student’s t test.

Table 2 Changes in portal pressure and portal blood flow after PVE
Time after PVE (days)
1(n = 6)
3(n = 6)
7(n = 6)
NE
1.27±0.23
1.82±0.20
1.82±0.32
ME
2.82±0.50
3.67±0.37
3.96±1.65
PVI (mL/min)
NE
13.30±2.16
14.50±2.07
14.30±1.75
ME
14.50±4.04
16.80±2.48
18.30±9.05
a b
, P<0.01, as compared with each own baseline value by Student’s t test.
FPP (kPa)

14(n = 6)
1.52±0.59
3.17±0.50
13.40±2.20
17.17±7.49

Baseline value(n = 20)
1.67±0.48a
2.97±0.33a
13.50±3.03b
18.20±4.16b

LU Ming-De, et al. Portal vein embolization

DISCUSSION

In comparison with transcatheter embolization, the
technique of PVE with absolute ethanol injection via
fine needle has the advantages of easy attainment of
hyperselective embolization, simple manipulation
and avoidance of radiation exposure. Studies of
PVE with absolute ethanol injection in normal dogs
have been reported[1,4]. However, the fact is that
80% of patients with HCC in our country have
underlying cirrhosis, therefore it is necessary to
research into its effects on cirrhotic liver so as to
better orientate its clinical application. The present
study demonstrated that the cirrhotic rats became
much less tolerant to ethanol than the normal rats,
so the dose of ethanol used for PVE should be
strictly controlld. On the other hand, the results
shoerd that once PVE is undertaken with a tolerant
dose of ethanol, the changes in hepatic histology
and anatomy, liver function and portal
hemodynamics in cirrhotic rats were no more severe
and persistent than those of normal rats, even
though these aspects were significantly different
between the two groups before PVE. It indicated
that a good postoperative course could also be
achieved in cirrhotic rats with an appropriate dose
of ethanol.
Like other methods of portal vein (PV)
blockade, PVE with ethanol injection could
effectively lead to proliferation and hypertrophy of
non-embolized lobes. It was due to the fact that
nourishing factors carried by PV blood were
increasingly drained to the non-embolized lobes
after PVE, which caused proliferation of
endoplasmic reticulum, increase in number of
mitochondria and synthesis of ATP, speeding up
synthesis of DNA and RNA[5], and thus improving
the liver function. This may not only account for
that abnormality of hepatic function after PVE in
cirrhotic rats could recover over a short period of
time, but suggest that indications of hepatectomy
for HCC could be broadened as well. In addition, it
was found that PV thrombus induced by ethanol
injection was often subject to organization or
calcification with partial recanalization 2 weeks
after PVE, which suggested that resection of HCC
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should not be delayed too long in clinical practice.
After being injected into PV, ethanol mainly
mixed with blood and gradually led to formation of
thrombus. The part entering into the hepatic
parenchyma was usually diluted and induced a
relatively mild damage to the tissue. It was
advantageous to the patients with liver cirrhosis.
Meanwhile, our results showed that PVE caused
more severe hepatic necrosis in cirrhotic rats than
normal rats, which may be related to a reduced
resistance of cirrhotic liver to injury. Prophylactic
administration of antibiotics was necessary to
prevent development of postnecrotic hepatic
abscess.
In addition to the mechanic obstruction, some
other factors could affect the portal pressure.
Ligation of PV led to an elevated portal pressure
and reduced portal blood flow, which returned to
the normal values within 1-4 weeks[5]. In contrast,
PVE with ethanol injection caused a slightly
different pattern of portal hemodynamic changes,
in which portal pressure and blood flow rose after
an transient initial decline, and returned to the
baseline values within 2 weeks. Two reasons were
presumed to contribute to the difference. One was
that blood flow was not blocked completely at the
beginning after ethanol injection. The other was
due to the instant injury of ethanol to liver tissue
and accumulation of acid metabolites, which
induced a lowered PV pressure. With reference to
this regularity, for those patients with remarkable
portal hypertension undergoing PVE, it is advisable
to administer β-blocker in short term for lowering
PV pressure from the 3rd day after PVE.
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Interaction between cisplatin, 5-fluorouracil and
vincristine on human hepatoma cell line (7721) *
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Abstract
AIM To evaluate the killing effects of CDDP, 5Fu and VCR on human hepaoma cell line (7721).
METHODS The median-effect principle was
used.
RESULTS Killing effects of the individual drug
were enhanced as the median concentration
increased. Antagonism was produced when two
drugs were used at a higher concentration (CI>
1), and synergism was achiened when CI<1.
Finally, the effect was influenced by both the
ratios of drug concentration and the sequence of
administration.
CONCLUSION The drug administration order
and drug concentrations are significant factors
that need to be considered in clinical practice.

INTRODUCTION

The combined chemotherapy for malignant
carcinoma is desired to produce efficacious
synergism between each drug, alleviate side effects
of drugs and delay drug resistance. Clinically, the
interaction (namely synergism, summation and
antagonism) of different anticancer drugs in
combination is usually evaluated by Chou-Talalay’s
combination index ( i. e. ,
median-effect
principle)[1-9]. In this paper the combination effect
between Cisplatin (Cis), 5-Fluorouracil (5-Flu) and
Vincristine (VCR) on human hepatoma cell line
7721, was analyzed in vitro.
MATERIALS AND METHODS
Cell line and culture conditions

A human hepatoma cell line (7721 cells) was
obtained from the Department of Bioengineering,
Chongqing University. The cell line was cultured in
RPMI 1640 (GIBCO, Grand Island, NY) with 10%
(v/v) fetal calf serum, and 100 U/mL
penicillin-streptomycin antibioties, and kept at 37 in a
humindified atmosphere of 5% CO2.
Agents

Cis was purchased from Yunnan Gejiu Biochemical
Pharmarcetics, 5-Fu from Tianjin Renming
Pharmaceutical plant and VCR from Shanghai 11th
Pharmacentical Factory. These drugs were freshly
prepared, dissolved in 0.9% NaCl solution before
use, at concentrations of 40, 20, 10, 5, 2.5 mg/L
for Cis, 5-Fu 400, 200, 100, 50, 25 mg/L, and
VCR 4, 2, 1, 0.5, 0.25mg/L, respectively.
Dose-effect test
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The cytotoxicity of the drugs on human hepatoma
cell line 7721 was examined by MTT assay[10]. Cells
(1 - 5 × 105/mL) were suspended in 10% FCS
RPMI1640 medium and 200µl/well suspension was
plated to 96 well microplate. Negative control and
treatment groups were set up for each experiment.
Effect of anticancer drug used alone or in
combination

When the drug was used alone, each drug at five
different concentrations were added to 96 well
microplate at 20 µl/well in three duplicates. When
used in pairs, Cis and 5-Fu, Cis and VCR, 5-Fu and
VCR at a ratio of 1×1 were added to microplate at a
total of 20µl/well (each drug 10µl at two times
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concentration that of the drug used alone). Cells
were incubated at 37 , 5% CO2 for 3 days.
Concentration dependence relationship in
drugs used in combination

Cis at five different concentrations 2.5, 5, 10, 20
and 40 mg/L were combined with 5-Fu 100,
200 mg/L or VCR 1, 2 mg/L, respectively; VCR
0.25, 0.5, 1, 2 and 4 interacted with 5-Fu at 100
and 200 mg/L. The process lasted 3 days at 37 in
a humidified atmosphere of 5% CO2.
Time-order dependence relationship in drugs
used in combination

The time order for Cis and 5-Fu, Cis and VCR
administration was as follows: two drugs were given
simultancously and cells were cultured for 3 days;
and one drug was given first, another was then
administrated, and cells incubated for 2 days.

0.85 mg/L (containing Cis 0.82 mg/L and VCR
0.03 mg/L); Cis plus 5-Fu 7.43 mg/L (containing
Cis 0.31 mg/L and 5-Fu 7.21 mg/L); and 5-Fu plus
VCR was 8.45 mg/L (containing 5-Fu 8.44 mg/L
and VCR 0.01 mg/L). The combined effect of two
drugs at ratio 1:1 can be illustrated for synergism,
summation or antagonism (Figure 1).

Table 1 Dose-effect relationships of three drugs
used alone and in combination
Cis
5-Fu
VCR
Cis+5-Fu
(2.5)0.662
(25)0.600 (0.25)0.178 (2.5+25)0.709
(5.0)0.809
(50)0.784 (0.50)0.204 (5+50)0.859
(10.0)0.867 (100)0.834 (1.00)0.282 (10+100)0.877
(20.0)0.893 (200)0.853 (2.00)0.429 (20+200)0.902
(40.0)0.928 (400)0.871 (4.00)0.446 (40+400)0.951

VCR+5-Fu
(2.5+25)0.647
(5+50)0.713
(10+100)0.810
(20+200)0.839
(40+400)0.892

Cis+VCR
(2.5+25)0.527
(5+50)0.781
(10+100)0.844
(20+200)0.873
(40+400)0.898

Data analysis

OD valucs of control and treatment groups were
detected by Bio-Rad E2550 EIA Reader.
Cytotoxicity = 1 - ( mean OD of treatment
group/mean OD of control group).
According to the median equation fa/fu = (D/
m
Dm) , the median effect curve, Y = bx + a ( Y = log
fa/fu, x = log D) was plotted. D is the dose, Dm is
the median effect dose required for 50%
cytotoxicity, fa represents the fraction affected by
the dose D, fu defined the fraction unaffected
equals 1-fa, and m = b is the slope. The median
effect dose is calculated by log Dm = - a/m, a = YbX. The interaction of two drugs is determined
quantitatively by combination index (CI):
CI = (D)1/ (Dx)1 + (D)2/ (Dx) 2 + α (D) 1 (D) 2/
(Dx)1(Dx)2
D1 and D2 are the doses of drug 1 and 2, which are
required to produce x% effect in combination. (Dx)
1 and (Dx)2 are the dose of drug 1 and drug 2
required to produce x% effect individually. If the
drugs are mutually exclusive, α = 0 and nonexclusive, α = 1. CI = 1, summation; CI < 1,
synergism; and CI>1, antagonism[11].

Figure 1 The relationship between CI and fraction affected of Cis+5FU, VCR+5-Fu and 5-Fu+VCR.

Concentration dependence relationship in
combination

Cis and 5-Fu The interaction of 5-Fu at a dose of
200 mg/L and Cis at five concentrations exhibited
antagonism, the same results can be seen when 5-Fu
at 100 mg/L was combined with Cis at 20 mg/L,
but synergism was shown when Cis at 20mg/L.

RESULTS
Dose-effect relationships of three drugs used
alone and in combination

Cis and VCR Most cases in which Cis at various
concentrations and VCR at 1 mg/L (except for Cis
at 2.5 mg/L), were used, showed antagonism.
When Cis at various concentrations (except for
2.5 mg/L) was combined with VCR at 2 mg/L,
synergestic effect appeared.

The cytotoxicity of three drugs progressively
increased with increasing doses, either used alone or
in pairs (Table 1). According to the median-effect
equation, the median effect doses of these drugs
used alone or in combination can be calculated.
When used alone, Cis was 1.158 mg/L, 5-Fu
17.056 mg/L and VCR 5.22 mg/L, respectively. In
contrast to the drug used alone, the median-effect
doses were lower in combination. Cis plus VCR was

VCR and 5-Fu The combination of VCR at >
0.5 mg/L and 5-Fu at 100 mg/L showed synergism.
In contrast, when VCR at 0.5 mg/L or < 0.5 mg/L
and 5-Fu 100 mg/L, were used in combination
antagonism occurred. Moreover, when 5-Fu at up to
200mg/L was combined with Cis at various
concentrations (except for Cis. the highest one) the
interaction was also antagonism (Table 2).
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Drug 1
(mg/L)
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Fa and CI of drug combinations at different ratios
Drug 2
(mg/L)

Cis 2.5 5-Fu 100
5
100
10
100
20
100
40
100
Cis 2.5 5-Fu 200
5
200
10
200
20
200
40
200
Cis 2.5 VCR 1
5
1
10
1
20
1
40
1

fa

0.821
0.856
0.877
0.883
0.893
0.839
0.867
0.899
0.902
0.907
0.498
0.825
0.844
0.852
0.894

CI

Drug 1
(mg/L)

0.75 Cis 2.5
0.85
5
0.87
10
1.09
20
1.23
40
1.85 VCR 0.25
2.93
0.5
2.95
1
3.00
2
3.36
4
0.32 VCR 0.25
1.38
0.5
2.05
1
2.09
2
3.40
4

Drug 2
(mg/L)

VCR

2
2
2
2
2
5-Fu 100
100
100
100
100
5-Fu 200
200
200
200
200

fa

CI

0.554
0.858
0.862
0.873
0.904
0.657
0.761
0.810
0.826
0.850
0.759
0.783
0.825
0.839
0.867

1.15
0.80
0.74
0.71
0.66
2.39
1.15
0.77
0.64
0.51
2.13
1.79
1.28
1.10
0.92

As can be seen in Table 2, the more prominent
efficacy can be achieved when 5-Fu at lower
concentration was used with other two drugs, while
VCR could be used at higher concentrations.
Time-order dependence relationship in drugs
used combination (Table 3)

Cis and 5-Fu When Cis and 5-Fu were used
simultancously, the effect was more efficacious than
that of Cis used for 24h followed by 5-Fu or 5-Fu
followed by Cis (t test, P < 0.05). In contrast,
there was no difference between Cis and 5-Fu no
matter which was used first (P > 0.05).
Cis and VCR When Cis was given 24h after VCR,
the fraction affected was less prominent than that of
two drugs treated simultancously or Cis first (P <
0.05). There was no apparent difference between
two drugs used simultaneously and Cis used first
(P > 0.05).
Table 3 Relationship between time-order and effect in drugs
used in combination (x±s)
Drugs (mg/L) Simultaneous exposure

Cis+5-Fu
2.5 25
5
50
10 100
20 200
40 400
Cis+VCR
2.5 0.25
5 0.5
10
1
20
2
40
4

Pre-Cis exposure

Post-Cis exposure

0.709±0.015
0.859±0.011
0.877±0.013
0.902±0.014
0.951±0.012

0.683±0.016
0.807±0.027
0.824±0.012
0.831±0.017
0.853±0.015

0.598±0.010
0.773±0.015
0.793±0.026
0.805±0.016
0.822±0.010

0.527±0.025
0.781±0.034
0.844±0.015
0.873±0.017
0.898±0.025

0.470±0.023
0.707±0.022
0.789±0.025
0.818±0.029
0.893±0.020

0.199±0.023
0.407±0.017
0.533±0.013
0.651±0.021
0.752±0.025

Cis, a broad spectrus in anti-cancer drug, inhibits
RNA and protein synthesis of tumor cells by cross-
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linking with DNA. 5-Fu, an antimetablic agent,
halts DNA and RNA synthesis by inhibiting the
activity of thymine nucleotide synthetase at various
times in the cell cycle, especially in S phase. Thus,
the common mechanism of the two drugs Cis and 5Fu can stop RNA synthesis. VCR can inhibit cell
microtubule integrity and therefore stops
nucleospindle formation in cell division. In vitro,
these three drugs exhibited pronounced cytotoxicity
when used alone, in human hepatoma cell line 7721,
but higher doses were needed. Compared with the
drugs used alone, both the median effect
concentration and the dose required were much
lower when used in combination. The results
indicate that lower dose in combination can achieve
higher efficacy with less side-effects. When used in
combination, the time order of administration
affected drug cytotoxicity. If the cytotoxicity of the
drug was pronounced when used alone, there was no
difference when used in combination disregarding
which was administered first. If one drug efficacy is
more prominent than another, when used alone a
higher combined effect can be achieved when the
more efficacious drug was used first.
Anticancer drug sensitivity can analyze
quantitatively the drug interaction, i.e. syncrgism,
summation and antagonism, and hence guiding the
clinical treatment.
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Transduction of Fas gene or Bcl-2 antisense RNA
sensitizes cultured drug resistant gastric cancer
cells to chemotherapeutic drugs
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Abstract
AIM To compare the expression level of Fas
gene and Bcl-2 gene in gastric cancer cells
SGC7901 and gastric cancer multidrug resistant
cells (MDR) SGC7901/VCR, to transduce Fas
cDNA and Bcl-2 antisense nucleic acid into
SGC7901/VCR cells respectively, and to observe
the expression of two genes in transfectants and
non-transfectants as well as their drug
sensitivity.
METHODS Eukaryotic expression vector pBKFas cDNA and pDOR-anti Bcl-2 were constructed
and transfected into SGC7901/VCR cells by
lipofectamine,respectively. Northern blot and
Western blot were used to detect the expression
of mRNA and protein in SGC7901/VCR and
SGC7901 cells and transfectants, and drug
sensitivity of transfectants for VCR, CDDP and 5FU was analyzed with MTT assay.
RESULTS After gene transfection, 80 for Fas
and 120 for antisense Bcl-2 drug-resistant clones
were selected from 2×105 cells, transfection
rate being 0.04% and 0.06%. Two clones of
SGC7901 Fas/VCR cells and SGC7901 anti
Bcl-2/VCR cells were randomly selected for
further incubation. Hybridization results showed
that the expression level of Fas mRNA and
protein in SGC7901/VCR cells was much lower,
but that of Bcl-2 mRNA and protein was higher
than that in SGC7901 cells. The expression of
Fas mRNA and protein in SGC7901 Fas/VCR
cells was higher, and of Bcl-2 mRNA and protein
was lower in SGC7901 anti Bcl-2/VCR cells than
that in non-transfectants. MTT assay showed
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that transfectants were more sensitive to VCR,
CDDP, 5-FU than non-transfectants.
CONCLUSION Bcl-2 gene displayed high
expression while Fas gene had low expression in
drug resistant gastric cancer cells. Expression
of Bcl-2 protein was effectively blocked in
SGC7901 anti Bcl-2/VCR cells by gene
transfection. In contrast, the expression of Fas
mRNA and protein in SGC7901 Fas/VCR cells
increased. Fas gene and Bcl-2 antisense nucleic
acid transfection sensitized drug resistant
gastric cancer cells to chemotherapeutic drugs.
These results suggest cell apoptosis plays an
important role in the mechanism of MDR, and
enhancing apoptosis might reverse MDR.

INTRODUCTION

Chemotherapy is one of the major methods in tumor
treatment, but it often does not work due to
multidrug resistance (MDR). Recent studies
indicated that inhibition of cancer cell apoptosis and
longer cell life may be one of MDR mechanisms[1].
So it is assumed that inducing apoptosis might
reverse MDR. We transfected -Fas- gene and Bcl-2
antisense nucleic acid into drug resistant gastric
cancer cells, and observed the expression of target
genes in transfectants and the sensitivity of
transfectants to chemotherapeutic agents in order to
find the ground for reversing gastric cancer MDR.
MATERIALS AND METHODS
Material

Drug resistant gastric cancer SGc7901/VCR cells
and JM109 bacterial strain were kept in our
department. Retrovirus vector pDOR-SV40 and
expression vector pBK-CMV were generous gifts
from Dr. Cui Da-Xiang, Department of
Biochemistry, Fourth Military Medical University.
The pBluescript Bcl-2 cDNA plasmid was from our
department. The pBluescript Fas-cDNA was
presented by professor Itoh N, Japan. Eco RI,
Bam HI, Sal I, Xho I, CIP, RNaseA, T4 DNA
ligase, PMSF, Aprotinin, SDS, ABC kit, probe
labeled kit and guanidinium isothiocyanate were
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purchased from SABC and Promega, and
Lipofectamine from Gibco BRL. MTT, Protease k,
DEPC, MOPS, G418, FCM and nitrocellulose filter
were products of Sigma. [α32P]dATP was derived
from Yahui Ltd, Beijing, primer and
oligonucleotides from Sangon, Shanghai, and rat
anti-human Bcl-2 monoclonal antibody and rabbit
anti human Fas polyclonal antibody from Orient
Ltd, Beijing.
Methods

Construction and identification of recombinant vectors
1.9kb Bcl-2 cDNA was inserted into pBluescript
KS at Eco RI site and 2.5kb Fas cDNA into
pBluescript KS at Xho I site. According to the
construction protocol, primary plasmids were
digested by enzyme. The results of agarose gel
electrophoresis showed that primary plasmids
contained complete Bcl-2 cDNA and Fas- cDNA.
We used Eco RI and Bam HI to cut pBluescript Bcl2 cDNA, Sal I and Eco RI to cut pBluescript FascDNA, and obtained 0.622 kb Bcl-2 cDNA and
1.83 kb Fas- cDNA fragments by frozen-thaw
methods. Under T4 DNA ligase, cDNA fragments
were connected with the corresponding pDOR and
pBK-CMV vectors digested by enzyme, the products
were transformed into competent cells for routine
culture. Ampresistant colonies and mini-prepared
plasmids were selected randomly, and recombinant
plasmids were identified through enzyme digestion
and agarose gel electrophoresis. Three pairs of
primers designed according to Fas- cDNA sequence
were used for PCR amplification of pBK-FascDNA, and sequence of PCR product was analyzed
to confirm the correctness of open reading frame.
Gene transfection and clone selection

Purified pDOR-anti-Bcl-2 or pBK-Fas cDNA
(0.5µg) diluted in 100µl RPMI 1640 was mixed
with 5µl lipofectamine, and placed at room
temperature for 10min. The mixture was then
transfected into 2 × 105 SGC7901/VCR cells. The
cells were selected by 500 mg/L G418 24 hours
later. At the same time, pDOR or pBK-CMV vector
which lacked target genes transfected cells and nontransfectants served as negative controls.
Southern blot and Northern blot

Genomic DNA and total RNA were obtained from
the well growing 1 × 107 cells. Genomic DNA
digested with Eco RI ran agarose gel
electrophoresis. The denatured total RNA
underwent formaldehyde denaturation and gel
electrophoresis. DNA and RNA were transferred to
nitrocellulose filter by vacuum aspiration. [α-32P]
dATP labeled probe was made for prehybridization,
hybridization and autoradiography.
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Western blot

Half cell lytic protein was used for SDS-PAGE, and
comassie brilliant blue stained, the other half was
electrotransfered 100v overnight, nitrocellulose
filter denatured by SDS and visualized by ABC
method.
Drug sensitivity assay

Cells (103 - 104) diluted with 200µl 10% RPMI
1640 were seeded into 96-well plates, respectively,
added cisplatin (1µg, 10µg, 100µg), 5-FU (7 µg,
70µg, 700 µg), and VCR (0.1µg, 1.0µg, 10µg)
according to the clinically established plasma peak
concentration. Three days later, 20 µl MTT solution
(5g/L) was dropped into plates, the supernant was
discorded after 4 hours, and 150µl DMSO was
added to melt crystal. OD value was read at 590nm
wavelength.
RESULTS
Construction of eukaryotic expression vector

As shown in Figure 1, 1.9 kb Bcl-2 cDNA and
2.5kb Fas- cDNA were separated from primary
plasmids digested with Eco RI and Xho I, 0.622kb
anti-sense Bcl-2 fragment and 6.5kb vector from
recombinant vector pDOR- anti-Bcl-2 digested by
Eco RI and Bam HI, 1.8 kb Fas cDNA and 4.5kb
vector from recombinant vector pBK-Fas-digested
by Eco RI and Sal I. Electrophoresis of PCR product
(Figure 2) indicated that three pairs of primers
amplified 500 bp, 850 bp, 700 bp fragments
respectively, which were consistent with our
expectation.
Establishment of transfectants

When transfected cells were cultured selectively by
G418 for 4-5 weeks, resistant clones formed
gradually, the number of stable clones reached
about 120, with a transfection rate of above 0.05%.
In contrast, all non-transfectants died two weeks
after G418 selection. Resistant clones were further
incubated in the presence of low-dose G418 for 4050 days. We got two resistant clones, SGC7901 Fas /VCR cells and SGC7901 anti-Bcl-2/VCR cells.
Expression of target genes

Northern blot was performed using a single strain
cDNA fragment of Fas or Bcl-2 or antisense Bcl-2
as
probes,
respectively.
The
results
(Figures 3 and 4) showed that SGC7901 cells had
weak signals of Fas and strong signal of Bcl-2,
while SGC7901/VCR had weak signal of Fas and
very strong signal of Bcl-2. The signal of Fas
became stronger in SGC7901-Fas/VCR than that in
SGC7901/VCR, which was also dependent on cell
number. The signal of antisense Bcl-2 was stronger
in SGC7901 anti -Bcl-2/VCR than in SGC7901/VCR
and non-transfectants, but the signal of sense Bcl-2
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was a little weaker than that in non-transfectants.
SDS-PAGE and Western blot (Figure 5) showed
that a band of Mr 36000-40000 was found in
transfectants, but not in non-transfectants, the size
of which was consistent with Mr of Fas- protein. A
band of Mr 25000, which equaled to that of Bcl-2
was found in non-transfectants, but not in antisense
Bel-2 transfected cells.
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Drug sensitivity assay

The survival rates of transfectants treated with
cisplatin or 5-FU were obviously lower than nontransfectants, however, the survival rates of
transfectants treated with VCR were only lowered
lightly,
compared
with
non-transfectants
(Table 1).

Figure 1 Identification of recombinant vectors digested with enzymes. a. pBluescript Fas/Xho I, b. pBluescript Fas/Eco RI+Sal I, c. pBKFas/Eco RI+Sal I, d. γDNA Marker/Hind III, e. pDOR-Bcl-2/Eco RI+Bam HI, f. pBluescript Bcl-2/Eco RI+Bam HI, g. pBluescript Bcl-2/Eco RI
Figure 2 Electrophoresis of pBK-Fas- PCR product.
a. PCR of competent cells as template, b. PCR of empty vector transformed
bacterial, c. PCR marker, d. PCR1 of pBK-Fas (500bp), e. PCR2 of pBK-Fas (850bp), f. PCR3 of pBK-Fas (700bp)
Figure 3 Northern blot with Fas- cDNA probe.
a. SGC7901/VCR/3×106 cells, b. empty vector transfectant/5×106 cells, c. SGC7901/3 ×
106 cells, d. RNA Marker, e. SGC7901 -Fas/VCR/1×106 cells, f. SGC7901 -Fas/VCR/2×106 cells, g. SGC7901 Fas/VCR/3×106 cells.
Figure 4 Northern blot with Bcl-2 probe.
A. antisense probe, B. sense probea
a. SGC7901/3×106 cells, b. empty vector transfectant/2×106 cells c. SGC7901/3×106 cells, d. RNA Marker, e. SGC7901 anti-Bcl-2/VCR/2×106
cells, f. SGC7901 anti-Bcl-2/VCR/3×106 cells, g. SGC7901 anti Bcl-2/VCR/4×106 cells
Figure 5 SDS-PAGE and Western blot.
A. Fas transfectants, B. anti -Bcl-2 transfectants
a. SGC7901/VCR/3×106 cells, b. SGC7901/3×106 cells, c. High molecular weight protein marker, d. SGC7901-Fas/VCR/1×106 cells, e. SGC7901Fas/VCR/2×106 cells, f. SGC7901/1×106 cells, g. SGC7901/2×106 cells, h. SGC7901/VCR/1×106 cells, i. SGC7901/VCR/2×106 cells, j.
Middle molecular weight protein marker, k. SGC7901 anti Bcl-2/VCR/5×105 cells, l. SGC7901 anti-Bcl-2/VCR/1×106 cells, m. SGC7901 anti-Bcl-2/
VCR/2×106 cells, n. SGC7901 anti Bcl-2/VCR/3×106 cells
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Table 1 Survival rates of transfectants and non-transfectants treated with chemotheraputic drugs (%)
CDDP (mg/L)

5-FU(mg/L)

VCR(mg/L)

Cells

n
50

500

35

350

3500

0.5

5

50

SGC7901 Fas/VCR

10

45.1 a

40.5a

32.0

43.5a

38.6a

30.7 a

55.0

46.7 a

40.0a

SGC7901 anti-Bcl-2/VCR

10

50.2 a

45.1a

40.5

50.1a

44.6a

39.5 a

60.3

55.1 a

49.2a

SGC7901/VCR

10

70.2

61.3

52.0

71.1

62.2

55.3

72.5

67.4

60.1

5

In comparison with SGC7901/VCR cells group, aP<0.05.

DISCUSSION

Apoptosis and mitosis both are important for
keeping the balance of organism in vivo, which act
in opposite way. Recent studies indicated that
inhibition of cancer cell apoptosis and disturbance
of apoptosis related genes can increase the antiapoptosis protein or decrease pro-apoptosis protein,
which is one of the mechanisms of tumorigenesis.
Therefore, induction of apoptosis may treat tumors.
Many chemotherapeutic agents are found to act
through damaging DNA or regulating apoptosis
related genes p53, c-myc, Bcl-2, c-H-ras to trigger
apoptosis[2-4]. But MDR becomes an obstacle in
tumor treatment. Recent researches have shown
that MDR is the result of many mechanisms, in
addition to the changes of Pgp, MRP, LRP, Topo
II and GST/GSH, deregulation of apoptosis also
produces cross drug resistance of cancer cells[1,5].
The a bility of drug resistant cells repairing damaged
DNA and anti-apoptosis has strengthened greatly[6].
Introduction of Bcl xL gene may induce resistance
of drug sensitive cells, and overexpression of Bcl-2
is linearly related to overexpression of Pgp,
therefore, it is supposed that the expression level of
apoptosis related genes determines the MDR
phenomena of cancer cells[7]. Chinese hamster drug
resistant ovarian fibroblastoma LR73/20E cells,
which overexpress MDR and Pgp, are not sensitive
at all to apoptosis inducing colchicine, but become
sensitive to apoptosis after treated with drug
resistant reversing agent verapamil[8]. Apoptosis
can not be induced in drug resistant breast cancer
MCF-7/ADR cells which overexpress Bcl-2 mRNA
and protein by sugar starvation[9]. Drug resistant
leukemia HL-60/AR, HL-60/VCR, HL-60/
TAX1000 cells, overexpressing MRP, Pgp, Bcl-2,
and Bcl-xL, can inhibit the intercellular aggregation
of chemotherapeutic agent paclitaxel and prohibit
apoptosis. Bcl-2 and Bcl-xL transfected drug
sensitive cells can antagonize apoptosis, but can not
affect
the intercellular
aggregation
of
[10]
chemotherapeutic agent paclitaxel . P53 protein
and Fas antigen promote cell apoptosis, but they
display low expression in drug resistant cells[1,11].
These results show that high expression of Bcl-2 and
low expression of Fas are important for drug
resistant cells to antagonize apoptosis and resist

chemotherapeutic agents.
Although antiapoptosis gene Bcl-2 can not
promote cell proliferation, it prolongs cell life. Its
inhibition of apoptosis is caused by changing the
permeability of Ca2+ channel and the expression of
ICE[12], and is related with regulation of Bax, TNF
and Fas[13]. Controlling the transcription of Bcl-2
mRNA by antisense nucleic acid technology can
effectively suppress the expression of Bcl-2 and
retard tumor cell growth[14].
Fas gene product, a type- I membrane
protein, belongs to the TNF receptor family. Fas
molecule on the surface of cell transmits death
message into cell through combining Fas ligand or
anti Fas monoclonal antibody, resulting in the
death of cells in several hours[15]. Compared with
normal tissues, malignant tumor cells, especially
metastatic tumor cells present extremely lower
expression of Fas, while most benign tumors are
similar to their original tissues in the expression of
Fas. It is hypothesized that malignant tumors might
surppress Fas expression or lose Fas molecule in
order to avoid the surveillance of Fas ligand. This
explains the lack of Fas expression in drug resistant
cells[1]. In one word, transduction of proapoptosis
Fas gene or antisense Bcl-2 gene into drug resistant
cells is obviously helpful in increasing the drug
sensitivity. Chen XQ transiently transducted Bcl-2
antisense RNA into human leucemia cells (CEM),
and found that intrinsic Bcl-2 protein was
decreased, and transfected cells were more sensitive
to etoposide and a lot of apoptotic bodies and small
DNA fragments formed when cells died.
To study the significance of Fas and Bcl-2
protein in drug resistant gastric cancer SGC7901/
VCR cells, we constructed the eukaryotic expression
vectors pBK Fas and pDOR-anti-Bcl-2 which were
respectively transfected into SGC7901/VCR cells.
After G418
selection, resistant clones
overexpressing Fas protein or lacking Bcl-2 protein
were obtained. Molecular hybridization showed
drug resistant gastric cancer SGC7901/VCR cells
expressed a tiny amount of Fas mRNA and protein,
but highly expressed Bcl-2. Compared with control
cells, Fas mRNA and protein expression of Fas
transfected cells was obviously increased. In anti Bcl-2 transfected cells, Bcl-2 mRNA expression was
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inhibited slightly, but Bcl-2 protein was blocked
greatly. Drug sensitivity assay demonstrated that
transfectants were more sensitive to VCR, CDDP
and 5-FU than non-transfectants. It was concluded
that suppression of apoptosis play an important role
in inducing MDR of tumor cells, and promoting
apoptosis could reverse MDR to some extent.
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Modulation of hypothalamic arcuate nucleus on
gastric motility in rats
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Subject
headings gastric motility; arcuate
nucleus; neural pathways; vagus nerve; sympathetic
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Abstract
AIM To investigate whether the arcuate
nucleus (ARC) could modulate gastric motility,
and if so, what are the mechanisms or
pathways.
METHODS Wistar rats, anaesthetized with
urethan, parameters of stimulation and
electrolytic lesion sites were determined
according to the Paxinos and Watson “ATLAS of
rat brain in steriotaxic coordinate”. Intragastric
pressure ( IGP ) and gastric motility were
measured by Reybould¡äs method.
RESULTS Electrical stimulation of ARC could
obviously decrease the IGP by 42.2%±5.4%,
n = 15, P<0.01, and the phasic gastric
contractions disappeared. The analysis showed
that the locus coeruleus (LC) and dorsal raphe
(DR) nuclei may be involved in central, but
without the invovement of β -endorphinergic
neurons rich in the ARC, while in periphery, the
peripheral neural pathways are both vagus and
sympathetic nerves. The fibers in vagus may be
non-cholinergic. Humoral factors may also be
involved. At the receptor level, Tonic action of
adrenergic nerve in the stomach is mainly
inhibitory; β-receptors, which may be present
on the stomach wall and mediate inhibition; and
α -receptors, which come into play through
vagus, mediate inhibition, but those present on
the smooth muscle mediate sympathetic
excitation. Microinjection of TRH into ARC could
significantly increase the IGP by 183.02%
(0.53 kPa ± 0.08 kPa vs 1.5 k Pa ± 0.6 kPa,
1
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n = 10, P<0.001), the rate and amplitude of
phasic gastric contraction were also increased
(3 cpm vs 6cpm - 8cpm). The peripheral
pathway of such excitatory effects were
transmitted with cholinergic vagus nerve
mediated by M-receptor.
CONCLUSION ARC could modulate gastric
motility biphasically, inhibitory and excitatory,
depending on the nature of stimuli.

INTRODUCTION

Arcuate nucleus (ARC) is the third largest nucleus
of the hypothalamic nuclei with a volume of
0.94 mm3 in rats. It is located at the base of
hypothalamus, and surrounds the ventral part of the
third ventricle. At least 15 neurotransmitters and
neuropeptides, e.g. β-endorphin, enkephalin, etc.
have been found in ARC. The ARC is anatomically
organized to communicate primarily with the
pituitary gland, hypothalamus, limbic system,
certain thalamic nuclei, the midbrain periaqueductal
gray and autonomic nuclei of the brainstem. This
general organization leads us to hypothesize that it
may play a key role in integrating autonomic
functions. But so far there has been no report
showing that ARC could modulate gastric motility.
This study was designed to clarify whether ARC
modulates gastric motility, and if so, to analyse
their mechanisms or pathways.
MATERIALS AND METHODS

Wistar rats, both sexes, weighing 250 g - 300 g,
fasted 24h before experiment, but free to have
water, were anesthetized with urethan and
paralysed with flaxedil.
IGP and gastric motility

Intragastric pressure (IGP) and gastric motility
were measured according to Reybould’ s method
through pressure tranducer (type YH-II, Institute
of Space Medicine Enginering), and recorded by
two channels physiological pen-recorder (type LSM2B, Chengdu Instrument Factory). The rate of IGP
changes are calculated according to the following
equation:
IGP after stimulation-IGP before stimulation
% of IGP change=

IGP before stimulation

×100

XU Guang-Yao, et al. ARC modulates gastric motility

Operations

Subdiaphragmatic vagotomy was performed
according to Mordes (1978) method, and
extirpation of celiac neural plexus by Moraes (1978)
method. Experiments began 2-3 weeks after
operation and sham operation used as control.
Electrical stimulation and electrolytic lesion

Rats were fixed at stereotaxic instrument (type SN2, Narishige, NIHON, KONDON). The reference
coordinates were: for ARC, p 3.5 mm - 3.8 mm, H
10.0 mm - 10.5 mm, L or R 0.2 mm; and for LC, p
9.5 mm - 9.8 mm, H 7.0 mm - 7.1 mm, L or R 1.
1 mm-1.3 mm; for DR, p7.8 mm, H 6.5 mm - 6.8 mm,
L or R
0.0 mm;
for
LCV
(lateral
cerebroventricle), p 0.8 mm, H 4.0 mm - 4.5 mm,
L or R 1.2 mm - 1.3 mm. Electrical stimulating
pulse was produced by electrotonic stimulator (type
SEN-3201, NIHON, KONDON), passing through
isolator, then got constant current output.
Stimulating
electrode: unipolar co-axil
electrode was used, with a diameter of 0.4 mm,
length of naked tip 0.1 mm. Stimulating
parameters: monophasic spuare wave, 0.3 ms
duration, 100Hz, 0.1mA-0.3mA for 2min. Time
between two stimulations: not less than 15min. For
electrolytic lesions, direct positive current 1 mA1.5mA for 60 s - 90 s. Experiments were carried out
for 8 min -10 min after electrolytic lesion or LCV
injection.
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located exactly in the ARC, but near the ARC
(n = 7), or stimulation took place after electrolytic
action (n = 5), the decreasing effect of stimulation
were all non-significant (Figure 2).
The time course of the variation of blood
presure during stimulation was not correlated with
that of IGP.
The above results indicated that the depression
effect of IGP during stimulation of ARC
unique special, neither due to the diffusion of
stimulating current nor to the changes of cardiovascular
activities.

Figure 1 Effect of stimulation of ARC on intragastric pressure
(IGP). / onset and stop of stimulation.

Histological examination

At the end of the experiment, the brain was
removed and the position of stimulating and/or
lesion sites limits were verified histologically.
Drugs

Atropine sulfate (No.10 Shanghai Pharmaceutical
Factory), phentolamine (CIBA), propranolol
(Second Shanghai Pharmaceutical Factory), TRH
(Chinese Academy of Med Sci), naloxone
(Shanghai Med University).
All data were given as x±sx and analysed
statistically by paired Students’ t test, P<0.05 was
considered to be significant.
RESULTS
Electrical stimulation experiment

The effects of ARC stimulation on IGP. Before
stimulation, IGP was quite stable, with 3 cpm
gastric phasic contraction. During stimulation, IGP
decreased significantly (42.2% ± 5.4%, n = 15,
P<0.01), the latent period was 6 s-8 s and restored
4.8min ± 0.7min after stop of stimulation. The
phasic contractions also disappeared during
stimulation (Figure 1).
In case the stimulating electrode was not

Figure 2 Effect of ARC stimulation on IGP, bP < 0.01, vs
before stimulation.

Mechanisms analysis of the decreasing effect
of ARC stimulation

Centrally, lesion of LC or DR led to IGP decrease
by 15.7% ± 3.6% and 19.6% ± 2.5% (P < 0.01,
P<0.05) compared with control group. After
intra-cerebroventricular injection of naloxone, the
decreasing effect was not changed.
These results showed that both LC and DR,
and β-endorphinergic neurons rich in ARC, were
involved in the central mechanism (Table 1).
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Table 1 Effect of various treatments on the reduction of IGP
inducet by ARC stimulation
Treatment
ARC stimulation
ICV of saline
ICV of naloxone
Sham lesion of LC
Lesion of LC
Sham lesion of DR
Iesion of DR

n
15
8
10
8
8
8
8

IGP(%)
-42.2±5.4
-43.5±8.1
-40.6±6.4
-39.1±6.3
-15.7±3.6b
-36.3±5.4
-19.6±2.5a

a

P<0.05, bP<0.01, vs control group.
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presenting on the
sympathetic excitation.

stomach

Table 2 The peripheral pathways of reduction IGP induced by
ARC stimulation
Treatment
Stimulation of ARC
Normal saline
Sham operation
Cervical vagotomy
Subdiaphragmatic vagotomy
Atropine
Extirpation of celiac nerve plexus
Phentolamine
Propranolol
Cervical vagotomy+extirpation
of celiac nerve plexus
Subdiaphragmatic
vagotomy+phentolamine

n
15
10
6
13
8
9
11
7
8
8

IGP(%)
-42.2±5.4
-39.1±5.0
-40.2±8.0
-25.7±3.4a
-24.3±2.2a
-30.6±5.0
-19.1±3.8a
-22.8±5.2a
-44.4±6.5
-12.9±3.9b

5

-15.3±3.8a

Number 5

wall

mediated

Table 3 Effects of phentolamine and propranolol on IGP
IGP (kPa)
Drug

n

Normal saline
Phentolamine
Propranolol

9
8
8

BT

AT

0.735+0.088
0.725+0.078
0.892+0.069

0.735+0.078
0.735+0.078
0.960+0.059

BT: Berore treatment; AT: after
normal saline group.

Periphrally, after vagotomy, the decreasing
rate of IGP was 24.3% ± 3.2% (P<0.05)
compared with the corresponding group, but the
decreasing effect was not abolished by i. m.
atropine. Extirpation of celiac neural plexus or
phentolamine i. m could obviously reduce the decreasing
effect, while propranolol i. m) did not. After
vagotomy plus sympathectomy, the decreasing
effect still existed. Such results indicated that the
peripheral pathway of decreasing effect of ARC on
IGP were through both sympathetic and vagus
nerve. The fibers in vagus mediating the reduction
of IGP may be non-cholinergic. Humoral factors
may also be involved in the peripheral mechanisms
(Table 2).

Volume 4

treatment,

%
+0.6+1.6
+2.3+2.7
+7.9+2.3 a
a

P < 0.05 vs

Table 4 Effect of phentolamine and propranolol on IGP of rats
with vagotomy
IGP (kPa)
Treatment
Sham operation+
phentolamine
Vagotomy+
phentolamine
Sham operation+
propranolol
Vagotomy+
propranolol
a

n
BT

AT

%

7

0.617±0.098

0.588 ±0.088

-1.1 ±2.2

7

0.8333±0.157

0.707 ±0.137

-15.6±5.1a

4

0.568±0.069

0.637 ±0.069

+17.6±2.5

5

0.784±0.176

0.970 ±0.216

+28.3±7.9

P<0.05 vs sham operation group.

Chemical stimulation experiment

Microinjection of thyrotropin releasing hormone
(TRH) 10µg/1µl per rat into ARC within 1 min
could increase IGP (0.53 kPa ± 0.08 kPa vs 1.5 kPa
± 0.06 kPa) by 183.02% (n = 10, P < 0.001),
latent period 8s - 10s, lasting 40min - 50min. The
amplitude and frequency of phasic contractions also
increased (3 cpm - 4 cpm vs 6cpm) (Figure 3).

a

P<0.05, bP<0.01, vs stimulation of ARC.

At receptor level, α-receptor antagonist
phentolamine did not significantly increase the IGP
of intact rats, but obviously decreased the IGP of
rats with vagotomy. β-receptor antagonist
propranolol increased the IGP of both intact and
vagotomized rats (Tables 3-4).
Such results showed that tonic action of
adrenergic nerve in stomach was mainly inhibitory.
β-receptor may be present on stomach muscle and
mediated inhibition. β-receptor, which came into
play through vagus, mediated inhibition while those

Figure 3 Effect of Microinjection on gastric motility.
A. Microinjection of TRH.
B. Microinjection of TRH after vagotomy.
C. Microinjection of TRH after atropine(im).
Mechanism analysis of this increasing effects: a. Microinjection of
same volume saline (n = 7), b. iv TRH (n = 7), c. im
phentolamine (n = 9).

XU Guang-Yao, et al. ARC modulates gastric motility

DISCUSSION

ARC is a very complex nucleus, both of its morphology
and physiology.
Morphologically,
ARC
communicates
extensively with its neighboring nuclei of thalamus;
hypothalamus; midbrain; brainstem; pituitary
gland; and limbic system; and also with extensive
intrinsic organization the arcuate cells are small
and fusiform, or in more lateral position larger and
polygonal. The ARC contains many transmitters
and peptides and shows phenomena of colocalization
of transmitters.
Physiologically the ARC involved in
integrating emotional, endocrine, sensory and pain
processing and vegetative homeostatic autonomic
functions (chronwall, DEPTLDES, 6: Suppl 2, 111, 1985). In this study, we showed that the ARC could
modulate gastric motility biphasically, both
inhibitory and excitatory, The underlying
mechanisms responsible for such differences e.g
whether due to the different nature of stimulus,
and/or the excitation of different ARC cells,
and/or liberation of certain transmitters. etc, await
further investigations.
It was reported that the effects of adrenergic
drugs on the gastro intestinal smooth muscle depond
on the nature and location of the receptors. βreceptor, located in the smooth muscle, after i.m.
β-receptor antagonist-propranolol, the IGP showed
obviously increased, indicated that the β-receptor
mediated inhibition. α-receptor, is located both in
the nerve plexus of gastric wall as well as in the smooth
muscles, the former one by means of pre-synaptic
modulation inhibite the release of ACh from the
vagus nerve endings, hance inhibite the gastric
motility, The α-receptor depend upon the presence
of intact vagus. This demonstrated that α-receptor
located in nerve plexus can mediate inhibition. In
intact rat, after i.m. α-receptor antagonist
phentolamine, the IGP only showed some increase, but
without statistically significant, this result can be
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explained as follows: in intact animal with intact vagus
nerve, all α-receptors, both in the nerve plexus and
smooth musdle were blocked, The two opposite
actions, excitation and inhibition cancelled out each
other (Table 3); while in the vagotomized rats, those
α-receptor located in nerve plexus loss their acting
target, the inhibitory action could not expressed, so,
under the action of phentolamine, the blocking
action of those α-receptors, located in the smooth
muscles result in the decrease of IGP (Table 4).
This indicated that in intact animal, those αreceptors located in the smooth muscles, mediate
excitation. In short, there are three types of
receptors: α-excitatory, α-inhibitory, and βinhibitory. These conclusions came from in vitro
experiments and used receptor ligands, e. g.
adrenaline and noradrenaline, such drugs may alter
the physiological body function, thus the conclusion
obtained may not be fitted to the normal intact
organism.
In view of this, in the present study, we used
in vivo experiment and specific antagonists in an
attemp to analyse the adrenergic receptors on the
gastric wall in intact organism under physiological
condition.
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Changes in erythrocyte membrane ATPases and
plasma lipid peroxides in upper abdominal surgery
under intravenous procaine-balanced anesthesia
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Abstract
AIM
To observe the changes in erythrocyte
membrane ATPases and plasma lipid peroxides
(LPO) patients with in abdominal surgery under
intravenous procaineª²balanced anesthesia.
METHODS
By determining the ATPase
activities of erythrocyte membrane, effects of
upper abdominal surgery under intravenous
procaine-balanced anesthesia on the function of
erythrocytes were observed in 15 patients
undergoing cholecystectomy and gastrectomy (5
males and 10 females, aged 45.9±10.20 years
and weighed 60.60kg±11.93kg). All patients
were free from severe renal, hepatic,
pulmonary,
cardiac,
metabolic
and
endocrinological diseases and acute infection for
at least 2 weeks before surgery. Patients
receiving any drug known to affect carbohydrate
metabolism prior to anesthesia were excluded
from the study.
RESULTS
Erythrocyte membrane Na+, K+ATPase, Mg 2+-ATPase, Ca 2+, Mg 2+-ATPase
activities were not significantly changed 60min90min after incision as compared with 30min
before anesthesia, but were decreased markedly
10min and 24 hours after completion of operation
(P<0.01). Plasma lipid peroxides (LPO) were
1
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increased significantly 24 hours after surgery
(P<0.01) following an initially marked but
transient reduction. Plasma LPO changes were
not correlated with erythrocyte membrane
ATPase activities, r = -0.0396, -0.0097 and
0.4383, respectively (P>0.05).
CONCLUSION
Abdominal surgical trauma
under intravenous procaine-balanced anesthesia
may be associated with the decreased ATPase
activities of erythrocyte membrane and
increased LPO in plasma.

INTRODUCTION

Red blood cells are responsible for the
transportation o f oxygen and carbon dioxide into
and out of tissues and organs of the body. Its shape,
deformability, exchanges of intra and extra-cellular
electrolyte homeostasis and membrane integrity,
and the normal erythrocyte functions all depend
upon normal activities of the three kinds of ATPases
on erythrocyte membranes. It has been
demonstrated that anesthesia and surgical trauma
can lead to a significant decrease in the activities of
these ATPases[1-3]. The mechanism of decreased
activities of ATPases, however, is still unclear. In
the study, we observed perioperative alterations in
the activities of erythrocyte membrane Na+, K+ATPase, Mg2+ ATPase and Ca2+, Mg2+ ATPase
and plasma lipid peroxides (LPO), attempting to
probe into the mechanism mentioned above.
MATERIALS AND METHODS

Fifteen patients underwent elective upper abdominal
surgery (5 males and 10 females, aged 45.90±10.20
years and weighed 60.60kg±11.93kg) including
cholecystectomy (14) and gastrectomy (1). All
patients had been free from significant renal,
hepatic, pulmonary, cardiac, metabolic and
endocrinologocal diseases and acute infection for at
least two weeks before surgery. Patients receiving
any drugs known to affect carbohydrate metabolism
prior to anesthesia were excluded from this study.

TU Wei-Feng, et al. Erythrocyte membrane ATPase and LPO changes in abdominal surgery

After fasting for 12-14 hours and
premedicating with phenobarbitone 0.1 g and
atropine 0.5 mg intramuscularly 30min before
anesthesia, general anesthesia was induced with
intravenous
diazepam
0.2 mg·kg -1,
and
-1
thiopentone 4 mg·kg - 6 mg·kg-1 and fentanyl
0.1 mg, 100 mg succinylcholine (SCC) were given
to facilitate intubation. Anesthesia was maintained
with an intravenous combined solution of 1%
procaine and 0.06% SCC at a rate of 0.1ml·kg-1·
min-1. Intravenous fentanyl 10 µg·kg-1 and
droperidal 0.15mg·kg-1 were administrated prior to
incision. Additional thiopentone was given if
needed. Lactated Ringer’s solution was used during
the intra and post operative periods. Ventilation
was controlled to a PET CO2 of 4.67kPa-5.33kPa
at the same time, electrocardiogram (ECG), heart
rate and blood pressure were continuously monitored
with Datex Cardiocap.
Venous blood were collected in heparin
(20 U/ml) 30min before induction of anesthesia
(T0), 60min-90min after incision (T1), 10min
(T2) and 24 hours (T3) after completion of
operation. Plasma samples were collected for the
detection of LPO (TBA method). According to
Beutler’s method[4], the packed red blood cells were
filtered through a special cotton column to remove
white blood cells and platelets, and subsequently
washed and centrifuged three times with 50mmol/L
tris-EDTA-NaCl buffer (EDTA -1mmol/L and NaCl
150mmol/L, pH 7.4), and finally the packed red
blood cells were made into 50%-60% red blood
cell suspension (au procedures were performed
below 4 ) and preserved separately in liquid
nitrogen for assay.
Samples taken out of liquid nitrogen were put
into ice-water to melt for assay. Red blood (0.5ml)
cell suspension was drawn, diluted precisely with
more than 20-fold red cell membrane washing
solution (10mmol/L tris-EDTA buffer, EDTA
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1mmol/L, pH 7.4, 0 -4 ) and centrifuged
(10000r/min for 20min, at 0 -4 ) for 4 times.
Opalescent red cell membranes were obtained and
made into 2ml red blood cell membrane suspension
with a 50mmol/L tris-sucrose-buffer (sucrose
75mmol/L, pH 7.4, 0 -4 ). According to the
modified Lowry’s method [5] , the contents of
membrane protein were determined and adjusted to
1.5g/L approximately. The activities of red blood
cell membrane Na+, K+ ATPase, Mg2+ ATPase
and Ca 2+, Mg 2+-ATPase were determined by
Charalambous’ method[6] and expressed by nmolPi·
mgPro-1·min-1.
RESULTS
Changes in activities of red blood cell
membrane ATPase

There were no significant changes of the activities
of three kinds of ATPases on red blood cell
membranes since the initial anesthesia to 60min90min after incision. Up to 10min after the
completion of surgery, however, Na +, K+ATPase, Mg2+-ATPase and Ca2+, Mg2+ ATPase
activities decreased significantly to 2.962 ± 1.245,
4.125 ± 1.006 and 16.642 ± 11.346 from 3.745 ±
1.233, 5.050 ± 1.115 and 32.705 ± 9.585 nmolPi·
mgPro-1·min-1 (P<0.001, respectively) and were still
at a lower level 24 hours after completion of
surgery
Changes in plasma LPO

Plasma LPO increased significantly following an
initially marked but transient reduction. 60min90min after incision, plasma LPO decreased to
8.831 ± 1.180 from 9.815nmolMDA/ml ± 1.100
nmolMDA/ml prior to anesthesia (P < 0.05), and
then gradually increased and reached to the peak
(11.782 nmolMDA/ ml ± 1.218 nmolMDA/ ml) 24
hours after surgery.

