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CONFERENCE PROCEEDINGS

Highlights in mechanisms and therapies for gastrointestinal and hepatic
diseases: 1996 Shanghai International Gastroenterology Conference
Xie-Ning Wu
Xie-Ning Wu, Department of Gastroenterology, Shanghai First People’s Hospital,
Shanghai 200080, China

containing acid and peptic activity can lead to mucosal damage.
GERD can be relapsing with recalcitrant symptoms and motor
disturbance. Long-term proton pump inhibitors are necessary
(Tytgat GNJ, Netherlands). Approximately 50%-60% of cases of
non-ulcer dyspepsia are associated with CagA toxin-produced H.
pylori gastritis. About 50% of patients with NUD experience pain
or discomfort with balloon distention of the gastric fundus and
whether or not this visceral hyperalgesia is related to psychological
stress is still to be investigated. With the eradication of H. pylori,
symptoms of NUD will improve and become asymptomatic one year
later (Lam SK Hong Kong). It is known H. pylori infection is related
to gastric cancer. Farthing MJG (London) found that H. pylori can
cause disruption of the intercellular cytoskeleton and perturbation
of the tight junction of gastric epithelial cells, leading to epithelial
permeability alteration. Epithelial cells infected with H. pylori
produced IL-8, a neutrophil chemotactic enhancing inflammatory
cascade. The ammonia liberated also inhibits gastric cell growth in
the S phase, thus progressing to atrophy, involving the antrum or
even the corpus, then metaplasia and dysplasia occur and finally
carcinoma. The inflammation and oxygen free radicals liberated
lead to a hyperproliferative state and an extrinsic diet deficient in
antioxidant vitamins may contribute to promoting the neoplastic
process. Ming SC (Philadelphia) claims that the carcinogenesis of
GI cancer primarily follows two routes: ��������������������������
(1)�����������������������
chronic inflammation,
epithelial hyperplasia, metaplasia, dysplasia, carcinoma; and
(2) metaplasia, adenoma, increasing dysplasia and carcinoma.
Carcinoma involves the alteration of many genes which variably
regulate cell growth, cell differentiation, cell death, DNA repair
and intracellular adhesion, as well as mutational changes in
oncogenes, tumor suppressor genes and genes related to invasion
and metastasis. Growth factors and their receptors, stromal cells
and inflammatory cells also contribute to the growth of cancer.
Various GI peptide hormones have been investigated regarding the
growth of gastric, colonic and pancreatic cancers (Chen YF, Beijing).
Bombesin has been to found to exert an autocrine regulatory effect
on cell growth in human gastric epithelial cells. Vasoactive intestinal
peptide stimulates the growth of pancreatic and colonic cancer cell
lines which express the VIP receptor and the antagonist of the latter
inhibits VIP-promoted cancer cell growth. Cholecystokinin stimulates
the growth of human pancreatic carcinoma cells and this effect can
be inhibited by the CCK receptor antagonist, proglumide. Finally,
somatostatin has been found to inhibit EGF promoted cell growth in
human gastric cancer and human hepatoma cell lines, all of which
express EGF receptors. The signal transduction pathways are still
to be elucidated. A lysosomal cysteine protease, cathepsin B, has
been implicated in the progression of human and rodent tumors and
positive tumor cathepsin B staining is correlated with the depth of
invasion. The clones with a high metastatic potential show a higher
expression of cathepsin B than those with a low metastatic potential.
The level of cathepsin B mRNA is increased in GI cancer and plays
a significant role in GI cancer progression (Ren WP, Shanghai).
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The 3 session of the Shanghai International Gastroenterology
Conference was held on November 28-30, 1996 in Shanghai under
the auspices of president Dong XS and co-presidents Tytgat GNJ,
Kurihara M and Owyang C. Top quality state of the art lectures were
given by many top experts on all aspects of gastroenterology and
hepatology, from the United States, United Kingdom, Australia,
Canada, Netherlands, Germany, Japan and other European and
Asian countries, as well as from all parts of China. Many basic
and clinical research papers were presented, focusing on current
concepts and recent developments in these fields. Only the most
important and fascinating advances will be discussed here.
A new concept has been devised about the mechanism of
acupuncture action on the gastrointestinal tract by Hunt RH
(Canada), the efficacy of which is through the action of endogenous
opioids and other neural pathways to regulate gastrointestinal
motor and secretory function and the gut brain axis. The effect is
negated by naloxone, which further supports the involvement of
central opioids in this mechanism. Gastroesophageal reflux disease
has been defined primarily as a motor disorder. Reflux events are
associated with transient relaxation of LESP, esophageal clearance
abnormalities and occasional failures in gastric emptying. Refluxate
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β-carotene in its physiological amount of 5 mg/d, Vitamin E and
selenium have been shown to lower stomach cancer incidence
significantly during a 5 year period. However, large supplements
of 30 mg/d with 2500 IU of vitamin A/D, owing to its nonspecific
oxidation cleavage, produce metabolites as beta-apo-carotenal
aldehyde and beta-apo-carotenoic acids which, in conjunction with
heavy smoking or asbestos exposure, lead to lung cancer (Russel
RM, Boston). Parvovirus HI has been proved to suppress tumor
growth of human epithelial cells in immunocompromised recipient
mice. The mechanism of parvovirus-induced oncosuppression is
believed to be oncolysis. The viral protein NS-1 is likely to have a
major effect, its cellular cofactors or targets undergo transformationtriggered modification and it is required for toxicity (Rommelaere J,
Germany).
H. pylori infection leads to persistent hyperproliferation of gastric
epithelial cells, causes chronic gastritis and gastric atrophy and
is associated with both proliferation and apoptosis of the gastric
epithelium. The decreased acid secretion might result in changes
of the gastric bacterial flora and promote the nitroso compounds
causing gastric bacterial flora and gastric carcinogenesis (Liu
WZ, Shanghai). Kurihara M (Japan) advocates a combination of
5 DFUR, CDDP and a derivative of camptothecin, CPT-Ⅱ to treat
late gastric cancer, which can raise the effective rate to 43%.
Preoperative chemical or chemoradiotherapy and postoperative
intraperitoneal chemotherapy are currently under consideration
as a new strategy for prevention of micrometastasis, so as to
increase curative resection of gastric and esophageal cancer, but
this is still controversial (Ajani JA). Early and radical resection of
gastric cancer yielded a 5 year survival rate of 49.2% (355/803)
in the period of 1984-1991 in Shanghai Rui Jin Hospital, better
than 32.6% (383/1175) during 1958-1983. Cooperation between
gastroenterology endoscopists and surgeons played a key role
(Lin YZ, Shanghai). Folic acid supplements are recommended to
decrease the recurrence rate of colorectal adenomatous polyps
after removal because a diminished folate status promotes
carcinogenesis, folate deficiency induces p53 specific strand
breaks in colonic mucosa and DNA strand breaks and genomic
DNA hypomethylation participate in the evolution of neoplastic
transformation. Induction of strand breaks creates a chromosomal
aberration and increases the mutation rate of critical cancer
associated genes and the development of neoplastic transformation.
A 5-6-fold supplementation of folic acid might give the opposite
effect (Mason JB, Boston). Familial adenomatous polyposis and
hereditary non polyposis colorectal cancer genes have been
identified and gene testing to search for the gene carrier in affected
families is now available commercially. Fecal occult blood tests and
colonoscopy once every 1-2 years are recommended for all adults,
starting at the age of 50 years (Burt RW, Utah).
For the treatment of inflammatory bowel disease (Singleton
JW, Denver, United States), 5 ASA and glucocorticoids are still
the most effective drugs to achieve remission in Crohn’s disease
and ulcerative colitis, with immunosuppressants such as 6
mercaptopurine, azathioprine or methotrexate resulting in remission
for both diseases. Metronidazole and ciprofloxacin are also adjuncts
for Crohn’s disease. TNF antagonists and bradykinin antagonists are
currently being explored in IBD.
A metastatic model of human HCC in nude mice has been
developed, with 100% intrahepatic, lung and lymph node metastasis
after 30 generations showing invasiveness of HCC related to certain
oncogenes and growth factors, including p16, p53 mutation, H-ras,
c-erbB-2, TNF-α, EGF receptor and MMP2, but not nm23-H1 and
TIMP2. Antisense H-ras and anti HBx antibody plus LAK cells can

inhibit cancer growth in that model. TNF gene liposome intralesional
administration also had an inhibitory effect in the HCC model in
nude mice (Tang ZY, Shanghai). Treatment of chronic hepatitis
B has been advanced by developing new antiviral agents, such
as lamivudine and famciclovir which act as reverse transcriptase
inhibitors and HBV DNA polymerase inhibitors, respectively. Both
of these drugs can produce a profound decrease in serum HBV
DNA levels within 12 wk of treatment but very few patients cleared
HBeAg, with a current study indicating that prolonged usage is
necessary for a sustained effect. Clinical trials of synthetic peptide
vaccines containing cytotoxic T cell epitopes for HBcAg and DNA
vaccines with recombinant HBV surface gene are underway,
showing promising results (Lok ASF, Michigan). For compensated
liver cirrhosis due to chronic hepatitis B, a high protein vegetarian
diet combined with acyclovir and ribavirin resulted in a negative to
positive nitrogen balance, with 30% HBsAg, 25% HBcAg and 33%
positive HBV DNA becoming negative at the end of the treatment
(Tang ZD, Shanghai). Tropical chronic pancreatitis is common in
southern India, characterized by recurrent chronic abdominal pain,
insulin dependent diabetes and large pancreatic calculi affecting
young male adolescents. Malnutrition, protein deficiency and an
impaired immune response are believed to play an etiological role.
High doses of insulin, analgesics for pain and pancreatic enzymes
are necessary for control and surgical decompression of a dilated
pancreatic duct with removal of pancreatic stones, resulting in
improvement in both endocrine and exocrine insufficiency, as
well as pain relief. Sphincterotomy, fragmentation of stones with
subsequent removal and pancreatic stenting have also been
effective (Tandon RK, India). In acute hemorrhagic necrotizing
pancreatitis, target treatment with liposomes of proglumide and
emodin in a rat model showed a significant increase of autophagy
and autophagic vacuoles within which organelles were seen on
ultramicroscopy. Thereafter, the autophages decreased in number
and size. It is believed that emodin has a stabilizing effect on the
lysosomal membrane and a direct effect in the pancreas, which
differs in its mechanism of action from that of somatostatin (Xu
JY, Shanghai). Patients with irritable bowel syndrome have visceral
hypersensitivity and the visceral perception is via activation of
afferent pathways by stimulating mucosal receptors, smooth muscle
mechanoreceptors and mesenteric nociceptors. Trivial physiological
stimuli can induce pain and those with diarrhea and rectal urgency
experience diffuse abdominal pain, whereas healthy subjects
only note discomfort localized in a single quadrant. Abnormal
psychological features are also found. Bulking agents should be
given to those with constipation, whereas those with diarrhea can
have octreotide or the 5-HT-3 receptor antagonist fedotoxine which
blunts perception of visceral distention (Owyang C, Michigan). A
series of western medicines, colchicine, polyunsaturated lecithin,
IFN-γ, retinoids, etc., to treat hepatic fibrosis were reviewed by
Wang BE (Beijing), with a special emphasis on the use of herbal
medicine compound 861. Both animal experiments and clinical B
hepatitis patients showed a significant attenuation of inflammation
and fibrosis, stimulation of collagen degradation, less synthesis
of total and type Ⅰ, Ⅲ and Ⅴ collagen, less mRNA expression for
procollagen Ⅰ, Ⅲ and Ⅳ in liver tissue and also inhibition of TGF-β,
in which collagenase activity was increased and TIMP activity
decreased. Diabetic gastroparesis may exhibit myelin degeneration
of the vagus nerve or be associated with impairment of sympathetic
nervous function. There is also decreased smooth muscle
contractility with a biochemical abnormality at the smooth muscle
cell level. Prokinetics such as metoclopramide, domperidone,
cisapride and erythromycin have their nature and sites of action
delineated (Wiley IW, Michigan).
S- Editor: Ma JY L- Editor: Ma JY E- Editor: Liu WX
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ORIGINAL RESEARCH

Uptake of bacterial lipopolysaccharide and expression of tumor necrosis
factor-α-mRNA in isolated rat intrahepatic bile duct epithelial cells

Xian-Ming Chen, De-Wu Han, K Noguchi, K Tanikawa
Xian-Ming Chen, De-Wu Han, Institute of Hepatology, Shanxi Medical
University, Taiyuan 030001, Shanxi Province, China

respectively (P < 0.01)). The increase of FITC fluorescent intensity
of TNF-α-mRNA expression in the cytoplasm peaked at 6 h after
2
2
incubation (221.38 μFI/μm ��
±�������
22.99
������ μFI/μm ). At various time points
after incubation with LPS, the increase of fluorescent intensities of
TNF�-α-���������������������������������������������������������
mRNA in the cytoplasm were much higher than those in the
nuclei (P < 0.01).
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CONCLUSION: LPS can act on and enter into isolated intrahepatic
bile duct epithelial cells and stimulate the expression of TNF�-αmRNA.
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INTRODUCTION
Endotoxins, mainly consisting of lipopolysaccharides (LPS) and
proteins, can induce a number of reactions, both beneficial and
[1]
harmful to the body . It is generally known that the cells of the
reticuloendothelial system, mainly the Kupffer cells of the liver, are
[2]
responsible for the clearance of LPS . LPS that have undergone
degradation in the liver are subsequently excreted mainly into the
gut through the bile ducts. Although the LPS present in the liver
after the injection exhibited a lower fatty acid to carbohydrate ratio
than the original LPS, lipid A was still present, covalently bound to
the polysaccharide, thus showing that the overall macromolecular
[3]
structure of LPS had remained unaltered . Besides, the toxic activity
of LPS in the bile was the same as the original LPS, indicating that
[4]
LPS in the bile are biologically active . The bile duct epithelial cells
have been postulated to be involved in absorptive and secretory
activities, including the transport of water, electrolytes, sugars,
[5-6]
amino acids, bile acids and proteins , and might play a role in the
liver immune system, but only a little information exists about their
interactions with LPS. In the present study, by using a monoclonal
antibody specific to the core lipid A region of LPS and a fluorescein
isocyanate (FITC) labelled oligonucleotide as a probe for TNF�-αmRNA, the uptake of LPS and expression of TNF�-α-mRNA with
isolated rat intrahepatic bile duct epithelial cells were observed with
immunofluorescence and fluorescent in situ hybridization techniques
followed by confocal laser scanning microscopy.

Abstract
AIM: To study the uptake of bacterial lipopolysaccharides (LPS) and
expression of tumor necrosis factor α-mRNA (TNF-α-mRNA) with
cultured rat intrahepatic bile duct epithelial cells.
METHODS: By using fluorescent, immunohistochemical and in
situ hybridization techniques, the uptake of Escherichia coli LPS
and expression of TNF-α-mRNA with isolated rat intrahepatic bile
duct epithelial cells were observed with confocal laser scanning
microscopy.
RESULTS: Positive reactions to LPS were found in the cytoplasm
of isolated intrahepatic bile duct epithelial cells after incubation with
LPS for 15 min and the FITC fluorescent intensity against LPS was
2
significantly higher than that of the controls (121.45 μFI/μm ±�
��
2
2
2
15.62 μFI/μm vs 32.12 μFI/μm ±�
�� 9.64
����� μFI/μm , P < 0.01). After
incubation with LPS for 3 h, fluorescein isocyanate (FITC) fluorescent
intensities of the expression of TNF-α-mRNA with fluorescent in situ
hybridization in the cytoplasm and nuclei of the cultured bile duct
epithelial cells were significantly higher than those of the controls
2
2
2
2
(189.15 μFI/μm ��
±�������
21.33
������ μFI/μm vs 10.00 μFI/μm ��
±������
8.99
����� μFI/μm ,
2
2
2
2
64.85 μFI/μm ��
±�������
14.99
������ μFI/μm vs 21.20 μFI/μm ��
±������
2.04
����� μFI/μm ,
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Chen XM et al . Bacterial lipopolysaccharide and tumor necrosis factor-α-mRNA in rat intrahepatic
the media were changed to William’s medium E (FBS free) with LPS
(10 mg/L). After incubation for 3, 6 and 9 h, the cells were fixed
with PHA, washed with sterile saline and then the fluorescent in situ
hybridization procedure was done to determine the expression of
TNF�-α-mRNA.

Immunofluorescence staining and confocal laser scanning
microscopic observation

To localize LPS in the cells, the indirect staining procedure was
followed by using the monoclonal antibody against lipid A of
LPS (1:800) and FITC labelled immunoglobulin as the secondary
antibody (1:30). After immunofluorescence staining, the dishes were
mounted with VECTASHIELD mounting medium for fluorescence
under the coverslip. With a confocal laser scanning microscope
(LSM-GB 200, Olympus, Japan) and an analysis system of LSMSB 200 Ver. 2.01 provided by Olympus Company, the fluorescent
intensities of FITC in the cytoplasm of the intrahepatic bile duct
epithelial cells were measured under the same conditions as the
analysis system. For each dish, 20 to 30 cells were measured.

10 μm

Figure 1 Fluorescent reactions to lipopolysaccharides in cultured intrahepatic
bile duct epithelial cells. Positive reactions were obvious in the cytoplasm. The color
bar in the bottom on the left side shows the fluorescent intensities (the highest is red
and the lowest green).

MATERIALS AND METHODS
Materials

Fluorescent in situ hybridization procedure and confocal laser
scanning microscopic observation

Collagenase (Type Ⅰ), trypsin, insulin, heparin and wild form LPS
for Escherichia coli stereotype 0111:B4 were purchased from Sigma
Chemical Company. Monoclonal antibody against LPS specific to
the core lipid A region was a gift from Dr. Noguchi. Fluorescent
(FITC) labelled affinity purified goat anti mouse IgM was from
O.E.M. Concepts Incorporation. Eagles’ MeM was obtained from
Nissui Pharmaceutical Co. William’s Medium E. was from ICN
Biomedicals Incorporation. Low LPS fetal bovine serum (FBS)
was from Life Technologies. The endotoxin concentration in the
prepared media with 10% FBS used in the experiments was as low
as 0.6 ng/mL by measurement using the Endotoxin Species Test
Kit (Seikagakce Kogyo LtD.). Percoll (sterile) was purchased from
Pharmacia Bioprocess Technology AE. All other reagents were of
analytical grade from the usual commercial sources. Male Wistar
rats under specific pathogen free conditions were used (each 150 to
200 mg). Twenty-four hours before the experiments, the rats were
given kanamycin (1 mg), lactulose (100 mg), sodium picosulfate
(0.125 mg) and magnesium citrate (50 mg) diluted in 2 mL sterile
water orally every other hour. All the rats were deprived of food but
allowed free access to sterile water.

A fluorescein-dUTP labelled oligonucleotide as a fluorescent in situ
hybridization probe for TNF�-α-�������������������������������
mRNA (5’-GCCCACGTCGTAGCCAAACCA
CCAAGTGG-3’) was used in this study. After fixation with PHA, the
cells were hybridized with the probe in the hybridization mixture for
20 h at 45 ℃. After hybridization, the dishes were rinsed three times
in phosphate buffered saline and dehydrated. FITC activities against
the expression of TNF�-α-��������������������������������������
mRNA in the cytoplasm and nuclei were
observed and measured with a confocal laser scanning microscope
by the same method as described above.

Statistical analysis

RESULTS
Uptake of LPS by cultured intrahepatic bile duct epithelial cells

Cultured intrahepatic bile duct epithelial cells showed a strong
positive reaction to LPS after 15 min of incubation. Positive reactions
were found in the cytoplasm but not in the nuclei (Figure 1). The
fluorescent intensities in the cytoplasm of the bile duct epithelial
cells were significantly higher than that of the controls (121.45 μFI/
2
2
2
2
±�������
������
15.62 μFI/μm vs 32.12 μFI/μm ��
±������
�����
9.64 μFI/μm , P < 0.01).
μm ��
No fluorescence was found in the negative controls using only the
monoclonal antibody or FITC labelled secondary antibody.

Isolation in culture of intrahepatic bile duct epithelial cells

The intrahepatic bile duct epithelial cells were isolated from the rat
[7]
livers by means of a modified technique described by Ishii et al .
The rats were anesthetized and their livers were perfused in situ
at a flow rate of 10 mL/min with the perfused liquid (heparin 2.5
2+
2+
μ/mL, Ca and Mg free) followed with perfusion of the 0.05%
collagenase solution for 15 min. After perfusion, the livers were
then carefully removed and placed in ice coated Eagles’ MEM.
The intact hyperplastic bile ductular tissue was gently separated
from the enzyme dissociated hepatic parenchymal and sinusoidal
components. An essentially pure bile ductular tissue fraction was
obtained by shaking the tissue fragments for 50 min in Hank’
s medium containing 0.1% collagenase and 0.25% trypsin in
order to remove any residual hepatic parenchymal cells that might
have remained attached. Following centrifugation at 467 �
× g for
5 min at 4 ℃, the cells were then resuspended in Eagles’ MEM
and laid as 5 mL aliquot on top of 15 mL of 30% and 50% Percoll
in Hank’s medium. Following centrifugation at 1870 g for 30 min
at 4� ℃, viable intrahepatic bile duct epithelial cells were obtained
and viability was determined by the methods of trypan blue dye
5
exclusion. The cell count was made (1-3 ����
×���
10 cell/mL). After
incubation at 37 ℃ for 24 h in 35 mm plastic dishes in a 5% CO2
and 40% O2 atmosphere ( in William’s Medium E with 10% FBS),
the media were changed to William’s medium E (FBS free) with
LPS (10 mg/L). After incubation for 15 min, the cells were fixed
with 99% methanol for 10 min, washed with sterile saline and then
underwent the immunohistochemistry procedure.
In a separate experiment, the isolated bile duct epithelial cells
were set in glass dishes. After incubation at 37� ℃ for 24 h in a 5%
CO2 and 40% O2 atmosphere (in William’s Medium E with 10% FBS),
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All the data were expressed as x ±������������������������������
�� s
�����������������������������
from three to six separate
experiments and were analyzed with the StatView program.
Student’s t test and ANOVA F test were applied where appropriate.

Expression of TNF-α -mRNA

Positive FITC reactions to TNF�-α-mRNA were found in the cytoplasm
of the cultured intrahepatic bile duct epithelial cells after incubation
with LPS for 3 h. Positive reactions were also seen in the nuclei.
The positive FITC reactions became stronger in the cytoplasm after
6 h of incubation (Figure 2) and decreased after 9 h of incubation.
Changes of FITC intensities in the cytoplasm and nuclei of the
cultured cells are shown in Table 1.
The FITC fluorescent intensities in the cytoplasm at various time
points were significantly higher than those in the nuclei.

DISCUSSION
Endoto19xins mainly consist of LPS and some proteins. It is LPS
[1]
which inflicts all the ill, toxic effects from the endotoxins . It is
generally known that most endotoxins in the bile flow excreted from
the liver remain to exhibit the overall macromolecular structure
[3-4]
of LPS and are biologically active . The LPS injected through
the portal vein could be detected in the intrahepatic bile duct
[8]
epithelial cells in rats . In the present study, strong positive FITC
reactions against LPS could be seen in the cytoplasm of the cultured
intrahepatic bile duct epithelial cells after incubation with LPS for



March 15, 1997|Volume 3|Issue 1|

Chen XM et al . Bacterial lipopolysaccharide and tumor necrosis factor-α-mRNA in rat intrahepatic
255

injury of hepatocytes, the production of collagen and proliferation
and differentiation of the cells. It plays a critical role in provoking
the development of certain liver diseases. The proliferation and
differentiation of the bile duct epithelial cells is likely to be a common
feature related to quite a number of liver diseases. The oval cells
are postulated to originate from the differentiation of the bile duct
[5]
epithelial cells . In vitro, the bile duct epithelial cells reacted to
[17]
cytokines such as TGF, EGF and TNF to proliferate . With the
observations in our study, the authors tended to conclude that the
interaction of the biologically active LPS in the bile flow with the bile
duct epithelial cells might take part in the processes of forming the
pathogical changes in the liver in some liver diseases.

10 μm

200
150
100
50
0
0.0

5.1

10.2 15.3

20.4

25.9
[μm]

Figure 2 Fluorescent reactions to TNF-α-�����
mRNA in
�����������������������������������
cultured intrahepatic bile duct
epithelial cells. Positive reactions were found in the cytoplasm and nuclei of the cells.
The chart shows the fluorescent intensities along the line through the cells as indicated.
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2
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FITC fluorescent intensities
Controls
LPS incubations
3h
6h
9h

Cytoplasm

Nuclei
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189.15 ± 21.33b
221.38 ± 22.99bd
170.00 ± 15.25b

64.85 ± 14.99b
138.15 ± 36.54bd
70.42 ± 9.08b
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5
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Effects of γ-interferon on hepatic fibrosis of schistosoma japonicuminfected mice
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CONCLUSION: γ-interferon may play an important role in opposing
the inflammatory response of egg granuloma, decreasing secretion and
deposition of extracellular matrix in the liver and suppressing hepatic
fibrosis.
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INTRODUCTION
Some cytokines play important roles during egg-induced immune
response, leading to the granuloma formation and hepatic
[1,2]
fibrosis after schistosoma infection . For example, studies in
[3,4]
[5]
schistosomiasis mansoni
and japonica showed that γ-interferon
(γ-IFN) can affect the granuloma formation and inflammatory
response. However, these studies just focused on the changes
of γ-IFN in peripheral blood or induced in vitro. The amount and
distribution of γ-IFN in the liver and its relationship with hepatic
extracellular matrix were not involved. Therefore, we chose a
sensitive immunohistochemical technique, streptavidin biotin
peroxidase complex (SABC) method to measure γ-IFN in the liver of
S. japonicum infected mice, as well as laminin (LN), fibronectin (FN),
types ��
Ⅰ� and Ⅲ collagen in the liver which were used for the markers
of hepatic fibrosis, and gave exogenous γ-������������������������
IFN to infected mice to
find out the relationship between γ-IFN and hepatic fibrosis.

Abstract
AIM: To probe the effect of γ-����
IFN on
��� hepatic
�������� fibrosis
��������� in
��� schistosomiasis

japonica .

METHODS: The amount and distribution of γ-����
IFN and
������������������
extracellular
matrix in the liver of 60 S. japonicum infected mice and 30 healthy
mice at different stages, and their dynamics in 20 infected mice
after administration of recombinant γ-interferon were determined by
immunohistochemical streptavidin biotin peroxidase complex method.
RESULTS: The amount of γ-IFN in liver peaked at the 16th week after
infection (3 mice respectively reached 2+, 3+ and 4+ grade), which
th
was higher than the levels of infected mice at the 8th-12 week (P
< 0.01), and γ-IFN was mostly distributed around egg granuloma.
Fibronectin, laminin, type ��
Ⅰ� and Ⅲ collagens in liver of most infected
th
mice reached 1+ grade and individual 2+ grade at the 8 week after
infection, which were higher than those of healthy controls (P < 0.01),
and were linearly distributed around egg granuloma . With chronicity
and decrease of γ-interferon, however, the matrix proteins and
th
collagens gradually increased, peaked respectively at the 20 and
th
24 week (over 70% infected mice with 3+ to 4+ grade), became
wide and thick, and deposited in band like or retiform shape around
and in egg granuloma. After administration of γ-���������������������
IFN, only 3 infected
th
mice had 2+ grade of fibronectin at the 20 week, and 2 mice had
th
3+ grade of type Ⅲ collagen at the 24 week, and none of them
reached 4+ grade, which were significantly less than the untreated
group at the same stage (P < 0.01-0.05).
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MATERIALS AND METHODS
Animals and interferon treatment

One hundred and ten 8-wk-old Kun Ming mice were randomly
divided into infected group, control group and γ-��������������������
IFN injected group.
Sixty mice in infected group were equally subdivided into 6 groups,
of which each mouse was infected with 20 cercariae of S. japonica,
th
th
th
th
th
th
and then were killed at the 8 , 12 , 16 , 20 , 24 and 28 week
after infection, respectively; 30 healthy mice in control group
th
th
were subdivided into 3 groups, and were killed at the 8 , 16 , and
th
24 week after infection respectively; and 20 infected mice were
subdivided into 2 groups, each of which was treated with murine
recombinant γ-����������������
IFN (Gibco BRL, ��������������������������������������
United States) 50000 units daily I.M.
th
for 20 d, starting at the 16 week after infection, and then were
th
th
killed at the 20 and 24 week after infection, respectively. All fresh
livers were stored in liquid nitrogen.
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Table 1 Dynamics of γ-IFN and extracellular matrix in the liver of healthy control and infected mice
Groups
(wk)

γ-IFN

Cases
1+

Control
8
16
24
Infected
8
12
16
20
24
28

10
10
10

1
2
1

10
10
10
10
10
10

9
3
1
5
8
8

2+

FN

3+

4+

1+

2+

4+

1+

2
2
1
1
7
3
4
2

2+

3+

4+

2
1
0

9
8
3
1

Type Ⅰ coll.

LN
3+

1
2
6
3
5
2

3

8

10
7
4
4
5

3
7

1+

2+

Type Ⅲ coll.

3+

4+

1+

2
0
1
10
5

3
6
2
4
3

1
6
4

3
2
2

2+

3+

4+

1
5
6
5
2
4

4
2
5
4

3
3
2

1
2
2

5
8
6
3
4

9
5
2
4
5
3

2
3

Note: The numbers under 1+, 2+, 3+ or 4+ mean the cases reaching 1+ , 2+, 3+ or 4+ grade.

Table 2 Changes of γ-IFN and extracellular matrix in the liver before and after γ-IFN treatment
Groups
(wk)

γ-IFN

Cases

Non-treated
20
24
Treated
20
24

FN

1+

2+

3+

10
10

5
8

4
2

1

10
10

5
5

3

5

4+

2

1+

7
3

Type Ⅰ collagen

LN

2+

3+

4+

3
5

4
5

3

3
6

1

1+

2+

3+

4+

2
4

6
2

2
2

4
4

6
6

1+

1

Type Ⅲ collagen

2+

3+

4+

6
3

4
5

2

7
7

3
2

1+

2

2+

3+

4+

5
2

2
5

3
3

5
6

5
2

Note: The numbers under 1+, 2+, 3+ or 4+ mean the cases reaching 1+, 2+, 3+ or 4+ grade.

Streptavidin biotin peroxidase complex assay

livers of infected mice. γ-IFN in livers of 9 infected mice reached
th
1+ grade and 1 mouse 2+ grade at the 8 week after infection
when granuloma began to form and its inflammatory response was
present, which was significantly higher than that of healthy control
(P < 0.01), and was mainly distributed around egg granuloma and
a little on sinusoid wall. The level of γ-IFN in the liver of infected
th
mice at the 12 week after infection was higher than that at the
th
th
8 week (P < 0.01) , and peaked at the 16 week after infection
(3 mice reached 2+, 3+ and 4+ grad e respectively), which was
th
significantly higher than that at the 12 week (P < 0.01). The
more severe the inflammatory response was, the higher the
th
amount of γ-IFN was. γ-IFN started to decrease at the 20 week
when inflammatory response diminished. FN, LN, type Ⅰ�
�� and Ⅲ
collagens in the liver of most infected mice reached 1+ grade
th
th
and 2+ grade at the 8 and 12 week after infection, which were
higher than those of healthy controls (P < 0.01), and were lineally
scattered in the portal tracts and around egg granuloma, but a
th
little on the sinusoid wall. In contrast to γ-IFN, at the 16 week
after infection when severe inflammatory response appeared and
γ-IFN reached its peak, the amount of hepatic extracellular matrix
lowered, although they continually rose. Then, the extracellular
matrix increased steadily along with the chronicity of infection, the
relief of inflammatory response and the reduction of the amount
th
of γ-IFN. FN and LN peaked at the 20 week after infection (7 and
8 mice with 3+ grade or over); type Ⅰ�
�� and Ⅲ collagens peaked
th
at the 24 week after infection (7 and 8 mice with 3+ grade or
over) (Figure 1A). Among them, the level of type Ⅰcollagen at the
th
th
24 week was higher than that at the 16 week (P < 0.05). After
th
20 week, extracellular matrix gradually became wide and thick,
and deposited in band-like or retiform shape in and around egg
granuloma and portal tracts.

SABC is a modified ABC immunohistochemical technique, which
means that avidin is replaced by streptavidin to reduce background
stain and to increase specificity and sensitivity. Briefly, frozen
sections of the liver, dried after blowing, were fixed with pure
acetone for 10 min. After drying at room temperature and washing
with PBS (2 min × 3 times), they were incubated with 1.5% H2O2/
methyl for 10 min at room temperature, and blocked with sheep
serum diluted at 1:50 in PBS for 15 min at room temperature.
Then, first antibodies diluted 1:1000 in PBS, including monoclonal
antibodies against murine γ-IFN (GIBCO BRL, United States), and
antisera against FN, LN, types ��
Ⅰ� and Ⅲ (WTB1) collagen (Beijing
Friendship Hospital), were added and incubated for 1 h at 37� ℃.
After 3 washings, biotin conjugated anti-IgG (Sigma, United States)
diluted 1:100 in PBS was added and incubated for 20 min at 37� ℃.
Then, 10 μL of solution A and 10 μL of solution B of SABC kit, diluted
in 1 mL of PBS, were added to the sections that had been washed
as above, and incubated for 20 min at 37� ℃. After that, 3-amino-9ethylcarbazole (AEC) was colorized for 30 min and then washed with
water. Finally, the sections were examined under light microscope
after covering with glycol gelatin.

Result judgement

The amounts of γ-IFN, LN, FN, types ��
Ⅰ� and Ⅲ collagen were divided
into 4 grades, according to the shade of color, range and density of
distribution. Red and sporadic stain was defined as 1+ grade, red
and fine lineal shape as 2+, red and flaky or band like shape as 3+,
dark red, band like or retiform shape as 4+. Statistical analysis was
performed by the Chi-square test.

RESULTS
γ -IFN and extracellular matrix in the liver of healthy mice

Effect of γ-IFN treatment on extracellular matrix

In the liver of healthy mice, γ-IFN was sporadically scattered near
sinusoid wall, and extracellular matrix in portal tracts and sinusoid
wall, whose amount was very low and seldom reached 1+ grade.
Changes in the amount and distribution of γ-IFN and extracellular
th
th
th
matrix at different stages (8 , 16 and 24 weeks) were
insignificant (Table 1).

Distribution and dynamics of γ-IFN and extracellular matrix in the liver
of infected mice

Table 1 shows the dynamics of γ-IFN and extracellular matrix in
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th

γ-IFN treatment kept the hepatic γ-IFN at a high level in the 20
week after infection, which was significantly higher than that of
the non-treated group (P < 0.01), and close to that of non-treated
th
group at the 16 week (Table 2). At the same time, the extracellular
matrix in portal tracts, in and around granuloma diminished
th
obviously. Only 3 mice had 2+ grade or over of FN in the 20 week,
th
while 10 mice in the non-treated group (P < 0.01). At the 24 week,
respectively, 2 mice had 3+ grade of type ��
Ⅰ� collagen (Figure 1B)
and Ⅲ collagen, whereas, respectively, 7 and 8 mice in non-treated
group (P < 0.05). None of mice in treated group reached 4+ grade



March 15, 1997|Volume 3|Issue 1|

He YW et al . Effects of γ-interferon on hepatic fibrosis
in and around the egg granuloma. After a repeated injection of
recombinant γ-IFN to the infected mice, the amount of extracellular
matrix in the liver reduced obviously, as compared with the nontreated infected mice. This indicated that γ-IFN may inhibit the
synthesis and excretion of extracellular matrix and the deposition
[6]
of collagen , which was mediated through the effect of γ-IFN on
other cytokines. For example, the injection of monoclonal antibody
to γ-IFN to the S. mansoni infected murine can enhance the capacity
of T cell of excreting IL-2 and IL-4, which promote the formation of
pulmonary granuloma. Repeated injection of enough recombinant
γ-IFN can restrain the excretion of IL-2 and IL-4 and lighten the
pulmonary granuloma formation. It is suggested that γ-IFN can
abate the granuloma formation by inhibitng T cells from excreting
[4]
IL-4 and IL-2 .
However, the pathogenesis of liver fibrosis is very complicated.
It was reported that matrix proteins in liver and collagen may come
mainly from Ito cells, secondly from hepatocyte, endothelial cell of
[7]
sinusoids, and fibroblast of portal tracts . Our study revealed that
the distribution or γ-IFN in the liver of infected mice was associated
with the distribution of the above cells. Therefore, in addition to
its effect on above mentioned T cells, it is necessary to clarify
further whether γ-IFN inhibit directly the synthesis and excretion
of extracellular matrix from the above cells and the deposition of
collagen. Besides, it is still a question why the infected mice do
not go on secreting γ-IFN to resist the synthesis and excretion of
extracellular matrix leading to hepatic fibrosis, after the granulomainduced inflammatory response weakened.