Table 1 Results of red blood cell membrane ATPases and plasma LPO

Na +, K +-ATPase

T0

T1

T2

T3

3.745 ±1.233

3.546 ± 1.466

2.962 ±1.165 b,c

2.900±1.055a,b

5.050 ±1.150

4.905 ± 1.192

4.125 ±1.008 b,c

3.978±1.183 b,c

32.71 ± 5.85

32.93 ± 7.61

16.64 ±11.35 b,c

10.22±6.46b,c,d

9.815 ±1.100

8.831 ±1.180 a

9.135 ± 1.174

11.78±1.22b,c,e

-1

(nmolPi·mgPro ·min-1)
Mg 2+ -ATPase
(nmolPi·mgPro-1 ·min)
Ca2+ , Mg2+ -ATPase
-1

-1

(nmolPi·mgPro ·min )
LPO (nmolMDA ·ml -1)

Compared with T0, aP<0.05; bP<0.01; compared with T1, cP<0.01; compared with T2, dP<0.05; eP<0.01.
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DISCUSSION

The result showed that the activity of red blood cell
membrane Na+, K+-ATPase decreased significantly
10min and 24 hours after completion of the
operation. It was in accordance with other reports.
Changes in activities of Mg2+-ATPase and Ca2+,
Mg2+-ATPase were similar to Na+, K+ ATPase.
The mechanisms why the activities of red blood cell
membrane ATPases are affected postoperatively,
however, are still unclear. There is no doubt that
the inhibition of ATPases, to some extent, reflects
the fact that the noxious factors were produced in
the blood during and after anesthesia and/or
surgical trauma, which may directly and/or
indirectly destruct or inhibit red cell membrane
functions or ATPase activities. It was demonstrated
that many lipid-soluble anesthetics and tranquilizers
reversibly bind themselves to red blood cell
membranes, and this is accompanied by alterations
in membrane lipid-protein interaction and
conformation, and alterations of coagulo-soluble
state between the cytoplasmic side of the red blood
cell membrane and cytoplasm, leading to decvease
of membrane fluiding and activaties of various
membrane bind enzymes. Hudgins and Bond[7]
reported that highly or lipid-soluble low anesthetics
could reduce the activities of variousion pumps by
competitive or non-competitive mechanism, such as
dibucaine and procaine. However, their inhibitive
mechanisms differ from each other according to the
various ion pumps involved. For instance, the
highly lipid soluble agents (e.g. dibucaine) inhibit
various enzymes by nonspecific binding to red blood
cell membranes. On the other hand, low lipidsoluble agents, such as procaine, might interact
more specifically with monovalent cation binding
sites or with one of the two conformations. The size
of inhibited enzyme activities is also greatly
correlated with the effect and toxicity of the
anesthetics employed. Red blood cell membranes
might be directly or indirectly destructed by
disturbances in hormone homeostasis, and the
release of various body fluid factors such as
complements, oxygen radicals and LPO, and the
increased activities of phospholipidase A2[8] after
anesthesia and/or surgical trauma. The injured
membranes might be associated with disturbances in
renewal of normal red cell membrane lipid and
alterations in membrane lipid-protein interactions
and conformations, together with changes in red
blood cell morphology and a decrease in
deformability, which finally leads to a decrease in
membrane fluidity and enzymatic activities.
It was demonstrated that significantly inhibited
activities of red cell membrane ATPases and
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significant increases in plasma LPO after surgery
were found in surgical patients under intravenous
balanced anesthesia [2]. Palmer[9] suggested that
decreased activity of Na+, K+ATPase might be
correlated with direct destructive effects of some
fluid factors such as complements, oxygen radicals
and/or LPO on enzymatic molecular conformations
and functions. Our data, however, showed that
decreased activities of Na +, K+ ATPase, Mg2+
ATPase and Ca2+, Mg2+ ATPase were not related
to perioperative alterations in plasma LPO (r = 0.0396, -0.0097 and -0.4383, P > 0.05,
respectively). Plasma LPO increased significantly
following an initially marked but transient
reduction. It was likely that significantly decreased
LPO during intraoperative period was related to
blood dilutions caused by intraoperative massive
infusion, and/or to inhibited LPO oxidation
induced by protective effects of anesthetics such as
procaine hydrochloride on red blood cell
membranes. The significantly increased LPO after
surgery demonstrated that noxious fluid factors such
as LPO, complements and oxygen radicals were
produced during and after anesthesia and/or
surgical trauma due to the absorption of necrotizing
tissues and broken cells from the sites of surgical
trauma, inflammatory and non-inflammatory
responses after surgical trauma, potential injuries
resulting from highly fractional oxygen, and direct
or indirect effects of some anesthetics such as
thiopentone. These factors may directly or
indirectly result in the activiation of the
complement system in the body and the loss of
neutrophil granulocyte functions, and then induce a
series of oxidative reactions “respiratory bursts” by
activated complements, lysosome enzymes,
hydrogen peroxidase and myeloperoxidase[10]. As a
result, plasma LPO increased significantly after
surgery. The increased LPO may further lead to
decreased activities in red blood cell membrane
ATPases and other enzymes.
The intra- and post-operative inhalation of high
fractional oxygen (more than 80%) may be directly
associated with potential injuries to red blood cell
membranes ATPases due to increases in superoxide
anion (O2 -) and other toxic oxygen
intermediates[11-13].
The energy of ATPases directly depends upon
intracellular ATP, which is only synthesized in the
glycolytic pathway, and this energy accounts for
about 30% - 50% of the total energy consumption
of red blood cells. Consequently, decreased
synthesis of intracellular ATP may be directly
accompanied by decreased activities in red blood cell
membrane ATPases and a reduction in red blood cell

TU Wei-Feng, et al. Erythrocyte membrane ATPase and LPO changes in abdominal surgery

deformability[14-16].
The decreased activities of membrane ATPases
may result in disturbances in intra and extracellular electrolyte homeostasis and in increased
permeability of red blood cell membranes by various
ions and small molecular substances, and then
induce massive potassium exflux and sodium
influx[1,16], thereby leading to a reduction of red cell
membrane fluidity and deformability and an
increase in membrane fragility. Such alterations
may directly affect gas exchanges between the blood
and tissues, and microcirculatory functions,
resulting in failures in microcirculation and in
multiple organ system.

4
5
6
7
8
9
10
11
12
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Sequencing of PCR amplified HBV DNA pre-c and c
regions in the 2.2.15 cells and antiviral action by
targeted antisense oligonucleotide directed against
sequence *
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Abstract
AIM To study the specific inhibition of HBV
gene expression by liver-targeting antisense
oligonucleotide (ASON) directed against pre-c
and cregious in a sequence specific manner.
METHODS According to the result of direct
sequencing of PCR amplified products, a 16-mer
phosphorothioate analogue of the antisense
oligonucleotide (PS-ASOn) directed against the
HBV U-5-like region was synthesized and then
linked with one live-targeting ligand, the
galactosylated poly-L-lysine.Their effect on the
expression of HBV gene was observed using the
2.2.15 cells.
RESULTS
HBV DNA in the 2.2.15 cells was
from HBV with surface antigen subtype ayw 1 by
sequencing so that antisense oligonucleotides
could bind specifically to the target sequence
through base piring. Under the same
experimental conditions, the inhibitory rates of
PS-ASON to HBsAg and HBeAg were 70% and
58% at a concentration of 10 µmol/L, while by
ligand-PS-ASON they were 96% and 82%, the
amount of HBV DNA in cultured supernatant and
cells was reduced significantly. An unrelated
sequence oligonucleotide showed no effectiveness.
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All the oligonucleotides had no cytotoxicity.
CONCLUSION Antisense oligonucleotides
complexed by the liver-targeting ligand can be
targeted to cells via asialoglycoprotein
receptors, resulting in supecific inhibition of HBV
gene expression and replication.

INTRODUCTION

Many studies have shown that antisense
oligonucleotides (ASONs) can effitiently inhibit
HBV DNA replication and expression in vitro and
may become a new generation of anti-HBV drugs[1].
However, as a potential therapeutic agent,
synthetic ASONs must fulfil three main
requirements (i.e., the three S rule): solubility,
they must be water soluble and yet cross the
lipopholic cell menbrane;
stability, they must
resist enzymatic degradation to reach the target at
selectivity, they
an effective concentration; and
must bind specifically to?the target sequence through
base pairing.
Basing on the three S rule, we first synthesized
a 16mer phosphorothioate analogue of ASON (PSASON) directed against the HBV U5-ulike region
according to the sequencing result, and then linked
PS-ASOn with one Liver-targeting ligand, the
galactosylated poly-L-lysine (Gal-PLL). The effect
of PS-ASON and ligand PS-ASON on the expression
of HBV gene was observed and compared by using
the 2.2.15 cells. The results of this experiment and
reported below.
MATERIALS AND METHODS
PCR and direct sequencing of amplified
products

HBV DNA in the 2.2.15 cells was tested by PCR.
Primers were designed according to the pre c and c
regions of HBV genome. The sequences of primers
are P1 (5’-TTCCCGATACAGAGCTGAGGCC) and
P2 (5’-AAGGTCTTTGTAGGAGGC).
PCR amplified products were purified with
Magic TMPCR Preps DNA pure system (Promega).
Direct sequencing of pure products was carried out
according to the manual of Pharmacia T7 kit.

ZHOUG Sen, et al. Anti-HBV action of liver targeting antisense oligonucleotide

Cell culture

The 2.2.15 cell was the hepatoblastoma cell line
HepG2 transfected with cloned HBV DNA. Various
parameters of the replicative cycle can be
quantitated in the transfected HepG2 cell e.g., the
secretion of HBsAg or HBeAg and the amount of
episonal HBV DNA. Cells were grown in
RPMI1640 (Sigma) medium supplemented with 15%
fetal bovine serum, 2mmol/L L-glutamine,
105U/L penicilin, 105U/L streptomycin and the
neomycin analogue G418 (380mg/L, Sigma). Cell
cultures were mainitained at 37
in 5% CO2
atmosphere.
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which corresponded well with our needs (Figure 1).
The purified PCR products were directly
sequenced with T7 DNA sequencing system. One
hundred and thirty-two base pairs could be read on
the film of autoradiograph as follows:
CCAGCACCATGCAACTTTTTCACCTCTGCC
TAATCATCTCTTGTTCATGTCCTACTGTTC
AAGCCTCCAAGCTGTGCCTTGGGTGGCTTT
GGGGCATGGACATCGACCCTTATAAAGAAT
TTGGAGCTACTG
The sequence was the same as what HBV (ayw1
subtype) had, including prc-c sequence (18161902), U5-like region (1857-1918) and part of
poly-A addition singal sequence (1919-1962).

Preparation of targetable antisense DNA

Conjugate Gal-PLL was prepared according to the
reductive amination[2]. Laotose and poly-L-lysine
were reacted by using borohydride sodium (the
molar ratio of lactose/ poly-L-lysine/ borohydride
sodium were 50:1:300). Sugar and amino group was
determined at a molar ratio of 10:1 in the reaction
products (Gal-PLL) according to the Lee YC’s
method[3].
A
16-mer
oligodeoxynucleotide,
complementary to U5-like region, corresponding to
nucleotides 1980-1905 of the sequenced viral
genome, was synthesized on automated nucleotide
synthesizer
(Applied
Biosystems)
using
phosphorothioate linkages. As a control, a random
16-mer sequence was prepared in an identical
fashion. Antisense DNA was titrated with conjugte
to form soluble complex using an agarose gel
retardation system as described previously[4].

Molar ratio of Gal-PLL/DNA

Purified Gal-PLL was incubated with DNA by
means of increasing concentrations. The extent of
Gal-PLL: DNA complex formation was measured by
agarose gel electrophoresis. Judged on the basis of
charge neutralization, as seen by the reduction of
electrophoretic mobility of the DNA, interaction
between the Gal-PLL and DNA started at a molar
ratio of 1:1 (Figure 2). The DNA migration is
completely retarded at molar ratios of 2:1 and
greater.

Antisense DNA and viral gene expression

To determine the effect of antisense DNA on viral
gene expression, after the 2.2.15 cells were seeded
for 60h, culture fluid was taken out. Then the cells
were incubated for 72h in medium containing
antisense DNA alone, complexed antisense DNA,
complexed random DNA and medium alone. All
media containing DNA, the DNA concentration was
10µM. The medium was changed to RPMI1640
without oligodeoxynucleotides and the cells culture
was continued for another 72h. Supernatant
(200µl) was collected and assayed for HBsAg and
HBeAg by ELISA (ABC) method as described by
the manufacturer. HBV DNA was tested by dot
hybridization.
RESULTS
PCR and sequencing

Total DNA was isolated from the 2.2.15 cells. PCR
amplification of pre-c and c regions was done with
P2 and P2 primers. The length of amplified sequence
was limited at 260 base pairs by the primers.
Agarose gel electrophoresis showed that amplified
products located between nucleotides 221 and 298,

Figure 1 Amplification of HBV DNA in the 2.2.15 cells with
PCR. The PCR products were resolved on 1.5% agarose gel. A
and D: Marker (PBR322/Hinf I ); B: HBV DNA in cells; C:
HBV DNA (adr sutype)
Figure 2 Agarose gel electrophoresis analysis of complex
formation. DNA: Gal-PLL complex was made with increasing
molar ratios of Gal-PLL to DNA; 0/1 represents DNA only. DNA
was visualized with ethidium bromide.
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Effect of antisense DNA HBV gene expression

To determine whether the targeted antisense DNA
was functional, effects on HBV gene expression
were evaluated. Table 1 shows that the influence of
oligodeoxynucleofides on the sceretion of HBsAg
and HBeAg was determined 8.5 days after seeding.
HBsAg and HBeAg secretions from cells were
inhibited by 70% and 50% respectively at antisense
DNA alone concentration of 10µM. The inhibition
rates gradually increased to 96% and 82% when the
complexed antisense DNA (Gal-PLL:ASON) was
used. HBsAg and HBeAg secretions were not
markedly inhibited by the complexed random DNA
(19% and 10%). The amount of HBV DNA in the
culture supernatant and cells was reduced
significantly with complexed antisense DNA
compared with the complexed random DNA and
antisense DNA alone (data not shown).
Table 1 Effect of antisense DNA on HBsAg and HBeAg synthesis
in the 2.2.15 cells (P/N value x±s)
Treatment

HBsAg

Inhibitory
rate (%)

HBeAg

Inhibitory
rate (%)

Untreated control

9.40±0.16

Antisense DNA alone

4.30±0.25

70

15.10±0.15
7.60±1.10

Complexed antisense DNA 2.40±0.26

96

4.50±0.42

82

Complexed random DNA 8.10±0.13

19

13.80±0.76

10

58

DISCUSSION

Specificity of antisense oligonucleotides depends on
the selectivity of Watson-Crick or other types of
base pairing. The affinity associated with a
mismatched base pair varies with the function of the
specific mismatch, the position of the mismatch in a
region of complementarity, and the sequence
surrounding the mismatch. Gibbs free energy of
binding induced by a single mismatch decreased
from 0.2 to 4.9kcal/mol at 100mM NaCl. Thus, a
single base mismatch may result in affinity change
by approximately 500 fold[5]. We identified that
HBV DNA in the 2.2.15 cells were from HBV with
surface antigen subtype syw-2 by sequencing so that
antisense DNA could bind specifically to the target
sequence through base pairing without any
mismatch.
Oligonucleotides may be degraded by
exonucleases and endonucleases, which exist
extensively in serum, cells and fluid of body. Work
from many laboratories has demonstrated that a
wide range of modification may be used to enhance
the stability of oligonudeotides. Phosphorothioate
oligonucleotides have been shown to be extremely
stable in media, cells and cell extracts, serum,
various tissues, urine and stable to most nucleases.
In this experiment, we chose phosphorothioate
analog to study.
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Phosphorothioates are negatively charged, but
because of the sulfur atoms they may be slightly
more lipophilic than phosphodiesters and tend to
bind nonspecifically to serum proteins, those may
effect on the action of oligonucleotides.
Many techniques have been developed to
introduce foreign DNA into cells in vitro. For
example, methods such as electroporation,
microinjection, liposomes. Some of these
methods have been used successfully in viro. The
approach on epecificity of DNA delivery has been to
take advantage of cell surface receptors as natural
internalization sites for targeting substances to
specific cells. There have been particularly interests
in liver cells because of the presence on these cells of
umique receptors that are able to recognize
galactose-terminal (asialo) glycoproteins. Wu GY
et al [6] reports that asialoglycoprotein
( asialoorosomucoid, ASOR )-poly (L-lysine)
conjugates can be used to target genes in a soluble
form resulting in specific delivery to cells possessing
surface asialoglycoprotein receptors.
In this study an artificial ligand, Gal-PLL
conjugate, was used for targeting antisense DNA to
the 2.2.15 cells. With increasing proportins of
conjugate in the sample, more DNA was retained by
the Gal-PLL conjugate in the wells. A 2:1 molar
ration of the conjugate to DNA optimized the
complex formation, and this molar ratio was the
same as what Wu GY et al reported using ASOR[7].
In the same experimental conditions, the
inhibitarg effects of HBsAg and HBeAg by PSASON were 70% and 58%, while by ligand PSASON were 96% and 82%. HBsAg and HBeAg
scretion were not markedly inhibited by the random
DNA. The results indcate that antisense
oligonucleotids complexed by a soluble DNA-carrier
system can be targeted to cells via
asialoglycoprotein receptors in specific inhibition of
HBV gene expression and replication.
Gal-PLL, as a hepatotropic carrier of DNA,
has some advantages:
It is obtain by a simple
synthetic method;
It might not cause allergy in
vivo. So it is very important to study synthetic lowmolecular weight carriers.
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Protection of gastric mucosa from ethanol induced
injury by recombinant epidermal growth factor in rats *
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Abstract
AIM To determine whether recombinant human
epidermal growth factor (rhEGF) can protect
gastric mucosa against ethanol induced injury in
rats.
METHOD Fifty-four SD rats weighing 200g 500g each were divided into six groups after
fasting for 24 hours. Three groups received
different doses of oral rhEGF (30, 60 and
µ g · kg-1· d -1), one group was given
120µ
cimetidine, one subcutaneous rhEGF (rhEGF IV)
and one received saline as control.
RESULTS Acute gastric dilatation developed in
the control and cimetidine groups and bloody
gastric juice was found in the control group. The
ulcer index was 58 in control group, 53 in rhEGF
I, 46 in rhEGF II (P<0.01), 11 in rhEGF III
(P<0.01), 19 in rhEGF IV (P<0.01), and 39 in
cimetidine group (P<0.05).
CONCLUSION rhEGF protected gastric mucosa
against ethanol induced damage. The effect was
dose-dependent with blood levels of epidermal
µg·
growth factor (EGF) at a dosage range of 60µ
kg-1 · d -1 - 20 µ g · kg-1 · d-1. It was more
effective by injection than via oral route at the
same dosage.

1
Rui Jin Hospital, Shanghai Second Medical University, Shanghai
200025, China
2
Shanghai Institute of Biochemistry, Chinese Academy of Sciences
*Project supported by the National Science Commitee of China, No.
96-C02-01-01.
Correspondence to: Dr XU Chun-Di, Rui Jin Hospital, Shanghai
Second Medical University, Shanghai 200025, China
Tel. +86·21·64370045, Fax. +86·21·64333548
Received 1998-04-01

INTRODUCTION

Epidermal growth factor (EGF) is a single-chain
polypeptide that is secreted by submandibular and
Brunner’s glands and is a powerful mitogen and an
inhibitor of gastric acid secretion. Recent studies
demonstrated that EGF is also capable of protecting
the gastric mucosa from the damage caused by
various irritants and promoting healing of chronic
gastric and duodenal ulcers[1,2]. This study was
designed to determine whether recombinant human
EGF (rhEGF) could protect gastric mucosa against
ethanol induced injury in rats. Our aim is to find a
new method of gastric mucosa protection which
may serve as a treatment for peptic ulcer.
MATERIAL AND METHODS

SD rats weighing 200 to 250g were used in the study
of gastric protection and gastric ulcer.
Experiments with acute gastric mucosal lesion. Acute
gastriclesion was induced by absolute ethanol in
experiments with three sets of rats (control, rhEGF
and cimetidine). The control group was given 0.9%
saline for 3 days and then 100% ethanol (9 rats).
Cimetidine group was treated with cimetidine and
then with 100% ethanol (9 rats). The rhEGF group
was divided into 4 subgroups, each received oral
rhEGF 30, 60 or 120 µg·kg-1·d-1 except one
subgroup which was given 60µg·kg-1·d-1 rhEGF
subcutaneously. Three days later 1mL of absolute
ethanol was administered to all rats. One hour after
ethanol administration, the rats were killed by
cervical fracture. The stomach was dissected out
and opened along the greater curvature, and the
area of ulceration was determined. The amount of
damage was expressed as ulcer index. All
planimetric determinations were performed blindly
by the same observer.
The measurement of serum EGF and gastrin level.
Rat blood of 2 ml - 4 ml was collected in tube
without anticoagulant. 3 hours later the serum
was collected and EGF and gastrin measured. EGF
kit was obtained from Amersham, U.K. and Depu
Co, China.
RESULTS
Gastric ulcer index

Two rats in cimetidine group died in less than 1
hour. After administration of ethanol, acute gastric
dilatation developed in the control and cimetidine
groups and bloody gastric juice was found in the
control group. The ulcer index was 58 in the control
group, 53 in rhEGF I, 46 in rhEGF II (P < 0.01), 11
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in rhEGF III (P<0.01), 39 in rhEGF IV (P < 0.01),
and 39 in cimetidine group (P<0.05, Table 1).
The levels of serum EGF. The levels of serum EGF
in rhEGF III, IV and cimetidine groups were higher
than that of control group (P<0.05), especially in
rhEGF III group (P<0.001). After giving the same
dose of rhEGF, the serum EGF level in the
subcutaneous group was significantly higher than
that of the oral groups (Table 2).
The values of serum gastrin. The values of serum
gastrin in rhEGF IV group was increased significantly
than the control group (P<0.05,Table 3).
Table 1

Index of gastric ulcer in all groups (M)

Groups
Control (p.o)
rhEGF I (30µg, p.o)
rhEGF II (60µg, p.o)
rhEGF III (120µg, p.o)
rhEGF IV (60µg, s.c.)
Cimetidine (p.o)

n
9
9
9
9
9
7

Range
34-79
6-69
25-59
0-26
0-29
32-52

Index
58
53
46b
11b
19b
39a

a

P<0.05, vs control group; bP<0.01, vs control group.

Table 2

The levels of serum EGF in all groups (ng/L)

Groups
Control
rhEGF I
rhEGF II
rhEGF III
rhEGF IV
Cimetidine

n
9
9
9
9
9
7

Frange
0.51-0.72
6-69
25-59
0-26
0-29
31-52

x±s
0.63±0.09
53
46a
11
19
39a

a

P<0.05, vs control group; bP<0.01, vs control group.

Table 3

The values of serum gastrin in all groups (ng/L)

Groups
Control
rhEGF I
rhEGF II
rhEGF III
rhEGF IV
Cimetidine

n
6
7
7
7
6
6

Range
40-112
50-160
46-139
49-170
81-283
18-101

x±s
75±28
83±39
93±43
80±42
149±83 a
49±28

a

P<0.05, vs control group.

DISCUSSION

EGF is a 53-aminoacid peptide isolated for the first
time from male mouse salivary glands by Cohen et
al in 1962. Later it was also found in submandibular
and duodenal Brunner’s glands. Recent studies
demonstrated that EGF is a powerful mitogen which
is capable of promoting DNA, RNA and protein
synthesis and inhibiting gastric acid secretion. The
effect of EGF on gastric secretion and cell
proliferation suggests that EGF could be responsible
for maintaining the structural integrity of the
gastrointestinal mucosa and preventing mucosal
injury by noxious agents[3].
This study observed gastric cytoprotection of
rhEGF at various dosage, orally or subcutaneously.
The degree of injury in rat stomach was significantly
less severe in rhEGF group than in control group.
The protective effect of rhEGF is dose-dependent at
the range of 60 µg · kg-1 · d-1 -120 µg · kg-1 · d-1.
The result suggested that home-made rhEGF can
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protect gastric mucosa against ethanol injury.
Besides, the concentration of rat serum EGF was
related to the gastric cytoprotecion effect. EGF is
an effective protective factor of gastrointestinal
epithelia.
Cytoprotective action was first claimed by
Tacobson et al in the late 70s. From then on some
brain intestinal peptides, such as gastrin,
somatostatin, etc. were found to have a similar role
in preventing injury from noxious agents. EGF
belongs to another kind of substance eliciting the
same protection of gastric mucosa. Previous studies
had showed that its cytoprotective action was not
mainly accomplished through inhibition of gastric
secretion[4]. Experimental study in animals showed
that EGF could amelierate acute gastric injury
caused by aspirin or stress by small nonantisecretory dosage to stomach[5]. Extirpation of
submandibular glands will lower the EGF levels in
the gastrointestinal tract markedly by more than
80%, with significant reduction of DNA and RNA
contents of the gastric mucosa thus rendering gastric
mucosa more susceptible to ulcerogenic agents.
Exogenous EGF given parenterally or orally at doses
that would stimulate the growth of gastroduodenal
mucosa, enhanced ulcer healing in rats with intact
salivary glands and could completely reverse the
delay in ulcer healing in sialoadenectomized
animals[6,7]. So the gastric protective action of EGF
was chiefly related with increase of cellular DNA,
RNA and protein synthesis.
This study also showed that a similar dosage of
rhEGF when given orally or subcutaneously had
different cytoprotective effect. The protection of
gastric mucosa from ethanol induced injury in
subcutaneous group was significantly greater than
oral group, and serum EGF and gastrin levels were
also higher in the former group. Our results
suggested that cytoprotection of EGF might also be
related to gastrin level besides serum EGF level.
In conclusion, rhEGF plays a significant role in
the protection of gastric mucosa from ethanol
induced injury. Its effect is dose-dependent at a dose
range of 60µg · kg-1 · d-1120µg · kg-1 · d-1. rhEGF
might be a new endogenous drug for the treatment
of peptic ulcer.
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Clinical and experimental study of effect of
Raondix Salviae Militiorrhiza and other bloodactivating and stasis-eliminating Chinese herbs on
hemodynamics of portal hypertension
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Abstract
AIM To study the effects of Radix Salviae
Militiorrhiza (RSM), other blood-activating and
stasis-eliminating
Chinese
herbs
on
hemodynamics of portal hypertension.
METHODS Portal pressure of cirrhotic dogs
after chronic common bile duct ligation was
measured directly; portal blood flow in patients
with liver cirrhosis were detected by ultrasound
Doppler.
RESULTS
After administration of RSM and
Radix Angelicae Sinensis (RAS) by intravenous
infusion in cirrhosis dogs, the portal venous
pressure (Ppv), wedge hepatic venous pressure
(WHVP), hepatic venous pressure gradient
(HVPG), were significantly decreased (P<0.050.01), but the mean arterial pressure (MAP),
and the heart rate (HR) remained unchanged.
When nifedipine was used, Ppv, WHVP, MAP
and HR were significantly decreased (P<0.05),
and the MVPG unchanged (P<0.05). After
administration of RSM, RSM+nifedipine and
RSM+Hirudin+Nifedpin for 10-12 weeks, the
diameter of portal vein (Dpv), spleen vein
(Dsv), the portal venous flow (Qpv) and splenic
venous flow (Qsv) in patients with hepatic
cirrhosis were significantly lowered (P < 0.050.01), and the effect of RAS was weaker.
CONCLUSIONS The efficacy of decreasing Ppv
by Chinese herbs RSM, RAS, etc. as compared
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with nifedipine, demonstrated that the Chinese
herbs were slower in action than that of
nifedipine, but more long-lasting and without
side effects. Hence, long-term administration of
Chinese herbs, would be more beneficial.

INTRODUCTION

There has been no long-lasting and side effects free
drugs to lower the portal hypertension in patients
with liver cirrhosis so far. The blood vessel
constrictive drugs can reduce the volume of blood
flow and lower the portal pressure by contracting
visceral blood vessels but can not improve the
prognosis of the patients obviously because of their
bad dynamic effects, whereas drugs dilating blood
vessels such as calcium antagonist nifedipine can
lead to hypotension at large doses although it is
effective for portal hemodymics[1]. Yigan
infusion which contains blood-activating and stasiseliminating herbs such as large doses of RSM and
RAM has some effects of shrinking the liver and
spleen; and some of blood-activating and stasiseliminating herbs can prevent and cure hepatic
fibrosis[2-5]. Therefore, the effects of RAM and
RSM in portal and systemic dynamics were
investigated in the present study.
MATERIALS AND METHODS
Animal model

Sixteen healthy mixed bred dogs, female and male,
weighing 12.5kg - 20kg, were divided into two
groups randomly: protal hypertension model group
(n = 12) made by chronic bile duct ligation method
described by Boschj et al and control group (n = 4).
Drugs and administration route

RSM injection (40%), nifedipine injection (50%)
(the Ninth Shanghai Pharmaceutical Factory (batch
no 940712123, original drug 1.5g/mL). The dosage
for dogs is 20 times higher than for adult people.
The dosage by intravenous drip (1/ 3 of oral doses)
of RSM 6g/kg body weight, RAS 3mg/kg body
weight, nifedipine 0.3mg/kg body weight in 10%
glucose were infused through thigh vein in 10
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minutes, according to our earlier studies. The time
was calculated after the infusion. The dogs were
paralyzed with pentobarbital intravenous anesthesia
at fast for 12h in 8-11 weeks after bile duct
ligation, and tubes were inserted through vein for
infusion, through femoral artery for measuring the
mean arterial pressure and heart rate, through
femoralvein to inferior vena cave for icvp, through
mesentery vein to portal vein for Ppv and from right
external jugular vein to hepatic vein for FHVP and
HVPG. The tubes were washed by heparin to
prevent from grume. The indexes were recorded by
physiological recorder (RM-6200) synchronously
before and 10, 30 and 60 minutes after
administration of drugs according to Latin rank
principle, 3 times per day, each drug being used for
90min-120min. The results were analyzed by F test
and q test.
Clinical study

Patients Fifty-nine patients with hepatic cirrhosis
(hepatitis B, 58 cases; hepatitis C, 1; female 21,
male 38, mean age 45.5 years mean course 106
years) were included in. All patients were consonant
with the following conditions: patients with hard
hepato-spleenomegly and esophagogastric varices;
patients with portal diameter > 1.4cm with slight
or without ascites, no upper digestive tract bleeding
and hepatic encephalopathy. The patients who took
vaso-active drugs such as propanolol, nifedipine and
diuretics recently were asked to stop taking these
medicines for a week before entering this study.
Grouping and course of treatment

All patients were divided into 4 groups. Group 1,
RSM, 60g/day, 21 patients; group 2, RAS 30g, 15
patients; group 3, RSM 60g/day + nifedipine
30 mg/ day, 12 patients; and group 4, RSM
60 g/day + nifedipine 30 mg/ day + bloosucker 3g/ day, 11
patients. A whole day dose of RSM and RAS were
added with 200ml water and immersed for 20
minutes and then added 600ml water, cooked with
low intensity of fire for three times into 100ml and
taken orally bid. Leech was baked and ground to
fine powder and put in to capusules and taken orally,
bid. Nifedipine 30 mg, tid, was administered for 10
to 12 weeks.
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RESULTS
Animal model

Two of 12 dogs died at week 2 and 3 respectively
due to infection and 3 dogs died between week 7 to 8
due to hepatic failure. Seven of 12 dogs developed
into liver cirrhosis with ascites and abdominal
varices, with body weight loss by 1/4 after bile duct
ligation at week 5. All dogs had liver cirrhosis with
a large amount of ascites, vein of greater omentum
congested and abnormal liver function ( Bil
83.5 µmol/L ± 4.95 µmol/L, ALT 211.67 U ±
44.8 U), there was a significant difference
compared with normal animal, P < 0.01. The
special characters of anatomy and histology were
coincided to these of billiary cirrhosis. The mean
portal pressure (2.56kPa±0.30kPa) with cirrhosis
were increased significantly compared with normal
dogs (1.18+0.02, P<0.001).
Effects of RSM and RAS on hemodynamics in
health dogs

The portal and systemic circulation index in healthy
dogs were not affected by intravenous
administration of RSM and RAS. The MAP of dogs
were lowered 5 - 10 minutes after RAS
administration, but returned normal 60 minutes
later. The portal pressure and MAP were decreased
significantly 60 minutes after administration of
nifedpine compared with those before the drug
administration ( Ppv 1.50 kPa ± 0.45 kPa vs
1.27 kPa ± 0.61 kPa, P<0.05; MAP 16.5 kPa ±
0.71 kPa vs 0.21 kPa±0.19 kPa, P<0.05).
Effects of RSM and RAS on hemodynamics in
dogs with liver cirrhosis

The Ppv, WHVP and HVPG were decreased
significantly in dogs with liver cirrhosis 60 minutes
after administration of RSM and RAS (P < 0.050.01). The other indexes were not changed
significantly, P < 0.05. The Ppv, MAP and HR
decreased significantly 60 minutes after
administration of nifedipine (P<0.01), but HVPG
was not changed significantly (P > 0.05). This
result showed that RSM and RAS have selective
effects on portal system in dogs with cirrhosis but
without effects on blood pressure and HR, while
nifedepine had effects on blood pressure, Ppv and
HR(Table 1).

Experimental apparatus and methods

Comparison in effects of RSM, RAS and
nifedipine on Ppv and HVPG

The patients were examined by color Doppler
ultrasounography (dectector head 3 .5MHz) at dorsal
position quietly at fast. The Dpv, Vpv, Dsv and
Vsv were measured before and 2.6 and 10 weeks
after treatment. Qpv and Qsv were calculated by
the formula: Q = πR2·V·60. Q: quantity of blood
flow, R: half vein diameter (D/2), V: mean
velocity of blood stream.

The Ppv in dogs with liver cirrhosis were decreased
significantly 10 minutes after administration of RSM
and nifedipine as compared with that before
(2.62 kPa ± 0.27 kPa vs 2.45 kPa ± 0.28 kPa, P <
0.05, 2.42 kPa ± 0.05 kPa vs 2.05 kPa ± 0.24 kPa,
P<0.05). Although RSM could lower Ppv but not
statistically (2.56 kPa ± 0.30 kPa vs 2.43 kPa ±
0.39 kPa, P>0.05).
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Table 1 Effect of RSM, RAS and nifedipinc on hemodynamics in dogs with liver cirrhosis(KPa)
RSM treatment group

RAS treatment group

Before

After 60 min

Before

After 60 min

Ppv

2.56±0.30

1.82±0.33 b

2.42±0.05

1.38±0.32 b

FHVP

1.39±0.47

1.10±0.28

0.98±0.15

0.94±0.06

WHVP

2.17±0.36

1.70±0.30 b

2.33±0.09

1.90±0.33

HVPG

0.93±0.33

0.60±0.43 b

1.35±0.16

0.97±0.30

ICVP

1.02±0.34

0.99±0.29

1.05±0.35

1.02±0.32

MAP

13.75±2.40

13.30±2.34

14.07±3.18

13.13±2.48

134.00±1.72

147.80±22.36

138.75±28.39

137.00±28.02

HR(beat/min)
a

b

P<0.05, P<0.01 vs compared with petreatment.

Table 2 Comparesion among the effect of RSM, RAS on Dpv HVPG
RSM vs RSA

RSM vs nifedipine

RSM vs nifedipine

Ppv

HVPG

Ppv

HVPG

Ppv

30 min

1.29

1.96

3.06

2.30

4.13a

60 min

2.51

HVPG

Treatment

a

3.57 a

4.26 a

5.95a

P<0.05, P<0.01 vs compared in any two group.

Table 3 The effect of RSM, RAS and other drugs on portal hemodyamics in patients with liver cirrhosis
Dpv (mm)

Dsv (m)

Qpv (ml/min)

Qsv (ml/min)

Group
Before

1 0 weeks

14.84±1.03

13.06±1.58 c

2

14.80±0.92

14.37±0.09

b

11.10±1.67

10.38±0.186

3

15.03±1.29

13.62±0.09 c

11.78±3.16

10.97±0.28 b

4

14.75±1.39

13.05±0.65

1

b

Before

10 weeks

12.20±1.92

10.03±1.93 c

11.58±2.31

9.87±2.05

Before

b

a

10 weeks

Before

10 weeks

2346.95±1592.29

1686.93±1056.05 b

2065.50±1209.17

1421.38±924.99 b

1673.42±203.19

1564.49±267.08

1717.60±919.34

1099.04±744.82 a

2117.47±676.31

1753.40±593.46a

1825.89±1151.13

1312.28±780.56b

1794.74±641.06

1226.08±321.16

1781.92±1197.19

1087.74±70.45 a

a

Group 1: RSM; group 2: RAS; group 3: RSM nifedipine; group 4:RSM+bloodsucker+ nifedipine, compared in any two group aP <
0.05 bP<0.01 cP<0.01.

Table 4 Comparesion of the used drugs on Dpv
Group 1-2

Group 1-3

Group 1-4

Group 2-3

Group 2-4

-4.220c

-2.637a

-3.633c

-2.265a

Group 3-4

Administration
2 weeks

-0.254

0.881

6 weeks

3.042b

-0.153

-2.635

-2.917b

-2.941b

-0.415

10 weeks

4.563c

1.217

-0.098

-3.055b

-3.628c

-0.982

Group 1: RSM; group 2: RAS; group 3: RSM+nifedipine; group 4:RSM+leach+ nifedipine, compared in any two group.
a
P <0.05 bP<0.01 cP<0.01.
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Table 2 shows that RAS has a more powerful
effect in Ppv and HVPG 30 minutes after treatment
than nifedipine (P<0.05) whereas there was no
significant difference in effects for Ppv and HVPG
among RSM, RAS and nifedipine (P>0.05). It is
worthy noticing that RSM and RAS were more
effective for Ppv 60 minutes after administration
than nifedipine (P < 0.05), but there was no
significant difference between RSM and RAS. The
result demonstrated that the action of nifedipine on
portal and blood pressure is quick and short whereas
RSM and RAS last long in action but without effects
on MAP and HR.
Clinical study
Effects of RSM and RAS on portal
hemodynamics in patients with cirrhosis

The Qpv, Dsv, Qpv and Qsv in patients with
cirrhosis were lowered significantly after using RSM
(P<0.01-0.001), while Dpv, Dsv and Qsv were
decreased markedly after using RAS (P = 0.05 0.01), but no significant effects on Qpv (P >
0.05). The Dpv, Dsv, Dpv and Qsv were all
decreased significantly in the groups of RSM +
nifedipine and RSM+bloodsucker+nifedipine 10 weeks
after treatment (P<0.05-0.01). The velocity of
blood flow of portal and spleen vein were not
changed significantly (P>0.05) (Table 3).
Comparison of effects of RSM, RAS on Dpv

Dpv decreased significantly in 2 weeks after
treatment in the group RSM+nifedipine and group
RSM+leech+nifedipine. The rank order in effect
from strong to week is RSM+leech+nifrdipimne>
RSM and RSM + nifedipine > RAS (P<0.05-0.01).
(Table 4)
Side effects

There was no side effects in the group taking the
medicinal herbs. A few patients had headache,
dizziness and so on in the group taking herbs and
nifedipine in combination, but all recovered after
termination of medicine.
DISCUSSION

Calcium antagonist nifedipine is one of the most
common drugs used to lower portal hypertension,
but it can also lower the blood pressure at large oral
doses and some patients had bad tolerance to it.
More and more attention has been paid to the better
effect of RSM and RAS in portal hymodynamics in
patients with hepatic cirrhosis. The present study
showed that RSM and RAS used intravenously could
lower Ppv (kPa, 2.56 ± 0.30, 1.82 ± 0.33, 2.43 ±
0.05, 1.38 ± 0.32, P<0.01), WHVP (kPa, 2.17 ±
0.36, 1.70 ± 0.30; 2.33 ± 0.09, 1.90 ± 0.33), and
HVPG (kPa, 0.93 ± 0.33, 0.60 ± 0.43; 1.35 ±
0.16, 0.97 ± 0.30) in dogs with experimental liver
cirrhosis, but without any influence on MAP and
HR in normal dogs. Although nifedipine could
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reduce Ppv, WHVP and HR in dogs with liver
cirrhosis, RSM and RAS had more powerful effects
in lowering portal hypertension and without effect
on systemic pressure as compared with nifedipine.
The combination of RSM, RAS, RSM+niedipine,
RSM + nifedipine + leech could reduce Dpv, Dsv,
Qpv and Qsv in patients with liver cirrhosis. RSM
and RAS could also improve the patients’ symptoms
and liver funcition. Rapid and prolonged effects
could be obtained, when combined therapy of the
herbal medicine and western drugs was used. This
should be further studied. The effects of nifedipine
in lowering portal hypertension is rapid, which
appeared 10 minutes after intravenous and 2 weeks
oral administration but with the disadvantage of
reducing the blood pressure and HR. The effect of
intravenous RAS in reducing Ppv in dogs with liver
cirrhosis became stronger than nifedipine with the
prdayed time of drug administration (P < 0.05),
but without changes of blood pressure and HR.
Although the effect of RSM in reducing portal
hypertension appeared in 30 minutes intravenously
and 6 weeks orally it last longer and became
stronger, and peaking at 60 minutes intravenously
(2.56 kPa ± 0.30 kPa, 1.82 kPa ± 0.33 kPa, P <
0.01) and 10 weeks orally (14.84 kPa ± 1.03 kPa,
13.06 kPa ± 1.58 kPa, P < 0.001). The result
showed a long course of treatment or intravenous
administration is necessary in RSM. The effect of
combination of RSM, leech and nifedipine in
treatment of portal hypertension appeared rapidly
and more powerful, which is a drug logimen of choice
for patients with high Ppv.
The mechanism of RSM and RAS in lowering
portal hypertension has not been well understood
yet. RSM can prevent from liver fibrosis if it is used
for a long time. It was reported that RSM can
inhibit fibroblast cells. Large doses of RSM can
activate collagenase and help blockage the
extracellular matrix[4]. The value P-III-P and lamin
were decreased in patients with liver disease after
oral treatment of RSM. The present study
demonstrated that long-term oral treatment of RSM
for 10-12 weeks can reduce the portal vein and
spleen diameters and blood flow, but the velocity of
blood flow did not change. The effect become more
and more powerful with time. The present study
suggested that combination of RSM, RAS, leech
and nifedipine is effective in lowering hypertension
and without side effects in treatment of liver
cirrhosis.
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Effect of combined therapy of Yinchenhao Chengqi
decoction and endoscopic sphincterotomy for
endotoxemia in acute cholangitis *
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Abstract
AIM To evaluate the therapeutic mechanism of
Yinchenhao Chengqi ( YCHCQ ) decoction
(containing mainly Herba Artemisia capillaris)
combined with endoscopic sphincterotomy
(EST) for endotoxemia (ETM) in acute
cholangitis.
METHODS Twenty-one cases of acute
cholangitis with ETM were divided randomly into
two groups: group A, 10 patients treated with
YCHCQ decoction combined with EST, group B,
11 patients treated with EST. The incidence rate
of ETM, plasmic ET, serum superoxide
dismutase (SOD) activity, malonyldialdehyde
(MDA), complement C3 and C-reactive protein
(CRP) were studied respectively.
RESULTS The ET level of group A (35.92ng/L±
8.30 ng/L) was significantly reduced after 7
days of treatment (P<0.05) in contrast to that
of group B (47.8ng/L±11.62ng/L), so did the
level of MDA and CRP. But the SOD activity and
C3 level in group A increased significantly (P<
0.05).
CONCLUSION YCHCQ decoction combined
with EST had a beneficial effect for ETM in acute
cholangitis.

INTRODUCTION

Endotoxemia (ETM) is one of the most important
physiopathologic causes of acute cholangitis and it is
the trigger of cytokines and inflammatory factors.
In recent studies it has been found that Yinchenhao
Chengqi (YCHCQ) decoction has a beneficial effect
on ETM in acute cholangitis. With the development
of endoscopic surgery, endoscopic sphincterotomy
(EST) has become an effective replacement for
some operations in the treatment of acute
cholangitis[1]. The effect of YCHCQ decoction
combined with EST on ET, oxygen free radical and
complement C3 was observed in order to find out its
therapeutic mechanism.
MATERIALS AND METHODS
Clinical materials

Twenty-one cases of acute cholangitis with
endotoxemia were divided randomly into two
groups: group A, 10 patients (6 males and 4
females) treated with YCHCQ decoction and EST;
and group B, 11 patients (6 males, 5 females)
treated with EST (Tables 1,2).
Table 1
Group

Disease composition of acute cholangitis
No. of
patients

Group B
Group A

Table 2

11
10

Common bile
duct stones
(%)
6(55)
6(60)

Benign stenosis of
Oddi’s sphincter
(%)
4(36)
3(30)

Biliary
ascariasis
(%)
1( 9)
1(10)

Comparison of general condition

WBC in
No. of peripheral blood Percent of
Temperature
Age
patients
(10 9/L)
neutrophil cell
( )
(years)
Group B
11
15.47±6.83
0.85±0.08
38.92±1.32 52.43±13.61
Group A
10
15.36±7.26
0.83±0.09
38.87±1.24 56.21±14.17
P
>0.05
>0.05
>0.05
>0.05
Group
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Methods

EST treatment EST was performed on the patients
with benign stenosis of Oddi’s sphincter. Besides
EST, stone extraction using Dormia basket,
retrieval balloon or mechanical lithotriptor was also
followed in the patients with common bile duct
stones, and ascaris lumbricoides extraction using
forceps was conducted in those with biliary
ascariasis.
Combined treatment of EST and YCHCQ decoction
The patients in group A took one YCHCQ decoction
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a day, 100mL in the morning and 100mL at night.
YCHCQ dection was composed of Herba
Artemisiae capillaris 30g, Fructus Gardeniae 15g,
Cortex Magnoliae Officinalis 15g, Fructus Aurantii
15g, Radix et rhizoma Rhei 15g (added later) and
Natrii Sulfas 10g (taking with hot decoction).
Assay of ET, superoxide dismutase (SOD),
malonyldialdehyde (MDA), complement C3 and Creactive protein (CRP) in peripheral blood Plasmic
ET was measured using limulus ozo-group
development process, serum SOD was determined
using xanthine oxidase process, and MDA by the
thiobarbituric acid clorimetric method. CRP and C3
were detected with fully-automatic instruments for
biochemical analysis.
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between the two groups, although on the 3rd and
7th day after treatment, the activity of serum SOD
in the two groups obviously increased, that of group
A being much higher than that of group B (P <
0.05). On the 7th day, serum SOD values of group
A had already turned normal (Table 4).
Table 3 Changes of the incidence rate of ETM
After treatment(%)
Group
Group B
Group A

No.of Before treatment
patients
(%)
11
11/11(100)
10
10/10(100)

d3
9/11(82)
6/10(60)a

d5
1/11(64)a
2/10(20)ac

d7
3/11(27)a

a

P < 0.05, comparison of intra-group; cP < 0.05, comparison
among groups. χ2 test.

Table 4

Changes of plasmic ET, serum SOD and MDA (x±s)
After treatment

Definition of ETM ET in peripheral blood of 50
normal volunteers was measured. The result was
32.53 ng/L ± 10.32 ng/L. Plasmic ET of 95%
normal volunteers ranged from 0 ng/L to
53.84 ng/L. If it is above 54 ng/L, it is defined as
ETM.
Statistical analysis

Group

No.of
Before
patients treatment
Plasmic ET (ng/L)
Group B
11 97.12±15.20
Group A
10 98.67±15.54
Serum SOD (kNU/L)
Group B
11 62.52±8.01
Group A
10 63.68±9.45
Serum MDA (µmol/L)
Group B
11 38.50±2.29
Group A
10 37.32±3.80

d3

d5

72.84±10.36a
67.07±13.50a

d7

62.61±10.08a 47.80±11.62a
48.18±11.46ac 35.92±8.30ac

72.38±10.52a 86.89±13.56a
96.47±15.35ac 105.18±13.21ac
24.40±2.43a
6.40±1.28ac

12.47±1.70a
4.33±1.03ac

The results were expressed as x±sx. Data were
analyzed using Student’s t test. The incidence rate
of ETM was analyzed using χ2 test. P value less than
0.05 was considered significant.

a

RESULTS

It is shown in Table 4 that the level of serum MDA
lowered in various degrees in both groups after
treatment. MDA level in group A became nearly
normal on the 7th day.

The average days of hospitalization in group A were
7 days, 9 recovered and 1 improved, and no
complication occurred, while, the average days of
hospitalization of group B were 12 days, 9 recovered
and 3 improved, and complications occurred in 2
cases, including one case of acute peritonitis, and
one case of common bile duct stones at the ampulla
of Vater who underwent an operation to remove the
stones.
Effect of different treatment on ETM

In Table 3, plasmic ET level of the two groups was
markedly higher than that of the normal volunteers,
and ETM occurred. On the 3rd day after treatment,
the incidence rate of ETM in group A was lowered
significantly, as compared with that before
treatment. The incidence rate of group B also
decreased, but there was no significant difference as
compared with before until the 5th day after
treatment. The plasmic ET level of the two groups
declined obviously on the 3rd day, but without
significant difference between the two groups. On
the 5th and 7th day, ET level was lower in group A
than in group B.
Effect of different treatment on the activity of
serum SOD

Before treatment, the activity of serum SOD was
lower in both groups than normal (104.2 kNU/L ±
18.8 kNU/L). There was nosignificant difference

P < 0.05, comparison intra-group;
among groups. Student’s t test.

c

P < 0.05, comparison

Effect of different treatment on the level of
serum MDA

Effect of different treatment on the level of
serum CRP

There was no difference in the CRP level between
the two groups, which was both obviously higher
than the normal level before treatment. The CRP
level obviously decreased after treatment on the 3rd
and 7th day. However, the CRP value in group A
declined much more significantly than that in group
B (P<0.05) (Figure 1).

Figure 1 Changes of serum CRP. aP < 0.05, comparison of
intra-group; cP < 0.05, comparison among groups. Student’s t
test. A: Before treatment; B: The 3rd day after treatment; C:
The 7th day after treatment.
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Effect of different treatment on serum C3

As shown in Figure 2, there was no significant
difference in serum C3 of the two groups which was
both lower than the normal before treatment.
However, patients treated with combined YCHCQ
decoction and EST had significantly higher serum
SOD than group B.
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promote microcirculation. Therefore, it can reduce
the production of oxygen free radical, keep the
balance of oxidation and antioxidation, lessen the
damage to the gut barrier, reduce the production
and absorption of ET, inhibit the cascade effect of
ET and oxygen free radical, stop pernicious
circulation, keep the stabilization of the internal
environment, raise the ability of antioxidation and
alleviate the damage of peroxidation to organisms.
YCHCQ decoction could enhance immunologic
function, and promote the recovery of the function
of the complement system, the macrophage system
and the inactivation of ET.
Effect of combined YCHCQ decoction and EST
on ETM in acute cholangitis

Figure 2 Changes of serum C3. aP < 0.05, comparison of intragroup; cP < 0.05, comparison among groups. Student’s t test.
A: Before treatment; B: The 3rd day after treatment; C: The
7th day after treatment.