Figure 1 Type Ⅰ collagen in the liver at 20 th week after infection before and after
administration of γ-����
IFN (��
���× ������
100). A: Red and patched or band-like type ��
Ⅰ� collagen in and around
egg granuloma (3 + grade) before γ-����
IFN �����������
injection; ���
B: ��������������
Decreased type ��
Ⅰ� collagen in and around
egg granuloma (1+ grade) after γ-����
IFN injection.
����������
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DISCUSSION
Present data showed that γ-IFN in the liver of healthy mice was very
low. After S. japonicum infection, the amount and distribution of γ-IFN
was associated with inflammatory response during egg granuloma
formation. The more severe the inflammatory response was, the
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Gene therapy for tumor is a modern biotherapy which is rapidly
developing at present. The key point of gene therapy is to introduce
the gene of interest into the tumor cells, and make the genes
specifically express in tumor cells. Tumor targeted expression of
genes was fully emphasized, especially to employ the cell type
specific expression regulatory elements to direct the expression
of the genes in certain target cells. American Recombinant DNA
Advisory Committee (RAC) of NIH had passed a protocol which
was suggested by K.W. Culver. That was to transfer HSV/tk gene
into the murine packaging cells and introduce these cells into
the human brain tumor bed, and followed by ganciclovir (GCV)
treatment. GCV, by convertion into GCV triphosphate, can inhibit
DNA polymerase, resulting in inability of the cells to proliferate. Now
it has been brought into clinical experiments. Gao et al in this study
improved this method, by constructing retroviral vector PMNAPtk to the upstream of HSV-tk gene human pgk promoter using
human AFP enhancer core sequence. This vector has the function of
hepatoma specific prodrug transformation. This study on hepatoma
gene therapy should be of great significance. Professor Zu-Yu LUO,
Institute of Life Science, Fudan University, Shanghai, China.
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Abstract
AIM: To construct retroviral vector bringing HSV-tk gene under control of
human AFP enhancer core sequence and human pgk promoter.
METHODS: Internal SV40 promoter was deleted by SalI from retroviral
vector pMNSM to construct pMNM. HSV-tk gene driven by pgk promoter
was released by Bam H Ⅰ from an eukaryotic expression vector pBPGK-tk,
and inserted into polylinker site of pMNM to construct pMNP-tk retroviral
vector. Human α�������������
��������������
-fetoprotein gene
�������������������
enhancer core sequence
��������� was
�������������
released
by Eco R Ⅰ from pGEM. 7Z-AFPe plasmid was inserted into the immediate
upstream of pgk promoter of pMNP-tk vector. Construction of hepatoma
specific retroviral vector pMNAP-tk was completed.

INTRODUCTION
Herpes simplex virus thymidine kinase (HSV-tk) can catalyze
deoxythymide to both deoxythymidylic acid and some nucleoside
analogues (NAS) phosphorylation. These phosphorylated NAS is
[1]
more toxic to mammalian cells, blocking cell DNA duplication .
Recently, numerous experiments in vivo or in vitro showed that
HSV-tk gene transferred into tumor cells by some shuttle vectors
[2,3]
produces efficiently anti-tumor effect using NAS as prodrug .
Furthermore, the clinical trials have been approved in some
countries for the treatment of brain tumor with HSV-tk gene/
[4]
prodrug system .
Morbidity of hepatic cancer is very high in China. No effective
treatment is available for the tumors in late stage. In order to
establish an effective gene therapy against hepatic cancer and
study the effect of household gene enchancer in the retroviral
shuttle vector to regulate the gene of interest for hepatoma specific
expression, we have constructed the general and the hepatoma

RESULTS: The structure of pMNP-tk and pMNAP-tk vector was confirmed
by restriction analysis.
CONCLUSION: The vector is of great significance for hepatoma specific
prodrug transformation gene therapy.
Key words: Liver neoplasms; Herpes; Simplex virus; Retroviral; Alpha
fetoproteins; Enhancer elements; Gene therapy
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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Construction of hepatoma specific expression retroviral shuttle
vector[5]

8

Plasmid pGEM 7Z-AFPe DNA was transformed into E.coli JM109. By
α complementation method, the white color colones were selected
and the correct plasmids were identified by the restriction analysis
(Figure 1). The credible plasmid pGEM-7Z-AFPe was amplified.
The AFP gene enhancer core sequence 727 bp EcoR Ⅰ fragments,
after being filled in by Klenow fragment and dNTP, were harvested
from the low melting point agarose gel, and inserted into the
Sal Ⅰ linearized plasmid pMNP-tk. The recombinant DNA was
introduced into the E.coli HB101 and combinative digestion of Hind
Ⅲ� and BamH Ⅰ were used to identify the correct colonies. One
colony exhibiting 406 bp, 2.8 kb and 6.4 kb frgments was in right
junction, named pMNPA-tk α. Another colony exhibiting 321 bp, 2.8
kb and 6.5 kb fragments was reverse, named pMNPA-tk� β (Figure 2).

Figure 2 The orientation of human AFP enhancer core sequence was defined with Hind ��
Ⅲ�
and BamH Ⅰ digestion of the colonies of pMNAP-tk. Lane 1-4: right junction; Lane 5: λ����
�����
DNA
Hind Ⅲ marker; lane 6-8: reverse junction.

RESULTS

specific HSV-tk retroviral expression vector.

Construction of pMNP-tk

In order to make the chimeric HSV-tk gene express in eukaryotic
cells, we isolated the DNA fragments containing both the pgk gene
promoter and HSV-tk gene from the eukaryotic expression vector
pBGK-tk and removed the SV40 promoter from the retroviral vector
pMNSM. The recombinant plasmid gene structure is shown in Figure 3.

MATERIALS AND METHODS
Plasmids

Retroviral shuttle vector pMNSM was provided by Tokyo Medical
and Dental University. Plasmid pBPGK-tk containing the human
phosphoglycerokinase gene (pgk) promoter and HSV-tk gene was
obtained from Nara Medical University. Plasmid pGEM 7Z-AFPe
containing human α-fetoprotein gene enhancer core sequence was
provided by T. Tamaoki (University of Calgary, Calgary, Canada).

Construction of pMNPA-tkα and pMNPA-tkβ

On the basis of structure of plasmid pMNP-tk, the AFP gene core
sequence was inserted at the Sal Ⅰ of pMNP-tk so that it can
regulate the pgk gene promotor function and direct the HSV-tk gene
hepatoma specific expression.

Enzymes and bacterial cells

All restriction enzyme, T4 DNA ligase and Klenow fragment were
purchased from Promega Corporation. E. coli host strain HB101 and
E. coli JM109 were obtained from our department. The general and
the hepatoma specific HSV-tk retroviral expression vectors were
[5]
constructed . After plasmid pMNSM and pBPGK-tk were introduced
into E.coli HB101, respectively, ten ampicillin resistant colonies
were selected and the plasmid DNAs were extracted. The correct
plasmids identified by the restriction analysis were amplified through
E. coli and purified by PEG 8000 (Sigma Corporation) method,
respectively. After plasmid pMNSM was digested by endonuclease
Sal Ⅰ, the small SV40 promoter fragments were discarded and the
big fragments were recovered from the low melting point agarose
gel. The big fragments were self-circularized with T4 DNA ligase,
and named pMNM. Plasmid pMNM DNAs amplified and purified
were linearized by BamH I digestion. A 2.8 kb BamHI fragment of
plasmid pBPGK-tk containing the pgk gene promoter and HSV-tk
gene was isolated and inserted at the BamH Ⅰ site of pMNM. The
ligated molecules were used to transform E.coli HB101. Ampicillin
resistant colonies were selected and the plasmid DNA was extracted.
Through the combinative digestion of the Hind Ⅲ site at the inserted
fragment and the EcoR I site at the plasmid pMNM, the colon that
appeared as a 28 kb and 61 kb fragment was correct, and named
pMNP-tk (Figure 1).
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Figure 3 Structure of pMNP-tk, pMNAP-tkα, pMNAP-tkβ retroviral vectors. LTR: Retroviral
long terminal repeat sequence; NeoR: Neomycin phosphotransferase gene (for G418 selection);
pgk: Human phosphoglycerokinase promotor; tk: Herpes simplex virus thymidine kinase gene;
AFPe: Human α ������������
fetoprotein “home
���������������
keeping” gene
��������������
enhancer.

Figure 1 Identification of insertion of pgk + HSV-tk segment into the pMNM retroviral vector
and plasmid pGEM 7Z-AFP. Lane 1: plasmid pGEM. 7Z-AFP��; �����
Lane ����������������
2: pGEM. 7Z-AFP/Hind Ⅲ 3.3
kb, 406 bp; Lane 3: pGEM. 7Z-AFP/EcoR Ⅰ 3 kp, 727 bp; Lane 4: λ����
�����
DNA Hind Ⅲ marker; Lane
5: pMNP-tk/BamH Ⅰ 6.1 kb, 2.8 kb; Lane 6: pMNP-tk/EcoR I and Hind Ⅲ 6.1 kb, 2.8 kb; Lane 7:
pMNP-tk/EcoR Ⅰ 8.9 kb; Lane 8: plasmid pMNP-tk.
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DISCUSSION
The gene therapy for cancer is developing rapidly. Its mechanisms
may be as follows: Increasing the anti-tumor immunity, and
introducing tumor inhibitor gene, the antisense of oncogenes,
the prodrug coverting gene, MDR-1 gene for the protection of
[6]
chemotherapy, and the anti-metastasis gene . The prodrug genes,
such as HSV-tk, VZV-tk and cytosine deaminase (CD), and encode
proteins, can convert the nontoxic prodrug into intracellular toxins as
[7]
non-mammalian metabolic enzymes . Such enzymes can block the
cell DNA duplication as a competitive inhibitor of DNA polymerase.
The gene expression in tumor cells is the first step for gene
therapy. Eukaryotic expression plasmid vector and viral vector are
commonly used for the expression of genes in tumor cells. In viral
vectors, the recombined retroviral vector, which is constructed with
[8]
Mo Mulv as the main skeleton, is more often used . It is feasible
that a gene will be expressed if it is regulated by two promoters. In
our construction, we deleted the SV40 promoter of the retroviral vector,
and made the tk gene under the control of the pgk gene promoter, whi
ch is a kind of eukaryotic promoters. These may decrease the presence
[9]
of wild retrovirus caused by recombined homologous product.
In in vivo gene therapy, it is important to make the gene
specifically express in tumor tissues. Two approaches may be used.

10
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One is to modify the shuttle vector by gene engineering, the other is
to direct the gene expression in target cells by means of the tissue
specific transcriptional regulatory sequence (TRS). Scharfmann
[9]
et al considered that the transcriptional regulatory sequence of
“household gene” will cause the chimeric gene to express at a high
[7]
level in a specific tissue. Hubber et al reported that VZV-tk gene
regulated by AFP TRS and mediated by retroviral vector, made the
AFP-positive hepatoma cells, HepG2, H3B and HuH7 sensitive to
the prodrug 6 methoxypurine arabinonucleoside (araM). The aim
of our work was to regulate the pgk + tk gene by AFP enhancer
core sequence 727 bp. The usage of the TRS for regulation of HSV
tk gene can not only increase its transcription but also make its
expression tissue specific. In our future experiments, we will assess
their anti-tumor effects in nude mice.
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Hepatitis C virus (HCV) is a major causative agent of post
transfusion non A and non B hepatitis and contains a positive
stranded RNA molecule. Sequence analysis of the HCV genome
plays an important role in the research on viral features,
pathogenesis of chronic hepatitis C and discovery of a new
[1]
genotype/subgenotype of HCV . Traditional sequencing needs
cloning which is time consuming and usually takes a lot of
work. Recently, a novel DNA sequencing method, direct sequen
cing of polymerase chain reaction (PCR) amplified DNA, was
[2]
described . As a sequencing template, PCR amplified DNA was
directly sequenced by a thermostable DNA polymerase from
Thermus flavus in this method. In order to explore the possibi
lity of sequencing HCV cDNA by this method and establish a
new sequencing method in China, we purified and sequenced
PCR amplified HCV NS5b cDNA. In the present study, this techni
que was optimized in ways so that it could be directly applicable
to sequence a 376 bp fragment from patients with chronic
hepatitis C. PCR direct sequencing was found to be easy, rapid
and bypasses construction of the HCV cDNA clones. We believe
that PCR direct sequencing is a practical method that would
work well in research on the HCV genome and its variation.

Abstract
AIM: To explore a rapid and easy sequencing method for hepatitis
C virus (HCV) genome and establish a new sequencing method in
China.
METHODS: Polymerase chain reaction (PCR) was combined with a
DNA sequencing technique. PCR products were purified by agarose
gel electrophoresis, polyacrylamide gel electrophoresis (PAGE) and
polyethylene glycol (PEG) respectively. Then, in the presence of a 5’
labeling PCR primer, purified PCR products were directly sequenced.
By this method, HCV NS5b cDNA from two HCV infected individuals
(HC-42 and HC-49) were sequenced.
RESULTS: PCR directed sequencing worked best using PCR amplified
DNA purified by electrophoresis as a sequencing template. When
sequencing a large number of templates, the purification step can be
bypassed by using a lower concentration of dNTPs (40 μmol of each
dNTP) and primers (10 pmol of each primer) in the first stage of PCR.
The aliquot of the first stage of PCR mixture was then directly used
for amplification of chain terminated products but the sequencing
ladders generated were of low intensity. Polyethylene glycol (PEG)
could not remove nonspecific products of PCR, which affected the
sequencing result to a certain extent and generated a background in
sequencing ladders. Compared with the reported HCVJ and HC-C2, a
new three nucleotide deletion was found in HC-42.

MATERIALS AND METHODS
Serum samples

Two sera were collected from 2 patients with chronic HCV
nd
infection. All of them were positive for anti HCV (2 generation
EIA, Institute of Hepatology, Beijing Medical University),
containing HCV RNA detectable by the nested PCR method with
two pairs of external and internal primers deduced from the 5’
[3]
non coding region .

Primers for PCR and sequencing

CONCLUSION: PCR directed sequencing is a rapid, simple and
effective method, especially for sequencing large samples. A three
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8208, sense) and no.52 (5’-GATGTTATCAGCTCCAGGTC-3’; nt
8661 to 8680, antisense) were external primers. Primers no.53
(5’-CACCCGCTGTTTTGACTC-3’; nt 8246 to 8263, sense) and
no.54 (5’-CCTAGTCATAGCCTCGGTC-3’; nt 8603 to 8621, antis
ense) were used as PCR primers as well as sequencing primers.
All four primers were deduced from the putative nonstructural
[4]
[5]
gene (NS) 5 b of the HCV-J isolate and HC C2 isolate .

1.66 pmol of 5’- P-labeled sequencing primer, 5� μL��������
of 5���
×
sequencing buffer and 5 units of Taq polymerase were mixed in
a total reaction volume of 16 μL. Then 4 μL of the above mixture
was transferred to each of the four tubes containing the dNTP/
ddNTP mixture. At last, the tubes were placed in a thermal
cycler that was preheated to 95� ℃. PCR involving 30 cycles
was performed. Each cycle included denaturation at 95� ℃ for
45 s, primer annealing at 55� ℃ for 45 s and primer extension
at 70� ℃ for 1 min. After completion of thermal cycling, 3 μL
of stop solution (10 mmol/L NaOH, 95% formamide, 0.05%
bromophenol blue and 0.05% xylene cyanol) were added to
each reaction tube.

Preparation of nucleic acid, cDNA synthesis and PCR

RNA from 50 μL serum was extracted by the acid guanidium
phenol/chloroform method. RNA obtained was denatured at 70�
℃ for 1 minute, chilled quickly on ice and used as a template
for cDNA synthesis. Reverse transcription was carried out at
43� ℃ for 60 min in 10 μL of Tris HCl buffer (50 mmol/L, pH8.4)
containing 8 mmol/L MgCl2, 30 mmol/L KCl, 1 mmol/L dithioth
reitol, 50 pmol or 10 pmol primer no 52, 10 mmol/L each of
the four deoxyribonucleoside triphosphate (dNTPs) (Promega
Corporation), 10 units of RNase inhibitor (Promega Corporation)
and 2 units avian myeloblastosis virus reverse transcriptase
(Promega Corporation). The cDNA was amplified in two
stages in a DNA thermal cycler (Perkin Elmer Cetus, United
States). Both stages were carried out in a final volume of 50
μL containing 67 mmol/L Tris HCl, pH8.8, 1.5 mmol/L MgCl2,
1.5 units of Taq DNA polymerase (Promega Corporation), 2 or
10 mmol/L each of four dNTPs for the first stage, 10 mmol/L
each of four dNTPs for the second stage, 10 or 50 pmol of each
external primer for the first stage and 50 pmol of each internal
primer for second stage). Both stages consisted of 35 cycles. In
the first stage of PCR, each reaction cycle involved denaturation
at 90� ℃ for 1 min, annealing of primers at 42� ℃ for 1.5 min
and extension at 72� ℃ for 2 min. In the second stage of PCR,
the program of the thermal cycle was similar to the first stage
except that the annealing of primers was performed at 55� ℃.
Samples from the reaction mixture were subjected to electrop
horesis on polyacrylamide gel (Promega Corporation) and DNA
species on gel were stained with ethidium bromide for observ
ation under ultraviolet light. The sizes of PCR products were
estimated according to the migration pattern of pBR322 Hae Ⅲ.

RESULTS
Amplification of HCV cDNA by reverse transcription nested PCR

HCV cDNA was detected in two sera samples from patients with
chronic HCV infection. The sizes of PCR products estimated in
electrophoresis gel were about 376 bp as predicted.

Effect of different methods recovering a template on sequencing

First stage PCR products with lower concentration dNTP (2
mmol/L each of four dNTPs) and primers (10 pmol of each
external primer) and second stage PCR products were used as
a sequencing template. PCR products purified by PEG precipit
ation, electrophoresis in agarose gel and PAG were sequenced
respectively. The sequencing ladders are shown in Figure 1.

Sequence analysis of HCV NS5b cDNA

By the method described above, HCV NS5B cDNA from two
patients with chronic HCV infection (HC-42 and HC-C11) were
sequenced. Compared with HCV-J, 91.84% and 92.63% of
nucleotide’s homology, 91.84% and 95.79% with HC-C2, were
found in HC-42 and HC-C11, respectively. A three nucleotide
deletion occurred in HC-42 (Figure 2) and this deletion was
reported for the first time.

DISCUSSION

Purification of PCR products

The first consideration about PCR directed sequencing is the
presence of unused dNTPs and primers in the PCR products.
Typically, about 200 μmol of each dNTP are used in PCR
reaction, whereas the sequencing reactions are routinely
performed in the presence of around 10 μmol of each dNTP
and a 10.100-fold higher concentration of appropriate ddNTP
depending on the polymerase used. In fact, only about 10%
of the dNTPs are consumed in PCR. Therefore, about 90% of
the dNTPs added to the PCR mixture would remain unused at
the end of amplification. Unless these are removed, the routine
sequencing reaction would fail to generate sequence ladders
because of negligible ddNTP terminations. The presence of
unused primers is another problem since approximately 90% of
the primers from the PCR amplification would remain unused,
which would consume the polymerase as well as the ddNTP
[2,8]
and dNTPs in the sequencing reaction
. Because of these
factors, sequencing with unpurified second stage PCR products
is unable to obtain sequencing ladders (Figure 1B). Non specific
PCR products are also an important factor affecting sequencing.
Since PEG could precipitate large molecular weight nucleotides
and low molecular weight primers and dents would remain
in the supernants, PEG was reported to be used to recover
[6]
the PCR products . However, PCR amplification produced
expected DNA as well as some nonspecific products which were
precipitated as expected DNA in PEG buffer. So PEG recovering
PCR products could contain unremoved nonspecific products
which would interfere with sequencing to some extent. With this
as a sequencing template, sequencing ladders generated were
not clear and had a dark background (Figure 1C). Purification
by electrophoresis could remove unused primers and dNTPs.
Moreover, this method could separate expected DNA fragments

Purification by electrophoresis in agarose gel PCR pro
ducts were subjected to 2% agarose gel electrophoresis. The
gel containing the positive band was cut off, wrapped up with
PARA film (American National Can) and then stored at -70�
℃ for 30 min. After being eluted from the gel, the liquid was
removed to a fresh tube, extracted by phenol/chloroform and
precipitated by ethanol. At last, the precipitation was dissolved
in ddH2O for sequencing.
Purification by PAG (polyacrylamide gel) electrophoresis
PCR products were subjected to 6% PAG electrophoresis. The gel
containing the positive band was cut off and immersed in the elution
solution containing 0.5 mmol/L NH-4Ac and 1 mmol/L EDTA at 37 ℃
for 24 h. After this, the elution was treated as described above.
Purification by PEG (Polyethylene glycol) precipitation
[6]
PCR products were purified according to the reported method .

Sequencing method[7]

The primer labeling Two internal primers were respectively
used as sequencing primers in both directions. Ten pmol of sequ
32
encing primer, 50 μCi (r- P) ATP (Ya Hui Company), 1 μL of 10�
× ��������������������������������������������������������
kinase buffer (70 mmol/L Tris HCl, pH7.5, 10 mmol/L MgCl2,
5 mmol/L dithiothreitol) and H2O to a final reaction volume of
10 μL were mixed, then 5 units of T4 polynucleotide kinase was
added. The mixture was incubated at 37� ℃ for 30 min.
Sequencing Two μL of each of the four dNTP/ddNTP (Boehringer
Mannheim) extension termination mixtures were added to
four tubes. In another fresh tube, purified PCR amplified DNA,
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A

B

C

D

E

primer and an appropriate ddNTP; this strategy is similar to semi
nested PCR. Considering nested PCR is needed to detect HCV RNA,
two strategies described above were combined in the present study.
We used 40 μmol/L of each dNTPs and 10 pmol of each primer in
the first stage PCR and the aliquot of the first PCR was then used
as a sequencing template directly. By this method, the sequencing
ladders could be read, although the overall quality of the sequence
ladder was not as good as with purified second PCR products (Figure
1A).
Direct sequencing of PCR amplified DNA can lead to incorporation
of errors in the DNA sequence due to Taq polymerase lacking
proofreading 3’-5’exonuclease. Various estimates of misincorporation
frequencies range from one error in 4000 nucleotides to one error in
[9]
400 nucleotides of the PCR amplified DNA . Therefore, depending
on the PCR conditions performed, it is possible that almost every
[8]
molecule in a 1 kb size PCR amplified DNA could have one error .
The question is whether direct sequencing of the mutated PCR
amplified DNA would result in the incorporation of errors in the
DNA sequence generated. The answer to this question is that the
3
5
copy number of starting DNA is in the order of 10 -10 molecules
in most PCR amplifications. Consequently, any errors incorporated
in each cycle reaction are randomized and therefore any specific
mutant sequences constitute only a minute fraction of the final
product. Since the DNA sequence generated is a consensus
sequence of millions of template DNA molecules, these errors would
not be accounted for in the final sequence. In addition, using a
lower concentration of dNTPs and primers in the first stage PCR
experiment could also reduce the possibility of misincorporation.
HC-42 sequences were sequenced from three times individual PCR
products with three sequences the same, as with HC-C11. The
above results suggested that sequences generated from PCR direct
sequencing are reliable.
A three nucleotide deletion was reported for the first time
in this paper. It was found that a deletion mutation in a HCV
[10]
sequence often occurs at the NS5 region , as this deletion
did in the present study. Since three nucleotides were deleted,
the mutation did not result in significant codon changes.
Further investigations and research are needed to elucidate the
significance and epidemiology of this deletion.
The diversity of the HCV genome has been found to be
[11]
related to the progression of liver disease . Therefore, the vari
ation of HCV awaits further studies to clarify the relationship so
a rapid and easy sequencing technique is needed. PCR direct
sequencing would be a very advantageous method to meet this
need.

F

Figure 1 Effect of different methods recovering a template on sequencing. A: The first
stage PCR products with lower concentration dNTPs and primers as a sequencing template; B:
The second stage PCR products directly sequenced without purification; C: Sequencing of PCR
amplified cDNA recovered by PEG; D: PCR products purified by agarose gel electrophoresis
before sequencing; E:Sequencing of PCR products purified by PAG electrophoresis; F: Sequencing
ladders of PCR products purified by agarose gel electrophoresis but without phenol/chloroform
extraction.

G

A

T

C
HC-C2 3'AAT
HC-42 3'AAT

GGC GTC GAC
GGC GTC GAC

CAG CAG TCC
CAG CAG TCC

TGC GGC GAA
T/ / / GC GAA

CGC GCC GTG
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Figure 2 Deletion mutation in NS5B region of HC-42 and comparison with HC-C2. ����
“���
/��”���������
��������
denotes
deletion.

4

from nonspecific products. Because of this, sequencing with PCR
products purified by electrophoresis worked best (Figure 1D and E).
Of course, extracting with phenol/chloroform and washing with 70%
ethanol after electrophoresis were also needed (Figure 1F).
When sequencing a large number of templates, the purification
step was heavy and complicated. Two strategies have been
[2]
recommended to bypass this step . In one strategy, lower
concentrations of dNTPs (10-20 μmol of each dNTP) and primers (10
pmol of each primer) are used to amplify target DNA. As a result,
the carryover of unused dNTPs and primers into the sequencing
reactions is minimized. Alternatively, the target DNA is first amplified
for 25 cycles and then an aliquot of the first PCR mixture is used
for amplification of chain terminated products in the presence of a
5’ labeled sequencing primer positioned internally to the external
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INTRODUCTION
Large bowel cancer is one of the leading causes of cancer deaths in humans.
It was reported in recent years that sulindac, a nonsteroidal anti-inflammatory
drug (NSAID), was capable of controlling tumor growth and reducing the num
bers of adenoma in patients with familial polyposis (FAP), with the
[1,2]
likelihood of reducing the risk of colon carcinogenesis . In order to
further understand these effects, the present study was designed to
investigate the chemopreventive efficacy and modulating role of suli
ndac on colon carcinogenesis and on tumor growth in the colorectal
cancer model induced by N-methyl-N-nitrosourea (MNU) in mice.
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Abstract

MATERIALS AND METHODS

AIM: To investigate the chemopreventive effect of sulindac, a nonsteroidal antiinflammatory drug (NSAID), on the growth of N-methyl-N-nitrosourea (MNU)induced mouse colonic tumors.

Colorectal cancer model induced by MNU

Randombred ICR female mice from the Shanghai SIPPR/BK
Experimental Animal Ltd. Co. aged 5�������������������������
-������������������������
6 wk and weighing 18����
-���
21
g were used in the experiments. They were fed with a standard
pellet diet and allowed tap water ad libitum. The MNU (obtained
from Sigma Chemical Co, St. Louis, MO., United States) was kept
frozen in powdered form prior to use. The carcinogen needed to
be reconstituted in distilled water and maintained at 4� ℃ until
intrarectal instillation. MNU 0.1 mL of 0.4% (0.4 mg) was given
using a 5.0 cm 18 gauge cannula needle which was inserted about
halfway into the lumen of the colorectum through the anus, three
times for the first six weeks and only once for the following six
weeks. The method used for colorectal cancer induced in mice
[3]
followed in detail the method described in our previous study .

METHODS: The experimental colonic tumor model induced by intrarectal

instillation of MNU in mice was used in the present study. In the first experiment,
MNU intrarectal was instilled and sulindac administered concurrently to a group
of mice for a period of 18 wk, while a control group of animals received MNU
only for the same period. In the second experiment, two groups of mice that had
already been treated with MNU for 12 wk received sulindac or not for another 18
wk.

RESULTS: The tumors induced in mice were all located in the distal part of
the large intestine. There were no significant differences in the location and the
gross appearance of the tumors in the MNU-induced group and control group in
both experiments. In the first experiment, sulindac caused a significant reduction
in both the number of mice with colonic tumors and the number of tumors per
mouse. Sulindac had a significant inhibitory effect on the growth of the MNUinduced tumors. However, in the second experiment, the inhibitory effect of
sulindac was less or disappeared.

Treatment and grouping

Sulindac, cis-5-fluoro-2-methyl-1-[p-(methyl sulfinyl)benzylidene]
indene-3-acetic acid, was dissolved in tap water in a concentration
such that each animal received an average dose corresponding to
5 mg/kg a day. The study consisted of two experiments. In the first
experiment, two groups of 48 animals were treated with MNU as
described above, either with or without sulindac, for 24 wk. In the
second experiment, 48 mice were treated with MNU for 12 wk at
first. Then they were randomized, with 24 animals given sulindac
solution for 18 wk while the other 24 animals only received water as

CONCLUSION: Sulindac has a protective effect against the chemical induction
of colonic tumors by MNU in mice. The chemopreventive effect is more signifi
cant in the initial stage of the tumor, while in the promotion stage this effect is
less or disappeared. Sulindac can not cause the regression of established tumors.

Key words: Colonic neoplasms; Sulindac; Methyl-nitrosourea; Adenocarcinoma;

WJG|www.wjgnet.com

16

March 15, 1997|Volume 3|Issue 1|

Wang Q et al . N-methyl-N-nitrosourea against chemically-induced primary colonic tumors in mice
Table 4 Effect of sulindac on the volume of the colorectal tumor induced by
N-methyl-N-nitrosourea

Table 1 The experimental design and animal groups
Group
Experiment one
Sulindac group
Control group
Experiment two
Sulindac group
Control group

No.

MNU intraducal time (wk)

Sulindact time (wk)

24
24

12
12

18
No

24
24

12
12

18
No

Experiment one
Sulindac
Control group
group
Median tumor
diameter (mm)1
<1
1.1-1.5
1.6-2.0
2.1-2.5
2.6-2.9
> 3.0
Median tumor
volume (mm3)2

Table 2 Effect of sulindac on the morphological characteristics of colorectal
tumors induced by N-methyl-N-nitrosourea
Experiment one
Sulindac
Control group
group

Experiment two
Control group
Sulindac
group

Experiment two
Control group
Sulindac
group

Average number of
adenoma

4.7

8.4

3.5

4.7

Average number of
adenocarcinoma

9.3

3.9

8.7

9.4

Average ratio
of adenoma to
adenocarcinoma

0.51

2.15

0.40

0.50

1-3
4-6
7-9
10-13
14-16
17-20
21-24
> 25

5
4
4
3
2
1

5
1
2
1
0
0

8
4
5
2
1
1

6
5
4
3
1
1

5
4
3
2
1
2
1
1

4
3
1
1
0
0
0
0

7
3
4
2
2
1
1
1

7
3
4
3
1
0
1
1

1

Wilcoxon rank test, Experiment one: μ = 8.155, P < 0.01; Experiment two: μ = 1.464, P > 0.05.
Wilcoxon rank test, Experiment one: μ = 5.500, P < 0.01������������������
; ����������������
Experiment two: μ = 1.333, P > 0.05.

2

Table 3 Effect of sulindac on the number of colorectal tumors induced by
N-methyl-N-nitrosourea
Experiment one
Sulindac
Control group
group
No. of mice
No. of mice with
tumors
No. of mice without
tumors
Incidence of mice
with colon tumors
(%)1
No. of tumors2
0
1-3
4-6
7-9
10-12
13-16

than in the untreated group. In the second experiment, there were
more adenocarcinomas and fewer adenomas in the sulindac-treated
group than in the untreated group (Table 2).
In the first experiment, sulindac caused a significant reduction
in both the number of mice with colonic tumors and the number
of tumors per mouse. There were no significant differences in the
number of mice with colonic tumors and the number of tumors per
mouse between the sulindac-treated group and control group (Table
3). It was obvious that sulindac had a significant inhibitory effect
on the growth of the MNU-induced tumors. However, in the second
experiment the inhibitory effect of sulindac was less or disappeared
after initiation of the colon carcinogenesis.
The median tumor diameter and median tumor volume were
reduced in the sulindac-treated group in the first experiment. In the
second experiment there were no differences in the median tumor
diameter and volume between the sulindac-treated group and
control group (Table 4). This finding reflects a rather more obvious
reduction in tumor growth in the initiation stage, while in the second
experiment the inhibitory effect on tumor growth is not significant in
this promotion stage of colon carcinogenesis.

Experiment two
Control group
Sulindac
group

24
19

24
9

24
21

24
20

5

15

3

4

79.2

37.5

87.5

83.3

5
11
4
1
1
0

15
8
1
0
0
0

3
8
5
5
2
1

4
7
7
3
2
1

1 2

����������������
Experiment one: χ 2 = 7.563, P < 0.01;�����������������
����������������
Experiment two: χ 2 = 1.003, P > 0.05.� 2Wilcoxon
χ test,�����������������
rank test, Experiment one: μ = 5.078, P < 0.01; Experiment two: μ = 1.611, P > 0.05.

a control (Table 1).
Mice were killed by neck dislocation at the end of the
experiments. The whole large intestine was removed and then fixed
in 10% buffered formalin. For each colonic tumor the maximum
longitudinal and transverse dimensions (d1 and d2) were obtained.
Tumor average diameter (D) and volume (V) were estimated using
3
the following formula: D = (d1 + d2)/2, V = (π96) (d1 + d2) . After
48 h fixation, the entire colon specimens were coiled up into �������
“������
swiss
rolls������
”�����
and embedded in paraffin. The blocks were sectioned at 6
μm and stained with hematoxylin and eosin (HE) for evaluation of
histological changes.

Statistical analysis

DISCUSSION
The main purpose of this investigation is to study the potential
chemopreventive properties of sulindac, a NSAID, in MNU-induced
colon carcinogenesis. Several other NSAIDs have been studied for
their chemopreventive efficacy in colon carcinogenesis. The studies
by Spagnesi and Giardiello demonstrated that administration of
[1,2]
sulindac causes regression of colon polyps in patients with FAP .
In the present study, we suggested that sulindac has an inhibitory
effect on the development of MNU-induced colonic tumors in
mice. Both the number of mice with tumors and the number of
macroscopic tumors were reduced when MNU and sulindac were
used together. It is more obvious that sulindac has a protective
effect against the chemical induction of colonic tumors by MNU
in mice. The chemopreventive effect was more significant in the
initiation stage of the tumor, while in the promotion or progression
stage this effect was less or disappeared. Sulindac could not cause
the regression of established tumors induced by MNU.
The exact biochemical action of the sulindac in these
experiments is not certain, but it is possible that it acts via inhibition
of prostaglandin synthesis. Such an action may be used to explain
the beneficial response obtained when indomethacin is administered
[4]
to mice with transplantable NC carcinoma cell lines . Tumor cells
are thought to escape host immune surveillance through the
production of prostaglandins in colonic tumors, which contain more

2

Statistical analysis was made using the χ test and Wilcoxon rank
test. The difference was regarded as significant if the P value was
less than 0.05.

RESULTS
The tumors induced in mice were all situated in the distal part of the
large bowel, predominantly in the small polypoid adenocarcinoma.
There were no significant differences in the location and the gross
appearance of tumors in the MNU-induced group and control group
in both experiments. In the first experiment, there were fewer
adenocarcinomas and more adenomas in the sulindac-treated group
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[5]

prostaglandins than the adjacent mucosa and restore normal
immunological mechanisms in the host. In addition, several studies
also demonstrated that sulindac not only inhibits the prostanoid
synthesis by acting on the cyclooxygenase (COX) activity but
also modulates the activities of phospholipase C, lipoxygenase
and arachidonic acid uptake, which are known to play a role in
[6,7]
inflammation and cell proliferation . Further experiments are now
being conducted to investigate this phenomenon in terms of both the
biochemical mechanisms involved and the changes in proliferative parameters
in colonic tissues exposed to sulindac.

2

3
4
5
6

REFERENCES
1

Spagnesi MT, Tonelli F, Dolara P, Caderni G, Valanzano R, Anastasi A, Bianchini
F. Rectal proliferation and polyp occurrence in patients with familial adenomatous

7

polyposis after sulindac treatment. Gastroenterology 1994; 106: 362-366 [PMID:
8299902]
Giardiello FM, Hamilton SR, Krush AJ, Piantadosi S, Hylind LM, Celano P, Booker
SV, Robinson CR, Offerhaus GJ. Treatment of colonic and rectal adenomas with
sulindac in familial adenomatous polyposis. N Engl J Med 1993; 328: 1313-1316
[PMID: 8385741 DOI: 10.1056/NEJM199305063281805]
Wang Q, Gao H, Wang YH, Chen YL, He J. Animal pattern of large intestinal cancer
induced by MNU in mice. Zhongguo Gangchangbing Zazhi 1995; 15: 6-8
Bennett A, Carroll MA, Melhuish PB, Stamford IF. Treatment of mouse carcinoma
in vivo with a prostaglandin E2 analogue and indomethacin. Br J Cancer 1985; 52:
245-249 [PMID: 4027166 DOI: 10.1038/bjc.1985.184]
Bennett A, Tacca MD, Stamford IF, Zebro T. Prostaglandins from tumours of
human large bowel. Br J Cancer 1977; 35: 881-884 [PMID: 871372 DOI: 10.1038/
bjc.1977.132]
Marnett LJ. Aspirin and the potential role of prostaglandins in colon cancer. Cancer
Res 1992; 52: 5575-5589 [PMID: 1394181]
Brooks PM, Day RO. Nonsteroidal antiinflammatory drugs--differences and
similarities. N Engl J Med 1991; 324: 1716-1725 [PMID: 2034249]
S- Editor: Yang ZD L- Editor: Ma JY E- Editor: Liu WX

WJG|www.wjgnet.com

18

March 15, 1997|Volume 3|Issue 1|

World J Gastroenterol 1997 March 15; 3(1): 19-21
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i1.19

© 1997 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL RESEARCH

Studies on the relationship between the point mutation of ras oncogenes
and the prognosis of patients with gastric cancer
Dian-Chun Fang, Yuan-Hui Luo, Rong Lu, Wei-Wen Liu
Dian-Chun Fang, Yuan-Hui Luo, Rong Lu, Wei-Wen Liu, Department
of Gastroentrology, Southwest Hospital, Third Military Medical University,
Chongqing 630038, China

INTRODUCTION
In recent years, the study of oncogenes has become one of the
hot subjects in cancer research. It has been reported that the
point mutation of ras oncogenes plays an important role in the
[1-3]
development of certain cancers . This study deals with the point
mutation of c-Ha-ras, K-ras and N-ras in 88 formalin fixed and
paraffin embedded specimens of gastric cancer. In addition, the
relationship between the point mutation of the ras oncogenes and
the prognosis of patients with gastric cancer was studied.
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MATERIALS AND METHODS
Eighty-eight specimens of gastric cancer were obtained during
surgery in our hospital during the period from 1986 to 1991. All the
specimens were fixed with 10% formalin and embedded in paraffin.
Normal control tissue was collected from uninvolved gastric mucosa
in all the patients. A 5 μ�����������������������������������������
������������������������������������������
m thick section was made, HE stained and
examined under an optical microscope. Five similar sections were
made from every specimen for DNA extraction.
For the extraction of DNA, 5 sections from each lesion were put
into Eppendorf tubes and the paraffin was removed with xylene.
After the tissue of the specimen was hydrolyzed and digested
with proteinase K, the DNA content was extracted with the phenol
[4]
chloroform method . The samples of the purified DNA were diluted
with TE buffer solution and their absorption value was determined
on an ultraviolet ray spectrometer at the wavelength of 260 and 280
nm. The concentration and purity of nucleic acid were calculated.
The primers for the polymerase chain reactions (PCR) were
synthesized by the Center of Science of Human Life of the Beijing
University. The primer sets for ras mutation analysis were as
follows:
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Abstract
AIM: To study the relationship between the point mutation of ras
oncogenes and the prognosis of patients with gastric cancer.
METHODS: The point mutations at codon 12 and 61 of c-Ha-ras,
at codon 12 and 13 of K-ras, and at codon 12 of N-ras were studied
with PCR-RFLP in 88 formalin fixed and paraffin embedded specimens
of gastric cancer.
RESULTS: It was found that the overall rate of point mutation of ras
oncogenes was 18.2% and the positivity of the point mutation of ras
oncogenes was related to the cancerous invasion of the serosa, the
status of lymph node metastasis, the stage of cancer and the survival
time after surgery.