DISCUSSION
Therapeutic mechanism of YCHCQ decoction
on ETM in acute cholangitis

As an antagonistic agent, YCHCQ decoction can
reduce ET production and absorption. Redix et
Rhizoma Rhei and Natrii Sulfas could get rid of
abdominal mass, bacteria and ET with an effect of
“Tongligongxia” in TCM to reduce the ET. Redix et
Rhizoma Rhei, Fructus Gardeniae and Cortex
Magnoliae Officinalis have a more powerful
bacteriostatic effect to reduce the production of ET
and the incidence of ETM derived from the gut[2].
Redix et Rhizoma Rhei, Herba Artemisiae Scopariae
and Fructus Gardeniae are also cholagogues,
antispasmodics and anti-inflammatory agents. They
can lower the incidence rate of ETM which resulted
from bile duct obstruction because the inflammatory
bile in the bile duct flows into the intestinal tract.
Some studies have confirmed that Redix et Rhizoma
Rhe has a more powerful antagonistic effect on ET.
The destroyed reticular structure of ET by Redix et
Rhizoma Rhe was observed under electron
microscope.
YCHCQ decoction could reduce the production
of oxygen free radical. ET could activate the
respiratory burst of leukocyte. A large amount of
oxygen free radicals strongly damage the histocyte,
particularly the gut barrier[3]. Peroxide, such as
MDA etc, is produced because of lipid peroxidation
by oxygen free radical which could attack multiple
unsaturated fatty acid on the biological
membrane[4]. YCHCQ decoction may reduce the
production of peroxide MDA, increase the activity
of SOD, decrease the permeability of capillary, and

This study confirms that YCHCQ decoction
combined with EST had a better therapentic effect
on ETM in acute cholangitis. Its advantages are
that: EST could incise part of the papilla so as to
clear common bile duct stones with mechanical
litheropsy instrument, and to eliminate the factors
of mechanical obstruction and bile duct stenosis. On
the basis of this action, the therapeutic effect of
YCHCQ decoction could be fully exerted. Thus, the
most important factors of acute cholangitis were
eliminated because common bile duct stones were
successfully removed with the combined treatment.
In addition, endoscopic retrograde biliary drainage
or endoscopic nasobiliary drainage were performed
after EST, in order to reduce the pressure of the
bile duct, drain the inflammatory bile, remove the
“Damp-Heat” and the mass on the abdomen,
normalize secretion and discharge the bile, reduce
jaundice, and preserve the function of the liver and
the kidney.
EST is an established non-²surgical method of
management for patients with acute cholangitis
from biliary obstruction or various causes. The
results show that the patients undergoing EST do not
require surgical operation and rarely suffer from
complications. They need only a short time of
hospitalization, experience little pain, and obtain a
rapid recovery. Also, this treatment dose not have
the limitations caused by repeated surgical
operations or the conditions of patients[5]. YCHCQ
decoction could reduce or eliminate the occurrence
of ETM in acute cholangitis. With its therapeutic
effect of “Tongligongxia” and clearing away “dampheat” and “Fuzhengquxie” in TCM, YCHCQ
decoction can reduce the production of oxygen free
radical and lipid peroxidation, thus inhibiting the
production and absorption of ET.
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DISEASE DEFINITION

Several cause exist for inflammation of the gut such
as infection, toxin, autoimmune reaction, radiation
and ischemia. When none of these causes are
identified, a group of diseases with unknown
etiology remains which are called chronic
inflammatory bowel deseases (IBD). The chronic
inflammatory bowel diseases include two distinet
entities, ulcerative colitis (UC) and Crohn’s disease
(CD), although there is a small group of patients
with an intermediate form.
UC was first described in 1859 by Walks[1]. It is
an inflammatory process confined to the colon in all
instances, which presents itself clinically with
bloody diarrhea, mucus in the stools, abdominal
pain, and weight loss. The colonic inflammation is
usually superficial, continues diffusely and often
begins in the rectum. Microscopic changes show
edema and congestion of mucosa, infiltration of
lymphocytes, plasma cells and polymorphonuclear
granulocytes, crypt abscresses, crypt architecture
distortion, and ulceration. When the inflammation
is confined to the rectum, the condition is called
proctitis. When the inflammation does not extend
beyond the descending colon, it is called left-sided
colitis. If the inflammation extends proximal from
the rectum to at least the hepatic flexure (sometimes
defined as beyond the splernic flexure), it is termed
pancolitis or total colitis. It is called reverse ileitis
or backwash ileitis, when inflammation of the
entire colon extends to the terminal ileum as well.
Crohn, Ginsberg and Oppenheimer described
ileitis as a pathological and clinical entity different
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from intestinal tuberculosis in 1932[2]. It was named
Crohn’s disease after the name of the first author.
However, in 1913, Dalziel gave a remarkable
accurate description of the disease[3]. CD can affect
any part of the digestive tract from the mouth to the
anus. The terminal ileum is the commonest site for
the disease. Lockhart-Mummery and Morson first
described the colon localization of CD in 1960[4].
CD is clinically presented with abdominal pain,
diarrhea and weight loss. Occasionally with an
abdominal mass, intestinal obstruction, or fistula.
The inflammation is focal, segmental and
transmural, often complicated by fissures, fistulas,
abscesses, and intestinal obstruction. The
macroscopic changes of CD reveal aphthous ulcers
and the microscopic features are lymphoid
aggregates, chronic inflammatory cell infiltration
and epitheloid granulomas.
Terminal ileitis refers to CD limited to the last
part of the ileum. It is called regional or segmental
enteritis, when the disease involves several segments
of the small intestine. Granulomatous colitis refers
to the colonic infolvement of the disease.
About 10% of the patients with colonic
inflammation can not be classified as either CD or
UC. These patients are categorized as
“undeterminate colitis”[5,6]. Follow-up of these
patients has shown that the majority of these
patients developed UC[6].
EPIDEMIOLOGY

The incidence of IBD varies greatly in different
geographic areas of the world[7-31]. A high
incidence is seen in North-West Europe and North
America. It is uncommon in Asia and Africa. The
incidence of IBD in western countries is about 2 to
15 per 100000/ year for UC and 0.9 to 11.6 per
100000/ year for CD. The peak age for UC is 30
years and for CD is 20 years. Women generally have
a 20%-30% higher risk than men in developing
CD. The reports on sex differences in UC are
variable, but there seems to be a tendency to a male
preponderance.
Data from Compenhagen from 1962-1987, show
that the incidence of UC remained stable at a mean
of 8.1/100000, whereas the incidence of CD
increased by 6 times, from less than 1/100000 to

XIA Bing, et al. lnflammatory bowel disease-definition, epidemiology, etiologic aspects, and immunogenetic studies

4.1/100000[13,14]. A recent epidemiological study of
the European collaborative study group on IBD gave
10.4/100000 (95% CI 7.6-13.1) as the incidence
for UC and 5.6/100000 (95% CI 2.8-8.3) for CD
from the South to the North of Europe[29]. In this
study, higher overall incidence rates were found in
Northern Europe than in Southern Europe, but the
magnitude of the difference was less than expected
on the basis of previous studies[7-24]. One
explanation is that the results may reflect a recent
increase in incidence of IBD in Southern Europe and
a stable incidence in the North.
The prevalence of IBD varies widely from 30200/ 100000 for UC and 1.2 - 106/ 100000 for
CD[30]. Determining accurate prevalence rates,
referring to the number of cases at one moment
divided by the total population of the area, creates
certain problems. Incidence figures, especially of
prospective studies, are therefore more likely to be
correct than prevalence figures[31].
In areas with a high incidence of UC, the
incidence of CD also appears to be high. The ratio
of UC to CD is approximately 2:1. No data are
available about the exact incidence of IBD in
developing countries. IBD was thought to be a rare
disease in Asian countries in the past. However, the
number of UC and CD cases has suprisingly
increased over the past 10 years[32]. There is a need
for epdemiological studies in these areas as to judge
the strength of genetic and environmental factors in
the pathogenesis of IBD.
ETIOLOGY

The etiology of IBD is not yet known but is likely to
be multifactorial. The pathogenesis of the disease is
largely determined by environmental and
immunological factors on a genetically predisposed
host.
Environmental factors

Since UC and CD were first described, much effect
has been made to search for infectious agents.
Although several bacteria can induce identical
symptoms and pathologic changes reminiscent to
those found in UC and CD, bacterial infection has
different features with a self-limited course,
effectiveness of antibiotic treatment and returning
to normal histology after treatment [33] .
Campylobacter jejuni, Shigella, Salmonella and
pathogenic coli are the most common causes for selflimited colitis [33,34]. Parasites (Amoebae,
schistosomiasis) and viruses (e. g. herpes,
cytomegalovirus, rotavirus, Norwalk agent and
influenza) are also explored as possible causative
agents in IBD or as inducing relapses of IBD, but no
definite evidence has been provided[35]. Most
recently, measle virus has been proposed as a
causative agent for CD[36-40]. The connection
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remains
disputed [41-44] .
Mycobacterium
paratuberculosis has been insolated from the bowel of
some patients with CD[45-47] and identified in more
than 50% of biopsy specimens, in less than 20% in
the healthy control group and in UC[48,49], but
recent studies do not support the hypothesis that
Mycobacterium paratuberculosis is involved in the
etiology of CD[50,51]. Most antimycobaterial
treatment
in
CD
patients
has
been
unsuccessful[52-55].
Other factors, including smoking, use of oral
contraceptives, socio-economic status, nutrition and
dietary habit, blood transfusion and perinatal
infections, have been suggested as risk factors in
IBD[31]. However, all factors should be reconfirmed
except smoking. Smoking has been considened as the
strongest exogenous risk factor for IBD. In this
contxt UC and CD seem to be opposites. Nonsmokers are associated with UC and ex-smokers are
at even higher risk of developing of UC than neversmokers[56-61]. The portective effect of smoking in
UC seems to be related to nicotine, but clinical
trials have shown variable results[62-64]. In contrast
to UC, smoking is associated with the development
of CD by thrombogenic and vasculitic
effects[58-61,65], and apparently influences the
clinical course and quality of life of the
patient[66,67].
Immunological factors

Immunology is one of the most actively studied
aspects in IBD. Disturbance of immune reaction
often has been observed in the patients, such as
increased numbers of immune cells in the lamina
propria, the demonstration of humoral and cellular
immune activation, association with other immunereiated diseases, and effective treatment with
steroids and immunosuppressive agents. Thus,
abnormalities of the intestinal mucosal immune
function have been postulated to explain the clinical
and histonathological nature of IBD.
The immunological hypothesis proposes that
IBD represents an abnormal immune response to a
normal stimulus in a genetically susceptible host[68].
This hypothesis was strongly supported by recent
experiments on knockout mice in which deletion of
immune-related genes has resulted in chronic
colitis[69-71]. Alternatively the infections hypothesis
proposes that some unidentified pathogens cause
IBD and that the immune system is just responding
appropriately to these pathogenic stimuli. Even
though no such pathogens have been found, this
hypothesis is still possible since chronic gastritis has
recently been confirmed to be caused by
Helicobacter pylori infection[72,73]. Moreover,
intestinal inflammation develops in mice as a
consequence of an abnormal immune response in the
presence of a single pathogen, such as Helicobacter

448

ISSN 1007-9327

CN 14-1219/ R

hepaticus or Helicobacter bilis[74,75]. However, in
these two hypotheses the immune system will
respond to ubiquitous antigens. In CD, the response
may be elicted by luminal constituents, whereas in
UC, an autoimmune response may be the causative
factor[76].
The antigenic challenge to the gastrointestinal
immune system is enormous, including pathogenic
bacteria, normal resident intestinal flora, bacterial
products, toxin, viruses, ingested chomicals, even
food and drinks. Thus, the immune system of the
gut has evolved at least two different directions. On
one hand, it has to provide the host with protective
mechanisms against invasion of pathogens across the
surface of the mucosa, and on the other hand it has
to take up large nutrient substances and tolerate the
normal intestinal flora, all of which may potentially
be immunogenic. For this purpose, the gut mucosal
immune system has developed specialized structures,
such as Peyer’s patches and isolated lymphoid
follicles, which is termed the gut-associated
lymphoid tissue (GALT), lamina propria, intraepithelial lymphocytes and mesenteric lymph nodes.
Intestinal antigens pass through membrane cells (Mcells) and are presented by antigen-presenting cells
(APC) in conjunction with the MHC class I or
class II antigens in Peyer’s patches. The interaction
between the MHC-peptide complex on the APC and
T cell receptor (TCR) determines the nature of the
T cell responses. Because of an enormous antigen
ceallenge in the intestine, it is apparent that the
mucosal immune system is in a constant state of
response, mainly down regulating mechanisms of
inflammation.
Recently, a defective epithelial barrier in the
intestinal mucosa has been postulated as one of the
etiologic factors in IBD [76]. The evidence of
enhanced mucosal permeability in CD[77-79] and
colonic mucin and sulfur compound alteration in
UC[80-82] support this hypothesis. However,
other[83-86] can not confirm the increased intestinal
permeability in CD. A defective epithelial barrier
may allow large uptake of antigens and proinflammatory molecules, such as luminal bacteria
and bacterial products, n-formyl-methionyl-leucylphenylalanine (FMLP), and peptidoglycanpolysaccharide polymers, and lipopolysaccharide
(LPS), and give more opportunities for antigens to
initiate immunological and inflammatory responses.
One of the important immunoregulatory
abnormalities in IBD is related to the T cell
response[76,87,88]. The intestinal lamina propria
contains approximately two thirds of CD4+T cells
and one-third of CD8+T cells in a proportion
similar to the peripheral blood lymphocytes[68].
Activation of T cells by different stimuli shows a
rapid increase of the expression of several surface
antigens. CD3 is present on all T cells and is used
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as a marker for the T cell lineage. CD4 is present on
those α/β T cells that interact with the human
leukocyte antigen (HLA) class II molecules and
CD8 is present on α/β T cells that interact with
HLA class I molecules[89,90]. Most of the lamina
propria T cells have the CD45RO + CD45RAphenotype characteristics of memory T cells.
Functionally, lamina propria lymphocytes are
characterized by their reduced proliferative and
cytokine responses through the TCR, but increased
reactivity through the alternative CD2 activation
pathway. When T cells are activated, they express
interleukin-2 (IL-2) receptor alpha chains (IL-2Rα
or CD25), HLA-DR, CD98 (an activation molecule
recognized by the monoclonal antibody 4F2) and the
transferrin receptor. They also produce many
cytokines, and thus take part in the regulation of B
and T cell responses and other immune
activities[68,87,91-93].
Histopathology of IBD has shown an increased
number of lymphocytes in the lamina propria.
Immunohistochemical studies on frozen sections of
intestinal tissue or cytofluorometric analysis of
isolated intestinal lamina propria mononuclear cells
from IBD patients shows no significant changes in
the CD4 + and CD8 + T cell subpopulations[94].
There are, however, no obvious defects in these
helper and suppresser T cell functions in isolated
lamina propria lymphocytes from CD patients on
poleweed mitogen stimulation[95]. However,
memory T cells expressing CD45RO + are increased
in the intestinal mucosa of IBD patients[68,91,96]. The
T-cell population from the peripheral blood or
lamina propria of intestinal mucosa in CD patients
showed early activation markers: IL-2R, CD98 and
the transferrin receptor T9 [97], and HLA-DR
antigens. Some studies have shown that HLA-DR is
not increased in lamina propria T cells[68]. One
study from Korea describes an increase of IL-2R,
the transferrin receptor, CD3 and HLA-DR in
lamina propria lymphocytes in UC, whereas CD3,
TCRα/β, and TCRα/β was decreased in CD[98]. In
another study, higher numbers of T cells expressing
IL-2R are found in CD patients, whereas
macrophages express IL-2R predominantly in UC
patients [99]. These phenomena may be related to
different activation patients observed in UC and
CD. High concentrations of circulating soluble IL2R in serum or high expression of IL-2R in mucosa
is strongly indicative for an active stage of CD and
UC [99-102].
CD4 positive T cells can be divided into two
subpopulations, Th1 cells and Th2 cells according to
their secreted cytokines. Cytokines are small soluble
peptides with molecular weight ranging from 5 to
50kDa, which regulate the function of target cells
through binding to specific cell surface receptors. A
large number of different cytokines have been
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identified and each cytokine has special functions
and cell origin. Cytokines act in conjunction and
form complex interactions in a cytokine network. It
is interesting that CD has selectively activated Th1
cells which produce pro-inflammatory mediators,
such as IL-2 and IFN-γ, and UC has selectively
activated Th2 lymphocytes which produce antiinflammatory cytokines, such as IL - 4 and IL 10[76,103]. These observations also suggest that CD
and UC have different patterns of abnormal
immunity. Recently a Th3 subset of T cells has been
reported to exist in GALT which plays a key role in
the production of transforming growth factor beta
(TGFβ). This cytokine is an active suppression
component of oral tolerance, a state of
unresponsiveness to immunity, and has
downregulatory effects on Th1 cells[104,105].
Activation of human mucosal T cells has been shown
to cause tissue injury in organ cultures[106],
indicative of the importance of T cell activation in
the mucosal lesions for IBD.
Another
important
immunoregulator
abnormality in IBD is related to the impalance of
cytokine regulation[76]. Although cytokines consist
of a wide range of structurally distinct peptides, the
majority are categorized into three major groups by
their overall dominant effects[107]:
1) Pro-inflammatory cytokines, so called Th1
type: TNFα, IL-1, IL-2, IL-6, IL-12 and interferon
γ (IFN-γ), lymphotoxin alpha (LTα) or tumor
necrosis factor beta (TNFβ) are responsible for cell
mediated immune responses. IL-1, IL-6, IL-8, and
TNFα are predominantly monocyte or macrophage
derived and have preferential pro-inflammatory
activities[108];
2) Whereas the Th2 type subset secretes
immunomodulatory cytokines I-1ra, IL-4, IL-5
and IL-10, and IL-13 predominantly synthesized by
T cells and responsible for humoral or B cell
immunity[108];
3) Growth factor and regulatory cytokines,
including the colony -stimulating
factors,
transforming growth factor beta (TGFβ), epidermal
growth factor (EGF) family, insulin like growth
factors, fibroblast growth factors, have growth
regulation and proliferative effects on different cell
types.
An imbalance between positive and negative
factors in favor of a proinflammatory response can
initiate an inflammatory cascade.
One of the most interesting immunoregulatory
balances in the IL-1/IL-1ra ratio, the former is a
pro-inflammatory cytokine, whereas the latter is an
anti-inflammatory cytokine which inhibits the
actions of IL-1 by binding to IL-1 receptors without
agonistic effects. A decreased IL-1ra/IL-1 ratio has
been observed in the mucosa of IBD patients when
compared with the ratio in the mucosa from healthy
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individuals and from other inflammatory
disorders[109]. The same study group had reported
blockade of endogenous IL-1ra to exacerbate and to
prolong inflammation in rabit immune clitis[110]
and deletion of the IL-1ra gone to increase
susceptibility to experimental colitis in mice[111].
Holt and colleagues think that a decreased ratio of
IL-1ra/IL-1 mRNA is the result of inflammation
rather than a unique IBD-related abnormality[112].
However, Kojouharoff et al show that treatment
with anti-IL-1 reagents, anti-TNF monoclonal
antibodies, and dexamethasone leads to aggravation
of acute colitis in mice induced by 5% sodium
dextran sulphate, but with IL-1 activity-inhibiting
reagents for chronic colitis failed to show any
significant effect, whereas the other two
significantly reduced the colitis [113]. This study
suggests that TNF but not IL-1 plays a major role in
perpetuation of chronic inflammation. Recently,
several cytokines, such as IL-4, IL-10, and IL-13
were reported to be capable of inhibiting the proinflammatory cytokines[114-116]. Kucharzik et al did
show that combinations of IL-10 plus IL-4 and IL-10
puls IL-13, respectively, inhibited IL-1β, and TNFα
response of peripheral monocytes stimulated by
pokeweed mitogen much more than IL-4, IL-10, or
IL-13 alone[117].
The classical anti-colon antibodies are found
more common in UC patients than in CD patients,
but are of minor diagnostic value[118,119].
Anti-neutrophil
cytoplasmic
antibodies
(ANCA) have been indentified [120]. Perinuclear
staining (pANCA) occurs in up to 70% of patients
with UC, but in less than 20% of CD patients and in
an even lower percentage of healthy controls.
Yang et al showed that pANCA-positive
patients have a significantly increased frequency of
HLA-DR2 as compared with pANCA negative
patients, whereas pANCA-negative patients have a
high frequency of HLA-DR4. These authors
therefore proposed at least two genetically
subclinical markers an HLA-DR2 associated pANCA
positive group and an HLA-DR4 associated pANCA
negative group[121]. These results could not be
confirmed by other studies[122,123] (Bouma, personal
communication). Recently, Abad et al reported the
IBD associated ANCA is different from vasculitisassociated ANCA[124].
Tropomyosin is an actin-binding cytoskeletal
protein localized in the apical cytoplasm and brush
border of colonic enterocytes and may possess
epitopes cross-reacting with bacterial products[125].
Anti-tropomyosin antibody, a 40kD protein present
in epithelial cells of the colon, skin and biliary tract
was found in the circulation of more than 55% of
UC prtients and the cross-reaction may be able to
induce complement activation mediated by
IgGI [125-127] . These data suggest that UC is an
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autoimmune disorder, but CD is not. However, the
notion that UC and CD are autoimmune disease has
been supported by very little documentation[76].
The final common pathway of immune
activation in IBD is the local influx of lymphocytes,
macrophages, and polymorphonuclear neutrophils
(PMN) which induce tissue damage, and
subsequently results in clinical manifestations of
IBD. These cells produce many immune and
inflammatory mediators that amplify the
inflammatory reaction. Among these are cytokines,
complement components, eicosanoids, plateletactivating factor (PAF), leukotrienes, adhesion
molecules, neuropetides, reactive oxygen
metabolites (ROMs), and nitric oxide (NO).
ROMs are one of the key mediators in the
inflammatory
final
common
pathway[128].
Therefore, removal of large amounts of free oxygen
radicals can relieve inflammation[129-131] and
probably one of the majoy working mechanisms of
5-aminosalicylate and sulphasalazine used in the
treatment of IBD[132].
The unrestrained activation of the immune
response and an imbalance in the immune regulation
are characteristics of IBD. This process appear to be
a secondary response following the initial unknow
stimulation or primary trigger. From the recent
development of experimental colitis in animal
models with application of targeted deletion of
genes (knockout mice) involved in immune
processes and transgenic approaches[133-138] we have
learned that:
1) The intestinal epithelial and mucosal immune
system are necessary for maintaining normal
intestinal homeostasis, and damage of the intestinal
epithelial barrier and imbalance of mucosal immune
regulation will contribute to the development of
IBD;
2) In some of these models without normal
intestinal flora or even without some challenge by
an exogenous external agent, inflammation does not
occur. This measns that activation of the immune
response in the intestinal mucosa needs persistent
antigen stimulation. The antigens can be pathogenic
bacteria, bacterial products, the normal intestinal
flora, and even dietary antigens;
3) Genetic susceptibility of the host is also
necessary to develop IBD as an important
interaction between environmental factors and
genetic predisposition.
As for the immune mechanism of IBD, Sartor
proposes that the pathogenesis of IBD progresses
through a series of steps: initiating events,
perpetuating
events,
immunoregulatory
abnormalities, tissue damage and clinical
sympotoms [76]. The initiating factors may be
infections, toxins, and NSAIDs. These factors can
break the intestinal epithelial barrier. Then the
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inflammatory process may be continued by exposure
to large amounts of resident luminal antigens and
thereby induce a mucosal immune response and
immunoregulatory abnormalities in genetically
susceptible host, and finally tissue damage and
clinical symptoms of IBD may occur. Although no
specific initial pathogen has been found, and large
and often conflicting results exist, it is now clear
that IBD is a disease of or at least involving the
mucosal immune system.
Genetic factors

There is overwhelming evidence that genetic
susceptibility plays a role in the development of
IBD[139-143]. This is supported by several studies.
Firstly, there is an increased risk for the
relatives of IBD patients to develop the disease. The
frequency of a positive family history in first degree
relatives of IBD is increasing in comparison with the
normal population. Familial aggregation is more
frequent in CD than in UC, suggesting that CD has
a stronger genetic predisposition than UC.
However, the data on familial aggregation do not
fit a simple Mendelian pattern of inheritance[144,145].
There is a higher concordance rate (which
means that both twins suffer from the disease) in
monozygotic twins than in dizygotic twins in both
CD and UC, but this rate is higher in CD than in
UC [146,147] . These twin studies also suggest the
importance of genetic factors in the predisposition
to IBD and can explain the phenomenon of familial
aggregation. Since monozygotic twins share 100%
of their genes, the observation that not all
monozygotic twins are concordance for the disease,
suggests that the penetrance of the IBD genotype is
reduced and environmental facdtors also play a role
in the development of IBD. Interestingly, one
recent report frist documented a case of UC and CD
occurring in a monozygotic twin pair[148]. This case
confirmed the important genetic contribution to the
development of IBD, but also highlighted the role
of environmental factors in dictating the IBD
phenotype.
Using complex segregation analysis of a large
population of IBD patients, two studies have
concluded that up to 30% of IBD cases may result
from a major gene defect. In CD, a major recessive
gene has been suggested and in UC the results are
consistent with the involvement of a major
dominant gene[144,149].
There is a limited number of reports on the risk
of developing IBD in spouses of patients with IBD.
These studies suggest that the incidence of IBD in
spouses in not increased over the risk of disease in
the general population and is dramatically less than
in siblings[150-152]. The high rates of IBD in the firstdegree relative versus the lack of high rates in
spouses[153] also support the importance of the
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genetic susceptibility to IBD.
Secondly, a large difference in the incidence
and prevalence of IBD is found at different
geographic locations and in various ethnic groups.
Western countries, especially in North and West
Europe and North America, have a higher incidence
and prevalence of both UC and CD than the rest of
the world[31,143]. As for certain ethnic groups, a high
incidence of IBD was found in Caucasians and a low
incidence in black and Asian people[31,154].
The most interesting observation is that the
Jewish population has a 2-9 times higher risk of
developing IBD than other ethnic groups living in
the same geographic area and during different time
periods [155-158]. Furthermore, Ashkenazi Jews of
European origin and American origin have a greater
risk of coming down with IBD than the Jews of
North African and Asian origin [158-160]. The
prevalence of IBD is higher in Ashkenazi Jews of
middle European origin than in those of Polish or
Russian origin[161,162]. These ethnic aggregation
phenomena can be explained by both genetic and
environmental factors, but with such a consistently
increased incidence and prevalence of IBD in Jewish
people, it is hard to exclude genetic factors.
Thirdly, IBD is often associated with specific
genetically determined syndromes, such as Turner’s
syndrome, Hermansky-Pudlak syndrome, and
glycogen-storage disease type I b. UC or CD are
also often associated with several other immunerelated disorders with a clear genetic component but
otherwise unknown etilogy, such as ankylosing
spondylitis, primary sclerosing cholangitis,
psoriasis, multiple sclerosis, coeliac disease, and
autoimmune thyroid disease[143]. Ankylosing
spondylitis, primary sclerosing cholangitis, multiple
sclerosis and coeliac disease are linked to the genes
of the MHC[163].
Finally, recent whole genome screening studies
using microsatellite markers which survey the entire
genome for IBD-related lici in families with
multiple IBD patients, have stressed the importance
of genetic factors in the development of IBD. These
are ongoing studies that have demonstrated a
susceptibility locus for CD on chromosome
16[164,165]. The locus has been called IBD1. Later,
Ohmen et al from the US confirmed this finding
and described linkage with this locus only in nonJewish CD sibpairs and not in Ashkenazi Jewish CD
sibpairs[165]. Satsangi et al have detected the
susceptibility loci for both CD and UC on
chromosomes 3, 7 and 12[166]. Identification of
susceptibility lici for IBD by these powerful
technic is just beginning and progress will lead to a
substantial understanding of the genetic contribution
to the pathogenesis of IBD.
The experiments in transgenic mice and
knockout mice to induce the phenotypically similar
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intestinal and colonic inflammation also prove the
contribution of genetic susceptibility and
heterogeneity of IBD. Since the pathogenesis of
IBD involves immune responses, it is not surprising
that a large number of candidate gene studies are
focusing on the associations between IBD and
immunerelated genes, including MHC genes,
cytokine genes, T cell receptor genes, complement
factor genes, and genes encoding adhesion
molecules, e. g. intercellular adhesion molecule-1
(ICAM-1).
IMMUNOGENETIC FACTORS

To identify the genes that predispose to IBD, two
methods are now widely used. These include
population-associated studies and family-linkage
studies. The population-associated studies are based
on epidemiologic investigations and designed to
compare the frequencies of genetic markers or
polymorphic candidate genes between unrelated
affected cases and unaffected controls. An
association between a disease and a distinct genetic
marker may be suggestive for a causal relationship
of an associated gene (i. e., susceptibility gene), or
may result for linkage disequilibrium, which may
indicate the nearby location of the actual disorder
gene. Linkage analysis tests the chromosomal
location of disease susceptibility genes by identifying
polymorphic markers of known location transmitted
in families with multiple affected members. Linkage
studies examine whether a certain allele of a genetic
marker locus is transmitted within a family with the
disease of interest. Existence of linkage between a
given marker and the disease indicates that this
marker is located in close physical proximity to that
gene. Both the methods have been used to detect
genetic markers in IBD.
HLA genes

The major Histocompatibility Complex (MHC) in
humans called the Human Leukocyte Antigen
(HLA) complex, is located on the short arm of
chromosome 6, which occupies a large segment of
DNA extending about 3500 kilobases or 4
centimorgan. More than 100 different MHC genes
have been identified in the HLA complex. The
major HLA class I genes encode HLA-A, HLA-B
and HLA-C molecules, and HLA class II genes
encode HLA-DP, HLA-DQ and HLA-DR
molecules. Class I molecules present peptides
derived from proteins that are endogeneously
synthesized in the cytosol to CD8+ T cells. Class ¢ò
molecules present peptides derived from exogenous
or membrane-bound proteins to CD4 + T cells.
Each HLA gene encodes a cell surface molecule and
most HLA genes are highly polymorphic. Since
HLA molecules play an important role in antigen
recognition and in the immune response, the genes
are intensively studied in immunerelated diseases,
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including IBD.
HL-A class I studies in Japan showed an
increased prevalence of HLA-B5 and its subtype B52
in UC and this allele is in linkage disequilibrium
with the class II HLA-DR2[167-171]. Studies from
other countries have revealed the inconclusive
results that HLA-A11 has increased the frequency in
UC[172,173]. Two reports from China show that HLAA31 was significantly more often detected in UC
than in normal controls in the Chinese
population[174,175].
The studies of HLA-class II genes show a
positive correlation of UC with HLA-DR2 in
Japanese[169,171,176-178]. By the DNA-typing methods,
HLA-DRB1-1502 has been found as the allele
responsible for this association. HLA-DRB1-1502 is
the most frequent subset of HLA-DR2 in Japanese.
Several studies in European and North American
populations confirm these results and revealed that
HLA-DRB1-1501 is the most frequent subset of
HLA-DR2 in Caucasians[179-183]. However, other
studies did not show this association or even a
negative association had been found[184-188].
Recently in some studies a positive association
between HLA-DRB1-0103 and extensive UC has
been observed[186,189]. It is interesting to know that
the frequency of HLA-DR4 is significantly
decreased in UC patients, suggesting that HLA-DR4
may have a protective effect against UC[170,179,186,190].
In CD, results of studies are not uniform.
Several studies have shown an increased frequency
of HLA-B44[191-195], HLA-B18[196], whereas other
studies do not find any association with HLA class
I alleles[197-200].
As for HLA class II genes, HLA-DR1[201],
-DR4[176,202-205], -DR7 [206], -DRB3-0301 [187] are
found more often in CD, whereas HLA-DR3[201,206],
-DQA1 * 0102[204], and DPB1-0401[207] are found
less frequent in CD. Of these genes, only HLA-DR4
was frequently related with CD in studies in the
Japanese population. Ethnic variation as well as
clinical heterogeneity in UC and CD may explain
these confusing results.
HLA linkage studies have been conducted to
evaluate co-segregation of HLA haplotypes in IBD
families with multiple affected members. Increased
happloype sharing among affected siblings has been
found in some studies[186,208-210] but not in
toher[145,199,211,212].
Cytokine genes

α Tumor necrosis factor alpha
TNFα
α genes and LTα
(TNFα) and tumor necrosis factor beta (TNFα or
lymphotoxin alpha, LTα) are potent cytokines with
numerous biological functions such as the
heemorrhagic necrosis of tumors, cytotoxicity and
immunoregulation. The genes encoding TNFα and

WJG

October 1998

Volume 4

Number 5

LTα are tandemly arranged in the class III or central
region of the MHC at the short arm of chromosome
6[213]. This region, encoding at least 30 different
proteins that regulate macrophage and T cell
function, B cell proliferation, and antibody
production, plays a unique role in the regulation of
the immune system[214].
Several polymorphisms in TNF region have
been described. Partanen and Koskimies reported a
rare EcoRI restriction fragment length
polymorphism (RFLP) in the LTα gene in 1988[215].
Later, Messer et al showed a NcoI RFLP in the first
intron of the LTα gene in 1991[216] and thereafter
Ferencik et al described an AspHI RFLP in the first
intron of the LTα gene[217]. Of five polymorphisms
in the TNFα gene, four were found to be G to A
transition polymorphisms at positions 376[218],
-308[219], -238[220], and 163[218] in the promoter
region of the TNFα gene, and one was a C insertion
polymorphism in a C-stretch at position + 7 in the
first exon of the TNFα gene [221]. As for
microsatellites in the TNF- region, five polymorphic
loci have been found[222]. Two are located 3.5kb
upstream of the LTα gene, one is present in the first
intron of the LTα gene, and the positions of the
other two are downstream of the TNFα gene.
Recently,
a
compoundtetra,
dinucleotide
microsatellite polymorphism was found in TNF/LT
locus[223].
A limited number of studies on associations
between the TNFα 308 gene polymorphism and UC
and CD have been carried out. Mansfield et al
found no evidence for the involvement of this
polymorphism in either UC or CD[224]. Allele 2 of
the TNFα -308 polymorphism was sightly decreased
in CD[225]. A specific allelic combination of five
microsatellite alleles, linked with the HLA-DR1DQ5 haplotype, was increased in CD patients[226].
Studies from our group have shown that in the
Dutch population there are only five haplotypic
combinations at four polymorphic sites in the TNFα
and LTα genes[227].
IL-1 and IL-1ra genes In man, the genes encoding
interleukin-1α (IL-1α) and IL-1β, and their
antagonist, interleukin-1 receptor antagonist (IL1ra) are located in each others vicinity on the long
arm of chromosome 2
(2q13 - 14) [228].
[229-231]
Polymorphisms of IL-1α
, IL-1β[232,233], and
[234]
genes have been described in recent
IL-1ra
years. The IL-1ra gene polymorphism in intron 2 is
characterized by an 86bp tandem repeat (VNTR),
with five different alleles encountered in the
Caucasian population. Mansfield et al from England
studied the association between IBD and IL-1α, IL1β and IL-1ra genes. Allele 2 of the IL-1ra gene was
significantly over-represented in UC patients,

XIA Bing, et al. lnflammatory bowel disease-definition, epidemiology, etiologic aspects, and immunogenetic studies

especially in patients with total colitis, a similar
situation was not seen in CD[224]. Our group did
confirm that IL-1ra allele 2 is related with severity
in UC[235], and found non-carriers of IL-1β allele 2
to be more often present in carriers of IL-1ra allele
2 in UC and CD than in healthy controls[236]. This
suggests that the imbalance of the IL-1/IL-1ra- ration
observed in IBD[109,237] has a biological basis. Brett
et al found an increased frequency of IL-1ra allele 2
in UC, with the majority of the association arising
from the pouchitis group, suggesting that the
presence of allele 2 in patients with UC affects the
disease outcome[238]. However, three other reports
show no association between the allele 2 and
UC[225,239,240].
Other candidate genes From the United States,
Yang et al have reported studies on single base
polymorphisms in exons 4 and 6 of the ICAM-1 gene
in IBD patients. The results show that these two
polymorphisms are not associated with CD or UC.
Only after stratifying patients by pANCA status,
differences are demonstrated between subgroups of
UC and CD[241] . The significance of this
unconfirmed observation is uncertain.
Elmgreen et al have reported a study on a
polymorphism in the complement C3 gene in IBD.
A single nucleotide substitution in the C3 gene did
result in a fast moving product on electrophoresis
(C3F), that is more often present in CD patients,
but not in UC patients[242].
As for T cell receptor (TCR) gene, two studies
show no associations of IBD with TCRα and β-chain
polymorphisma[243,244]. One study found that the
TCR constant beta gene was associated with UC[190]
and two other studies found that TCR-V-β 8 was
associated with CD[145,146].
With regard to transporter associated with
antigen processing (TAP) genes, which are located
between HLA-DP and HLA-DQ, Heresbach et al
found no difference between overall UC or CD and
unrelated healthy controls[123,247].
Above all, the results from these candidate
gene studies are often conflicting and require further
confirmation.
SUMMARY

The etiology of IBD remains unclear.
Environmental factors, a genetic predisposition and
a disturbed immunological response all contribute to
the development of the disease.
Even though pathogens have not been identified
as a cause of IBD, persistent infections are highly
suspected,
including
Mycobacterium
paratuberculosis and measles virus in CD, and an
unknown bacterial infection and/or bacterial
products in UC. Smoking has been suggested to be a
strong risk factor in CD, and in determining the
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clinical course of UC and CD.
Disturbances of the mucosal immune system and
an imbalance of immune regulation presented by
cellular and/or humoral abnormalities as well as
functions of pro-inflammatory cytokines and antiinflammatory cytokines, and other mediators were
observed in IBD patients and are considered to be
fundamental to the pathogenesis of IBD. Because of
the multiplicity and complexity of the interactions
of all these elements, it is difficult to distinguish
between primary and secondary, and pathogenic
and non-pathogenic phenomena£Û248£Ý. With the
development of transgenic and knockout rodent
models, it is pollible to define the critical immune
elements necessary to develop IBD. Recent studies
demonstrated that mucosal homeostasis is important
and a defection mucosal barrier may allow
unrestrained uptake of luminal antigens and proinflammatory molecules and thus initiate immune
responses. Some evidence for an imbalance of proand anti-inflammatory cytokines and of Th1/Th2
lymphocytes have been found in chronic intestinal
inflammation. pANCA are present in more than
70% of UC patients, but their role as a subclinical
marker of UC needs to be confirmed.
As to genetic factors, epidemiological studies
have demonstrated the influence of genetic factors
on the development of IBD by phenomena such as
ethnic
variations,
familial
aggregation,
monozygotic twins versus dizygotic twins, and first
degree relatives versus spouses. A genetic influence
weights more for CD than for UC. Much interest
has been focused on association studies of HLAgenes, cytokine genes and other immunemediating
genes. These studies do not explain the over all
disease susceptibility to either UC or CD, but may
in future studies shed more light on the relevance of
these markers for subgroups of patients. The
definition of clinical subgroups in IBD, relevant to
these studies forms a challenge to the clinicans.
Recent studies using systematic whole genome
screening in families with multiple affected
members found the first susceptibility locus for CD
on chromosome 16, and susceptibility loci for both
CD and UC on chromosomes 3, 7 and 12 have been
reported. Further studies are needed to clarify the
complex genetic mechanisms in IBD.
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INTRODUCTION

Heat-stable hepatocyte stimulatory activity has been
described in the liver of weanling rats and pigs. This
growth factor is called hepatocyte stimulator
substance (HSS)[1]. Hagiya et al[2] reported the
complete amino acid sequence of a 30KDa band
from their purified product of rat liver and the
cloning and sequence analysis of its cDNA. They
called it augmenter of liver regeneration (ALR).
Our previous study[3] demonstrated that human ALR
had been cloned and sequenced. To further study
the bioactivity of human ALR (hALR), we
constructed a highly expressed vector pBV-hALR in
E. coli and about 20% of somatic protein of rhALR
was expressed.

containing ampicillin (100 mg/L) at 37
overnight. Bacterial colonies that contain hALR
plasmids by digestion were identified on plasmid
DNA with restriction enzymes (EcoRI, BamHI)
and agarose gel electrophoresis.
Expression in E. coli

LB medium containing ampicillin (100 µg/ml) was
inoculated with one colony which contain hALR
plasmid to 0. D600 = 0.4 - 0.5 at 30 and the
temperature of the culture was regulated to 42 ,
and the incubation was continued for 5 hours.
Separation and purification of granule

It refers to reference[4].
RESULTS
pBV-hALR expression vector

Enzymes such as EcoRI, BamHI and Hind III were
purchased from Promega. pBV220 plasmid and E.
coli JM109 were stored and pGEM-hALR plasmid
was constructed in our laboratory[3].

hALR cDNA fragment was inserted into pBV200
vector (Figure 1) and 6 positive colonies were
detected and identified by Hind III. pBV200 vector
showed 3 fragments 2727bp, 783bp and 125bp and
pBV-hALR vector also showed 3 fragments,
2727 bp, 1183 bp and 125 bp, but the second
fragment appeared differently (Figure 2).

Construction of expressed vector

Expression in E. coli

MATERIALS AND METHODS
Materials

hALR cDNA fragment was obtained from lowmelting gel after electrophoresis of pGEM-hALR
plasmid DNA which was digested with EcoRI and
BamHI. pBV220 vector DNA was also digested with
EcoRI and then incubated at 75 for 10min. hALR
cDNA fragment with compatible cohesive termini
and pBV220 DNA fragment were connected in
bacteriophage T4 DNA ligation system at 14
overnight. The reaction contained T4 DNA ligase 1
µL (3u), buffer 10×1 µL, 120 µg hALR cDNA
fragment and 100 µg pBV200 DNA fragment. Five
µL of ligation mixtures was added to 200µL
comptent E. coli JM109. Transfer appropriate
volume of transformed cell onto LB plate agar
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Induced by temperature, the hALR gene was highly
expressed in E. coli, and SDS-PAGE showed that
20% of somatic protein of rhALR was expressed
(Figure 3). Most of rhALR protein existed as
inclusion bodies in E. coli. After isolation and
washing the purity of granule reached 70%
(Figure 3).

Figure 1

Construction pBV-hALR vector.
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Figure 2 Detection pBV-hALR vector by Hind III.
1 γ/Hind III DNA marker 2-6 pBV-hALR vector digested by Hind III 8 pBV-220 vector digested by Hind III
Figure 3 SDS-PAGE profile of expressed rhALR.
1 Precipitation of E.coli JM109 with pBV-hALR after sonication
2 Precipitation of E.coli JM109 with pBV-220 after sonication
3 Precipitation of E.coli DH5α with pBV-hALR after sonication
4 Precipitation of E.coli DH5α with pET after sonication
5 Protein standard (Mr 14 400, 21 500, 31 000, 45 000, 66 2000, 97000)
6 E. coli JM109 with pBV-hALR
7 E. coli JM109 with pBV-220

DISCUSSION

Since LaBreeque[1] reported a kind of heat-stable,
liver specific stimulator in weanling liver
extraction, the gene has been cloned for about 20
years, but in vain. In 1994 Hagiya[2] found a similar
stimulator to HSS (ALR). The recombinant ALR
eventually produced by the gene derived from the
purified rat cytosol retained the hepatotrophic
potency as the native peptide, with no effect on the
cultured hepatocytes. ALR is not only expressed in
liver tissue but also in thymus. With the availability
of the hALR gene and its rhALR product we think a
series of questions can be explained about its
specificity, heat-stable quality and mechanisms. Its

potential clinical implication for the treatment of
liver diseases, including fulminant liver failure, is
worth further studies.
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Editorials

Gastrin as an autocrine growth factor in colorectal
carcinoma: implications for therapy
Graham S. Baldwin and Arthur Shulkes
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There is now considerable experimental support for
the hypothesis that progastrinderived peptides
stimulate proliferation of the normal colonic
mucosa[1], and act as autocrine growth factors in
colorectal carcinoma (CRC). In a previous
review[2] we summarized the evidence for the
presence of progastrin-derived peptides and their
receptors in CRC, and presented a model in which
amidated and non-amidated progastrin-derived
peptides stimulate proliferation of CRC cells via
distinct receptor classes. In this editorial we will
consider the various strategies available to interfere
with the individual components of the autocrine
loop, and the potential of the strategies to yield
novel diagnostic and therapeutic agents.
AUTOCRINE LOOPS

In the autocrine model (Figure 1) a cell synthesises
its own growth factor, which is released into the
surrounding medium. Binding of the growth factor
to cell surface receptors then results in the
transmission of a mitogenic signal to the cell
nucleus, with a consequent increase in cell
proliferation. In principle, autocrine loops could be
disrupted in at least 3 ways:
1. By reduction of growth factor mRNA with
introduction of antisense RNA or oligonucleotides,
2. By reduction of the concentration of
extracellular growth factor by treatment with
specific antibodies, or
3. By blockade of growth factor receptors with
selective antagonists.
In addition the presence of elevated
concentrations of tumour-derived growth factors in
the sera of patients with CRC may offer a sensitive
method of tumour detection, via the development of
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Figure 1 An autocrine growth loop involving progastrin-derived
peptides.

ANTISENSE mRNA EXPRESSION

Antisense experiments have provided clear evidence
for the involvement of progastrinderived peptides
in an autocrine loop in some cell lines of colonic
origin. Expression of antisense gastrin mRNA
reduced in vitro growth of the CRC cell lines Colo
320 and HCT 116 [3] . and of the conditionally
immortalized mouse colon cell line YAMC[4]. The
ability of HCT 116 cells to grow as tumours in nude
mice was also reduced by antisense gastrin mRNA
expression [3] . In control experiments in vitro and
in vivo growth of the CRC cell line Colo 205A,
which expressed negligible amounts of gastrin
mRNA prior to transfection, was unaffected by
expression of antisense gastrin mRNA [3]. However
the inherent difficulty of selectively targeting
antisense constructs to tumour cells may delay
development of related clinical therapies.
ANTIBODIES
Diagnosis

The question of whether or not CRCs produce
progastrin-derived peptides has been controversial,
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at least partly because of the large number of
potential products of the gastrin gene[2]. Progastrin
is processed to amidated gastrin via a number of
intermediates which include glycine-extended
gastrins. Some early reports were confined to
measurement of amidated forms of gastrin only, and
the variable extent of postranslational processing of
progastrin in peptide-producing tumours may
explain some of the negative findings reported in
the literature. Progastrin or progastrin-derived
peptides are now detected in 80%-100% of CRCs[2].
The concentrations of progastrin-derived peptides in
the serum of patients with CRC are also elevated
between 2.3-fold (H. pylori negative) and 5.2-fold
(H. pylori positive) [5]. The availability of a panel
of antibodies recognizing different regions of intact
progastrin, and of antibodies selective for individual
progastrin-derived peptides, may permit the early
diagnosis of CRC by radioimmunoassay of serum
samples. In this context a large prospective study
has recently indicated that hypergastrinaemia was
associated with a 3.9-fold increase in the risk of
later development of CRC[6].
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developed[2].
The non-selective antagonists proglumide and
benzotript inhibit proliferation of many
gastrointestinal carcinoma cell lines both in vitro
and in vivo[8] . Comparison of the inhibitory
potencies of proglumide, benzotript and other
selective gastrin/CCK receptor antagonists with
receptor affinities suggests that the gastrin/CCK-C
receptor is the probable target[9] . However a
clinical trial of proglumide in patients with gastric
carcinoma did not reveal any benefits, perhaps
because the concentrations achieved were not
sufficient to saturate gastrin/CCK receptors.
Gastrin/CCK-B receptor antagonists have also been
shown to inhibit the growth of some CRC cell lines
in vitro, and of primary human CRCs in vitro and
in vivo, but have not yet been subjected to clinical
trials. However the observation that most CRCs do
not express gastrin/CCK-B receptors indicates that
it will be unlikely that gastrin/CCK-B
receptorselective antagonists will be a general
treatment for CRC[2].
Non-steroidal anti-inflammatory drugs

Therapy

Antibodies against progastrin-derived peptides may
also be useful for treatment of CRC. The
proliferation of some, but not all, CRC cell lines
was inhibited by antibodies recognizing the Cterminal amidated tetrapeptide of gastrin[2]. On the
other hand, proliferation of the mouse colon cell line
YAMC was inhibited by antibodies recognizing
glycine-extended, but not amidated, gastrins[4]. A
promising approach to future therapy has been
provided by the observation that preimmunization
of rats with Gastrimmune (a conjugate of amino
acids 1-9 of gastrin17 and diphtheria toxoid which
recognises both gastrin17 and gastrin17-gly) reduced
the in vivo growth of the rat CRC cell line
DHDK12, either alone or in conjuction with 5fluorouracil and leucovorin[7].
ANTAGONISTS
Gastrin/CCK receptor antagonists

At least four receptors exist for the gastrin/CCK
family of peptides2. The CCK-A and gastrin/CCKB receptors are specific for amidated peptides,
while the glycine-extended gastrin receptor is
selective for non-amidated forms of gastrin. The
low affinity gastrin/CCK-C receptor binds amidated
and non-amidated forms of gastrin with equal
affinity. While the nonselective antagonists
proglumide and benzotript inhibit the binding to
gastrin/CCK-A, B and C receptors, antagonists
selective for either-A or -B receptors have also been

Epidemiological studies have revealed that nonsteroidal anti-inflammatory drugs (NSAIDs), and in
particular aspirin, reduce by approximately 50% the
risk of CRC and other cancers of the
gastrointestinal tract [10]. The NSAID sulindac also
reduces the size and number of colorectal polyps in
patients with familial adenomatous polyposis, and
inhibits the development of chemically-induced CRC
in rodents. Although selective antagonists have
indicated that the inducible isozyme cyclooxygenase2 is one of the targets for the inhibitory effects of
NSAIDs on CRC growth in vivo, several lines of
evidence suggest that other targets may contribute to
the anti-proliferative effects in vitro[10].
The gastrin/CCK-C receptor may be one such
alternative target. All of a panel of 17 NSAIDs
tested inhibited the binding of gastrin to the gastrin/
CCK-C receptor with affinities which correlated
well with their potencies as inhibitors of the
proliferation of CRC cell lines[11]. The most potent
antagonist of gastrin binding to date is sulindac
sulphide, which has an IC50 value of 40µM, and
more potent antagonists of the gastrin/CCK-C
receptor may well be of use in the treatment of
CRC.
CONCLUSIONS

This editorial has summarized several promising
avenues for future research into the effects of
progastrin-derived peptides as autocrine growth
factors in CRC. In particular the development of

Graham S. Baldwin, et al. Autocrine gastrin in colorectal cancer

antibodies against progastrin-derived peptides, and
of antagonists selective for progastrin-derived
peptide receptors, may provide new opportunities for
diagnosis and therapy of CRC.
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Hepatitis B virus (HBV) is a hepadnavirus which
can cause systemic infection and hepatocellular
damage in humans. Infection is acquired through
contact with the blood of a person carrying HBV.
The passive administration of anti-HBV surface
antigen (HBsAg) antibodies protects against a
subsequent infection and vaccination with HBsAg
has proved an effective means of protection
against HBV infection.
HBsAg purified from the plasma of HBsAgcarriers has been used for many years as an effective
vaccine but its major limitation is the availability of
the raw material and the cost. Since the late 1980s,
genetic engineering has allowed the development of
yeast-derived recombinant, very safe and efficient
DNA vaccines[1] and compulsory vaccination was
introduced in many countries to progressively
eradicate HBV infection. Recombinant vaccines
contain only the sequence 1-226 of HBsAg
(rHBsAg), representing the small nonglycosylated
HBs protein (S-domain), with the exclusion of the
preS1 and preS2 domains (Figure 1).
A serum level of at least 10 mIU/ml of antiHBs antibodies reached after vaccination has been
proposed to be the lowest limit for protection [2].
Several studies were conducted to examine the
duration of protection after immunization with
recombinant vaccines, but these were related to
seroconversion in selected clusters of vaccine
recipients, introducing parameters (age, gender,
smoking, obesity, etc.) which are known to
influence the immune response[3,4]. Recently, we
and others proposed a mathematical model to
calculate the time after the vaccination with
rHBsAg for the loss of protection due to an antibody
fall to below 10 mIU/ml[5,6]. This model, which
will beavailable on the web-6, showed that the decay
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in the level of specific immunoglobulins reached
after last booster dose is well described by the log
time-log titre linear function. In practice, anti-HBs
level falls quickly after the peak and then slowly,
and the time to reach very low levels depends on the
serum level reached at the end of the vaccination
protocol.
The analysis of specificity of raised circulating
antibodies after inoculation with rHBsAg showed a
binding region for one B-cell epitope represented by
a peptide located within the HBsAg sequence 110168 (Table 1). The same specificity has been
described after immunization with plasma-derived
vaccines or natural infection. This epitope
represents the a determinant of HBsAg, that may
be considered the conserved sequence among
different HBV subtypes (adr, adw, ayr, ayw) and
is able to stimulate cross-protection after
immunisation [7]. This dominant B-cell epitope is
conformational, discontinuous, characterized by
disulphide bonds and corresponds to a hydrophilic,
external region of HBsAg. Although antibodies
directed against this region protect against HBV
infection, an escape mutant of HBV has been
isolated from an infant vaccinated with rHBsAg and
later became positive for markers of viral
replication. The mutant presents an amino acid
substitution of glycine to arginine at position 147 [8].
This point mutation is stable, allows the attachment
of the virus to hepatocytes and represents a new
specificity not cross-reacting with normal virus
subtypes. The mutation of one amino acid can be
responsible for different conformations of a
determinant, with varying abilities to elicit and bind
anti-HBs antibodies.
Although the immunogenicity and protective
effect of rHBsAg are comparable with that of HBV
natural infection, differences have been described
in IgG subclass distribution after infection or
vaccination. The serological response to HBsAg has
been well characterized in patients with acute or
chronic hepatitis B, who presented circulating
immunocomplexes containing mostly IgG1 and IgG4
antibodies, or in convalescent sera where specific
antibodies were predominantly IgG1 and IgG3. The
analysis of IgG subclass distribution induced by
vaccination with rHBsAg shows that the IgG2
subclass is mainly synthesized with IgG1. The
presence of IgG2 with IgG1 subclass following
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vaccination against HBV was also described using
plasma-derived vaccines, where HBsAg is
glycosylated. Although the synthesis of IgG2
subclass antibodies is generally associated with
polysaccharide antigens, the absence of glycosylated
residues in the rHBsAg cannot explain the switch to
IgG2 production. A hypothesis to explain a
comparable immunogenicity from both vaccines is
that the network of cytokines secreted by T
lymphocytes recognising natural or recombinant
HBsAg, could induce the B lymphocyte switch to
this IgG subclass synthesis[9].

Table 1 B and T cells epitopes of HBsAg
Sequence
[6]

110-168
21-28[11]
124-147[11]
165-172[11]
215-223[11]
80-98[11]
171-179[16]

Determinants

Cell subsets

Conformational a determinant
B
Minimal epitope
CD4 T
Immunodominant zone
CD4 T
Minimal epitope
CD4 T
Minimal epitope
CD4 T
Containing predicted epitope
CD4 T
Minimal epitope
CD8 T

HLA restriction
Not HLA restricted
Class II
Class II
Class II
Class II
Class II
Class I

Figure 1 Structure of the HBsAg molecule. The hydropathy of
the sequence 1-226 is predicted according to Kyte and Doolittle
) and Engelman et al. 1986, Annu Rev Biophys
1982, J Mol Biol (
Biophys Chem (… …).