P1A 5’-CAGGGCCCTCCTTGGCAGG-3’
P1B 5’-GTCGTAGGCGTCCACAAAATGG-3’
P2A 5’-ACGTGCCTGTTGGACATCCT-3’
P2B 5’-CACACAGGAAGCCCTCCCCG-3’

CONCLUSION: The findings suggest that the determination of point
mutations of ras oncogenes can be used to determine the prognosis
of patients with gastric cancer.

P3A 5’ ACTGAATATAAACTTGTGGTAGTTGGACCT-3’
P3B 5’-TCAAAGAATGGTCCTGGACC-3’

Key words: Stomach neoplasms; Genes; Ras point mutation;
Polymerase chain reaction; Polymorphism: Restriction fragment
length; Prognosis

P4A 5’-AACTGGTGGTGGTTGGACCA-3’
P4B 5’-CTCTATGGTGGGATCATATTC-3’

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

P1A and P1B is the primer to analyze codon 12 of c-Ha-ras. The
amplified fragment had a length of 170 bp. After the cleavage with
restriction endonuclease Hpa Ⅱ or Msp Ⅰ, 3 fragments with the
length of 66, 56 and 48 bp were obtained in the wild type and 2
fragments with the length of 122 and 48 bp in the mutative type;
P2A and P2B are the primers to analyze the point mutation at codon

Fang DC, Luo YH, Lu R, Liu WW. Studies on the relationship between the point
mutation of ras oncogenes and the prognosis of patients with gastric cancer. World
J Gastroenterol 1997; 3(1): 19-21 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v3/i1/19.htm DOI: http://dx.doi.org/10.3748/wjg.v3.i1.19
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Survival rate (%)
100
90
80

Table 1 Correlation between ras point mutation and clinical and pathological
parameters of gastric cancer

mutation negative
mutation positive

70
60
50
40
30
20
10
0
1

2

3

4

Histological types
Gland adenocarcinoma
Low differentiated carcinoma
Signet ring cell carcinoma
Mucinous carcinoma
Size
< 5 cm
> 5 cm
Serosal invasion
Without serosal invasion
With serosal invasion
Lymph node metastases
Without lymph node metastases
With lymph node metastases
Staging
Staging Ⅰ and Ⅱ
Staging Ⅲ and Ⅳ

5

years

Figure 1 Five year survival rates of mutation negative and mutation positive after surgery
for gastric cancer.

61 of c-Ha-ras. The amplified fragment had a length of 95 bp. After
the cleavage with restriction endonuclease Bst N1, 3 fragments with
the length of 15, 20 and 60 bp were obtained in the wild type and
2 fragments with the length of 20 and 75 bp were obtained in the
mutative type. The primers for the analysis of the nonrestriction
endonuclease point of the codon 12 and 13 of K-ras, P3A and P3B,
[5]
were designed with the base mispairing method . The amplified
fragment was 157 bp in length. Endonuclease Bst N1 was used to
analyze codon 12. The wild type was cleaved into 3 fragments of
114, 29 and 14 bp in length while the mutative type was cleaved
into 2 fragments of 143 and 14 bp. Endonuclease Hph Ⅰ was used
to analyze codon 13. The fragment of the wild type was 157 bp in
length while the mutative type was cleaved into 2 fragments of 114
and 43 bp; codon 12 of N-ras is also a nonrestriction endonuclease
point and the primer was designed with the base mispairing
method. The amplified fragment was 98 bp in length. The wild type
was cleaved with Bst N1 into 2 fragments of 19 and 79 bp and the
mutative type remained as a fragment of 98 bp.
PCR-RFLP was performed with the procedures as follows: DNA
from 1 μ�������������������������������������������������������
��������������������������������������������������������
g of tissue was dissolved in 50 μL PCR buffer solution
containing 10 mmol/L Tris HCl, 50 mmol/ L KCl, 1.5 mmol/L MgCl2,
0.2 mmol/L dATP, dGTP, dCTP and dTTP, 25 pmol/L primer and 1.3
units Taq DNA polymerase. The cycle of denaturation at 95� ℃ for 70
s, renaturation at 57� ℃ for 70 s and extension at 72� ℃ for 70 s was
repeated for 35 times, with the last elongation step lengthened to 10
min. 10 μL�������������������������������������������������������
���������������������������������������������������������
������������������������������������������������������
of the PCR product was cleaved with the corresponding
endonuclease (purchased from the BRL Company of United States),
underwent 8% polyacrylamide gel electrophoresis and was stained
with ethidium bromide. Eventually the product was observed under
ultraviolet light and photographed.
All 88 cases were followed up and the longest follow up lasted 13
years in order that the outcome of each case was obtained.

Point mutation
negative

20
29
23
16

18
22
18
14

47
41

41
31

6 (12.8)
10 (24.4)

40
48

38
34

2 (5.0)
b
14 (29.2)

35
53

33
39

2 (5.7)
a
14 (29.2)

43
45

42
30

1 (2.3)
c
15 (33.3)

Point mutation
positive (%)
2
7
5
2

(10.0)
(24.1)
(21.7)
(12.5)

a

P < 0.05, bP < 0.01, cP < 0.001

significant (P < 0.01).

DISCUSSION
This study shows that the activation of ras oncogenes is the
molecular basis of the development of certain cancers. PM is one
of the important patterns of ras gene activation. Therefore, the
detection of PM becomes one of the hot topics in cancer research.
PCR-RFLP, a technique developed in recent years, greatly
[6]
simplifies the procedures to detect PM . It can be used to detect
the PM in the DNA extracted from fresh specimens of gastric cancer
as well as in the DNA from paraffin embedded specimens. The
simplified technique determining PM makes it possible to determine
the prognosis for patients with gastric cancer.
PM at the codons 12, 13 and 61 of ras oncogenes can enable the
[7]
cells to possess the capacity of transformation . However, points for
the restriction endonuclease to cleave at the codons 12 and 13 for
K-ras and codon 12 of N-ras and PCR-RFLP can not be performed.
The authors, according to the 3’ end region of the primers, intro
[5]
duced a mispaired base not affecting the amplification of PCR .
After the introduction of a mispaired base, a point to cleave is consti
tuted for Bst N1. Thus, it is possible to study the PM at codon 12
and 13 of K-ras and codon 12 of N-ras.
It was reported that the mutation rate of ras genes was 90%
in pancreatic cancer, 40% in colorectal cancer and below 10% in
[8,9]
[6]
gastric cancer . However, Deng et al found the mutation rate
at codon 12 of Ha-ras was as high as 41% in gastric cancer. In
our study, 88 paraffin embedded specimens of gastric cancer were
studied with PCR-RFLP and the mutation rate of ras genes was
found to be 18.2%. Japanese authors reported that PM of K-ras
[10,11]
predominated in gastric cancer
. The difference of the PM rate
between China and Japan might result from different geographical
and environmental conditions, race and detection methods.
It was also found that the PM of ras genes was related to some
biological factors of gastric cancer. Different types of cancers and
their size play an insignificant role in the PM rate of ras oncogenes
while those cases with serosal invasion and lymph node metastasis
showed a far higher PM rate than those without them.
The cases of gastric cancer in clinical stage Ⅲ and Ⅳ showed a
significantly higher PM rate than those in the clinical stage ��
Ⅰ� and
Ⅱ.This finding is consistent with the result reported by the authors
who obtained it through the study on the molecular mechanism
[7,11]
of cancer infiltration and metastasis
, which indicates the poor
prognosis of the patients. Our results showed that the 5 year
survival rate of patients without PM of ras genes was far higher than
those with PM. Thus the determination of the PM of ras genes may
be helpful for the prognosis of patients with gastric cancer and for
the prescription of an efficient therapeutic plan for them.
The concept that cancer is a disease of genes has been widely
accepted. Our study enables us to further understand the role

RESULTS
No point mutation (PM) of ras genes was found in specimens of
normal gastric mucosa and 16 cases of the 88 with gastric cancer
showed a PM rate of 18.2% (Figure 1). Among the 16 cases, PM
at codon 12 of c-Ha-ras occurred in 12 cases (13.6%) and PM at
codon 61 in 3 (3.4%); PM at codon 12 of K-ras in 5 (5.7%) and PM
at codon 13 in none; and PM at codon 12 of N-ras in 1 (1.1%). PM
at only 1 codon in the specimen was found in 11 cases and PM at 2
codons in the specimen was found in 5 cases. No case showed PM
at 3 codons in the specimen simultaneously.
The 88 cases were divided into groups according to the
pathological types of cancer, the size of cancer, the serosal invasion,
the lymph node metastasis and the clinical staging of the case. It
was found that the mutation rate was significantly higher in the
group with serosal invasion than in that without (P < 0.01), in the
group with lymph node metastasis than in that without it (P <
0.05) and in the group with clinical stage Ⅲ and Ⅳ than in that with
clinical stage ��
Ⅰ� and Ⅱ (P < 0.01) (Table 1).
Survival analysis revealed a strong association between ras gene
mutations of the tumor and patient survival time after surgery (Figure
1). The 5 year survival rate in the 72 cases without PM was 34.7% (25
cases) and compared with those with PM (0/16) the difference was
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5

played by the PM of genes in the development of certain cancers.
On the basis of the data of our study that most cases of gastric
cancer did not show any evidence of PM of ras oncogenes, it seems
obvious that PM of ras oncogenes is not the only factor to induce
gastric cancer and there must be some other factors which need to
be further investigated and explored.

6
7

REFERENCES
1
2

3

4

8

Koh EH, Chung HC, Lee KB, Han EK, Oh SH, Min JS, Choi EM, Youn JK, Kim BS.
Point mutation at codon 12 of the c-Ha-ras gene in human gastric cancers. J Korean
Med Sci 1992; 7: 110-115 [PMID: 1524724 DOI: 10.3346/jkms.1992.7.2.110]
Stemmermann G, Heffelfinger SC, Noffsinger A, Hui YZ, Miller MA, FenoglioPreiser CM. The molecular biology of esophageal and gastric cancer and their
precursors: oncogenes, tumor suppressor genes, and growth factors. Hum Pathol 1994;
25: 968-981 [PMID: 7927320 DOI: 10.1016/0046-8177(94)90056-6]
Kato M, Ito Y, Kobayashi S, Isono K. Detection of DCC and Ki-ras gene alterations
in colorectal carcinoma tissue as prognostic markers for liver metastatic recurrence.
Cancer 1996; 77: 1729-1735 [PMID: 8608570 DOI: 10.1002/(SICI)1097-0142(19960
415)77:8< 1729::AID-CNCR47>3.0.CO;2-Z]
Rogers BB, Alpert LC, Hine EA, Buffone GJ. Analysis of DNA in fresh and fixed
tissue by the polymerase chain reaction. Am J Pathol 1990; 136: 541-548 [PMID:
2156429]

9
10

11
12

Jiang W, Kahn SM, Guillem JG, Lu SH, Weinstein IB. Rapid detection of ras
oncogenes in human tumors: applications to colon, esophageal, and gastric cancer.
Oncogene 1989; 4: 923-928 [PMID: 2666911]
Deng GR, Liu XH, Wang JR. Correlation of mutations of oncogene C-Ha-ras at codon
12 with metastasis and survival of gastric cancer patients. Oncogene Res 1991; 6:
33-38 [PMID: 1671796]
Ranzani GN, Pellegata NS, Previderè C, Saragoni A, Vio A, Maltoni M, Amadori D.
Heterogeneous protooncogene amplification correlates with tumor progression and
presence of metastases in gastric cancer patients. Cancer Res 1990; 50: 7811-7814
[PMID: 2253224]
Nanus DM, Kelsen DP, Mentle IR, Altorki N, Albino AP. Infrequent point mutations
of ras oncogenes in gastric cancers. Gastroenterology 1990; 98: 955-960 [PMID:
2179035 DOI: 10.1016/0016-5085(90)90019-W]
Wright PA, Williams GT. Molecular biology and gastric carcinoma. Gut 1993; 34:
145-147 [PMID: 8432461 DOI: 10.1136/gut.34.2.145]
Kihana T, Tsuda H, Hirota T, Shimosato Y, Sakamoto H, Terada M, Hirohashi S. Point
mutation of c-Ki-ras oncogene in gastric adenoma and adenocarcinoma with tubular
differentiation. Jpn J Cancer Res 1991; 82: 308-314 [PMID: 1902452 DOI: 10.1111/
j.1349-7006.1991.tb01847.x]
Miki H, Ohmori M, Perantoni AO, Enomoto T. K-ras activation in gastric epithelial
tumors in Japanese. Cancer Lett 1991; 58: 107-113 [PMID: 2049776]
Neuman WL, Wasylyshyn ML, Jacoby R, Erroi F, Angriman I, Montag A, Brasitus
T, Michelassi F, Westbrook CA. Evidence for a common molecular pathogenesis
in colorectal, gastric, and pancreatic cancer. Genes Chromosomes Cancer 1991; 3:
468-473 [PMID: 1663781 DOI: 10.1002/gcc.2870030609]
S- Editor: Yang ZD L- Editor: Ma JY E- Editor: Liu WX

WJG|www.wjgnet.com

21

March 15, 1997|Volume 3|Issue 1|

World J Gastroenterol 1997 March 15; 3(1): 22-23
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i1.22

© 1997 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL RESEARCH

Cellular immune function and liver damage in post-hepatitic cirrhosis
Zhi-Jie Feng, Ran-Ming Niu, Xi-Ling Ren, Xi-Xian Yao
Zhi-Jie Feng, Ran-Ming Niu, Xi-Ling Ren, Xi-Xian Yao, Department of Internal
Medicine, Second Affiliated Hospital, Hebei Medical University, Shijiazhuang
050000, Hebei Province, China

Feng ZJ, Niu RM, Ren XL, Yao XX. Cellular immune function and liver damage
in post-hepatitic cirrhosis. World J Gastroenterol 1997; 3(1): 22-23 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v3/i1/22.htm DOI: http://
dx.doi.org/10.3748/wjg.v3.i1.22

Dr. Zhi-Jie Feng, MD, Physician in Chief, with 21 papers and 3 books published.
Supported by The Foundation of Hebei Province Science Commission (No.
96216114), published in Chin J Microbiol Immunol, 1995; 15 (5):362 (in
Chinese).

INTRODUCTION
Recent evidence has shown that deficiency of cell mediated
immunity may play an important role in the pathogenesis of
[1-3]
chronic HBV infection . About 5%-10% cases of chronic hepatitis
B develop into post-hepatitic cirrhosis (PHC). In order to study
the relationship between immune function and liver damage, a
lymphocyte transformation (LT) test, IL-2 activity and NK cell activity
were measured in peripheral blood mononuclear cells (PBMC) taken
from 51 patients with PHC.
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MATERIALS AND METHODS
Subjects

Fifty-one PHC patients and 22 age and sex matched healthy
controls were included. The diagnosis of PHC was based on clinical
manifestations, serum biochemical findings and hepatitis B history
or seropositive HBsAg for more than 12 mon. Diagnostic liver
biopsy was performed in 12 patients. Patients with liver cirrhosis
caused by other diseases were excluded. Of the 51 PHC patients,
there were 36 males and 15 females, ranging in age from 22 to 68
years (mean 47.5 years). The course of disease varied from 1 mon
to 30 years (mean 4.7 years). The complications of PHC included
ascites (35 cases), upper gastrointestinal tract bleeding (28 cases),
encephalopathy (5 cases) and hepatocellular carcinoma (7 cases).
Twenty cases belonged to Child-Pugh class A, 18 cases to class
B and 13 cases to class C. None of these patients had received
corticosteroids or other immunosuppressive therapy within 6 mon.

Abstract
AIM: To study cellular immune function in patients with posthepatitic cirrhosis (PHC) and its relationship with different types of
liver damage.
METHODS: Fifty-one patients with PHC, including 20 cases of ChildPugh class A, 18 of class B, 13 of class C and 22 normal subjects
as controls were studied. After peripheral blood mononuclear cells
were isolated by Ficoll-Hypaque gradient centrifugation, lymphocyte
transformation (LT) test, IL-2 activity and NK cell activity were
3
measured by the H-TdR incorporation technique.

Methods

LT test The PBMC were isolated by Ficoll-Hypaque gradient
centrifugation, then washed and suspended at a concentration of 1�
6
× 10
�� /mL. The cells were stimulated with PHA (final concentration
3
25 ����������������������������������
μ���������������������������������
g/mL). The assay was made by the H-TdR incorporation
technique and individual sample results were expressed as a
stimulation index (SI):
SI = cpm (PHA)/cpm (control)

RESULTS: Changes of LT stimulation index (SI), IL-2 activity (SI) and
NK cell activity (%) in patients with PHC were significantly decreased
compared with in the healthy controls (18.1� ±
�� ����
13.0 vs 34.9� ±
�� ������
21.7,
P < 0.01; 8.1� ±
�� ���
6.0 vs 13.6� ±
�� 5.8,
����� P < 0.01; 40.3� ±
�� ����
21.7 vs 61.3� ±
��
20.5, P < 0.01; respectively). The defects of cellular immune function
were closely related to Child-Pugh classification. The values in class
C were much lower than those in B and A (P < 0.01) and those in B
were lower than those in A (P < 0.05).

IL-2 activity PBMC were stimulated with PHA (final concentration
150 �����������������������������������������������������������
μ����������������������������������������������������������
g/mL) to produce IL-2. After incubation, the supernatants
were filtered and stored at 20� ℃. The method of mouse thymus cell
multiplication was used to assay IL-2 activity, using SI to express
results.
SI = [cpm(IL-2 supernatant) - cpm (background)]/[(cpm
control) cpm (background)]

CONCLUSION: Defective cellular immune functions in patients with
PHC are connected with the degree of liver damage.
Key words: Hepatitis; Liver cirrhosis; Immunology; Immunity,
cellular; Killer cells, natural; Lymphocyte transformation; Interleukin
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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NK cell activity The activity was measured with the H-TdR post
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CD4/CD8 ratio, lymphokine production, killer cell activity, etc.,
[3-6]
was found in patients with chronic HBV infection . The present
study showed that there was a significant decrease in levels of the
LT test, IL-2 activity and NK cell activity in PHC patients and that
they were related to the Child-Pugh classification, suggesting that
immunological abnormalities were closely related to the degree
of liver damage. The more severely the liver was damaged, the
more prominent the cellular immunological abnormalities. There
was evidence to suggest that HBV-DNA may be duplicated and
transcripted in PBMC, so that the immune function of T lymphocytes
would be suppressed. It was shown that HBV-DNA was detected in
PBMC of patients with HBV infection by the transfer hybridization
[7]
technique . The disturbance of T cell subsets, especially a
decrease of CD4, may induce drawbacks of IL-2 production. IL-2
is a lymphokine which supports the immunoregulatory function of
T cells and its deficiency may either suppress T cell proliferation or
NK cell activity. Our present study showed that IL-2 activity was
positively correlated with NK cell activity. Due to the destruction
of cellular immunoregulation networks, hepatocyte damage was
induced by impaired immune function of virus-infected hepatocytes
and auto-immunoreaction. In addition, disturbances of immune
function may also influence collagen metabolism and promote
fibroplasia. Liver damage may lead to the defectiveness of hepatic
immunoregulation and the decrease of number and function of
Kupffer cells, which support the immune function of T, B and NK
[8]
cells . Therefore, cellular immunodeficiency was worsened more
severely. Defectiveness of suppressor T cell function may lead to an
[9]
increased B cell activation and its antibody production .

Table 1 Immune function assay in post-hepatitic cirrhosis patients (¯x ± s)
b

PHC (n )
18.1 ± 13.0 (48)

Control (n )
34.9 ± 21.7 (22)

IL-2 activity (SI)

8.1 ± 6.0 (41)

13.6 ± 5.8 (20)

NK activity (%)

40.3 ± 21.7 (49)

61.2 ± 20.5 (22)

IgG (g/L)

17.9 ± 7.7 (29)

10.0 ± 5.1 (22)

IgA (g/L)

3.2 ± 2.4 (29)

1.6 ± 0.8 (22)

IgM (g/L)

1.4 ± 0.8 (29)

0.8 ± 0.2 (22)

Complement C3 (g/L)

0.5 ± 0.2 (29)

1 ± 0.6 (22)

Assays
LT test (SI)

b

P < 0.01, vs control for all assays. PHC: Post-hepatitic cirrhosis; LT: Lymphocyte
transformation; SI: Stimulation index.

Table 2 Cellular immune function in post-hepatitic cirrhosis patients and
Child-Pugh classification (¯x ± s)
Child-Pugh class

Assays
LT test (SI)
IL-2 activity (SI)
NK activity (%)

A (n )
20.9 ± 16.7 (17)
10.7 ± 7.9 (16)
46.5 ± 19.9 (18)

B (n )
19.9 ± 11.1 (18)
7.4 ± 3.4 (13)a
38.5 ± 15.4 (18)a

C (n )
10.1 ± 5.4 (13)a
5.2 ± 3.3 (12)b
19.5 ± 11.3 (13)b

a

P < 0.05, bP < 0.01, vs class A. LT: Lymphocyte transformation; SI: Stimulation index.

incorporative technique. The PBMC (effector cells) were suspended
6
at a concentration of 2�����
× ��
10 /mL. Target cells (Heper-2 cells), a cell
4
line of carcinoma of the larynx, were at 2�����
× ��
10 /mL. Effector/target
ratio was 100:1. NK cell activity was calculated as follows:
NK activity (%) = {1-[cpm (effector+target) - cpm (effector)]/
[cpm (target) - cpm (background)]} × 100%
The levels of serum IgG, IgA, IgM and complement C3 were
measured by a simple agar immunodiffusion test.
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Surgical treatment of biliary ductal stricture complicating localized left
hepatolithiasis
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negligence or omission in LMHD disorders. Malpractice treatments of
LHD strictures are important factors affecting the long term results
of localized left hepatolithiasis, for which left lobectomy is usually the
therapy of choice.
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INTRODUCTION
Solitary left hepatolithiasis with left intrahepatic ductal calculi is a
common and peculiar type of hepatolithiasis which is prevalent in
[1,2]
East Asia . In order to treat left hepatolithiasis, it is necessary
[3]
to deal with the intrahepatic biliary strictures , the occurrence
of which is a sign of complexity, difficulty, repetition and severity.
Theoretically, lateral segmentectomy or left lobectomy could be
used to solve the problem concerning the left hepatic duct (LHD)
[4]
strictures . However, recently some problems have been noticed,
[5]
such as a high incidence of residual stones after surgery and a
[6]
high stone recurrence rate in the treatment of patients with left
hepatolithiasis, some of whom have had subsequent surgery. In
this paper, 67 cases of left sided hepatic duct strictures complicating
localized left hepatolithiasis surgically treated at our center in the
last two decades were analyzed.

Abstract
AIM: To summarize the experience in the clinical treatment of biliary
duct strictures complicating localized left hepatolithiasis in the last
two decades.
METHODS: A retrospective analysis of 67 cases of biliary duct
strictures complicating localized left hepatolithiasis treated in our
center in the last two decades was made with regards to each
patient’s age, gender, results of various preoperative examinations,
operative findings, treatment and postoperative courses.
RESULTS: The incidence of left hepatic duct (LHD) stricture was
59.8% and that of a left external hepatic duct (LEHD) stricture was
84.0 % and 84.8% respectively, in which a severe degree dominated.
Among the operative procedures used in the treatment of LHD
strictures, plastic operation plus biliary enteric anastomosis ranks
first in frequency (52.2%), with a re-stricture rate of 17.1%. Left
lobectomy ranks third (19.4%) with no re-stricture. Simple plastic
performance or dilation had a high occurrence rate of re-stricture
and usually needed subsequent surgery. Most LEHD strictures were
eradicated by lateral segmentectomy or lobectomy, whereas most
LMHD strictures were just the opposite. The rate of preoperative
diagnosis of LMHD by endoscopic retrograde cholangiography,
percutaneous transhepatic cholangiography, computed tomography
or intraoperative and postoperative trans-T-tube cholangiography was
much lower than that of LEHD or extrahepatic duct.

MATERIALS AND METHODS
Subjects

One thousand and eighteen patients with primary intrahepatic
lithiasis were treated at our center between June 1976 and June
1996, among whom 133 had localized left hepatolithiasis, 112
underwent operations with no deaths and 67 (29 males and 38
females) had complications with LHD strictures. A retrospective
study of patients with LHD or second class hepatic ductal strictures
was made with regards to each patient’s age, gender, results of
various preoperative examinations, operative findings, treatment
and postoperative courses. The mean age was 40.7 years (range,
27 to 72 years).

CONCLUSION: Too much attention paid to LEHD disorders in
the treatment of localized left hepatolithiasis potentially results in
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All diagnoses were confirmed by cholangiography or at surgery.

24

March 15, 1997|Volume 3|Issue 1|

Sun WB et al . Surgical treatment of biliary ductal stricture complicating localized left hepatolithiasis
Table 1 The occurrence rate of each hepatic duct stricture
al

Table 3 Treatment of strictures of left external hepatic duct and left medial
hepatic duct
a2

n

Mild stricture (%)

Left hepatic
duct

112

26 (23.2)

41 (36.6)

67 (59.8)

Left medial
hepatic duct

33

9 (27.3)

19 (42.4)

28 (84.8)b

Left external
hepatic duct

75

29 (38.7)

34 (45.3)

63 (84.0)d

Location

Severe stricture (%)

Total (%)

Mild or severe stricture refers to a stricture with a diameter > or ��
≤��������������������������
respectively
�������������������������
half of the
greatest diameter of the dilated ducts proximal to the stricture. a1χ2 = 5.26, P > 0.05; a2χ2 = 4.90,
P > 0.05, among 3 groups. bχ2 = 6.00, P < 0.01; dχ2 = 11.82, P < 0.01, vs left hepatic duct.

Cases
(%)

Mean follow up
Re-strictures (%)
period (y)

Total
Left external hepatic duct
Left medial hepatic duct
Extrahepatic duct

Plastic operation plus
Biliary enteric anastomosis

35 (52.2)

9.8 ± 2.7

6 (17.1)f

Severe degree

21 (51.2)

10.6 ± 2.3

4 (19.0)

Mild degree

14 (53.8)

8.6 ± 3.2

2 (14.3)

Left lobectomy

13 (19.4)

9.7 ± 3.0

0 (0.0)e

Severe degree

7 (17.1)

9.1 ± 3.1

0 (0.0)

Mild degree

6 (23.1)

10.3 ± 2.8

0 (0.0)

Stricture repair

6 (9.0)

8.5 ± 3.2

3 (50.0)

Severe degree

4 (9.8)

8.2 ± 3.5

2 (50.0)

Mild degree

2 (7.7)

7.8 ± 10.1

Stricture dilation

13 (19.4)

9.9 ± 2.2

Severe degree

9 (22.0)

10.7 ± 2.7

Mild degree

4 (15.4)

8.1 ± 2.4

3 (75.0)

67 (100.0)

10.1 ± 2.9

21 (31.3)

Total

ERC (%)
78
69 (88.5)
16 (20.5)
78 (100.0)

PTC (%)
18
18 (100.0)
6 (33.3)
15 (83.3)

TTC (%)
106
96 (90.6)
21 (19.8)
106 (100.0)

CT (%)
40
29 (72.5)
12 (30.0)
36 (90.0)

ERC: Endoscopic retrograde cholangiography; PTC: Percutaneous transhepatic
cholangiography; TTC: Trans-T-tube cholangiography; CT: Computed tomography.

LMHD, although in some ways, segmentectomy or lobectomy is
the only practical method. Lateral segmentectomy can be used for
LEHD stones, strictures, etc. while left lobectomy can be used for
disorders of LEHD, LMHD or LHD. Based on this theory, we judged
the effect of strictures of LEHD or LMHD on the treatment decision
from the present data by analyzing the operative procedure profiles
in combination with the incidence of strictures. Table 3 shows
that the LEHD stricture is usually treated with segmentectomy or
lobectomy. Eighty of 112 cases with left hepatolithiasis underwent
lateral segmentectomy or lobectomy (71.4%), which was similar to
the occurrence rate of LEHD stricture (P > 0.05). Whereas, LMHD
stricture is seldom treated with segmentectomy or lobectomy
(12.5%), significantly lower than the incidence of LMHD stricture (P
< 0.01) and suggesting that the performance rate of left lobectomy
was much less than clinically needed.

2 (100.0)
12 (92.3)
9 (100.0)

f 2

χ = 19.76, P < 0.01; eχ2 = 4.69, P < 0.05, vs stricture dilation. No significant difference between
severe degree and mild degree.

Standard of stricture degree

The criteria for stricture degree used in this paper was proposed by
the Chinese Surgical Association in 1983 (a mild or severe stricture
refers to a stricture with a diameter > or ��
≤��������������������������
�������������������������
respectively half of the
greatest diameter of the dilated ducts proximal to the stricture).

Rate of preoperative diagnosis

Statistical analysis

The present data suggests a significantly lower chance for LMHD
than LEHD disorders to undergo an eradication treatment. One
of the reasons is the difference between the rates of preoperative
diagnosis of LEHD and LMHD. The rate of preoperative diagnosis
of LMHD by endoscopic retrograde cholangiography (ERC),
percutaneous transhepatic cholangiography (PTC), computed
tomography (CT) or intraoperative and postoperative trans-Ttube cholangiography (TTC) was much lower than that of LEHD or
extrahepatic duct (Table 4).

All data are expressed as ¯x ± s. Statistical analysis was conducted
with the Chi squared test.

RESULTS
Hepatic duct stricture

Left hepatolithiasis commonly becomes complicated due to biliary
duct strictures and the occurrence rate of LHD stricture was 598%.
In view of the difficulty and magnitude of the operation, the left
external hepatic duct (LEHD) and the left medial hepatic duct (LMHD)
were not routinely explored. Definitive diagnoses in some cases
indicated that the occurrence rates of the second hepatic ducts are
significantly higher than those of LHD (P < 0.01) (Table 1).

DISCUSSION
Localized left hepatolithiasis needs some special clinical
treatment with the following characteristics: [WTBZ] (1)�������
����������
[WTB1]
the intrahepatic calculi are localized in the left intrahepatic bile
duct system; ������������������������������������������������
(2)���������������������������������������������
the extrahepatic biliary duct may or may not
be involved; and (3)�������������������������������������������
����������������������������������������������
theoretically, it can be cured by lateral
segmentectomy or left lobectomy which brings about a thorough
elimination of stones and the accompanying strictures. For the sake
of acceptable results for clinical treatment in comparison with right
[7]
hepatolithiasis , no special consideration has been given.
[8]
Biliary stricture is defined by Matsumoto et al as a localized
diminution in bile duct caliber proximal to the common hepatic duct.
In this paper, the standard of classification of mild or severe degrees
of stricture was suggested by the Chinese Surgical Association.
The stricture narrows the intraductal lumen and slows down
[8,9]
the speed of bile flow , leading to stasis of bile which leads to
the greater generation of minute calculi and increases the size or
number of stones. Besides, the increased pressure gradient of bile
flow between the proximal duct and the stricture results in the

Treatment of LHD stricture

Table 2 shows the various procedures used for the treatment of LHD
stricture in the current group, from which we can see that plastic
operation plus biliary enteric anastomosis ranks first in frequency
followed by stricture dilation, left lobectomy and simple repair. The
incidence of re-stricture after left lobectomy was 0.0%, 17.1%
following plastic operation plus biliary enteric anastomosis (not
significantly higher than the former probably because of the limited
cases). Simple plastic performance or dilation had a high occurrence
rate of re-stricture and usually needed subsequent surgery,
especially for the latter. The treatment profiles of strictures of severe
and mild degrees were not significantly different.

Treatment of LEHD and LMHD strictures

Practically, there is no specific procedure for strictures of LEHD and
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%
58.9
34.8
24.1
12.5
8.9
3.6
13.4
15.2
100

Table 4 The rate of correct diagnosis of various bile ducts by different
diagnostic procedures

Table 2 Surgical treatment of left hepatic duct stricture and the subsequent
re-stricture rates (¯x ± s)

Operative procedures

Cases
66
39
27
14
10
4
15
17
112

Lateral segmentectomy
+Bile duct exploration
+Biliary enteric anastomosis
Left lobectomy
+Bile duct exploration
+Biliary enteric anastomosis
Biliary enteric anastomosis
Bile duct exploration
Total
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distention of the duct between the wave of contraction and the point
of obstruction, resulting in the gradual increase of proximal ductal
lumen. The increased size or number of stones and the discrepancy
between ductal lumens may contribute to bile turbulence within
the dilated ductal lumen. A vicious cycle thus develops. Moreover,
[9]
bacteria grow further following chronic bile stasis . So it is evident
that bile duct stricture contributes to the complexity of pathological
changes and difficulties in treating the recurrence of stones with
unsatisfactory long term results.
In our limited experience, LHD stricture often occurs secondary
to left hepatolithiasis, especially left lateral hepatolithiasis. Its
occurrence implies a new stage of left hepatolithiasis in which LMHD
becomes more susceptible to stricture, dilation or stones. Some
factors contributing to the prognosis include calculi, stricture or
[7,10]
[11]
dilation
, bile stasis and liver function damage .
Although a bias in counting the incidence of LEHD and LMHD
strictures resulting from the incomplete case records of the present
group cannot be excluded, we can still deduce that LEHD and
LMHD strictures are comparable in frequency although commonly
different in severity, demonstrating that localized LMHD disorders
are rare and that clinical treatment should be concentrated on the
strictures of both LEHD and LMHD. So theoretically speaking, left
lobectomy is sometimes the eradication treatment of choice for
left biliary duct strictures, although the facts are almost quite the
opposite. Left lobectomy is much less frequently performed than
lateral segmentectomy in the clinical management of localized left
hepatolithiasis.
Preoperative misdiagnosis is another important factor
responsible for the current situation. The present data indicate
that most of the omitted LMHD disorders result from no available
radiological observations of LMHD preoperatively. So it is urgent
to try to improve the preoperative diagnosis rate of LMHD. Since
the mouth of LMHD is too low in a supine position to be filled up
in cholangiography-inducing preoperative omission, attention
should be paid to patients with intrahepatic lithiasis, especially left

hepatolithiasis, to achieve a definitive diagnosis of LMHD pre and
intra-operatively with some improvements in cholangiography,
including a prone ERC position, selective PTC and intraoperative
B ultrasound. CT seems to be a great help in some patients by
demonstrating the location of calculi directly and elucidating the bulk
of hepatic lobe as an indirect sign of the disorders.
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INTRODUCTION
The relationship between hiatus hernia (HH) and gastroesophageal
[1-4]
reflux (GER) disease remains controversial . One opinion was that
the demonstration of HH would frequently imply the presence of
reflux esophagitis. Some investigators, for example, have claimed
[5-6]
that HH can be found in almost all cases of esophagitis . As a
result, some authors believed that it was necessary to excise HH to
cure GER disease. Another opinion was that the existence of HH did
[7-10]
not affect esophageal sphincter competence
. The third opinion
was that HH might play only a partial role in the development of
esophagitis, that is, the absence of HH could exclude more severe
[11-14]
forms of reflux esophagitis
. This study was, therefore, designed
to evaluate the influence of the existence of HH on GER.
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Abstract
AIM: To explore whether the presence of a sliding hiatus hernia
influences gastroesophageal reflux.
METHODS: Endoscopy and 24 h pH monitoring were performed for
197 outpatients with gastroesophageal reflux symptoms.

MATERIALS AND METHODS

RESULTS: Of the 197 patients with symptoms of gastroesophageal
reflux, patients with hiatus hernia accounted for 36%. The incidence
of esophagitis in patients with hiatus hernia was significantly higher
than that in patients without hiatus hernia. The results of 24 h pH
monitoring showed that 84 patients had physiological reflux, 37 had
pathological reflux without esophagitis, 64 had reflux esophagitis
and 12 had physiological reflux concomitant with esophagitis. All the
patients with hiatus hernia had a longer percentage time with supine
reflux and a higher frequency of episodes lasting over 5 min at night
compared to those without hiatus hernia. The incidence of combined
daytime and nocturnal reflux in patients with hiatus hernia was
significantly higher than that in patients without hiatus hernia.

Patients

One hundred and ninety-seven consecutive outpatients (female,
75; male, 122) who had experienced the symptoms of heartburn,
regurgitation and chest pain for at least 6 mon were included in
this study. None had a past history of surgery or had taken H2
receptor blockers or proton pump inhibitors during the 4 wk prior to
endoscopy and 24 h esophageal pH monitoring.