Anti-HBS production is the consequence of T
cell-mediated immunity stimulated by the
vaccination, which also plays a fundamental role in
preventing HBV infection. The use of genetic
engineering to synthesize recombinant HBV
envelope protein increased investigation into the
immunising activity of HBsAg. Some early studies
in vitro disclosed that CD4+T cells help HBsAg
specific B cell for the synthesis of anti-HBs
antibodies in subjects vaccinated with rHBsAg[10,11].
The isolation of T cell clones specific for
HBsAg from subjects vaccinated with recombinant
vaccine provided an important tool for investigating
the immunizing activity of this protein. It has been
observed that the response of antigen-specific T
lymphocytes to HBsAg depends on the sequence of
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the antigen molecule. In an attempt to identify the
sequences recognized by HBsAg-primed T cells from
vaccine recipients, synthetic peptides representing
short sequences of HBsAg protein have been used in
vitro to investigate specific cellular proliferation.
Recently, immunodominant HBsAg epitopes have
been confirmed or identified analysing the
proliferation of CD4+T cell clones (helper/
inducer) by peptides spanning the whole HBsAg
protein [12]. The clones belong to the Th 0/Th 2
subset, expressing and secreting in vitro interleukin
4, 5 and interferon- γ. Three minimal T-cell
epitopes have been described: sequences 21 - 28,
165-172 and 215-223. There is an evidence that
T-cell epitopes are also present within the 124-147
sequence, corresponding to that zone on HBsAg
containing the a determinant. The difficulty in
identifying a minimal epitope within this sequence
could be due to the low level of immunogenicity of
this HBsAg region. We cannot exclude the presence
of other important epitopes with in the most
hydrophobic region of HBsAg, that is very difficult
to study because of this characteristic, which
prevents the solubility of peptides in culture media
(Table 1). These findings are in agreement with the
Berzofsky algorithm [13], which predicts for
different protein zones the probability of
representing Thepitopes on the basis of the
sequential and conformational structure. The
pathway of exogenous antigen processing needs the
cooperation of antigen presenting cells (APC) and
the recognition of short aminoacid sequences
(epitopes) by Th cells in association with HLA class
II determinants. Recently it has been shown that:
DR molecules are mostly involved in the
presentation of immunodominant HBsAg peptides,
but at least DP determinants can participate in
an epitope can be
antigen presentation; and
efficiently presented by different MHC loci,
suggesting that a short sequence of HBsAg can be
immunogenically dominant, because of its
specificity for Th cells from subjects presenting
different HLA class II alleles[12]. On the other
hand, studies on the contribution of HLA class II
determinants to the regulation of antibody
production suggested that MHC loci are involved in
regulation of the immunological response after
rHBsAg immunization.[14].
In vitro studies on CD8+T cells responsible for
cytotoxic activity are hampered by the difficulty of
utilising target cells expressing appropriate HLA
class II determinants for the association with the
antigen. Although the cytotoxic activity of CD8+T
cells stimulated by HBsAg is not well known, one
minimal essential epitope on HBsAg has been
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described in sequence 172-180[15]corresponding to
a peptide candidate for the binding to HLA-A2
determinant and this sequence has been described to
activate T CD8+ lymphocytes isolated from subjects
sharing this HLA class II determinant. It is also
noteworthy that this antigen can evoke cytotoxic
activity by subsets of CD4+T cells expressing the
CD56 phenotype [16]. We do not exclude that
different short sequences of S protein could induce
an immunological response involving both CD4+
and CD8+T lymphocytes. Double pathway for the
antigen processing, utilising endosomic and cytosomic
cellular districts, has been described for the pre S2
protein sequence 120-134 of HBV, which can be
presented by HLA class I and class II
determinants, leading to activation of CD4+
(helper/inducer) and CD8+ (cytotoxic) T cells[17].
Identification of dominant epitopes on HBsAg
specific B, CD4+ and CD8+T cells may clarify the
effective role of rHBsAg in inducing a protective
cellular and humoral response against HBV
infection. The major histocompatibility complex
(MHC) controls the immune response to protein
antigen and allelic variants of MHC can influence
the lack of response to the immunisation in a small
percentage of vaccine recipients (5%-10%).
More recently some authors have analyzed the
possibility of utilising HBsAg-encoding plasmid
DNA as vaccine. Good findings have been obtained
in vivo following i.m. injection of the plasmid into
mice [18] . This route of administration induced
muscular cells to synthesize endogenous HBsAg
followed by the association of peptides with HLA
class I determinants and the secretion of the whole
molecule. In the future, DNA vaccine could be
considered an alternative method to obtain an active
immunization to several pathogens if this approach
proves to be as effective and safe as recombinant
protein.
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The role of adhesion molecules in gastric ulcer
healing
CHOW JYC, MA L and CHO CH
Subject headings stomach ulcer; adhesion
molecules; vascular cell surface adhesion molecul-1;
platelet endothelial cell addesion molecule

Gastric ulcer is a deep necrotic lesion involving the
entire mucosal depth and the muscularis mucosae.
Ulcer healing is an active and complicated process
of filling the mucosal defect with proliferating and
migrating epithelial cells and connective tissue
components, so as to reconstruct the mucosal
architecture. In this process, the concerted
interaction of a variety of tissues and cellular
systems are reguired, including those of soluble
mediators, formed blood elements, extracellular
matrix (ECM), and parenchymal cells. In fact,
healing of an ulcer follows a specific time sequence
and can be temporally categorized into three
processes which occur in a sequential order: (I)
inflammation; (II) tissue formation; and (III)
tissue remolding. This editorial will mainly discuss
the involvement of adhesion molecules in the phase
of tissue formation, a fundamentally important
process in ulcer healing
The critical steps of tissue formation during the
repair of the gut mucosal injuries include the
reconstitution of the epithelial mucosal barrier and
the development of new microvasculature by
angiogenesis. The healing of the gut is initiated by
restitution. Enterocytes at the edge of the wound
lose their differentiated characteristics and migrate
across the region of denuded basement membrane in
mucosa, while stimulation of angiogenesis during
initial wound healing facilitates the reconstruction
of original appearing mucosa and submucosa. These
processes could be initiated by a variety of soluble
chemotactic cytokines and growth factors secreted
from damaged cells.
Epithelial restitution is a fundamental
protective mechanism
that
allows the
gastrointestinal mucosa to reestablish functional and
structural integrity following superficial injury. The
initial step and progression of epithelial cell
migration depends on the adherence between
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epithelial cells and establishment of stable cellsubstratum adhesion to generate friction and
forward movement. The transformation from an
attached to a motile cell requires disruption of cell
junctional proteins such as E-cadherin/ catenin
complex and the modulation of expression, affinity
and binding specificity of ECM adhesion receptors
(e.g., integrins). Integrins have been implicated in
the regulation of cell migration in a variety of
systems [1]. Knock-out of β1 integrin gene in
embryonic stem cells has been shown to inhibit cell
migration and adhesion[2]. The up-regulation of the
functional activity of integrins α2β1 and α3β1, which
are receptors for laminin and collagen, is required
for cell attachment and migration. Epithelial
cadherin is the prime mediator of cell-cell adhesion
in epithelial cells. Perturbation of E-cadherin/
catenin mediated adhesion is as sociated with
epithelial migration and restitution following
ulceration of the gastrointestinal tract[3]. Epidermal
growth factor has been shown to induce rapid
tyrosine phosphorylation of β-catenin and γ-catenin.
This is associated with scattering and dispersion of
epithelial cells and disruption of E-cadherin from
the cell-cell junctions[4].
Angiogenesis is another crucial factor for ulcer
healing and tissue regeneration[5], which is a process
of new blood vessel formation from pre-existed
vessels. The importance of angiogenesis in
gastroduodenal u lcer healing has been extensively
studied. For instance, stimulation of angiogenesis in
granulation tissues has been shown to dramatically
accelerate the healing of experimental duodenal
ulcer in rats [6]. Furthermore, chronic indomethacin
administration inhibits angiogenesis in granulation
tissues and delays healing of experimental gastric
ulcers in animals [7]. Blood vessels are especially
important during tissue injury. When there is
inflammation, blood delivers nutrients, growth
factors, and immunocytes to the site of injury,
whereas waste products are removed from there. In
addition, regulation of blood flow in the
gastrointestinal mucosa is important for the
maintenance of the integrity of gastric mucosa and
protection against further mucosal injury. The
formation of new vessels in ulcer healing is a
dynamic process that is controlled by many diverse,
sometimes complex factors acting together in a local
environment. Again, a wide variety of growth
factors are involved in the regulation of adhesion
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molecule expression in a concerted manner during the
process of vessel assembly. The principal cell type
involved in the process of angiogenesis is the
microvascular endothelial cell.
Angiogenesis begins with proteolysis of the
basement membrane. Proteolysis is necessary to
induce microvascular endothelial cell invasion and
tube formation. Activation of both endothelial cells
and lymphocytes or monocytes is required for their
secretion of proteases. Their activation, however,
is dependent on adhesion molecules interaction.
During the course of inflammation, local
endothelial cells are exposed to various cytokines
that induce a series of endothelial surface adhesion
molecules. One of these inducible molecules,
vascular cell surface adhesion molecule-1 (VCAM1), a member of the immunoglobulin (Ig)
supergene family, is the counter-receptor for very
late antigen-4 (VLA-4), a surface protein present
on lymphocytes and monocytes. VCAM-1/VLA-4
interaction induces the increased expression of a
series of proteases required for proteolysis, and
therefore endothelial cells could get a hold on the
basement membrane, where they proliferate and
extend.
Following proteolysis, tube formation occurs.
A series of adhesion molecules come to play in tube
formation. Early events of tube formation are
mediated by platelet endothelial cell adhesion
molecule (PECAM-1/PECAM-1) interactions. As a
result of the cell to cell contact, a tube-like structure
is formed. Antibodies directed against PECAM-1
can inhibit tube formation in vitro[8]. Integrin αvβ3
is another adhesion molecule found only on the tips
of the endothelial cells in sprouting vessels. Its
immunoreactivity is absent in mature and quiescent
vessels. Both β1 and β3 integrins are involved in the
attachment between cells and their substrates. But
the presence of the latter adhesion molecule was also
thought to induce gelatinase expression on the
surface of the endothelial cells so as to enhance
migration and proliferation[9]. When the tube-like
structure is stabilized with β1 and β3 integrins, tight
junction formation occurs, which correlates with
the junction-associated molecules assembly and
organization[10].
Epithelial restitution, as well as angiogenesis,
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two of the fundamental components of the ulcer
healing process, are characterized by complex
alterations in adhesion between cells and the ECM.
Growth and motility factors involved in mucosal
repair of the gastrointestinal tract seem to modulate
these interactions in a coordinated fashion in order
to reestablish functional and structural integrity of
the mucosa. The mechanisms that regulate the
production of these adhesion molecules await
further exploration and clarification, as do the
differences between the consequences of different
types of mucosal injury. It is clear, however, that
the modulation of the cell migration, and
angiogenesis by adhesion molecules may be the
fruitful targets for future pharmacological
intervention in gastrointestinal wound healing.
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Phytochemical malabsorption: clinical significance
Mark L Wahlqvist and Naiyana Wattanapenpaiboon
Subject headings phytochemicals;vitamins;minerals;
gastrointestinal malabsorption

phytochemical-containing foods [4-6] ( Tabe 2 ).
Equally, measurements of phytochemicals reflect
bioavailability, including absorption.

CLINICAL SIGNIFICANCE OF PHYTOCHEMICALS

Until recent years, nutritionists have focused
primarily on macronutrients and micronutrients in
foods. Appreciation is now increasing that many
food
components,
of
plant
origin
(‘phytochemicals’) in particular, have the
potential to affect human biology. Phytochemicals
by definition are important components of food that
may not be essential in the classical sense, and may
not even be required to sustain life as vitamins or
minerals do, but are likely to contribute to optimal
health.
A problem in considering the place of
phytochemicals in human health is that they are
numerous, alongside a few known essential
nutrients. Therefore, their net interactive effect
ultimately requires a study of food itself and food
patterns, so that food component intake may need
to be subject to sophisticated mathematical
modelling. However, the advant of advanced
informatics may help resolve this dilemma.
Examples of phytochemicals, along with some
of their food sources are listed according to their
chemical structure in Table 1. The possible roles of
these phytochemicals in the treatment of health
conditions are rapidly unfolding[1], and the use of
an index of preferred phytochemical intake has been
suggested[2]. Yet limited information is available on
the bioavailability of most of these compounds.
With complex factors influencing the absorption and
transport of phytochemicals, it is not easy to predict
their bioavailability, let alone consider the
implications of gastrointestinal malabsorption.
BIOLOGICAL OCCURRENCE AND RELEVANCE OF
PHYTOCHEMICALS

The presence and the physiological concentration of
phytochemicals in biological tissues or fluids,
especially blood and urine, create the opportunity
for biomarkers of the consumption of
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Table 1 Selected phytochemicals and their possible roles in
health[3]
Phytochemicals

Some important food
sources

Possible roles
in health

Carctenoids

Orange pigmented and green
leafy vegetables, e.g.
carrots,
tomatoes, spinach

Antioxidants
Antimutagen
Anticarcinogen
Immuno-enhancement

Flavonoids,
isoflavonoids
and saponins

Green and yellow leafy
vegetables, e.g. parsley,
celery, soy bean and soy
products
Cranberry, raspberries,
blackberries
Rosemary, oregano, thyme
Green tea

Antioxidants
Anticarcinogen
Oestrogenic
Immuno-modulating
Antioxidants
Antibacterial
Reduce urinary tract infection
Antimutagen
Anticarcinogen
Anticariogen
Anticarcinogen
Antibacterial
Cholesterol lowering
Antimutagen

Polyphenols

Calechins

Allyl thiosulfinates Garlic, onions, leeks

Isolhiocyanates
and indoles
Phytosterols,
e.g. β-sitosterol

Cruciferous vegetables, e.g.
broccoli, cabbage
Pumpkin seeds

Reduce symptoms of prostate
enlargement

This list is not exhaustive for phytochemicals.

Table 2
tissues

Occurrence of phytochemicals in human blood and

Phytochemicals

Where can we find them in the body

Carotenoids
Lutein/zeaxanthin
β-cryptoxanthin
Lycopene
α-carotene
β-carotene

Serum (five major carotenoids)
Skin
Adipose tissues
Lens and macula (lutein/zeaxanthin)
Various tissues like prostate (lycopene)

Flavonoids
Quercetin, kaempferol

Serum
Urine

Isoflavcnes
Geristein, daidzein

Serum
Urine

Catechins eplgallo-catechin gallate

Serum

Allyl thiosulfinates
organosulfides
vinyl dithiins

Blood, serum, red blood cells
Adipose tissue
Liver
Kidney
Breath
Sikin

Tocotrienols

For the moment, the presence of phytochemicals
in tissues, is presumptive evidence of functional
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significance, especially where there is a plausible
mechonism of action (e.g. carotenoids as
antioxidants for serum lipoproteins). Observations
like this generate a number of exciting hypotheses
for further research.
CLINICAL SIGNIFICANCE OF PHYTOCHEMICAL
MALABSORPTION

Given the putative health benefits of
phytochemicals, gastrointestinal malabsorption may
well contribute to a loss of their protective effects.
This could result in a number of clinical disorders
which could be referred to as ‘phytochemical
deficiency disorders’[1]. Candidate disorders are:
a. The menopause as a ‘phytoestrogen
deficiency disorder’[7]
b. Cardiovascular disease because of the role of
certain phytochemicals as antioxidants, others as
are regulators of endothelial function and others as
modulators of myocardial function
c. Colorectal cancer in relation to a range of
phytochemical intakes from various fruits and
vegetables, and whole grain cereals[8]
d. Prostatic disease in relation to lycopene and
isoflavones[9,10]
e. Maculopathy on account of the contribution
to macular function of lutein and zeaxanthin[11]
Two cases of short bowel syndrome where
carotenoids were undetectable in serum illustrate the
potential for these orders (Case reports 1 and 2). In
each case, it was possible to increase serum
carotenoid concentrations by vegetable juice
supplements.
Case report 1 Mrs BW (b. 1956)
Vaginal cancer (1990) treated with
radiotherapy
Rectovaginal fistula - colostomy (1992)
Short bowel syndrome (1995)
Vegetable juice/soup
Serum concentration
(nmol/L)
Lutein/zeaxanthin
β-cryptoxanthin
Lycopene
α-carotene
β-carotene

No
Reference range

Jan 96

Yes

102
Not detectable
Not detectable
Not detectable
Not detectable

V-8ceTM (glass/day)

Case report 2. Mrs CM (b. 1956)

0

Serum concentration Reference range Nov 95
(nmol/L)
Lutein/zeaxanthin
β-crytoxanthin
Lycopene
α-carotene
β-carotene

Volume 4

80-850
175-1350
69-650
15-300
45-900

1×2
May 96

Number 6

ruptured

1×1
Nov 96

Not detectable
243
17
Not detectable
18
Not detectable
Not detectable
32
11
Not detectable Not detectable Not detectable
Not detectable
10
8

CONCLUSIONS

Witn arnergent evidence for physiological roles of
phytochemicals and for their potential for disease
protection, the use of foods, which are good
phytochemical sources, to prevent and manage
disease will be encouraged. The malabsorption of
phytochemicals is likely to be one of many pathways
to so-called “phytochemical deficiency disorders”.
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EARLY DETECTION OF LIVER CANCER AND THE
CHANGE OF THE CONCEPT OF SMALL LIVER
CANCER

Primary liver cancer (PLC) is one of the most
common cancers in China. According to the
statistics of our country, primary liver cancer claims
20-40 lives per100 000 people annually, with 19.98
per100 000 in cities and 23.59 per 100 000 in rural
areas, ranking as the second and the first leading
cause of cancer death respectively. Of all the newly
enrolled cases in the world each year, 45% are
found in the mainland of China. In the southeast
areas of high incidence, the situation is even worse
that the tumor tends to occur in a younger age
group.
In China, the research in the diagnosis and
treatment of primary liver cancer has undergone
four stages: in the 1950s, the anatomical study of
the liver lay a solid foundation for liver resection.
In the 1960s and 1970s, as the detection of AFP
and other liver cancer markers were widely used,
the ability of early diagnosis was greatly improved
In the 1980s,
with a better therapeutic effect.
the introduction of some new techniques, such as
CT, MRI, DSA, Doppler ultrasonography, etc.,
some new methods, such as hepatic artery
chemoembolization (TACE), percutaneous intratumor ethanol injection (PEI), hepatic artery
ligation (HAL) plus catheterized chemotherapy and
target therapy, and some new concepts, such as
curative local resection, reoperation of the
recurrent liver cancer, two-stage resection, the
combined surgical management of liver cancer
complicated with biliary duct thrombi,
splenomegaly,
portal
hypertension
and
comprehensive treatment further enhanced the
In the
development of liver cancer surgery.
1990s, the concept of comprehensive therapy
focusing mainly on surgery, the biotherapy strategy
based on the rapidly developing molecular biology
research and the study of liver transplantation for
liver cancer are paid close attention.
The progress of diagnosis and treatment of
primary liver cancer in recent years can be
summarized as follows.

The methods for early detection of liver cancer
include:
men aged more than 35 years, with a
history of hepatitis, and positive HBV or HCV,
associated with cirrhosis or chronic hepatitis, should
be recognized as a high risk population. Periodical
monitoring of this population is a key step to find
early liver cancers.
AFP and B-US screening
are, at present, the most sensitive, convenient and
economical methods for detecting early liver
cancers.
For the patients with low level AFP,
AFP variant detection is helpful. As to the patients
with negative AFP, other liver cancer markers can
In combination
be used for the early diagnosis.
with CT, MRI, CTA or DSA, B-US is of great
benefit in the early diagnosis of liver cancer for both
the nature of determination and localization Fine
needle aspiration for cytological assay or the
diffusion way of the ethanol injected under
ultrasonograph is also helpful for the establishment
of the diagnosis.
The criteria for small liver cancer have not
been standardized so far. In China, single nodular
mass with the diameter or the sum of the diameters
of two adjacent nodules less than 5cm was once
regarded as small liver cancer. However, with the
development of imaging tolls, the sensitivity is
greatly increased. The liver cancers with the
diameter less than 5cm are no longer regarded as
small liver cancers clinically. The research in
molecular pathology also showed that the great
majority of liver cancers presented their biological
features at the borderline of 3cm in diameter. Liver
cancers with the diameter less than 3cm present the
features of an early one, such as, growing largely in
the swelling mode, cncapsulated, low incidence of
vascular invasion and intra hepatic metastasis,
diploid type of DNA contents and relatively slow
growth. In contrast, the tumor with the diameter
more than 3 cm has the capability of invasive
growth and dissemination, the features of malignant
biology and does not belong to the classical small
liver cancer. In addition, as most of the liver cancer
is homogeneous, tumor with more than two nodules
has a higher probability of intra-hepatic metastasis.
The concept that mononodular tumor with 3cm or
less in diameter is a small liver cancer may be more
suitable for the present liver cancer management
and research. The early detection of liver cancer
may significantly improve the efficacy of surgical
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interventions. In our group[1], there was no surgical
death in the 709 cases with the tumor diameter less
than 5cm. The overall 1-year, 3-year and 5-year
survival rates were 89.9%, 85.0% and 79.8%.
Among them, of the 241 cases with 3cm or less in
diameter, the overall one-year, 3-year and 5-year
survival rates were 95.5%, 91.7% and 85.3%
respectively. However, of the massive-sized liver
cancers resected at the same period, they were
62.5%, 42.6% and 27.5% respectively.
THE HEPATECTOMY OF PRIMARY LIVER CANCER

At present, hepatectomy is still the treatment of
choice for primary liver cancer. From 1960 to
1996[3], we performed 3932 cases of hepatectomy
for liver cancer. Anatomical or extended
hepatectomy accounted for 55.4% and local
curative resection was 44.6%. The total mortality
rate was 0.76% postoperatively, with 8.84% before
1997, 0.43% between 1978 and 1989 and 0.35%
after 1990. The total 5-year survival rate was
36.1%, with 16.0% before 1977, 30.6% between
1978 and 1989 and 48.6% since 1990. One patient
has survived more than 33 years. Comparing the
survival rate listed above, we can tell that the
efficacy of surgical intervention has been elvated
significantly and rapidly since 1978. The main
reasons are: the ability of early diagnosis was
elevated; the renewal of some surgical concepts; the
improvement of surgical techniques and
perioperative management; and the development of
comprehensive therapy postoperatively.
The pathological data from this group showed
that 86.5% liver cancers were concomitant with
cirrhosis or chronic hepatitis. The anatomical or
extended hepatectomy might lead to a severe
decompensated liver function. Therefore, the
modality of liver resection drifted from a extended
resection to an irregularly radical local one. Under
the circumstance of chronic hepatitis or cirrhosis,
the radical local resection not only increases the
resectability, but also significantly decreases the
surgical mortality rate and attains the same longtime therapeutic effects as the extended resection,
or even better. The patients used to be subjected to
conservative therapy when one or more
complications presented, such as, jaundice, severe
portal hypertension and esophageal varices with or
without hemorrhage. With the accumulation of
clinical practice, obstructive jaundiced patients
resulting from involvement of hepatic hilus or
cancerous thrombi invasion of biliary tract could
undergo hepatectomy and the removal of biliary
duct thrombi if hepatic cellular jaundice and other
contra-indications could be ruled and most
often, the jaundice disappeared gradually. To the
patients with splenomegaly, hypersplenism and
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esophageal varices with or without hemorrhage, the
hepatectomy can also be performed with
splenectomy plus ligation of varices or portocaval
shunts.
COMPREHENSIVE THERAPY FOR PRIMARY LIVER
CANCER[4]

The comprehensive therapy was mainly focused on
advanced liver cancers that were unresectable. But
now, the concept of the comprehensive therapy for
liver cancer is extended and includes the pre- and
post-operative comprehensive therapy for resectable
liver cancer to prevent the recurrence; palliative
removal of incurably resected tumors followed by
anti-cancer therapy in order to make the tumor
shrink and prolong the survival time with tumor
burden; and
comprehensive therapy for nonsurgieal patients, with the hope of two-stage
resection and long-time survival with tumor burden.
Comprehensive therapy includes surgical and
non-surgical interventions. The former are
hepatectomy, hepatic artery ligation (HAL),
operative hepatic artery embolization (OHAE),
drug delivery system (DDS), operative ethanol
injection, microwave consolidation, laser
gasification, freezing, etc. The latter are
transcatheter arterial chemo-embolization (TACE),
B-US directed percutaneous ethanol injection (PEI)
or other drugs, radioisotopes and bio-agents,
biotherapy, radiotherapy and traditional Chinese
medicine.
Comprehensive therapy is so called with
contrast to single method. Rational multimodality
comprehensive therapy is superior to single method
in terms of effects. The tetralogy method of surgical
comprehensive therapy, which is the combination of
HAL, OHAE, DDS and radiotherapy performed,
in 603 advanced liver cancers in our hospital [2]
showed that the rate of two-stage resection and oneyear, 3-year and 5-year survival rate were
significantly higher than that of single procedure
(HAL or OHAE). The incidence of recurrence was
only 7.4% in the 27 cases treated with
comprehensive immuno-chemotherapy (cytokines
plus low dose chemotherapy) after resection, while
in control group, it was 32.0%. In 86 cases
operated upon. DDS chemotherapy was
adminiztered and the incidence of total one-year
recurrence was 34.9%, while in hepatic artery
group (n = 39), portal vein group (n = 26) and
hepatic artery combining portal vein group were
33.3%, 34.6% and 23.6%, respectively. Nonsurgical comprehensive therapy is indicative to
almost all the unresectable liver cancer patients,
with the methods of TACE and intra-tumor drug
injection the most popular. In a series of 8 000
TACE cases, the 3-year survival rate was 13.9%.

WU Meng-Chao. Clinical research advances in primary liver cancer

The drugs was selected in the B-US directed local
drug injection were absolute ethanol, 32P
radioisotope, OK432, TNF-α and IL-2. The 2-year
survival rate in 700 patients receiving PEI was
80.0%, with a total of 3000 times treatment. In
another group, 113 patients received TACE in
combination with PEI, the tumors shrank in most
patients (91.2%) at miscellaneous degrees, and the
total 2-year survival rate was 81.6%. Among them,
11 of the 71 patients with monofocal large tumors
received twoª²stage resection after the tumors had
shrunk and the two-stage resection rate was
14.28%.
Comprehensive therapy was not simply a
random combination of miscellancous methods. If it
was not properly combined, the therapeutic effects
would be compromised. The design of the protocol
should be case-specific. The model of the
comprehensive therapy is multiple in literature. We
propose two principles: attentions should be paid
to the complimentary effects of each method.
Avoiding the counteraction of the effects or the
accumulation of side effects. At the same time, the
toxic and negative effects of each method and its
possible damage to the liver function should be paid
enough attention. In addition, we stress the effects
of traditional Chinese medicine in comprehensive
therapy.
TWO-STAGE
CANCER

RESECTION

OF

PRIMARY

LIVER

[5]

In 1978, we reported a two-stage resection of a
massive-sized liver cancer shrunk after HAL
procedure. From then on, many reports followed
and this procedure became a promising model for
the unresectable large liver cancers. Surgical and
non-surgical comprehensive therapies lead to the
shrinkage of massive-sized liver cancers. At
present, the documented methods for massive liver
cancer shrinkage are: surgical comprehensive
methods, such as HAL, OHAE and DDS, and nonsurgical procedures, such as TACE, PEI, target
therapy and radiotherapy. A rational combination
of these methods makes some unresectable tumors
resectable if they were successively employed. From
1974 to 1994, 649 patients received this therapy and
73 cases of them had their tumors resected with a
resectability rate of 11.1% and no operative death.
The 5-year survival rate was 61.5% postoperatively,
with the longest survival being 17 years. The
pathological data in this group showed that although
the tumor shrank due to the comprehensive therapy,
it was essential to remove the tumor because of the
remnant living tumor cells. At present, though the
reported two-stage resectability rates of liver cancer
varies, the rates are still very low. The main causes
of the low resectability rate are
no general
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accepted criteria for tumor resectability. We
propose that the two-stage resection is indicative
only to the certainly unresectable tumors,
otherwise, the one-staged removal is the first choice;
rational employment of comprehensive therapy is
crucial for the tumor shrinkage and
the
unresectable liver cancers are recommended for nonsurgical comprehensive therapy, such as TAE, PEI
and guided chemoimmunotherapy as primary
choice.
PROPHYLAXIS
RECURRENCE

AND

MANAGEMENT

OF

[6]

The five-year recurrence rate in massive-sized liver
cancers is 80%, while in small liver cancers, 40%50%. The recurrence is most often found in liver,
with few cases in bone, lung and brain or in
abdominal cavity for the liver cancers ruptured
before operation. The postoperative anti-recurrent
comprehensive therapy, the early detection of the
recurrent lesions and early management of the
recurrent lesions are important steps to improve the
therapeutic effects. Periodical postoperative followup is key to the early detection. We examine them
with B-US, AFP and chest roentgenogram every 23 months. The patients with negative AFP are
subjected to detection of other markers. The CT,
MRI or CTA examinations are recommended to
those highly suspected of recurrence. On the whole,
the recurrence and metastases could be detected at
subclinical stage. Comprehensive therapy is helpful
in preventing the recurrence of liver cancer. The
earliest recurrence happens within 2 months
postoperatively, with the peak recurrence rate at 1
-2 years. The recurrence after 5 years is rarely
seen. Therefore, the anti-recurrent procedure
should be given periodically in the 5 years after
operation. Fine surgical manipulation to avoid
medical dissemination, portal chemotherapy and
suction of cancerous thrombi are all essential for
prevention of recurrence. TACE, DDS,
radiotherapy, immunotherapy and traditional
Chinese medicine are given with detailed planning
according to the condition of different patients. In
recent
years,
we
have
employed
immunochemotherapy, cytokines such as IFNs,
TNF-α, TIL, CTL and some of them work well in
anti-recurrence.
Reoperation is the treatment of choice for
recurrent liver cancer. In this group, 123 patients
received reoperation. The 1-year, 3-year, 5-year
and 10-year survival rates after first resection were
99.2%, 71.4%, 53.2% and 19.1%. The 1-year, 3year, 5-year survival rates after second resection
were 83.5%, 38.2% and 19.6% while they were
94.7%, 44.9% and 25.0% after third resection.
The reoperation of liver cancer is an effective
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method for the improvement of 5-year survival rate
and the establishment of reoperation concept has
changed the idea that once the liver cancer recurred,
it reached an advanced stage and was not fit for
another operation. TACE and intra-tumor drug
injection are indicative to those with poor liver
function, hidden or multifocal lesions. In recent years,
we performed PEI therapy in 109 recurrent cases
with 0.7cm-15.2cm in diameter, averaging 4.6cm and
the 1-year, 3-year and 5-year survival rates were
85.9%, 44.0% and 19.0% respectively. This
procedure is easily performed and has the
characteristic of faint side effects and damage.
CONSIDERATIONS FOR FURTHER IMPROVEMENT OF THE
OUTCOME OF PRIMARY LIVER CANCER[8]

At present, several factors influence the prognosis
of liver cancer clinically. They are whether small
liver cancers detected early enough; pathological
features of the liver cancer;
the curative degree
of the resection; and
the efficacy of the antirecurrent comprehensive therapy and the
resectability of the recurrent lesions. For
unresectable cases, the therapeutic effects depend
on whether the comprehensive treatment is
indicated and sensitive which will directly affect the
survival and the two-stage resectability. To all of
the liver cancer patients, the tolerance of the liver
function to the long, successive traumatic therapy
are the basis of therapeutic effects. Further
improvement of therapeutic effects on liver cancer
counts on the progress in basic liver cancer
research. Recently, there were many progresses in
the malignant biological features of liver cancer and
new methods of biotherapy. The former includes
clonal origin of liver cancer, oncogenes and
enzymes related to the recurrence and metastasis of
liver cancer and their mechanisms, glycoproteins
and glycolipids research, the mechanism of the
down-regulated immunity in liver cancer hosts and
immune escape of liver cancer, induced
differentiation of liver cancer, etc. The latter
includes regimens that inhibit the recurrence and
metastasis of liver cancer and angiogenesis
inhibition therapy of liver cancer, specific active
and passive immunotherapy, etc. Gene therapy and
tumor vaceine technique are also developing
rapidly.
It is controversial to the indications of liver
transplantation on liver cancer. In advanced
primary liver cancer, the recurrence after
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transplantation is unavoidable due to the vascular
invasion and distal metastasis as well as immunosuppressive agents used. On the contrary, the
therapeutic effects of liver transplantation on small
liver cancer combined with severe cirrhosis are
corroborated. Comparing the therapeutic effects of
hepatectomy and liver transplantation (60 cases
each). Bismuth[9] concluded that the 3-year survival
rates were almost the same, while the 3-year tumorfree survival rate was higher in liver transplantation
group than in hepatectomy group. As to the small
liver cancer (mononodular or binodular, with the
diameter less than 3 cm), the results of liver
transplantation were even better. Selby et al [10]
showed that the overall 5-year survival rate in 105
unresectable cases of different stages that received
liver transplantation was 36%, of whom the 5-year
survival rate for one to three stage was up to
52.1%, while in stage four, it declined to 11%.
They concluded that liver transplantation was fit for
liver cancer in early stages ( 2cm, no vascular
invasion and no distal metastasis). However, we
still could not regard liver transplantation as a
routine therapeutic method due to high incidence of
liver cancer, liver donation shortage and high cost.
With the accumulation of 30 years of clinical
study, especially the research work during the past
decade, we extended our knowledge in its biological
characteristics, its clinical features and its diagnosis
and treatments. The great efforts should be made
for further improving the overall therapeutic results
of liver cancer.
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Strengthen international academic cooperation and
exchanges: prospects in the 21st century: Summary of
the First World Chinese Congress of Digestion
XU Chang-Tai, MA Jing-Yun, PAN Bo-Rong and MA Lian-Sheng
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digestive neoplasms;digestive diseases

cooperation;

The First World Chinese Congress of Digenstion was
held in Beijing from October 20 to 22, 1998 in the
beautiful capital city of Beijing. The specific aim of
this meeting is to summarize and exchange the
experience of modem and traditiional digestive
medicine, and to enhance academic exchanges and
cooperation among the Chinese and all other
scientists in the world. The congress includes
extensive topics, such as the telomerase activity in
hepatic carcinoma tissues, acupuncture and
moxibustion expression of cellular factor related
genes in ulcer colitis in rats antifibrosis by
tetrandrine, and Helicobacter pylori, gastric
carcinoma etc. More than one thousand
participants from 12 countries, including the United
States, United Kingdom, Australia, Japan,
Canada, Israel, South Korea, etc attended this
magnificent meeting. Nineteen hundred and eightysix abstracts were submitted to the meeting and
from which, seven hundred abstracts were
accepted. Some distinquished experts were invited
to make special lectures at the plenary sessions
(WJG, Supplement 2, 1998) and 81 doctors and
researchers made presentation at the symposia
mainly on the following areas.
DIGESTIVE NEOPLASMS
Esophageal cancer

Alteration of p19 mRNA expression in esophageal
cancer tissue from patients at high incidence area in
northern China was reported by Qi et al, from
Henan Medical University. RT-PCR was used to
measure the expression of p19ARF, p53 and p21 in
19 pairs of frozen normal esophageal and tumor
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samples. The cycle number for each pair of primers
was fine-tuned to limit the amplification to a linear
range. PCR products were then resolved on 2%
agrose gel. The densityh and area of each band was
measured using image-pro-plus 1.3 software. The
relative expression level of each gene in tumor and
normal tissues was calculated using the housekeeping gene GAPDH as an internal control. In the
total of 19 tumor samples, 8 (42%) had at least a 3fold decrease in p19 ARF but with no decrease in
p53 expression, 5 (26%) had significantly
decreased expression of p53 but had normal
expression of p19ARF, only two sample (11%)
had decreased level in both p19ARF and p53
expression. The results suggest a negative
correlation between the alterations of these two
genes in the esophageal tumor. The relative
expression level of p21 in p19ARF negative sample
(0.78±0.16) was about half of that in p19ARF
positive samples (1.63±0.22). The results support
the hypothesis that p19 inactivation contributes to
esophageal tumor progression and follows the same
pathway as p53 and p21. The cyclin-dependent
kinase inhibitor p16 and p15 play important roles in
the regulation of the cell cycle, and have been found
to have tumor suppressing roles in a variety of types
of cancer. It has been shown that p16 aberrant
methylation and p15 homozygous deletions were
frequently involved in human esophageal squamous
cell carcinoma (ESCC). The this study examined the
impact of such molecular alterations on the
expression of these genes. Jiao et al (Henan
Medical University) measured the mRNA level of
both genes in 21 frozen ESCC specimens using
semiquantiative RT-PCR. Nineteen cases were
observed at a low basal level of p16 expression
(0.11±0.07, expression units normalized by
housekeeping
glyceraldehyde-3-phosphate
dehydrogenate gene as internal standard) in the
normal epithelia adjacent to the cancer tissues.
Among the 19 cases, only 5 showed a significant
elevation of p16 expression (>3.2 folds) in the
tumor, whereas the remaining 14 showed either a
slight increased (1-2 folds), or decreased p16
expression compared to normal, whereas 11 had
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only a slight increase (1-2 folds), or decreased
p16 expression compared to normal. In the 5 cases
where p15 was already activated (P>0.5) in the
adjacent normal epithelium, 4 of them had similar
or a slightly lower expression level, but one had a
great decrease in p15 expression (<1% of the
normal level). For intact p16 and p15 genes, which
encode cell cycle regulators, significant increase of
their expression on expected in the cancer cells as a
response to accelerated cellular proliferation. The
findings from Bai et al (Henan Medical University)
indicate that the occurrence of hMSH2 protein
expression is associated with the cell cycles and
related to PCNA expression, implying that the
hMSH2 protein is expressed as a guardian in DNASynthesizing cells.
To observe the morphological changes of the
cell apoptosis of esophageal carcinoma cell line
EC8712 induced by arsenic trioxide, Shen et al,
Shantou University Medical College studied the
morphology on apoptosis of esophageal carcinoma
cell line induced by arsenic trioxide EC8712 cells
routinely cultured in 199 medium and acted under
3µmol As2O3 harvested after 72 hours, and then
HE-stained, TUNEL labeled and examined by
transmitting electron microscope and flow
cytometry. When adding As2O3 (3µmol) to EC8712
cells for 72 hours, many apoptotic cells appeared.
Under light microscope, two kinds of apoptotic cells
were seen after H-staining. One was condensed,
small-sized and rounded in shape with nucleus
dented. The other cells had eosin stained
cytoplasm, chromatin agglutinated and the
nucleolus existed. The nuclei of the apoptotic cells
were positive by labelling with TUNEL kit. The
apoptotic peak was identified by flow cytometry.
Under electron microscope, two kinds of apoptotic
modes were also seen. At early stage of apotosis,
the chromatin of the nucleus agglutinated to pieces
and the organelles in the cytoplasm preserved
complete. At the second stage, following the
change of chromatin, the nucleus became round and
full with small pieces of chromatin stickled to the
nuclear membrane, while the large clumps of
chromatin made the nucleus look like a wheel or a
crescent mass. Most of the apoptotic cells showed
disintegration of nuclear membrane, from which
the chromatin flew out. At the final stage, the
apoptotic cells showed degeneration or nerosis.
Apoptotic bodies were easily seen which were
dense, piece-like or ball-like, naked or capsulated.
In the other mode of apoptosis, pyknotic cells
showed cell shrinkage, cytoplasm condensation,
high electron density and gradual solidification of
cell nucleus. CT scan in esophageal carcinoma is

WJG

December 1998

Volume 4

Number 6

reliable and accurate. The tumor center should be
taken on simulation in order to encompass the whole
tumor by the 80%-90% isodose curves. He et al
(lingi Cancer Hospital, Shandong) investigates the
protective effect of radiated auto-blood transfusion
on radiation. The incidence of acute radioactive
esophagitis was 12.1% in study group and 60.6% in
control group (P<0.01). The average dose of
radiotherapy causing acute radioactive esophagitis
was 4050±609 (cGY) in control group (P<0.01).
Significant change of IL-2 and T-cell subgroups was
seen in study group. Low dose radiation can
stimulate the body’s immune function, through which the
threshold dose of radiotherapy increases without
damaging normal tissues.
Stomach neoplasm

To diagnose the alteration of oncogenes and tumor
suppressor genes in gastric carcinogens, Cen et al
(Affiliated Hospital of Qiannan Medical College)
researched on P53 gene mujtation of biopsy samples
from stomach cancer patients. The mutation rate of
P53 in exon 5-8 was 60.0% (18/30). Point
mutation of P53 was found at both early and
advanced tumors. In contrast amplification of
oncogenes and loss of tumor suppressor genes were
correlated with poorly differentiated and metastatic
tumors.
The induction of apoptosis by cisplatin (CDDP)
in gastric carcinoma cell line for demonstration of a
human gastric carcinoma with CDDP was
investigated by Xin et al (Fourth Military Medical
University). A human gastric carcinoma cell line
SGC-7901 was cultured in full medium with various
doses of cisplatin for different hours. The treated
cells were examined under light microscope and
transmission electron microscope (TEM). Cell cycle
analysis was performed in flow cytometry (FCM).
After treatment with CDDP, the cells became
smaller and condensed. Their chromatin changed to
periphery of the nucleus. Apoptotic bodies were
observed. There were apoptotic peas in cell cycle
analysis on FCM. There were apoptotic peaks in cell
were 9.3% and 14.9% after being treated. CDDP
might induce apoptosis in the gastric carcinoma cell
line SGC-7901 that led to the death of the cancer
cell. The data of Beijing Medical University (Cao et
al) show that antisense RNA to bcl-2, not only can
induce apoptosis, but also reverse the biological
behavior of MGC-803 cells. This would be a
potential application to the gene therapy for
stomach cancers. Preoperative cimetidine
application can restore NK cells, which may be
beneficial to reducing recurrence and metastasis (Li
et al, Hebei Medical University). Ma et al (Third
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Military Medical University ) detected the
occurrence and development of precancerous lesion
of residual gastric mucosa and their relationship to
gastric cancer in the gastric stump. The
conventional Billroth gastrectomy is closely
associated with the lesion of the residual gastric
mucosa. The common manifestations of gland
atrophy and proliferative lesions of the residual
gastric mucosa are the important bases of the
precanserous lesion, which should be paid more
attention to in clinical practice. Shen et al (Nantong
Medical College) observed the therapeutic effect of
compound Shenqitang decoction on gastric
adenocarcinoma after gastrectomy, and studied it
inhibitory effect on gastric adenocarcinorma
induced by MNNG in Wistar rats. The results
shown that it has good therapeutic results in
combined operative treatment of gastric carcinoma.
Colonic neoplasms periphera blood (PB) Tlymphocyte subsets and natural killer cytotoxicity
(NKCC) were measured in 43 patients with
colorectal carinoma (CRC) pre- and postoperatively by using the APAAP and LDH release
methods respectively. The CRC patients were still
in immunodepressive state in the first 2 weeks after
operation, and the immunotherapy can improve the
preoperative cellular immunofunction, and shorten
the perioperative immunodepressive period (Liu et
al, Taian Central Hospital). Xiao et al (Central
Hospital in Jianghan Oil Field) explored the
therapeutic effect of chemoembolization in hepatic
metastases in colorectal carcinoma. Forty patients
underwent chemoembolization of metastatic liver
lesion from colorecial carcinoma. Selective
angiography of the hepatic artery was performed to
identify the feeding vessels of the metastatic lesion.
The injected chemoemulsum consisted of 100 mg 5fluorouracil, 10mg mitomycin c and 10 ml lipiodol
ultra-fluid in a total volume of 30 ml. Gel foam
embolization was then followed until stagnation of
blood flow was achieved. Patients were evaluated
for response, overall survival, and side effects.
Overall median survival time from date of first
chemoembolization was ten months. Median
survival time of cirrhotic patients with class A and B
by Child-Pugh classification was 24 and 3 months,
respectively. The difference was significant (P <
0.01). Patients with metastatic disease confined to
the liver did better than those who also had
extrahepatic disease, with median survivals of 14
and 3 months, respectively (P < 0.02). The median
survival of patients with hypervascular metastases
was longer than that of patients with hypovascular
metastases. The most common side effects were
transient fever, abdominal pain and fatigue. Three
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patients died within one month from the procedure.
The therapeutic effect of systemic chemotherapy in
hepatic metastases of large intestinal carcinoma was
not satisfactory and there were more side effects,
whereas the therapeutic effect of selective
chemoembolization was promising and there were
fewer side effects. Selective chemoembolization
may be an effective first-line therapy in hepatic
metastases of large intestinal carcinoma. Gao et al
( The Harrison International Peace Hospital )
reported that after abdomino-perineal resection of
rectal cancer (Miles), greater omentum was cut off
and retroperitoneal tunnel was performed.
According to the ways of greater omentum into
pelvis, the tunnels had three ways (left, middle and
right). Left way reaches pelvis through
retroperitoneal tunnel in descending colon side
dish, 6 cases; middle way reaches pelvis through
retroperitoneal tunnel behind colon and on the left
of spine, 35 cases; and right way reaches pelvis
through retroperitoneal tunnel in ascending colon
side ditch, 9 cases. Middle way is the best, which
has a short tunnel, is situated below abdomenal
incision, convenient and easy on practice. Packing
in presacral space with the pedicle greater omentum
transplantation has better effects on promoting the
primary healing of the perennial wound, with
extensively clinical application value.
Liver and pancreatic neoplasm

Hepatic arterial branch supplying hepatocellular
carcinoma (HCC) has a lower impedance than the
branch not supplying HCC (Wang JG & Pan LL,
Shantou Central Hospital). To study the blood
AFPmRNA in the patients with distant metastasis of
human HCC using nested reverse transcriptase
polymerase chain reaction (nested RT-PCR) and its
significance, 93 blood samples from human HCC
were examined by nested RT-PCR to find out
AFPmRNA by Liu et al (Second Military Medical
University). AFPmRNA was detected in 21 blood
samples from 72 human HCC (40.28%) without
distant metastasis. AFPmRNA (100%) was
detected in all HCC patients with distant metastasis.
AFPmRNA can be used as a distant metastasis
marker of HCC. Portal vein chemotherapy
combined with 0.25MPa HBO can significantly
reduce the tissue impairment and oxygen radical
after resection of HCC. These findings may indicate
that hyperbacicc oxygenation plays a positive role in
combined treatment for HCC (Li et al, Fujian
Medical University). Blood AFPmRNA and AFP
detection is useful in predicting relapse or distant
metastasis after surgery in HCC patients (Zhang et
al, Second Military Medical University). Para-HCC
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specimens (24 cases, Group A) and noncancer
cirrhosis (33 cases, Group B) were all tested by in
situ terminal end labeling ( ISEL ), HBsAg
immunohistochemistry and HE analysis. ISEL (+)
intensity was divided into 4 grades. The results were
compared between the two groups. The positivity
rates and positive intensity of ISEL in Group A were
significantly higher than that in Group B ( P <
0.01). The positive cell nuclei tended to scatter just
near the septa and portal tracts. The majority of
Group A are of static portal cirrhosis, while Group
B also included cirrhosis of chronic active hepatitis
and chronic severe hepatitis. Inflammatory cell
infiltration was more evident in Group B that in
Group A (P < 0.05). The HBsAg(+) rates of both
Groups A and B are very high. There were no
correlation among ISEL and HBsAg, proliferation
and dysphasia of hepatocyte. About half of the
hepatocytes in one case of Group A underwent
apoptosis identified by both ISEL and HE (Lian et
al, Shantou University Medical College). The
detection of TGF-β1 and PCNA expressions in
primary hepatocarcinoma tissues may be useful in
identifying and judging the tumor-differentiation
and prognosis ( He et al, China Medical
University). The ras oncogene and p53 antioncogene expressions of 55 pancreatic paraffinembedded specimens, including 32 carcinomas,
were studied by immunohistochemistry ABC
method. Twelve specimens taken from the normal
pancreatic tissue near the tumor transaction margin,
7 specimens of pancreatitis and 4 specimens of
normal pancreas were compared.
The positive expression rate of ras oncogene
and p53 antioncogene was 71.9% and 28.1% in 32
cases of pancreatic carcinomas and it is higher than
that of the pancreatitis and normal pancreatic tissue
near the tumor transected margin (P <0.05). The
ras and p53 gene expression was not significantly
related to sex, age, site, size and incipient
symptoms (P > 0.05). The p53 antioncogene
expression was related to tumor staging and grading
(P<0.05). The tumor mass with negative p53 gene
expression usually had a higher respectability (P <
0.05), and its positive expression usually associates
with lymph node metastasis (P<0.05), and worse
prognosis. It also provided an important guidance to
choose the methods of treatment. Sun et al
(Guiyang Medical College) suggested that the ras
and p53 gene expression could be used to evaluate
the pancreatic carcerous biological behaviour, and
it might aid the diagnosis and treatment for
pancreatic carcinomas.
GASTROINTESTINAL DISEASES
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The poor living condition is the sources of the Hp
infection, and it is the main pathogenetic factor of
PU and upper gastrointestinal tumor. Kang et al
(People’s Hospital of Liulin County) investigated
and summarized incidence of upper gastrointestinal
diseases in Liulin County. A total of 3142 patients
were had Hp tested by urease and pathological tests.
Gastric ulcer was found in 287 cases, duodenal ulcer
in 245 cases, and esophageal cancer in 241 cases.
The rate of Hp infection was 98% in gastric ulcer,
duodenal ulcer and cancer of the stomach. The ratio
of GU to DU was 1.17:1, including 672 PU cases,
and 414 cases of malignant tumor. The incidence of
PU, esophagus cancer and stomach cancer was
found to be increasing. The incidence of GU in
males was much higher than that in other areas
reported, possibly due to living conditions and
dietary habits. One hundred patients with chronic
atrophic gastritis were treated with Wuji capsule.
Of them, 42 were mild, 38 moderate and 20 severe
atrophic gastritis and 41 and 13 asccompanied with
intestinal metaplasia (IM) and degree I dysphasia
(Dys), respectively. The clinical manifestations
were stomach pain (86 patients), fulless of
abdomen (72), anorexia (90), eructation (34) and
bitterness of the mouth (20). After treatment for
three months the improvement of patient’s
symptoms, atrophy of gastric mucosa, IM and Dys
were annualized. After 3 months with Wuji capsule
treatment, 7 patients were recovered, 48 veryu
effective, 34 improved, and 11 infective. The total
efficacy waqs 89%, and 5 unchanged. Of the 38
patients with moderate atrophic gastritis, 17
development mild atrophic gastritis, 14 superficial
gastritis, 3 became normal and 4 unchanged. Of the
20 severe atrophic gastritis, 10 turned into moderate
atrophic gastritis, 8 superficial gastritis and 2 had
no changes. Of the 26 patients with mild IM, IM
disappeared in 20, and 6 had no changes. Of the 8
patients with moderate IM, IM disappeared in 1, 4
changed into mild IM, and 3 had no changes. Of
the 7 patients with severe IM, 2 changed into
moderate IM, 2 mild IM, and 3 had no changes. Of
the 13 patients with degree I Dys, Dys disappeared
in 7, and 6 had no changes. Hao et al (China
Medical University) investigated the effects of
different kinds of Bupleurum and Citrus on
gastrointestinal motility. Choosing the two main
wareties of Bupleurum and Citrus, B. Chinese DC.
(B. Cdc), B. Scorzonerffolium Wild (B.sW) and
Citrus aurantium (Ca), Citrus sinensis (Cs), as the
test drugs, we compared the effects of 4 drugs.
Different mixtures of Bupleurum and Citrus and
different dosage of the mixtures on mice
gastrointestinal motility with Blue Dxtran 2000 as a
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marker in the gastrointestinal tract. B. cDC. and
Ca had obvious enhancing effects on the gastric
emptying function and small intestinal propulsion
function, while the effect of B.sW and Cs had no
difference with negative control group (P > 0.05).
The effects of the gastrointestinal motility proved to
be more significant than single drug and the mixture
of the above two herbs decocted respectively. Li et
al (China Medical University) investigate the
influences on gastric emptying and small intestine
transportation of 6 formula compositions combined
with atractylodis ovatae rhizoma ( AOR ),
Magnoliae Cortex ( MC ), Arecae Pericarpium
(AP), Amomi SemenSeu Fructus (ASSF), Galli
Gigerii Endothelium ( GGE ), Massa Medicata
Fermentata ( MMF ), Hordei Frutus Germinalus
( HFG ) and Caratecgi Endocarpiumet Semen
(ACES). The decoctions of ASSF, GGE, MMF and
HFG, MC, AP, MMF and HFG; MC, AP ASF,
GGE, MMF, HFG; and the decoction of MC, AP,
MMF, HFG, ACES and APR can improve the
gastric emptying function. The decoction of ASSF,
GGE, MMF and HFG can also promote the small
intestinal transportation function. Zhang et al
(Youhong Chinese Medicine, Huinong) analysed
the therapeutic effect of Jieyu Yuyang San, Xiaqi
Xiaoshi Yutong San, Yangyin Yuyang Zhentong
Wan on three kinds of peptic ulcer. After the whole
course treatment, 382 affective ulcer patients were
recovered, 120 had evident effect, 204 improved,
and 14 ineffective, with a total effective rate of
98%. A total of 450 diatary ulcer patients were
recovered, 240 very effective, 108 improved, and
32 ineffective, with a total effective rate of 96.2%;
and 301 mixed ulcer patients were recovered, 209
very effective, 107 improved, and 33 ineffective
with a total effective rate of 95%. Symptoms
disappeared in 2121 patients, and 79 patients
ineffective with a cure rate of 77.6%. Before
treatment, the degree I, II, III peptic ulcer was
found in 720, 830 and 650 patients and 14, 32 and
33, respectively after treatment. Of 157 cases of
liver cirrhotic ascites, 57 cases had upper
gastrointestinal bleeding, and 100 cases had no
bleeding. Complications uncluded hypersplenia,
gastric ulcer, spontaneous peritonitis, hepatic coma
and poor renal function. Complications in positive
bleeding group were compared with negative
bleeding group as controls. The positive rates of
poor renal function and hepatic coma in positive
bleeding group were significantly increased as
compared to that in controls (P < 0.01). The
positive rates of complications with upper
gastrointe stinal bleeding in ascitic liver cirrhosis
were higher than non-bleeding. In order to
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investigate the cause and the position of bleeding
with cirrhotic ascities and seatch for therapeutic
methods, emergency endoscopy was performed (Li
et al, Hainan Provincial People’s Hospital).
Assessment of disease outcome in a large inception
cohort of patients with IBD showed that the
majority had symptomatic improvement over a fouryear period after diagnosis and mortality from IBD
related causes was low. In Europe, with present
medical treatment, medium-term outcome of IBD
appears favorable. The plasma concentration of
nitrite/nitrate (stable end products of NO, standing
for NO) and molitin of 18 patients with UC and 11
control subjects were respectively measured with
Cadmiun-reduction chromatgraphy and development
process (Greiss) and RIA (Radioimmuno assay).
The concentration of plasma NO and MTL in UC
groups were significantly higher than the controls
(P < 0.01, P < 0.05, respectively ). The
concentration change of plasma NO in UC group
significantly correlated with the change of MTL (P
<0.05); but there was no significant correlation in
the control group (P < 0.02). Nitric oxde and
molitin were both involved in the pathophysiologic
process of ulcerative colitis. Moreover, there may
be some positive interactions between NO and MTL
in the pathogenesis of UC (Wu et al, Fujian
Medical University). Hu et al (461st Hospital of
PLA) observed the therapeutic effects of ulcerative
colitis managed by integrated traditional Chinese
medicine (TCM) and western therapy and compared
with conventional interventions solely. The results
were investigated 2 weeks afterward 39 cases cured
( 81.3% ), 8 improved ( 16.7% ) and 1 case
ineffective (2%), i.e. 98% total effective rate in
Group I. Comparatively 27 cases cured
immediately (64.3%), 9 improved (21.4%) and 6
ineffectiveness (14.3%). With a total effective rate of
86.9% in Group II. Significant differences were
found statistically between the two groups (P <
0.01). CD and UC are two forms of intestinal
inflammation with possible common genetic
predisposition and may be part of a spectrum,
rather than two distinct disease. Induction may be
non-specific. Genetic susceptibility and uptake of
bacterial poroducts perpetuate inflammation. Genetic
and environmental factors are cirtical, but neither
alone is sufficient. Progression and resolution of CD
and UC are dependent on the balance of pro- and
anti-inflammatory mediators. Homeostasis or
chronic inflammation depends on the balance
between inflammatory luminal constituents and
protective mocosal factors. Specific therapy
directed at an immunoregulatory defect or an
inciting agent could alter the disease course. Current

480

ISSN 1007-9327

CN 14-1219/ R

therapies, such as glucocorticolds and 5aminosalicylic acid (5-ASA), inhibit concentrations
of interdependent, soluble mediators of
inflammation, which may amplify one another or
have parallel effects. In remains, however, to
define whether targeting multi-inflammatory actions
or a single key pivotal process is a better therapeutic
strategy. Thye type of new drugs being developed
include conventional pharmaceuticals, receptor
antagonists-agonizes, enzyme inhibitors, bioengineered compounds (monoclonal antibodies,
chimerical-targeted toxins, receptor legends-soluble
receptors), and gene therapy.
LIVER, BILIARY AND PANCREATIC DISEASES

In cold weather, upper gastrointestinal hemorrhage
is common in the patients with liver cirrhosis. The
mechanism is that the change of temperature affects
the redistribution of blood of the human body.
When the weather temperature drops, the effective
blood circulatory volume of shallow tissues is
reduced to some extent, while that of deep tissues is
increased relatively. This will raise the pressure of
portal vein system and its collateral circulation. Guo
et al (Second Military University) analyzed the
relationship between cr1 genetic density
polymorphism on erythrocytes and ability of
erythrocytes adhering tumor cells in different
groups, such as normal people, patients with HBV
infection, liver cirrhosis and liver cancer. In the
same population, the ability of HH type erythrocyte
adhering tumor cells was significantly higher than
that of HL type erythrocytes. The ability of HL
type erythrocytes adhering tumor cells was
significantly higher than that in LL type
erythrocytes. In the same cr1 genomic type
population, the ability of erythrocytes adhering
tumor cells of normal people was significantly
higher than that of patients with HBV infection and
pathents with liver corrihosis and liver cancer. Zhang
et al (General Hospital of Jinan Command Area)
established liver injury model induced by ConA in
Kunming mice. ConA was administered to Kinming
mice via tail vein. The model was dese dependent;
the histopathological examinations of liver specimen
showed the T lymphocytes infiltration in portal
areas, spot necrosis and piecemeal necrosis. With
the inhibition of T cell activation by cyclosporine A
(CSA), liver injury and infiltration of lymphocytes
were not seen. Huang et al (Fujian Medical
University) explored the clinical significance of
serum type III procollagen (PC III), laminin (LN),
prolidase (PLD) and type IV collagen in patients
with liver diseases. Serum levels of LN, PC III, IVC and PLD were helpful in clincal diagnosis of
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patients with liver cirrhosis and in judgment of
developing tendency in patients with chronic HBV
infection. Combined determination of PCIII and LN
can elevate the specificity in the diagnosis of
cirrhosis. The level of γ globulin can reflect the
pathology of the liver, the level of serum
cholinesterase can reflect the synthetic function of
the liver and is negatively related to the damage of
the liver (Zou et al, Chinese PLA 302 Hospital).
Dan et al (Chinese PLA 302 Hospital) reported
that isolates of HCV genotype 1b between China
and Japan share high similarity in NS5A nucleotide
sequence. Variation in the NS5A region between
amino 2209 to 2248 failed to predict IFN response in
Chinese patients infected with HCV genotype 1b.
Xu et al (Shuang Ya Shan General Hospital)
reproted that estradiol and HCG are related to the
formation of gallbladder cholesterol stone. Sixty
rabbits were randomly divided into 6 groups, in 4 of
which ( groups E2, P, T, H ) estradiol,
progesterone, testosterone and HCG were
administered separately, and normal saline and
refined oil were given to the other groups (C 1, C2)
as control. The animal were sacrificed after 6
weeks. The blood, bile, gallbladder, bile duct,
liver and gallstones were assayed. The gallstone
formation rate was 90% in group E2, 50% in group
H and 10% in group T. No gallstone was formed in
group P, C1 and C2. Most of the gallstones were
found in female animals, only in 4 male rabbits of
group E2. The composition of stone was mainly
cholesterol ( Wang et al, Anhui Medical
University). Wang et al (Guiyang Second People’s
Hospital) studied the relationship between the
estrogen, blood lipids and cholelithiasis. Serum
estradiol (E 2), progesterone (P), total cholesterol
(TC), triglyceride (TG) were tested in 104 patients
(Group A) confirmed to have cholecystolithiasis by
B-mode ultrosonography and cholecystostomy and
the results were compared with that of 54 normal
persons (group B). Serum E 2 and P levels of the
men in group A were remarkably higher than those
in group B (P<0.05-0.01). Serum E2 levels of the
women of child-bearing age were not different
between groups A and B (P>0.05), but P levels of
group A were higher than that of group B. Serum
levels of E2 or P of menopause women in group A
were all markedly higher than those of women in
group B (P<0.01). The ratio of E2/P of women in
group A was siguificantly lower than those in group
B (P < 0.001). Serum levels of TG, TC and the
ratio of TG/TC in persons of group A (either men
or women) were all higher than those in group B (P
<0.01). Estrogen and lipid metabolism of
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cholecystolithiasis patients are disordered. The role
of oxygen free radical (OFR) and other
inflammatory mediators in acute necrotized
pancreatitis (ANP) was studied by Wang et al
(Inner Mongolia Medical College). Oxygen free
radicals were involved in the aggravation of ANP
and were associated with the increased of serum
endotoxin and PLA2. Those mediators were
positively correlated with severe multiple organ
damage. The results also suggested that IL-2 could
inhibit the overexpression of OFR and endotoxin,
and reduce the incidence of multiple organ damage
in ANP. TNFα mRNA plays an important role in
ANP progression and somatostatin and growth
hormone may be the effectual treatment to prevent
the development and progression of multiple organ
dysfunction syndrome in acute necrotized
pancreatitis (Zhang et al, Shanghai Medical
University). Zhong et al (Zhongshan Medical
University) suggested that patients with acute
pancreatitis have significantly different changes of
platelet formative property from acute hemorrhage
and necrotized pancreatitis, which indicates the
severity of the disease. Pt has no significant change,
but platelet activity was increased after SS
treatment. Qin et al (Luoyang Second People’s
Hospital) evaluated thye curative effects of Octretide
(Oct) on acute pancreatitis. Oct was used to treat 38
cases of acute pancreatitis, and 59 patients were
treated as the control group by non-octreotide.
Before and after Oct was injected, serum amylase
and pancreatic fluid amylase were analyzed
quantitatively for the two groups, and the incidence
of complications were also compared among these
patients. Oct was found to ampeliorate the clinical
symptoms and signs and decrease the occurrence of
complications.
HELICOBACTOR PYLORI

Helicobacter pylori ( Hp ) is a gastric pathogen
strongly implicated in the causation of gastritis,
ducdenal ulcer, gastric ulcer, gastric cancer and
gastric lymphoma. Almost half of the world’s
population or 2 billion people are Hp infected,
making it the commonest chronic infection in men,
and an important global health problem. There are
several striking differences in the pattern of Hp
infection and gastroduodenal diseases between
countries of the Esat and West, including: Hp
presence and characteristics; disease patterns; and
host differences. These differences do not occur on
the basis of genographic boundaries, but are the
outcome of genetic and environmental factors in the
respective populations. Strategies for the
management of Hp infection in Asia must take these
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factors into account. These differences and their
implications for clinical management and health
care policies in Asian countries were presented by
Dr. Yeoh Khay Guan (National University
Hospital, Singapore). Xu et al (Harbin Medical
University) demonstrated that CCK-8 could
antagonize the effect of morphine which inhibited
the potentiation of Ache on the electrical and
mechanical activities of ran duodenum in vitro,
whereas devazepide could reverse the anti-morphine
effect of CCK-8. It is suggested that the
antagonistic effect of CCK-8 on morphine should be
mainly mediated by CCK-A receptor, thus providing
a new clue for the clinical treatment of disturbances
in intestinal movement function. Hp infection is
closly related to DU occurrence and can lead to
antral gastritis. Owing to Hp antral gastritis, antral
D cells in patients with DU decrease in number and
SS synthesis (Zheng et al, China Medical
University). Han et al (Chinese PLA Institute of
Genetic Diagnosis) cloned the 5’-end of cagA
(854bp) into the expression vector pBV220 and
transformed DH5α with the plasmid pBV220/
fcagA, in which a single CagA fragment (FCagA)
was produced when the temperature reached 42 .
After being renaturated, FcagA was purified by
anion exchange and sephadex G-100
chromatography. The FcagA had a relative
molecular weight of 38 000. With the prepared
FCagA, coloidal gold, and immunogold, they
established the dot immunogold filtration assay
(DIGFA) to detect anti-CagA antibody in serum.
FCagA had the similar antigenicity as CagA. The
test of DIGFA took only a few minutes and could
also be done for one or more persons with no need
for special equipment. Compared with EIA,
DIGFA had the sensitivity of 96.8%, and the
specificity of 98.5%, when the sera of 262 cases
were tested. One hundred and sixty-six patients
completed all the study. The eradication rates were
84.2% in group A and 72.2% in group B ( P <
0.05). There was no significant difference in both
the Hp eradication rate and healing rate of the ulcer
patients between the two groups. More side effects
occurred in group B than in group A, which still
could be tolerated by the patients. The cost of group
A is higher than that in group B (RMB 820.78 vs
418.04). Considering the effectiveness and cost,
OCA therapy is more suitable for gastritis patients.
For ulcer patients, RTA therapy is as effective as
OCA therapy (Wang et al, Shanghai Zhongshan
Hospital ). Gastrin ( Gas ) and somatostatin ( SS ) of
gastric mucosa and blood in patients with Hp
positive group were significantly higher than Hp
negative group and became normal after Hp
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eradication. The SS contents in Hp positive group
were significantly lower than Hp negative group and
became normal after of the Hp eradication. On the
other hand, Gas and SS contents of the mucosa
significantly altered with chronic and active
inflammations. Zhang et al ( China Medical
University) studied the sensitivity, specifity and
clinical applicatia of 14C urea breathing thes of Hp
infection. All the 150 cases (40 cases of chronic
gastritis, 30 cases of gastric ulcer, 50 cases of
duodenal ulcer, 20 cases of gastric carcinoma, 8
cases of polypous gastritis, 2 cases of portal
hypertensive gasteopathy) were examined by
fibrogastroscopy and confirmed by biopsy
pathology, 15 cases of duodenal ulcer and 5 cases of
gastric ulcer were treated with PPI therapy for 1
month, then a comparison between the
pretreatment and posttreatment was made, 14C urea
was calculated by scintillators. The results showed
that the Hp infection rates of chronic gastritis
duodenal ulcer and gastric ulcer and gastric
carcinoma had no statistical difference with the
method of 14C-UBT; there was no difference in 14C-
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UBTY radioactivity value between chronic gastritis
and duodenal ulcer; the incidence of chronic
gastritis accompanied with gastric mucosal erosion
atrophy and enterometaplasia was significantly
higher than that of simple chronic gastritis (P<
0.05); after one-month bactericidal treatment, the
bactericidal rate reached 100%. In conclusion, this
brief glimpse into the science and practice of
gastroenterology in the next century offers us a
mixed perspective, one of an ever-widening
disparity between rising opportunities in the one
hand, and restrained resources on the other. We are
afraid that uless this serious dilemma will be resolved
early in the next century, the practice of
gastroenterology and the quality of health care will
cut expenses by voluntarily reducing our dependence
on technical procedures and expensive equipment,
and by avoiding use of only marginally effective
medications and surgical interventions. These, we
believe, will be painful adjustments for the medical
establishment, but they must be faced in the
coming century.

ISSN 1007-9327

CN 14-1219/R

WJG, 1998;4(6):485-488

485

Original Articles

Coexistence of Helicobacter pylori spiral and
coccoid forms in experimental mice
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which showed 6 and 18 times higher than that of
negative control group respectively (P<0.01).
CONCLUSION Spiral and coccoid forms of H.
pylori coexist in experimental mice studied.

Abstract
AIM To infect mice with Helicobacter pylori
and detect immune response against two form
of H. pylori.
METHODS An isolate of H. pylori obtained
from a patient with gastric cancer was used to
infect mice. Fifty mice were divided into eight
groups. Two groups served as negative control
without any inoculation and internal negative
control with 0.5M NaHCO3 and brain heart
infusion ( HBI ), respectively. Mice in each
experimental group were first inoculated with
0.5M NaHCO3 and then H. pylori suspension for
3 times at a 2-day interval. Mice from controls
and infectious groups were sacrificed at a
weekly interval postinfection. Gastric samples
were trimmed, inoculated onto chocolate blood
agar and then incujbated in microaerophilic
atmosphere at 37¡æ for 14 days. Sera were
examined for immunoglobulins against H. pylori
spiral and coccoid antigens by ELISA.
RESULTS After inoculation H. pylori was
isolated in one mouse from one week
postinfection. No H. pylori was detected in
control mice. However, urease test was positive
in 50% (5/10) control mice, 70% (7/10) mice
inoculated with NaHCO3 and BHI and 77% (23/30)
mice infected with H. pylori. The systemic
immune responses of the mice to H. pylori
strain were determined by ELISA. The mice
showed immune responses to both H. pylori
spiral and coccoid antigens one week after
infection with H. pylori. The peak mean
absorbances of antibodies against spiral and
coccoid forms were four weeks postinfection
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INTRODUCTION

Helicobacter pylori colonizes stomach of human
being and causes gastritis and peptic ulcer[1]. It has
been reported that this organism exists in two
forms, spiral form and coccoid form[2,3]. Many
investigations are being performed on whether
coccoid form is degenerative or viable. Hua and Ho[3]
reported that similar to the exponential cultures,
ageing coccoid form produces alkaline phosphatase,
acid phosphatase, leucin arylamidase and
naphthol-AS-β1-phosphophdrolase and remains
genetically unchanged suggesting that it is highly
likely to be viable. It was found that specialized
attachment sites such as the “adhesion pedestal”,
“cup-like indentation” and “abutting adhesion” were
seen in the interaction between coccoids and
epithelial cells. These adherence patterns were
similar to those observed with spiral form in gastric
biopsy specimens in vivo, suggesting coccoid could
be a differentiated infective form of H. pylori[4].
Therefore, this form was suspected to play a critical
role in the transmission of H. pylori and could be
one of the causes of recrudescence of H. pylori
infection after antibiotic treatment. In this study we
investigated mouse immune response against H.
pylori after oral infection with the bacterium and
demonstrated coexistence of spiral and coccoid
forms of H. pylori in mouse.
MATERIALS AND METHODS
Animals

Female BALB/c mice weighing about 25g were
obtained from the Laboratory Animal Center,
National University of Singapore. Mice were 5
weeks old when they were sent to laboratory and
maintained for one week to allow them to adapt to
the new environment. Mice were fed with a
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commercial rodent diet and provided with sterile
water.
Bacterial strain

An isolate of H. pylori H132 obtained from a
patient with gastric cancer was used for this study.
Strain H132 was isolated on chocolate blood agar
base No.2 medium with 5% horse blood at 6 days of
incubation of biopsy at 37 under microaerophilic
environment. The bacterium was inoculated into
brain heart infusion (BHI) broth supplemented with
10% horse serum and 0.4% yeast extract in a flask
for 2 days. The brother culture was
at 37
centrifuged at 4000×g for 20min. The supernatant
was discarded and fresh BHI broth supplemented
with 10% horse serum and 0.4% yeast extract was
added to the pellet. The suspension was mixed
for
gently. The inoculum was incubated at 37
another 2 days. The concentration of spiral form
was determined by spread plate method and
bacterial counting chamber. In this experiment the
concentration of H. pylori spiral form was about 15×108CFU/ml.
Animal experimental design

Fifty mice were included in this experiment. They
were divided into eight groups. Two groups with ten
mice each. One of these 2 groups served as negative
control without any inoculation while the second
group of 10 mice was inoculated with 0.3ml of
5 m NaHCO3 and 0.3mL BHI serving as internal
negative control. The remaining 30 mice were divided
into six groups of 5 mice each. Mice in each
experimental group were first inoculated with
0.3ml 0.5M NaHCO3. An hour following that,
0.3ml of H. pylori suspension was administered
with a gastric gavage. The procedure was repected 3
times at 2-day interval for these 30 mice.
Two mice from the controls and five mice from
one infection group were sacrificed at weekly
interval postinfection. Before being sacrificed, the
mice were fasted for one day with free access to
water. The mice were sacrificed by cervical
dislocation. Stomachs were dissected for
microbiological analyses. Five hundreds microliters
of blood samples were taken from the heart of
sacrificed mice for immune response studies.
Microbiological analyses

Gastric samples were examined within one hour.
Samples of antrum were trimmed and inoculated on
chocolate blood agars with antibiotics (vancomycin
6g/L, nalidixic acid 5 g/L, amphotericin 6 g/L
and trimethoprin 10g/L) and without antibiotics.
Plates were incubated in microaerophilic atmosphere
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at 37 for 14 days. Typical colonies were indentified
by standard methods[5]. Blood of mice was collected
from heart and centrifuged at 4000×g for ten
minutes. Sera were removed from clot and stored at
-20 . Sera were examined for immunoglobulins
against H. pylori by ELISA.
ELISA

Antigens of spiral and coccoid form of H. pylori
were prepared by acid glycine extraction according
to a modification method of Goodwin et al[6] as
described by Vijayakumari et al[4]. Protein
concentration was determined by the modified
Lowry protein assay and the antigens were stored in
1ml aliquots at -20 until use.
The stock antigen solution was diluted in
carbonate buffer (90% 0.5M Na2CO3 and 10%
0.5M NaHCO3, pH 9.6). Aliquot of 200µL of the
diluted antigen preparation was added to each well
of a microtitre plate (Nunc) to give 1µg of antigen
per well. Plates were left for 24 hours at 4 .
Excess antigen was removed and each were was
replaced by 300µl of serum diluent (0.02%
timerosal, 0.05% Tween 20 and 1g/L gelatin in
PBS) and kept at 4 for at least 24 hours before
used.
The sera to be tested were diluted 1:100 with
serum diluent (0.02% thimerosal, 0.05% Tween 20
and 1g/L gelatin in PBS). A 100µl aliquot of each
diluted test serum was added to each of the three
wells of the microtitre plate. Plates were incubated
at room temperature for 90 minutes. The plates
were then washed three times with PBS containing
0.02% thimerosal and 0.05% Tween 20.
The second antibody was horse radish
peroxidas
labelled
goat
anti-mouse
immunoglobulins (Dako) which react with all mouse
IgG subclasses, IgA and IgM. It was diluted to
1:4000 with PBs containing 0.02% thimerosal,
0.02% BSA and 0.1% gelatin. A 100µl of the
diluted secondary antibody was added to each well
of the plate that was subsequently incubated at room
temperature for another 90 minutes. It was then
washed three times with PBS containing 0.02%
thimerosal and 0.05% Tween 20 followed by
washing two times with PBS containing 0.02%
thimerosal only. A 100µl of substrate containing
40mg of o-phenylenediamine dihydrochloride
(OPD, Sigma) and 40µl of 30% hydrogen peroxide
(Merck) in 100ml phosphate citrate buffer (0.1M
C6H8O7H2O and 0.2M Na2HPO4H2O) at pH 5.0
was added to each well. Plate was left at room
temperature in the dark for 15 minutes. A-50µl of
2.5M H2SO4 was added to each well to stop
reaction. The optical density (OD) of the reaction
mixture was read immediately at wavelength of
490nm and 620nm reference filter using an ELISA
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reader (Ceres 900 Bio-Ted).
RESULTS

After inoculation H. pylori was isolated in only one
mouse from one week postinfection. The isolate was
identified by spiral morphology, Gram negative,
urease
positive
and
naphthol-AS-B1phosphohydrolase, leucine arylamidase and alkaline
and acid phosphatase in API ZYM test. No H.
pylori was detected in control mice and mice
inoculated with NaHCO3 and BHI. However,
urease test was positive in 50% (5/10) control
mice, 70% (7/10) mice inoculated with NaHCO3
and BHI and 77% (23/30) mice infected with H.
pylori.
In macroscopic findings, no visible gastric
erosion or ulceration was seen in either H. pyloriinfected mice or control mice.
The systemic immune responses of the mice to
H. pylori strain were determined by ELISA. The
distribution of OD values and the mean OD values
of antibodies against H. pylori spiral antigens in
different groups were shown in Figure 1. The sera of
negative control group or the group inoculated with
BHI gave very low absorbance except one mouse in
negative control group with an OD of 0.616. The
mice showed immune responses to H. pylori spiral
antigens one week after infection with H. pylori.
Two weeks postinfection, the mean OD value was
doubled than that of negative control group (P<0.05).
The peak mean absorbance was four weeks
postinfection which showed six times higher than that
of negative control group (P<0.01). However,
mouse serum antibodies against H. pylori spiral
antigens decreased gradually 5 weeks postinfection.

Figure 1 Distribution of Mouse antibodies against H. pylori
spiral antigens.
C: negative control. CBHI: mice inoculated with NaHCO3
and BHI. IA: one week postinfection. IB: two weeks
postinfection. IC: three weeks postinfection. ID: four weeks
postinfection. IE: five week postifinfection. IF: six weeks
postinfection. The line represents mean OD value.

The mouse antibodies against H. pylori coccoid
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antigens were also detected. The distribution of OD
values and the mean OD values of mouse serum
antibodies against H. pylori coccoid antigens in
different groups were shown in Figure 2. One week
postinfection, the antibodies against coccoid
antigens could be detected (P < 0.05) and were
almost 4 times higher than that of control. Four
weeks postinfection, mouse serum antibodies against
H. pylori coccoid antigens in infection group were
about 18 times higher than that of control group (P
<0.01). The mouse serum antibodies against H.
pylori coccoid antigens decreased gradually 5 weeks
postinfection.

Figure 2 Distribution of OD of mouse antibodies against H.
pylori coccoid antigens.
C: negative control. CBHI: mice inoculated with NaHCO3
and BHI. IA: one week postinfection. IB: two weeks
postinfection. IC: three weeks postinfection. ID: four weeks
postinfection. IE: five weeks postinfection. IF: six weeks
postinfection. The line represents mean OD value.

DISCUSSION

Anumber of animal models have been developed to
provide information on pathogenesis, immunity and
therapy for H. pylori infection. These include
models in nonhuman primates[7,8], gontobiotic and
conventional piglets[9,10]. However, there were
contradictory reports in murine model study. Karita
et al[11] detected colonization of H. pylori in the
germfree athymic and euthymic mice up to 10 weeks
after inoculation, but observed temporary
colonization in conventional euthymic mice.
Cantorna and Balish[12] tried in vain to colonize
clinical strains of H. pylori in the alimentary tract
of germfree rodents. Marchetti et al[13] were able to
detect colonization of bacterium and gastric
pathology in specific-pathogen-free mice up to 8
weeks following challenge with fresh clinical isolates
whereas a laboratory strain failed to establish
infection. Watanabe et al[14] successfully
demonstrated the long-term infection with H.
pylori induces adenocarcinoma in Mongolian
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gerbils.
In the present study, attempts were made to
colonized specific-pathogen-free mice with a fresh
H. pylori isolate. H. pylori was isolated in one
mouse. Culture of this fastidious micro-organism is
always a challenge with regard to the proper
conditions and interfering contaminants which may
inhibit the growth of H. pylori. This may be the
reason that in this study only one H. pylori strain
was isolated from one mouse. Urease test was
reported to be a highly effective detection method
especially in the absence of other microflora as in
human stomach or germfree animals[15,16].
However, this method of detection could be
ineffective when used in conventional mice due to
the presence of other urease-producing microflora
which could lead to false positive results[17]. In this
study, urease test was found positive in the gastric
specimens of 50% (5/10) control mice, 70%
(7/10) mice inoculated with NaHCO3 and BHI and
77% (23/30) mice infected with H. pylori. The
indiscrimination of urease test results among
different experimental groups of mice made it
difficult to determine whether positive urease tests
were caused by H. pylori colonization or
contaminating urease producers. The result is in
agreement with report of Xia et al[17] that urease
test may not be a suitable method of detection in
conventional or specific-pathogen-free mice model.
The serum immune response of mice against H.
pylori spiral and coccoid antigens was investigated.
One week postinfection, the mouse antibodies
against H. pylori increased. The peak mean OD
values of antibodies were four weeks postinfection.
Coincidently, the profile of antibodies against
coccoid antigens was similar. It was shown that four
weeks postinfection, antibodies against coccoid
antigens increased much higher than that of spiral
antigens. Could there be more coccoid form than
spiral form in the stomach of mice where the
environment is not so favourable to the growth of
H. pylori? Bhatia et al[18] observed the effect of the
presence of Lactobacillus acidophilus or its
metabolites on inhibition of H. pylori growth in in
vitro culture. The presence of significant number of
Lactobacillus in gastrointestinal tract of mice might
affect H. pylori and promote it to convert to
coccoid form. The detection of antibodies against
H. pylori spiral and coccoid antigens is consistent
with the observation in patients with gastroduodenal
disease that both forms coexist in stomach and could
involve in the outcomes of different gastric
disorders[19]. It was reported that after antibiotic
treatment for H. pylori infection, if failure
happened the majority of patients were
recrudescence[20], i.e. the patients re-infected with
same strains of H. pylori. This relapse occurred
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between 5-50 months after treatment, while 4
weeks after treatment those patients showed
eradication of H. pylori based on micribiological
methods. One reason could be that two forms of H.
pylori coexist in stomach. When the environmental
condition is unfavourable to H. pylori, most of the
cells might convert to coccoid form which is
difficult to be detected by commonly used
microbiological methods.
In this study we demonstrated coexistence of
spiral and coccoid forms of H. pylori in
experimental mice. This factor should be considered
in clinical management since coccoid form might be
viable and pathogenic as suggested by some
investigators[3,4].
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Abstract
AIM
To determine the epidemiological
characteristics and clinical significance of HGV
infection, and to compare with HBV and HCV
infections.
METHODS Anti-HGV, HBsAg, anti-HBs, antiHBc and anti-HCV were detected by enzymelinked immunoassys (EIA). Anti-HGV positive
sera were further tested for HGV RNA by a
nested reverse transcription polymerase chain
reaction (RT-nPCR).
RESULTS The anti-HGV prevalence rate was
12.9% in the rural population. It was relatively
low in children under 10 years of age, and then
increased with age and peaked in the group of 5059 years (29.2%). The Carrier rate of HBsAg
was 12.6% in the population and quickly reached
the highest (16.2%) in the 5-year age group. The
prevalence rate of HBV infection was 64.9%,
and rose to a high level in the group of 10 years,
and maintained high till up to the top of 79.2% in
the 50-59 age group. The HCV infection rate
was 15.3%. No Anti-HCV positive cases were
found in the group under 10 years of age. It was
particularly high in the 20-40 age group, and
reached the peak in the group of 30 years
old. No significant differences were found in the
infection rates of HBV, HCV and HGV between
male and female. HGV infection was associated
with the history of blood donation and the sexual
transmission. The anti-HGV positive rate in
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wives of husbands with HGV infection was
53.3%, significantly higher than that in those
with anti-HGV negative husbands (7.8%). HGV
coinfection with HBV or HCV had no influence on
serum alanine aminotransferase (ALT). No ALT
elevation was found in the group with HGV
infection alone.
CONCLUSION
The
epidemiological
characteristics of HGV infection are different
from that of HBV and HCV. HGV is transmitted by
blood and sex, and does not seem to cause liver
damage.

INTRODUCTION

Since the discovery of hepatitis C virus (HCV) in
1989. 90% of blood-borne non-A, non-B hepatitis
cases, acute as well as chronic, are attributed to
HCV. The remaining 10%-15% patients with nonA, non-B hepatitis have no evidence of HCV
infection, indicating the existence of additional
causative agents. GBV-C and HGV were newly
discovered putative non-A to E hepatitis viruses
reported by two groups of investigators[1,2].
However, the sequence homology analysis of the
two viruses revealed that they are different isolates
of the same virus and tentatively designated GBV-C/
HGV. It is a positive single-stranded RNA virus,
and has a similar genome organization as the
flaviviruses, in particular, hepatitis C virus
(HCV), and is classified in the same genus[3].
GBV-C/HGV is transmitted mainly through blood
or blood products. This study was carried out in a
rural population with a high proportion of plasma
donors in Zhoukou Area, Henan Province of China,
to determine the epidemiological characteristics and
clinical significance of HGV infection, and to
compare with that of HBV and HCV infection.
MATERIALS AND METHODS
Subjects

All 541 registered residents in the village of
Zhoukou Area, Henan Province were investigated.
Data collection

Every resident enrolled in this study received a
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questionnaire including 17 items such as age, sex,
hepatitis history, blood donation history, etc., and
all questionnaires were filled out by the
investigators. Then 3.5ml blood was drawn from
each resident and the serum was immediately
separated, and stored at -20 until tested.
Laboratory tests

All residents were tested for serum alanine
aminotransferase ( ALT ) levels by Reitman’s
method; antibody to hepatitis G virus (anti-HGV),
hepatitis B surface antigen (HBsAg), antibody to
hepatitis B surface antigen (anti-HBs), antibody to
hepatitis B core antigen (anti-HBc) and antibody to
hepatitis C virus ( anti-HCV ) by enzyme-linked
immunoassays ( EIA ); and HGV RNA by RTnPCR. The anti-HGV EIA kit was developed by our
laboratory[4]; HBsAg, anti-HBs, anti-HBc and antiHCV EIA kits were produced by Shanghai Ke Hua
Co.. RT-nPCR kit for detection of HGV RNA was
established by our laboratory[5].
Diagnostic Criteria

The diagnosis of HGV infection was made on the
reactivity of anti-HGV in serum. HBV infection
was diagnosed by the presence of one of HBV
markers (HBVM) including HBsAg, anti-HBc and
anti-HBs. Individuals previously inoculated with
HBV vaccines were excluded from the study. HCV
infection was diagnosed on the basis of anti-HCV
positivity in serum.
Statistical analysis

Frequency distributions and dichotomous variables
were performed using the two-tailed Mantel-Haenszel
chi-square test or the two-tailed Fisher’s exact test
(EPI-INFO software). Logistic regression analysis
(SPSS statistical package) was applied to identify
the independent variables associated with HGV,
HBV or HCV infection. P value of less than 0.05
was considered to indicate statistical significance.
RESULTS
Age and sex distribution of HGV, HBV and HCV
infections

The anti-HGV positive rate was 12.9% in the rural
population. Fourty-two of 70 anti-HGV positive
individuals tested were also HGV RNA positive
( 60% ). The anti-HGV prevalence rate was
relatively low in children under 10 years, and then
increased with age and peaked in the group of 5059 years (29.2%). The HBsAg carrier rate was
12.6% in the population, and quickly reached the
highest (16.2%) in the 5-year old group. The
prevalence rate of HBV infection was 64.9% in the
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population. It increased to a high level in the group
of 10 years of age, and maintained high up to
79.2% in the 50-59 age group. The anti-HCV
positive rate was 15.3% in the population. No antiHCV positive cases were found in the group under
10 years of age. The anti-HGV prevalence was
particularly high in the 20-40 age group, and
reached the peak in the group of 30 years. It was
2.2%, 28.2%, 40% and 32.7% in the age groups
of 10, 20, 30 and 40 years, respectively, and
decreased quickly in the group above 50 years
(Table 1).
No significant differences of HBV, HCV and
HGV infection rates were found between male and
female.

Table 1 Age distribution of HGV, HBV and HCV infection in
the rural population
Age group

Cases

(yrs)

tested

Anti-HGV(+) HBsAg(+)
No.

%

No.

05102030405060-

52
74
92
110
70
55
48
40

1
3
10
12
12
9
14
9

1.9
4.1
10.9
10.9
17.1
16.4
29.2
22.5

Total

541

70

12.9

HBVM* (+) Anti-HCV(+)

%

No.

%

No.

7
12
13
12
10
6
10.4
3

13.5
16.2
14.1
10.9
14.3
10.9
5
7.5

25
42
62
68
47
39
38
30

48.1
56.8
67.4
61.8
67.1
70.9
79.2
75.0

0
0
2
31
28
18
2
2

0.0
0.0
2.2
28.2
40.0
32.7
4.2
5.0

%

68

12.6 351

64.9

83

15.3

* One of HBsAg, anti-HBc and anti-HBs positive

Epidemiological factors of HGV, HBV and HCV
infections

Among 17 doubtful factors tested by single factor
analysis, the blood donation history, anti-HBs,
anti-HBc and HBVM (one of HBsAg, anti-HBs and
anti-HBc) were related to HGV infection. The
hepatitis history and age were risk factors for HBV
infection, while the blood donation history, ALT
level and HBsAg were associated with HCV
infection. Multifactors were further analyzed using
non-conditional logistic regression. Table 2 shows
the risk factors correlated with HGV, HBV and
HCV infections.
Table 2 Non-condition logistic regression analysis of HGV, HBV
and HCV infections
Markers
Anti-HGV
HBsAg

HBVM
Anti-HCV

Related factors
Blood donation history
Anti-HBc
Hepatitis history
Blood donation history
Anti-HBs
Anti-HBc
Hepatitis history
Blood donation history
Frequency of plasma donation
HBsAg
ALT level

B value OR value

P value

0.6759
0.7629
1.1079
-1.0001
-1.8481
2.3166
0.9554
5.0103
2.6594
-2.7363
1.1172

<0.05
<0.05
<0.05
<0.05
<0.001
<0.001
<0.05
<0.001
<0.05
<0.01
<0.05

1.97
2.14
3.03
0.37
0.16
10.14
2.59
149.95
14.29
0.06
3.06
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of the couple had blood donations. The results
showed that anti-HGV and HBVM positive rates in
wives of husbands with anti-HGV or HBVM were
significantly higher than in wives of anti-HGV or
HBVM negative husbands (P<0.001 and P<0.05,
respectively). However, no significant correlation
was found in HCV infection between wives and
husbands (Table 3).

Anti-HGV positive rate was not correlated to
the duration and frequency of plasma donation,
whereas anti-HCV positive rate was associated with
them. The anti-HCV positive rate of individuals
with plasma donation more than 1 year (32/37,
86.5%) was significantly higher than that of those
with less than 1 year (45/69, 69.2%) or without
plasma donation (6/433, 1.4%).

Relationship between ALT and HGV, HBV and
HCV infections

Analyses of HGV, HBV and HCV infection
between couples

The abnormal rate of ALT in the individuals with
HCV infection (34.5%) was significantly higher
than in those with HGV or HBV infection (0% and
6.6%).

Eighty-three couples were divided into two groups:
in one group, both wife and husband had blood
donation, and in another group, only one or neither

Table 3 Positive rates of anti-HGV, HBsAg, HBVM and anti-HCV of wives and husbands
Husbands
infection

Wives anti-HGV
positive rate(%)

Wives HBsAg (%)

Wives HBVM (%)

status

A

B

A

B

A

B

A

+

40.0
(2/5)
8.3
(1/12)

53.3
(8/15)
7.8
(4/51)

0
(0/1)
17.6
(3/17)

11.1
(1/9)
8.9
(5/56)

60.0
(6/10)
62.5
(5/8)

72.0
(36/50)
40
(6/15)

68.8
(11/16)
100.0
(4/4)

11.1
(1/9)
7.4
(4/54)

Total

17.6
(3/17)

18.2
(12/66)

16.7
(3/18)

9.2
(6/65)

61.1
(11/18)

64.6
(42/65)

75.0
(15/20)

7.9
(5/63)

OR value
χ2
P value

7.4
2.29
<0.05

13.4
16.1
<0.001

0
0.20
>0.05

1.3
0.04
>0.05

0.9
0.01
>0.05

3.9
5.09
<0.05

1.58
>0.05

0
0.14
>0.05

-

Wives anti-HCV (%)
B

*A: Both had blood donations; B: One or neither had blood donations

Table 4 Relationship between ALT and HGV, HBV and HCV infections
Group
HBV-HCV-HGV+
HBV-HCV-HGVHBV+HCV-HGV+
HBV+HCV-HGVHBV-HCV+HGV+
HBV-HCV+HGVHBV+HCV+HGV+
HBV+HCV+HGV-

No. tested
11
145
46
256
5
29
8
41

DISCUSSION

The enzyme-linked immunoassay (EIA) for
detection of anti-HGV used in this study was
established by our laboratory. The total coincidence
rate between HGV RNA RT-nPCR and anti-HGV
EIA kits was 94%, as reported previously[4]. So the

ALT abnormal rate (%)
0.0( 0/11)
5.5(8/145)
8.7 (4/46)
6.6(17/256)
60.0(3/5)
34.5(10/29)
50.0 (4/8)
43.9(18/41)

P value
>0.05
>0.05
>0.05
>0.05

anti-HGV positive rate determined by anti-HGV
EIA reflects the actual status of HGV infection in
the population. The epidemiological characteristics
and risk factors of HGV infection in the population
appear to be different from that of HBV and HCV.
The anti-HGV positive rate was 12.9% in the
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population, significantly higher than that in the
general population of China[6]. The HBsAg carrier
rate and the prevalence of HBVM in this rural
population were 12.6% and 64.9%, respectively,
which were similar to that of the general population
in China reported by Liu et al[7]. However, the
anti-HCV positive rate of this population (15.3%)
was much higher as compared with the general
population of the country (15.3% vs 3.2%)[8]. The
high prevalence of HGV and HCV infections may
be associated with the high proportion (19.6%) of
plasma donors in the rural population.
The age distributions of HGV, HBV and HCV
infections were different. The anti-HGV positive
rate was relatively low in children under 10 years,
and then increased with age and peaked in the group
of 50-59 years (29.2%). However, the HBsAg
carrier rate quickly reached the highest (16.2%) in
the 5-year age group, and the prevalence rate of
HBVM increased to a high level in the group of 10
years of age, and maintained high up to 79.2% in
the 50-59 age group. HCV infection in the
population had a special pattern of age distribution
different from HGV and HBV. It mainly
concentrated in groups of 20, 30 and 40 years of
age, with the prevalence rates of 28.2%, 40.0%
and 32.7%, respectively. No anti-HCV positive
cases were found in the groups under 10 years of
age. The high-prevalence rate of HCV infection in
the groups of 20-40 years was related to the high
proportion of plasma donors among them.
The anti-HGV positive rate in wives of
husbands with HGV infection was 53.3%,
significantly higher than that in those with HGV
negative husbands (53.3% vs 7.8%).The same
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phenomenon is also seen in HBV infection. The
prevalence rate of HBVM in wives of husbands with
HBV infection was significantly higher as compared
with those of husbands without HBVM (72% vs
40%). Although the anti-HCV positive rate in
Wives of husbands with HCV infection was
relatively higher than that in those of anti-HCV
negative husbands (11.1% vs 7.4%), but there was
no statistical significance. The data demonstrated
that the sexual transmission of HGV and HBV
seems to be more important as compared with
HCV.
The ALT abnormal rate in the individuals with
HCV infection alone was significantly higher than
that in those with HGV or HBV infection alone
(34.5% vs 0% or 5.6%). It is interesting to note
that the ALT levels in HBV patients with or without
HGV coinfection had no difference[6]. It suggests
that HGV, unlike HBV and HCV, may not cause
the liver damage[2,9,10].
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Abstract
AIM To identify the persistence of immune
protection of China-made, plasma-derived
hepatitis B vaccine after infancy immunization
and the time table of booster immunization.
METHODS A cross-sectional follow-up study
and an experimental study on booster were used
for the evaluation of the serological effect 7
years after vaccination and the antibody
anamnestic response. Radioimmunoassay was
used for the detection of hepatitis B virus
markers.
RESULTS The protective anti-HBs positive
rates of 1018 children, who were vaccinated
according to the regimen of three doses of 10 µg
hepatitis B vaccine in their infancy, declined
from 75.0% during the first two years to 48.2%
in the 7th year after the first dosage, however,
the positive rates for HBsAg and anti-HBc always
fluctuated at a low frequency. A total of 144
subjects aged 6 or 7 years, who were negative
for both HBsAg and anti-HBc before booster,
were selected from 1018 children of the follow-up
study, and boosted with 1µg intradermally or
2µg hypodermically hepatitis B vaccines. Their
anti-HBs GMT and anti-HBs positive rates were
190.6mIU/ml and 89.6% in the first month after
booster, significantly higher than 14.7mIU/ml
and 54.9% before booster (P < 0.01), and
declined back to 25.3mIU/ml and 75.5% in the
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12th month; among 65 children with the anti-HBs
negative before booster, 40 had a level of antiHBS 100mIU/ml one month after booster,
suggesting retention of immune memory in most
of them.
CONCLUSION No need for revaccination
against hepatitis B in the 7th year after the initial
immunization due to better persistence of
immune protection of the vaccine and retention
of immune memory to hepatitis B virus in the
vast majority of the vaccinees.

INTRODUCTION

Infant hepatitis B vaccine immunization integrated
with EPI program has become a principal strategy
for the hepatitis B control. Since the end of the
1980s, large-scale hepatitis B vaccination in infants
has been implemented in the many areas of
China[1]. The short-term effectiveness of hepatitis B
vaccine has been confirmed in many studies[1-4]. The
low-dose immunization has been recommended as a
principal strategy to infancy vaccination of the rural
areas[5]. However, it is necessary to answer the
following questions in community-based hepatitis B
prevention: what is the persistency of immune
protection of China-made, plasmaderived hepatitis
B vaccine, especially in the infancy should low-dose
immunization be used? Is there antibody anamnestic
reaction to hepatitis B surface antigen (HBsAg) in
the vaccinees with vaccine-induced antibody
negative-conversion When should the booster
immunization be administered? In order to
determine the duration of immune protection and
the immune memory to HBsAg 7 years after the
infancy vaccination, a follow-up study on the longterm effectiveness of hepatitis B vaccination and an
experiment study of hepatitis B booster
immunization were carried out in Longan County, a
remote hepatitis B endemic rural area of China,
from 1994 to 1995.
MATERIALS AND METHODS
Sample size and subjects

A total of 1018 children aged 1-7 years, born in
the period of 1987 to 1994 in Longan County and
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having the vaccination record of three doses of 10µg
plasma-derived hepatitis B vaccine (produced by the
National Institute for Biological Products, Beijing)
according to 0, 1 and 6 month schedule, were
selected in terms of cluster sampling as a sample for
the observation of long-term effectiveness. Among
them 144 children were recruited as subjects for the
experiment of booster immunization.
Method and dosage of booster

The 144 subjects were divided into two groups. One
group of 91 subjects were intradermally injected
with a dose of 1µg plasma-derived hepatitis B
vaccine, another group of 53 subjects were
hypodermically immunized with a dose of 2µg
vaccine.
Reagents

Hepatitis B radioimmunoassay (RIA) reagent kits
were purchased from the National Institute of
Biological Products, Beijing.
Specimens collection and lab test

Peripheral blood of 3ml-5ml was collected in all
samples in April 1994, and from all subjects at 1and 12 month after the booster, respectively. Serum
specimens were kept at -20 for the test. RIA was
used for the detection of anti-HBs, anti-HBc and
HBsAg. Anti-HBs-S/N ratio
10.0, anti-HBc
inhabitation ratio 75% and HBsAg S/N ratio
2.1 were defined as sera positive. Both scales, antiHBs mIU/ml GMT and anti-HBs positive rate, were
used for comparison of the differences of antibody
level between before and after booster, and between
different doses of booster vaccine. The following
formula was used for calculating anti-HBs mIU/
ml:
mIU/ml = 130.75
[ EXP ( 0.66765 ×
CPM of sample-CPM of negative control
) -1]
CPM of positive control-CPM of negative control
Data analysis

Softwares, dBase-III and SAS, were used for the
data base and the statistical analysis.
RESULTS
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Positive rates for anti-HBs, anti-HBc and HBsAg
1-7 years after immunization

The age distribution of positive rates for anti-HBs,
anti-HBc and HBsAg of 1018 immunized children
aged 1-7 years after infancy hepatitis B vaccination
is shown in Table 1.
Table 1 shows that the anti-HBs positive rate
significantly declined from 75.0% of age group of 1
-2 years to 48.2% of 7-year age group (X2=51.2,
P<0.01), while anti-HBc and HBsAg positive rates
were not found significantly increased with age (P
>0.05). The results suggested that the hepatitis B
vaccine induced-antibody level in infancy
immunization was decreasing year by year after
vaccination, however, the difference of hepatitis B
virus (HBV) infectious rate between age groups was
not statistically significance.
Change of anti-HBs before and after hepatitis B
vaccine booster

The results of comparison of anti-HBs level change
of 144 subjects before and in the first and 12th
month after booster are shown in Table 2.
Anti-HBs GMT of 144 subjects one month after
booster was significantly higher (by 18.3 fold) than
that before booster (t = 17.4, P < 0.01). However,
in the 12th month after booster, the anti-HBs GMT
of 106 subjects dropped significantly, and there was
no difference before and after booster (t =1.3, P>
0.05); and the anti-HBs positive rates were 89.6%
in the 1st month and 75.5% in the 12th month,
significantly higher than (54.9%) before booster
(P<0.05). The antibody positive rates of both
subgroups with low anti-HBs titer ( 10mIU/ml99mIU/ml) and the subjects with negative anti-HBs
(<10.0mIU/ml) in the first month after booster
were significantly lower than before (P<0.01),
increasingly recovering in the 12th month.
Relationship of anti-HBs level before and after
booster

Anti-HBs level distribution after booster among the
subjects with different antibody level before booster
is shown in Table 3.

Table 1 Positive rates for anti-HBs, anti-HBc and HBsAg of 1018 children aged 1-7 years after infancy hepatitis B immunization in
Longan County in 1994
Age group
(yr)
1-2
3-4
5-6
7
Total

No. of subjects

Anti-HBs( 10S/N)

Anti-HBc( 75%)

HBsAg( 2.1S/N)

n

%

n

%

n

%

220
341
320
137

165
178
144
66

75.0
52.2
45.0
48.2

1
13
8
8

0.5
3.8
2.5
5.8

2
9
7
1

0.9
2.6
2.2
0.7

1018

553

54.3

30

3.0

19

1.9
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Table 2 Comparison of anti-HBs level before and after hepatitis B booster in 144 subjects immunized with hepatitis B vaccine
Anti-HBs (mIU/ml)
Time point of
observation

No. of
subjects

Before booster
One month after booster
12 months after booster

10

<10

144
144
106

100

1000

n

%

n

%

n

%

n

%

65
15
26

45.1
10.4
24.5

58
16
43

40.3
11.1
40.6

20
100
33

13.9
69.4
31.1

1
13
4

0.7
9.0
3.8

GMT

t

10.4
190.6
25.3

17.4
1.3

P

<0.01
>0.05

*blood specimens only collected from 106 children in the 12th month after booster.

Table 3 Distribution of anti-HBs levels one and twelve months after booster among immunized children with different anti-HBs levels
before booster
Anti-HBs levels (mIU/ml) one month after booster
Anti-HBs
(mIU/ml)
before booster
<10
10
100
1000

<10

10

100

Anti-HBs levels (mIU/ml) 12 months after booster
1000

No.
65
58
20
1

<10

10

100

1000

No.
n

%

n

%

n

%

n

%

15
0
0
0

23.1
0.0
0.0
0.0

10
5
1
0

15.4
8.6
5.0
0.0

35
49
15
1

53.9
84.5
75.0
100.0

5
4
4
0

7.7
6.9
20.0
0.0

One month after booster 76.9% of 65 subjects
with negative antiª²HBs before booster, had antiHBs 10mIU/ml; 91.4% of 58 subjects with antiHBs low titer possessed anti-HBs 100mIU/ml; in
20 of 21 subjects with anti-HBS
100mIU/ml
antibody increased obviously and decreased in one.
Fifteen of 65subjects with anti-HBs <10mIU/ml
before booster, were still anti-HBs negative in the
first and 12th month after booster, accounting for
23.1%, in 10 children anti-HBs level increased from
10mIU/ml to 100mIU/ml and in the remaining 40
subjects it was 100mIU/ml or over. Thirty-two
individuals of the latter two groups were followed
up for 12 months, 7 had antibody negative
conversion.
Tables 2 and 3 indicate that most of immunized
children possessed immune memory to HBsAg, and
also in some individuals who had the vaccineinduced anti-HBs negative-conversion, 6 or 7 years
after their infancy immunization.
Comparison of anti-HBs level between two
booster dosages with different immunization
routes

Anti-HBs GMTs of 91 subjects of intradermal 1µg
group and 53 subjects of hypodermical 2 µg group
before
booster
were
9.3 mIU/ml
and
11.3mIU/ml, and no statistically significant
difference was found between the two groups ( t =
0.6, P>0.05). One month after booster, anti-HBs
GMTs of both groups increased to 160.8mIU/ml
and 247.2 mIU/ml. However, there was no
statistical difference between both groups (t = 1.3,

47
45
13
0

n

%

n

%

n

%

n

%

22
4
0
0

46.8
8.9
0.0
0.0

14
24
5
0

29.8
53.4
38.5
0.0

9
15
8
1

19.1
33.3
61.5
100.0

2
2
0
0

4.3
4.4
0.0
0.0

P > 0.05). The difference of booster-induced
antibody levels between the intradermal group and
the hypodermical group was not found in this study.
DISCUSSION

The observation should be conducted from two
aspects to study the persistence of hepatitis B
immunization: the trend of change of anti-HBs,
anti-HBc and HBsAg after vaccination in the given
immunized populations;
to clarify whether the
immunized individuals possess immune memory in
the certain period after vaccination. The evidence
of their immunological anamnestic reaction to
HBsAg can be provided through a booster
experiment.
The results of our study in Longan County
showed that the anti-HBs positive rate of the
immunized children was 48.2% in the 7th year,
lower than 75.0% during the first two years after
infancy hepatitis B immunization, suggesting that
the hepatitis B vaccine-induced protective antibody
level was gradually decreasing; however, the
positive rates for anti-HBc and HBsAg were not
significantly increased with the time after
vaccination, but obviously lowered than before
immunization. The following two explanations
might be used for this phenomenon:
an
assumption that the opportunity exposed to HBV
was obviously decreased in the immunized
population. In recent years the large-scale infant
hepatitis B vaccination did significantly decrease the
HBsAg carrier rate among the children aged under 5
years[2-4], while, the HBsAg carrier rate in the
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older-age population did not decrease, shown in our
another study on the population aged 20-30 years
without hepatitis B vaccination in Longan County in
1995. A part of immunizxed population were found
to have vaccine-induced anti-HBs negativeconversion, but they might still have immune
memory to HBsAg. If these children expose to
HBV, they will quickly develop enough protective
antibody to avoid becoming a HBsAg carrier. The
second explanation has been confirmed through a
hepatitis B vaccine booster experiment in our study.
The results of the booster experiment indicated
that 61.5% (40/65) of 65 subjects with anti-HBs,
anti-HBc and HBsAg negative marker, yielded antiHBs level of 100mIU/ml one month after a low
dose of hepatitis B vaccine booster, and the postbooster antibody increase of these children was
referred to immunological anamnestic reaction,
according to the standard that the anamnestic
reaction was defined as subjects with the anti-HBsnegative yielding anti-HBs level of 100mIU/ml
four weeks after booster[6]. Therefore, the reason
why the HBsAg positive rate of immunized
population always fluctuated at a low level of
around 2% was probably attributable to the fact
that they still keep immune memory 6-7 years after
the initial vaccination. In 50 of 65 subjects with the
anti-HBs and HBsAg-negative the antibody
increased obviously after booster. It is interesting
that 21.9% ( 7/23 ) of those children with
anamnestic reaction had antibody negativeconversion in the 12th month after booster, and
23.1% (15/65) of subjects were anti-HBs negative
at in the first and 12th month after and before
booster. The outcome when these two groups of
children expose to HBV should be observed in the
future. Of 79 subjects with antibody level of
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10mIU/ml, 68 ( 86.1% ) had antibody level
increased by 2-fold or more one month after
booster, suggesting that a low dose of hepatitis B
vaccine booster can induce extremely high titer of
antibody in most of these children.
The results of our research are similar to that of
a study on booster 4-5 years after infancy hepatitis
B vaccination by Chen Hui-Fang[7]. Both studies
reveal that the majority of children immunized with
China-made, plasma-derived hepatitis B vaccine,
can quickly produce antibody anamnestic reaction to
HBV ( titer
100 mIU/ml ) 4-7 years after
infancy.
These evidences indicate that low dose of
China-made, plasma-derived hepatitis B vaccine in
infancy may yield a better persistency of
immunization and an ideal protective effect in
immunized population. It is suggested that no need
for revaccination against hepatitis B in the 7th year
after the initial immunization, due to no evidences
of booster obtained in our study.
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Effect of lipid on proliferation and activation of rat
hepatic stellate cells (I)
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Abstract
AIM To study the effect of lipid (triglyceride
and very low-density lipoprotein, VLDL) on
proliferation and activation of rat hepatic
stellate cells (HSC).
METHODS HSC were isolated and cultured from
liver of Wistar rats by in situperfusion with
pronase and collagenase and density gradient
centrifugation with Nycodenz. HSC proliferation
was examined with MTT colorimetric assay.
RESULT
Triglyceride of12.5 mg/L had a
promoting effect on proliferation of HSC (P<
0.05), 25, 50, 100 and 200mg/L had no effects
(P>0.05), but 400mg/L had an inhibiting effect
(P<0.01). VLDL of 6.25 and 12.5mg/L had no
effect on proliferation of HSC (P>0.05), but
increased concentration of VLDL could promote
the HSC proliferation (P<0.05).
CONCLUSION
Lipid had an effect on
proliferation of HSC. Triglyceride and VLDL may
promote HSC proliferation and may be
associated with fatty liver and hepatic
fibrogenesis.

INTRODUCTION

Despite the early controversy over the primary
cellular source of extracellular matrix proteins in
liver fibrosis, compelling in vitro and in vivo
experimental evidence is now available to implicate
activated hepatic stellate cells (HSC) in the
pathogenetic role [1-3]. Mechanisms by which
collagen-producing cells are activated under
pathological conditions remain unknown and
continue to be a topic of research interest[1,2,4,5].
Although the role of hepatocytes in lipid metabolism
and transportation have been discussed intensively,
that of HSC was not known More and more studies
showed that HSC took part in lipid metabolism and
transportation[6], their abnormality was related to
the pathogenesis of fatty liver and liver fibrosis[7].
In order to seek a possible explanation for the role
of lipid in activation of HSC in liver fibrogenesis,
we observed the effects of triglyceride and very lowdensity lipoprotein (VLDL) on proliferation of rat
HSC.
MATERIALS AND METHODS
Animals

Male Wistar rats, weighing 400g-450g were fed
ad libitum with standard rodent chow.
Preparaton of HSC
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HSCs were prepared by the methods of Friedman et
al[8] and Baroni et al[9] with slight modifications.
The rats were anesthetized with intraperitoneal
pentobarbital (30 mg/kg). The liver was perfused
in situ through the portal vein with 500ml of
calcium-free Gey’s balanced salt solution for 10min
at a flow rate of 40ml/min-50ml/min and then
enzymatically digested with perfusate containing
0.05% collgenase (Sigma) and 0.1% pronase E
(Merck) for 10min-15min. After being removed,
the liver was cut into small pieces and incubated in
50ml fresh GBSS-BSA containing 0.05%
collagenase and 0.1% pronase E and stirred at 37
for 30min. After passing through gauze, cell
suspension was centrifuged at 500×g for 7 min, the
supernatant discarded at the cells washed twice
further with Dulbeco’s modified Eagle’s medium
(DMEM) (Gibco). The cell suspension was mixed
with 18% (W/V) of Nycodenz (Sigma) in GBSS
without NaCl. The gradient was centrifuged at 1450
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×g for 17min at 4 . The white, diffuse, flufly
band in the lower region of the DMEM layer just
above the Nycodenz cushion, which contained
highly enriched HSC, was gently aspirated, diluted
in about 30ml DMEM and centrifuged at 450×g for
7min at 4 . The cell pellet was suspended in the
incubation medium and seeded in the culture flasks
with DMEM containing 20% fetal calf serum.
Sterile condition was maintained during the entire
isolation and purification procedures. Cell viability
was assessed by trypan blue exclusion, and cell
counting were conducted in a hemocytometer.

The yield of HSC ranged from 5×106 to 1×107 cells
per liver. HSC displayed fading green-blue
fluorescence with fluorescence microscopy at a wave
length of 328nm. After the first washing at 24hr,
the HSC purity in culture exceeded by 95% as
assessed by phase contrast microscopy and
ultraviolet excited fluorescence microscopy.
Viability of HSC assessed by trypan blue exclusion
exceeded by 95%. HSC positive for desmin by
immunohistochemistry in primary culture was above
90%, and in subculture above 95%. Lysozyme and
factor VIII-related antigen were negative for HSC.

Culture and determintion of HSC[8,9]

Effect of triglyceride on proliferation of rat HSC

Purified HSC suspended in DMEM containing
HEPES ( 15mmol ), penicillin ( 100U/ml ),
streptomycin (100 mg/ml) and fetal calf serum (20%
V/V) were seeded at a density of 1×105 cells/cm2
in the culture flasks. The medium was changed 20 to
24 hours after plating, and every 3 to 4 days
thereafter. Cells were grown at 37 in a humidified
atmosphere of 5% CO2 and 95% air. To evaluate
the purity of the cultures, HSC at day 2 or 3 and 7
after plating were tested by immunohistochemistry
staining for desmin, lysozyme and factor VIII-related
antigen, and by ultraviolet excited fluorescence
microscopy at the length of 328 nm.