Endoscopy and 24 h pH monitoring

Endoscopy was performed a week before 24 h esophageal pH
monitoring. Esophagitis was graded from Ⅰ to Ⅳ according to the
[15]
Savary-Miller classification . Only a few patients presented with
grades Ⅱ and Ⅲ and therefore grades ��
Ⅰ� and Ⅱ, Ⅲ and Ⅳ were
grouped together, respectively. Twenty-four hour intraesophageal pH
monitoring was carried out in accordance with a method described
[16,17]
elsewhere
. Patients were advised to take a standard meal with
approximately 2200 kilocalories during 24 h intraesophageal pH
monitoring. A glass pH electrode with an incorporated potassium
chloride reference electrode (Ingold Electrode, No.440) was passed
by the nasoesophageal route and positioned with the tip 5 cm
above the gastroesophageal junction identified by a pH meter. The
results from the pH probe were recorded on a solid state recorder
(Autronicord CM18), which was carried by the patients on a belt.
A computer based analysis was used for the interpretation of the
24 h pH monitoring data. The parameters recorded included the
number and percentage time of GER episodes and the number of

CONCLUSION: Pathological reflux and reflux esophagitis in some
patients with symptoms of gastroesophageal reflux represent two
different stages of gastroesophageal reflux disease. Pathological
reflux is the first stage, in which the lower esophageal sphincter
is incompetent but the esophageal mucosal resistance effectively
prevents regurgitated acid from damaging the esophageal mucosa.
Reflux esophagitis represents the second stage, in which the
aggression of the regurgitated acid is so strong that the esophageal
mucosa fails to resist it and the epithelium of the esophagus is
damaged. Patients with hiatus hernia have a high incidence of
combined daytime and nocturnal reflux, with the latter being
responsible for esophagitis.
Key words: Hernia, hiatal; Gastroesophageal reflux; Endoscopy,
gastrointestinal; Hydrogen ion concentration; Esophagitis, peptic
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Statistical analysis

Table 1 Demographic data and endoscopic findings in patients with and
without hiatus hernia
Patients with HH
(n = 71)

Patients without
HH (n = 126)

51.1 ± 1.5
51.8 ± 4.2
25/46
80.2
54.3
60.6
21.1
36.6

40.7 ± 2.9
41.0 ± 2.2
50/76
89.6
54.8
61.1
25.4
27.0

< 0.001
< 0.001
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

42.3
42.3
15.4

72.2
26.2
1.6

< 0.001
< 0.05
< 0.001

Age (yr)
Patients with esophagitis
Patients without esophagitis
Sex (n, f/m)
Heartburn (%)
Regurgitation (%)
Chest pain (%)
Smoker (%)
Alcohol consumer (%)
Endoscopic findings (%)
Normal
Grade Ⅰ-Ⅱ esophagitis
Grade Ⅲ-Ⅳ esophagitis

The Wilcoxon test was used for the analysis of GER parameters in
the patients with and without HH. Student’s t test was applied to
analyze the age and the duration of GER symptoms. The remaining
data were analyzed using the Chi square test.

P value

RESULTS
Of 197 patients with symptoms of GER, patients with HH accounted
for 36%. Demographic data and endoscopic findings in patients with
and without HH are listed in Table 1. The incidence of esophagitis
in patients with HH was significantly higher than that in patients
without HH (grade Ⅲ esophagitis,
������������� P < 0.05; and grade Ⅲ-Ⅳ
esophagitis, P < 0.001). There was no significant difference between
patients with HH and without HH concerning sex, GER symptoms,
smoking and alcohol consumption (P > 0.05).
On the basis of the results of 24 h pH monitoring and endoscopy,
the patients with HH and without HH were divided into 8 subgroups:
HH patients with RE, non HH patients with RE, HH patients with PR,
non HH patients with PR, HH patients with PhR, non HH patients
with PhR, HH patients with PhRE and non HH patients with PhRE.
GER parameters in patients with and without HH are shown in Table
2. The statistical analysis for the GER parameters in patients with
and without HH is given in Table 3. A mean percentage time with
GER in HH patients with PR was longer than that in non HH patients
with PR and a frequency of nocturnal reflux lasting over 5 min was
higher in HH patients with PR than that in non HH patients with PR.
The incidences of reflux esophagitis, pathological reflux,
physiological reflux and physiological reflux with esophagitis in
patients with and without HH are shown in Figure 1. The incidence
of reflux esophagitis in patients with HH was significantly higher
than that in patients without HH (P < 0.01); on the other hand,
the incidence of physiological reflux in patients without HH was
significantly higher than that in patients with HH (P < 0.01).
The incidence of pathological reflux and physiological reflux with
esophagitis in the two groups showed no statistically significant
difference (P > 0.05). Figure 2 shows the percentages of upright,
supine and combined upright and supine reflux in patients with and
without HH. There was a significant difference between patients with
and without HH regarding upright and combined GER (P < 0.01).
There was no statistically significant difference in supine GER in
patients with and without HH (P > 0.05).

HH = Hiatus hernia

Table 2 Gastroesophageal reflux parameters in patients with and without
hiatus hernia (¯x ± s)
RE (n = 64) PR (n = 37)
Patients with HH
% time of reflux
24-h
Upright
Supine
No. of episodes > 5 min
24-h
Upright
Supine
Patients without HH
% time of reflux
24-h
Upright
Supine
No. of episodes > 5 min
24-h
Upright
Supine

PhR (n =
84)

PhRE (n =
12)

18.8 ± 15.4
17.9 ± 5.0
19.1 ± 2.2

14.9 ± 9.8
14.4 ± 9.3
15.1 ± 0.0

2.5 ± 0.2
2.7 ± 2.2
2.1 ± 3.5

3.9 ± 2.6
4.4 ± 3.7
3.6 ± 4.2

9.1 ± 4.3
5.8 ± 4.4
3.3 ± 2.1

7.5 ± 3.2
4.2 ± 3.2
3.2 ± 2.3

0.9 ± 1.4
0.5 ± 1.0
0.3 ± 0.6

2.6 ± 4.1
1.5 ± 1.3
1.5 ± 1.8

17.1 ± 4.8
18.9 ± 3.5
13.5 ± 1.7

13.3 ± 6.7
7.0 ± 8.0
2.7 ± 2.2

2.7 ± 2.2
3.4 ± 2.8
1.5 ± 3.0

1.5 ± 1.7
0.3 ± 0.5
1.1 ± 1.6

10.5 ± 8.0
8.1 ± 6.9
2.3 ± 2.1

6.1 ± 3.5
4.5 ± 3.0
1.6 ± 1.4

0.9 ± 1.4
0.5 ± 1.0
0.3 ± 0.6

2.0 ± 2.7
1.6 ± 2.0
0.3 ± 0.8

HH = Hiatus hernia; RE = Reflux esophagitis; PR = Pathological reflux; PhR = Physiological
reflux; PhRE = Esophagitis with physiological reflux.

DISCUSSION

Table
significance
of gastroesophageal
reflux parameters
between
Table33 Statistical
Statistical
significance
of gastroesophageal
reflux parameters
patients
and without
hernia
in Table
betweenwith
patients
with andhiatus
without
hiatus
hernia2in Table 2

% time of reflux
24-h
Upright
Supine
No. of episodes
24-h
Upright
Supine
No. of episodes > 5 min
24-h
Upright
Supine

RE

PR

PhR

PhRE

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

> 0.05
> 0.05
> 0.05

Because the relationship between HH and GER disease is still
controversial, it is necessary to calculate the incidence of sliding
HH and to compare GER parameters in HH patients with those
[18]
without HH. Clagett et al reported that the incidence of HH in
the general population is far more than the number of patients
who present clinically with symptoms of GER. In 95 asymptomatic
[19]
subjects examined by Dyer et al , the incidence of HH was 33%
and only 16% of the subjects complained of symptoms of GER. Of
102 patients with symptoms of GER studied by DeMeester, 52%
[20]
[11]
had endoscopic evidence of HH . Kaul et al
reported that HH
was found in 50 of 101 patients with symptoms of GER. In our 197
patients with symptoms of GER, 36% had HH. The incidence of
reflux esophagitis in patients with HH was significantly higher than
in patients without HH, while the incidence of physiological GER was
significantly higher in patients without HH than that in patients with
HH.
The number of GER episodes, percentage time with GER and
the number of episodes lasting over 5 min in patients with HH were
compared with those in patients without HH. The results showed
that the percentage time with nocturnal reflux in HH patients
with PR was longer than that in non HH patients with PR and the
frequency of episodes lasting over 5 min at night in HH patients with
PR was higher than that in non HH patients with PR, whereas there
was no significant difference in the frequency of GER, percentage
time with GER and number of episodes lasting over 5 min between
HH patients and non HH patients with RE, PhR and PhRE. In a
[21]
previous study, Sloan et al
found that impaired emptying in

HH = Hiatus hernia; RE = Reflux esophagitis; PR = Pathological reflux; PhR = Physiological
reflux; PhRE = Esophagitis with physiological reflux.

GER episodes lasting over 5 min. A pathological reflux (PR) was
diagnosed if 1) the pH value in the regurgitated contents was less
than 4.0 and 2) the complete reflux duration was more than 7% in
[16,17]
24 h
; physiological reflux (PhR) was defined if a reflux event
did not fulfill the above criteria; reflux esophagitis (RE) means a
pathological reflux event associated with esophageal inflammatory
lesions; and physiological reflux esophagitis concomitant with
esophagitis (PhRE) means an esophageal inflammatory lesion
without pathological GER.
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daytime and nocturnal reflux was significantly higher in patients
with HH than that in patients without HH and that the incidence
of upright reflux, on the other hand, was significantly higher in
patients without HH than that in patients with HH. Attention has
long been paid to the relationship between the development of
esophagitis and patterns of GER since the advent of 24 h pH
monitoring. Some investigators, for example, have revealed that
the development of esophagitis is related to increased supine
[5,24,28-30]
reflux
. Others have found evidence to support the opinion
that daytime gastroesophageal reflux plays a more important role
[31-34]
in the development of esophagitis
. Although there are different
opinions as to the relationship between patterns of GER and esopha
gitis, it is generally recognised that a difference in patterns of GER
is related to the development of esophagitis. Our results, however,
suggested that combined daytime and nocturnal reflux may be
responsible for the increased incidence of esophagitis in HH patients.

%
60
HH
Non-HH

50
40
30
20
10
0
RE

PR

PhR

PhRE

Figure 1 The incidences of Reflux esophagitis, Pathological reflux, Physiological reflux
and Esophagitis with physiological reflux in patients with and without hiatus hernia. RE:
reflux esophagitis, PR: Pathological reflux; PhR: Physiological reflux; PhRE: esophagitis with
physiological reflux; HH: Hiatus hernia, Non HH: Patients without HH.

REFERENCES

%
70

1
HH

60

2

Non-HH

50

3

40
30

4

20
10
0

5
U

S

C

6

Figure 2 Percentages of upright, supine and combined reflux in patients with and without
hiatus hernia. U: Upright reflux, S: Supine reflux; C: Combined daytime and nocturnal reflux, HH:
Hiatus hernia, Non HH: Patients without HH.

7
8
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Increasing evidence suggests that Helicobacter pylori (H. pylori)
may play a role in the pathogenesis of duodenal ulcer although the
[1-3]
mechanism remains unsolved . More than 90% of patients with
duodenal ulcer are concomitant with H. pylori infection in gastric
antrum which leads to chronic active gastritis. H. pylori-positive
patients with duodenal ulcer are known to have a high gastric acid
output, an increased parietal cell mass and a raised basal as well as
a bombesin/gastrin releasing peptide and meal stimulated gastrin
[4-6]
secretion . The patients also have a decreased somatostatin level
[7]
in gastric juice and antral mucosal tissue . Eradication of H. pylori
may decrease hypergastrinemia, enhance antral somatostatin
[8-10]
secretion, and then reduce gastric acid secretion
. However,
hypergastrinemia and decreased antral somatostatin secretion
cannot explain the relation between H. pylori and duodenal ulcer,
because there was no consistent relationship between chronic
H. pylori infection and acid secretion (either basal or stimulated)
[11,12]
observed
.
Epidermal growth factor (EGF) is a polypeptide of 6000 daltons
[13]
containing 53 amino acid residues . The peptide has been proved
to have an action to inhibit the gastric acid secretion in several
species including humans, prevent the gastric mucosa from
damage, and promote the healing of experimental
[14-16]
gastric ulcers in rats
. Sialoadenectomy in rats damages
[16,17]
the integrity of gastric mucosa
. Mucosal ulceration can induce
a novel EGF secreting cell lineage in human gastrointestinal stem
[18]
cells . These evidences suggested that EGF may play an important
role in the pathogenesis of duodenal ulcer.
The present study was to determine the changes of basal acid
output, the secretion of gastrin, somatostatin and EGF in normal
subjects, and in patients with chronic gastritis and duodenal ulcer
due to H. pylori infection, so as to elucidate the possible role of EGF
in the pathogenesis of duodenal ulcer.
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Abstract
AIM: To investigate the concentration changes of epidermal growth
factor (EGF) in duodenal ulcer patients with Helicobacter pylori (H.
pylori ) infection.
METHODS: Immunoreactive concentration of somatostatin, gastrin
and epidermal growth factor of gastric and saliva juice in healthy
volunteers, and chronic gastritis and duodenal ulcer patients with H.
pylori infection were measured by radioimmunoassay.
RESULTS: Gastrin concentration of gastric juice in H. pylori -positive
chronic gastritis (P > 0.05) and duodenal ulcer patients (P < 0.01)
was higher than that of healthy volunteers (P < 0.05), whereas
som atostatin concentration of gastric juice in chronic gastritis (P <
0.05) and duodenal ulcer patients (P < 0.01) was lower than that
in healthy volunteers. Furthermore, EGF levels of gastric and saliva
juice in duodenal ulcer patients with H. pylori infection (n = 10,
272.0 ng/L ± 96.3 ng/L and 8.3 ng/L ± 2.4 ng/L, respectively) were
significantly lower than that in healthy volunteers (n = 12, 405.6 ng/
L ± 35.6 ng/mL and 22.0 ng/L ± 17.0 ng/L, respectively) and in H.
pylori -positive chronic gastritis patients (n = 25, 423.0 ng/L ± 104.0
ng/L and 22.0 ng/L ± 11.1 ng/L, respectively (P < 0.05).
CONCLUSION: A lower secretion of EGF may be a causative factor
in the pathogenesis of H. pylori -positive duodenal ulcer.

MATERIALS AND METHODS

Key words: Duodenal ulcer; Helicobacter pylori ; Gastritis epidermal
growth factor; Gastrins; Somatostatin

Thirty-nine H. pylori-positive patients and 14 healthy volunteers
were studied. None of them had taken steroids, nonsteroidal
anti-inflammatory drugs, antibiotics, anticoagulants, or any
investigational medication during the previous 4 wk. Exclusion
criteria included the history of chronic gastrointestinal and other

Subjects

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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active illnesses. Eligible patients gave informed written consent
before enrolment. They were assigned to two groups based on the
endoscopic results: Chronic gastritis group, consisting of 10 men
and 17 women (mean age 38.5 years) and duodenal ulcer group,
including 5 men and 7 women (mean age 32.8 years). Healthy
group included 4 men and 10 women (mean age 37.4 years).

were no significant differences in gastrin concentration between the
chronic gastritis group and the control group. On the other hand,
the somatostatin concentration of gastric juice in chronic gastritis
and duodenal ulcer group was lower than that in the control group
(P < 0.05 or 0.01). In H. pylori-positive chronic gastritis group,
the levels of EGF in saliva juice and gastric juice were 423.0 ng/L
± 104.0 ng/L, and 22.0 ng/L ± 11.1 ng/L, with no differences as
compared with those in the control group (405.6 ng/L ± 35.6 ng/L
and 22.0 ng/L ± 17.0 ng/L, respectively), (P > 0.05). However, the
levels of EGF in saliva and gastric juice in chronic gastritis group
and control group were both significantly higher than those in the
duodenal ulcer group (272.0 ng/L ± 96.3 ng/L and 8.3 ng/L ± 2.4
ng/L, respectively), (P < 0.05).

Endoscopy and basal acid output measurement

Gastroduodenoscopy was performed using an Olympus endoscope
with standard biopsy forceps. Four fragments from the lesser
curvature of the antrum at 1-2 cm from the pylorus and 2 fragments
from the greater curvature of the corpus were obtained. The biopsy
forceps were disinfected with 70% ethanol after each use. Before
the biopsy, sampling of gastric juice as much as possible was
obtained. The basal acid output was measured by titration of gastric
juice in one hour with 10 mmol/L NaOH.

DISCUSSION
This study showed for the first time that the levels of EGF in
duodenal ulcer patients with H. pylori infection were much lower
than those of the healthy volunteers and chronic gastritis patients
with H. pylori infection, and also confirmed the previous fingings
that H. pylori infection can enhance gastrin secretion and lower
somatostatin level, which can cause abnormal secretion of gastric
[4,7-10]
acid
.
A strong association between H. pylori and diseases of upper
[1,2]
gastrointestinal tract has been reported . The causal relationship
between H. pylori and chronic superficial gastritis is well established,
but that between H. pylori and peptic ulcer is rather difficult to
[1]
establish on the basis of the available data . The suggested
mechanisms in antral organism cause a duodenal lesion including
[22]
bacterial colonization of gastric metaplasia in the duodenum ,
secondary changes in gastric acid or duodenal bicarbonate
[23,24]
secretion
, or the changes caused by the infected organism and/
[25,26]
or the inflammatory response to the host
. Recently, the changes
in gastric acid caused by H. pylori infection have drawn more
attention, for inhibition of gastric acid secretion promoted duodenal
ulcer healing even in the presence of H. pylori and inflammation of
[27]
gastric antrum .
The possible hypotheses in explaining the relationship between H.
pylori infection and duodenal ulcer have been described as “gastrin
[2,28,29]
[10,30]
link”
or “somatostatin link”
, as duodenal ulcer patients
with H. pylori infection often have hypergastrinemia, which may
increase parietal cell mass and reduce somatostatin secretion known
[4-6,27-30]
to promote the gastric secretion
. On the contrary, there was
no consistent relationship between chronic H. pylori infection and
[11,12,30,31]
[11]
acid secretion observed
. Kang et al
showed that patients
with duodenal ulcer or combined gastric and duodenal ulcer had
similar gastric acid outputs irrespective of the presence or absence
of H. pylori. However, gastric ulcer patients with H. pylori had higher
basal and maximal acid output when compared to patients without
[31]
H. pylori. McColl et al
have observed that after eradication of H.
pylori in duodenal ulcer, daytime intragastric pH and nocturnal acid
secretion were unchanged, even after 7 mo. Our results showed
that hypochlorohydria in chronic gastritis patients and high acidity in
duodenal ulcer patients with H. pylori infection, both had enhanced
gastrin secretion and reduced somatostatin secretion. Low gastric
acidity in chronic gastritis may be elicited by the action of “protein
[2,32]
inhibitor of gastric acid”
, but it would not be excluded that
parietal cells may be damaged or inhibited by active inflammation of
oxyntic mucosa because of host’s response to H. pylori. The above
results suggested that “gastrin link” or “somatostatin link” could
not elucidate the mechanism of H. pylori in the pathogenesis of
[30]
duodenal ulcer , and other factor (s) should be taken into account.
The pathogenesis of peptic ulcer can be considered in terms
of aggressive factors overwhelming mucosal defense. EGF should
be one of such factors. In the previous studies it was shown that
the EGF is localized in the submandibular and Brunner’s glands of
the rats and humans, and exerts protection of gastric mucosa and
[14,16]
[15]
inhibition of gastirc acid secretion
. Olsen et al
showed that
the oral administration of human EGF/URO may benefit the healing
of chronic duodenal ulcers in rats. Gastric mucosal integrity in rats of
removed submandibular gland to reduce EGF levels in gastric juice
[16]
[33]
was prone to be damaged . Chen et al
compared patients with

H. pylori diagnosis

The presence of H. pylori in the antrum and corpus was evaluated
[19]
by microbiologic methods including culture , rapid urease test
(commercial kits from Sanqing Biological Reagents Co, Fuzhou,
[20]
China) and Warthin starry or Giemsa stains . At least two of
these tests should be positive in patients with H. pylori infection.
H. pylori identified by Warthin Starry or Giemsa stains was graded
[21]
as : 0, null; 1+, a small number of bacteria (up to 20/gastric pit)
presenting in a few of gastric pits; 2+, a large number of bacteria
(more than 20/gastric pit) presenting in several gastric pits or a
small number of bacteria in many gastric pits; 3+, a large number
of bacteria presenting in nearly all gastric pits.

Histology

Biopsy fragments taken from the antral and oxyntic mucosa were
fixed in 10% buffered formalin (pH7.4), dehydrated and embedded
in paraffin, and stained 5 μm thick with hematoxylin and eosin for
histological evaluation. All sections were examined by one of the
investigators (R.Z.R.), who was unaware of the previous histologic
results, endoscopic findings, rapid urease tests and culture results.

Extract and assay of somatostatin, gastrin and EGF from gastric and
saliva juice

Samples from gastric juice and saliva juice were boiled in water
for 10 min, centrifuged, and pH adjusted to 7.0-7.5 by 10 mmol/L
NaOH titration, then transfered to plastic tubes, and frozen with
500 KU/mL trasylol at 30 ℃. Gastrin, somatostatin and EGF were
measured using radioimmunoassay kit from National Institute
of Atomic Energy, Beijing, China, and Beijing Hai-Ke-Ri Biotech
Centre, Beijing, China, respectively. Somatostatin, gastrin and EGF
concentrations of gastric or saliva juice were expressed as ng/L.

Statistical analysis

Data of somatostatin, gastrin and EGF were expressed as mean ±
SD and analyzed using one-way ANOVA (SNK test). The differences
were considered significant when P < 0.05.

RESULTS
H. pylori status, gastric histology, and basal acid output were
investigated in 27 gastritis patients, 12 duodenal ulcer patients, and
14 volunteers. H. pylori were found in 2 of 14 healthy voluteers, 25
of 27 patients with chronic active gastritis, and 10 of 12 duodenal
ulcer patients, and in none of those with normal gastric mucosa
(Table 1). Presence of H. pylori in chronic active gastritis patients
was more common than in duodenal ulcer patients. In addition,
active inflammatory infiltration tended to attack corpus mucosa
in chronic gastritis patients (14/27), and those who had low
basal acid output. Four of 12 duodenal ulcer patients had corpus
inflammation and high basal acid output. Table 2 summaries the
concentration of somatostatin, gastrin and EGF of gastric and saliva
juice in H. pylori-positive patients and H. pylori-negative healthy
volunteers. Gastrin concentration of gastric juice in duodenal ulcer
was significantly higher than that in control group (P < 0.01). There
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Table 1 Profile of Helicobacter Pylori infection and basal acid output
Group

n

Symptom duration (> 4 mo)

Con
CG
DU

14
27
12

0
3
3

H. Pylori infection
0
12
2
2

+
2
9
8

Mucosal active inflammation

++
0
5
1

+++
0
10
1

corpus
2
27
12

antrum
0
14
4

Basal acid
0-9
0
13
0

output

(mmol/h)

2-5
14
9
1

>5
0
5
11

Con: Healthy volunteers; CG: Chronic gastritis; DU: Duodenal ulcer.

Table 2 Concentration of somatostatin, gastrin and epidermal growth factor in Helicobacter Pylori -positive patients and Helicobacter Pylori -negative healthy
volunteers (ng/L)

Group

n

Con
CG
DU

12
25
10

Gastrin

Somatostatin

Gastric juice
71.2 ± 18.3
84.1 ± 24.0
109.2 ± 24.5b

Gastric juice
105.2 ± 33.5
88.6 ± 24.8a
52.4 ± 13.8b

Epidermal growth factor
Saliva juice
405.6 ± 35.6
423.0 ± 104.0
272.0 ± 96.3b

Gastric juice
22.0 ± 17.0
22.0 ± 11.1
8.3 ± 2.4a

a

P < 0.05, bP < 0.01, compared with control group. Con: Healthy volunteers, CG: Chronic gastritis, DU: Duodenal ulcer.

gastric ulcer and duodenal ulcer to healthy subjects and observed
that EGF levels of plasma and saliva juice in the former were lower
than that in the latter. Their results are similar to ours, but different
[34]
from those of Hirasawa et al
who observed that salivary EGF
output in patients with gastric, duodenal and gastroduodenal ulcers
was higher than that in normal subjects, however, salivary EGF
output in refractory peptic ulcer patients was much lower. Therefore,
it is reasonable that any factor (s) which reduce or inhibit EGF
secretion may be able to promote gastric mucosal damage. Based
on the above evidences, we think that reduced EGF secretion may
play an important role in the development of duodenal ulcer with H.
pylori infection.
The secretion of less EGF is postulated to be predominated by
genetic factors or effects of eradication of H. pylori on the changes
of EGF levels in saliva and gastric juice (unpublished data), which
showed that EGF levels in 3 of 4 patients became normal and one
remained unchanged in one month. We presume that if less EGF
secretion is caused by H. pylori infection, alternative explanations
for the phenomenon are that cytokines or antibodies resulting from
the host’s defensive response to H. pylori infection should be the
inhibitor of secretion of EGF.
In conclusion, our study shows that gastric acidity is higher in
H. pylori-positive duodenal ulcer patients than that in H. pyloripositive chronic gastritis and healthy subjects. Contents of gastrin of
gastric juice in H. pylori positive chronic gastritis and duodenal ulcer
patients were higher than in healthy subjects, and the somatostatin
concentration was lower in healthy subjects. Levels of EGF of gastric
and salivary juice were also lower than those in the chronic gastritis
patients and duodenal ulcer patients with H. pylori infection. Based
on these results, we assume that EGF may play a causal role in the
pathogenesis of H. pylori-positive duodenal ulcer.
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Adherent properties of Helicobacter pylori to human epithelial cells
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INTRODUCTION
Helicobacter pylori (H. pylori) is a pathogen of nearly all duodenal
ulcers and most gastric ulcers and is associated with an increased
[1,2]
risk of gastric adenocarcinoma . H. pylori has been found in
intercellular junctions as well as on the surface of natural cells in
vivo, but never inside the cells for its poor invasive properties,
yet its adherent properties are rarely identical and could generate
the characteristic histopathological lesions. This study aims to
develop an in vitro model of adherence of H. pylori and analyze
the properties and the factors of adherence of H. pylori to human
epithelial cells.
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Strains and cells

The H. pylori strains used were isolated initially from patients with
[3,4]
chronic active gastritis or digestive ulcers and stored at 70 ℃ .
HEp2, an epithelial cell line, was obtained from the Chinese Academy
of Preventive Medicine and has passed 23 generations in culture.

Abstract

Adherence tests

AIM: To study the properties and factors of Helicobacter pylori (H.
pylori ) adherence to human epithelial cells.

HEp2 cells were grown in 24 well microplates (Nunc, Roskilde,
Denmark) with cover slips in 1.5 mL of Delbacco's modified Eagle’
s medium with 10% fetal calf serum without antibiotics to obtain
a subconfluent monolayer. The bacteria were cultured for 48-72 h
on Skirrow’s blood medium at 35 ℃ under 5% O2, 10% CO2 and
85% N2 and were gently harvested in brucella broth to give a cell
density of 10.7/mL. The HEp2 cell slips were washed three times
with Hank’s solution, one time with 0.2 mol/L (pH3.6) citrate buffer,
followed by addition of 0.9 mL of 0.2 mol/L (pH3.6) citrate buffer
and 0.1 mL of the bacteria suspension. The microplates were then
reincubated under microaerobic condition for 8 h and subsequently
washed 5 times with strong agitation with 0.9% saline solution to
remove nonadherent bacteria and fixed with 2.5% glutaraldehyde
solution for 15 min at room temperature. The slides were stained
and examined under light microscope.
To estimate the factors affecting the adherence, the adherence
tests were carried out in air, in varied pH or in the system containing
0.1 mL of 1:10 monoclonal antibodies specific to H. pylori
[5]
predominant antigens .

METHODS:The adherent properties of human epithelial cells
were studied using a group of isolated H. pylori strains, anti-H.
pylori monoclonal antibodies and varied pH environment in in vitro
adherence model with HEp2 cells.
RESULTS: H. pylori YC 11A was able to adhere to HEp2 cells
specifically and its adherence efficiency reached the highest (81%)
within 3 h after incubation with HEp2 cells. There was no significant
difference between adherence in air and in 5% oxygen. The
monoclonal antibodies specific to H. pylori predominant antigens
did not inhibit activities on adherence of H. pylori to HEp2 cells.
The pH value significantly affected the adherence process and the
optimal pH was 3.0-4.6.
CONCLUSION: H. pylori specifically adheres to HEp2 cells, and pH
value significantly affects this process. A high level of anti-H. pylori
predominant antibodies in serum may have no protective activities
against H. pylori infection.

RESULTS

Key words: Helicobacter pylori ; Epithelial cells; Antibodies;
Monoclonal antibodies ; Hydrogen ion concentration

The results obtained for H. pylori YC 11A adherence to HEp2 are
shown in Table 1. The adherence of H. pylori to HEp2 began 5
rd
min after coincubation and peaked at the 3 hour. There was no
significant difference between adherence in air or in microaerobic
atmosphere (P > 0.01).
H. pylori YC-11A started to adhere to HEp2 with its terminal
portion, and after a long time of incubation, it could adhere to every
part of the surface of HEp2, yet adherence to apicals of HEp2 cells
was more frequent (Figure 1).

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Table 2 Adherent efficiency of different Helicobacter Pylori strains to HEp2
cells

Table 1 Levels of sIL-2R
Time

Adherence efficiency (%)
In microaerobic conditions

5 min
40 min
1.5 h
3h
4h
5h

3±2
16.5 ± 4.0
38 ± 5
81 ± 3
84 ± 5
82 ± 4

Strains
H. pylori YC-1
H. pylori YC-2
H. pylori YC-3
H. pylori YC-4
H. pylori YC-5
H. pylori YC-6
H. pylori YC-7
H. pylori YC-8
H. pylori YC-9
H. pylori YC-11A
H. pylori YC-11B

In air
4±2
14.0 ± 3.5
34 ± 6
78 ± 4
76 ± 3
81 ± 4

A

Adherence efficiency (%)
74
76
52
64
61
58
71
85
80
81
79

H. pylori: Helicobacter pylori

Adherent efficiency（%）

100

B

80
60
40
20
2.6

3

3.6

4

4.6

5

5.6

6.4

7.2

Figure 2 Effect of pH on adherence of Helicobacter pylori to HEp2 cells.

Table 3 Monoclonal antibodies inhibited adherence of Helicobacter pylori
YC-11A to HEp2 cells
Monoclonal antibody
21A5-3
22C6-3
23C2-2
31A10-1
31A11-3
31B1-1
31B1-2
31D12-2
Control

Figure 1 Adherence of Helicobacter pylori YC 11A to HEp2 cells (1000 ×). A: Incubation for 40
min��;� ������������������
B: Incubation for 5�� h.
��

The adherence efficiency obtained with 11 strains of H. pylori
isolates is listed in Table 2. The pH of adherence environment
remarkably affected the adherence of H. pylori YC-11A to HEp2 cell
(Figure 2). The optimal adherent pH was 2.6-4.6 and the maximum
adherence efficiency was obtained with pH at 3.0. The results of
inhibition of monoclonal antibodies specific to H. pylori on adherence
are listed in Table 3 and there was no inhibited activity at pH3.6 in
microaerobic atmosphere.

[9]

antibodies specific to its adhesin . H. pylori infection stimulates
immune response, leading to a much higher level of antibodies in
[4]
sera . The monoclonal antibodies used were a cluster of antibodies
[5]
specific to the predominant antigens of H. pylori , but they all
had no inhibitory actions on adherence of H. pylori and even more
promoted adherence of H. pylori. These results further indicated
that a high level of antibodies in human serum against H. pylori
predominant antigens might not benefit the clearance of H. pylori
in gastric mucus and may be a factor for persistence of H. pylori
infection.

DISCUSSION
To colonize luminal mucus, H. pylori adheres to the apical plasma
membrane of the epithelial cell surface in the antrum in vivo by
the specific compounds on its surface. These specific structures
include flagella and adhesins. All the eleven strains of H. pylori
isolates showed different adherent efficiency, indicating that
the expression level of adhesin and mobility by various isolates
differed.
Current evidence suggested that there are a number of adhesins
[6]
on the surface of H. pylori. These include fibrillar hemagglutinin
[7]
and M (microbial) selectins . Fibrillar hemagglutinin specifically
[6]
binds sialyllactose . M selectin is similar to exoenzyme S from
Pseudomonas aeruginosa in structure, and immunogenity and
monoclonal antibodies against this adhesin prevent the attachment
of H. pylori in vitro to its lipid receptors—gangliotetraosyceramide,
[8]
gangliotriaosylceramide and phosphatidylethanolamine . Yet, the
gastric acidic environment has not been considered. Adherence of
H. pylori to HEp2 cell was pH restricted and the low pH benefited
the adherence, suggesting that the binding properties of adhesins
of H. pylori to its receptor and the natural properties of the adhesins
and their receptors possibly possess specificities, which differ greatly
from those of other enteropathogens, such as enterotoxingenic
Escherichia coli, whose virulence can be easily neutralized by

WJG|www.wjgnet.com
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INTRODUCTION
Fecal occult blood test (FOBT) has been the most important
procedure for population screening for colorectal cancer since
[1,2]
Greegor first reported it in 1967 . During screening, both early
colorectal cancer and precancerous lesions such as adenomatous
polyps can be detected, so screening for colorectal neoplasms with
FOBT is a procedure of secondary prevention as well as a measure
for primary prevention of colorectal cancer. The conventional
chemical FOBT (e.g. hemoccult) requires dietary control to reduce
the false positive rate and the three day sampling to reduce the
false negative rate. Although the reverse passive hemagglutination
(RPHA) method which was developed in the 1980s raised the
[3]
sensitivity and specificity of screening, Saito et al suggested that a
single sampling RPHA may be adequate for screening. This has not
been verified in large population screening. In the present study,
we screened a high risk population for colorectal cancer with RPHA
FOBT and 60 cm fiberoptic colonoscopy and evaluated various
protocols of RPHA FOBT (one, two and three sampling) for screening
for colorectal neoplasms.
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Abstract
AIM: To evaluate the one and three sampling reverse passive
hemagglutination fecal occult blood test (RPHA FOBT) for colorectal
neoplasm screening.
METHODS: A group of 3034 individuals with histories of colorectal
polyps and/or ulcers were screened for colorectal cancer. Three
day fecal samples were collected and 60 cm fiberoptic colonoscopy
was conducted for each subject. The fecal samples were tested
for occult blood with the RPHA method and the endoscopic and
histopathological diagnoses were used as standard reference for
evaluation. The sensitivity, specificity and positive and negative
predictive values of different samplings were compared.

MATERIALS AND METHODS
Subjects

RESULTS: About 521 cases of colorectal neoplasms were detected,
including 12 cases of colorectal cancer and 509 cases of polyps.
Results showed that the mean sensitivity of one sampling RPHA
FOBT for colorectal neoplasm was only 13.2%, the specificity
was 90.3% and the positive and negative predictive values were
21.3% and 83.4%, respectively; while for the three sampling,
taking one positivity as positive, the sensitivity increased to 22.0%,
the specificity decreased to 81.6% and the positive and negative
predictive values were 19.7% and 83.6%, respectively.

A total of 3034 individuals with a history of rectal polyps and ulcers
detected in mass screening 10 years ago in Haining and Jiashan
counties in Zhejiang province included 1716 males and 1318
females, aged 32-72, with a mean age of 49.2 years.

Methods

All subjects had a 60 cm fiberoptic colonoscopy and those with
positive endoscopic findings had a biopsy for histopathological
examination. The bowel preparation and endoscopic procedures
[4]
were reported in another paper . No dietary control was required
and three day fecal samples were collected and submitted for
laboratory testing before endoscopy. The RPHA FOBT was performed
[5]
for each sample, according to Zhu et al . During analysis, subjects
were divided into two groups: Neoplasm (cancer, adenoma

CONCLUSION: A single RPHA FOBT seems to be less sensitive
for screening for colorectal neoplasms. Since it is convenient and
economical, RPHA FOBT remains the most practical procedure for
detection of early colorectal cancer and polyps if it is combined with
other screening methods.
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Table 4 Relationship between three sampling 1/3 (+) and colorectal
neoplasm

Table 1 Relationship between the 1 reverse passive hemagglutination fecal
occult blood test and colorectal neoplasm
Colorectal neoplasm
RPHA FOBT

+
60
380
440

+
-

Total

250
1863
2113

Total

Colorectal neoplasm

310
2243
2553

RPHA FOBT
Total

Sensitivity: 13.6% (60/440), specificity: 88.2% (1863/2113), positive predictive value: 16.1%
(60/310), negative predictive value: 83.1% (1863/2243).

nd

Colorectal neoplasm
RPHA FOBT

+
-

Total

168
1823
2009

346
1539
1885

Colorectal neoplasm

Total
RPHA FOBT

236
2195
2431

+
-

Total

+

-

46
341
387

138
1747
1885

Table 6

rd

RPHA FOBT
Total

+
-

Total

RPHA FOBT

206
2066
2272

Total

+
-

+
21
366
387

66
1819
1885

Total
87
2185
2272

Sensitivity: 5.4% (21/387), specificity: 96.5% (1819/1885), positive predictive value: 24.1%
(21/87), negative predictive value: 83.2% (1819/2185)

Sensitivity: 14.2% (55/388), specificity: 92.0% (1733/1884), positive predictive value: 26.7%
(55/206), negative predictive value: 83.9% (1773/2066).

in an apparently normal digestive tract; it is, however, seldom more
than 2 mL over 24 h. The conventional chemical FOB test has a low
sensitivity and can only detect more than 10 mL/24 h of bleeding
[6]
in the lower digestive tract . Therefore, a three day sampling has
been recommended clinically to elevate the sensitivity of the test.
However, it is difficult to implement in large population screening
because of the greatly increased work load of sample collection, lab
tests, the data process and the cost for reagents. In 1984, Saito
first reported the application of RPHA FOBT in screening colorectal
cancer, suggesting that one sampling RPHA might replace the three
[3]
day hemoccult test because the former had a higher sensitivity. In
[7]
China, Zhou et al also successfully developed RPHA FOB test kits
that can detect intestinal bleeding as small as 0.48 mL/24 h.
In order to objectively evaluate the efficacy of RPHA in screening
for colorectal neoplasias, the present study compared the results
of one with three sampling RPHA FOBT, using 60 cm fiberoptic
colonoscopy as a standard reference. Our study revealed that the
mean sensitivity of one sampling RPHA FOBT was only 13.2%, which
means that as many as 86.8% of colorectal neoplasias might be
missed if FOBT is used as the only measure for screening. However,
when the three sampling method is used with taking 1/3 (+) as
positive criteria, 22.0% of colorectal neoplasias can be detected. The
authors previously reported that the sensitivity of three sampling
RPHA FOBT for colorectal cancer was 63.6% and was 40% for
villous or tubulovillous adenoma, which has an increasing tendency
[8]
to malignant transformation .
The low sensitivity of one sampling RPHA FOBT may result
from the variation of bleeding status of early colorectal neoplasia,
[9]
particularly polyps. Ahlquist et al measured FOB with a hemoccult
test consecutively for 2 wk in a group of patients with colorectal
cancer. They found that only one quarter of the patients presented
with consistent positivity and that the FOB fluctuated day by day
in the remainder. Therefore, three day sampling is more likely to
find occult intestinal bleeding; on the other hand, it will definitely
increase the cost and work load of screening, particularly in a large
population. To cope with this dilemma, we designed a new screening
protocol comprising one sampling RPHA FOBT plus a computerized

and polyps) and non neoplasm, according to endoscopic and
histopathological diagnoses. For those who completed three RPHA
FOBT, three test thresholds were used: (1) all tests positive as
positive [3/3 (+)]; (2) two positive as positive [2/3 (+)];�������������
and (3) one
positive as positive [1/3 (+)]. The sensitivity, specificity and positive
and negative predictive values were used as efficacy indicators for
evaluation. For comparison, χ 2 test was performed with Epi info
software and the Mantel Haenszel or Yate’s correction was used for
significance analysis.

RESULTS
Out of 3034 subjects, 521 cases of colorectal neoplasms were
diagnosed by endoscopic and histopathological examination.
There were 12 cases of cancer and 509 polyps, in which adenoma
accounted for 45.0% (229/509). Among 2553 subjects who
completed at least one FOB test, there were 440 neoplasias (12
cancers and 428 polyps); in 2431 subjects who had at least 2 FOB
tests, there were 422 neoplasias (12 cancers and 410 polyps);
in 2272 subjects who completed three FOB tests, 388 cases of
neoplasia were detected, including 11 cancers and 377 polyps. The
correlation between neoplasia and three FOBT results is presented
in Tables 1-3. The mean sensitivity, specificity and positive and
negative predictive values for three tests were 13.2%, 90.3%,
21.3% and 83.4%, respectively. In 2272 subjects who had three
FOB tests, the sensitivity and specificity of the FOB test to neoplasia
using different positive thresholds are shown in Table 4, Table 5 and
Table 6. It was demonstrated that with the elevation of a positive
threshold [1/3 (+) to 3/3 (+)], the sensitivity decreased from
22.0% to only 5.4%, while the specificity increased from 81.6% to
96.5%.

DISCUSSION
Occult bleeding of the lower digestive tract is the most common
symptom of early cancer or polyps of the large bowel. Meanwhile,
in physiological conditions, there can be a small amount of bleeding

WJG|www.wjgnet.com

184
2088
2272

Relationship between three sampling 3/3 (+) and colorectal
Colorectal neoplasm

151
1733
1884

Total

Sensitivity: 11.9% (46/341), specificity: 92.7% (1747/1885), positive predictive value: 25.0%
(46/184), negative predictive value: 83.7% (1747/2088).

Table 3 Relationship between the 3 reverse passive hemagglutination fecal
occult blood test and colorectal neoplasm
Colorectal neoplasm

431
1841
2272

Table 5 Relationship between three sampling 2/3 (+) and colorectal
neoplasm

Sensitivity: 11.8% (50/422), specificity: 90.7% (1823/2009), positive predictive value: 21.2%
(50/236), negative predictive value: 83.1% (1823/2195).

+
55
333
388

Total

Sensitivity: 22.0% (85/387), specificity: 81.6% (1539/1885), positive predictive value: 19.7%
(85/431), negative predictive value: 83.6% (1539/1841).

Table 2 Relationship between the 2 reverse passive hemagglutination fecal
occult blood test and colorectal neoplasm

+
50
372
422

+
-

+
85
302
387
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risk assessment as a primary screening procedure. With the
combination of two methods, the sensitivity of primary screening will
be raised. In a high incidence area, we screened 62, 667 individuals
aged 30 and above using this protocol. Among them, 4299 subjects
required endoscopic examination; in 3162 people who underwent
endoscopy, 397 cases of colorectal neoplasia were detected,
including 41 cancers and 356 polyps. In all cases of neoplasia, 172
(43.3%) had a positive FOBT and the remaining 56.7% of cases
[10]
were screened endoscopically only according to risk assessment .
In conclusion, RPHA FOBT is a convenient, economical and
noninvasive method for screening colorectal neoplasia, although
it is less sensitive. If used in combination with other screening
measures, RPHA FOBT can still be an effective method for detecting
early colorectal cancer and polyps. Whether to choose one or three
sampling methods depends on the size of the screened population
and the availability of resources.

3

4
5
6
7
8
9
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INTRODUCTION
Studies on lactate dehydrogenase (LDH) isoenzyme patterns in
colorectal cancer tissues have rarely been reported although its total
[1,2]
and specific activities have been measured by many authors . To
study the pathogenesis of colorectal cancer and provide a certain
theoretical basis for diagnosis, in the present study we determined
the total and specific activities and isoenzyme patterns of LDH in
colorectal cancer tissues and in adjacent noncancerous tissues.

Author contributions: All authors contributed equally to the work.
Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-)
Correspondence to: Dr. Chun-Hua
���������������
Zhao��,� The Department of Biochemistry,
Shandong Medical University, Jinan 250012, Shandong Province, China
Telephone: +86-531-2952424-693

MATERIALS AND METHODS

Received: July 1, 1996
1������
, 1996
Revised: September �������
, 1997
Accepted: January 1������
Published online: March 15, 1997

Materials

All samples were obtained surgically and histological examinations
were made routinely. The samples were washed with ice cold normal
saline to remove contaminated blood and stored at 30 ℃.
In our experiment specimens were obtained from rectal cancer
(13 cases), colonic cancer (3 cases) and noncancerous tissues taken
at 5-8 cm proximal or distal to the edges of the tumor of the same
patient. Nine men and seven women were included in the group. All
reagents used were “Anala R” grade.

Abstract
AIM: To investigate the relationship between lactate dehydrogenase
(LDH) activity or LDH isoenzyme patterns and the pathogenesis of
colorectal cancer.

Methods

METHODS: Activities of tissue LDH and LDH isoenzyme patterns
in 16 patients with colorectal cancer were assayed using
spectrophotometric procedures and agarose gel electrophoresis,
respectively.

Preparation of tissue homogenate supernatants 0.3 g tissues
were homogenised in 3 mL of 0.01 mol/L Tris HCl buffer (containing
0.001 mol/L DTT, 0.001 mol/L EDTA, pH7.5) and centrifuged at
20000 × g for 20 min at 4 ℃ (DUPONT RC5C). The supernatants
were collected for assay.

RESULTS: The total and specific activities of LDH were significantly
higher in colorectal cancer tissues than those in adjacent
noncancerous tissues (P < 0.001). The LDH isoenzyme pattern
was also different from that in the control. The percentage of LDH5
doubled and the ratio of LDH4 + LDH5/LDH1 + LDH2 was 3.6 ± 1.4 in
cancer tissue, significantly greater than in the control.

Determination of LDH activity Enzymatic activities in tissue
extracts were measured by spectrophometric procedures with
[3]
2,4-dinitrophenylhydrazine . 1 μmol pyruvate produced at 37 ℃ for
15 min represented one unit.

CONCLUSIONS: The increased LDH activity in colorectal cancer
tissues resulted mainly from the increased LDH5, suggesting that the
alteration of LDH activity and isoenzyme patterns were related to the
pathogenesis of colorectal cancer.

Isoenzyme patterns Isoenzyme patterns were assayed by
[4]
agarose electrophoresis modified according to Lou et al . Gels were
scanned at 500 nm using a Dual Wavelength Chromato Scanner
(Shimadzu CS-930).

Key words: Colonic neoplasms; Rectal neoplasms; Lactate
dehydrogenase; Lactate dehydrogenase isoenzymes

Determination of protein content Protein content was measured
[5]
by the method of Bradford , with bovine serum albumin as standard.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Statistical analysis
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All values were expressed as ¯x ± s and Student’s t test was used
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Table 1 Lactate dehydrogenase activities in colorectal cancer tissues and adjacent noncancerous tissues (¯x ± s)

b

Tissues

n

Total activities (u/g tissue)

Specific activities (u/mg protein)

Cancer tissue
Adjacent Control
Proximal tissue
Distal tissue

16

62.70 ± 13.50

63.41 ± 12.41

16
16

43.15 ± 22.95d
44.81 ± 17.24b

38.22 ± 19.77b
39.92 ± 15.15b

P < 0.01, dP < 0.01 vs cancer tissue

Table 2 Lactate dehydrogenase isoenzyme patterns in colorectal cancer tissues and adjacent noncancerous tissues (¯x ± s)
n

Tissues
Cancer tissue
Adjacent control
Proximal tissue
Distal tissue

1

2

LDH isoenzyme (%)
3

4

5

LDH4 + LDH5/LDH1 +
LDH2

16

1.65 ± 1.42

15.54 ± 3.80

26.59 ± 6.25

36.63 ± 6.80

19.13 ± 8.05

3.6 ± 1.4

16
16

4.93 ± 6.19
4.28 ± 2.55b

19.18 ± 5.29a
22.17 ± 4.57b

30.05 ± 4.04
34.38 ± 5.75e

37.03 ± 8.24
30.76 ± 5.83a

8.76 ± 6.04e
8.11 ± 6.32e

2.3 ± 1.2a
1.7 ± 0.9e

a

P < 0.05, bP < 0.01, eP < 0.001 vs cancer tissue. LDH: lactate dehydrogenase.

mined. Our results indicated that the increased LDH5 contributes
to the increase of total LDH activity in tumors; the ratio of LDH4 +
LDH5/LDH1 + LDH2 also increased greatly, i.e. 3.6 ± 1.4, suggesting
that LDH isoenzyme pattern shifts towards the M type. It is the
M type LDH that promotes the conversion of pyruvate to lactate,
while the H type LDH mainly catabolizes the utilization of lactate.
Therefore M type LDH can be found predominantly in colorectal
cancer tissues in which anaerobic glycolysis is increased abnormally.
Market et al thought that the patterns of isoenzymes were
biochemical phenotypes of genes. H and M subunits were controlled
by A and B genes, respectively. The findings that LDH isoenzyme
patterns shift towards the M type may be related to its abnormal
expression of genes, suggesting that studying the expression of LDH
genes in colorectal tumors will help to elucidate its pathogenesis. In
the comparison of malignant tissues with the control at the distance
[8]
of 1, 2, 4, 6 and 8 cm from the edge of cancer, Onos found
that LDH activity in cancer tissues was very high and it gradually
decreased in control tissues surrounding the tumor with a distance
from cancer. By studying LDH isoenzyme patterns in precancerous
polyps, Onos also found that it shifts towards the M type, indicating
that the deviation of LDH isoenzyme patterns in normal tissue could
be regarded as early signs of malignancy before the morphological
changes.
Our results suggest that the alteration of LDH activity and its
isoenzyme patterns are related to the pathogenesis of colorectal
cancer and more details will be studied in our laboratory.

LDH5
LDH4
LDH3
LDH2
LDH1
A

B

C

Figure 1 Lactate dehydrogenase isoenzyme patterns. A: proximal tissue; B: cancer tissue; C:
distal tissue. LDH: lactate dehydrogenase.

for intergroup comparison.

RESULTS
LDH activities

Table 1 shows that both the total and specific LDH activities
in tumors were significantly higher than those in the adjacent
noncancerous tissues (P < 0.001).

LDH isoenzyme patterns

The electrophoretograms of LDH isoenzymes in the diseased foci
showed a shift towards the M type (Figure 1). The percentages of
LDH1 and LDH2 in tumors decreased significantly in comparison
with proximal and distal noncancerous tissues; the percentage of
LDH3 decreased while that of LDH4 increased in comparison with
distal tissues; the percentage of LDH5 was 2.2 and 2.4-fold higher
than that in proximal and distal tissues, respectively. The ratio of
LDH4 + LDH5/LDH1 + LDH2 was 3.6 ± 1.4, above the control (Table
2).
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Clinical observation of I-labeled anti-alpha fetoprotein antibody
radioimmunotherapy in hepatocellular carcinoma

Ying-De Wu, Ke-Zeng Yang, De-Nan Zhou, You-Quan Gang, Xiang-Qun Song, Xiao-Hua Hu, Bing-Yan Huang
RESULTS: The effective rate (CR + PR) was 31.6%, tumor shrinkage
rate was 63.2% (12/19), AFP descending rate 64.7% (11/17) and 6
cases became AFP negative. The post treatment 1 year survival rate
was 47.1% (8/17). Seven cases are still alive. Five cases survived
14.33 mo, showing good therapeutic tolerance and minimal toxic side
effects.
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CONCLUSION: The therapeutic effect in the treatment group was
significantly better than that of the control groups. This may be due
125
to the effect of the continuous radiation of the long half life I within
the tumor cells.
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Radioimmunotherapy
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INTRODUCTION
There have been many experimental and clinical reports about
[1-5]
targeted treatment of hepatocellular carcinoma (HCC) . In 1980
131
the authors in 1980 started to use I anti alpha fetoprotein (AFP)
[5]
for the treatment of HCC, reported preliminary results in 1983 and
published the results of 72 cases in 1994, which showed rather good
[6]
131
curative effects . However, I has several short comings, such as
requiring highly protective measures, a short half-life, apparent time
125
limits, etc. Hence, the authors selected nuclide I as the warhead.
Although its energy is low, it has a long half-life, is easy to operate
and only requires comparatively simple protective measures. In this
125
paper, the authors reported the use of I anti AFP antibodies to
treat 22 cases of unresectable HCC (treatment group) from March
1991 to November 1993. HCC cases of the same period treated by
131
intravenous I anti AFP targeted therapy (A group), intravenous
anticancer drugs, anti AFP conjugates (B group) and chemotherapy
alone (C group) were used for control studies.
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Abstract
AIM: To observe the therapeutic effects and toxic side effects of 125I
labeled horse anti-human alpha fetoprotein (AFP) polyclonal antibodies
in immune targeted therapy against hepatocellular carcinoma (HCC).
METHODS: A modified chloramine-T method to produce nuclide
125
I labeled horse anti-human AFP polyclonal antibodies was used to
treat 22 cases of HCC. Drugs were administered by intravenous drip.
125
The median dose of I in the whole group was 289.3 (100.3-708.9)
MBq. In this series of 22 cases, 19 were evaluated. HCC cases of the
131
same period treated by I anti AFP (A group), anti-cancer drugs and
anti AFP conjugates (B group) and chemotherapy alone (C group)
were used as controls.
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MATERIALS AND METHODS
Preparation of 125I anti AFP antibodies

Horse anti-human AFP polyclonal antibody serum was extracted by
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125

appearance of jaundice and worsening illness. One patient who left
the hospital due to liver rupture was not reexamined after treatment.
In the control groups, A, B and C, all the patients died except one in
control group A. The effective rate and one year survival rate in the
treatment group were higher than those in the control groups (Table
3). In the treatment group, the tumor shrinkage rate was 63.2%
(12/19), median shrinkage rate was 45.0% (18%�������������
-������������
100%) and 6
cases had a shrinkage rate of more than 50%. Of the 7 cases of the
treatment group who survived, 5 cases had already survived for 14,
14, 22, 30 and 33 mo. One patient, a 29 year old male, received 3
targeted therapies with the following results: The tumor shrank in
size from 8.9 cm × 8.1 cm to 4.9 cm × 3.8 cm; AFP of more than
1600 μg/L became negative; the tumor gouged out surgically was 4.5
cm × 4.5 cm × 4 cm in size and found to have nodular liver cirrhotic
changes; cross section of the tumor showed a necrotic substance;
and pathological examination showed that the tumor was a highly
differentiated hepatocellular carcinoma. Electron microscopy (Figures
1-4) revealed the vacuolation of cellular organelles, nuclear dissolu
tion or pyknosis of the nuclei, cellular degeneration, necrosis and the
disappearance of normal structures.

the ammonium sulfate precipitating method and purified by affinity
125
chromatography. The purified antibodies were labeled with
I
(supplied by the China Atomic Energy Research Institute) by the
125
chloramine-T method. The product I anti AFP was isolated by a
Sephadex G column and filtered to remove bacteria. After cultivation
and limulus testing to ascertain the lack of bacteria and pyrogens,
the product was prepared for clinical use. Altogether 22 batches
125
were prepared, with a I recovery rate of 60%-80%, labeled rate
of 65%-83%, and comparative radioactivity of 56.74 GBq/g IgG.

Cases

All cases were diagnosed as primary HCC on the basis of CT or
hepatic arteriography, B ultrasonic examination or AFP test. Except
for 2 cases which were AFP negative (confirmed by pathological
examination), all cases were AFP positive (> 400 μg/L). The heart,
liver and kidney functions of these 22 patients on admission were
basically normal. Their pretreatment clinical characteristics are
illustrated in Table 1.

Methods of treatment

Treatment group: 3-6 d before and 7 d after treatment the patients
were given compound iodine solution to block the thyroid gland.
125
Skin tests were performed prior to I anti AFP intravenous drip
and prednisone 30 mg was taken fractionally to prevent allergic
125
reactions. The labeled drug was given once per month. The
I
median dose of the whole group was 289.2 (100.3-708.9) MBq.
The IgG amount of anti AFP antibodies was 5.2 (1.8-12.8) mg. Ten
125
of the treatment group were treated only by
I anti AFP, while
the remaining 12, after receiving 1.2 targeted treatments, were
given intravenous chemotherapy, transarterial infusion (TAI) or
transarterial chemoembolization (TAE).
131
Control groups: (1)����������������������������
the �����������������������
A group was treated by
I anti
[6]
AFP. The method of preparation followed that of Wu et al . The
administration of drug was the same as the treatment group (Table
2); (2)�����������������������������������������������������������
the ������������������������������������������������������
B group was treated by conjugates of 5 Fu, DDP or MMC
with anti AFP IgG [method of preparation follows that of Tumor,
1992; 12 (1):1]. The dose was 10.20 mL per day, diluted with
normal saline, by intravenous drip once a day or on alternate days,
consecutively for 20��������������������������������������������
-�������������������������������������������
50 d; and (3)������������������������������
the �������������������������
C group was treated with
DDP 100 mg, within 3 or 5 d by intravenous drip, MMC 6.10 mg/wk,
intravenous drip for 2 wk and 5-Fu 0.5-0.75 g/d for 5 d. Some of
the cases adopted TAI or TAE. All were repeated once every 4 wk
and the treatment ran for 2-4 cycles (Table 2).

AFP changes

The AFP descending rate in the treatment group was 64.7% (11/17,
in 6 cases the AFP became negative) and was higher than those
in the control groups, A, B and C. The AFP descending rates of the
control groups were 44.0% (12/25), 38.1% (8/12) and 46.6%
(7/15), respectively.

Toxic side effects

There were no allergic reactions in the treatment group. Two cases
(receiving the same batch of labeled material) had fever (38.8 ℃
and 39.5 ℃) one hour after the intravenous drip. The fever was
related to the pyrogens. There were 5 cases whose SGPT was
increased slightly. Leukopenia grade Ⅰ, Ⅱ and Ⅲ occurred in 4, 3,
2 cases, respectively, which was significantly lower than that in the
chemotherapy only group and in chemotherapy group it occurred
in 19, 4 and 3 cases, respectively. In the treatment group, T3 and
T4 were determined in 27 cases and there was a decrease in 8 and
6 cases, respectively. One case was medicated with thyroid tablets
because he had clinical manifestations of mild “hypothyroideism”.
The patient had returned to normal when he was reexamined 2 mo
after treatment.

DISCUSSION

Therapeutic observations and criteria of curative and toxic side
effects

131

People use lipiodol as a carrier for antitumor drugs, nuclide
I
125
or I as warheads in targeted therapy for HCC. This therapeutic
method was indicated for the treatment of unresectable HCC.
[7]
[8]
[4]
[2]
131
Bretagne , Baoul et al , Lu et al and Wang et al used I (or
125
I) labeled lipiodol infusion via the hepatic artery or combined with
antitumor drugs for the treatment of HCC. The AFP descending
rate was 37%��������������������������������������������������
-�������������������������������������������������
86.7%, the objective effective rate was 40%������
-�����
75%,
and the post treatment 1 year survival rate was 31%. However,
it was necessary to deliver the drugs via the hepatic artery.
Regarding using antibodies as a carrier, many scientists have
[9]
131
reported the usage of anti-ferritin antibody. Order used I antiferritin antibodies in treating 105 cases of HCC, applying targeted
therapy after radiotherapy combined with chemotherapy. The
[1]
131
effective rate was 48% (CR 7%, PR 41%). Tang , ������
using I antihuman HCC isoferritin antibodies as the main tool, integrated this
tool with radiotherapy, chemotherapy and immunotherapy in the
treatment of 47 cases of HCC. The results were that in 13 cases the
tumors shrank and were resected and 7 cases survived for more
131
than 3 years. We used I anti AFP ≥ 2 times for 47 cases of HCC,
achieving a one year survival rate of 45.7%. However, in that group
of patients, 14 cases received drugs via the hepatic artery. The
effective rate was higher in treatment via the hepatic artery than via
the intravenous route (64.3% vs 15.2%). Also, the 1 year survival
rate was higher in the former than the latter (64.3% vs 37.5%).
In our group of 22 cases, most were in the advanced stage (Table
1) and the drugs were all administered by the intravenous route.
In cases treated ≥ 2 times, the 1 year survival rate (57.1%) was

The blood pictures were examined every week. Each patient had
heart, liver and kidney function tests and AFP tested pretreatment.
B ultrasound or CT examinations were carried out monthly or
bimonthly. Determination of the blood thyroid function T3 and
125
T4 before treatment and during the monitoring of the blood,
I
turned to zero. Detection of the biological bodily distribution of
125
I by FT-3120 isotope activity was performed in some cases to
125
determine the blood
I concentration (% dose/mL) at different
times after treatment and the urinary excretion rate (the percentage
125
of 24 h urine I administered dose amount). The organ surface
-1
cpm·min of the liver and some other organs were also determined.
The evaluation of the short term therapeutic effects was carried
out according to CR, PR, MR, SD and PD standards. The toxic side
effects and reactions were evaluated according to the WHO toxic
reaction graduated standard.

RESULTS
All patients in the treatment group were followed up for 10.33
mo. In 2 cases, the duration of treatment was less than one
year. Nineteen cases in the treatment group were evaluated and
3 cases in which the tumor mass was either too big, numerous
or complicated with tumor thrombus of the portal vein were not
evaluated. Of these 3 cases, 2 were discharged from hospital on
th
th
the 14 and 19 day after one targeted treatment because of the
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Table 1 Pretreatment clinical characteristics of the treatment and control (A, B, C) groups
Characteristics

Treatment group

Cases
Sex (male/female)
Average age (yr)
Age range
Type, stage (Ⅱ/Ⅲ)
Simple type (case)
Cirrhotic type (case)
Tumor mass ≤ 7
Size (cm) 7.1 - 10
> 10
Node single
multiple
Portal vein tumor thrombus
AFP > 400 (μg/L)
< 25
HBsAg (+)

Control groups
A

B

C

22
20/2
46.4
27.65

25
25/0
42.6
28.71

21
20/1
43.7
30.6

25
24/1
45.3
31.64

14/1
7/0
2
10
10
9
13
9
20
2
19

15/1
8/1
7
13
5
12
13
11
25
0
21

15/1
5/0
6
8
7
6
15
6
21
0
18

17/1
6/1
8
13
4
16
9
9
18
7
22

Table 2 Dose, cycle (times) number of 125I group and control (A, B, C) groups
125

Treatment program

I

Targeted times, treatment (case)
Average/case (MBq)
Median/case (MBq)
Chemotherapy (case)
Including TAI, E (case)

A

B

Ⅰ

≥Ⅱ

Ⅰ

≥Ⅱ

6
163.5
207.2p
7
7

16
382
340.4
5
3

8
388.5
392.2
11
4

17
984.9
936.1
6
1

C
Ⅰ

≥Ⅱ

0
13

251
3

treatment for 20-50 d
2
2

1

25 cases treated by 2 cycles, among them 13 cases had once of TAI.

Table 3 Short term therapeutic effects, post treatment survival rate of the treatment group and control (A, B, C) groups
Therapeutic effect

Treatment group

1

Control groups
A

CR + PR
CR + PR + MR
Survival ≥ 6 mon
Survival ≥ 12 mon
Still alive

22
31.6 (6/19)
42.1 (8/19)
68.4 (13/19)
47.1 (8/17)
7

2

16
37.5 (6/16)
43.8 (7/16)
75.0 (12/16)
57.1 (8/14)
7

2

25
4.0 (1/25)
16.0 (4/25)
28.0 (7/25)
16.0 (4/25)
1

17
5.9 (1/17)
23.5 (4/17)
41.2 (7/17)
23.5 (4/17)
1

B
21
4.8 (1/21)
28.6 (6/21)
42.9 (9/21)
9.5 (2/21)
0

C
25
8.0 (2/25)
20.0 (5/25)
52.0 (13/25)
8.0 (2/25)
0

1

Only in 125I group 1 case reached CR; 2by 2 or more than 2 times of treatment.

Figure 1 Electron microscope observation of resected specimen 125I anti alpha fetoprotein
treatment. (Li, male, 27 years old, HCC, admittance No.10206 tumor cross section, necrotic
material, capsule intact electron microscope: Degeneration, necrosis of tumor tissue). Normal liver
cell, from juxta tumor. × 2200

Figure 2 Electron microscope observation of resected specimen 125I anti alpha fetoprotein
treatment. (Li, male, 27 years old, HCC, admittance No.10206 tumor cross section, necrotic
material, capsule intact electron microscope: Degeneration, necrosis of tumor tissue). Dissolution
of nucleus. × 7700

significantly higher than those of the control groups (P < 0.05).
Besides, 7 were still alive. Electron microscopy of the surgical
specimen obtained from one post treated patient showed cellular
degeneration and necrosis, indicating that such morphological
changes were related to the selective action of the targeted drugs.
[10]
125
Koji et al
reported
���������������������������������������������������
that on the 7th day after the infusion of I
labeled anti AFP and F (ab’) into the rat liver cancer model, within
the tumor, 30%���������������������������������������������������
-��������������������������������������������������
60% of the radioactive materials localized on the
cell membrane and nuclear membrane of the cancer cells. Such
localization within the tumor was 4 times higher than that in the

control group IgG. He further observed that the AFP of advanced
stage HCC patients dropped to normal level and was maintained at
125
that level for more than 4 mo after receiving I anti AFP treatment.
He believed that this might be due to the attack and inhibition of
the cancer cells by the antibodies. Judging from the observation
125
of the blood I levels and the urinary excretion rates determined
at different times in some of our treated patients, and as time
125
passes, such blood I levels and urinary excretion rates declined
125
but rather slowly, showing that the radiation action of I within the
cancer cells might persist for quite a long time, thereby producing
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Figure 4 Electron microscope observation of resected specimen 125I anti alpha fetoprotein
treatment. (Li, male, 27 years old, HCC, admittance No.10206 tumor cross section, necrotic
material, capsule intact EM: Degeneration, necrosis of tumor tissue). Pyknotic nucleus, organelle
vacuolation. × 7700

Figure 3 Electron microscope observation of resected specimen 125I anti alpha fetoprotein
treatment. (Li, male, 27 years old, HCC, admittance No.10206 tumor cross section, necrotic
material, capsule intact EM: Degeneration, necrosis of tumor tissue). Nuclear dissolution, organelle
vacuolation. × 4000

comparatively good therapeutic results. This paper and the Koji
125
experimental investigation suggest that I anti AFP possesses a
certain degree of specificity in the treatment of HCC. Of course, this
131
awaits further clinical verification. Although I possesses certain
merits, such as a strong tumoricidal effect, it has short comings such
as a short half-life, time limits, needing rather expensive preventive
125
measures and patients having to be isolated. On the other hand, I
has several advantages, e.g. long half-life, low energy, short X-ray
penetration distance (about the diameter of a cell), little adverse
effect on normal cells, easy to operate, simple protective measures
and having significant practical value. It can be prepared as HCC
targeted treatment medical kits to be used extensively in the clinical
field.

5
6
7

8

9
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Drinking water and liver cancer
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CONCLUSION: There were substances that caused chromosomal
aberrations in the drinking pond water in high liver cancer incidence
areas of Guangxi. Different kinds of drinking water were closely
related to the incidence of liver cancer. Chemical mutagens in the
water may be an important factor in the high incidence of human
liver cancer.
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INTRODUCTION
AFB1, HBV infection and polluted drinking water are three important
risk factors for the high incidence of liver cancer which have received
extensive attention in the research of the pathogen for primary
hepatic carcinoma (PHC). The epidemiological investigation has
shown that there is a close relationship between polluted drinking
water and the incidence of liver cancer. This relationship is especially
[1]
common in the high liver cancer incidence area in Guangxi where
we found that people who drank the pond water daily had a higher
incidence of liver cancer than those who drank the well and river
[2]
water .
The purpose of our research was to observe the relationship
between the drinking water and liver cancer using a micronuclear
technique in the root tips of Vicia faba in order to provide a scientific
basis for an epidemiological investigation.

Abstract
AIM: To study the relationship between the mutagenicity of drinking
water and incidence of liver cancer in high liver cancer incidence
areas in Guangxi.
METHODS: A relationship between the mutagenicity of drinking
water and incidence of liver cancer was studied in Fusui County,
a high liver cancer incidence area in China. Thirty-two samples
of different kinds of drinking water (13 samples of pond water, 3
samples of well water near the ponds, 5 samples of well water, 6
samples of river water and 5 samples of tap water) were tested with
a micronuclear technique in the root tips of Vicia faba.

MATERIALS AND METHODS
Spots and water sample collection

RESULTS: Among the 32 samples of different kinds of drinking
water, 12 samples of pond water and 2 samples of well water near
the ponds induced micronucleus frequencies on the root tips of
Vicia faba to increase (P < 0.01), with the average micronucleus
rate being 15.8����������������������������������������������
%���������������������������������������������
and 11.7������������������������������������
%�����������������������������������
, respectively, while there was no
difference between the micronucleus frequencies on the root tips
of Vicia faba induced by well water (4.3�����������������������
%����������������������
), river water (3.9���
%��)
or tap water (4.2����������������������������������
%���������������������������������
) and that on the control group (P > 0.05).
Micronuclear effects on the root tips of Vicia faba in different kinds
of drinking water were positively related to the incidence of liver
cancer (r = 0.86, P < 0.05).

WJG|www.wjgnet.com

There are about 80 thousand people in Fusui County. We set up 32
spots in 23 villages according to the types of drinking water in the
area and water samples were collected from each spot. The drinking
water included pond water, well water near the ponds, well water,
river water and tap water where Cl2 (chlorine) had not been added.
The water samples were put in plastic buckets separately and then
kept at 10 ℃ for the experiment after being numbered. The Vicia
faba is a green bean and the purely bred seed was provided by the
Biology Department of Huazhong Teachers’ University in China. The
micronuclear background was 3������������������������������������
%�����������������������������������
-5���������������������������������
%��������������������������������
. The incidence of liver cancer
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Table 1 Micronuclear effects on the root tips of Vicia faba induced by
different kinds of water

Table 4 Micronuclear effects on the root tips of Vicia faba induced by well
water

Water samples

Spots
Ruilong
Sairen
Dubang
Tangan
Zhongyuan
Distilled water
K2Cr2O7

Pond water
Well water by the
ponds
Well water
River water
Tap water
Distilled water
K2Cr2O7

The number of
samples

MCN‰ (¯x ± s)

Induced effects

13
3

15.8 ± 4.05b
11.7 ± 6.15

+
+

5
6
5
12
12

4.3 ± 0.74
3.9 ± 0.87
4.2 ± 0.85
4.5 ± 0.58
25.1 ± 5.10b

+

MCN‰ (¯x ± s)
5.00 ± 1.00a
3.30 ± 0.47a
4.67 ± 1.15a
3.85 ± 0.57a
4.51 ± 0.51a
4.33 ± 0.52
24.9 ± 3.10b

Induced effects
+

MCN of water from each spot was compared with distilled water (t test), bP < 0.01, aP < 0.05.

Each sample was compared with the distilled water (t test). bP < 0.01.

Table 5 Micronuclear effects on the root tips of Vicia faba induced by river
water
Table 2 Micronuclear effects on the root tips of Vicia faba induced by pond
water
Spots
Mumin
Lingfan
Bayang
Liansui
Ruilong
Zhongyuan
Busha
Sairen
Lailu
Sanhe
Dubang
Jutun
Tanlong
Distilled water
K2Cr2O7

MCN‰ (¯x ± s)
13.3 ± 1.24b
16.3 ± 4.73a
15.3 ± 2.52b
18.0 ± 2.00a
9.7 ± 0.58a
15.3 ± 2.50b
16.0 ± 1.60a
20.0 ± 1.63a
5.0 ± 1.00
8.7 ± 1.15b
21.7 ± 4.16b
19.3 ± 1.53b
18.0 ± 2.16b
4.4 ± 0.58
25.0 ± 3.24b

Spots
Longtun
Nale
Wangzhuang
Liuqiao
Funong
Longtou
Distilled water
K2Cr2O7

Induced effects
+
+
+
+
+
+
+
+
+
+
+
+
+

Table 6 Micronuclear effects on the root tips of Vicia faba induced by tap
water
Spots
Changping
Zhongdong
Nongyang
Tangan
Yiqiao
Distilled water
K2Cr2O7

Table 3 Micronuclear effects on the root tips of Vicia faba induced by well
water by the ponds
MCN‰ (¯x ± s)
17.7 ± 8.14a
3.0 ± 1.00
14.3 ± 3.05a
4.1 ± 0.25
25.6 ± 5.20b

Induced effects
+

MCN of water from each spot was compared with distilled water (t test), bP < 0.01.

MCN of water from each spot was compared with distilled water (t test). bP < 0.01, aP < 0.05)

Spots
Tangan
Mumin
Jucheng
destilled water
K2Cr2O7

MCN‰ (¯x ± s)
5.33 ± 0.57
4.00 ± 1.00
4.10 ± 0.85
3.66 ± 0.75
5.67 ± 0.50
4.66 ± 1.10
4.23 ± 0.52
25.70 ± 2.30b

b

Induced effects
+
+

MCN‰ (¯x ± s)
3.33 ± 0.57
4.33 ± 0.55
5.00 ± 1.00
4.12 ± 0.87
3.80 ± 0.51
4.30 ± 0.50
25.71 ± 2.91b

Induced effects
+

P < 0.01.

Table 7 Relationship between different kinds of drinking water and the
incidence of liver cancer

+

MCN of water from each spot was compared with distilled water (t test), P < 0.01, aP < 0.05.

Type of drinking water

was the annual rate per 100000 derived from the reports from
the Fusui Cancer Institute from 1973 to 1987. All the cases in the
reports had been investigated and checked by researchers in this
specific field.

Pond water
Well water by the
ponds
Well water
River water
Tap water

b

Incidence of liver cancer
(/100 thousand)

RR

82.56b
75.85b

2.34
2.17

63.12a
45.69a
35.01

1.80
1.31
1.00

Micronuclear experiments on the root tips of Vicia faba

Comparison between the incidence of liver cancer induced by different kinds of water and
that induced by tap water, bP < 0.01, aP < 0.05

RESULTS

Table 2 shows the micronuclear effects on the root tips of Vicia
faba induced by pond water. Tests of 13 pond water samples
showed that 12 samples of water induced increased micronucleus
frequencies on the root tips of Vicia faba, with a positive rate of
92.3% and the average micronucleus rate between 8.7%-21.7��
%�.
Table 3 shows the micronuclear effects on the root tips of Vicia
faba induced by well water by the ponds. Tests of 3 water samples
showed that 2 samples induced increased micronucleus frequencies
on the root tips of Vicia faba.
Table 4, Table 5 and Table 6 show the micronuclear effects on
the root tips of Vicia faba induced by well water, river water and tap
water separately. There was no difference between the micronucleus
frequencies induced by these water samples and the controls (P >
0.05).
Table 7 shows the relationship between the different kinds of
drinking water and the incidence of liver cancer. 40000 people who
drank pond water had a higher incidence of liver cancer than the
40000 who drank well water by the ponds, well water and river

The tests were carried out according to the method, procedure and
[3,4]
requirements of Degress and other reports . Routine germinating,
handling, pruning, fixing and hydrolysis were conducted. After that,
we took 3 root tips from each sample, observed 1000 cells under
the super microscope, calculated the number of the micronucleus
cells (MCN) and the micronucleus rate (MCN �������������������������
%������������������������
). Statistical analysis
of MCN% was carried out on the tested and control group. Distilled
-6
water was used as a negative control and K2Cr2O7 (3.4 × 10 mol/L)
as a positive control by each assay.

Table 1 shows the micronuclear effects on the root tips of Vicia faba
induced by different kinds of water samples. Tests of 32 samples
of different water samples showed that micronucleus frequencies
of Vicia faba root tips induced by pond water were the highest (P <
0.01), next was well water near the ponds (P < 0.05), while there
was no difference between the micronucleus frequencies induced by
well water, river water or tap water and the negative controls (P >
0.05).
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people to develop liver cancer and provided experimental evidence
for the etiology of liver cancer.
Research shows that drinking highly polluted surface water,
water with added Cl2 and water with a high concentration of CHCl3
will increase the risk of liver cancer. The risk may come from
many mutagens and/or carcinogens which have interrelated and
[5]
cooperative roles in the polluted drinking water . In our research,
we found mutagenic substances in the drinking pond water of
Fusui County. The people who drink polluted pond water have the
highest incidence of liver cancer, which is 2.34 times as much as the
incidence of liver cancer in those who drink tap water. The degree
of the micronuclear effects induced by different kinds of water
coincided with the incidence of liver cancer (r = 0.86, P < 0.05),
that is to say, people who drink highly polluted water and water with
a strong micronuclear effect have a high incidence of liver cancer.
Although a single chemical mutagen and/or carcinogenic substance
may have a very low concentration in the polluted water at a PPb or
PPm level, this will harm the DNA and reach a carcinogenic threshold
for animals and humans drinking it long term. Frequent exposure to
[6]
the carcinogenic environment with AFB1 and mycotoxins and so on
may be another important risk factor for the high incidence of liver
cancer.
There has been no definitive final conclusion about the cause
of liver cancer to date but many scholars think that liver cancer
is caused by the complementary effects of multiple carcinogenic
factors. Therefore, preventing hepatitis, reducing intake of AFB1
[7]
and drinking hygienic water are basic strategies to prevent
liver cancer. Our research shows that there may be some specific
carcinogens in the drinking water of high liver cancer incidence
areas. So, the incidence of liver cancer will be lowered by controlling
and preventing pollution of water with all kinds of mutagens and/or
carcinogens. It is predicted that liver cancer will be the first cancer
that man can prevent. Certainly we can.