Trigylceride was directly administered to HSC at
concentrations of 12.5, 25, 50, 100, 200 and
400mg/L, respectively. The HSC proliferation was
measured with colorimetric MTT assay. HSC
proliferation in the presence of triglyceride is shown
in Table 1. Compared with the contrast (0.1395±
0.0276), 12.5 mg/L of triglyceride had a
promoting effect on proliferation of HSC (P<
0.05), 25, 50, 100 and 200mg/L had no effects (P
>0.05), but 400mg/L had an inhibiting effect (P
<0.01).

Proliferation of HSC

HSC proliferation was studied by colorimetric MTT
[ 3 - ( 4, 5-dimethylthiazol - 2 - yl ) - 2, 5-diphenyl
tetrazolium bromide ] ( Sigma ) assay[10]. HSC (1×
105cells/100 µl ) were cultured in multiwell tissue
culture plates (96 well/plate) (Corning, New York,
NY, USA) for 2 days and 48hrs in the presence or
absence of triglyceride and VLDL. Twenty µl of
MTT solution (5mg/L) was added to all wells of an
assay, and plates were incubated at 37 for 4hrs.
Then 100µl dimethyl sulfoxide was added to all
wells and mixed thoroughly to dissolve the dark blue
crystals. After 20min-30min at room temperature
to ensure that all crystals were dissolved, the plates
were read on a E-Liza Mat-300 reader, using a test
wavelength of 570nm, a reference wavelength of
630nm. Plates were normally read within 1hr of
adding the dimethyl sulfoxide. All samples were
analyzed in pentaplicate.
Statistical analysis

All data were expressed as mean ±SD. Statistical
differences were assessed by the standard t test
and P values of < 0.05 were judged to be statistically
significant.
RESULTS
The yeild, viability and purity of HSC

Table 1

The effects of triglyceride on HSC proliferation

Group

Concentration (mg/L)

Triglyceride

Normal control
a

Value of OD
0.0990±0.0163 b
0.1226±0.0138
0.1212±0.0275
0.1450±0.0264
0.1637±0.0243
0.1894±0.0316 a

400
200
100
50
25
12.5
0.1395±0.0276

b

P<0.05, P<0.01 vs normal control.

Effect of VLDL on proliferation of rat HSC

VLDL was directly administered to HSC at
concentrations of 6.25, 12.5, 25, 50 and 100 mg/L
of VLDL, respectively. The HSC proliferation was
measured with colorimetric MTT assay. HSC
proliferation is shown in Table 2. Compared with
the contrast ( 0.1395 ± 0.0276 ), 6.25 and
12.5mg/L of VLDL had no effect on proliferation
of HSC (P > 0.05), but 50 and 100mg/L of VLDL
could promote HSC proliferation (P < 0.05 or P <
0.01).
Table 2 The effects of VLDL on HSC proliferation

LU Lun-Gen, et al. Effect of lipid on proliferation and activation of rat hepatic stellate cells (I)
Group

Concentration (mg/L)

VLDL

100
50
25
12.5
6.25

Normal control
a

Value of OD
b

0.2202±0.0284
0.1964±0.0287b
0.1834±0.0498a
0.1642±0.0269
0.1583±0.0314
0.1395±0.0276

b

P<0.05, P<0.01 vs normal control.

DISCUSSION

There is now overwhelming evidence that HSC,
which reside in the space of Disse, are the principal
effectors of hepatic fibrogenesis. However, in
contrast to most other conditions, it is far from
clear whether the characteristic phenotypic
transformation, proliferation and fibrogenesis by
HSC is always a response to liver cell injury/ or
inflammation.
HSCs were demonstrated to present lipoprotein
receptor in their surface, contained a large amount
of fat droplets in their cytoplasm, and synthesized
and secreted apolipoproteins. HSCs were in direct
contact with plasma in the Disse’s space, accessable
to both chylomicron and VLDL triglyceride, and do
not need to transport the enzyme to the adjacent
endothelium. All these suggested that HSC and
hepatocytes were necessary for lipid mobilization
and transportation[1,2]. Their abnormality was
related to the disturbance of lipid mobilization and
transportation which made triglyceride concentrate
in the liver, inducing fatty liver and liver
fibrosis[12]. Reeves et al’s study[7] showed that the
mechanism of HSC activation/ proliferation and
subsequent fibrogenesis related to alcohol may be
unrelated to necroinflammation, and that HSC
activation occurced in the absence of hepatitis in
alcoholic liver disease and correlated with the
severity of steatosis. However, isolated fatty liver
without hepatitis occurs more frequently than does
steatohepatitis. Thus it is not clear whether the
accumulation of fat in the liver is responsible for
inflammation or whether inflammation evoked by
some stimulus caused cell dysfunction that resulted
in steatosis[12]. Vicente et al[11] studied the lipid
metabolism during in vitro induction of the lipocyte
phenotype in HSC. HSC can produce and bind
lipoprotein lipase to their own surface, using it
potentially for processing exogenous lipids in the
acute phase of lipocyte induction, when the
accumulation of lipids was accelerated. In the our
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study, we found that triglyceride and VLDL
promoted
HSC
proliferation
at
certain
concentrations. Some animal studies also confirmed
that steatosis and collagen content in experimental
liver cirrhosis are affected by dietary
monounsaturared and polyunsaturated fatty
acids[12,13]. The great amount of lipid in diet
produced fatty liver and liver fibrosis more easily.
These experimental evidence indicated that the
infiltration of lipid increased the production of
fibrous tissue in the liver. The earliest event in the
development of fibrosis appears to be activation of
HSC by such factors as lipid peroxides[14,15]. This
caused proliferation of HSC and initiation of
fibrogenic cascade in the liver. In addition, the
investigation showed that high concentration of
triglyceride (400mg/L) had an inhibiting effect on
HSC proliferation. It was deduced that high
concentration of triglyceride might have a toxic
effect on HSC. The precise role of triglyceride and
VLDL in the HSC proliferation and activation needs
to be addressed in futher studies.
REFERENCES
1
2
3
4
5
6
7
8
9
10
11
12
13
14

15

Alcolado R, Arthur MJP, Iredale JP. Pathogenesis of liver fibrosis. Clin Sci,
1997;92(2):103-112
Pinzani M. Novel insights into the biology and physiology of the Ito cell.
Pharmac Ther, 1995;66(4):387-412
Tsukamoto H, Cheng S, Blaner WS. Effects of dietary polyunsaturated fat on
ethanol induced Ito cell activation. Am J Physiol, 1996;270 (Gastrointest Liver
Physiol 33):G581-G586
Friedman SL. Molecular mechanisms of hepatic fibrosis and principles of
therapy.J Gastroenterol, 1997;32(3):424-430
Hautekeete ML, Geerts A. The hepatic stellate (Ito) cell: its role in human liver
disease. Virchows Arch, 1997;430(3):195-207
Ramadori G, Rider H, Theiss F, Meyer zum Buschenfelde K-H. Fat-storing
(Ito) cells of rat liver synthesize and secrete apolipoproteins: comparison
with hepatocytes.Gastroenterology, 1989;97(1):163-172
Reeves HL, Burt AD, Wood S, Day CP. Hepatic stellate cell activation occurs
in the absence of hepatitis in alcoholic liver disease and correlates with the
severity of steatosis. J Hepatol, 1996;25(4):677-683
Friedman SL, Roll FJ. Isolation and culture of hepatic lipocytes, kupffer cells,
and sinusoidal endothelial cells by density gradient centrifugation with
stractan.Anal Bioch, 1987;161(2):207-218
Baroni GS, D’Ambrosio L, Ferretti G, Casini A, Di Sario A, Salzano R et al.
Fibrogenic effect of oxidative stress on rat hepatic stellate cells. Hepatology,
1998;27(3):720-726
Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays.J Immunol Methods, 1983;65(1):5563
Vicente CP, Guaragna RM, Borojevic R. Lipid metabolism during in vitro
induction of the lipocyte phenotype in hepatic stellate cells. Mol Cell Biochem,
1997;168(1):31-39
Sheth SG, Gordon FD, Chopra S. Nonalcoholic steatohepatitis. Ann Intern
Med, 1997;126(2):137-145
Fernandez MI, Torres MI, Gil A, Rios A. Steatosis and collagen content in
experimental liver cirrhosis are affected by dietary monounsaturared and
polyunsaturated fatty acids.Scand J Gastroenterol, 1997;32(3):350-356
Leonarduzzi G, Scavazza A, Biasi F, Chiarpotto E, Comandola S, Vogl S et
al. The lipid peroxidation end product 4-hydroxy-2, 3-nonenal up-regulates
transforming growth factor β1 expression in the macrophage lineage: a link
between oxidative injury and fibrosclerosis.FASEB J, 1997;11(11):851-857
Montosi G, Garuti C, Lannone A, Pietrangelo A. Spatial and temporal dynamics of hepatic stellate cell activation during oxidant-stress-induced
fibrogenesis.Am J Pathol,1998;152(5):1319-1326

ISSN 1007-9327

CN 14-1219/R

WJG, 1998;4(6):503-505

503

In situ hybridization assay of androgen receptor
gene in hepatocarcinogenesis *
ZHAO Guo-Qiang, XUE Ling, XU Hong-Yu, TANG Xi-Ming, HU Rui-De and DONG Jun
Subject headings hepatocarcinoma; androgen
receptor; in situ hybridization; liver neoplasm,
experimental

Abstract
AIM To determine the correlation between
expression of androgen receptor (AR) gene and
hepatocarcinogenesis.
METHODS
Male SD rats were used as
experimental animals and the animal model of
experimental hepatocarcinoma was established
by means of 3’-me-DAB administration.
Androgen receptor mRNA was detected by a nonradioactive in situ hybridization assay in
neoplastic and non-neoplastic liver tissues.
RESULTS The expression of androgen receptor
mRNA was observed only in neoplasticcells and
some atypical hyperplastic cells. In the liver
tissue of control animal and the remaining
normal liver cells adjacent to the carcinoma
tissue, no positive signal was seen.
CONCLUSION Androgen has an important
correlation with hepatocarcinogenesis and the
expression of androgen receptor gene might be a
mark event during hepatocarcinogenesis.

INTRODUCTION

It is well known that sex hormone plays an
important role in regulation of cell growth, organ
development and carcinogenesis. But the most
majority of studies were focused on the tumors of
sex hormone-dependent organs (e.g., mammary
carcinoma and prostate carcinoma). By now not
much attention has been paid to sex hormone effects
on hepatocarcinogenesis. However, some data
showed that there is a difference in morbidity and
mortality of patients with hepatocarcinoma between
male and female[1,2]. Hepatic adenomas have been
also demonstrated to have a clear relationship with
oral contraceptive use, and it was presumed that
there may be hormone receptors within the adenoma
cells that mediate tumor growth in response to
hormonal stimulation[3]. In addition, some reported
that testosterone stimulated tumor growth and it
may enhance the progression of chemically-induced
hyperplastic nodules to frank malignancy[4]. All
these suggested that hepatocarcinoma might also be
a hormone-dependent tumor. In this study, male SD
rate were used as experimental animals and the
animal model of experimental hepatocarcinoma was
established by means of 3’-me-DAB administration.
Androgen receptor mRNA was detected by a nonradioactive in situ hybridization assay in neoplastic
and non-neoplastic liver tissues in an attempt to
detect the inner link between the expression of
androgen receptor gene and hepatocarci nogenesis,
and explore its exact mechanism.
MATERIALS AND METHODS
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Establishment of animal model of experimental
hepatocarcinoma

Male SD rats were divided into two groups:
control group: the animals were fed with standard
experimental group: the animal were fed
food;
with the food containing 0.6% 3’-me-DAB, after 14
weeks the food were replaced with standard one.
The experimental rats were sacrificed at 4, 8, 14,
17 and 24 weeks respectively. The liver tissue was
fixed in 10% formaldehyde and embedded in
paraffin.
Preparations of RNA probe

A fragment of androgen receptor cDNA was cloned
in a transcription vector Bluescript between EcoRI
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and Hind III. By means of transcription in vitro, a
RNA probe complementary to the rat AR mRNA
was labeled with digoxigenin. The probe was stored
at -20 .
In situ hybridization

The sections, that represent different stages of
hepatocarcinogenesis, were selected for in situ
hybridization assay. After deparaffin and
rehydrate, the sections were fixed in 4%
paraformaldhyde again. The hybridization was
and placed overnight. The
carried out at 50
hybrids were then revealed by an alkaline
phosphatase-conjugated anti-digoxigenin antibody
and detected with the detection system of
Boehringer Mannheim.
RESULTS
Pathological changes in different stages of
hepatocarcinogenesis

SD rats were divided into 10 groups as shown in
Table 1. The specimen from various groups were
first used for pathological examination. Results in
different stages of experiment has demonstrated a
gradual progression of hepatocarcinogenesis. At the
4th and 8th week, hyperplastic foci and nodules
appeared, and the carcinoma nodules were seen at
the 24th week of experiment.

Table 1

Groups of experimental animals
4 weeks 8 weeks 14 weeks

Experimental group
Control group

5
3

5
3

5
3

17 weeks

24 weeks

5
3

5
3

Expression of AR gene in different stage of
hepatocarcinogenesis

The selected sections from different groups, which
reflect the pathological characteristics of
hepatocarcinogenesis in different stages, were used
for in situ hybridization assay. The rsults showed
that no positive signal of AR expression was seen in
the early stage of hepatocarcinogenesis (the 4th and
8th week). The signal of AR expression could be
detected until the 14th week of experiment (Table
2), and all the hybridization signal was observed in
the carcinoma tissues. In the liver tissues of control
animal, and the remaining normal liver cells
adjacent to the carcinoma tissue, no positive signal
was detected (Figure 1A, B). In the experimental
group of the 14th and 17th week, some atypical
hyperplastic cells also displayed positive signal in
varying degrees (Figure 1C, D). In all of control
group, no positive signal was seen.

Figure 1 Expression of androgen receptor mRNA in
hepatocarcinogenesis (in situ hybridization).
A: Liver from the 17th week experimental group, shows the
expression of AR in the carcinoma tissue.
B: Liver from the 24th week experimental group, shows the
expression of AR in the carcinoma tissue and in the remaining
normal tissue adjacent to the carcinoma tissue.
C: Liver from the 14th week experimental group, shows the
expression of AR in the atypical hyperplastic cells.
D: Liver from the 17th week experimental group, shows the
expression of AR in the atypical hyperplastic cells.

ZHAO Guo-Qiang, et al. In situ hybridization assay of androgen receptor gene in hepatocarcinogenesis
Table 2 Expression
hepatocarcinogenesis

of

AR

in

deferent

stages

4 weeks 8 weeks 14 weeks 17 weeks
Experimental group
Control group

-

-

+
-

+
-

of

24 weeks
+
-

DISCUSSION

It is not clear yet whether androgen plays a role in
regulation of hepatocarcinogenesis. But many data
showed that there might be a correlation between
androgen and hepatocarcinogenesis. The regional
data in Cancer incidence in five continents
demonstrated that the morbidity in men is generally
higher than in women, no matter where the
incidence is high, moderate or low[1]. Besides some
men¡äs unhealthy hobby (e.g., excessive drinking)
and work surroundings, the potential effects of sex
hormone is also a factor which can not be ignored.
Another data revealed that the danger of
contracting hepatocellular adenoma increased
among the women who use oral contraceptives[5].
Some also reported that the patients, who use the
steroid-hormone stimulating metabolism of
androgen over a long period of time for aplastic
anaemia therapy, are susccptible to liver cancer. It
is also observed that in some patients the survival
was prolonged and the tumors were reduced in size
after stopping the hormone-therapy[6]. In view of
these data, it has been presumed that there might be
some relationship between androgen and
hepatocarcinogenesis. However, this conjecture was
only based on the clinical observation and the
statistical data, it lacks strong experimental proof
yet. Our experimental results showed that the
expression of androgen receptor mRNA was
observed in the atypical hyperplastic cells and in the
cells of hepatocellular carcinoma (the 14th, 17th
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and 24th week), yet in the normal liver tissue and
the tissue from the early stage of
hepatocarcinogenesis (the 4th and 8th week) no
positive signal was seen. This result prompted us
further that androgen probably issomewhat related
to hepatocarcinogenesis. The strong expression of
androgen receptor mRNA in hepatocarcinoma cells
and no expression or weak expression (the level of
expression might be lower than the threshold for
detection) in the normal liver tissue and the
remaining normal liver cells adjacent to the
carcinoma tissue showed that androgen had an
important bearing on hepatocarcinogenesis. It
should be noted that androgen receptors express also
in varying degrees in the atypical hyperplastic cells.
Because the atypical hyperplsia is considered as a
precancerous stage, the expression of androgen
receptor gene in this stage give us much for thought.
Is the synchronism of the appearance of
precancerous cells and the expression of androgen
receptor a mere coincidence or a necessity? This
question is well worth further studying. According
to these results, we infer further that androgen has
an important correlation with hepatocarcinogenesis
and the expression of androgen receptor gene might
be a mark event during hepatocarcinogenesis.
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Sequencing of p53 mutation in established human
hepatocellular carcinoma cell line of HHC4 and
HHC15 in nude mice
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Abstract
AIM
To set up cell lines of human
hepatocellular carcinoma in nude mice for the
research of cell biology and gene therapy.
METHODS Xenotransplantation of human
hepatoma into nude mice was carried out and the
growth rate, histopathology and immunology of
the nude mice were studied. The DNA from
xenografts were analyzed by HBV gen and PCR
amplification of a fragment of p53 gene exon 7,
which were identified by dot blot hybridization,
restriction fragments length polymorphism and
DNA sequencing.
RESULTS HHC4 and hHCC415 cell lines could
be successively transplanted in nude mice and
the population doubling time was 7 and 5 days
respectively. These strains retained the original
characteristics of histopathology, secreting AFP
and heteroploid karyotypes in human
hepatocellular carcinoma. The fragment of HBV
gene was detected in the genomic DNA of both
hHCC4 and hHCC15, however only hHCC4
secreted HBsAg. The mutation at 250 code (C
A) and 249 code (G T) were detected
respectively in the genomic DNA of HHC4 and
HHC15.
CONCLUSION The two cell lines are useful
material for the studying of cell biology and gene
therapy in human hepatocellular carcinoma and
provide molecular biological trace of the
relationship between high mortality of hepatoma
and AFB1 severe pollution of the daily common
foods in this district.
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INTRODUCTION

Although the etiopathology of human hepatocellular
carcinoma ( hHCC ) is still unknown, a lot of
evidence strongly suggested that infection of HBV
and contamination of aflatoxin B1 (AFB1) were the
inducing fuctos of the carcinogenesis of hHCC.
Xenografts of human tumorous tissue in nude mice
usually retain their original morphology, antigen,
karyotype and function. These models can be used
for several purposes, including assessment of the
etiopathology, cell biology, sensitivity of
chemotherapy, genetherapy, and so on. hHCC4
and hHCC15 cell lines were established from the
patients of HHC in Tong’an district of Xiamen
where there was high adjust death rates of hHCC
(44.75 per one hundred thousand population from
1987 to 1989) which was the secondary mortality of
hHCC in China. In this district, a lot of evidence
has been shown that there was severe contamination of
AFB1 in daily common foods, such as the oil of
peanut ( 92.9% ) and fermented soy beans
(44.4%)[1]. Also high epidemic infection of HBV
was presented in the population in this country
(17.6%) [2] . Because the relationship between
molecular biological changes and etiopathology of
HHC in this district is still absent hHCC4 and
hHCC15 cell lines in nude mice were studied by cell
biology and molecular biology.
MATERIAL AND METHODS
Animals

Male and female nude mice, about 4 to 6 weeks old,
with BALB/C genetic background were provided by
Medical Experimental Animal Laboratory, Cancer
Research Center, Xiamen University, where the
mice were bred and maintained in vinyl box isolated
under specific pathogene free condition. The
sterilized food pellet and tap water were given ad
libitum.
Xenotransplantation

Tumor tissues of patients, who underwent partly
hepatotomy in the Min-Hai Hospital, Tong’an, were
dissected from the primary site in the liver and
aseptically minced and placed in cooled culture
medium. Several tumor tissue fragments about 2 mm
in diameter were transplanted, with trocar, into the
subcutaneous tissue of the back of 6 mice within 3
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hours after surgical removal of the tumor.
Afterwards, a piece of tumor tissue from hHCC15
was orthotopically transplanted into the liver of 21
nude mice for studying the ability of secreting AFP
from tumor.
Growth

Tumors in the subcutaneous tissue or liver were
measured in 3 dimensions with calipers for every 7
days. Tumor size was plotted on a graph.
Morphology

For light microscopy and transition electron
microscopy (TEM) the primary tumors of liver and
xenografts were fixed and stained by the standard
methods.
Assay of AFP, HBsAg and HBcAg

The Sera from patients and tumor bearing mice were
analyzed radioimmunologically with AFP Diagnosis
Kit (The Institute of Biochemical Assay and
Product, Shanghai). In brief, 100µL of blood was
obtained weekly for 6 weeks, by orbital
venipuncturing from mice. Two cell lines were
inoculated subcutaneously or into liver (for the later
only with hHCC15) respectively. HBsAg and
HBcAg in the sear of tumor-bearing mice were
analyzed with HBsAg and HBcAg Kit (New and
Advanced Co. Ltd Xiamen) by ELISA method.
Analysis of chromosome

According to the standard method of preparing
metaphase
cell
treated
with colchicine,
chromosome in hHCC4 and hHCC15 cell line was
carried out. The number of chromosomes in each
spread cell was counted and all of spread cells were
done at least for 100.
Amplification of HBV DNA fragment

The DNA from xenografts were extracted with the
standard method of Sambrook and assayed by the
HBV Diagnosis Kit (a kind gift from professor Wu
Bing-Qun, Dept. of Pathology Beijing Medical
University, China). Forward and reverse primer
for HBV fragment were designed as follow: F 5’GGGTGGAGCCCTCAGGCTCAGGGCA-3’, R 5’GAAGATGAGGCATAGCAGCAGGAT-3’. The
positive and negative samples were amplified
simultaneously as control. The products of PCR
were run in 12g/L agarose gel stained with
ethidimum bromine and photographed.
Amplification of p53 gene fragment

DNA of two strains was a mplified by PCR to
produce target of a 110 bp at seventh exon of
p53 gene using primers of P1 5’GTTGGCTCTGACTGTACCAC-3’ and P2 5’CTGGAGTCTTCCAGTGTGAT-3’ on DNA
Thermal Cycler 480 (Perkin-Elmer/Cetus). The
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product of 110bp DNA fragment was identified by
20g/L agarose gel electrophoresis and DNA dot
blot hybridization which was performed with hDIGlabeled p53 cDNA probe (2.0kb, cut from
reconstructed plasmid ph p53β, a kind gift from
Professor Liu Si-Li, Tianjin Medical College). The
probe was labeled as the described method of DIG
DNA Labeling and Detection Kit (Boehringer
Mannhemi).
Analysis of restriction
polymorphism (RFLP)

fragments

length

Five to 10¦Ìl of above PCR amplified products were
digested with 7 to 10 unit Hae III restriction enzyme
for 6hr, then precipitated with cooled
at 37
ethanol. The sediments were analyzed with 150g/L
non-denatural polyacrylamide gel electrophoresis,
and then stained with ethidium bromide and
visualized under UV light.
Sequencing of PCR products

The 110bp of PCR amplification fragments were
purified by standard low-melting point agarose gel
electrophoresis method and labeled with
fluorescence according to the description of Tag Dye
DeoxyTM Terminator Cycle Sequencing Kit. The
DNA sequence of PCR fragments were analyzed and
edited by Applied Biosystems 373A DNA Sequencer.
RESULTS
Transplantation and growth

The neoplasams of hHCC4 and hHCC15 were
presented in the back of 1 in 6 and all 6 mice
respectively and showed rapid growth after several
generations. A 58% and 100% rate of tumor
transplantation were presented in hHCC4 and in
hHCC15 respectively. Xenografts were shown a
short latency (18.7 days ±4.9 days and 17.5 days
±1.6 days respectively) and almost stable after
successive generations. The population doubling
time in hHCC4 and hHCC15 cell line was about 7
and 5 days respectively, the growth curves are
shown in Figure 7.
Morphology

Most of the transplanted tumors retained
approximately the original morphological
characteristics (Figure 1). No metastasis foci was
presented in the liver and lung of each tumorbearing mice within 6 weeks. Ultrastructurally,
sinusoid like structure and bile canaliculi were
scattered between two cells ( Figure 2 ). Under
TEM, fibrillary structure of HBsAg could be seen in
the rough endoplasmic reticulum ( RER ) of
carcinoma cells in hHCC4 (Figure 3).
Products of AFP, HBsAg and HBcAg

Radioimmunoassay disclosed human AFP in sera of
both groups mice bearing xenografts of both
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strains, (until as large as 100mm3), but not for the
control group, and their values increased
progressively in relation to orthotopic growth of the
tumor in hHCC15 (Chart 2). HBsAg could be
detected in hHCC4, but not for HBcAg. HBcAg
and HBsAg could not be undetected in hHCC15 by
ELISA immunoassay.
Karyology

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
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All evaluable chromosomes of metaphase in hHCC4
and hHCC15 were human chromosomes, and no
any mouse chromosomes were seen (Figure 4). A
histogram of chromosome counts of 100 cells
disclosed the number of chromosomes ranging
between 50 to 175, the median number of 106
to 126 in hHCC15 (Figure 9) and 110 to 134 in
hHCC4 (data not shown) cell line respectively.

Light microscope of hHCC4 and hHCC15 showing high nuclear-cytoplasmic radio.
A: HHC4, B: HHC15
The bile canaliculi between two carcinoma cells. ×15000
The filament of HBsAg in the rough Endoplasmic reticulum of hepatoma cell of hHCC4. ×40000
Karyotype of hHCC15.
Electrophoresis of HBV PCR product from hHCC15. A. negative control, B. HHC15, C. positive control
Dot blot hybridization of p53 PCR product. A. hHCC4, B. hHCC15, C. ph p53β plasmid for positive control, D. pBR322 for
negative control

YANG Shan-Min, P53 mutation in hHCC4 and hHCC415
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Figure 7 Growth curves of hHCC4 and hHCC15 in nude mice.
Figure 8 The relationship between the volume of orthotopical xenograf and the AFP values in the sera of a nude mouse bearing hHCC15.
Figure 9 The histograms of chromosome numbers in hHCC15 cell passage 21.
Figure 10 Restriction fragment length polymorphism analysis of PCR products. A. ph p53β plasmid for positive control, B. DNA marker
(pBR322/Hae III), C. hHCC4, D. hHCC15
Figure 11 Dna sequencing results of partial PCR fragment showing C A mutation at 250 code of p53 gene from hHCC4.
Figure 12 DNA sequencing results of partial PCR fragment showing G T mutation at 249 code of p53 gene from hHCC15.

Amplification of HBV DNA fragment

PCR products amplified from both hHCC4 (data
not shown) and hHCC15 or positive control had
similar band running in the same distance in agarose
gel, but not any product in negative control sample
(Figure 5).
Identification of PCR products and analysis of RFLP

DNA extracted from hHCC4 and hHCC15
xencgrafts and plasmid ph p53β containing wild p53
cDNA were amplified respectively, then the PCR

products were analyzed by DNA dot blot. Figure 6
showed positive hybridization of the PCR products
from hHCC4, hHCC15 and ph p53β plasmid with
the control negative from plasmid pBR322, which
meant the good specificity of the PCR system. With
the method of RFLP, it was shown that the product of
PCR from ph p53β plasmid, as a contrast of wild
p53 cDNA, was digested into two bands of 75bp
and 35bp (Line A) and undigested two of 110bp
from hHCC4 and hHCC15 (Figure 10). It was suggested
that the mutation at seventh exon of p53 gene
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could be presented in the xenografts of hHCC4 and
hHCC15.
Sequencing PCR products

The results showed in Figures 11 and 12 were the
partial DNA sequence of fragments amplified from
hHCC4 and hHCC15 genomic DNA respectively.
Figure 11 revealed a CCC ACC point mutation in
250 code of p53 gene from xenograft of hHCC4,
while Figure 12 showed an AGG AGT mutation of
p53 gene from xenograft of hHCC15.
DISCUSSION

Xenografts of hHCC in nude mice usually retain
their original morphology, antigen, karyotype and
function, such as secreting AFP. It has been
reported that both AFP and HBsAg can not be
detected simultaneously in nude mouse transplanted
with hHCC, but are presented in the cell lines of
hHCC in vitro[3]. The presenting fibrae of HBsAg
in the RER of carcinoma cell support the specific
function of cells from hHCC4.
A variety of p53 mutations have been found in
a wide spectrum of sporadic tumors, in which the
cause of carcinogenesis was still unknown and direct
evidence is absent. It has been reported that
mutation of p53 gene was the most common
inducing factor in primary advanced hHCC. AFB1
was the most inducing factor of carcinogenesis in
hHCC and specially associated with the mutation of
code 249 in p53 gene, being notable as “hot spots”
in hHCC, spreading over South Africa or southeast
coast of Asia on the earth[4,5].
Multiple evidence support a closely relationship
between AFB1 and HHC. Rats fed with AFB1
developed hepatoma in a dose-depend fashion[6].
AFB1 intake might lead the liver to acute necrosis
and proliferation of hepatoid-oval cells[7]. The more
AFB1 intake daily was, the more necrosis appeared
and the oval cells possessing the ability of division
continuously divided.
According to the telomere hypothesis of cellular
senescence theory, somatic cells, which
continuously divided, lead to cell cycle exit and
significant telomere erosion and shortage at which
the crisis state (M1) of cell arrived, which was
induced by activating p53 and pRb cascade. It is
conceivable that p53 is proposed to signal a growth
cheekpoint allowing cell to arrest in G0 or G1 state
(replicative senescence) by inducing p21 expression
which in turn inactivate cdk/cyclin complex leading
to underphosphorylation of the Rb proteins[8]. It is
reasonable that p53 gene mutation caused by AFB1
have the ability to allow cells to overcome M1,
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leading to an extended lifespan until a second
growth checkpoint, M2 is reached. This rare event,
M2, is most often associated with the reactivation of
telomerase. During the past few years, there has
been mounting evidence that the activation of
telomerase, a ribonucleoprotein enzyme, is
important in maintaining telomere length stability
and necessary for the sustained growth of the most
cancer[9]. It has been reported recently that due to
reactivating telomerase, mammary epithelial cells,
which were transfected with mutation p53 gene,
could be survive and become immortal in vitro[10]. The
two cell lines provided molecular biological trace of
relationship between high mortality of hepatoma
and AFB1 in this district. It shown that carcinoma
cells of hHCC4 and hHCC15 possessing telomerase
activity (unpublished data) supported the events of
p53 mutation discovered by us.
The carcinogenesis of hHCC is closely related
to chronic hepatitis B in which the molecular
machanism of hHCC is still a mystery. Futhermore,
AFB1 treatment of trangenic mice integrated with
hepatitis B DNA greatly enhanced the development
of hepatoma as compared with the mice not treated
with AFB1[11]. It is wise to use two cell lines for
the disclosing the contribution of carcinogenesis of
human hepatoma in coordination of HBV
integration and p53 mutation which were presented in
both of the cell lines. Also they are the useful
material for cell biology, sensitivity of
chemotherapy and gene therapy.
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Segmental transcatheter arterial embolization for
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Abstract
AIM To evaluate the therapeutic effects of
segmental transcatheter arterial embolization for
primary hepatocellular carcinoma, and to
recognize the menifestation and clinical value of
lipiodol overflow into portal veins surrounding
the tumors.
METHODS A total of 50 cases of nonresectable
primary hepatocellular carcinoma underwent
segmental transcatheter arterial embolization.
Two methods of superselective segmental
catheterization were used, one was the method
of wire-guiding, and the other the technic of coaxial infusion catheter.
RESULTS The 1-, 2-, 3- and 4-year cumulative
survival rates of 50 cases with segmental
transcatheter arterial embolization for primary
hepatocellular carcinoma were 83.8%, 65.4%,
42.9% and 24.5% respectively. The in cidence of
the lipiodol overflow into portal veins was 64%.
The overflow of lipiodol intoportal veins,
represented as 3-5 grade branches of portal
veins visualized by lipiodol, was “star-like” or
“tree-like”, and there was a relatively large
vessel in the center surrounded with radicalized
small branches of vessels.
CONCLUSION The lipiodol overflow into portal
veins was one of the signs of complete
embolization for tumors, and may play a partial
role in embolizating the portal venous supply for
hepatocellular carcinoma.
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INTRODUCTION

Segmental transcatheter arterial embolization (SLpTAE ) has become one of excellent interventional
methods for primary hepatocellular carcinoma[1]. It
was reported that SLp-TAE may play a dual role in
embolizing the hepatic arterial and partly portal
venous supply for hepatocellular carcinoma. We
have performed SLp-TAE since 1990 in our hospital
and accumulated some experience and reported it
below.
MATERIALS AND METHODS
Materials

A total of 50 patients (48 men, 2 women) with
nonresectable HCC undergoing SegLp-TAE were
studied. They ranged in age from 23 to 71 years
(mean, 41.8 years ± 4.2 years). The clinical
symptoms included pain in upper abdomen,
abdominal mass and weight loss. AFP was elevated
in 44 patients, and cirrhosis occurred in 35 cases.
Child’s classification showed 15 cases of Child’s A,
33 cases of Child’s B, and 2 of Child’s C. The main
tumor measured 1.5 cm - 10 cm with a mean of
6.0cm±1.4cm ( 7 cases, >10 cm; 28 cases, 5 cm
-10 cm; and 15 cases <5cm). Multiple nodules
were found in 10 of the cases.
Methods

Coaxial infusion catheters of 3.0F with 0.013 inch
micro-wire (Target Therapeutic Inc.) were used.
The feeding segmental or sub-segmental artery
was detected carefully by celiac arteriography, and
variants were excluded by superior mesenteric
arteriography and phrenic arteriography. Two
methods of superselective segment arterial
catheterization were employed: one was wireguiding catheterization, the other was technic of coaxial infusion catheter.
The volume of 2 ml - 20 ml emulsion (AOE,
Adriamycin mixed with lipiodol) were injected, and
Gelatin sponge particles were used in some patients.
Before embolization, 2 ml - 3 ml of 1% lidocraine
was injected to prevent vessel spasm.
RESULTS

A total of 80 TAE (mean 1.6) were performed by
two methods of segmental catheterization (34 by
wire-guiding, 16 by co-axial catheter) with 16 cases
of sub-segment, and 34 cases of segment in
embolization position. Survival period ranged from
3 to 68 months (mean, 1.9 years ± 1.2 years). The
1-, 2-, 3- and 4-year cumulative survival rates were
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83.8%, 65.4%, 42.9% and 24.5% respectively.
Complete necrosis was revealed in 3 resected
lesions.
DISCUSSION

It is well known that the blood supply of primary
hepatocellular carcinoma is mainly from the hepatic
artery, but the portal venous supply is important to
its growth, especially, in the edge of tumor.
Nakamura[2] introduced the segmental transcatheter
arterial embolization which may play a dual role in
embolizing the hepatic arterial and partly portal
venous blood supply for hepatocellular carcinoma,
leading to complete necrosis of tumor. The 1- and 2year survival rates of 50 cases were 83.8% and
62.7% in his reports. In our study, the 1-, 2-, 3and 4-year cumulative survival rates were 83.8%,
65.4%, 42.9% and 24.5%. The therapeutic results
were comparatively good.
Two methods of superselective segmental
arterial catheterization were used in our study, one
was the wire-guiding catheterization, the other was
the technic of co-axial infusion catheter. The
successful rate of the former method was 60%-65%.
The co-axial catheter was soft, adapted well to the
distorted arteries, and could be easily inserted to the
segment and sub-segment artery which suppied the
tumor. But it is relatively difficult in operation, and
need more time of exposure. In our study, we
usually inserted the catheter in to proper hepatic
artery or lobar artery by the wire-guiding method,
before completing the segmental catheterization by
the co-axial infusion catheter. The total success rate
of segment catheterization was 80%-85%.
In 1988, Nakamura [1] discovered in plain
abdominal radiograph immediately after injection of
oil emulsion, that part iodized oil would overflow
into portal veins surrounding the tumors through
arterioportal shunt or communications when a
relatively large amount of lipiodol was injected into
the hepatic artery. In their cases, there was no
arterioportal shunt in hepatic angiography. This
phenomenon was confirmed by the animal
experiment[3,4]. The occurrence rate of lipiodol
overflow into portal veins was 64% (32/50 cases) in
this series. It represented 3-5 grade branches of
portal veins visualized by lipiodol which were “starlike” and “tree-like”, or a relatively large vessel in
the center surrounded with small radiate branches.
Some authors[5,6] found in the resected specimen
which demonstrated lipiodol overflow into portal
veins, that not only complete necrosis of the tumors
was achieved, but also partial necrosis or atrophy
occurred in the normal tissues near the tumor. It
was suggested that overflow of lipiodol into portal
veins was one of the marks of complete
embolization for tumors, and may play a partial role
in embolizing the portal venous supply for the
hepatocellular carcinoma.
There were eighteen cases without lipiodol

WJG

December 1998

Volume 4

Number 6

overflow into portal veins in our group, which was
probably related to different blood supply for the
neoplasm. The more affluence of blood supply, the
more opportunity of lipiodol overflow. In our
group, 71.9% of the cases demonstrated complete
deposit of lipiodol in plain radiograph or CT, and
only 2 cases with scarce deposit, which suggested
that the more complete deposit of lipiodol, the more
opportunity of lipiodol overflow through the
arterioportal shunt inside the tumor. Additionally,
in our practice the treatment was interrupted
sometimes by obvious pain resulting from vessel
spasm after a bit lipiodol injection, which probably
influenced the occurrence of lipiodol overflow into
portal veins.
Because primary hepatocellular carcinoma
usually has the properity of multi-center origin, and
micro-tumor metastasis to small branches of portal
veins, there were multiple foci beyond the tumorbearing segment at early stage, which may not be
detected by conventional CT or angiography. “Twosteps” method of transcatheter arterial embolization
was adopted in some cases in which multiple foci
may occur. First, segmental embolization was
introduced to the main tumor-bearing segment or
sub-segment. Secondly, in patient’s tolerance,
small dose of lipiodol was injected into the whole
liver through the proper hepatic artery, so as not to
leave out the micro-foci which escape detection
before embolization.
CONCLUSION Segmental transcatether arterial
embolization has become one of excellent treatments
of primary hepatocellular carcinoma[8,9]. The 1-,
2-, 3- and 4-year cumulative survival rates were
83.8%, 65.4%, 42.9% and 24.5% in our group.
The long-term prognosis awaits further
observations.
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Findings of non-pathologic perfusion defects by CT
arterial portography and non pathologic
enhancement of CT hepatic arteriography *
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Abstract
AIM To recognize the characteristic findings of
non-pathologic perfusion defects with CT arterial
portography (CTAP) and nonpathologic
enhancement found in CT hepatic arteriography
(CTHA).
METHONDS
The
manifestations of
nonpathologic perfusion defects with CTAP and
non-pathologic enhancement found in CTHA were
analyzed in 50 patients with primary
hepatocellular carcinoma.
RESULTS The false-positive rate of perfusion
defects detected in CTAP was 15.1%. The
shapes of perfusion defects were peripheral
wedge, small, round, and patchy. The
occurrence rate of non-pathologic enhancement
found in CTHA was 22.0%. The shapes of nonpathologic enhancement were small, round,
irregular, and wedge.
CONCLUSION There was high frequency of
non-pathologic perfusion defects detected with
CTAP and non-pathologic enhancement found in
CTHA. The simultaneous use of both procedures
may help decrease the false-positive rate, and
increase the veracity of diagnosis for
hepatocellular carcinoma.
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INTRODUCTION

CT arterial portography (CTAP) and CT hepatic
arteriography (CTHA) are the most sensitive
methods of detecting hepatocellular carcinoma[1,2].
In recent years, there are more reports on nonpathologic perfusion defects of CTAP and nonpathologic enhancement CTHA. To better
recognize and understand the characteristic
manifestation of non-pathologic perfusion defects
with CTAP and non-pathologic enhancement in
CTHA, we analyzed the CT images of 50 cases of
hepatocellular carcinoma on CTAP and CTHA in
our hospital from January 1995 to January 1998.
MATERIALS AND METHODS
Materials

Fifty patients ( 44 man, 6 women ) with
hepatocellular carcinoma were examined with CTAP
and CTHA in our department. They ranged in age
from 21 to 65 years (mean age, 413 years). AFP
was elevated in 41 patients. Cirrhosis occurred in 42
cases. Child’s classification showed 16 cases of
Child’s A, 30 cases of Child’s B, and 4 cases of
Child¡äs C. The tumors measured 0.2cm-5.5cm in
size with a mean of 3.6cm. Multiple nodules were
found in 42 cases.
Methods

CTAP examinations were performed with
incremental scanning of liver in cranial-to-caudal
direction with 8-mm or 10-mm collimation on bispiral Elscint Twin Flash scanner (Elscint Corp.).
CT images were obtained 25sec-35sec after the
initiation of transcatheter (5-F) superior mesenteric
artery injection of 30 ml - 40 ml of non-ionic
contrast material. Contrast material was injected at
a rate of 3.0ml/sec-3.5ml/sec with an automatic
power injector (Medrad, Pittsburgh). Conventional
angiography was not performed before CTAP.
During the catheterization, contrast material
administered before CT scanning was limited to 5ml
-10ml injected by hand to visualize any aberrant
vessels and to facilitate proper catheter placement.
CTHA was done by injecting contrast material
into the proper hepatic artery, the common hepatic
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artery, or the celiac artery. The volume of 20ml30ml of contrast material was injected at a rate of
3.0 ml/sec - 3.5 ml/sec. Consecutive scanning of
the liver was started 6sec-8sec after te initiation
of injection of contrast material. After CTAP and
CTHA examination, 3 ml - 15 ml of lipiodol was
injected into the hepatic artery, and plain CT scan
of liver was performed after two or three weeks
(Lipiodol CT, Lp-CT).
RESULTS
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CTAP and CTHA by the technique of a single
breath-hold scanning, with a comparatively small
quantity of contrast material (CTAP 30ml-40ml,
CTHA
20 ml - 30 ml).
Compared
with
conventionally enhanced CT (contrast material
administrated by venous injection), CTAP and
CTHA have a high detectability of 80% - 96%[2].
In our 50 patients examined with CTAP and CTHA,
the detectability rate of CTAP, CTHA and
simultaneous use of both procedures were 92.2%,
90.1% and 94.8% respectively.

Detectability of tumors

CTAP and CTHA images of 50 cases were
interpreted prospectively double-blind by two
radiologists, and confirmed pathologically combined
with lipiodol deposits in Lp-CT, and 6mo-16mo
follow-up ( 42 tumors of 18 cases proved by
operative pathology; 30 lesions of 15 cases by
biopsy, and the other 27 cases by Lp-CT and followup). A total of 232 tumors were found, including
214 tumors detected by CTAP (the rate of
detectability was 92.2%), 209 detected by CTHA
(the rate of detectability was 90.1%), and 220
detected by simultaneous use of both procedures
(the rate of detectability was 94.8%). Our study
did not reveal a statistically significant difference in
the sensitivities of CTAP, CTHA and simultaneous
use of both procedures.
Non-pathologic perfusion defects of CYAP

A total of 252 perfusion defects were detected with
CTAP in the 50 patients, including 38 nonpathologic abnormal perfusion defects in 18 cases
with a false positive rate of 15.1%. The shape of
perfusion defects was peripheral wedge, small round
and patchy. All the non-pathologic perfusion
defects were not demonstrated on CTHA images.
Non-pathologic enhancement of CTHA

A total of 268 enhancement foci were found with
CTHA in 50 patients, including 59 non-pathologic
enhancement foci in 21 cases with an occurrence
rate of 22.0%. The shape of non-pathologic
enhancement was small round, irregular and wedge.

Figure 1 CTAP image obtained in a 42-year-old man with
recurrence of HCC shows two tumors in right lobe. The peripheral
wedge-shaped perfusion defect is non-pathologic perfusion defect,
confirmed by biopsy.
Figure 2 CTHA image obtained in a 45-year-old man shows a
small round peripheral enhancement in right lobe which is nonpathologic enhancement. No tumor is found in the operative
pathology.

DISCCUSSION

In recent years, with the development of spiral CT
technique, CTAP and CTHA have become widely
used in diagnosis and differential diagnosis of small
hepatocellular carcinoma. Compared with nonspiral CT arteriography, spiral CT arteriography
has achieved great improvement not only in
scanning technique, but also in quality of CT
images[1]. We scanned the entire liver
consecutively, and obtained excellent images of

With the widespread use of CTAP and CTHA,
there have been more reports on non-pathologic
perfusion defects found with CTAP and nonpathologic enhancement with CTHA. The
manifestation of pseudolesion in CTAP was noted
relatively earlier. Due to aberration of blood supply
for some parts of the liver, such as arterio-portal
shunt[3], cirrhotic nodule, focal nodular
hyperplasia, and focal fatty infiltration, the normal

LI Li, et al. Non-pathologic findings of CTAP and CTHA

tissue could show up as perfusion defects in CTAP,
especially in the medial segment of the left lobe[4].
lrie et al reported that perfusion defects on CTAP
are sometimes nonspecific, and suggested that
peripheral flat or wedgeshaped perfusion defects
indicate benignity. Their study showed that, except
for cysts, perfusion defects larger than 1.5cm may
indicate malignancy, and combination with CTHA
might be helpful in differentiating malignant from
benign perfusion defects with CTAP[5]. Peterson et
al. reported that peripheral wedge-shaped perfusion
defects on CTAP were nearly uniformly benign, and
may be used as a criterion of benignity. They
hypothesized that the pathogenesis of these
peripheral wedge-shaped perfusion defects may
represent variations in the normal portal perfusion
of the microvasculature of the peripheral subcapsular liver parenchyma[6]. In our series of 50
cases, the occurrence rate of non-pathologic
perfusion defects on CTAP was 15.1%, and
peripheral wedge-shaped perfusion defects were the
most common (Figure 1).
Since the advent of helical CT technique,
CTHA became more widely used in the differential
diagnosis for hepatocellular carcinoma[7]. Similar to
findings of CTAP, pseudo-lesion enhancement of
normal liver tissue also occurred in CTHA.
Kanematsu et al. supposed that local non-pathologic
enhancement detected with CTHA might result
from the cystic venous drainage or peripheral
arterio-portal shunts. They analyzed the frequency,
size, location, and shape of local non-pathologic
enhancement on CTHA. In a series of 31 patients
examined with CTHA, 36 non-pathologic
enhancements were found in 14 cases, the
occurrence rate being 36.4%. The shapes of nonpathologic enhancement on CTHA appeared round,
veriform, irregular, punctate, and wedge-like[8].
Although the shape of the enhancement was
nonspecific, Irie et al. suggested that rim
enhancement indicated malignancy in both cirrhotic
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and non-cirrhotic liver[5]. In our study, the
occurrence rate of non-pathologic enhancement on
CTHA was 22.0%, and small rounded peripheral
enhancement was the most common (Figure 2). In
practice, we discovered that the frequency of nonpathologic enhancement was to some extent, related
to the depth of catheterization at which CTHA was
performed. There was a relatively higher frequency
of non-pathologic enhancement in CTHA formed at
catheterization of hepatic proper artery, compared
with CTHA formed at catheterization of celiac
artery trunk. The reason might be the relatively
larger volume of contrast material and higher speed
of injection in CTHA performed at catheterization
of hepatic proper artery. Thus, we did not
recommend CTAP or
CTHA alone for
interpretation of hepatocellular carcinoma. We
suggest that the simultaneous use of both procedures
help decrease the false positive rate of CTAP and
CTHA, and increase the veracity of diagnosis for
hepatocellular carcinoma.
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Abstract
AIM To explore the relationship between
consumption of fish sauce, other dietary
factors, living habits and the rish kf gastric
cancer.
METHODS From May 1994 to July 1995, a
population-based 1:2 case-control study was
in Carried out in high-risk areas of gastric cancer,
Changle and Fuqing cities, Fujian Province.
Totally 272 cases and 544 age, gender-matched
controls were included. Risk state analyses
were made by ASRS package.
RESULTS Risk state single-factor analysis
indicated that gastric cancer risk rose with high
intake of fish sauce ( OR=2.57 ), salted
vegetables (OR=1.41), salted/fried fish and
small shrimps (OR=1.57), low consumption of
fresh vegetables (OR=1.95), fresh citrus fruits
(OR = 1.41), other fresh fruits (OR = 1.31),
green tea (OR=1.72), exposure to moldy foods
(OR=2.32), irregular dinners (OR=5.47) and
familial history of malignancy (OR=3.27). No
significant relationship was observed between
smoking, drinking, salt intake, use of
refrigerator and gastric cancer rish. The results
of rish state conditional Logistic regression
showed that fish sauce, salted dried fish and
small shrimps, irregular dinners, familial history
of malignancy were included in the best rish set.
The summary ARS for the four factors was
75.49%.

1
Department of Epidemiology, Fujian Medical University, Fuzhou
350004, Fujian Province, China
2
PLA Fuzhou College of Medicine, Fuzhou 350001, Fujian Province,
China
3
Hygiene and Anti-epidemic Station of Fujian Province, Fuzhou
350001, Fujian Province, Chia
Dr. YE Wei-Min, male, born on 1986-12-06 in Youxi, Fujian,
graduated and earned a master degree from Fujian Medical University
in 1991, now lecturer of epidemiology, majoring cancer epidemiology,
having 10 papers published.
*Supported by “8.5” national major project, No. 95-914-01-10.
Correspondence to: Dr. YE Wei-Min, Department of Epidemiology,
Fujian Medical University, 88 Jiaotong Road. Fuzhou 350004, Fujian
Province,China
Tel. +86·591·3357231, Fax.+86·591·3351345
Received 1998-06-06

CONCLUSION High intake of fish sauce, salted
foods, moldy foods, irregular dinners and
familial history of malignancy were possible risk
factors for gastric cancer, whereas fresh
vegetables and fruits. and green tea might have
protective effects for gastric cancer.

INTRODUCTION

Changle and Fuqing cities are located in the
southeastern part of Fujian Province, China with a
high incidence of gastric cancer. However, the
causes of gastric cancer still remain unclear.
Previous studies indicate that environmental factors
may play an important role in the carcinogenesis of
gastric cancer, among which, dietary rish factors
for gastric cancer were most extensively
investigated. Our hypothesis is that the high
incidence of gastric cancer may be attributed, to
some extent, to some unique dietary habits.
Recently a statistically significant relationship
between fish sauce consumption, a condiment
commonly used by local residents, and the mortality
rates from gastric cancer was observed by our
ecological study[1]. The mutagenicity of fish sauce
was also reported by experimental studies[2]. Nnitrosamines can also be detected in fish sauce[3]. In
order to explore further the relationship between
consumption of fish sauce and gastric cancer, a
population-based 1:2 matched case-control study
was carried out from May 1994 to July 1995.
MATERIALS AND METHODS
Selection of cases and controls

This study was conducted in Changle and Fuqing
cities with populations around 600 thousands and 1
million, respectively. All cases histologically
confirmed or diagnosed by operation from January
1993 to July 1995 were collected from cancer
registry and a quick-reporting system from
hospitals. Each case was matched by two randomly
selected controls who resided in the same village as
index case, with same gender, nationality and age
(±3 years). Those who have ever been diagnosed
having gastric diseases within the past 3 years were
not eligible as controls. Study subjects must have
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resided in the two cities for more than 20 years, and
can answer questions clearly.
Investigation

Face to face interviews were made by specially
trained interviewers with a structured questionnaire.
The items of questionnaire included demographic
and socio-economic factors, occupational and
medical histories, family occurrence of cancer, use
of alcohol and tobacco, and dietary habits. As for
dietary habits, we emphasized on the exposure 20
years before. Diet was assessed with a food
frequency questionnaire. The subjects were
interviewed about the usual frequency of
consumption of certain foodstuffs, supplemented
with questions about the actual amount consumed
per time unit. Then total amount per year was
estimated accordingly. The subjects within a
matched pair were interviewed by one interviewer.
Statistical analysis

Data werre handled by Epi-info. The statistical
analyses, including univariate analysis and
conditional logistic analysis were done using ASRS
software[4]. In univariate analysis, the best cut-points
for exposure levels were searched by automatic or
forced adjustment, combination, on the criteria of
CPDS ans AIC. Those factors, which showed
association with the risk of gastric cancer in
univariate analysis, were further investigated by
conditional logistic analysis of risk states to establish
a main-effect model.
RESULTS

Totally 272 pairs were investigated, among which
157 were from Changle City, 115 from Fuqing City;
233 were male and 39 female. The age range for
cases was 30-78 years, averageing 58.67 years. No
obvious difference in marital status, occupation and
education level was observed between cases and
controls.
The results of univariate analysis are shown in
Table 1. As for dietary habits, consumption of fish
sauce, salted vegetables, salted fermented sea
products and moldy foods may increase the rish of
gastric cancer. However, fresh vegetables, fruits
and green tea may have protective effects against
gastric cancer. Additionally, irregular dinner and
family occurrence of cancer are also risk factors for
gastric cancer. No association between the use of
alcohol and tobacco, the amount of salt intake, the
use of refrigerator and the risk of gastric cancer was
observed. To select a possible best subset of risk
factors for gastric cancer, conditional logistic
analyses of risk states were also made. The results
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showed that the best subset of risk factors included
fish sauce, irregular dinner, salted fermented sea
products and family occurrence of cancer (Table 2).
The summary attributable risk for these four
risk factors is 75.49%, indicating that these four
factors may play an important role in the
carcinogenesis of gastric cancer.

Table 1 Results of univariate analysis on the relationship
between fish sauce, other factors and the risk of gastric cancer
Factors

Exposure

Index of smokinga

>10
10
20kg/y
Hard distilled spirit
>20kg/y
Soft distilled spirit
>25kg/y
25kg/y
30kg/y
Wine
>30kg/y
Beer
>50 bottle/y
50 bottle/y
Green tea
>0.75kg/y
0.75kg/y
Fish sauce
<0.4kg/m
0.4kg/m
Salt b
0.25kg/m
>0.25kg/m
Moldy foods
No
Yes
Irregular dinners
<3 times/w
3 times/w
Use of refrigerator
Yes
No
Salted vegetables
<2kg/y
2kg/y
Salted fermented sae foods <1.5kg/y
1.5kg/y
Citrus fruits-c
>2.5kg/y
2.5kg/y
Other fruits
>2.5kg/y
2.5kg/y
Fresh meat, fish, egg, poultry >25kg/y
25kg/y
Fresh vegetables
>25kg/y
25kg/y
Family occurrence of cancer No
Yes

Case Control
118
154
265
7
13
259
245
27
42
230
47
225
198
74
159
113
188
84
114
158
35
237
157
115
144
128
55
217
166
106
105
167
212
60
165
107

241
303
534
10
29
515
494
50
106
438
144
400
475
69
347
197
456
88
434
110
78
466
358
186
347
197
143
401
366
178
238
306
475
69
454
90

OR

95%CI

1
1.04
1
1.41
1
1.12
1
1.09
1
1.33
1
1.72
1
2.57
1
1.25
1
2.32
1
5.47
1
1.13
1
1.41
1
1.57
1
1.41
1
1.31
1
1.24
1
1.95
1
3.27

0.95-1.13
0.63-3.14
0.86-1.47
0.89-1.33
0.93-1.88
1.26-2.36e
1.89-3.50e
0.96-1.63
1.73-3.09e
4.22-7.09e
0.85-1.52
1.09-1.83d
1.21-2.02e
1.03-1.92d
1.01-1.71d
0.95-1.61
1.41-2.70e
2.48-4.31e

a

smoking index: (amount of smoking/day x years of smoking)/age of
starting smoking; bincluding the salt in fish sauce and soybean
sauce; cincluding orange, grapefruit, banana; dP < 0.05;
e
P<0.01.