Table 8 Relationship between micronuclear effects induced by different
kinds of drinking water and the incidence of liver cancer
Type of drinking water
Pond water
Well water by the
ponds
Well water
River water
Tap water

MCN‰ (¯x ± s)

Incidence of liver cancer
(/100 thousand)

15.8 ± 4.05
11.7 ± 6.15

82.56
75.85

4.3 ± 0.74
3.9 ± 0.87
4.2 ± 0.85

63.12
45.69
35.01

MCN induced by different kinds of drinking water was compared with the incidence of liver
cancer, (r = 0.86, P < 0.05).

water, while those who drank tap water had the lowest incidence of
liver cancer. There is a marked difference between the incidence of
liver cancer induced by different kinds of drinking water other than
tap water and that induced by tap water.
Table 8 shows the relationship between micronuclear effects on
the root tips of Vicia faba induced by different kinds of drinking
water and the incidence of liver cancer. The micronuclear effects
induced by pond water samples was strong, so the people who
drank pond water had a higher incidence of liver cancer, while the
incidence of liver cancer among those who drank well water, river
water and tap water was low. Micronuclear effects on the root
tips of Vicia faba induced by the substances in different kinds of
drinking water coincided with the incidence of liver cancer (r =
0.86, P < 0.05).
Comparing the micronuclear effects induced by different pond
water samples with the incidence of liver cancer among the local
people, we found that the micronuclear effects induced by pond
water agreed with the changing incidence of liver cancer on the
whole. However, the micronuclear effects induced by different
pond water samples changed greatly because of the varying
degrees of pollution of the pond water and its interrelation with
the incidence of liver cancer was not significant (r = 0.53, P >
0.05).
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TRADITIONAL MEDICINE

Co-regulative effects of the cAMP/PKA and DAG/PKC signal pathways on
human gastric cancer cells during differentiation induced by traditional
Chinese medicines

Shan-Qing Gu, Yun-Yan Liang, Li-Ren Fan, Bao-Yuan Li, Dai-Shu Wang

level and PKA activity were increased by 78.8% and 33.5% compared to
the control, while the DAG content and PKC activity were decreased by
40.3% and 56.3%. When MGc80-3 cells were treated with bailong and
PKA inhibitor blocked PKA pathways at the same time, cAMP level and
PKA activity were decreased by 46.0% and 28.9%. On the other hand,
DAG content and PKC activity were increased by 50.7% and 51.6%
compared to the bailong group.
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CONCLUSION: There is a relationship of cause and effect between
differentiation of MGc80-3 cells and the signal pathways. The results of
this study are similar to that of hexamethylenebisacetamide (HMBA),
suggesting that the two signal systems are the foundation of proliferative
regulation of MGc80-3 cells treated with Chinese medicine bailong or
HMBA.
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INTRODUCTION
Most extracellular agonists exert their effects on cells by
activating or inhibiting transmembrane signaling systems that
control the production of second messengers. Recently, the
biochemistry of cellular signaling systems have come to the fore
as potential targets for the discovery and development of new
[1,2]
anticancer drugs . In general, cAMP plays a negative role in cell
proliferation and a positive role in differentiation of cancer cells.
On the other hand, the role of two second messengers, DAG
and IP3, act against cAMP. As we know, malignant phenotypes
of some cancer cells can be changed by cAMP and its derivatives
through the regulation of the PKA system. Actually, it is the
result of the combined regulation of several signal systems.
Furthermore, an increasing body of literature suggests that PKC
may play a role in the signal transduction pathways mediating
hexamethylenebisacetamide (HMBA) induced changes in cellular
[3]
growth and differentiation . Nishizuka pointed out that there
were crosstalk between the cAMP/PKA and DAG/PKC pathways

Abstract
AIM: To evaluate the role of cAMP/PKA and DAG/PKC pathways of
MGc80-3 cells treated with a traditional Chinese medicine compound,
bailong preparation (bailong).
METHODS: cAMP level, DAG content and activities of PKA and PKC
were measured in different groups: control; 1.8 g/L bailong; 1.8 g/L
bailong + 20 mg/L PKA inhibitor; and 5 μmol/L PKC inhibitor.
RESULTS: When MGc80-3 cells were treated with bailong for 3 h, cAMP
level and PKA activity were 113% and 19.7% higher than those of the
control, while DAG content and PKC activity were 47.0% and 64.2%
lower than those of the control. When the PKC pathway was blocked by
PKC inhibitor GF-109203 X, cAMP level and PKA activity were increased
by 78.8% and 33.5% compared to inhibitor GF-109203 X, and cAMP
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[4]

[9]

and provided two models for their interaction . Tumor therapy
[5,6]
by TCM has been reported , but its mechanism of function is
not clear and there are no papers on the co-regulative effects on
different signal systems. Previous research showed that bailong
responded well in tumor therapy and that its function was related
to a signaling system. Further investigations on signal pathways
of MGc80-3 cells treated with bailong were carried out in this
study in order to evaluate its positive and negative regulation
compared to that of HMBA.

RESULTS
Effects on cAMP-PKA pathway in MGc80-3 cells treated with bailong

From Figure 1 and Figure 2, both the bailong and PKC inhibitor could
enforce the cAMP-PKA pathway in MGc80-3 cells when treated for 3
h. When treated with bailong, cAMP level and PKA activity increased
by 112.7% and 19.7%, while when treated with PKC inhibitor, it
increased by 78.9% and 33.5% compared to the control. When
treated with the bailong and PKA inhibitor, cAMP level and PKA
activity decreased by 46.4% and 28.9% compared to the bailong
group.

MATERIALS AND METHODS
Preparation of bailong medium

Bailong, a traditional Chinese medical formula, is composed of
8 Chinese medicinal herbs, including Solanum lyratum thumb
and Solanum nigrum L. The end product is produced by Tianjin
Pharmaceutical Factory of Chinese Medicine. 300 g/L powder of
bailong (its efficacy is 6 times higher than the crude drugs) was
dissolved in 100 mL distilled water, then sterilized at 0.07MP for 20
min and centrifuged at 3000 r/min for 15 min after cooling down.
The supernatant was collected as stock buffer and its concentration
was 18 g/L, while the working buffer was 1.8 g/L. Normal medium
was the same as the bailong medium.

Other reagents
3

Effects on DAG-PKC pathways in MGc80-3 cells treated with bailong

From Figure 3 and Figure 4, both the bailong and PKC inhibitor
could block the DAG-PKC pathway in MGc80-3 cells treated with
bailong for 3 h. When treated with bailong, DAG and PKA activity
decreased by 47.0% and 64.2%, while when treated with PKC
inhibitor it decreased by 40.3% and 56.3% compared to the control.
When treated with bailong and PKA inhibitor, DAG and PKA activity
increased by 50.7% and 51.6%.

3

[ H] glycerol was purchased from Amersham, [ H] cAMP and
32
[r- P] ATP were obtained from the Institute of Nuclear Energy
of China, PKA inhibitor (type Ⅲ) was purchased from Sigma
and PKC inhibitor (GF-109203 X) was obtained from Boehringer
Mannheim.

DISCUSSION
According to the theory of traditional Chinese medicine (TCM),
tumorigenesis and development always follow a process of
blood stasis due to stagnation of Qi, causing accumulation of
phlegm-dampness, stagnation of heat, disorder of the viscera
and their interrelations, and deficiency of both blood and Qi.
Upon this, bailong, a prescription of TCM, with 8 herbs including
Solanum lyratum thumb and Solanum nigrum L. as ingredients,
functions on fostering the original essence, strengthening the
body defense, promoting blood circulation so as to remove the
blood stasis and clear away pathogenic heat and toxic materials.
After several modifications of its composition and much research
on the production line, bailong was not made into a medicinal
preparation until 1991. Clinical and experimental studies
suggested that bailong could inhibit tumor growth in vivo and in
vitro. Based on previous works, further investigations on the coregulation and their interaction between cAMP/PKA and DAG/PKC
signal systems of MGc80-3 cells treated with bailong was carried
out in order to ascertain the malignancy reduction of cancer cells
by regulating the expression of signal systems, which helps to
integrate the theory of TCM and Western medicine to regulate
tumor growth and differentiation at the molecular level.
In measuring the efficacy of bailong, remarkable growth
inhibition of tumor cells occurred at the concentration of
1.0 g/L. At the concentration of 1.8 g/L, growth inhibition of
MGc80-3 cells was 52.9% on the 3rd day and 75.8% on the
th
4 day. MGc80-3 cells were still treated with bailong at the
concentration of 1.8 g/L. Three hours later, we found that cAMP
level and PKA activity increased while the DAG content and
PKC activity decreased. This suggests that: 1. the two signal
systems were closely related to growth inhibition of MGc80-3
cells resulting from bailong. Picus thought that activation
of PKC could be the common pathway in process of tumor
[12]
promotion
and the role of differentiation of PKA Ⅱ has been
universally acknowledged. High expression of PKA related to
differentiation and low expression of PKC related to proliferation
are the reasons for growth inhibition of MGc80-3 cells. It is
worth pointing out that bailong could translocate PKA Ⅱ from
cytoplasm to the nucleus in EAC cells, which is very similar to
that of HMBA. This is the first time the role of TCM in regulating
cell proliferation and differentiation of cancer cells through the
cell signaling systems has been reported; 2. When MGc80-3
cells were cultured with bailong for 3 h, remarkable changes
of the two signal systems were observed, but the growth
rd
th
inhibition was not obvious until the 3 or 4 day, indicating that
the changes of messenger molecules appeared earlier than
[13]
that of cell proliferation by several cell cycles . Regulation of

Cell culture

MGe80-3 cells were maintained at 37 ℃ in the presence of
5% CO2 in RPMI-1640 (Gibco) medium containing 15% bovine
serum.

Determination of intracellular cAMP level 1

To take advantage of the competitive combination between cAMP
3
and H-cAMP into specific protein kinase, intracellular cAMP level
was measured using a radioimmunoassay kit, as described by
the manufacturer, which was supplied by the Chinese Academy of
[7]
Science. Samples were extracted according to Jakobsen . cAMP
level was expressed as pmol/10.6 cells.

DAG measurement

3

To label MGc80-3 cells with H-glycerol for 15 h according
[7]
to Wolfman et al , cells were collected and extracted, then
extended on Silica gel G, followed by scintillation counting in Picofluor (Packard).

Protein extraction

Cells were washed and scraped into cold phosphate buffered saline
(PBS). After being centrifuged at 1000 r/min for 5 min, sediment
was dissolved in cell lysis buffer (20 mmol/L, Tris HCI, 4 mmol/L
EDTA, 1 mmol/L EGTA, pH7.5) at 0 ℃, lysed by sonication without
breaking the nuclear membrane, and then added to the same
volume sucrose Tris buffer (40 mmol/L Tris HCI, pH7.5, 0.66
mol/L sucrose, 0.1
mol/L β-mercaptoethanol, 2 mmol/L PMSF).
3
Centrifuged at 4 ℃ for 5 min in order to precipitate the nucleus,
partial supernatant was used to measure the activity of PKA. The
remaining sediment was3 re-suspended in the surplus, sonicated
nuclear membrane at 0 ℃, 10% Trito X 100 was added to final
concentration of 1%, shaken on ice for 1 h and centrifuged again
at 34000 r/min for 1 h. Supernatant was purified by DEAE-52
(Whatman) and the column was balanced with buffer (5 mmol/L
Tris HCI, pH7.5, 1 mmol/L EGTA, 50 mmol/L β-mercaptoethanol)
previously. The column was washed with 10 mL balance buffer
after samples were added, then washed out with balance buffer
containing 0.15 mol/L NaCl so that the washed buffer could be used
for a PKC activity assay.

Assay of activities of PKA and PKC

The activities of PKA and PKC were determined according to Plet et
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al and Dabon et al and the
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protein content in these extracts was
[11]
determined according to Lowry’s assay .
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Figure 3 Changes of DAG activity in MGc80-3 cells treated in different conditions. A: control;
B: 1.8 mg/L bailong; C: 1.8 g/L bailing + 20 mg/L PKA inhibitor; D: 5 mmol/L (n = 3)
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Figure 1 Changes of cAMP level in MGc80-3 cells treated in different conditions. A: control; B:
1.8 g/L bailong; C: 1.8 g/L bailong + 20 mg/L PKA inhibitor; D: 5 mmol/L PKC inhibitor (n = 3)
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Figure 2 Changes of PKA activity in MGc80-3 cells treated in different conditions. A: control; B:
1.8 g/L bailong; C: 1.8 g/L bailing + 20 mg/L PKA inhibitor; D: 5 mmol/L PKC inhibitor (n = 3)

Figure 4 Changes of PKC activity in MGc80-3 cells treated in different conditions. A: control; B:
1.8 g/L bailong; C: 1.8 g/L bailing + 20 mg/L PKA inhibitor; D: 5 mmol/L PKC inhibitor (n = 3)

bailong was similar to that of HMBA in signal transduction of
[14]
MGc80-3 cells , which suggested both of them may have the
same mechanism. To ascertain if the relationship of cause and
effect between regulation of bailong and two signal systems
existed in MGc80-3 cells, different blockers of signal pathways
were used to inhibit signal transduction. When the cAMP/
PKA pathway of MGc80-3 cells was blocked by PKA inhibitor
(type Ⅲ), the efficacy of bailong was obvious, that is to say,
cAMP level and PKA activity did not rise compared to the bailong
group and the DAG/PKC pathway returned to the level of the
control. If the PKC inhibitor GF-109203 X was used as positive
standard instead of treatment with bailong, it was found that
the role of blocking the DAG/PKC pathway was similar to that
of bailong. Thus it proved that cAMP/PKA and DAG/PKC signal
pathways were related to the anticancer action of bailong. In
[15,16]
view of recent research
, cAMP and its derivatives (8-CIcAMP, db-cAMP, etc.) and PKC inhibitor (such as staurosporine
analogues: CGP41 251 and UCN-01) conspicuously reduce
malignancy of cancer cells. Cellular signaling systems have been
regarded as one of the potential targets for the discovery and
development of new anticancer drugs, which suggested that
the analysis of bailong should conform to international studies
on cellular signaling systems, especially to the results of HMBA.
So the promotion of differentiation of MGc80-3 cells induced
by bailong might be the positive and negative result of the two
signal pathways. Tony Hunter pointed out that the interaction
of protein kinases and phosphatases conformed to Nishizuka’
[4]
s
model, in which the interaction of protein kinases and
[17]
phosphatases were suited to the TCM theory of Yin Yang . The
positive and negative regulation of cAMP/PKA and DAG/PKC in
MGc80-3 cells could also be explained by the Yin Yang theory. All
of these suggest that the same targets are shared by Chinese
and Western medicine and further investigations are needed.

2
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Study of the regulatory effect of acupuncture on rotation-induced gastric
dysrhythmia in rabbits
An-Li Zhang, Ri-Xin Chen, Ming-Fei Kang, Hong-Li Fan, Wan-Ling Wang
wave for the Zusanli and Neiguan groups was 2.2870 ± 0.3800 and
2.4020 ± 0.3536, respectively, before needling and after needling,
the frequency was 2.7090 ± 0.5865 and 2.9220 ± 0.4923 for the
Zusanli and Neiguan groups, respectively. Comparing the percentage
and frequency for the Zusanli and Neiguan groups before and
after needling, the result shows that both groups have a significant
difference statistically (P < 0.05) but between the Zusanli and
Neiguan groups, there was no significant difference. Before and
after needling the nonspecific acupoints of Tiaokou and Tianquan,
there was no difference between the Tiaokou and Tianquan groups.
Between the Zusanli and Tiaokou groups and the Neiguan and
Tianquan groups, there are significant differences in regulating
gastric dysrhythmia.
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CONCLUSION: This model is suitable for the observation of gastric
dysrhythmia. The specific acupoints of Zusanli and Neiguan have good
effects on the treatment of gastric dysrhythmia.
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INTRODUCTION
Abstract

Our previous studies demonstrated that acupuncture can
treat gastric dysrhythmia very well. In order to observe the
differences of different acupoints in treating gastric dysrhythmia,
we established a model of gastric dysrhythmia by the rotation
method and treated the dysrhythmia by puncturing at different
acupoints. By comparing the differences of regulating gastric
dysrhythmia between using specific and nonspecific acupoints, an
experimental basis is provided for treating motion sickness and
gastric dysrhythmia syndrome by acupuncture treatment.

AIM: A model of experimental gastric dysrhythmia in rabbits was set
up to evaluate the effect of different acupoints on regulating gastric
dysrhythmia in rabbits so as to promote acupuncture treatment for
this kind of disease.
METHODS: A model of gastric dysrhythmia in rabbits was
established by the rotation method using the basic electrical rhythm
(BER) as an objective index. After puncturing at the points of Zusanli
(ST36), Neiguan (PC6), Tiaokou (ST38) and Tianquan (PC2) in
the four groups of experimental gastric dysrhythmia rabbits, the
difference in regulatory effects on the disturbance and frequency of
the gastric electric slow wave was observed.

MATERIALS AND METHODS
All 60 rabbits were implanted with two silver electrodes beneath the
serous coat 2 cm from the pylorus of the curvatura ventriculi major
with the distance of the two electrodes at 1 cm. The conducting wire
goes out from the neck. The experiment was carried out after the
rabbits recovered.
The gastric dysrhythmia model was established by the rotation
method; the speed of rotating apparatus was 0.5C/S, rotating in
the same direction for 20 min.

RESULTS: Before needling at the specific acupoints Zusanli and
Neiguan, the percentage of disturbance electric slow wave for the
Zusanli and Neiguan groups was 57.0785 ± 10.644 and 55.5173
± 6.0500, respectively; after such needling, the percentage was
43.7823 ± 10.1518 and 43.5147 ± 6.8983 for the Zusanli and
Neiguan groups, respectively, while the frequency of electric slow
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The gastric dysrhythmia rabbits were divided randomly into four
groups of 15 rabbits; the specific acupoint Zusanli (ST36), Neiguan
(PC6), nonspecific acupoint Tiaokou (ST38) and Tianquan (PC2)
groups. Each acupoint was stimulated for 10 min with manipulation
given evenly. An electrogastrogram (EGG) was recorded for 5 min
before and after acupuncture. In accordance with our previous
study, we regarded 3.00-3.95 C.P.M as a normal slow wave
frequency, with out of this range regarded as an abnormal slow
wave frequency. The experimental data were calculated using the t
test.

improvement of gastric dysrhythmia (P > 0.05). There appeared
to be some differences between the Zusanli and Tiaokou groups.
Zusanli had a better regulatory effect than Tiaokou and Neiguan
had a better regulatory effect than Tianquan.

The significance of the rotation induced model

In previous studies, researchers often used injections or surgery to
establish a gastric dysrhythmia model. These methods are useful
but have limitations to a certain degree as they may disturb or even
destroy the subjects’ neurohormonal regulatory system and are
usually not consistent with the disease in clinical practice.
By viewing the situation as a whole, our study imitated the
pathogenesis of motion sickness and disturbed the vestibular system
by rotating so as to establish a gastric dysrhythmia model in rabbits.
The model is steady and easy to repeat and suitable to investigate
the acupuncture effects on gastric dysrhythmia.

RESULTS
Rabbits were studied after fasting for 12 h. Head and body shaking
vibrated the rabbits’ eyes after the rabbits were rotated for 20 min.
The EGG showed that before rotation, the percentage of disturbance
slow wave was 36.051 ± 8.0388 and frequency was 3.3426 ±
0.2523 C.P.M. After rotation, the percentage of disturbance wave
was 51.6914 ± 5.9842 and frequency was 2.670 ± 0.4541 C.P.M.
Comparing before and after rotation, the percentage of disturbance
wave and frequency was significantly improved (P < 0.001), with
the disturbance of EGG lasting more than two hours.

Specific acupoints

Based on TCM theory, acupoints have functions in common and
specific acupoints have their specific character. The effects of
acupuncture are closely related to different acupoints for different
diseases. Zusanli, with a sophisticated function of regulating
gastric dysrhythmia, is indicated for treating gastric disorders. The
Tiaokou group served as a control group. The results showed that
the acupuncture effect of Zusanli is better than its same channel
nonspecific acupoint Tiaokou and thus Zusanli has its specific effect
on gastric disorders.
For a long time, many researchers have paid more attention to
using Neiguan to treat cardiac disease, but there are few reports
on treating gastric diseases. Our study showed that Neiguan has
fine effects on treating gastric diseases and a better effect than the
nonspecific acupoint Tianquan.

Regulatory effect of acupuncture on gastric dysrhythmia by using
different acupoints

Before acupuncture, there was no significant difference in the
percentage of disturbance slow wave and frequency of the four
groups (P > 0.05). After acupuncture, the gastric dysrhythmia in
the Zusanli and Neiguan groups was greatly improved and almost
recovered to normal. Zusanli and Neiguan groups had a similar
regulatory effect. In comparing before and after acupuncture
in the Tiaokou and Tianquan groups, there was no significant
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REVIEW

Current status of basic and clinical research in the field of
gastroenterology in China
Xie-Ning Wu
[2]

Xie-Ning Wu, Department of Gastroenterology, Shanghai First People’s Hospital,
Shanghai 200080, China

and dietary composition . Recently, an esophageal manometric
study was conducted in asymptomatic esophageal diabetic patients
that showed the following abnormalities: Diminution of resting LES
pressure and amplitude of contraction of the lower segment of the
esophageal body, increase of tertiary and segmental contractions
[3]
and frequent double peak and multi peak contractions .
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of the Academic Committee of Shanghai Gastroenterological Association, and
Executive Committee Member of the Shanghai Hepatology Association; Member
of the APASL and International Gastro-surgical Club.

STOMACH
The gastric and gallbladder emptying time was reduced after
long term acid inhibition by omeprazole in the treatment of reflux
esophagitis combined with concomitant reduction of postprandial
release of pancreatic polypeptides and normal serum VIP and CCK.
It was suggested that the diminished vagal tone was responsible
[4]
for the long term use of omeprazole in reflux esophagitis patients .
Helicobacter pylori (Hp) is now also a subject of emphasis in China
and has become a rapidly expanding specialty. In 43 strains of Hp,
an analysis of the expression of CagA and VacA virulence factors
was carried out. According to their gastric and phenotypic properties,
type Ⅰ bacteria had the gene coding for CagA and expression of
protein together with vacuolating cytotoxins, whereas type Ⅱ bacteria
did not. There was an intermediate phenotype expressing CagA
independently of VagA or vice versa and the authors concluded
that CagA is not necessary for the expression of vacuolating
[5]
cytotoxins . On differentiation of Hp isolated from recrudescence
and reinfection after dual or triple therapy, some used PCR and
single strand conformation polymorphism analysis was also found to
[6]
be useful in the epidemiological study of Hp infection . On a study
of local humoral immunity of gastric Hp infection, research in the
Shanghai Institute of Digestive Diseases studied the immunoglobulin
antibodies to Hp immunoblot analysis in 167 patients with various
gastroduodenal diseases. Protein bands 138, 71 KDa and 100.31 KDa
were most frequently found (92%-100%) and 64.67 KDa protein
was found in 72.5% of duodenal ulcers, 64.2% of gastric ulcers and
92.9% of gastric cancer. The author concluded that 64.67 KDa protein
band might be a marker for predicting and assessing the severity
[7]
of gastric disease . Among IgG, IgA and IgM bands in children, the
IgM bands were more numerous than those in adults, indicating an
[8]
early stage of Hp infection . Another basic study was conducted
on hydrophobicity changes of the gastric mucosal surface to search
for the influence of Hp in patients with erosive gastritis and peptic
ulcer and the contact angle was found to be decreased in Hp positive
patients, which reflected hydrophobicity changes and phospholipase
levels in the mucosa. It suggests weakening of the mucosal barrier
[9]
and disturbed mucosal phospholipid metabolism .
In Hp infection, the levels of ascorbic acid and copper zine
superoxide dismutase in gastric juice were significantly lower in Hp
positive than in Hp negative patients and the lipoperoxide level was
the highest. In patients with gastric cancer, the CuZnSOD levels in
gastric juice and plasma were much lower than in those with chronic
gastric or peptic ulcers. The degree of decrease in ascorbic acid and
CuZnSOD level in gastric juice was in decreasing order in patients
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This article discusses the major scientific advances in the field
of gastroenterology in China, including some investigations into
the mechanisms of diseases, new clues and new approaches to
treatment.

ESOPHAGUS
An atlas of esophageal motility was published at the end of 1994 in
which more than 160 typical manometric graphs were selected from
a total of 2500 graphs of various esophageal motility disorders and
[1]
the perioperative period, which is useful and practical for clinicians .
24 h esophageal pH monitoring has been carried out in many
hospitals among healthy Chinese adults and peptic ulcer patients. In
the former, the obtained values were different from healthy Western
adults reported in the Western medical literature. Among those
with pH < 4, the total fraction time was 3.4%, upright fraction time
4.3%, supine fraction time 4.3%, the number of reflux episodes >
5.0 min less than two, the longest reflux episode 16 min and the
number of reflux episodes 60, giving a composite score of 12.7.
These might be due to racial differences, LES function, living habits
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[10]

with CSG, CAG and gastric cancer . Electromicroscopic features
of Hp infection of gastric mucosa revealed Hp aggregation on the
epithelial cell membrane in the form of hairy sticks or pseudopodia-like
protrusions. Transmission electromicroscopy also showed that mucus
granules aggregated at the inner side of the cell membrane. Scanning
electromicroscopy disclosed a nibbling phenomenon of Hp, adhering
beside the ulcerative area of the cell membrane and some island-like
[11]
granules floating on the surface . Investigating the pathogenesis of
Hp infection showed that the tissue TNF-α and gastrin production were
increased but both were diminished after Hp eradication, which might
be an important mechanism of gastrin linked hypothesis in patients
with Hp infection. With regards to the relationship between Hp and
gastric cancer, several articles focused on the molecular aspects. It
was found that the mutation rate of H-ras oncogene was higher in Hp
infected groups than in those without infection, showing that the Hp
infection was associated with an increased expression of ras p21 protein
which increased the risk of ras oncogene activation, DNA damage
[12]
and S-phase cells, indicating the rapid turnover of cells from injury .
Another experimental study showed DNA damage in gastric mucosal
cells in Hp infection of an animal model, manifested as a decrease
in the percentage of double strand DNA, chromaticity, fluorescent
intensity of DNA EB complex, with EB as a fluorescence probe, and its
resistance to hydrolysis by DNase Ⅰ. This indicates Hp infection may
[13]
play a causative role in gastric cancer . Clinically, transmission of Hp
is probably from human to human, from patients to medical staff. In
a survey of one hospital, the overall prevalence of Hp among medical
staff was 70% compared to 41.7% of the general population (P <
0.01). Among endoscopists, its prevalence was 82.4%, higher than
[14]
medical doctors in general (66.4%) and nurses 65% (P < 0.05) . To
assess the therapeutic efficiency of single, dual and triple therapy for
14
13
eradication of Hp infection, C and C breath tests are presently used
14
in large medical centers. A capsule-based modified microdose C urea
breath test proved to be more simple, accurate and economical than
the conventional ones. Its sensitivity and specificity were 93.3% and
92.3%, respectively, and the positive and negative prediction values
[15]
15
were similar . In a newly discovered test, N-urea excretion, which
is devised here and can be used as a tracer for detection of clinical
15
Hp infection, the N-excretion rate in urine ammonium was much
15
higher in Hp positive than in Hp negative subjects. A single dose of N
was taken orally and urine samples were collected every 30 min for
two hours. The normal value was < 5%, its sensitivity was 96% and
[16]
specificity 97%, indicating it was simple, accurate and non invasive .
Basic research of gastric cancer inclines towards the molecular level.
Point mutation of c-Ha-ras at codon 12 and 61, N-ras at codon 12 and
K-ras at codon 12 and 13 were observed in formalin fixed paraffin
embedded specimens of 43 cases of gastric cancer by using PCR-RFLP.
Mutation of c-Ha-ras at codon 12 in 33.3% and K-ras at codon 12 in 4.8%
was found. Only one case with mutation of ras gene survived five years,
about 50% without this point mutation survived five years or more. With
ras gene point mutation, local lymph nodes metastases were present in
100% and lymph node involvement was only 69% in those with no point
mutation. Furthermore, there were much fewer stage Ⅰ and Ⅱ cases
of ras gene mutation, indicating that point mutation of ras oncogene
[17]
in cancer tissue signifies a poor prognosis . Another advance was
the study of the plasma and intracellular concentrations of vitamin A,
C, E, β carotene, folic acid and B12 in gastric precancerous lesions and
gastric cancer patients with a status of DNA methylation. It was found
that folic acid was most effective for atrophy and intestinal dysplasia,
natural β carotene could ameliorate the histological changes and the
total genomic DNA methylation was enhanced. As we know, human
EGF plays an important role in the growth of gastric cancer. EGF is found
to be increased in serum and saliva of patients with gastric cancer but
[18]
not in urine and it is higher in stage Ⅲ and Ⅳ than in stage Ⅰ and Ⅱ,
according to the TNM classification. A new treatment advance has been
made, successful local adjuvant therapy in experimental gastric cancer,
[19]
i.e. the parvovirus . The parvoviral NS gene expression was studied in
human gastric cancer cells transfected with a plasmid carrying MVMPNS
gene which showed the following effectiveness: Nucleus/cytoplasm ratio
decreased, cancer cell replication time was prolonged, rate of cloning
diminished, intracellular adhesion ability increased and tumor formation
in nude mice suppressed as some of the cancer cells died. In another
study, expression of ras and myc oncogenes of gastric cancer cells
were suppressed by the above-mentioned NS gene with augmentation
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of expression of IL-1α, IL-1β, IL-6 and TGFβ. It is anticipated that the
parvoviral NS gene can influence the expression of many important
intracellular genes and interfere with differentiation and proliferation of
cancer cells, in which the direct cytotoxic effect or induction of apoptosis
might be its mechanism. In the diagnosis of gastric and colorectal cancer,
a 40 KDa glycoside oligosaccharide structure glycoprotein was found
to be a tumor associated antigen, its rapid ELISA kit showed positive
rates in gastric, colonic and rectal cancer of 64%, 67.7% and 60%,
[20]
respectively, and 41.4% in benign gastric diseases . For detection
of micrometastasis of bone marrow in patients with gastric cancer, an
anti-epithelial cell membrane antibody examined in the marrow blood
was performed by immunohistochemical staining and its positive rates
were found to be correlated to the degree of cell differentiation, location
of gastric cancer, the TNM staging and age of patients. The positive
cells of the epithelial cell membrane antibody in the marrow blood
were significantly higher than CEA positive cells (P < 0.01). The five
year survival rate was much lower and the cause of death was mainly
[21]
due to dissemination . An experiment of estradiol in human gastric
cancer cell lines showed the number of cells in various stages and
proliferative indices increased and its stimulative effect could be inhibited
by tamoxifen, which should be combined with chemotherapy in gastric
[22]
cancer patients . Furthermore, LAK cells when given together with antigastric cancer monoclonal antibody MGb2 increased the killing effect and
[23]
the combined use of the two is more promising .

SMALL AND LARGE INTESTINE
Enteroclysis, angiography, radionuclide scanning and enteroscopy were
used to diagnose gastrointestinal bleeding of obscure origin, confirmed
by surgery and pathology. Among these, 70% were diagnosed solely
by enteroclysis and leiomyoma was the most common finding, the
nonspecific inflammation of the ileum and Meckel’s diverticulum was
the next, followed by angiodysplasia. Jejunal mucosal biopsy could
be complementary in certain difficult to diagnose small intestinal
lesions. Enteroclysis is also helpful to diagnose chronic idiopathic
[24]
pseudo intestinal obstruction . An experimental transplantation
of human colonic tubular adenocarcinoma into BALB/C nu/nu mice
was conducted, with five generations of transplanted mice showing
xenograft cancer in each generation of nude mice manifesting the
same ploidy status, DNA content (mostly aneuploid), distribution
of estrogen and progesterone receptors and cell kinetics as human
[25]
colorectal cancer . Another study on the somatostatin level
of carcinoma and precancerous tissue showed that the mean
somatostatin level in well differentiated cancerous tissues was higher
than that in poorly differentiated and that in distant mucosa (5.10
cm from the cancerous tissue) it was lower than that in the adjacent
mucosal area (< 2 cm). This indicates that the somatostatin level is
correlated to the differentiation of cancer and the presence of some
[26]
sort of host defense reaction to delay its growth .