Table 2 The results of conditional logistic analysis of risk states
Factors

Regression
Standardized
Adjusted
coefficient regression coefficient attributable riska

Fish sauce
Irregular dinners
Salted sea foods
Familial history of malignancy
a
c

1.08
1.85
0.54
1.19

3.49
8.26
2.11
5.45

17.81% c
48.93% c
19.69% b
27.41% c

Comprehensive attributable risk (CAR) = 75.49%;
P<0.01.

b

P < 0.05;
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DISCUSSION

Fish sauce is one kind of condiments consumed daily
by local residents. It is produced by long-term
fermentation from several kinds of sea frsh. Due to
the proteins with amino in the fishes, salted
fermented fish products may contain a large amount
of important precursors of N-nitroso compoundsamines[5]. These precursors may react with nitrite in
gastric juice to form N-nitroso compounds
internally. Deng et al reported that abstracts of fish
sauce from Changle have carcinogenicity and
mutagenicity after nitration[2]. The amount of Nnitro compounds increased greatly after nitration,
and genotoxins can be detected[3]. Our ecological
study indicated that there was a statistically
significant relationship between frsh sauce
consumption and mortality rates from gastric cancer
among 14 counties in Fujian Province[1]. The results
of this study further supported the point that fish
sauce consumption may be an important cause for
the high incidence of gastric cancer.
Several case-control studies have indicated that
long-term use of refrigerators may decrease the risk
of gastric cancer[6-8]. However, in our study,
refrigerators were not commonly used by local
residents. Even among those users, the history of
refrigerator use is very shout. Therefore, it is
impossible to evaluate the role of refrigerator use in
the etiology of gastric cancer. However, the
deficiency of refrigerator indicated that the
consumption of salted foods was very common.
Especially in the study area which is located on
seaboard, the consumption of salted or fermented
sea foodstuffs is very common. In our study,
consumption of salted foodstuffs, especially of
salted fermented sea products was found to
increase the risk of gastric cancer. This is in
accordance with the results of Buiatti et al[7].
Additionally, our study indicated that irregular
dinner may be one of etiological factors for gastric
cancer. This finding supported the results of our
previous ecoloical study[1]. Irregular dinner may
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cause injuries of gastric mucosa and promote the
effects of carcinogens. A prospective study showed
that those with familial history of malignancy,
especially gastric cancer, havea higher risk of
gastric cancer[9]. This is in agreement with our
study results. In our study, fresh vegetables showed
a protective effect against gastric cancer. This is
also true for citrus fruits and other fruits. Their
protective effects may be attributed to the vitamin
C, which may interrupt the internal formation of Nnitroso compounds. Some studies reported that only
consumption of raw vegetables had a protective
effect[6,7]. However, in our study area, residents do
not have such a habit. There were conflicting views
on the relationship between the use of alcohol and
tobacco and the risk of gastric cancer[6,7,9,10]. In our
study, no association was observed between the use
of alcohol, tobacco and the gastric cancer risk. No
interaction between these two factors was found
either.
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Experimental study on mechanism and protection
of stress ulcer produced by explosive noise
LIU Guo-Shi1, HUANG Yu-Xin1, LI Shuan-Wei2, PAN Bo-Rong3, WANG Xin1, SUN Da-Yong1 and WANG Qing-Li2
Subject
headings stomach ulcer/etiology;
stomach ulcer/prevention and control; gastric
mucosa/pathology; noise/advers effects; stress ulcer

Abstract
AIM To establish an experimental model of
stress ulcer produced by explosive noise, and to
probe into its mechanism and protection.
METHODS The country standard Wistar white
rats were randomly divided into control group (n
=8), which were neither stimulated nor
protected, and stimulating group (divided into
subgroups A, B and C, including 8 rats each
which were decapitated to draw blood for test
immediately, 12 hours and 24 hours after
stimulation) and prevention group (divided into
subgroups A, B and C, having 8 rats each,
subgroup A was given cimetidine, B
anisodamine and C both drugs). Firing noises of
submachine guns were used as inflicting factor.
The rats were fasted for 24 hours and stimulated
by firing noise for 12 hours. The change of ulcer
index, gastric mucosal and related serum
hormones were observed.
RESULTS Stress ulcer was significant in the
stimulating group, and its ulcer index (8.6±0.6)
was remarkably higher than that in both the
control group and prevention group (0.3±0.1, P
<0.01). Its serum gastrin (Gas ng/L, 294± 163
vs 63± 40, P<0.01) and endothelin (ET ng/L,
181 ± 57 vs 135 ± 42, P<0.1) were apparently
higher than those in the control group, and its
serum nitric oxide (NO) level was conspicuously
lower than that in the control group (ng/L, 0.2±
0.1 vs 0.8 ± 0.5 P < 0.5), while the serum
gastrin level (ng/L, 556± 225) in prevention
group was distinctly higher than that in both the
control (P<0.01) and stimulating group (P<
0.05). There were no significant differences in
the changes of ET and NO between the control
1

3

Department of Gastroenterology, Tangdu Hospital, and Room 12,
Building 621, the Fourth Military Medical University, Xi’an 710038,
Shaanxi Province, China
2
Department of Gastroenterology, Chinese PLA 371 Hospital, Xinxiang
453000, Henan Province, China
Dr. LIU Guo-Shi, male, born on June 29, 1961 and graduated from
Bethune Medical University in 1985, having 10 papers published.
Correspondence to: Dr. LIU Guo-Shi, Department of
Gastroenterology, Armed Police Headquarters Hospital, Jilin
Province, 46 Nongan South Street, Changchun 130052, Jilin
province, China
Received 1998-05-18

and the stimulating groups.
CONCLUSION Stress ulcer model of rats can
be successfully established by the stimulation of
explosive noise. Gas, ET and NO are related to
the formation of stress ulcer, and play an
important role in its mechanism. Hepatic
function affected by noise is observed in this
experiment.

INTRODUCTION

Explosive noise may produce an enormous adverse
effect on human body and mind. It has been known
that peptic ulcer occurred much more frequently in
war time than in peace time[1]. However, there
have been no reports about the relationship between
explosive sound and stress ulcer in literature. The
aim of this study is to establish an animal model of
stress ulcer produced by explosive noise and probe
into its mechanism, prevention and treatment.
MATERIALS AND METHODS
Materials

The healthy country standard Wistar rats were
provided by the Animal Center of the Fourth
Military Medical University. Submachine guns, a
precision pulse counter, and a frequency spectrum
analyser were provided by the Chinese PLA 371
Hospital. A PJ-2003/50 G-type γ radioimmunity
counter (made in Xi’an), 754 spectrophotometer
(made in Hefei), a high-speed and low-temperature
centrifuge (made in Tumen), a light microscope and
a JEM-2000EX-type transmission electron
microscope (made in Japan) were used in this
experiment.
Methods

Preparation of ulcer model. Having been fasted for
24 hours, the experimental rats were confined in an
isolated room to be tested. Firing noise of
submachine guns acted as an inducing factor which
had been recorded on a tape and was played to the
rats through a loudspeaker at a distance of 20cm30cm. Examined with the precision pulse counter
and the frequency spectrum analyser, the intensity
of the firing noise was measured as 110dB(A) and
its frequency as 0.25kHz-4.00kHz. After the rats
were stimulated successively for 12 hours by gun
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shot sound, their stomachs were opened and the
formation of their stress ulcer was observed.
The rats were randomly divided into three
Control group, consisting of 8 rats,
groups:
which were neither stimulated nor protected;
stimulating group, subdivided into groups A, B and
C, including 8 rats each. These subgroups were
decapitated to draw blood for test immediately, 12
hours, and 24 hours after stimulation respectively;
and
prevention group, also subdivided into
groups A, B and C, having 8 rats each. Group A
was injected 40mg ip with cimetidine 30min before
the stimulation; group B given 2 mg ip of
anisodamine 30min before and 6 hours after the
stimulating; group C administered with above
mentioned combined drugs. All the rats used in this
study were anesthetized in their abdominal cavities
with 1.2mg of 5g/L amobabital sodium after
treatment and their abdomens were opened for
observation on the changes of their gastric mucosa.
After decapitation, two blood samples were taken:
one for centrifugation of serum, the other added
with EDTA and retardant peptidase for separation
of plasma and kept at -40 in a refrigerator ready
for the detection of hormone and hepatic and renal
functions.
Measurements of mucosal damage. According
to Guth’s method[2], the length of gastric mucosal
damage area <1 mm was scored 1 point; 1mm2 mm 2 points; 2mm-3mm 3 points; 3 mm - 4 mm
4 points, >4 mm scored segmentally. The sum total
of the scores of the whole stomach constituted the
ulcer index. Tissue and cell structures of all groups
were observed and photoed under light microscope
and electroscope respectively.
Detection of plasma Gas, ET, NO and hepaticrenal functions. Gas was detected before and after
stimulation using the kit produced by the Northern
Immunity Agents Research Institute in accordance
with the instructions. ET was detected using the kit
by the East Asian Immunity Technique Research
Institute according to the operational manual. NO
was tested by means of the kit provided by the
Military Medical Academy according to the manual.
Hepatic and renal functions were tested by the
laboratory from the serum samples we sent.
Statistics. Both t test and analysis of variance
were used for this study.
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found in seruous layers and on the gastric walls,
congestion, edema, erosion and ulcer formation
came into sight (Figure 1), especially in group B
(ulcer index, 8.4 ± 0.6), the ulcer index being
remarkably different ( P < 0.01 ) between group B
and the prevention group ( ulcer index, 0.3 ± 0.1 )
and control group (ulcer index, 0).
In prevention group, although there were still
some congestion, edema, erosion and ulcer
formation, these were conspicuously lower than in
the stimulating group (P < 0.01). The preventive
effects proved significantly better in group C’ (0.3
± 0.1) than those in groups A’ and B’(P<0.05).
Examination under light microscope

In Control group, mucosal layers were smooth and
tidy, glands were arranged in order, and no
tendency of inflammatory cell infiltration and
submucosal hemorrage appeared. In stimulating
group, in sub gropus A, B and C, there were
interruptions of mucosa, enlarged glandular gaps
and damaged parts of gland. Meanwhile, a large
amount of RBCs were accumulated among the
glands. Within submucous eosinophil, infiltration
and capillary thrombosis were detected (Figure 2).
In prevention group, all of the 3 subgroups were
found intact in mucos, well-structured in glands
slightly broadened in gaps with some RBCs sparsely
existing beneath mucosa.
Examination under electron microscope

The control group showed intact cell structure,
regular secretory granules, and no widened gaps
among nuclei. In addition to these, mitochondrion
and endoplasmic reticulum were also conspicuous.
The structure of microvillus was perfect. On the
contrary, the stimulation group exhihited irregular
cell structure, with nuclei withered, gaps among
nuclei broadened, endoplasmic reticulum expanded,
mitochondrion hypertrophic, inflammatory cell
infiltration in interstitial, and secretory granuals
increased ( Figure 3 ). The prevention group
in appeared differently. Although there were slight
withered nuclei, broadened nuclear gaps, and more
or less expanded endoplasmic reticulum, all these
were noticeably insignificant as compared with
those in the stimulating group (Figure 4).
Blood biochemical examination

RESULTS
Observation of gross specimens

In control group, after the gastric wall was opened,
the mucosa was seen intact, tidy and smooth
without any ulcer or erosion except for a couple of
bleeding spots under the mucosa of 2 rats.
In stimulating group, on the abdominal cavity,
different degrees of congestion and edema were

Gas was apparently higher in the stimulating and
prevention groups than in control group (P<0.05,
Table 1), being most pronounced in stimulating
group B.
ET was obviously higher in the stimulating
group than in control group, while there were no
significant changes between the prevention and
control groups (P<0.05), nor between stimulating
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and prevention groups (P<0.05).
NO was lower in the stimulating group than in
control group (P<0.05), especially in group C
(Table 1). No substantial difference was seen
between the prevention and control groups (P<

0.05). ALT and BUN showed no remarkable
changes among all groups (P<0.05), while AST
was found higher in the stimulating and prevention
groups than in controls (P<0.05, Table 2).

Table 1 Serum Gas, ET, NO levels in stress rats (n=8, x±s, ng/L)
Controls
Gas
ET
NO

63±40
135±42
0.8±0.5

Stimulating group
A

B

315±193
177±87
0.5±0.2

a

Prevention group
C

a

294±163
181±57a
0.2±0.1a

70±8
169±26
0b

A’

B’

327±93
157±37
0.4±0.3

429±266
158±55
0.7±0.5

C’
a

556±225b
139±43
0.7±0.5

a

P<0.05, bP<0.01, vs controls.

Table 2 Serum ALT, AST, BUN level in stress rats (n = 8,x±s, ng/L)
Controls
ALT mmol/s
AST mmol/s
BUN mmol/L

867±67
2084±183
7.8±0.8

Stimulating group

Prevention group

A

B

C

A’

B’

C’

867±183
2834±583a
8.4±2.1

997±133
2501±450
7.7±1.5

867±117
2450±467
12.2±1.9

997±116
2634±233a
11.5±2.7

804±184
2384±367
8.3±2.1

834±100
2317±283
9.2±1.4

a

P<0.05, bP<0.01, vs control.

Figure 1 Gross specimens in stimulating group congestion, edema, erosion and ulcer formation.
Figure 2 Stimulating group: interruptions of mucosa, enlarged glandular gaps, damaged parts and a large amount of RBCs accumulated
among glands. HE×10
Figure 3 Stimulating group exhibited irregular cell structure, with nuclei withered, gaps among nuclei broadened, endoplasmic reticulum
expanded, mitochondrion hypertrophic, granuals increased. EM×7500
Figure 4 Prevention group: slight withered nuclei, a little broadened nuclear gasps and more or less expanded endoplasmic reticulum.
EM×6000
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DISCUSSION

There are five types of stress ulcers[3], i.e., single
bound stress, cold bound stress, socking stress,
shock stress and spinal cord injury stress. It has
been reported that noise may damage the human
body and mind by causing disturbance in the
stomach and intestines[4] and that ulcer occurred
conspicuously more frequently in war time than in
peace time[1]. Based on these findings and
considering that rats are characterized by welldeveloped adrenalin function, sensitive response to
stress and susceptiveness to stress ulcer[5], we
designed and prepared the stress ulcer model of rats
in order to explore its mechanism and prevention
and treatment. Our results showed that a typical
ulcer model of rats can be successfully established by
stimulation with a strong explosive sound
continuously for 12 hours. Using Guth’s methods[2],
the ulcer index was found to be significantly
different between stimulating group and both the
control group and the prevention group (P<0.01).
Such changes as interruptions of mucosa and damage
of glands were detected under light microscope
(Figure 1). This, therefore, has opened a new path
to establish an animal model of stress ulcer.
In an attempt to probe into the underlying
causes, we laid special stress on analysing the role of
ET, NO and Gas in this disease. To our knowledge,
ET serves as a strongest vasoconstrictive substance,
while NO functions as a vasodilative one. They are
contradictory regulating factors in the blood[6].
When balance between the two is lost, the blood
flow in gastric mucosa may change and an acute
mucosal damage occurs. ET has potent ulcerogenic
and vasoconstrictive actions in the stomach where it
induces gastric mucosal damage and increases gastric
vascular tone[7]. In our study, after sound
stimulation, serum ET level became conspicuously
higher in stimulation group than in control group (P
<0.05), indicating ET played an important part in
stress ulcer. This was probably because the gun-shot
sound overexcited the sympathetic nerves to cause
submucosal capillaries to constrict, thus stimulating
endodermical cells to produce excessive ET, which,
in turn aggravated vasoconstriction and decreased
blood flow under mucosa, and, finally, resulted in
the erosion and formation of ulcer. NO is produced
when larginine guanidine combined with oxygen is
converted intolcitriline under the catalysis of nitric
oxide synthetase (NOS), which is the key factor for
the production of NO. Kanno et al[8] reported that
an induced NO (iNOS) can be brought about by a
variety of cell factors and lipopolysaccharide (LPS)
in vascular endothelia and smooth muscles and then
produce more and more NO. However, in case of
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stress, because of vasoconstriction of gastric mucosa
and decrease of blood flow, the production INOS in
vascular endothelia can be inhibited, leading to
lowered NO level. In addition, erosion and bleeding
in mucosa after stress can also cause the synthesized
NO to be inactivated by combining with
hemoglobin[9], thereby lowering NO level. The
decrease of NO level, together with the weakening
of mucosal protection and vasodilation, further
aggravates erosion of mucosa and formation of
ulcer. Our results showed that NO level was
noticeably lower in the stimulating group, especially
in group C than in control group, which conforms
to their findings. After stimulation by explosive
noise, with sympathetic nerves overxcited, vagus
nerves inhibited[10], cortisol secretion is, of course,
increased, resulting in dysfunction of peptidergic
nerves in non-adrenergic and non-cholinergic nerves
within sympathetic and parasympathetic nerve
systems[11], thereby, it causes G-cells to secrete
more and more Gas. This may stimulate wall cells to
produce excessive gastric acid, pH value in stomach
lowered, and H+ back oozing, leading to
inflamation, congestion, edema, erosion in gastric
mucosa and even the formation of ulcer. Our results
showed that Gas was apparently higher in the
stimulating group than in control group (P<0.05).
It was discovered under dynamic observation that
Gas secretion increased gradually after treatment,
reached its peak at the 12th hour, and then returned
to normal after 24 hours. All these indicated that
Gas not only took part in but played an important
role in the process of formation of stress ulcer.
Explosive noise also exerts some harmful effects
upon functions of the liver and kidneys. Liu et al[10]
noted that following stimulation by noise, the
tension of sympathetic nerves became stronger, and
tissue metabolism exuberated, accompanied by
vasospasma and tissue ischemia, with the result that
the renewal of liver cells hastened and ALT of blood
increased. Our results were in agreement with
theirs, but insignificant in statistics. This may be
due to limited number of samples. AST was
remarkably higher in the stimulating group,
especially higher group A than in control group (P
<0.05). However groups B and C showed a gradual
decline. The reason why AST became higher may be
that during the stress the sympthetic nerves of rats
were so excited that their muscles all over the body
kept constricting, and their hearts beat faster for a
short time, which caused damages in their skeleton
muscle and cardiac muscle cells, and led to the
increase of AST release. After removal of
stimulation, these actions weakened, cell functions
recovered and AST in blood decreased gradually.

LIU Guo-Shi, et al. Explosive noises induced stress ulcer

The strong noise for a short time, therefore, did
little damage to the function of the kidneys.
Our study also proved that among the three
prevention groups, group C’ for which drugs were
given in combination brought best results. Next to
this were groups B’ and C’ treated with anisodamine
and cimetidine respectively. Measured by analysis of
varience, their ulcer index was significantly
different from group A’ (P<0.05), corresponding
to the previous documents. Following medication,
plasma Gas leve rose more remarkably in the
prevention group than in the stimulating and control
groups. This might be related to the fact that after
using H2 receptor-antagonist and vasodilator agents,
the secretion of gastric acid by wall cells was
inhibited, and by feedback the secretion of Gas by
G-cells at gastric antrium increased. Serum NO and
ET did not change conspicuously before and after
medication (P>0.05), presumably because H2
receptor-blocking agents and vasodilator agents
reduced the secretion of gastric acid, and abated the
stimulation to constriction of submucous blood
vessel. On the other hand, it brought about dilatic
factors in capillaries, thus the releasing of ET by
endodermical cells was weakened. As a result, the
producing effect of iNOS was also suppressed so that
the formation of NO remained unaffected. Another
reason why ET and NO level stayed unchanged was
supposedly that the alliviated mucosal erosion and
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ulcer reduced the mucosal bleeding and combination
of NO with hemoglobin.
From these results, we came to the conclusion
that although explosive noise can stimulate the
production of stress ulcer, it can be effectively
prevented and cured by such medicine as H2 receptor
antagonist and vasodilator agents. Therefore, we
believe that use of preventive medicines before war
will be of significance for diminution and protection
of stress ulcer in wartime.
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Effect of devazepide reversed antagonism of CCK-8
against morphine on electrical and mechanical
activities of rat duodenum in vitro *
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Abstract
AIM
To study the antagonism of
cholecystokinin octapeptide (CCK-8) against
the effect of morphine and its mechanism.
METHODS
The method and mechanical
activities of rat duodenum in vitro were
recorded simultaneously.
RESULTS Acetylcholine (ACh) could increase
the amplitude and the number of the spike
potential (SPA and SPN) of rat duodenum in
vitro, followed by the increase of the duodenal
contraction amplitudes (CA), showing a positive
correlation. Morphine, on the contrary,
inhibited the potentiation of ACh, showing a
negative correlation. CCK-8 could antagonize the
effects of morphine, i.e. th SPA and SPN were
increased again, followed by the increase of CA.
CCK-A receptor antagonist Devazepide could
reverse the antagonism of CCK-8 to the effect of
morphine.
CONCLUSION CCK-8 could antagonize the
effect of morphine which inhibited the
potentiation of ACh on the duodenal activities in
vitro. The antagonistic effect of CCK-8 on
morphine was mainly mediated by CCK-A
receptor.
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INTRODUCTION

Cholecystokinin octapeptide (CCK-8) is a typical
brain-gut peptide. Many data show that CCK-8 has
been the strongest endogenous anti-opioid substance
up to now. Faris pointed out that CCK-8 could
block morphine analgesia in the rat tail flick test[1].
Han[2] and Xu[3] reported respectively that CCK-8
antagonized the analgesic effects of morphine and
electroacupuncture (EA), and played an important
role in the induction of morphine tolerance and EA
tolerance using the behavioral changes and
electrophysiological methods. Zetler indicated that
morphine and opioid peptides antagonized the
hyperfunction of contraction of guinea-pig ileum in
vitro induced by CCK-8 like peptide[4]. Valeri
proved that endogenous opioid peptides could
antagonize the effects of CCK-8, in the similar
experiment[5]. But few report about the anti-opioid
effect of CCK-8 on the duodenum in vitro was
found.
In this experiment, the method of
simultaneously recording the electrical and
mechanical activities of rat duodenum in vitro was
adopted so as to inquire into the antagonism of
CCK-8 to the effect of morphine and its
mechanism.
MATERIALS AND METHODS
Experimental animals

Twenty-five Wistar rats (Grade II, 195 g - 295 g),
Animal Department of Tumour Institute of
Heilongjiang Province, were used.

1
3

Experimental animals

Tyrode’s solution ( made by ourselves );
Acetylcholine (ACh, 300nmol/L, Shanghai Third
Reagent
Factory,
China );
morphine
hydrochloridum ( 330 nmol/L, Shenyang First
Pharmaceutical
Factory,
China );
CCK-8
(0.7nmol/L, Squibb,
USA ) ; Devazepide
(10nmol/L, Merck Sharp and Dohme Researched
Laboratories, USA).
Experimental method

A rat was given peritoneal anaesthesia with 20%
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0.70 ± 0.04 mV, 2.41 ± 0.13 and 16.58 mm ±
0.65 mm. At 60 seconds after the injection of ACh,
the SPA, SPN and corresponding CA increased to
0.97mV ± 0.05 mV, 2.46 ± 0.11 and 24.50 mm ±
0.99mm, respectively. At this time, morphine was
administered. The SPA, SPN and CA decreased to
0.63mV ± 0.04 mV, 2.38 ± 0.08 and 14.73 mm ±
0.69mm respectively at 60 seconds after the
injection of morphine. At 120 seconds after adding
CCK-8, the SPA, SPN and CA increased to
0.84 mV ± 0.04 mV, 3.29 ± 0.09 and 22.77 mm ±
0.68 mm, respectively. Moreover, all of them
showed significant differences (P<0.01) when the
latter was compared with the corresponding item of
the former (Figure 1).

urethan (5ml/kg), the peritoneum was opened and
one or two segments of 2cm duodenum were cut off
under pylorus. The duodenal segments were put into
a bathtube containing 50ml Tyrode’s solution which
was 38¡æ and saturated with oxygen. Then the
bathtube was maintained at 38
in CS-501
superthermostat. One end of duodenal segment was
fixed with resting load of 5g and the other end was
connected with a LZ-1 tension transducer according
to longitudinal axis of jejunum. Thus contractions of
duodenal smooth muscle were recorded. The
electrical activities of duodenum were led out by
silver adsorptive electrode. Through bioelectrical
amplifier, the electrical activities, mechanical
contraction and time scale were simultaneously
recorded by ST-41 multipurpose polygraph. The
parameters were modulated as follows: time
constant 0.3 second, high frequency wave filter
30Hz, electrical gain 3, mechanical gain 4,
recording paper velocity 5 mm/s[6].
Firstly, normal electrical and mechanical
activities of every segment of duodenum was
simultaneously recorded. Then 200µl of ACh was
injected quickly into the bathtube by a
microinjector. Sixty seconds after the injection of
ACh, 50µl of morphine hydrochloridum was
administered. At 120 seconds and 240 seconds, 40µl
CCK-8 and 20µl Devazepide were added
respectively.

Devazepide reversed the antagonism of CCK-8
to the effect of morphine

Figure 2 showed the electrical and mechanical
change curves of one segment of duodenum
simultaneously recorded by multipurpose polygraph.
It indicated that the SPA and SPN of the duodenal
segment increased, followed by the increase of the
CA after the injection of ACh, showing the
enhancement of duodenal activities. Whereas the
SPA, SPN and corresponding CA were reduced
when morphine was administrated, showing that
morphine inhibited the excitatory effects of ACh.
At this moment, the injection of CCK-8 increased
the SPA, SPN as well as CA, suggesting an
antagonism of morphine effect by CCK-8. On the
basis of the above, after CCK-A receptor antagonist
Devazepide was administrated, the SPA and SPN
were decreased again, accompanied by the reduction
of CA. It showed that Devazepide reversed the antimorphine effect of CCK-8. Moreover, every
contraction wave occured after the beginning of
spike potential over the slow potential and the ratio
between slow potential and contraction wave was
1:1.
The statistical analytical results of 22 duodenal
segments are shown in Table 1.

Statistical analysis

Each value was expressed as x±s. All data were
analyzed with paired t test.
RESULTS
CCK-8 antagonized the inhibition of morphine
to the effect of ACh

Before the
numbers of
duodenal
contraction

Table 1
Items
SPA(mV)
SPN
CA(mm)
b
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injection of ACh, the amplitudes and
the spike potential (SPA and SPN) of 44
segments and their corresponding
amplitudes (CA) respectively averaged

Anti-morphine effect of CCK-8 reversed by Devazepide
Control
n = 22
(0s)

Ach
300nmol/L
(60s)

0.70±0.07
2.71±0.23
16.40±1.00

0.94±0.09b
3.88±0.15b
24.44±1.63b

Morphine
330nmol/L
(120s)
0.59±0.06d
2.71±0.09d
13.54±1.04d

CCK-8
0.7nmol/L
(240s)

Devazepide
10nmol/L
(325s)

0.81±0.07f
3.52±0.13f
22.73±1.00f

0.54±0.05h
2.66±0.18h
13.67±0.66h

P<0.01 (ACh vs control); dP<0.01 (morphine vs ACh); fP<0.01 (CCK-8 vs morphine); hP<0.01 (Devazepide vs CCK-8).
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Figure 1 Elimination of inhibited effect of morphine on ACh by
CCK-8.
b
P<0.01 (ACh vs control); dP<0.01 (morphine vs ACh);
f
P<0.01 (CCK-8 vs morphine).
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antagonize the effects of morphine which inhibited
the potentiation of ACh to rat duodenum in vitro
with the electrical and mechanical activities. The
conclusion was similar to those previous reports[4,5].
Recent receptor binding studies have confirmed
the existence of 2 distinct CCK receptor subtypes, i
.e. CCK-A and CCK-B receptor were present in both
brain and peripheral tissues[8]. Devazepide was
considerably more potent in inhibiting CCK binding
to peripheral-type receptor (CCK-A) than to braintype receptor (CCK-B)[9]. This results showed that
Devazepide could reverse the antagonism of CCK-8
to the effect of morphine, therefore it was inferred
that CCK-A receptor participates in the antimorphine effect of CCK-8.
To sum up, our present work firstly
demonstrated that CCK-8 could antagonize the
elimination of morphine on the potentiations of
ACh to duodenal activities, and these effects were
mediated by CCK-A receptor. It is suggested that
CCK-like peptides and opioid substances together
with cholinergic system could regulate the
gastrointestinal activities, and provided a new
experimental basis for further research in the
clinical treatment of the intestinal motility
disturbances.
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Study on the causes of local recurrence of rectal
cancer after curative resection:analysis of 213
cases
YUAN Hong-Yin, LI Yan, YANG Guo-Liang, BEI De-Jiao, WANG Kun
Subject headings Rectal neoplasms/surgery; rectal
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Abstract
AIM To study the local recurrent rate and the
causes of rectal cancer after surgery.
METHODS The clinicopathological data of 213
rectal cancer patients and the follow-up
information were analyzed. The overall
recurrent rate and the recurrent rates from
different surgical appreaches were calculated.
The main causes of recurrence were
investigated.
RESULTS Among the 213 cases, 73 (34.27%)
had local recurrence. The recurrent time ranged
from 3 months to 62 months after the first
operation. Most of the recurrence (65/73,
89.04%) occurred within 3 years after operation.
CONCLUSION Local recurrence had no
significant correlation with surgical methods or
pathological types, but closely related to Dukes’
stages, location of primary tumors and the
length of the distal rectum resected. Early
resection and a wide tumor free resection margin
are key factors to prevent local recurrence.

INTRODUCTION

For rectal cancer, surgical resection remains the
only possible cure. However, long-term survival
after surgery is not satisfactory due to local
recurrence or distant metastasis. Local recurrence is
a major cause of cancer-related morbidity and
mortality. To evaluate the rate and find out the
causes of local recurrence after radical resection for
rectal cancer, we carried out the following study.
PATIENTS AND METHODS

We studied 213 successive patients (108 males and
105 females) aged 21 to 78 years who underwent
curative surgery for rectal cancer between January
1986 to January 1993, in the Institute of Oncology,
Hubei Medical University. Primary tumor sites in
this series were in the upper segment of their rectum
(28), in the middle segemnt (52), and in the lower
segment ( 133 ). The pathological types were
papillary adenocarcinoma in 33 cases, tubular
adenocarcinoma in 121 cases, mucinous
adenocarcinoma in 30 cases, villous adenocarcinoma
in 10 cases, signet-ring-cell carcinoma in 9 cases,
and undifferentiated carcinoma in 10 cases.
According to the Dukes’ staging system, 50 cases
were in stage A, 88 in stage B, and 75 in stage C.
The initial operation procedures were Miles
operation in 108 cases, Dixon operation in 86 cases
and Bacon operation in 19 cases. The recurrence
was confirmed by digital rectal examinatiion,
ultrasonography, computer tomography (CT) scan,
biopsy and pathology, if necessary.
Statistical analysis
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The Chi-square analysis was employed on computer
using SAS software to evaluate the difference among
different categories, with P=0.05 as the level of
significance.
RESULTS
Overall rate

Among the 213 cases, 73 (34.27%) had recurrence.
Time of recurrence

Recurrence within 3 to 24 months after operation
happened in 37 cases, within 25 to 36 months in 28
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cases, and over 37 months in 8 cases. Most of the
recurrence (65/73, 89.04%) occurred within 3
years after operation.
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statistically significant (P < 0.05, Table 3).

Table 3 Distal resection margin in Dixon operation and
anastomotic recurrence

Site of recurrence

Thirty-five cases recurred in the pelvic cavity, 21 in
the anastomosis, 16 in the perineal region and 1 in
the abdominal incision.
Pathological types and recurrence

The rates of recurrence were higher in mucinous
adenocarcinoma and undifferentiated carcinoma
than in villous adenocarcinomna, tubular
adenocarcinoma, papillary adenocarcinoma and
signet-ring-cell carcinoma, although the difference
was of no statistical significance (P > 0.05,
Table 1).

Length of distal resection margin

Table 1 Pathological types and local recurrence
Number

Local recurrence (%)

Tubular adenocarcinoma
Papillary adenocarcinom
Mucinous adenocarcinoma
Villous adenocarcinocna
Undifferentiated carcinoma
Signet-ring-cell carcinoma

121
33
30
10
10
9

40 (33.06)
11 (33.33)
12 (40.00)
3 (30.00)
4 (40.00)
3 (33.33)

Total

213

73 (34.27)

Number

Anastomotic recurrences (%)

<3cm
3cm

26
60

11 (42.31)
10 (16.67)a

Total

86

21 (24.42)

a

P<0.05 vs <3cm margin group.

Dukes’ stages and local recurrence

The rates of local recurrence rose with the increase
in Dukes’ stages (Table 4).

Table 4

Pathological types

WJG

Dukes’ stages and local recurrence

Dukes’ stage

Number

A
B
C

50
88
75

Total

213

Local recurrence (%)
6 (12.00)
30 (34.09)a
37 (49.33)a,b
73 (34.27)

a

P<0.01, stage A vs stage B, stage A vs stage C, bP < 0.05,
stage B vs stage C.

Sites of primary tumors and local recurrence
Operational approaches and local recurrence

The rates of local recurrence in Miles, Dixon, and
Bacon operation were 37.01%, 31.40% and
31.58%, respectively. The difference was of no
statistical significance (P > 0.05, Table 2).

Tumors located in the middle segment of the rectum
had a slightly higher rate of local recurrence than
those in the upper segment of the rectum (P<0.05,
Table 5).
Table 5

Primary tumor sites and local recurrence

Primary tumor sites

Table 2

Operational methods and local recurrence

Operationa methods

Number

Local recurrence (%)

Miles
Dixon
Bacon

108
86
19

40 (37.01)
27 (31.40)
6 (31.58)

Total

213

73 (34.27)

The length of distal rectum resected in Dixon
operation and anastomotic recurrence

Among the 86 patients who underwent Dixon
operation, 27 had local recurrence, 21 of which
were anastomotic recurrence. In the 26 cases with a
distal resection margin of less than 3 cm, 11
(42.31%) had anastomotic recurrence. However,
in the 60 cases with a distal resection margin of
greater than 3 cm, only 10 ( 16.67% ) had
anastomotic recurrence. The difference was

Number

Local recurrence (%)

Upper rectum
Middle rectum
Lower rectum

28
52
133

5 (17.86)
21 (40.38)a
47 (37.59)

Total

213

73 (34.27)

a

P<0.05, vs middle rectum.

DISCUSSION

Local recurrence after curative surgery for rectal
cancer is a major adverse prognostic indicator.
Although many investigations have been carried
out in the prevention, early detection and treatment
of this problem, about 7% - 65% of all rectal
cancer patients still develop local recurrence[1-3]. In
our series, the local recurrence rate was 34.27%.
We also found that the causes are closely related to
Dukes’ stages, the length of distal rectum resected
and the site of primary tumors, while the

YUAN Hong-Yin, et al. Postoperative local recurrence in rectal cancer

pathological types and operational methods have no
significant correlation with the postoperative
recurrence.
Dukes’ stages

Dukes’ stage is an important factor related to
postoperative local recurrence especially the pelvic
recurrence. When tumors penetrate the whole rectal
wall or metastasize to the regional lymph nodes
(stage B and C) the local recurrence rate is 20%40%. However, when these two negative factors
combine together, the local recurrence rate will
reach as high as 40%-60%[4,6]. In our series of 213
cases, the rate of postoperative local recurrence rose
with the advancing stages, which clearly confirms
the close correlation between local recurrence and
extent of local invasion and regional lymph node
involvement. From these observations there is a
hope to reduce recurrence if extensive radical
resections are routinely performed on patients with
Dukes’ B or C stage diseases, because these
operations will further reduce the unseen residual
tumors[7] . Other adjuvant treatments such as
radiotherapy, chemotherapy or both, may be
considered also for these high-risk patients.
Length of distal resection margin

The nature of transitional mucosa (the mucosa
between the normal mucosa and the tumor) has
been studied intensively. The transitional mucosa is
a highly unstable precancerous lesion which closely
links to postoperative recurrence and poor
prognosis. The wider this region is, the shorter the
post-operative five-year survival will be[8,9].
In clinical practice, when Dixon operation is
performed, the length of proximal colon to be
resected is seldom limited. However the length of
the distal rectum to be resected is limited by several
factors, including the preservation of sphincter
functions, the available space of pelvic cavity and
the operational manipulation. Preservation of
sphincters will inevitably limit the length of distal
resection margin. Moreover, the lower location of
the tumor and the small pelvic cavity set a deep and
narrow operation field with very limited exposure,
which makes it extremely difficult for the surgeons
to achieve a fairly clear distal margin. During the
operation, the pulling and tracting will make the
distal rectum to be resected seem longer. The
intraoperative resection length sometimes is less
than the resection length actually required.
The inadequate distal margin means increased
chance of residual transitional mucosa or even occult
residual cancer cells at the resection margin, which
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will eventually result in anastomotic recurrence. In
general, a 3cm distal resection is required, while
for highly malignant tumors, 5 to 7cm distal margin
is necessary[10,11]. In our 86 cases of Dixon
operation, 21 had anastomotic recurrence. The
rates were 42.31% for those with a less than 3cm
distal margin and 16.67% for those with a greater
than 30cm distal margin.
Locations of primary tumors

The risk of local recurrence is directly correlated
with the location of primary tumors. Cancers at the
upper segment of the rectum behave like colon
cancer. They are apt to metastasize distantly[2,3].
Because of their higher position, better exposure
and easier operation manipulation, it is easy to
carry out en bloc resection according to the
principles of tumor surgery. Therefore, the rate of
local recurrence is low. On the other hand, cancers
at the middle and lower segments of the rectum are
apt to locally recur because of the downward and
lateral lymph drainage network and the lack of
serosa to ward off local infiltration by the tumor. In
these cases even extensive whole pelvic resection
often cannot guarantee complete clearance.
Therefore, the tendency to local recurrence is
relatively high. And there are psychological causes
too. For patients with low rectal cancers, Miles
operation is the only possible curative treatment.
But some of these patients refuse this proce dure
due to various reasons. Instead they chose Dixon or
Bacon operation, which often cannot ensure a true
tumor free margin for their conditions. Local
recurrence will be unavoidable in some of these
patients.
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Comparison of long lasting therapeutic effects
between succimer and penicillamine on
hepatolenticular degeneration *
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Abstract
AIM To compare the long-term effect of
succimer (Suc) with that of penicillamine (Pen)
in treating hepatolenticular degeneration (HLD).
METHODS One hundred and twenty patients
with HLD were divided into 2 groups. Group A (n
=60) received Suc 750mg, po. bid. Group B (n
=60) received Pen 250mg, po. qid. The period
of maintenance treatment varied from 6 months
to 3 years, averaging 1.5 years. Symptoms and
therapeutic effects were evaluated by modified
Goldstein scale.
RESULTS The total effectiveness of group A in
two different periods of treatment were 80% and
85% respectively, higher than those of group B
(58% and 59% respectively) (P<0.05). Suc
also had obvious curative effects for the patients
who failed in the use of Pen. There were fewer
side effect in group A than in group B (P<0.05).
Suc and Pen could increase urinary copper
excretion effectively and continually.
CONCLUSION Suc is more effective and safer
than Pen. Clinically, it can replace Pen as firstchoice drug for long-term maintenance therapy
of HLD.
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INTRODUCTION

Hepatolenticular degeneration ( HLD ) is an
autosomal recessive disorder that causes changes in
the basal ganglia and liver that respectively lead to
neuropsychiatric disease, hepatitis and cirrhosis.
The patients with HLD have to receive life long
decoppering therapy, othewise the disease will run
an invariably fatal course. Penicillamine (Pen) has
remained the treatment of first choice for more than
forty years because it is readily available and of
proven efficacy in some patients. However, the use
of this drug is associated with a wide range of toxic
reactions and unsatisfactory curative effect for the
patients with hepatic type[1]. We have used
succimer (Suc) to treat HLD since 1990, with
satisfactory results. The short-term therapeutic
effect of Suc is much better than that of Pen[2]. But
no study has been carried out to investigate the longterm curative effects of these two copper-binding
agents. Our study is to further investigate the longterm therapeutic effects of Suc and Pen.

MATERIAL AND METHODS
Subjects

One hundred and twenty patients with HLD were
chosen for this study. They were definitely
diagnosed after Feb. 1994 and reexamined in our
institute from Jan. 1996 to Dec. 1997. They were
divided into group A (Suc therapy) and group B
(Pen therapy). Based on clinical symptoms, they
were classified as neurological type (including
Wilson type and pseudosclerosis type) and hepatic
type[3]. The severity of disease was graded from I
to V according to the modified Goldstein
method[4]. These two groups were comparable for
their age, sex, course of disease, period of
treatment, clinical classification and severity (Table
1).
Therapeutic methods

All patients had accomplished synthetucal copperbinding therapy with unithiol or EDTA before they
started long-term maintenance treatment with Suc
or Pen. The period of maintenance treatment varied

REN Ming-Shan, et al. Effect of pancreas divisum on chronic pancreatitis

from 6 months to 3 years, averaging1.5 years. The
patients of group A were given Suc that was
produced by Shanghai Xinya Pharmaceutical Plant.
Each pill contains 0.25g mese DMSA. Oral dosage
was 20 mg/kg - 30 mg/kg body weight, and
administered twice daily. The patients of group B
were given Pen produced by Shanghai Xinyi
Pharmaceutical Plant. Oral dosage was 20mg/kg30mg/kg body weight and administered 4 times
daily. Considering that both Suc and Pen could
chelate other trace and macro-elements in the
process of copper-binding, expecially zinc element,
two hours after taking Suc or Pen, all patients of
two groups were given 560mg zinc gluconate.
Meanwhile, they were advised to take a copper-poor
diet throughout the course of treatment and have
their haemogram examined once a week. When
patients were reexamined, their clinical conditions
were independently judged by two experienced
neurologists in our institute. Their haemogram,
hepatorenal function, urinary trace and macroelements were rechecked and compared with
previous results. For the patients who did not obtain
any effect from treatment, we asked to reexamine
2 months after they inter changed their copper-binding
agents between group A and group B.
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RESULTS
Clinical effects

We investigated the curative effects of Suc and Pen
on HLD in different periods of treatment. The
results showed that the total effectiveness of group
A was 80% and 85% respectively, higher than those
of group B (58% and 59%, P<0.05). Among 11
patients of group A who were demanded to replace
Suc with Pen because of inefficiency of Suc, 1
(10%) was markedly improved and 2 (18%)
improved, with an effectiveness rate of 27%. While
in group B, 25 patients who changed to take Suc
because of inefficiency of Pen, 5 (20%) were
obviously improved, and 12 (48%) improved with
an effectiveness rate of 68%. The difference was
significant (χ2=5.1, P<0.05, Table 2).

Table 2 Comparison of long-term curative effect of Suc and Pen
Group
A
B
a

Length of
treatment
6mon to 2yrs
>2yrs
6mon to 2yrs
>2yrs

n

Markedly
effective
cases (%)

Improved
cases (%)

40 10(25)
20 7(35)
38 5(15)
22 3(14)

22(55)
10(50)
17(45)
10(45)

Total
Ineffective effective
cases (%) cases (%)
8(20)
3(15)
16(42)
9(41)

32(80) a
17(85) a
22(58)
13(59)

P<0.05, compared with group B.

Therapeutic judgement criteria

Marked effectiveness Patient conditions were
remarkably improved by two grades as compared
with those before treatment.

Table 3 Urinary trace and macro-elements changes after Suc and
Pen therapy (x±s)

Improvement Patient conditions were improved by
one grade.

A

Ineffectiveness or exaceration Patient conditions had
no obvious change or became worse.

Group

B
b

Time
Before treatment
After treatment
Before treatment
After treatment

n

Copper
(µmol/L)

Zinc
(µmol/L)

Calcium
(mmol/L)

60
60
60
60

4.4±2.9
19±6.0b
4.1±2.6
20±6.0b

4.3±2.5
21±7.3 b
4.7±2.5
20±6.9 b

1.3±0.4
1.8±0.6
1.3±0.4
1.8±0.5

P<0.01, compared with pre-treatment.

Side effects
Table 1

Characteristics of patients of group A and group B

Characteristics

Group A
(n=60)

Group B
(n=60)

Mean age (yr)
Males/Females
Mean course of illness (yr)
Length of treatment
6mon to 2yrs
>2yrs
Clinical classification
Wilson type
Pesudosclerosis type
Hepatic type
Modified Goldstein Scale
Grade I
Grade II
Grade III
Grade IV

20±4.0
34/26
2.5±2.0

18±5.0
31/29
3.0±1.0

40
20

38
22

24
16
10

26
15
9

15
29
10
6

18
27
11
4

During the period of maintenance treatment, 9
patients (15%) in group A suffered from gingival
suffusion and nosebleeding, rash and mild
abdominal distension; 22 patients (37%) in group B
mainly manifested with high temperature, rash and
cytoleukopenia. In both group A and B, there were
5 (5/9) and 16(16/22) patients who had the above
side effects from 6 months to 2 years. These side
effects could be abated or stoqped after the patients
were given haemostatic, leukocyte-increasing drugs
and antiallergics. No patient in both groups had to
stop his treatment because of side effects. The
incidence of side-effects in group A was notably
lower than in group B, the difference being
statistically significant (χ2=7.36,P<0.01).
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Laboratory studies

Long-term copper-binding treatment, remarkably
increased the urinary copper and zinc excretion (P
<0.01), indicating that both Suc and Pen could
effectively facilitate urinary copper and zinc
excretion (Table 3). In group B, the white blood
counts of patients were decreased, but there was no
statistical significance compared with the results of
pre-treatment, and no significant changes in
hepatorenal function either.
DISCUSSION

HLD is an autosomal recessive inheritant disease,
abnormalities in serum ceruloplasmin, urinary
copper excretion and copper accumulation in the
liver have for many years suggested a primary defect
in copper metabolism as the cause. By now, the
gene responsible for HLD was located in
choromosome 13q14.3, encoding a P-type ATPase.
At least 70 different mutations have since been decribed
in this copper-ATPase gene in individual with
HLD[5]. Long-term anticopper therapy is necessary
for patients to maintain their normal life. All
neurologists considered Pen as a drug of first choice
before Suc was clinically adopted. Suc is a new
broad spectrum heavy metal antidote with low
toxicity and high water solubility. It is easily
discharged through urine after taken orally. We
began to Suc to cure HLD in 1990 and found that it
could improve effectively neurologic symptoms and
facilitate evidently biliary copper excretion besides
increasing clearly urinary copper excretion[6,7].

WJG

December 1998

Volume 4

Number 6

Comparing the long-term therapeutic effects
between Suc and Pen on HLD, we found that Suc
was Superior to Pen (P<0.05) because the former
caused clinical symptoms to exacerbate less
frequently than the latter did. Suc also had obvious
curative effects for the patients who failed in Pen
treatment. Side effects incidence of Suc was
obviously lower than that of Pen ( P < 0.01 ).
Laboratory results showed that long-term use of Suc
or Pen could increase effectively urinary copper and
zinc excretion (P<0.01). As Suc has better shortand long-term therapeutic effects, less side effects
and permenant urinary copper excretion function,
we recommend that Suc should be used as a drug of
first choice in long-term maintenance therapy of
HLD.
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pathogenesis *
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Abstract
AIM To investigate the etiologic association of
pancreas divisum (PD) with chronic pancreatitis
and to clarify its pathogenesis.
METHODS A PD canine model was established
in 32 dogs. The dogs were randomly divvided into
4 groups (n=8). Group I: The communicating
branch between the dorsal and ventral
pancreatic ducts was partly ligated Group IIa:
The communicating branch was amputated and
completely ligated Group IIb: The dorsal duct
was amputated and ligated at 2mm distance to
the minor papilla. Group III: A sham operation
without any amputation or ligation was
performed. Before and after operation, the
activities of serum phospholipase A2 (PLA2) and
amylase (Ams) were assayed and the basal
pressures of the ducts were measured when
secretin was injected. Pancreatic ductograhpy
and the pathologic examination were made.
RESULYS
The activities of serum PLA2 and
ams in Group I,IIa, and IIb were sigificantly
increased 5 - 80 days after operation. At
sacrifice, the basal pressures of the ventral duct
were significantly wiaher 30min-60min after
provocation in Group I, IIa and IIb. The
pressures of the dorsal duct were significantly
increased in Group IIb but no difference in
Group I and IIa. Under light microscopy the
fibrosis of interlobus and periducts, the
destruction of acini and infiltratiob of
inflammatory cell in dorsal and ventral pancreas
were found in Group IIb. But in Group I and
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IIa, this findings were pesent only in ventral
pancreas. The electron microscopy showed that
in ventral pancreas of Group I and IIa and the
dorsal and ventral pancreas of Group IIb, the
rough endoplasmic reticulum of the acinar cells
showed granules-scaling, fusion and dilatation.
The zymogen granules decreased and the
mitochondria was swollen.
CONCLUSION PD is oue of etiologic factors in
chronic pancreatitis. The pathogenesis is the
functional obstruction of the minor papilla at the
peak stage of secretion.

INTRODUCTION

The patients with pancreas divisum (PD) were
considered to have a higher rish for chronic
recurrent pancreatitis. But the ant the etiology and
pathogenesis are still unclear. We established a
canine model of PD in 32 dogs for investigating the
etiologyic association and clarifying the
pathogenesis.
MATERIALS AND METHODS
Animal model

Thirty-two healthy adult dogs of both sexes
weighing about 10kg were used. Prior to the
experiments, they were fasted for 24 hours. Under
the sodium pentobarbital anesthesia, an abdominal
midline incision was made and the head of pancreas
was exposed. The partial ligation or amputation of
the pancreatic duct was randomly made in 4 groups.
Group I: the communicating branch between the
dorsal and ventral pancreatic ducts was partly
ligated at the middle segment ( n = 8 ). Group IIa:
the communicating branch was amputated and the
remaining stump was ligated ( n = 8 ) Group IIIb:
the dorsal pancreatic duct was amputated and
ligated at a 2- mm distance from the minor papilla
(n = 8).
Pancreatic enxymes assay

The activities of serum phospholipase A2 (PLA2)
and amylase (Ams) were assayed before ligation
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and 5, 10, 15, 30, 50, 80, 120, 150 and 180 days after
operation by the method of radioimmunoassay[1] and
blue starch respectively.
Manometry of pancreatic duct

The pressure of the dorsal and ventral pancreatic
duct was measured before ligation and at sacrifice at
0, 15, 30, 60 and 90 min after itravenous injection
of secretin (Kabi Vitrum, Stockholm, Sweden) at a
dose of 1I U/kg. A polyvinyl catheter with a
0.8mm inner diameter and 1.0mm outer diameter
was used. The probe contained an end orifice
measuring 0.8mm in diameter and was filled with
sterile saline. The perfusion took place at a constant
rate of 0.25ml/min. The presure was recorded on a
thermal pen recorder(Nippon Sanei 360, Tokyo,
Japan).
Pancreatic ductography

Pancreatography was performed by retrofrade
perfusion[2] via the major and minor papilla
cannulation with 180mgI/ml Omnipaque (Nycomed
Co, Norway) before operation and at sacrifice for
investigating the pancreatic ductal changes.
Tissues preparation for light and electron
minroscopy

The specimens for light microscopy were fixed with
10% formalin solution and embedded with paraffin
wax. The sections were HE stained. Blocks of
tissues (1.0mm3) cut from pancreas and duodenal
papilla for electron microscopy were fixed with
2.5% glutaraldehyde, postfixed with 1.0% OsO4
dehydrated with ethanol, and embedded with Epon
812. The sections stained with uranyl acetate and
lead citrate were examined under the Hitachi H-600
electron microscopy.
Statistical analysis

Results were wxpressed as mean±SD. Comparisons
among groups were made using Scheffe’s multiple
test or Spearman’s rank correlation analysis.
RESULTS
Biochemical assay

In Group IIb, the activities of the serum PLA2 and
Ams were significantly increased after operation,
especially during the postoperative 15-80 days.
The activities in Groups I and Group IIa were
slightly increased during the postoperative 5-15
days, but there was no statistically difference as
compared with preoperation. There were no
changes in the activities in Group III before and
after operation.
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Manometries of pancreatic duct

Before operation, the basal pressures of the dorsal
and ventral duct were 0. 78 kPa ± 0.21 kPa and
0.69 kPa ± 0.24 kPa, respectively. When the
secretin was administrated, the were slight
increased at 30 and 60 min, but with no statistical
difference ( all P>0.05 ). During 60min-90min,
the pressures rewailied at the preoperative levels.
At sacrifice

In ventral duct, the basal pressures in Groups I, II
a, IIb and III were 0.80 kPa ± 0.3 kPa, 0.79 kPa ±
0.28 kPa, 0.64 kPa ± 0.20 kPa and 0.83 kPa ±
0.24 kPa, respectively. There was no significant
difference as against preoperation. After secretin
injection, the pressure at 30 min was significantly
higher than that before operation in Groups I, IIa
and IIb. At 60 min, the pressures in Groups I and
IIa returned to the preoperational level at 90 min.
In dorsal duct, the pressures were significantly
increased in Group IIb (P>0.001). In Groups I,
IIa and III, there were no significant differences
before and after secretin injection.
Pathological changes

Light microscopy. In ventral pancreas, interlobus
or/and periductal fibrosis, the destruction of acini
and infiltration of inflammatory cell were found in
Group IIb, slight periductal fibrosis in Groups I
and IIa, and no abnormal histological changes in
dorsal pancreas in Groups I and IIa, but chronic
pancreatitis was present in Group IIb. The
duodenal papilla was histologically normal.
Electron microscopy. The rough andoplasmic
reticulim of the dorsal and ventral pancreatic acinar
cells in Groups I,IIa and IIb showed granulesscaling, fusion and vacuolar dilatation. The
Zymogen granules decreased and their electron
density reduved. The mitochondria were swollen
and the space around the nucleus was increased.
DISCUSSION

PD had been recognized by the 17th cantury anf it
was found in approximately 7% of western
autopsies. A higher incidence of chronic
pancreatitis was discovered among the patients with
PD, But their etiologic association has not been
established, because so far there has been no animal
models concerning PD. We established the animal
model in 32 dogs through partial ligation or
amputation of the communicating branch between
the dorsal and ventral pancreatic duct. Not only the
anatomic shapes but also the pathophysiologic bases
were similar to that in human. PLA2 presents in the
pancreas as an inactive zymogen, and inappropriate

HE Hui, et al. Effect of PD in chronic pancreatitis

intrapancreatic activation of PLA2 is thought to
play an important role in the development of
pancreatitis. In this study, the PLA2 activities in
Groups IIa and IIb, especially in Group IIb were
significantly increased, indicating the possibilities of
pancreatitis. It was reported that PLA2 activities
could be used to evaluate the severity of acute
pancreatitis[3]. In Group IIb, due to all the
pancreatic secretions occurring through the major
papilla, not as the other groups, it was not
surprising that more severe pancreatitis was
induced.
The previous studies concerning the drainage of
the pancreatic secretions were to measure the
diameter of the duct by means of CT or ultrasound
during secretin provocation[4,5]. It was not accurate
because dilatation occurred in the pancreatic
ducts when the periductal febrosis was obvious. In
the present study, the pressures of the ventral duct
in Group IIb at 30 and 60min were significantly
higher than that before provocation. It implied the
existance of physiologic obstruction. Chronic
ventral and dorsal pancreatitis was found in Group
IIb. But the similar changes were not seen in
Groups I and III, and slight in Group IIa, and the
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duodenal papilla was histologically normal,
confirming the association of pancreatitis with
relative obstruction of secretion drainage. In
Groups I and IIa, the communicating branch
between the ventral and dorsal ducts were partly
ligated or amputated. The juice secreted from the
dorsal and ventral pancreas drained from the minor
and major papilla, respectively. So, it is not likely
to block the drainage. In Group IIb, all of the
secretions drained via the major papilla. To bloch
the drainage at the peak stage of the secretion was
not avoided. Therefore, we have come to the
conclusion. That there was clear etilogic association
between PD and chronic pancreatitis.
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Abstract
AIM To establish transgenic mice lineage
harboring hepatitis B virus X gene and to
provide an efficient animal model for studying
the exact role of the HBx gene in the process of
hepatocarcinogenesis.
METHODS The HBx transgenic mice were
produced by microinjecting the construct with X
gene of HBV (subtype adr) DNA fragment into
fertilzed eggs derived from inbred C57BL/6
strain; transgenic mice were identified by using
Nested PCR; expression and phenotype of HBx
gene were analyzed in liver from transgenic mic
at the age of 8 weeks by RT-PCR, pathologic
examination and periodic acid-schiff staining
(PAS), respectively.
RESULTS Five hundred and fourteen fertilized
eggs of C57 BL/6 mice were microinjected with
recombinant retroviral DNA fragment, and 368
survival eggs injected were transferred to the
oviducts of 18 pseudopregnant recipient mice, 8
of them became pregnant and gave birth to 20 F1
offspring. Of 20 offsprings, four males and two
females carried the hybrid gene (HBx gene).
Four male mice were determined as founder,
named X1, X5, X9 and X15. These founders were
back crossed to set up F1 generations with other
ibred C57BL/6 mice or transgenic littermates,
respectively. Transmission of HBx gene in F1
offspring of X1, X5 and X9 except in X15
1
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followed Mendelian rules. The expression of HBx
mRNA was detected in liver of F1 offspring from
the founder mice (X1 and X9), which showed
vacuolation lesion and glycogen positive foci.
CONCLUSION Transgenic mice harboring HBx
gene were preliminarily established.