LIVER
The three main targets of research in hepatology are hepatitis C,
hepatic fibrosis and hepatic cancer, mainly the aspects of pathogenesis
and approaches in treatment. By immunohistochemical staining
with monoclonal antibody of HCV-Ag (NS4) in patients with hepatitis
C (acute, chronic and severe types), it was shown that HCV-Ag
granules were distributed sporadically or in clusters in the cytoplasm
of liver cells in acute and chronic hepatitis patients but was different
in severe hepatitis. Cases with both seropositive HCV RNA and antiHCV had HCV-Ag detected in contrast to cases with seropositive
anti-HCV only. This shows that the expression of hepatic HCV-Ag is
[27]
closely related to the presence of serum HCV RNA . Cloning and
sequencing of c-DNA of C33c protein gene in the NS 3 region of HCV
from Shanghai and Jiangsu Province showed that the two isolates
were homologous and this homology was higher than 99% at the
nucleotide level. If compared with other isolates, the homology
(94%-97.7%) at the amino acid level was much higher than the
homology (81.4%-94.5%) at the nucleotide level. It suggests that
[28]
C33c protein is suitable for diagnostic use . In another study, the
NS4 antigen of HCV in liver tissue from 9 patients treated with IFN-α
was studied immunohistochemically using the LAB method of HCV
NS4 McAb. The pattern of HCV-Ab staining was the same in pre and
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Disease. Collagen Ⅰ, Ⅲ, Ⅳ, Ⅴ and various components of
extracellular matrix (ECM), such as fibronectin (FN), la minin (LN),
undulin, integrin, hyaluronic acid (HA) etc., were all evolved from
Ito cells, playing an important role in hepatic fibrosis. Collagen Ⅲ is
more abundant in early cirrhosis, whereas collagen Ⅰ is predominant
in advanced cirrhosis. Expression of the HBV genome and its effect
on the modulation of ECM was studied in Changzhen Hospital of the
nd
2 Military Medical University with fruitful results. Hormones such
as insulin and glucagon and growth factors such as EGF and FGF all
[35]
stimulate the growth of fibroblasts .������������������������������
Many Chinese medicinal herbs
with remarkable effectiveness, homologous to colchicine, have been
developed to revolutionize treatment. Collagenolytic enzymes are
being investigated at present and many medicinal herbs and herbal
mixtures have been found to be effective in promoting the activity
of matrix metalloproteinase. The intrahepatic deposition of collagen
was found to have a corresponding increase of collagenase activity
at the early stage of hepatic fibrosis and the increase of degradation
paralleled the abnormal collagen synthesis by a feedback mechanism
which led to the formation of the continuation of sinusoidal
basement membrane, i.e. the capillarization of sinusoids, forming
the pathological basis of progression to cirrhosis. The activities of
lysosomal and microsomal enzymes such as β N-acetyl glucosamidase
(β-NAG) and glycylproline dipetidyl aminopeptidase (GPDA) were
also found to be increased significantly at the early stage of fibrosis.
All this indicated that degradation of collagen metabolism was very
active in the active stage of chronic hepatitis. P Ⅲ P, PC Ⅲ, HA, FN, LN,
Collagen Ⅳ and Ⅵ are the principal markers used in certain medical
centers in Shanghai. The 7S segment of collagen Ⅳ was found to be
increased and paralleled with the increment of collagen Ⅳ mRNA,
which is considered to be a better marker than P-Ⅲ-P in hepatic
[36]
fibrosis . On culture of lipocytes, IFN-γ and tocopherol were found
3
to have an inhibitory action on H hydroxyproline incorporation,
whereas IL-2, IL-6 promoted proliferation of lipocytes and synthesis
of collagen. Furthermore, IL-6 had a bidirectional effect, it increased
expression of a2 macroglobulin to inhibit the collagenase activity and
thereby the degradation of collagen. Tocopherol is a co-repressor
enzyme and inhibits replication of lipocyte DNA and selectively
[37]
inhibits the synthesis of collagen . pHGF derived from fetal liver
promoted the hepatocyte proliferation and has an anti-hepatic
fibrosis effect, as seen by the reduction of hyaluronic acid. It also
increases the immunological function of macrophages, T and NK cells
activities and diminishes the peripheral blood mononuclear cells to
[38]
3
produce TNF . Tetrandrine had an inhibitory effect on H-proline
incorporation at a concentration of 10 μg/mL����������������
-���������������
50 μg/mL in an
experimental study of DNA and collagen synthesis of 3T3 cells and
[39]
was considered antifibrotic . Another drug, cinnarizine was found
to have the effect of blocking the G1 phase cells of 3T3 fibroblasts
from progressing to the S-phase and diminished the DNA content and
[40]
mitosis, as demonstrated by flow cytometry . Retinoic acid when
co-cultured with 3T3 fibroblasts and Ito cells was shown to inhibit the
procollagen Ⅲ mRNA expression at the same time, which was the
[41]
mechanism of action of its antifibrogenic effect . In the nutritional
therapy for post-hepatic cirrhosis patients, a high calorie vegetarian
diet can provide a daily intake of 2263 Kcal and 95 g protein with
15
2/3 of vegetarian origin. By a N-glycine tracer kinetic study, 24 h
urinary creatinine output increased, that of urea nitrogen decreased,
serum albumin and transferrin increased and the body nitrogen
[42]
balance became positive . In portal hypertension, transjugular
intrahepatic portosystemic stent shunts were performed in Beijing
and Nanjing PLA General Hospital in over two hundred cases, with
the rates of success of 92.2% and 94.5%, respectively, and the
mortality rates of 0% and 5.5%, respectively. The velocity of portal
blood flow increased, esophageal varices disappeared and only a
few developed stenosis and occlusion of the shunt but angioplasty
and stent reinstitution resulted in secondary patency. Hepatic failure
[43,44]
and rebleeding were rare
. Recently, an experimental study
was conducted on the role of nitric oxide in arterial vasodilatation
of cirrhotic rats. It was believed that endogenous nitric oxide could
increase mean arterial pressure, reduce peripheral vascular resistance
and cardiac index, leading to hyperdynamic circulatory status, but
[45]
correct treatment awaits further investigation .
With the advances of molecular biological technology and genetic
effects, the study of molecular events in hepatocarcinogenesis is

post therapy liver specimens and less HCV-Ag positive cells were
seen in those with a beneficial response to INF-α. This shows that
the pattern of HCV-Ag staining and the histological activity index are
more useful to predict and assess the therapeutic response to IFN-α
[29]
than serum ALT and HCV RNA . In a nationwide epidemiological
survey of 67, 153 subjects, the infection rate of HCV was 3.2%, with
about 40 million people infected. Analysis of HCV in Chinese patients
showed most strains were Okamoto type Ⅱ and Ⅲ (Simmond type
1b and 2a) and only some strains were type Ⅰ (1a). Most of the
strains in northern, western and southern China were type Ⅱ but in
northwestern and northeastern areas, predominantly HCV strains
were type Ⅲ. The difference of HCV genotypes was not correlated
with clinical severity and course of illness. The histopathological
characteristics of chronic hepatitis C and B were somewhat different
with most HCV specimens showing mild to moderate hepatitis,
steatosis 61% vs 29% (P < 0.001), bile duct damage 75% vs 29%
(P < 0.01), lymphocyte aggregation/follicle 43% vs 21% (P < 0.01),
increase of mononuclear cells in sinusoids 49% vs 27% (P < 0.05)
and less frequent ground glass hepatocytes, 14% vs 53% (P < 0.01).
The major ultrastructural changes were shown in the endoplasmic
[30]
reticulum and mitochondria . In another report, the pathological
picture of hepatitis C in Chinese adult acute hepatitis patients was
the same as in Westerners and steatosis was prominent despite mild
necrosis and inflammation. Dense lymphoid aggregates and fibrosis
in the portal tract were frequent, most cases exhibited cytoplasmic
positivity in the form of diffuse or inclusion body. Electromicroscopy
showed some intercellular and perisinusoidal fibrosis and the latter
in the hepatic lobules and portal tracts was an indication of a trend
toward chronicity. Significant pathological discrepancies were present
[31]
between hepatitis C and B . Regarding a treatment regimen, a
randomized control study was carried out comparing 3Mu IFN-α
2α t.i.w. regimen for 6 mo and 6Mu IFN t.i.w. for 3 mo followed
by 3Mu t.i.w. for another 3 mo. The complete response rate at the
end of 6 mo was 67.6% and 62% respectively, and the clearance
rate of serum HCV RNA was 71.4% and 72%, respectively. The
normalization of serum ALT was also similar in the two groups (67.6%
and 62.1%). The recommended dosage in most Chinese patients is
3Mu t.i.w. for 6 mo and for those with a poor response, an escalating
[30]
dosage and prolonged schedule is necessary . Until December
1992, there were 602 cases of hepatitis D coexisting with hepatitis
B, with a seropositive HDAg marker in 6773 cases of hepatitis B, and
the positive rate varied in different regions of the country, 1.73% and
37.5%, with an average of 8.89%. In 2797 hepatic specimens of
hepatitis B, 223 were positive for HDAg, the average positive rate was
33%. A positive HDAg marker was most frequently seen in chronic
[32]
hepatitis B with moderate activity .
Chronic hepatitis B treated with domestic recombinant human
interferon alpha-1 was conducted in a randomized double blind
sequential clinical trial of 225 cases in matched pairs. This domestic
product is a medical engineering product. The serum HBeAg, HBV
DNA and both HBeAg and HBV DNA were 40.5%, 57.1% and 39.3%
in 37 pairs of the treated group and 57.6%, 64% and 45.3% in the
extended treated group, compared with controlled group (P < 0.01).
In the 6 mo follow up, the seronegative conversion rate of HBeAg
and HBV DNA remained at 54% and 50.9%, respectively, and for
12 mo, they were 59.8% and 56.9%, respectively. The seropositive
conversion rates of anti HBe were 29.7%, 2.7% and 33.3% in the 3
allocated groups. These demonstrated that the domestic product of
recombinant human IFNα-1 at a dosage of 40 μg/d for three months
[33]
has a similar effect as the Western product . Another series of the
therapeutic vaccine of viral hepatitis B was conducted in infected one
day old ducklings as an animal model. The DHBs was complexed to
anti DHBsAg and attached to staphylococcus aureus Conan 1 strain,
then serum viral DNA was converted to negative in 60%-80% of
treated ducks, DHBsAg was converted to negative in 40% and in
some, anti DHBs could be detected. This is the result of complexing
[34]
DHBsAg with anti DHBs which is immunogenic .
Hepatic fibrosis is another topic focused on with the consensus
that the cirrhotic stage is irreversible and therapy should be aimed
at the early stage of hepatic fibrosis as chronic hepatitis B and C are
prevalent in this part of the world and alcoholic liver disease is rising.
Separation and cultivation of rat Ito cells was successfully
established ten years ago in the Shanghai Institute of Digestive
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rapidly progressing in China. In addition to the seven oncogenes,
namely, N-ras, C-myc, c-ets2, IGF Ⅱ, IGF Ⅱ R, IGF Ⅰ R and CSF-Ⅰ R,
activated in human hepatic cancer, Gu found that transthyretin was
deleted in the gene structure and suppressed in mRNA expression
in primary hepatic cancer. When it was transfected into human
hepatoma cells, cell growth was retarded, indicating that this might
be a novel candidate as a cancer suppressor gene for primary
[46]
hepatoma . Studies at the molecular level also included methylation
of c-myc oncogene, expression of BCL-2 oncoprotein, the interacting
site of hepatitis B virus X gene and tumor suppressor gene p53,
alterations of p16 gene, expression of IL-2 gene, expression of
chimeric anti-HBx antibody, retroviral vector mediated gene, transfer
of TNF gene, p53 mutational point dimorphism, ras and p53 gene
[47]
mutation, etc. . The precise pathogenesis is still not completely
elucidated. More recently, the HBxAg gene has been suspected
to link HBV infection and HCC, which might inhibit the function of
tumor suppressor gene p53. Detection of the expression of HBxAg
was shown by using anti recombinant HBV X protein antibody and
an immunohistochemical method, LSAB. The HBxAg was localized
primarily in the cytoplasm with some in the nucleus in cancerous
and precancerous tissues in all 38 cases. Detection rate of HBsAg in
cancer was even higher than HBsAg in both serum and cancerous
tissue. This indicates that HBxAg is closely related to hepatic cancer
[48]
and might be used as a carrier in targeted therapy in the future .
Also by immunohistochemical staining, the positive signals of HBsAg
and HBcAg were observed in 10.9% (9/43) and 14.54% (8/55)
of hepatic cancer cells, the latter appeared as fine brown granules
in the cytoplasm and only one was in the pattern of the inclusion
body. The relationship of HBcAg and HBsAg in the induction of
[49]
hepatocellular carcinoma remains unknown . HCV RNA by a nonradioactive in situ hybridization and immunohistochemical method
could also be demonstrated in the cytoplasm, nucleus or both.
HCAg molecules were found and expressed in both cytoplasmic and
inclusion types. HCV infected cells, including hepatic cancer cells
and hepatocytes, were in diffuse, clustered or discrete forms in both
[50]
cancer and precancerous tissues . In another study, in 102 liver
cancer specimens by immunohistochemistry, HCV antigen C33c and
HBxAg were found to be positive in 81.4% and 74.5%, respectively,
both were positive in 61.8% and when added together, 94.1%. In the
precancerous tissue of 50 cases, the aforementioned antigens were
63% and 92%, respectively. HCV C33c antigen was localized intracytoplasmically in cancer cells and distributed in focal or diffuse form,
some were accessible to the nucleus and C33c antigen positive cells
were scattered or focal in cancer cells and diffuse in precancerous
[51]
tissue . Expression of EGF and EGFR was found to be positive in
noncancerous tissue and less were found in cancer tissue, indicating
that during the cancerous process, with EGFR a loss of normal
[52]
membranous structures . EGFab, EGFR-McAb and somatostatin
all exerted an inhibitory effect on the growth of hepatic cells.
Somatostatin was shown to antagonize the growth stimulating effect
[53]
of EGF and cause down regulation of EGFR .
Experimental gene therapy is best exemplified by introducing
IL-2 gene into the mouse hepatoma cell line by means of a retroviral
vector. The transfected cells showed diminution of tumorigenicity
when IL-2 gene transfected cells were inactivated with mitomycin
and inoculated several times, antitumor activity was apparent and
growth of tumor nodules were retarded and more vulnerable to
liquefaction and necrosis, which might open a new avenue to the
[54]
treatment of hepatic carcinoma . Another study of human IL-2 gene
transduced into a hepatoma cell line of mice by lipofectamine DNA
complex showed IL-2 secreted by these cancer cells and necrosis at
the tumor center and inflammatory cells infiltrating along the tumor
border, which indicates that a direct transfer of IL-2 gene into cancer
[55]
cells produced an antitumor effect . Expression of p53 and PCNA
in hepatocellular carcinoma was found to have close relationship
with portal vein tumor thrombogenesis. The PCNA labeled index was
higher in positive than negative p53 expression. This indicates that
p53 mutation may result in highly proliferative and invasive potentials
which might be one of the mechanisms of genesis of portal vein
[56]
tumor thrombus . Regarding sensitivity and specificity, ten tumor
markers were compared in the diagnosis of hepatoma. It was found
that AFP-variant LCA reactive AFP, des-gamma carboxyprothrombin
and GGT-Ⅱ were superior to α L-fucosidase, α-1-AT, ALP-Ⅱ, aldolase
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isoenzyme and acidic ferritin. The sensitivity of the aforementioned
markers was 84.4%, 72.3% and 79.7% and their specificity was
89.4%, 97% and 96.4%. The sensitivity of serum pyruvate kinase
M2, hepatic cancer specific protein and HAg 18.1 was 95.3%, 91.6%
and 86.7%, respectively. The best screening procedures in the
detection of primary hepatoma are AFP and ultrasound plus one of the
three and this combination will cover AFP negative or low level of AFP
[57]
patients to obtain an early diagnosis . Serum soluble TNFR Ⅰ level
in liver cancer patients was found to correlate well with staging of the
disease and response to chemotherapy. The frequency of increase of
sTNFR Ⅰ was 89.16%, greatly exceeding that of serum AFP (54.22%),
and its determination could serve as a diagnostic aid in the detection
[58]
of cancer and in the assessment of prognosis . A high level of
PC Ⅲ was also seen in patients with hepatic carcinoma, PC Ⅲ could
be demonstrated within carcinoma cells by an immunofluorescence
technique and carcinoma cells could produce PC Ⅲ directly, hence its
high level might also be taken as a marker of hepatic carcinoma.

BILIARY SYSTEM
In a study of the phagocytic function of hepatic and pulmonary
macrophages, 12 h after the onset of acute cholangitis caused by
14
C labeled living B. Coli, the phagocytic function of Kupffer cells
decreased progressively and in contrast, the function of pulmonary
alveolar macrophages increased continuously. The TNF secretion was
increased in both cases. Another study on the effect of somatostatin
on the sphincter of Oddi through endoscopic manometry found
that somatostatin had significant inhibitory effect on the activity
of the sphincter of Oddi and is beneficial to biliary and pancreatic
flow. Epithelial tumor markers for extrahepatic bile ducts have been
studied, 54.0% (22/42) were found to be positive for epithelial
membrane antigen and 76.2% (32/42) positive for cytokeratin.
The well differentiated adenocarcinoma had higher positive rate
than the poorly differentiated. The two antigens were slightly more
frequently present in precancerous than cancerous tissues but was
lower in those with metastasis than those without. The absence of
these markers in bile duct carcinoma signifies a poor prognosis. In
another study using polyclonal antibody against C-erbB-2 protein by
an immunohistochemical method, 26/41 cases of adenocarcinoma of
the extrahepatic bile duct exhibited overexpression of C-erbB-2 on the
cell membrane, indicating amplification of this gene in these cancers,
and overexpression of this gene was also correlated with metastasis.
Microvessels were found more abundantly by an immunohistochemical
method of factor Ⅷ related antigen in poorly differentiated gallbladder
carcinoma than in well differentiated ones and in those with metastasis
than those without. This indicates angiogenesis in gallbladder
carcinoma is related to the histological pattern, the degree of
differentiation and presence of metastasis. Therapeutic endoscopy is
now widely used all over the country and sphincterotomy, dilatation
and stent placement for stenosis of bile duct have all been performed.

PANCREAS
In experimental acute hemorrhagic necrotizing pancreatitis, there was
alteration of platelets and fibrinolytic function, the plasma granular
membrane protein (GMP-140) and plasminogen activated inhibitor
activity were found to be increased, platelet electrophoretic time
much prolonged and tissue plasminogen activator activity much lower
compared to sham operated dogs after induction of the disease. With
treatment with Chinese herbal medicine tetramethylpyrazine, all
the aforementioned alterations were absent, indicating that platelet
activation and decreased fibrinolytic function play an important role
in pancreatic microcirculatory disturbance and possible pancreatic
microthrombosis. Tetramethylpyrazine has beneficial effects in
correcting these disturbances, providing a therapeutic basis for its
clinical use. Aside from the above, another herb, rhubarb (Da Huang)
has been used in China for years in acute pancreatitis, including both
the edematous and necrotizing forms, with great success before
the advent of octreotide. In acute edematous pancreatitis, the cure
rate is 100% and the time of the disappearance of abdominal pain,
subsidence of fever and recovery of urinary amylase to normal were
much shorter compared to the conventional Western therapy. In
acute hemorrhagic necrotizing pancreatitis, rhubarb plus conventional
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Western therapy without octreotide, atropine and gastrointestinal
decompression resulted in the operative and mortality rates being
much lower, 22.2% vs 66.6% and 3.3% vs 22.8%, respectively (P
< 0.01). The mechanisms of the actions of rhubarb are: Inhibiting
trypsin, pancreatic lipase, elastase, kininogens, etc.; a broad spectrum
antibiotic action for both aerobes and anaerobes; increasing the level of
SOD; inhibiting absorption of endotoxins; lowering the blood viscosity,
elevating the osmotic pressure and decreasing TXB2, improving the
ratio of TXB2/PGF-1α and pancreatic microcirculation; a hemostatic
action; and in animal models, the intercellular tight junction and
nuclear structure of the cells are restored to normal. Nowadays, we
treat acute hemorrhagic necrotizing pancreatitis with either octreotide
or a rhubarb mixture or both. This Chinese herbal medicine can also
abolish intestinal paralysis and restore gastrointestinal tract function.
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COMMENTARY

Iron, HCV and the liver
KP Maier
KP Maier, MD,� Department of Medicine, Division of Gastroenterology, City
Hospital Esslingen, Acad. Department of University of Tuebingen, Germany

injury as a result of excessive iron accumulation, the specific pathophysiological mechanisms involved in this process are poorly understood. Some aspects, however, have aroused interests: (1) Ironinduced oxidative injury to phospholipid of subcellular membranes
of liver cells seems to play a central role in initiating liver damage.
Experimentally, iron overload leads to peroxidation, especially in
[5,6]
mitochondria and microsomal membranes , thereby resulting
in decreased energy production by interference with the electron
[7]
transport chain . Therefore, one of the key characteristics of the
pathogenesis of iron-induced liver damage is increased oxidative
stress, which ultimately leads to cell death and secondary fibrogenesis; (2) There appears to be a direct iron-induced oxidative damage
of nucleic acid. DNA strand breaks in rat hepatic nuclei subjected to
[8]
iron-induced lipid peroxidation have been demonstrated in vitro .
Hepatocellular carcinoma (HCC) is a common complication of longstanding cirrhosis in genetic hemochromatosis, and iron-induced
damage to DNA may play an important role in its development; and
(3) A fibrous tissue reaction is observed wherever the iron is deposited. This is particularly true for patients with genetic hemochroma[9]
tosis . Therefore, it has been suggested that the triggering factor
of fibrogenesis appears to be the accumulation of iron in the form of
[10]
aggregates of activated non-parenchymal cells .
It should be noted that in genetic hemochromatosis, hepatic
fibrosis appears only subsequent to iron overload of Kupffer cells
[1]
after the occurrence of sideronecrosis of periportal hepatocytes .
Thus, activation of Kupffer cells by a necrotic event might be
required for initiation of the fibrogenetic process in iron overload
[10]
states .
Thus far, increased lipid peroxidation, and hence fibrosis, has
been clearly demonstrated in several experimental in vivo models of
[10,11]
iron overload
. Recent data in the gerbil model provide deeper
insight into the molecular events underlying the profibrogenic
action of iron and have shown that parenteral iron overload leads
[12]
to hepatic cirrhosis . In the animal model of iron overload, a
dramatic increase of signals for collagen mRNA around iron foci
[10]
in fat-storing liver cells has been documented . The pattern of
iron distribution in the liver of this animal model resembles that
of secondary iron overload states, with the metal being mainly
[10]
present in non-parenchymal cell foci . The concept of the need
for Kupffer cell activation by a necrogenic event for the initiation of
the fibrogenic process is consistent with the findings obtained in
genetic hemochromatosis, in which iron itself causes sideronecrosis
of hepatocytes and activation of Kupffer cells. Interestingly, at least
in the animal model, antioxidative treatment with dietary vitamin
E supplementation arrested fibrogenesis and completely reversed
hepatic cirrhosis, possibly by a blocking activity exerted on hepatic
[10]
non-parenchymal cell proliferation triggered by iron .
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IRON
Iron is an essential element necessary for the survival of cells.
Excess or deficiency of iron leads to diseases. The liver is a major
target organ of injury in diseases causing iron overload, which is
[1]
consistent with its central role in iron storage and metabolism .
Most of the iron is absorbed in the non-heme form, largely in
the upper part of the small intestine. There is no physiological
mechanism for the excretion of excessive iron. Therefore, normal
iron balance is maintained by the regulation of iron absorption,
[2]
although the underlying mechanism still remains unclear . In
blood, iron is bound to transferrin, a glycoprotein synthesized in the
liver. Transferrin is responsible for the “total iron-binding capacity” of
serum. Physiologically, this is saturated to one-thirds with iron. The
[3]
hepatic uptake of iron from the blood is receptor mediated . The
receptor-iron complex is internalized and iron is released. However,
alternative pathways of iron uptake across the plasma membrane of
[3,4]
the liver cell seem to play important roles in iron-overload states .
In the liver, iron depots in the form of ferritin or hemosiderin are
available for metabolization and hemoglobin formation, should the
demand arise. In diseases of iron overload, the binding capacity of
the iron-storage proteins (ferritin and hemosiderin) are saturated,
leading to the accumulation of ionized (“free”) iron in the cytosol.
Why is free iron (“prooxidant iron”) toxic to the liver?
Despite convincing clinical evidence for the occurrence of liver
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8 non-responders to IFN therapy, who were subjected to repetitive
phlebotomies. Seven of them had a significant decrease in serum
alanine transaminase (ALT) activity. After a second course of IFN (3
million units three times per week for 4 mo), the serum ALT level
restored to the normal range in 3 of 8 patients. This led the authors
to conclude that iron depletion seems to improve the response of
chronic HCV infection to IFN therapy. In patients with thalassemia
major and chronic hepatitis C, non-responders and responders
to IFN did not differ with regard to mean ALT activity (Table 1).
However, serum ferritin concentration was markedly elevated in
non-responders, and response to therapy was inversely related (P <
[25]
0.002) to the liver iron burden .
[26]
Olynik et al found that hepatic iron concentration (HIC) was a
good predictor of response to IFN therapy in 58 patients with chronic
hepatitis C. Overall, 41% of their patients responded to therapy.
However, in a subgroup of patients with an HIC of > 1100 μg/g
liver, 88% failed to respond favorably to IFN therapy. The reason for
the higher HIC in patients not responding to IFN therapy remained
unclear. The authors thought that iron could impair host lymphocytedependent clearance of HCV. They proposed to determine HIC before
starting IFN treatment in cases of chronic HCV infection. In another
[27]
study , the mean liver iron concentration of non-responders was
also significantly higher than that of the responders (1252 μg/g dry
weight vs 828 μg/g dry weight). It should be mentioned, however,
that both of these mean values were within the normal range of
HIC. The authors thought that an “iron threshold” of 600 μg/g dry
weight would characterize patients not responding to IFN therapy.
Similar results were obtained in a study of 44 patients with chronic
[28]
HCV infection . Again, liver iron concentration was in the normal
range, but nearly twice as high in non-responders as compared to
responders. Thus far, there is no agreement regarding which of the
iron indices most accurately predicts response to therapy. In a recent
[29]
study , total hepatic iron scores, mean serum ferritin level as well
as mean quantitative HIC were higher in patients with incomplete
IFN response, however without reaching statistical significance.
Interestingly, the morphologic distribution of iron in liver biopsies
and not total liver iron differed significantly in IFN responders
and non responders. Scores for stainable iron in sinusoidal cells
and portal tracts were significantly lower in responders (P = 0.02
and P = 0.05, respectively) to IFN therapy as compared to nonresponders.
At present, it is unclear whether iron removal in patients with
chronic HCV infection enhances the effect of IFN. In a pilot study
conducted on 26 patients, repeated phlebotomies were performed
to remove excessive iron (with the endpoint set at serum ferritin
concentration below 10 μg/L) before initiation of IFN treatment.
Again, iron removal alone effectively reduced the serum ALT levels
[from 125 U/L to 49 U/L (mean)], but did not enhance the effect
[30]
of treating viremia . Whatever the practical consequences of this
studies are, it should be mentioned that significant reductions in
[24]
serum ALT levels were achieved by phlebotomy alone and that
compared to IFN therapy alone, phlebotomy plus IFN therapy
resulted in greater reduction of serum ALT levels and improvement
[31]
in histological picture .

Table 1 Laboratory and histological findings in transfusion-dependent
patients with thalassemia major and chronic hepatitis C before interferon
[25]
therapy
Lab and histologic findings

Responders
(n = 24)

Non-responders
(n = 30)

Control subjects
(n = 14)

Age (yr)
Units of blood received
ALT (U/L)
Serum ferritin (μg/L)
Hepatitis C virus-RNA
Hepatic histologic findings

153 ± 34
369 ± 145
270 ± 180
1812 ± 962
Positive
CAH

145 ± 29
318 ± 117
255 ± 46
2463 ± 850
Positive
CAH

115 ± 29
243 ± 86
244 ± 50
1621 ± 745
Positive
CAH

the progression of chronic liver disease and that the effect of iron is
concomitant with that of other hepatotoxins (viruses, alcohol) which
[10]
are able to initiate a damaging event in the liver .
Markers of viral infection are present in about one-fourth of all
[13]
Italian patients with genetic hemochromatosis . The prevalence of
HBsAg in Italian patients with genetic hemochromatosis has been
reported to be slightly more than double (5%) that in a healthy
[14]
population . The prevalence of anti-HCV in this group, however,
reached 20.5%. Interestingly, although most of the patients with
associated viral hepatitis had cirrhosis and their serum ferritin levels
and amount of mobilizable iron were significantly lower than those in
patients with fibrosis/cirrhosis (P < 0.01) without concomitant viral
infection; this suggests that hepatitis viruses may act synergistically
[14]
with iron in accelerating the liver damage . It has recently been
shown that some viruses may promote hepatocyte damage by
[15]
activating lipid peroxidation via an iron-mediated mechanism . This
evidence is consistent with the finding that Japanese encephalitis
virus causes the accumulation of iron in the liver and spleen,
apparently by stimulating the release of a macrophage-derived
[16]
iron-regulating factor that could be related to IL-8 . Another
consideration is that chronic viral hepatitis might alter hepatocyte
function in such a manner that there is increased hepatocellular
iron concentration, perhaps by upregulating transferrin receptor
[17]
expression .
Elevated iron and ferritin levels have been reported in the serum
of some patients with hepatitis B virus (HBV) and hepatitis C virus
[18]
(HCV) infections . Moreover, parenchymal iron overload has been
shown in the nontumorous liver of most patients presenting with
[19]
HCC developed in a non-cirrhotic liver . It must be stressed,
however, that in a large series of 80 patients with chronic viral
hepatitis, only very few had elevated hepatic iron concentrations,
despite the fact that elevated iron and ferritin levels in the serum
[18]
were present in about one-third of the patients . Thus, it has
been concluded that abnormal results of serum iron status tests are
clinically insignificant. Other authors, however, found significantly
elevated serum ferritin concentration and elevated tissue iron
[20,21]
specifically in some patients with HCV infection
. In fact, 59%
of patients with HCV infection had high (> 26.85 μmol/L) serum
iron levels, whereas only 14% of the HBV-infected patients and
21% of the patients with a non-viral etiology had abnormal serum
[21]
iron levels . Further, serum transferrin saturation was significantly
[21]
higher in HCV patients than in others . Interestingly, there was
no significant correlation with the degree of inflammation or
transaminases, thus confirming that increased storage of iron is
[20]
not a function of the inflammatory process per se . Surprisingly,
HBV infection was not associated with increased markers of iron
metabolism. Therefore, it has been speculated that in contrast to
HBV infection, HCV infection triggers free radical production, which
[19]
may lead to interference with mitochondrial function .

CONCLUSIONS
Recent studies have suggested that there is a close link between iron
metabolism and viral hepatitis, especially hepatitis C. Some studies
seem to indicate that the total quantity of iron present in the liver
as well as the lobular and cellular distribution of iron are important
determinants of the long-term outcome. Interestingly, Kupffer cell
function may play a critical role, since the degree of stainable iron
in these cells or cells in the portal tracts is significantly lower in
complete responders as compared to those in non-responders or
[29]
incomplete responders .
These findings lead to the conclusion that patients with lesser
amounts of hepatic iron respond better to antiviral therapy than
those with larger amounts of hepatic iron. It is assumed that
differences in the pretreatment levels of total hepatic iron and
serum ferritin are less striking than those in the cellular and zonal

HCV, IRON AND INTERFERON (IFN) TREATMENT
There is some evidence that patients chronically infected with HCV
have a decreased response to (IFN) therapy in the presence of iron
[22,23]
overload
.
This feature seems to be specific for HCV infection. It has
been discussed that both the increased serum iron concentration
and transferrin saturation blunt the action of IFN, since they have
[22]
[24]
opposite effects on the immune system . Bacon et al
studied
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distribution of iron. However, whether iron removal prior to IFN
therapy enhances the percentage of IFN responders in chronic
HCV infection is open to discussion. An ongoing randomized
controlled study (phlebotomy ribavirin interferon; PRINT) in IFN
non-responders with chronic hepatitis C is expected to further
clarify whether iron removal will prove useful in the long-term
management of this disease.
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INTRODUCTION
Serum alpha-fetoprotein (AFP) is generally detected and often
elevated in patients with hepatocellular carcinoma (HCC); however,
some patients with small HCC (SHCC, diameter ≤ 3 cm) in early
stage or large HCC (LHCC; Diameter, ≥ 3 cm) in the mid and late
stages show absence or low levels of serum AFP. In the present
study, 30 cases of LHCC with undetectable or low levels serum AFP
were assessed histopathologically and immunohistochemically, and
the relationship between some pathomorphological characteristics
and the level of serum AFP was evaluated.
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MATERIALS AND METHODS

Abstract

Specimens were obtained from the surgical resection of 30 LHCC
with diameter of > 3 cm and undetectable or low levels of serum
AFP (counter immunoelectrophoresis, negative; Rocket electrophoresis, ≤ 399 μg/L). Eight specimens from cases positive for serum
AFP with high serum AFP levels (rocket electrophoresis ≥ 400 μg/L)
were used as controls.
All specimens were fixed in 10% formalin normal saline, embedded in paraffin, prepared as serial sections, stained by routine
hematoxylin-eosin and immunohistochemical technique with labeled
streptavidin biotin (LSAB), and observed under the light microscope.
Immunohistochemistry was performed to detect the following:
AFP, alpha-1-antitrypsin (AAT), epithelial membrane antigen (EMA),
and vimentin. All antibodies and agents were products from DAKO
Company.

AIM: To explore the pathomorphological characteristics of large
hepatocellular carcinoma (LHCC) with low serum alpha-fetoprotein
(AFP) level.
METHODS: Specimens obtained from surgically resected LHCC
with undetectable or low levels of serum AFP were fixed in formalin,
embedded in paraffin, and prepared as serial sections. Routine
hematoxylin and eosin as well as immunohistochemical stains (LSAB
method) were used to test for expression of AFP, alpha-1-antitrypsin,
epithelial membrane antigen, and vimentin. Some characteristics of
the histopathological changes and immunohistochemical reactions of
the cancerous tissues were observed under the light microscope.
RESULTS: The majority of the cases (19/30) of LHCC with
undetectable or low levels of serum AFP were of the clear-cell-type
HCC, with 2 being positive for AFP expression at the periphery of the
cytoplasm.

RESULTS
Degree of cell differentiation of HCC tissue

CONCLUSION: The clear cell is the morphological manifestation of
disturbance in glycogen and/or lipid metabolism of hepatoma cells.
Such changes might be one of the factors hindering the synthesis of
AFP and resulting in negative or low level serum AFP of the patient.

Classification of the 30 cases of LHCC with undetectable or low lev[1]
els of serum AFP according to the Edmondson 4-grade method
revealed that cell differentiation was of grade Ⅰ in 1 case, grade Ⅱ
in 1 case, grade Ⅲ in 18 cases, and grade Ⅳ in 10 cases (Table 1).

Key words: Liver neoplasms/pathology; Alpha fetoproteins/analysis;
Immunohistochemistry

Pathomorphological types of cells in hepatocarcinomatous tissue
[1]

According to the WHO classification system , cells of carcinomatous
tissues in the 30 cases of LHCC with undetectable or low levels of
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Table 1 Degree of cell differentiation of hepatocarcinomatous tissues
Serum alpha-fetoprotein
level (μg/L)
≤ 20
21-299
Total

Cases
18
12
30

Table 2 Cytomorphological types of hepatocarcinomatous tissue

Ⅰ

Degree of differentiation
Ⅱ

Ⅲ

Ⅳ

Serum alpha-fetoprotein Number of
Morphological types
level (μg/L)
cases
Trabecular compact Clear cell Giant cell Spindle cell

1
0
1

9
9
18

7
3
10

1
0
1

≤ 20
21-299
Total

Figure 1 Clear cell hepatocellular carcinoma. HE × 400.

18
12
30

6
3
9

10
9
19

1
0
1

1
0
1

Figure 4 Clear cell hepatocellular carcinoma. The AFP-positive portion in clear cells was expressed
in the periphery of the cytoplasm. Immunohistochemical stains × 400. AFP: Alpha-fetoprotein.

Figure 2 Giant cell hepatocellular carcinoma. HE × 400.

Figure 5 Clear cell hepatocellular carcinoma. The AAT-positive portion was expressed in the
cytoplasm. Immunohistochemical stains × 100. AAT: Alpha-1-antitrypsin.

Figure 3 Spindle cell hepatocellular carcinoma. HE × 400.
Figure 6 Clear cell hepatocellular carcinoma. The EMA-positive portion was expressed in the
cancer cell membrane. Immunohistochemical stains × 100. EMA: Epithelial membrane antigen.

serum AFP showed peculiar morphological types. Among them, 19
were of the clear-cell type (clear cells occupied 30%-90% of total
cancer cells), (Figure 1), 1 was of the giant-cell type (Figure 2), and
1 was of the spindle-cell type (Figure 3, Table 2).

endothelial cells of blood sinuses and blood vessels, smooth muscle
cells of the vascular wall, and fibroblasts) were positive (Figure 7).
In paraffin sections of 8 cases of LHCC with positive and high
expression levels of serum AFP observed immunohistochemically,
various concentrations of AFP-positive, AAT-positive, and EMA-positive cancer cells were found in all cases; tests for vimentin expression in the 8 cases yielded the same results as those obtained in the
cases with undetectable serum AFP levels, i.e. negative results for
cancer cells and positive results for interstitial tissues (Table 3).

Immunohistochemical reactions of cells in hepatocarcinomatous
tissues

In histological sections of the 30 cases of LHCC with undetectable or
low levels of serum AFP, only 3 were found to be positive for serum
AFP in cells, 2 were of the clear-cell type, and 1 was of the nonclear-cell type. AFP-positive cancer cells were focally distributed
and the AFP-positive portion in the clear cells was expressed in the
periphery of the cytoplasm (Figure 4). AAT-positive cancer cells were
found in 8 cases (Figure 5) and EMA-positive cancer cells in 28 cases
(Figure 6). Tests for vimentin expression in cancer cells of all the 30
cases were negative, while those in the interstitial tissues (including
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Different degrees of cell differentiation were observed in the 30
cases investigated in this study, with Grade Ⅲ ranking the first and
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ordinary cytoplasmic constituents (the glycogen and lipid dissolved
and disappeared during the preparation of histological slides, which
were left clear). On electron microscopy, cell organelles decreased,
the rough surfaced endoplasmic reticulum (RER), free ribosomes
and polyribosomes seemed to have been pushed aside by glycogen
[5]
and lipid. Zhang et al observed by immune-electronmicroscopy
that AFP was mainly located in the membrane of RER and ribosomes. Our immunohistochemical study on 19 cases of clear-cell
carcinoma showed positive results for AFP expression in only 2 cases, wherein AFP was focally distributed with positive staining of the
peripheral cytoplasm. The latter findings coincided with the above
mentioned phenomenon, i.e., the pushing of RER and ribosomes
aside. It is suggested that clear cells are morphological manifestations of glycometabolic and lipometabolic disturbances in hepatocarcinomatous cells. It is a type of degeneration of the carcinoma cells
that possibly hinders the synthesis of AFP. This might be one of the
factors responsible for the undetectable or low levels of serum AFP
in patients with HCC.
Thus, samples testing negative and positive for serum AFP
expression did not show any significant differences in the results of
the immunohistochemical studies such as those for EMA and vimentin. The positive results for EMA expression and negative results for
vimentin expression in the cancer cells are indicative of their epithelial origin. Further, AAT-positive cases among those testing negative
for serum AFP expression were apparently fewer than those testing
positive for serum AFP for control. The reasons for these findings
remain obscure and further studies are required to elucidate them.

Figure 7 Clear cell hepatocellular carcinoma. Tests for vimentin expression in cancer cells were
negative, but those in the interstitial tissues appear to be positive. Immunohistochemical stains ×
100

Table 3 Immunohistochemical reactions of hepatocarcinoma
Serum alpha-fetoprotein Number of
Morphological types
level (μg/L)
cases
Trabecular compact Clear cell Giant cell Spindle cell
≤ 20
21-299
Total

18
12
30

6
3
9

10
9
19

1
0
1

1
0
1

Grade Ⅳ the next. Grade Ⅲ and Ⅳ constituted the great majority
of the cases, but this grade distribution was not only peculiar for
those cases with undetectable or low levels of serum AFP. Two mas[2,3]
sive case reports from our country
indicated that Grades Ⅲ and
Ⅳ occupied the great majority of HCC, including both cases positive
and negative for serum AFP expression. The distribution of Grades
Ⅲ and Ⅳ was also predominant in this study of 30 cases of LHCC
that had undetectable or low levels of serum AFP, without any significant difference from that observed in HCC that were positive or
negative for serum AFP expression. There was no significant correlation between the degree of differentiation of cancer cells and serum
AFP level.
Cells of cancerous tissues in most of the 30 cases of LHCC with
undetectable or low levels of serum AFP showed peculiar pathological morphology, most of which were of the clear-cell type, with a
[4]
few belonging to the giant- and spindle-cell types. Wu et al used
periodic acid-Schiff and Sudan black stains and proved that the
cytoplasm of clear cells were rich in glycogen and lipid, partly as
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Recovery of allografted small intestine function
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CONCLUSION: Function of the grafted small intestine recovered
satisfactorily 100 d after transplantation, indicating good clinical outcome of SBT.
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INTRODUCTION
Successful small bowel transplantation (SBT) can improve the life
quality for patients dependent on long-term total parenteral nutrition
(TPN). The ultimate goal of SBT is to restore normal gastrointestinal
function. The purpose of this study was to evaluate the function of
allografted small intestine after a clinical SBT.
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MATERIALS AND METHODS
A clinical SBT was performed on March 12, 1994. The recipient was
a 31-year-old woman who had severe short bowel syndrome and
was dependent on long-term TPN. The donor was a 28-year-old
man who had died of brain injury. Both the donor and the recipient
were of blood type O. The graft was transplanted in an orthotopic
location. The donor superior mesenteric artery (SMA) with a Carrel patch was anastomosed to the recipient aorta, while the donor
portal vein was anastomosed to the recipient superior mesenteric
vein (SMV). The grafted small intestine was anastomosed to the
native gastrointestinal tract, exteriorizing the distal segment of the
[1]
graft about 10 cm in length as a stoma . Immunosuppression was
achieved with cyclosporine A (CsA), tripterygium wilforddi (GTW),
methylprednisolone, and prostaglandin El (PGEl). Histopathologic
studies of endoscopy-guided biopsies were performed twice a week.
Enteral feeding was initiated 4 d after surgery and then gradually
increased in volume and concentration as the parenteral feeding
was reduced and eventually stopped. Further, 2% glutamine (Glu)
was added to the enteral feeds. The patient’s nutritional status was
assessed principally by measurement of body weight and serum
[2]
protein levels. D-xylose absorption and nitrogen balance were
measured to assess the graft absorption function. Motility of the
th
th
small bowel was assessed by barium studies on the 10 and 38
postoperative days. Bacterial translocation was judged by frequent
blood and stool cultures.