INTRODUCTION

Despite overwhelming epidemiological evidence
linking persistent Hepatitis B Virus ( HBV )
infection and the development of hepatocellular
carcinoma (HCC)[1], the pathogenetic mechanisms
by which the virus contributes to liver cell
transformation remain elusive. The case is mainly
the limited host range and the lack of in vitro
culture systems to propagate it. With the
development of embryo microinjection technology,
leading to the production of transgenic animals, it
provided a powerful tool for studies of gene
expression and creation of animal models of human
diseases.
The HBx gene is one of the four genes in the
HBV genome. It encodes a viral transactivator, the
HBx antigen (HBxAg). This protein has been
shown to convert immortalized mouse fetal
hepatocytes into a fully malignant phenotype.
Moreover, NIH 3T3 cells stably transfected with a
HBx expression plasmid are carcinogenic in nude
mice. Interestingly, recently it has been reported
that the P53 and HBx proteins can be coimmunoprecipitated from HBV-related HCCs.
Complexing of P53 protein by HBx protein should
inhibit its DNA consensus binding and
transcriptional transactivator function and provide a
basis for the ways in which this interaction might
contribute to malignant transformation[2].
These observations suggest. that HBx may play a
part in the molecular pathogenesis of HCC in
humans. In supprt of this hypothesis, it has been
shown that high level expression og the HBx gene
can lead to HCC in transgenic mice[3-5], although
others have not observed the induction of HCC in
independently derived X gene trasgenic mouse
strains[6-8]. Noticeably, the mice that develop HCC
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were produced and maintained on a CD1
backround that displays a high spontaneous rate of
HCC. This noght suggest that the HBx protein
functions are a cofactor in the process of
hepatocarcinogenesis, and that it may not be
sufficient to induce HCC by itself[9].
To investigate the exact role of the HBx gene in
the process of hepatocarcinogenesis. The HBx
transgenic mice were produced by microinjecting the
HBx gene of HBV (subtype adr) DNA fragment
into fertilized eggs derived from inbred C57BL/6
strain mice that displays a lower spontaneous rate of
HCC, and its phenotype were preliminarily
analyzed by pathologic examination and PAS.
MATERIALS AND METHODS
Materials

Various restriction enzymes and other reagents.
Modifying enzymes ECOR I, Hind III, BamHI, T4
DNA ligase, dNTP, Taq DNA polymerase, MMLV
reverse transcriptase, etc, purchased from
Promega, Sangon and Sigma Compant,
respectively.
Mice. C57BL/6 mice (clean animal) were
purchased from Animal Center. Shanghai.
Methods

Construction of recombinant plasmid. PSHDX42, a
6787bp recombinant retroviral vector plasmid
containing the X gene of HBV (subtype adr) was
constructed by DNA recombinant technique (Figure
1 ) ( Plasmid constructs is to be published
elsewhere).
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Detection of transgenic integration. Genomic DNA
was extracted from transgenic mice tail (about 1cm
-1.5cm) at age of 2-3 weeks. Total DNA was
extracted by the method described by Sambrook[10].
Nested-PCR. The primers were designed on human
HBX (subtype adr) X gene sequence (synthesized
by Cybersyn Biotechmology Company). The
sequence of primer for the PCR were as follows:
Outer primer 1: 5’-CATGGCTGCTCGGGTGTGCT-3’
2: 5’-ATTAGGCAGACGTGAAAAG-3’
Inter primer 3: 5’-CTTTGTCTACGTCCCGTCGGCGCTGAATC-3’
4: 5’-CAGTCTTTGAAGTATGCCTCAAGGTCGGT-3

The PCR reaction I contained 5µ1 of 10×PCR
Buffer, 3µ1 of 25mM Mg2+, 3µ1 of 15mM dNTP,
1.5µ1 of 20pmol each of outer primer, 2U of Taq
DNA polymerase, 1µg samle DNA. A 50µ1 total
reaction volume was obtained by adding sterile
water, the reaction procedure of PCR I was:
beginning 5min at 95 , then 30 cycles of 94
denature for 50 sec, ammealing at 55 for 1min and
for lmin. The PCR reaction II
extension at 72
contained 5µ1 of 10¡ÁPCR buffer, 3µ1 of 25mM
Mg2+, 3µ1 of 15mM dNTP, 3µ1 of 10pmol each
of inter primer,2.5U of Taq DNA polymerase,
1µl-2µ1 PCR I products. The reaction procedure
of PCR II was as follows: beginning 5 minat 94 ,
30 cycles of 94 denature for 50 sec, ammealing at
60 for 50 sec and extension at 72 for 1 min, and
final extension at 72 for 10min. A 1.8% agarose
gel was prepared and loaded with 10µ1 PCR II
products, then electrophoresed at 45vol for 70min,
and the result of electrophoresis was observed.
Detection of transgenic expreseeion. Tissue samples
were removed from F1 transgenic mice liver at the
age of 8 weeks and frozen in liquid nitrogen. Total
RNA was extracted by the method described by
Sambrook[10].

Figure 1 Structure of recombinant plasmid PSHDX42
X: HBx gene; : BamHI

Production of HBx transgenic mice. Plasmid
PXSHD42 was linearized with Ecor I and purified
with QIAGEN. It was microinjected into the male
pronucleus of the fertilized eggs of C57BL/6 mice.
The injected eggs were then transplanted into the
oviduct of pseudopregnany mice. Operated mice got
pregnant and given birth.

RT-PCR. The sequence of primers for RT-PCR
were previously described as outer primer 1,2. First
stranded cDNA was synthesized as follows: The
RT reaction contained 1µg RNA,5µ1 of 10×PCR
buffer, 3µ1 of 15 mM dNTP, 1µ1 of RNasin
(80U/µ1), 2µ1 10pmol outer primer 1 or 2, 1µ1
MMLV (200U). A50µ1 total reaction volume was
obtained by adding sterile DEPC treated water and
RT was fouowed at 37 for DNA ploymerase, 3µ1
pf 10pmol outer primer 1,2 respectively. The
reaction procedure of PCR was described as PCR
I.
Histological procedures and cytohistochemical staining.
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Liver tissues from F1 transgenic mice at the age of
8 weeks were divided into two portions: one portion
fixed in 10% buffered formalin for Hematoxylin
and Eosin as well as PAS stainin, the other quickly
frozen in liquid nitrogen and used for RNA analysis.
RESULTS
Establishment of transgenic mice

Recombinant retrovial DNA fragment was
microinjected into the male pronucleus of the 514
fertilized gees of C57-B1/6 mice, and 368 survived
eggs were transferred to the oviducts of 18
pseudopregnant recipient mice, 8 of ther became
pregnant and gave birth to 20 offspring mice. The
zygotes survial rate and birth rate were 71%
(368/514) and 5.4% (20/368). DNA extracted
from tail of 20 offspring mice were screened by PCR
amplification (Figure 2), and the results showed
that four males and two frmales carried the hybrid
gene (HBx gene). Four male mice were determined
as founders, named X1, X5, X9 and X15. Total
integration rate and efficiency of transgene was
30% and 1.1%, respectively.
Establishment of HBX transgenic mice lineage

The founders (X1,X5,X9 and X15) were back
crossed to set up F1 offspring with other inbred
C57BL/6 mice or transgenic littermates. Of 20 F1
mice from X1, 9 F1 mice carried the hybrid gene;
of 18 F1 mice from X5, 8 F1 mice carried the
hybrid gene; of 17 F1 mice from X9, 8 F1 mice
carried the hybrid gene. Surprisingly, no mice
integrated from F1 generation of X15 were detected
by PCR.
Expression of HBx gene in F1 mice

We performed RTª²PCR to examine whether HBx
transgenes experess in liver tissues of F1 mice of
transgenic mice lineages (X1,X5 and X9). The
PCR products (439bp) were detected in the liver of
F1 mice of transgenic mouse lineage (X1,X9)
(Figure 3). NO Band was detected in the liver of F1
offspring of transgenic mouse lineage X5.

Figure 2 Electrophoresis analysis of Nested PCR products
amplified from DNA obtained from tail tissue. lane 1, normal
mouse (negative control; lane 2 and 3 (transgenic mice) showed
positive bands (280bp). M, PCR marker (SABC).
Figure 3 Electrophoresis analysis of RT-PCR products. Lane 1,
normal mouse liver tissue (negative control); lane 2 and 3
transgenic mice liver tissue showed positive bands (439bp). M,
PCR standard marker (SABC).
Figure 4 Two-month old transgenic mouse liver showed glycogen
positive foci PAS×200

Phenitypic characteristics of transgenic F1
mouse

The liver from the F1 offspring of lineage (X1,X9)
showed the presence of areas of altered hepatocytes
which were made up of cells with pooly stained
cytoplasm and PAS positive foci (Figure 4), but not
in thir normal littermates.

DISCUSSION

Despite the increased frequency in the generation of
transgenic animals, the methodologies for
introducing exogenous DNA into mammalian early
embryos have remained essentially unchanged since
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the pioneering work of Gordon in the early
1980s[11]. To date, the most widely used method is
microinjection of foreign DNA into the pronuclei of
fertilized eggs. The method has enabled the
production of transgenic animals from various
mammalian species, but the success rate of
generating a transgenic animal is extremely low. In
this study, the zygotes survival rate and birth rate
were 71% and 5.4% and efficiency of transgene was
1.1%. The lowas feeiciency of transgene may be
influenced by many factors such as DNA structure,
purity and concentration, gene vector and fertilized
eggs as well as mouse strains, etc[12]. The result of
F1 generation mice integration demonstrated that
foreign gene can stably transmit to next generation
in a normal Mendelian fashion. As for F1
generation from founder X5 low integration
efficiency, it was thought that the founder X5 was
likely to mosaics. The mechanism of DNA
integration into mouse chromosomes following
microinjection is unknown. One possibility is that
spontaneous breaks occur in chromosome, possibly
exacerbated by the microinjection technique and
DNA repair endonuclease, and these breaks are sites
for integration of linear DNA[12]
When the transgene results from random
integration of a DNA fragment injected into
fertilized eggs the pronucleus, its level of expression
in the resulting transgenic animal varies and depends
upon factors, such as the site, transgene cope
number, genetic background of mouse, particularly
promoter/enhancer of fusion gene. In this study,
HBx gene under the control of retrovial promoter/
enhancer LTP and SV40 promoter, the expression
of HBx gene was detected by RT-PCR in liver from
partial transgenic mice lineage (X1, X9). The
results demonstrated that the retrovial promoter/
enhancer LTR and SV40 promoter were probably
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functional, and HBX gene expression was influenced
by different integrated site.
Above all initial histological examination of
liver in HBX gene transgenic mice revealed the
presence of patholoical change ( vacuolation
lesions) and glycogen positive foci. The results of
phenotype observation were similar to KIM’s [3],
and were consistent with their preneoplastic lesions,
and further identified HBx transgenic mice model
established. To sum up, we have produced
transgenic mice harboring HBx gene. This work has
laid a solid foundation for further study on the
function of JBx gene in hepatocarcinogenesis,
successively analysis on these transgenic mice are
being undertaking.
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Abstract
AIM To study the expression of Fas and Bcl-2
proteins in BEL-7404 human hepatoma cells in
order to analyze the possible relationship
between cell growth regulation by alphafetoprotein(AFP) and Fas/Bcl-2 proteins.
METHODS BEL-7404 human hepatoma cells
were maintained in RPMI 1640 medium
supplemented with 10% new-born calf serum.
Cells adhered to coverslips were used to detect
Fas and Bcl-2 protein expression by the avidinbiotin complex (ABC) immunocytochemical
assay.
RESULTS Immunocytochemical study showed
that essentially all the BEL-7404 human hepatoma
cells could express Fas and Bcl-2 proteins,
although in various amount. No positive
staining for Fas and Bcl-2 proteins was observed
when cells were incubated with non-relevant
sera, to establish the specificity.
CONCLUSION Fas apoptosis signals and Bcl-2
rescue/survival signals from apoptosis are
expressed in BEL-7404 human hepatoma cells.
The finding strongly implys that AFP-mediated
cell apoptosis and growth enhancement are
potentially associated with Fas and Bcl-2
proteins present in those cells.
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INTRODUCTION

Alpha-fetoprotein (AFP) is a major serum protein
present in the early stages of development in
mammals and other vertebrates, which virtually
disappears in adult life. This protein is mainly
synthesized by the fetal liver and the yolk sac. But,
AFP may reappear in some tumors such as human
primary hepatocellular carcinoma. It has also been
found that AFP, like other serum proteins, can bind
to specific membrane receptors on some cells such as
macrophages, T lymphocytes, hepatoma cells,
breast carcinoma cells and so on. AFP has
immunoregulatory functions in a variety of
experimental systems and some experimentally
induced autoimmune diseases in animals can also be
inhibited by the administration of AFP[1]. Our
recent studies demonstrate that human AFP
stimulates the proliferation of hepatoma cells in
vitro[2]. Further investigation found that high
concentrations of AFP resulted in hepatoma cell
growth arrest[3], which suggests that AFP may be a
biphasic cell growth regulator. However, the
mechanisms of the growth-regulatory properties
exhibited by AFP are largely unstudied.
Apoptosis
routinely
occurs
during
embryogenesis, histogenesis, metamorphosis,
endocrine-dependent tissue atrophy and normal
adult tissue turnover. Moreover, tumor regression is
also often mediated through apoptosis as a result of
X-irradiation and chemotherapeutic exposure in
cancer cells[4,5]. The detection of apoptotic cells and
apoptotic bodies is based on several well-established
morphological features. These features include cell
shrinkage, disconnection with neighboring cells,
nuclear chromatin condensation, maintenance of
cytoplasmic membrane integrity, strong eosinophilic
cytoplasm and lack of an inflammatory reaction.
Fragmentation of the cells leads to the appearance
of membrane-bound apoptotic bodies. Apoptotic
bodies are defined as small, roughly spherical or
ovoid cytoplasmic fragments, some of which contain
nuclear fragments. A previous report demonstrated
that AFP and AFP-receptor antibody blocked the
induction of apoptosis in HL-60 leukemia cells in
culture[6]. But, high concentrations of AFP was
found to induce apoptosis in human hepatoma
cells[7]. These results have strong implications that
growth-regulatory activity of AFP is, at least in
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part, related to affecting apoptosis precess.
It has now been ascertained that cell apoptosis
signals and rescue (survival) signals from apoptosis
are mediated by a cell-surface transmembrane
protein termed Fas and a cytosplasmic protein
termed Bcl-2[8-10]. The human Fas protein (also
designated APO-1) is a 48kDa cell surface
glycoprotein that belongs to a family of receptors
that includes CD 40, nerve growth factor receptors
and tumor necrosis factor receptors. A series of
studies indicate that apoptosis is mediated by the
intercellular interactions of Fas with its ligand (FasL) or effectors. On the other hand, bcl-2 has been
identified as an apoptosis inhibitor. The Bcl-2
protein (molecular mass 25kDa) is encoded by a
gene involved in the t (14,18) chromosomal
translocation and plays a central role in the
inhibition of apoptosis. On the basis of Genbank
identification, an amino acid sequence resembling a
Fas-like peptide stretch has been detected in human
AFP (39% identity, 23 amino acids in length). In a
similar fashion, a sequence identifying with a Bcl-2like amino acid stretch can also be discerned in
human AFP ( 41% identity, 17 amino acids in
length)[11]. Therefore, we speculate that Fas and
Bcl-2 proteins in human hepatoma cells may
contribute to the influence of AFP on apoptosis and
growth regulation. We hereby investigated the
expression of Fas and Bcl-2 proteins in BEL-7404
human hepatoma cells with avidin-biotin complex
(ABC) immunocytochemical method.
MATERIALS AND METHODS
Cell lines and culture conditions

A human hepatoma cell line, BEL-7404, was
maintained in RPMI 1640 medium (Gibco)
supplemented with 10% new-born calf serum, at
37 , 5% CO2 and 100% humidity. The RPMI 1640
medium was replaced with fresh medium every two
to three days. For ABC assy, cells at a densitty of 5
×103 cells/mL were grown on coverslips, and
adhensive cells were directly used. Cell viability was
determined by mixing the cell suspension with 0.5%
trypan blue (1:1).
Immunocytochemical assay

Antibodies used included a rabbit polyclonal
antibody to Fas protein (Santa Cruz), and a mouse
monclonal antibody to Bcl-2 protein (Dako). As
described by the manusfacturers, the antibody
against Fas protein is an affinity-purified antibody
raised against a peptide corresponding to amino
acids 260-279 mapping at the carboxy terminus of
Fas protein of human origin. The specificity of the
antiserum for Fas was confirmed by Western
blotting and immunohistochemistry. The antibody
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against Bcl-2 protein belonged to mouse IgG1 subclass. The antibody reacted specifically with Bcl-2
protein as demonstrated by immunoblotting and
immunoprecipitation.
The monoclonal and polyclonal antibody
reactivities were visualized using Vectastain ABC kit
(Vector) following the vendor’s instructions with a
few modifications[12]. Briefly, adhensive cells were
fixed in 4% paraformaldehyde for 5min-8min at
room temperature, then treated with 0.05M Trisbuffered saline (TBS, pH 7.2) containing 0.4%
Triton X-100 for 15min at room temperature. The
coverslips were then incubated with 1% bovine
serum albumin in TBS containing 0.4% Triton X100 for 30min at 37 . For the detection of Fas
protein, prior to incubation with antibodies,
endogenous peroxidase activity was irreversily
inhibited by treatment with 5% hydrogen peroxide
in methanol solution at room temperature for
30min. After washing in TBS, primary antibodies to
Fas were applied for 1h at 37 . After washing 3
times, coverslips were incubated with biotinylated
sheep anti-rabbit secondary antibodies at 37 for
45min followed by avidin biotin peroxidase complex
at 37
for 45min. For color development, a
peroxidase substrate solution, 0.05% 3,3’diaminobenzidine (Sigma) in TBS containing 0.01%
hydrogen peroxide, was applied for 5min-10min at
37 . For the assay of Bcl-2 protein, primary
antibodies for Bcl-2 were reacted with the cells for
1h at 37 . After incubation with the biotinylated
secondary antibodies (horse anti-mouse antibodies)
for 45min at 37 , the coverslips were treated with
alkaline-phosphatase-conjugated
avidin-biotin
complex for 1h at 37 . Development reagents
contained 33µl of nitroblue tetrazolium salt
(75mg/mL in 70% dimethylformamide) and 25µl of
5-bromo-4-chloro-3-indocyl phosphate (50mg/mL in
dimethylformamide) in 7.5mL TBS. For color
development, cells were incubated in the color
solution for up to 4h at 37
in the dark. The
coverslips were finally rinsed in water. The primary
antibodies were replaced by control non-relevant
sera to monitor specificity of ABC
immunocytochemical staining.
RESULTS

On the basis of preliminary experiments, rabbit
anti-human Fas antibody was used at a dilution of
1:80, sheep anti-rabbit IgG at 1:50, and rabbit
ABC at 1:100, respectively. The dilution of mouse
anti-human antibodies against Bcl-2 was 1:100.
Horse anti-mouse IgG and mouse ABC were used at
1:80 and 1:100, respectively. The use of
appropriately
diluted
reagents
minimized
troublesome nonspecific background staining.

542

ISSN 1007-9327

CN 14-1219/ R

WJG

December 1998

Volume 4

Number 6

Figure 1 shows ABC detection of Fas antigen in
BEL-7404 cells. When primary antibodies to Fas
were incubated with BEL-7404 cells, large numbers
of brown grains were detected on the membrane of
essentially all the cells, although the grain
distribution varied. Treatment of the cells with
normal rabbit serum resulted in a marked reduction
in the number of specific grains (Figure 2). When
the primary antibodies against Bcl-2 were used,
purple grains were present diffusely throughout the
cytoplasm of BEL-7404 cells with sparing of the
nuclei. The number of grains in the cytoplasm
varied, but essentially all the cells, including those
undergoing mitotic division, were considered to
contain Bcl-2 protein (Figure 3). However, when
cells were incubated with normal mouse serum under
the same experimental condition, no accumulation
of grains in the cells was observed (Figure 4).
Overdevelopment of the color reaction can
produce a high level of non-specific staiing, but
this was significantly reduced by careful monitoring
of the reaction after the addition of color reagents.
DISCUSSION

Figure Detection of Fas and Bcl-2 proteins in BEL-7404 human
hepatoma cells. (1) Fas antigen was stained by the avidin- biotinperoxidase complex. Reaction products were visible in almost all
the cells. (2) Same as in 1, except that rabbit anti-human
polyclonal antibody to Fas was replaced by normal rabbit serum.
(3) BEL-7404 cells were incubated with mouse anti-human
monoclonal antibody to Bcl-2. Positive grains detected by alkalinephosphatase-conjugated avidin-biotin complex were also visible in
almost all the cells. (4) Same as in 3, except that the primary
antibody to Bcl-2 was replaced by normal mouse serum. Original
magnification×200.

For study of gene expression, immunocytochemical
staining can be used to detect final products of gene
expression and their location in cell, though it
cannot be used to detect directly genes. In the
present study, Fas and Bcl-2 proteins have been
detected by ABC immunocytochemical method in
cultured BEL-7404 human hepatoma cells. We
consider that ABC assay is rapid, reliable, sensitive
and economical to use, and there are no known
health hazards associated with the reagents used,
which provides a very useful tool for investigating
the gene expression[12].
Some studies demonstrate that cell apoptosis is
mediated by the intercellular interactions of Fas
with its ligand or effectors, and Bcl-2 protein can
inhibit apoptosis [8-10]. As mentioned in the
“Introduction”, amino acid sequences of Fas and
Bcl-2 proteins can be detected on some domains of
human AFP[11]. Moreover, Bcl-2 site is localized
adjacent to a proposed hinge region of human AFP
molecule, which allows rotational flexibility. A
conformational change in the tertiary structure of
AFP, possibly induced by excessive ligand binding,
can expose such a Bcl-2 site, which is normally
hidden in a molecular crevice. According to the
present result, taken together with previous
published data, we speculate that dimerization or
binding of low concentrations of AFP with its
normal molecular configuration to Fas protein could
blunt the apoptosis signals, resulting in
enhancement of cell growth. On the other side,
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dimerization or binding of high concentrations of
AFP with possible conformational change to the
exposed Bcl-2 signal site could block the
rescue/survival signals, causing the induction of
apoptosis. In this fashion, AFP might function in
both the up and down-regulation of cell growth by
employing a binding or dimerizing mechanism to
apoptotic mediators.
The oncoproteins are products of the protooncogenes, which now include myc, myb, fos, jun,
ski, ets, cbl, erb A and possibly many others. Most
oncoproteins have turned out to be transcription
factors, which function as molecular switches that
sense incoming signals and modulate the
transcription of specific genes. Many oncoproteins
have functional partners with which they
heterodimerize to bind DNA, such as fos and jun,
myc and max, etc. Protein-protein and proteinDNA interactions of the oncoproteins are often
mediated through helix-loop-helix and leucine zipper
motifs. Tumor suppressor proteins (p53 and
retinoblastoma protein) can function as growth
suppressors. It has been found that AFP gene
promoter can be regulated by some transcription
factors such as AP-1[13], although the activation of
the oncogenes c-fos, c-jun and c-myc might not
directly in volve the basal level of AFP gene
expression in hepatoma cell lines[14]. The mutation
of p53 gene occurred in the early stage of
hepatocarcinogenesis may be correlated with the
initiation of hepatocarcinogenesis, and mutant P53
protein probably related to the reactivation of AFP
gene[15]. On the other hand, Genbank computergenerated sequence identities detected on human
AFP domains demonstrated that amino acid
identities for the oncogenes c-erb A, c-myc, rel,
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myb, ras ranged from 29% to 54% over lengths
from 13 to 24 amino acid, largely in human AFP
domains 1 and 2. In comparison, the tumorsuppressor (retinoblastoma, Rb) protein identities
appear to reside only on domain 1 of human
AFP [11]. Thus, it is possible that the growthregulatory activity of AFP may also be mediated by
some oncoproteins and/or tumor suppressor
proteins. The exact relationship between AFP
growth regulation and oncoproteins as well as tumor
suppressor proteins still needs to be further
investigated in the future.
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A comparison between Zhishi Xiaopiwan and
cisapride in treatment of functional dyspepsia *
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Abstract
AIM To compare the therapeutic effect of the
herbal medicine Zhishi Xiaopi with that of
Cisapride in the treatment of functional
dyspepsia (FD).
METHODS Fifty-one FD patients were
randomized into Herbal group (n = 27) and
Cisapride group (n = 24). Two two groups were
given a four-week treatment of Zhishi Xiaopiwan
100ml, tid, a.c. and Cisapride 5mg, tid, a.c.
respectively. Patients’ symptoms were assessed
and 39 patients’ (22 of Herbal group and 17 of
Cisapride group) gastric liquid emptying times
were measured with ultrasonography before and
after the treatment.
RESULTS The therapeutic effective rates of
Herbal group and Cisapride group were 81.49%
and 87.50% (P>0.05). The half gastric
emptying time (GET50) and gastric emptying time
(GET) of healthy controls and FD patients were
36.12min±10.22min vs 52.95min±13.49min and
87.07min±21.11min vs 120.74min±23.08min (P
<0.001). The GET50 and GET of Herbal group
before and after the treatment were 51.63min±
13.15min vs 45.62min±10.82min and 117.34min
± 23.29min vs 103.26min±22.19min (P<0.01).
The results of Cisapride group were 54.66min±
14.14min vs 40.95min±11.29min and 125.12min
±24.47min vs 95.49min± 22.31min (P<0.01).
The differences in values (median) of GET50 and
GET for Herbal group and Cisapride group before
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and after treatment were 5.75min vs 17.18min
and 13.22min vs 33.54min (P<0.05).
CONCLUSION Delayed gastric emptying is one
of the pathogenesis of FD. Both Zhishi Xiaopi
pills and Cisapride can effectively alleviate the
symptoms of FD and accelerate gastric liquid
emptying. The effect of Zhishi Xiaopiwan on
enhancing gastric motility is comparable with
but less than that of Cisapride.

INTRODUCTION

Dyspepsia is a common syndrome, Outpatients in
gastrointestinal clinics complaining of dyspeptic
symptoms amount to about 30%-40% of the total
visits. Among them, more than half have no
organic lesions after examination. So it is called
functional dyspepsia (FD). Some of the patients
with FD present symptoms suggestive of delayed
gastric emptying. So gastrointestinal hypomotility is
considered one of the pathogenesis. In this study,
we compared the therapeutic effect of Zhishi
Xiaopiwan made of (herbal medicine) with Cisapride
in the treatment of FD by assessing symptomatic
improvement and measurement of gastric liquid
emptying time.
MATERIALS AND METHODS
Diagnosis of functional Dyspepsia

Epigastric pain, discomfort or bloating, postprandial
fullness, eructation, nausea and other upper
abdominal symptoms lasting at least for 4 weeks;
esophagitis, peptic ulcer, upper gastrointestinal
erosion and neoplasm were excluded by endoscopy;
diseases of liver, gallbladder, pancreas and lower
gastrointestinal tract by laboratory, ultrasound and
X-ray
examinations;
and
diabetes,
hyperthyroidism, connective tissue diseases and
history of abdominal surgery were excluded.
Patients and healthy controls

Fifty-one patients meeting the above diagnostic
criteria were randomly divided into two groups:

LIN Jiang, et al. Functional dyspepsia treated with TCM and cisapride

Herbal group, 27 patients (average age, 45.1±9.67
year; range, 25-63 years; a ratio of men/women,
10±17) and Cisapride group, 24 patients (aveaage
age, 48.5±12.9 years; range, 26 - 72 year; a ratio
of men/women, 13:11). Healthy control group
consisted of 10 volunteers without gastrointestinal
symptoms (average age, 41.4±11.75 years; range,
25-58 year; a ratio of men/women, 7:3).
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was regurgitation, Ark Shell 30g and Cuttle Bone
30g were used Cisapride group was treated with
Cisapride (5mg three times a day before meals) for
4 weeks.
Statistical analysis

Student’s t test, χ2 test, rank sum test and linear
regression were used and P values less than 0.05
were considered significant.

Symptom assessment

Five symptoms (epigastric pain or discomfort,
bloating, postprandial fullness, eructation and
nausea) were assessed for each patient once a week
or two weeks. Symptoms were assessed according to
Stanghellini criteria[1]: 0 = absent, 1 = occasionally
present and not affecting patients¡ä daily activities; 2
=present moderately often, slightly affecting their
activities; 3 = present moderately or more often,
affecting considerably patients’ activities. The
symptom complex index (SCI) was calculated by
dividing the summation of all presenting symptoms’
scores with the number of symptoms.
Therapeutic efficacy assessment criteria

Noticeable efficiency (NE): SCI was less than pretreatment value by 2 or more; efficiency: SCI was
less than preª²treatment value by 1 or more but less
than 2; and inefficiency: SCI was less than pretreatment value by less than 1.

RESULTS
Therapeutic efficiency of symptoms

Both Zhishi Xiaopiwan and Cisapride could
effectively alleviate patients’ symptoms (Tables 13). There were no significant difference between the
efficencies of the two medications on the symptoms
of the FD, and in improvement SCI between two
groups after treatment. The total efficacy rates (NE
+E) of Herbal group and Cisapride group were
81.49% and 87.5% respecitively (P > 0.05). During
treatment, 3 patients of Cisapride group had fewer
gastrointestinal symptoms (1 with lower abdominal
pain, 2 with loose stool). Patient in Herbal group
had no side reactions, but with no statistical
significance (χ2 = 3.59,P>0.05).

Table 1 Comparision of the theraputic efficiency for symptoms
relief

Measurement of gastric liquid emptying

Symptoms

Gastric liquid emptying was measured in one vertical
section of antrum with real time ultrasonography as
used by Marizo[2]. All medication was stopped for 3
days and the patients were fasted for 12 hours
before the test. Milk of 250ml with a total caloric
value of 597KJ, prewarmed to 37 , was used as a
testing meal.

Epigastic pain

Treatment

Herbal group was treated with Zhishi Xiaopiwan in
the form of decoction (100ml three times a day
before meal) for 4 weeks. Zhishi Xiaopiwan
consisted for the following ingredients:Citrus
aurantium L.15g, Officinal Magnolia Bark 12g,
Tangshen Asiabell Root 10g, Largehead
Atractylodes Rhizome 10g, Poria 12g, Ternate
Pinellia Tuber 10g, Golden Thread Rhizome 3g,
Nardostachys Rhizome and Root 6g, etc. If pain
was severe, Paniclate Swallowwort Root 10g and
Corydalis yanhusuo W.T.Wang 15g were added. If
bloating was severe, Finger Citron 10g, Akebi
Fruit 10g and Costus Root 10g were supplemented.
If eructation and nausea were severe, Inula Flower
10g and Bamboo Shavings 5 g were added. If there

Group

Cases

Herbal
Cisapride
Bloating
Herbal
Cisapride
Postprandial fullness Herbal
Cisapride
Eructation
Herbal
Cisapride
Nausea
Herbal
Cisapride

NEa(n)

Ea(n)

1
4
10
13
9
12
5
10
3
2

10
7
8
3
8
3
7
4
3
4

16
15
22
18
19
16
14
17
6
8

IE a(n)
5
4
4
2
2
1
2
3
0
2

EF a(%)
68.75 b
73.33
81.89 b
88.89
89.47 b
93.00
85.71b
82.35
100.00 b
75.00

a
NE: noticeable efficiency, E: efficiency, IE: inefficiency, ER:
efficiency rate; bP>0.05 v Cisapride group.

Table 2
Group

Comparision of symptoms complex index
Cases

Herbal
Cispride
a

Before treatment After treatment

27
24

Differential values

1.02±0.60a
0.71±0.55a

2.28±0.32
2.19±0.40

1.26±0.56 b
1.49±0.56

P<0.001 v before treatment, bP>0.05 v Cisapride group.

Table 3 Comparision of the clinical theraputic efficiency rate
Group
Herbal
Cisapride

Cases
27
24

NEa rate %(n)
25.93 (7)
37.50 (9)

b

Ea rate %(n)
55.56 (15)
50.00 (12)

b

IEa rate %(n)
18.51 (5) b
12.50 (3)

aNE: noticeable efficiency, E: efficiency, IE: inefficiency; b P >
0.05 v Cisapride group.
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Gastric liquid emptying

Gastric liquid emptying tests were done in 10
healthy volunteers and 39 FD patients. Half gastric
emptying time (GET-50) and total gastric emptying
time (GET) of health controls were 36.12 min ±
10.22min and 87.07 min ± 21.11 min. Those of FD
patients were 52.95 min ± 13.49 min and 120.74 min
±23.80min, both of which were longer than those
of healthy controls (P < 0.001). If the normal
GET50 range was set as from 16.09 to 56.15 (mean
±1.96 SD), there were 14 (35.90%) patients with
delay of gastric emptying.
Both Zhishi Xiaopiwan and Cisapride could
shorten the gastric liquid emptying time (Table 4).
After treatment, there was still significant
difference between the gastric emptying time of
Herbal group and control group (P < 0.05), but
there was no significant difference between those of
Cisapride group and control group (P>0.05). The
median difference of GET50 and GET of Herbal
group before and after treatment were 5.75 min and
13.22mine respecitively, and those of Cisapride group
were 17.18 min and 33.54 min (0.25<P<0.05). So
the effect of Zhishi Xiaopiwan in enhancing gastric
emptying is less than that of Cisapride.

Table 4 Comparision of gastric emptying time between before
and after treatment
Group

Cases

GET50 (min)

GET (min)

Control
Herbal

10
22
22
17
17

36.12±10.22
51.63±13.15a
45.62±10.82b,c
54.66±14.14a
40.95±11.29b,d

87.07±21.11
117.34±23.29a
103.26±22.19b,c
125.01±24.47a
95.49±22.31b,d

Before treatment
After treatment
Cisapride Before treatment
After treatment

a
P < 0.01 v control group, bP < 0.01 v before treatment, cP <
0.05 v control group, dP>0.05 vs Control group.

DISCUSSION

In this study, we found 35.9% of FD patients had
delayed gastric liquid emptying, which is similiar to
the results of 23%-55% reported previously[3,4].
This indicates that quiet a few FD patients have
gastric hypomotility. Gastrointestinal manometric
techniques[1,5] showed that during fasting, the cycles
of Migrating Motor Complex (MMC) of FD patients
are less than those of healthy subjects. No matter
during fasting or digestive period, the amplitude
and frequency of the contractions of antrum and
duodenum of FD patients are all less than those of
healthy subjects. During digestive period, the
numbers of duodenal propulsive peristalsis and the
coordinating contractions between antrum and
duodenum are less than those of healthy subjects.
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Ultrasonographic techniques[6] also showed that the
postprandial antrum contractions of FD patients are
incomplete with small waves of irregular rhythm, as
compared to the complete, even and rhythmical
peristalsis of healthy subjects. The gastrointestinal
hypomotility and the incoordination between
antrum and duodenum may induce delay of gastric
emptying. As an agonist of 5-HT4 receptor,
Cisapride can act on the receptors of the
intermediate and terminal neurons of myenteric
nerve plexus in gastrointestinal smooth muscle and
improve the gastrointestinal motility by promoting
cholinergic nerves to release acetylcholine. It can
increase the amplitude and freqauency of the gastric
contractions and the numbers of coordinating
contractions between antrum and duodenum to
accelerate gastric emptying.
Symptomatology of FD is very similar to that of
“Piman Zheng”, a name of disease in Traditional
Chinese medicine with bloating as the chief
complaint. Zhishi Xiaopiwan is the commonly used
Chinese medicine for “Piman Zheng”. So we chose
this medicine to treat FD and compared it with
Cisapride. The results showed that Zhishi
Xiaopiwan could effectively ameliorate the
symptoms of FD, and its total efficiency rate
(81.49%) was not significantly different from that
of Cisapride ( 87.5% ). Gastric emptying
examinations indicated that Zhishi Xiaopiwan also
could accelerate the gastric liquid emptying,
although its effect was less than that of Cisapride.
Its effect on enhancing gastrointestinal motility was
proven in previous animal exeriments. The main
ingredient of Zhishi Xiaopiwan-Citrus aurantium
L. could prolong the cavine intestinal active
duration of MMC by reducing the duration of the
phase I and prolonging the duration of the phase
II[7]. Other ingredients, such as Tangshen Asiabel
Root, Rhizome Atracty lodes macrocephalae,
Ternate Pinellia Tuber and Golden Thread
Rhizome, could increase the frequency of rat gastric
electric spikes and amplitude of gastric contractions
and regulate the disturbance of gastric electric
rhythm. Rhizome Atractylodes macrocephalae
might act on cholinergic receptors to activate the
gastric movement[8,9].
Not all FD patients had delayed gastric
emptying. This indicates that gastrointestinal
hypomotility is not the sole pathogensis of FD,
other factors such as hypersensitiveness of gastric
mucosa, disturbance of gastric accomodation and
failure of gallbladder contraction might also be
involved in the pathogenesis[10]. The inconsistency
between the symptomatic relief and improvement of
gastric emptying by Zhishi Xiaopian also suggests

LIN Jiang, et al. Functional dyspepsia treated with TCM and cisapride

that the action of the herbal medicine to improve
symptoms might be through mechanisms other than
promoting gastric motility, which shoujld be further
studied in the future.
In conclusion, we found that delay of gastric
emptying was one of the pathogenetic factors of
FD, and both Zhishi Xiaopiwan and Cisapride could
ameliorate the symptoms of FD and accelerate the
gastric liquid emptying in certain percentage of
patients. In this aspect, Cisapride is better than the
herbal medicine we used.
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Effects of Fuzhenghuayu decoction on collagen
synthesis of cultured hepatic stellate cells,
hepatocytes and fibroblasts in rats *
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Abstract
AIM To study the mechanism of Fuzhenghuayu
(FZHY) decoction on anti-liver fibrosis.
METHODS FZHY 10% decoction sera was
incubated with rat normal subcultured hepatic
stellate cells (HSC) and fibrotic primarily
cultured HSC, normal and fibrotic hepatocytes
and subcultured skin fibroblasts seperately. Cell
intracellular and extracellular collagen synthesis
rates were measured by the method of [3H]
Proline impulse and collagenase digestion.
RESULTS For primarily cultured HSC and
hepatocytes, both of intracellular and
extracellular collagen synthesis rates decreased
in the drug sera group. For the normal
subcultured HSC and primarily cultured
hepatocytes, the extracellular collagen
secretion was decreased obviously by the drug
sera, and intracellular collagen synthesis rates
were inhibited to some extents. For fibroblasts,
both intracellular and extracellular collagen
synthesis rates were inhibited somewhat, but
no significant differences were found.
CONCLUSION
The mechanism of FZHY
decoction on anti-liver fibrosis may be
associated with inhibition of liver collagen
production.
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INTRODUCTION

Liver fibrosis is the common pathological feature of
chronic liver diseases, and is closely associated with
changes of liver cell functions. In order to
investigate the mechanisms of Fuzhenghuayu
decoction action on liver fibrosis, the drug serum
was collected and incubated with cultured rat
hepatic stellate cells (HSC), hepatocytes and
fibroblasts, and then cellular functions were
observed.
MATERIALS AND METHODS
Animals

Wistar male rats were purchased from Shanghai
Animal Center, Chinese Academy of Sciences,
among them, rats weighing 180g-200g rats were
used for isolations of hepatocytes, 350g-450g rats
were used for isolation of HSC. SD rats, pregnant
for 12-14 days were the gifts of Shanghai Institute
of Family Planning and used for skin fibroblast
isolation and culture. All rats were maintained with
food and water available ad labium.
Reagents

Minimum essential medium Eagle (MEM), 199
Medium (M199) and Dubocal modified Eagle’s
Medium (DMEM) were purchased from GIBCO,
USA. Pronase E, type IV collangenase,
Metrizimide, 3-[4,5-dimethylthiazol-2-yl]-2, 5diphenyltetrazolium bromide (MTT) from Sigma
Co., USA. And L-[5-3H] proline ([3H]Pro) from
Amersham Co., England.
Drug

Fuzhenghuayu ( FZHY ) decoction consists of
Cerdeceps, Semen Persiciae, Radix Salviae
Miltiorrhizae,
etc.
Shanghai
Zhonghua
Pharmaceutical Factory made the decoction into a
kind of fluid extract. Each gram of the fluid extract
contained 2703g of the above raw herbs.
Cell isolation and culture HSC isolation and culture
were performed according to the modified Freidman
method[1], and hepatocyte isolation according to the
modified method[2]. Fibroblast followed E Zheng’s
method[3].
Model establishment[4] Male Wistar rats received
0.5% DMN dissolved in 0.15mol/L NaCl, at a dose of
10µl of DMN/100kg i.p., for 3 consecutive days
each week for 3 weeks. The pair fed controls
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received an equivalent amount of saline.
Drug sera were prepared Using our own method[5].
Grouping and drug sear incubation The cultured
cells were divided into control and drug serum
groups. The control was incubated with 199 medium
containing 10% normal rat serum, and the drug
group was incubated with 199 medium containing
10% drug serum, for 72h in HSC and fibroblast
cells, for 48h in hepatocytes and 24h for fibrotic
HSC.
Assay of collagen synthesis rates Greets method was
used[7].
Statistics Two tails student t test was used for
statistical analysis.
RESULTS
Effects on HSC collagen synthesis

The drug sera markedly inhibited the intracellular
collagen synthesis in normal subcultured HSC, and
both intracellular and extracellular collagen
productions in fibrotic HSC.
Table 1 Effects of drug sera on HSC collagen synthesis rate
(n = 4, % x±s)
Group
Drug sera
Control

Normal subcultured HSC
Intracellular
Extracellular
0.31±0.21
0.57±0.37

2.70±0.10a
4.15±0.95

Fibrotic HSC
Intracellular
Extracellular
0.12±0.09a
0.33±0.10

0.80±0.34b
1.72±0.53

a

P<0.05,bP<0.01,vs control.

Effects on hepatocyte collagen synthesis

The drug sera could inhibit extracellular collagen
synthesis more obviously in fibrotic hepatocytes,
than in the normal cells. The drug sera could also
inhibit intracellular collagen synthesis of fibrotic
hepatocytes (Table 2).
Table 2 Effects of drug sera on hepatocyte collagen synthesis
rate (n = 4, % x±s)
Group
Drug sera
Control

Normal subcultured HSC
Intracellular
Extracellular
0.34±0.05
0.31±0.09

a

0.23±0.04
0.30±0.02

Fibrotic HSC
Intracellular
Extracellular
0.84±0.16
1.24±0.50

a

0.43±0.12
0.60±0.14

b

549

DISCUSSION

Collagens are the main components of extracellular
matrix, which play an important role in keeping
liver structure and functions. If collagen production
increased or decomposition decreased, its
metabolism would break and lead to liver fibrosis. It
was found that HSC could transform to
myofibroblasts under stimulation of cytokines
induced by hepatocyte injury, and was the key cell
for synthesis and secretion of collagen in liver. In
the paper, both normal subcultured HSC and
fibrotic HSC showed significance in collagen
production. Although hepatocyte has the function
of collagen production, which is low in normal
hepatocytes, and increased obviously in fibrotic
hepatocytes. This was also observed in our study.
Fibroblasts had many subtypes, all of which could
produce extracellular matrix, and were used for cell
models in investigating liver fibrosis instead of
HSC[8,9]. In this study, rat skin fibroblast showed
ability of collagen production.
Besides anti-etiology therapy, regulation of
collagen metabolism, including inhibition of
collagen synthesis and increase of collagen
decomposition, could protect or delay the formation
of liver fibrosis, while inhibition of collagen
production in liver is one of key steps for anti-liver
fibrosis. In our previous clinical and animal studies,
Fuzhenghuayu decoction showed good effects on
liver fibrosis[10-13]. In the present study, serum was
collected from rats fed on Fuzhenghuayu decoction
by seropharmacological method and incubated with
3 kinds of cells. The results showed that the drug
sera could decrease normal and intracellular collagen
synthesis of fibrotic hepatocyte, decrease
extracellular collagen production in subcultured HSC
and normal hepatocyte, inhabit fibroblast collagen
production and intracellular collagen production in
HSC to some extent, but no action on intracellular
collagen synthesis in normal hepatocytes. It is
suggested that one of important mechanisms of
Fuzhenghuayu decoction action on liver fibrosis may
be the inhibition of liver collagen production.
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Three-dimensional structure of lymphatics in rabbit
stomach *
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INTRODUCTION

Recently, the stomach lymphatics have been
studied, but there are different opinions on the
lymphatic distribution of the stomach layers[1-6].
There has been no reported in China. Discribing the
three-dimensional organization of the stomach
lymphatics and revealing the correlation of the
three-dimensional and the two-dimensional and
organization.
In our study in the rabbit with the lymphatic
corrosion cast with Mercox and semithin section
methods we investigated the relationship of the
three-dimensional organization with the drainage of
the stomach lymphatics, which may provide the
evidences of lymphology, pathology and the clinical
medicine.
MATERIALS AND METHOD

Twelve rabits of both sexes were used, two of
them, undergone the procession of the seemitin
section of electron microscopy, were observed under
light microscopy. The other ten were used for the
lymphatic corrosion casts.
The Mercox (CL-2B-5, Japan Velene Hospital,
Tokyo,) diluted to 25%-30% (V/V) with methyl
methacrylate monomer was injected in and around
the mucosal submucosal, layers of the stomach.
Shortly before the injection, a curing agent (MA.
Japan Vilene Hospital Tokyo) was added to the
injection medium to give a concentration of 1%
(W/V). The injected parts of the stomach were
1
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removed and placed in a hot water bath (60 ) for
3hrs. They were put in concentrated NaOH (15%until tissue elements were
20%) at about 60
completely corroded away. The lymphatic corrosion
casts were cut into blocks and observed under a SEM
(S-520) (with an accelerating voltage of 10-15kv).
RESULTS AND DISCUSSION
The lymphatic of mucosal and submucosal
layers

The samples filled with resin which were in the
mucosal and the submucosal layers clearly showed
the three-dimensional organization of the lymphatic
capillaries and the lymphatics. There was a layer of
the lymphatic capillary network in the deep layer of
the tunica mucosa between the bottoms of gastric
gland and the muscularis mucosa. The networks
extended short tube with blind ends into gastric
glands. The tubers were called intergland circular
cones. which were 20µm-30µm in diameters. The
cones were round, hook, V and finger in shap. In
the cardia and the fundus of the stomach the cones
were sparse and connected to the lymphatic
capillary networks of the tunica mucosa. In the
body of the stomach 2 or 3 circular cones were
connected in one group. The roots of the circular
cones were connected to the sinus (50µm-60µm in
diameters), then drained to the lymphatic capillary
networks of the tunica mucosa (Figure 1).
Donini has observed the lymphatic capillary
networks of the subepithelium were in the stomach
pylorus. We observed the lymphatic capillaries
between the bottoms of the tunica mucasa gland and
the muscularies mucosa, but did not observe the
lymphatic capillaries were in the subepithelium. Our
observations were smilar to Han’s studies[5]. We
found the lymphatic capillaries were in the tunica
mucoa, but no thick lymphatics. A large number of
lymphatic capillaries and lymphatics were found in
the tela submucosa. The lymphatic capillaries
formed a coarse network. The lympahtics (vessels)
also formed a coarse plexus. The corrosion casts of
the lymphatic clearly showed the three-dimensional
organization of the lymphatics. The diameter of the
lymphatic capillary was 10 µm - 30 µm, but the
lymphatic vessel’s diameter was 30 µm - 100 µm.

ZHONG Shu-Qi, et al. Three-dimensional struction of lymphatics in rabbit stomach

The size of the meshes of the lymphatic vessels were
varied and interconnected, triangular, oval and
polygon in shape. The semithin sections also showed
rich lymphatic capillaries and lymphyatic vessels in
the stomach tela submucosa. On the surface of the
lymphatic casts, we found marked constrictions
characteristric of bicuspid valves (Figure 2).
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capillaries and the lymphatic vessels were also
observed in the semithin sections of the layers under
the light microscopy.

The lymphatics of the tunica muscularis

A rich lymphatic capillaries and lymphaties were
found in the stomach tunic muscularis. Some
the lymphatic capillaries of 7µm-30µm in diameter
extended the short branches with blind ends. The
diameter of the lymphatic was 30 µm - 80 µm.
Between three muscular layers there were lymphatic
capillaries and the lymphatic vessels. The lymphatics
were string of beads in shape and interconnected to
plexus. There were break ends of the anastomotic
channels to the superficial and the deep part from
the lymphatics of the tunic muscularis. It suggested
that the lymphatics of the tunica muscularis were
interconnected with both the lymphatics of the tela
submucosa and the lymphatics of the tunica serosa.
The surface of the lymphatic casts in the tunica
muscularis there were folds which run parelled to
the lymphatic major axis. The imprints of
endothelial nuclei were denser than other layers. On
the surface, we could see the transverse imprints
which were induced by the smooth muscle
contraction. Between the lymphatic capillaries and
lymphatic vessels of the tunica muscularis there were
anstomotic channels which existed in each layer of
perimysium. The lymphatics and the lymphatic
capillaries of the tunica muscularis were seen in the
histological sections.
Octrovekhov thought that there was not any
lymphatic capillary. But Nariadchikova pointed out
that the lymphatic vessels and the lymphatic
capillaries of the tunica muscularis only existed
among the three layer’s muscularis but not in each
muscular layer. Our experiment proved that in the
connective tissue there were both lymphatic
capillaries and lymphatic vessels in each smooth
muscularis layer. We also observed the lymphetic
capillaries among perifascicular parts of each
muscular layer.
The lymphatics of the tunica serosa

There were both the lymphatic capillaries and the
lymphatic vessels in a deep part of the tunica serosa
(Figure 3). The meshes of the lymphatic capillary
nextwork and the lymphatic plexus in the layer were
larger than those of the ttela submucosa and the
tunic musecularis. The meshes presented in willow
leaf, oval or trianglar shape. The lymphatic

Figure 1 The intergland circular cones of tunica mucosa (m) the
lymphatic capillaries (c) and the lymphatics (L) of the tela
submucosa. SEM×150
Figure 2 The lymphatic networks of the tela submucosa. The
constriction (b) of the cast surface presenting the bicuspid valves;
the ovar or fusiform indentations (o) presenting the endothelial
nuclei of the lymphatic. SEM×550
Figure 3 The lymphatic capillaries (c) and the lympatic vesseles
(L) of the tunica serosa. The constriction (b) presenting the
impression of the bicaspid valves. SEM×200

Donin reported that only in the curvatura
veutriculi minor and major did the lymphatic
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The lymphatic, capilaries
of the tunica mucosa
The lymphatic capillaries of
the tela submucosa
The lymphatic capillaries
of the tunica muscularis

The lymphatic vessels of
the tela submucosa

The lymphatic vessels
of the tunica muscularis
The aggregate lymphatics vessels

The lymphatic capillaries
of the tunica serosa

The lymphatic vessels
of the tunica serosa
The part lymph nodes

The drainage correlation of the lymphatics of all the layers.
capillaries of the tunica serosa exist. Rakhan
tought the lymphatic capillaries of the tunica
serosa only existed in the parts of pylorus. Ohtani[3]
pointed out that only the lymphatic vessels existed in
the longitudinal muscle layer. In our lymphatic casts
and semithin setions we observed both the lymphatic
capillaries and the lymphatic vessels existed in the tunica
serosa.
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