Abstract
AIM: To investigate recovery of the allografted small intestine function after clinical small bowel transplantation (SBT).
METHODS: The structure of the graft was evaluated by endoscopic
biopsy and histopathologic examination. Graft functions were assessed by D-xylose absorption, barium studies, nitrogen balance calculation, and blood and stool cultures. Nutritional status of the recipients was judged by measurement of body weight and serum protein
concentrations.
RESULTS: The recipient discontinued total parenteral nutrition (TPN)
and resumed oral nutrition 100 d after SBT. On oral diet, the patient
maintained a normal nutritional status, gained weight by 3 kg, and
had a normal serum albumin concentration (40.2 g/L ± 0.2 g/L).
Satisfactory D-xylose absorption was achieved 8 wk after the operation. Nitrogen balance of the gut was maintained well and increased
gradually. Serial mucosal biopsy showed normal structures 2 wk after
grafting, without evidence of rejection and graft versus host diseases
th
th
(GVHD). Barium studies conducted on the 10 day and 38 day by
barium studies revealed that the grafted small bowel motility showed
normal patterns of peristalsis and transit. No bacterial translocations
were noted.

WJG|www.wjgnet.com

67

June 15, 1997|Volume 3|Issue 2|

Jiang ZW et al . Recovery of allografted small intestine function
only, without the need for further parenteral supplement. The graft
had a normal structure with good performance in its functions of absorption, motility, and barrier protection.
Factors impairing the functions of intestinal graft include surgery,
rejection, and infection. The measures taken to improve the graft
functions in our patient included shortening the ischemic period of
the graft, improving the surgical technique, preventing rejection
and infection, and protecting the intestinal barrier function. Skilled
execution of the vascular anastomosing technique could avoid the
stenosis of the anatomosis. After revascularization, the use of lowdose dopamine would promote the graft blood flow. To shorten the
graft ischemic time, especially warm ischemic time, the quality of
the graft could be improved by ice cooling of the abdominal cavity and immediate in situ perfusion through an aortic cannula with
cold Eurocollins solution. The graft was transported to the operating room as soon as possible and the retrieval was done carefully. A
matched donor was selected, and a reasonable immunosuppressive
protocol was adopted to prevent rejection. Additionally, to improve
gut barrier function after SBT, early enteral feeding was provided to
stimulate mucosal growth and preserve the tight junctions of intestinal epithelial cells. Glu was supplemented to supply the gut with
[3]
essential nutrients , and oral antibiotics were used to reduce the
microbial flora in the graft.
Thus, this case demonstrated that SBT is a feasible option for
patients with short bowel syndrome.

12

Nitrogen (mg/d)

10
8
6
4
2
0
-2
-4

1

2

3

4

t/mo

Figure 1 Calculation of nitrogen balance of the gut.

RESULTS
The patient was free from dependency on TPN 100 d after the operation. Steady weight gain (3 kg) and normal albumin concentration
(40.2 g/L ± 0.2 g/L) had been achieved on enteral feeding alone.
Satisfactory absorption of D-xylose was documented 8 wk after surgery. Positive nitrogen balance of the gut was achieved in the postoperative course (Figure 1). Barium studies showed that the transit
and peristalsis patterns of the graft were normal. Serial intestinal biopsies showed that the mucosa was mildly edematous, with villous
blunting and infiltration of some mononuclear cells into the lamina
propria and submucosa in the first 2 wk. However, the mucosa was
restored to its normal appearance without any evidence of rejection
or graft versus host disease (GVHD) at 2 wk after the operation. No
bacterial translocation occurred postoperatively.
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Effects of tetrandrine and verapamil on fibroblastic growth and
proliferation
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RESULTS: Compared to untreated fibroblasts, those treated with
both Tet and Ver showed higher percentages of cells in the G1 and
G2+M phase in the cell cycle of 3T6 fibroblasts (P < 0.01) and markedly elevated protein content, while those treated with Tet only
showed significantly lower intracellular RNA content (1.5-2.0 μg, P <
0.01) and those treated with Ver only showed lower intracellular DNA
content (15-20 μg, P < 0.01).
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CONCLUSION: The inhibitory action of Tet and Ver on fibroblastic
growth and proliferation might be responsible for the antifibrotic effects of these medications in liver fibrosis.
Key words: Tetrandrine/pharmacology; Verapamil/pharmacology; Fibroblasts/drug effects; Liver cirrhosis/drug therapy

Abstract
AIM: To investigate the effect of tetrandrine (Tet) and verapamil (Ver)
on liver fibrosis by evaluating their effects on the growth and proliferation of fibroblasts.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Flow cytometry and imaging analysis were used to
study the effects of combined and individual treatment of Tet and Ver
on fibroblastic proliferation in vitro . Untreated control cells were used
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INTRODUCTION
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Somatostatin analogues (e.g. octreotide, RC-160 and others) are
widely used to treat neuroendocrine tumors (such as carcinoids,
vasoactive intestinal peptide (VIP) omas, insulinomas and gluca
[1]
gonomas), acute pancreatitis and fistulae of gastrointestinal tract .
Recently, these drugs have also been considered to have some
[2,3]
therapeutic effect for non-endocrine gastrointestinal tumors . In
order to study the mechanism of octreotide and its anticancer effect,
the proliferative index (PI) and the fraction distribution of cell cycle
were investigated by flow cytometry. The changes in the serum carcinoembryonic antigen (CEA) level, incidence of hepatic metastases,
body weight, and survival time were also determined. Furthermore,
the relationship between the parameters of cell-cycle kinetics and
the changes of serum CEA level were analyzed.
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Abstract
AIM: To study the inhibitory effect of somatostatin analogue (octreotide) on tumor growth.

MATERIALS AND METHODS

METHODS: The influence of cell-cycle kinetics on hepatic metastases of BALB/c mice colonic adenocarcinoma (CT26) with octreotide
treatment in vivo was investigated by flow cytometry. The serum carcinoembryonic antigen (CEA) levels were also determined.

Peptides, tumor cell line, and instrumentation

Octreotide was provided as a gift from Sandoz Company (Basel,
Switzerland). The tumor cell line CT26, from the colonic adenocar
cinoma of mice, was obtained from the Immunological Department
of Second Military Medical University (Shanghai, China). The type
of flow cytometry (FCM) apparatus used in this study was FACStar
Plus, manufactured by Becton Dickinson Company (United States).
The CEA ELISA kit was produced by Sanye Company of Shanghai
Second Medical University.

RESULTS: The results showed that the proliferative index (PI) and
the S-phase fraction in hepatic tumors of mice treated with octre
otide decreased markedly and that the G0/G1 serum CEA phase fraction increased significantly in comparison with the control (P < 0.01).
After administration of octreotide, the serum CEA levels were also
lower than those in the control group. The incidence of liver metastases in the treated group was lower than that in the control. The body
weight loss in the mice was slower and survival was longer in the
treated group than in the control group. Furthermore, the changes in
PI and the fraction distribution of S-phase or G0/G1-phase in cell cycle
were closely related to the serum CEA levels.

Animals and treatment

Thirty-two male BALB/c mice, aged 5-7 wk, were used in this study.
The mice were randomized into the following four groups: Group A (n
= 10): Liver metastases treated with octreotide for tumor measurement and FCM analysis; group B (n = 10): Liver metastases used as
control for tumor measurement and FCM analysis; group C (n = 6):
Liver metastases treated with octreotide for survival time; group D (n
= 6): Liver metastases used as control for survival time.
The mice were placed under ether anesthesia, and a small incision was made in the left subcostal area. The spleen was injected
6
with 1 × 10 cultured CT26 in 100 μL of culture medium. The mice

CONCLUSION: Octreotide may be useful for inhibiting the hepatic
metastases of colonic carcinoma.
Key words: Colonic neoplasms; Liver neoplasms/secondary; adenocarcinoma; Cytometry; Octreotide; Carcinoembryonic antigen/analysis
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parison with the control group (P < 0.01).

Table 1 Comparison of body weight and incidence of hepatic metastases

Body weight (¯x ± s, g)
0
1st week
2nd week
3rd week
Weight decreasing rate (¯x ± s, %)
1st week
2nd week
3rd week
Incidence of hepatic tumor
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ
b

Group A

Group B

16.74 ± 0.94
16.55 ± 0.82
16.11 ± 0.79
15.35 ± 0.81b

16.96 ± 0.90
16.64 ± 0.80
15.68 ± 0.68b
15.05 ± 0.87b

1.23 ± 0.82
3.70 ± 1.12d
8.25 ± 2.65c

1.74 ± 1.40
7.48 ± 2.14
11.27 ± 2.79

0
70% (7/10)e
30% (3/10)e

0
20% (2/10)
80% (8/10)

Change of serum CEA and the relationship between CEA and cell
cycle kinetics

After the third treatment session, the serum level of CEA was 89.60
μg/L ± 31.72 μg/L in group A and 140.50 μg/L ± 49.97 μg/L in
group B (P < 0.05). Statistical regression analysis showed that the
changes in the PI and the fraction distribution of S-phase and G0/G1phase in cell cycle were closely related to the levels of serum CEA in
the treated group (r = 0.6677, P < 0.05; r = 0.7071, P < 0.01; r =
-0.6703, P < 0.05, respectively).

Evaluation of survival time

After 3 wk of octreotide treatment, the median survival time was
49.3 ± 13.0 d in group A and 34.2 ± 7.3 d in group B (P < 0.05).

P < 0.01 vs before experiment; cP < 0.05, dP < 0.01, group A vs group B.

DISCUSSION
Table 2 Changes in proliferative index and phase fractions in tumor cell
cycle (¯x ± s)
Group A

Group B
b

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

Somatostatin analogue, designated as octreotide with eight amino
acids, is long acting and much more potent than somatostatin in inhibiting insulin, glucagon, and growth hormone. Clinical studies have
demonstrated that octreotide is an effective pharmaceutical agent in
treating various endocrine tumors (e.g. carcinoids, insulinomas, VIPomas, etc.). In recent years, several investigators have described that
somatostatin analogues can exert inhibitory effect in gastrointestinal
“non-endocrine” tumors by means of suppressing the growth of tu[4,5]
mors and prolonging the survival time .
In view of cell-cycle kinetics, PI and S-phase fraction always reflect the proliferative state of tumor cells. This study demonstrated
that octreotide could markedly decrease the PI and the S-phase
fraction of hepatic tumors and significantly increase the G0/G1-phase
fraction in comparison with the control. Administration of octreotide
significantly lowered the incidence and inhibited hepatic metastases
of CT26 colonic adenocarcinoma cell line. The animal’s body weight
decreased slowly and the survival time of mice prolonged markedly.
Therefore, octreotide can inhibit the proliferation of CT26 tumor cell
line and block the G0/G1-phase cells of CT26 adenocarcinoma from
entering the S-phase. These experimental results from the view of
cellular kinetics suggest that octreotide has the antitumor effect.
The possible mechanism of the antitumor action of somatostatin
is still unknown. From the available data, the following are proposed
as likely mechanisms: (1) The antitumor action of somatostatin
could be mediated directly by specific receptors located on the tumor cell membrane. (2) Somatostatin analogues can suppress the
release of gastrointestinal hormones (e.g. insulin, gastrin, cholecystokinin and others), interfere with the synthesis of autocrine or
paracrine growth factors by tumor cells (such as epidermal growth
factor, platelet derived growth factor, transforming growth factor
and others. (3) Somatostatin also exerts an inhibitory effect on DNA
synthesis in tumor cells. And (4) Furthermore, somatostatin ana[6-8]
logues can also inhibit the angiogenesis of neoplasm .
Our data suggested that octreotide can also influence serum
CEA. The serum CEA levels in the group treated with octreotide decr
eased markedly and were positively related with PI and S-phase
fraction of cell cycle and negatively related with G0/G1-phase fraction. CEA, an oncofetal glycoprotein, was first described in 1965.
The present study shows that the CEA is not only a tumor associated cancer antigen but also a member of immunoglobulin super[9]
gene family . The nucleotide sequence of the CEA gene was homologous with those of member of the immunoglobulin supergene
family; therefore, it may affect cellular recognition and interaction.
As a member of the group of cell adhesion molecules (CAMs), CEA
may be involved in tumor metastases. The experimental study by
[10]
Hostetter et al
suggested that the metastasis in the liver of nude
mice was enhanced by the CEA pretreatment. The cells adhered by
movement of microvilli and contact of cells. The recognition between
CEA molecule and its receptor is a process depending on bivalent
2+ [11]
cation (Mg ) . Therefore, this study suggested that the anti-tumor
mechanism of octreotide might involve cell adhesion molecules
(CAMs). Unfortunately, we did not determine the changes in the levels of other CAMs.
In conclusion, our findings indicate that the somatostatin anal

0.24 ± 0.06
17.89 ± 5.11b
76.41 ± 5.51b
6.11 ± 1.71

0.31 ± 0.02
24.54 ± 2.58
69.38 ± 2.30
5.67 ± 1.76

PI: Proliferative index. bP < 0.01, group A vs group B.

in groups A and C were administered daily subcutaneous injection of
octreotide at a dose of 50 μg/kg daily, while those in groups B and D
were injected with saline solution.

Measurement and analysis of FCM

The mice were weighed once a week. The animals in groups A and
B were killed after 3 wk. The incidence of hepatic metastases and
the liver weight were determined. The hepatic metastases were
classified into grades Ⅰ-Ⅲ according to the number of visible liver
tumors: Grade Ⅰ: 0; grade Ⅱ: 1-50 liver tumors mass; grade Ⅲ:
> 50 liver tumors with mass or diffuse growth. Blood samples were
collected by ophthalmectomy and the serum level of CEA was mea3
sured. Tumor samples of volume approximately 0.5 cm were dissected from the hepatic metastases was subjected to FCM analysis.
The mice in groups C and D were treated continuously until they
died naturally.

Statistical analysis

2

Statistical analysis included both univariate (χ and Student’s t-test)
and multivariate (logistic regression) tests.

RESULTS
Change in body weight

The changes in the body weight of groups A and B are shown in Table 1. Compared to status before initiation of treatment, the weight
in group A did not change significantly even 1 and 2 wk after treatment; however, the weight in group B decreased markedly after
the second week. The difference in the rate of weight loss between
groups A and B was statistically significant.

Change of hepatic metastases

Administration of octreotide for 3 wk significantly lowered the incid
ence of hepatic metastases and inhibited the growth of CT26 (Table
1). The incidence of grade Ⅱ liver metastases in the control group
decreased markedly, while that of grade Ⅲ increased significantly in
comparison with the treated group (P < 0.05).

PI and phase fraction in tumor cell cycle

The PI and each phase fraction of tumor cell cycle, as determined by
FCM, are shown in Table 2. After administration of octreotide, the PI
and the S-phase fraction in hepatic tumors of mice decreased markedly, while the G0/G1-phase fraction increased significantly in com-
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ogue, octreotide, can effectively inhibit the growth and development
of hepatic metastases. Recently, octreotide has been employed in the
treatment of advanced gastrointestinal cancer patients refractory to
chemotherapy. Although the results of initial clinical trials of somatostatin analogues were controversial, we believe that somatostatin
may be a useful agent in endocrinotherapy for gastrointestinal cancer.

5
6
7
8
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Effect of faeces trogopterorum extract B1 on the experimental gastric
ulcer and gastric secretion in rats
Xiong-Wen Wang, Zhi-An Cheng, Qing-Ming Li, Wen-Zi Liu
of animals in the WLZ-B1 groups treated with either 40 g/kg or 80
g/kg were 8.6 ± 10.8 and 1.6 ± 1.9 respectively, which were lower
than that of the 0.9% NaCl control group (47.0 ± 31.4, P < 0.05, P <
0.01). The lesion scores for the 80 g/kg group was lower compared
to those of the Ran group (20.5 ± 16.4, P < 0.01). The pH of the
gastric juices of the 80 g/kg group (3.425 ± 0.143) was higher than
that of the 0.9% NaCl group (2.836 ± 0.632, P < 0.05). In the reserpine model, the lesion score of the 40 g/kg group of the WLZ-B1 (20.7
± 16.5) was also lower than that of the 0.9% NaCl control group (76.3
± 50.6, P < 0.05).

Xiong-Wen Wang, Zhi-An Cheng, Qing-Ming Li, Wen-Zi Liu, Department of
Traditional Chinese Medicine, Sun Yat Sen Memorial Hospital, Sun Yat Sen University of Medical Seiences, Guangzhou 510120, Guangdong Province, China
Author contributions: All authors contributed equally to the work.
Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-).
22, 1996
Received: September���������
Revised: January 31, 1997
Accepted: March 1, 1997
Published online: June 15, 1997

CONCLUSION: B1 is the most effective of the three sections in
inhibiting gastric secretion, protecting gastric mucosa and preventing
experimental ulceration.

Abstract

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

AIM: To study the effects of extracts B1, B2, and B3 from faeces trogopterorum on the experimental gastric ulcer in rats.

Key words: Faeces trogopterori/pharmacology; Gastric mucosa/drug
effects; Stomach ulcer/prevention and control

METHODS: Two different animal models of gastric ulcers were used in
this experiment: Shay's model (n = 72) and the reserpine-induced ulcer
model (n = 76). The total volume and the pH of the gastric juices were
recorded. The lesion scores of gastric mucosa were also recorded.
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on the experimental gastric ulcer and gastric serection in rats. World J Gastroenterol 1997; 3(2): 71 Available from: URL: http://www.wjgnet.com/1007-9327/
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RESULTS: The lesion scores of gastric mucosa in the Shay’s model
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Fos expression in catecholaminergic medullary neurons induced by
chemical stimulation of stomach projecting to the paraventricular nucleus
of the hypothalamus in rats
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It is well known that catecholaminergic medullary neurons are
mainly located in the A1 and A2 regions of the brain stem, while a
few of them are distributed in the reticular formation (RF) between
[1,2]
A1 and A2 regions . It has been previously reported that only a
few neurons in nucleus tractus solitarii (NTS) sent projective fibers
[3-5]
to the paraventricular nucleus of hypothalamus (PVH) ; however,
recent studies have demonstrated that many neurons in the NTS
and ventrolateral medulla (VLM) send their axons directly to the
[6]
[2]
PVH , with some of them originating from A1 and A2 regions . The
paraventricular nucleus of hypothalamus (PVH) is an important part
of the hypothalamus, and hypothalamus is known to play an important role in regulating visceral activities. Additionally, after injection
of formalin into the stomach, numerous Fos-like immunoreactive
(FosLI) neurons were detected within the central nervous system
[7]
of the rats, including the NTS, VLM and RF . Therefore, in this
study, we investigated whether the catecholaminergic neurons in
rat medulla projecting to the PVH responded to the gastrointestinal
noxious stimulation.
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Abstract
AIM: To determine whether medullary catecholaminergic neurons
expressing Fos induced by chemical stimulation of the stomach project to the paraventricular nucleus of hypothalamus (PVH) in rats.
METHODS: Horseradish peroxidase (HRP) was introduced stereotaxically into the PVH of rats. Histochemical analysis of coronal sections
through the medulla were analyzed using triple-label immunohistochemistry to identify cells that were retrogradely labeled with HRP,
Fos (ABC method), and tyrosin hydroxylase (TH) (PAP method).

MATERIALS AND METHODS
Twelve male Sprague-Dawley rats, weighing 180-230 g, were used.
The rats were kept in a dark, warm and quiet facility for 36 h before
experiment. Then the rats were randomly divided into one experimental group (n = 6) and three control groups (n = 2 for each
group).

RESULTS: Seven kinds of labeled neurons were found in the nucleus
tractus solitarii (NTS), the ventrolateral medulla (VLM) and the reticular formation (RF) of the medulla: Fos-like immunoreactive (FosLI)
neurons, TH-like immunoreactive (TH-LI) neurons and HRP retrogradely single-labeled neurons, FosLI/HRP, FosLI/TH-LI and HRP/
TH-LI double-labeled neurons, and FosLI/HRP/TH-LI triple-labeled
neurons.

Experimental group

The rats were anesthetized with sodium pentobarbital (40 mg/kg,
i.p.) and stereotaxically injected unilaterally with 0.1 μL of a 30%
solution of horseradish peroxidase (HRP) dissolved in 0.9% saline
into the PVH. Forty-eight hours later, the rats were anesthetized
again by placing the animals into a transparent glass box containing

CONCLUSION: Ascending projections from the NTS, VLM and RF
to the PVH might be involved in the transmitting process of visceral
noxious stimulation.
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method. The sections were successively incubated with a monoclonal
antibody against TH (1:300; Biochringer Mannbein Biochemical) for
48 h at 4 ℃, followed by goat anti mouse IgG (1:100; Sigma) and
finally a mouse PAP complex (1:300; Sigma), each for 24 h at 4 ℃.
The sections were then treated with 0.05% DAB and 0.03% H2O2 in
0.05 mol/L Tris HCl buffer (pH7.6) for 10-20 min at RT.

A

Control groups

The control experiments (groups 1 to 3) were performed in six rats
as follows: Two rats were reared as described above without any
treatment; two rats were only anesthetized by methoxyflurane gas
without any formalin injected into the stomach and two received HRP
injection into the PVH without any additional treatment. After survival
for 36 h, 2 h and 48 h, respectively, the rats were anesthetized with
sodium pentobarbital (40 mg/kg, i.p.) and transcardially perfused as
described above. The sections obtained from these six control rats
were processed for immunohistochemical staining for Fos only.
Some of the sections obtained from the experimental rats were
selected for the primary antibody substitution test (control group 4),
in which the anti-Fos sera and monoclonal antibody against TH were
replaced by 0.01 mol/L PBS (1:50-100).

B

RESULTS
Experimental group

C

Under light microscope, seven kinds of labeled cells (i.e. HRP, TH-LI
and FosLI single-labeled neurons; hRP/TH-LI, FosLI/TH-LI and
FosLI/HRP double-labeled neurons; hRP/FosLI/TH-LI triple-labeled
neurons) were observed in the medulla.
HRP reaction products were seen as black punctate granules in
the cytoplasm (Figure 1A), while FosLI neurons appeared with a
dark, round or ovoid nuclei and exhibited no staining in the cytoplasm (Figure 1C and Figure 2A). The cytoplasm of TH-LI neurons
were homogeneously brown (Figure 1A, 1B and Figure 2B). Thus,
HRP/TH-LI double-labeled neurons were identified by the presence
of black punctate granules on a homogeneous brown background
(Figure 1B); FosLI/TH-LI double-labeled neurons were characterized by the presence of a dark nucleus with a homogeneous brown
cytoplasm (Figure 1A and 2A). Numerous black punctate granules
surrounding a dark nucleus were seen in FosLI/HRP double-labeled
neurons (Figure 1C). HRP/FosLI/TH-LI triple-labeled neurons contained a dark nucleus and black punctate granules on homogeneous
brown background of the cytoplasm (Figure 2B). As the three different reaction products were clear and definite, the differently labeled
neurons could easily be distinguished.
Retrogradely labeled HRP neurons were predominately observed
in the medulla ipsilateral to the HRP injection site. Most of them
were distributed in the NTS and VLM at the middle and caudal levels
of the medulla. Most HRP labeled cell bodies in the NTS and VLM
were fusiform or oval in shape, and medium or small in size with
a diameter ranging from 15 to 30 μm. A few HRP labeled neurons
were scattered in the medulla reticular formation (RF) between the
NTS and VLM.
TH-LI neurons were mainly distributed in the A1 and A2 regions
at the middle and caudal levels of the medulla. TH-LI neurons in
NTS and VLM were fusiform or oval in shape and small or medium in
size with diameters ranging from 20 to 30 μm. A few TH-LI neurons
were also found in the RF.
FosLI neurons were bilaterally distributed and were frequently
observed in the medial subnucleus (SolM) and commissural sub
nucleus (SolC) of the NTS at the middle and caudal levels of the
medulla, although they were distributed throughout the entire rostro
caudal extent of the medulla, and additionally in the VLM and RF.
The number of labeled neurons was counted in one rat (Table 1).
The total number of HRP labeled neurons was 162, while TH-LI neurons was 263, and FosLI neurons was 1275 in the medulla. FosLI/
TH-LI double-labeled neurons (314) were most numerous among
all double-labeled neurons and constituted 14.4% (314/2185) of
the total population of labeled neurons. On the other hand, HRP/
TH-LI and FosLI/HRP double-labeled neurons were much less frequent than FosLI/TH-LI double-labeled neurons, with 77 HRP/TH-LI

Figure 1 A: Horseradish peroxidase labeled neuron (open triangle), Tyrosin hydroxylaselike immunoreactive neuron (arrow) and Fos-like immunoreactive/Tyrosin hydroxylase-like
immunoreactive double-labeled neuron (black triangle) in the ventrolateral medulla and
reticular formation of medulla, × 200; B: Tyrosin hydroxylase-like immunoreactive neuron
(open triangle) and Horseradish peroxidase/Tyrosin hydroxylase-like immunoreactive
double-labeled neuron (arrow in the nucleus tractus solitarii of medulla, × 400; C: Fos-like
immunoreactive neuron (arrows) and Fos-like immunoreactive/Horseradish peroxidase
double-labeled neuron (open triangle) in the nucleus tractus solitarii of medulla, × 400.

methoxyflurane gas and then administered with 2 mL of 1% formalin directly into the stomach through a plastic tube. Within 3-5 min
after the injection, the animals awoke. Two hours later, the rats were
re-anesthetized with an overdose of sodium pentobarbital, perfused
through the ascending aorta with 150 mL of 0.9% saline, followed
by 500 mL of a fixative containing 4% paraformaldehyde in 0.1 mol/
L phosphate buffer (PB, pH7.4), and 200 mL of 10% sucrose in PB.
The brains were removed and stored in 30% sucrose in 0.1 mol/L
PB overnight at 4 ℃. The brains were cut through the medulla into
coronal sections 40 μm thick on a freezing microtome.
[8]
The sections were processed with a triple labeling technique .
For the histochemical demonstration of injected and transported
HRP, tetramethylbenzidine (TMB) was used as a chromogen and
sodium tungstate as a stabilizer. The HRP reaction products were
intensified with diaminobenzidine (DAB) and CoCl2. Then, the sections were used for immunohistochemical staining for Fos according
to the avidin biotin peroxidase complex (ABC) method. The sections
were successively incubated with sheep anti Fos protein antibody
(1:4000; Cambridge Biochemical Research, United Kingdom) for
48 h at 4 ℃, followed by biotinylated rabbit anti sheep IgG (1:300;
Vector) for 4 h at room temperature (RT) and finally streptavidin
HRP complex (1:300; Vector) for 1 h at RT. Then, the sections were
treated using the glucose oxidase DAB nickel method, the reactions
usually lasted between 30-50 min at RT.
Finally, the sections were washed in 0.01 M phosphate buffered
saline (PBS), and were then used for immunocytochemical staining
for tyrosine hydroxylase (TH) by the peroxidase anti peroxidase (PAP)
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The sections that were used to verify the antibodies using the
substitution test (group 4) were negative, with neither FosLI nor
TH-LI detected in the medulla of these sections.

A

DISCUSSION
A previous study had demonstrated that after a tritiated amino acid
tracer was injected into the NTS of rats, the longest distance of the
labeled ascending fibers and terminals was observed at the level
[4]
of the pons . A different study found that the injection of HRP into
the PVH led to a significant number of HRP labeled neurons in the
[3]
VLM . Other more recent studies have confirmed that neurons in
[3,5,6,9]
the NTS and VLM send axons to the PVH
. Our results have
proved that the projection fibers to the PVH originated mainly from
the SolM and SolC and NTS and the VLM, with fewer projections
from RF at the middle and caudal segments of medulla. However,
the transmitters, modulaters and function of these projecting neurons were not known. Phaseolus vulgaris leucoagglutinin (PHA-L)
anterograde tracing study has demonstrated that the neurons in the
[2]
A1 and A2 regions project to the PVH . In this study, we found that
FosLI neurons were observed within the NTS, VLM and RF of the rat
[7]
following gastrointestinal (visceral) noxious stimulation .
Our results show that 77% (1683/2185) of the total population
of labeled neurons in the NTS, VLM and RF responded to visceral
noxious stimulation, and were Fos positive. About 15% (333/2185)
of all seven kinds of labeled neurons in the NTS, VLM and RF sent
their axons to the PVH, about 5.9% of the neurons projected to the
PVH exhibited TH-LI, and some of these TH-LI neurons were Fos
positive. These results suggest that TH-LI neurons in the NTS, VLM
and RF might be involved in the transmission of nociceptive information from the stomach to the PVH.

B

Figure 2 A: Fos-like immunoreactive neurons (open triangle) and Fos-like immunoreactive/
Tyrosin hydroxylase-like immunoreactive double-labeled neuron (arrow) in the nucleus
tractus solitarii of medulla; B: Tyrosin hydroxylase-like immunoreactive (open triangle) and
Fos-like immunoreactive/Horseradish peroxidase/Tyrosin hydroxylase-like immunoreactive
triple-labeled neuron (arrow) in the nucleus tractus solitarii of medulla, × 400.

Table 1 Number of seven kinds of labeled neurons in nucleus tractus
solitarii, ventrolateral medulla and reticular formation of the medulla in the
sections of a rat
HRP TH-LI FosLI HRP/ FosLI/ FosLI/ HRP/FosLI/
TH-LI TH-LI
HRP
TH-LI

Total

NTS

119

RF
VLM
Total (%)

11
32
162
(7.4)

153

937

32
204
78
134
263 1275
(12.0) (58.4)

41

77

28

33

1388

7
29
77
(3.5)

19
218
314
(14.4)

6
9
43
(2.0)

2
16
51
(2.3)

281
516
2185
(100)
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Characteristics of DNA repair induced by DNA polymerase β in hepatoma
cells after γ-ray irradiation
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DNA damage in some tumor cells than that in normal cells, which
may facilitate the cells to repair DNA damages from radiation more
efficiently.
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INTRODUCTION
DNA polymerase β (pol β), which is the smallest and simplest polymerase, exists in most vertebrate cells. The exact cellular roles of
pol β are still obscure, especially in the repair of DNA damaged from
[1-3]
γ-ray exposure . However, recent studies showed that pol β could
60
participate in DNA repair synthesis after Co-γ ray irradiation. In the
present study, the differential characteristics of pol β in radiationinduced DNA damage in DNA repair between hepatoma cells and
normal liver cells was investigated.
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Abstract
AIM: To investigate the effects of DNA repair induced by DNA polymerase β in hepatoma cells after γ-ray irradiation.

MATERIALS AND METHODS
Nuclei preparations

METHODS: Cell nuclei were prepared from mouse model (SMMC
LTNM), in which human hepatoma cells are transplanted on nude
60
mice. The nuclei were then irradiated with Co-γ rays at different
dose levels or dose rates. A selective inhibitor test was then used to
detect the effects of the radiation on DNA repair using N-ethylmaleimide (NEM) and ddTTP as selective inhibitors to DNA polymerases
γ and β respectively.

BALB/c or NC nude mice bearing SMMC-LTNM hepatomas were
killed and the livers and SMMC-LTNM hepatomas were harvested.
The tissues were washed with Hanks solution, cut into pieces,
homogenized and filtered through a nylon net. The cells were collected by centrifuge and the nuclei were isolated as described
[4]
previously .

RESULTS: 3H-TTP incorporation into irradiated nuclei or calf thymus
DNA was significantly higher than that the rate at which it is incorporated into non-irradiated nuclei when either DNA polymerase α or
3
γ was inhibited. When both NEM and ddTTP are present, the H-TTP
incorporation in irradiated DNA was not significantly different from
3
the non-irradiated nuclei. Furthermore, H-TTP incorporation into
DNA of SMMC-LTNM hepatoma nuclei was higher than that of normal
hepatocyte nuclei (P < 0.01). This suggests that DNA repair induced
by DNA polymerase β was more active in hepatoma cell nuclei than
in normal hepatocyte nuclei.

Sample irradiation

Cell nuclei suspensions or calf thymus DNA solutions (for the controls; Sigma Co.) were put in 1.5 mL sterile Eppendorf tubes in an
60
ice bath before being transferred into a field of Co-γ rays (1.85 ×
15
10 Bq) and irradiated with 1-40 Gy at 1-10 Gy/min dose rates. The
samples were maintained in an ice bath throughout the procedures.
The DNA repair synthesis test was carried out immediately after
irradiation.

Assay for DNA repair synthesis

CONCLUSION: DNA polymerase β may be more responsive to
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DNA repair synthesis was measured in the following reaction
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-1
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Figure 1 Effects of selective inhibitors on DNA repair synthesis regulated by DNA
polymerase β.

Figure 2 Inhibition effect of ddTTP on the DNA repair synthesis regulated by polymerases in
nuclei of hepatomas and hepatocytes.

Table 1 Effect of DNA polymerase β on the repair of γ-rays irradiated nuclei
DNA at different dose rates (¯x ± s)

Table 2 Comparison of the increment of H-TTP incorporation of irradiated
-1
-1
hepatoma nuclei with that of hepatocyte nuclei (counts. min ·μg DNA , ¯x
± s)

-1

Dose rate (Gy·min )
1
5
10
Control

3

-1

3

-1

H-TTP incorporation (counts. min ·μg DNA )

Hepatoma nuclei

Hepatocyte nuclei

281 ± 50
282 ± 27
284 ± 37
236 ± 35a

207 ± 24
204 ± 18
208 ± 22
179 ± 17a

-1

3

Dose rate (Gy·min )

Increment of H-TTP incorporation

1
5
10

n = 7, aP < 0.05 compared with irradiated group.

Hepatoma nuclei

Hepatocyte nuclei

45 ± 8.0b
46 ± 4.4b
48 ± 6.3b

28 ± 2.0
29 ± 4.1
32 ± 5.1

n = 7, bP < 0.01 compared with hepatocyte nuclei group.

mixture. Each reaction mixture contained 0.1 mL sample solution
(nuclei or calf thymus DNA) and 0.1 mL DNA repair synthesis
reaction solution. The reaction solution contained, at a final
concentration, 18 mmol/L Tris-HCl (pH8.5), 2 mmol/L dithiothretol,
40 mmol/L MgCl2, 4 mmol/L ATP, 2 mmol/L dCTP, dGTP, dATP, and 3.7
3
× 10.4 Bq H-TTP. Selective inhibitors (NEN or ddTTP) were used as
required. For the calf thymus DNA samples, rat DNA polymerase β (a
gift from Dr. Akio Matsukage) was also put in the reaction mixtures.
After incubation at 37 ℃ for 120 min with shaking, 1 mL reaction
stopping solution containing 1 mol/L perchloric acid and 20 mmol/L
sodium pyrophosphate was added to each reaction mixture. The
radioactive DNA product was collected on a piece of cellulose paper,
3
and the incorporation of H-TTP was measured using a scintillation
counter.

% of The Maximum Reaction

Hepatomad

Hepatocyte

100
80
60
40
20
0
40
80
120
Incubation time (min)

Figure 3 Extent of 3H-TTP incorporating into irradiated nuclei of hepatoma and hepatocyte
at different incubation time induced by DNA polymerase β.

RESULTS
3

Effect of pol β in DNA repair synthesis

irradiated nuclei- H-TTP incorporation of non irradiated nuclei) of
hepatoma nuclei were much higher than that in normal hepatocyte
nuclei (P < 0.01) at all dose rate groups under the same reaction
conditions and same absorbed dose (10 Gy) (Table 2).
Further investigation revealed that there was a significant difference in the reaction speed of DNA repair synthesis induced by pol
β between the two kinds of nuclei. The reaction induced by pol β in
hepatoma nuclei was faster than that in hepatocyte nuclei. The incu3
bation time, which the H-TTP incorporation increased to 50% of the
maximum, was about 18 min in hepatoma nuclei and about 32 min
in normal hepatocyte nuclei (Figure 3).

In order to evaluate the role of pol β in DNA radiation damage repair,
we first examined the effects of radiation on DNA repair by compar3
ing the amount of H-TTP incorporation in irradiated and non-irradi3
ated calf thymus DNA (10 Gy, 5 Gy/min). The H-TTP incorporation
was much higher (P < 0.01) in irradiated DNA than in non irradiated
DNA (Figure 1). This increase was also present in DNA treated with
NEM. However, when ddTTP was added to the reaction mixture to
3
inhibit pol β, the amount of H-TTP incorporation was similar in the
irradiated and non-irradiated DNA (Figure 1).
Next, we examined DNA repair in hepatoma and normal liver
3
nuclei. As seen with the calf-thymus DNA, the incorporation of H-TTP
into both irradiated SMMC-LTNM hepatoma nuclei and normal liver
nuclei was higher (P < 0.05) than that in non irradiated nuclei (Table
1). To investigate whether pol β is responsible for the DNA repair
synthesis in irradiated nuclei, a subset of irradiated hepatoma and
normal liver nuclei were treated with the pol β selective inhibitor
3
ddTTP. As illustrated in Figure 2, the incorporation of H-TTP did not
significantly increase in nuclei treated with ddTTP; however, nuclei
from both heptoma and normal liver that were not treated with
3
ddTTP had a significant increase in the incorporation of H-TTP (P <
0.01).

DISCUSSION
DNA damage caused by ionization can be partly repaired under
[5]
proper conditions . However, the mechanism of DNA repair is not
[6,7]
clearly understood . The role of pol β in DNA repair after ionization
radiation exposure is one of the problems remaining to be solved.
For example, which polymerase is responsible for DNA repair synthesis after γ-ray exposure has been a controversy in radiobiology.
The evidence obtained in this study further demonstrates that pol
β does participate in DNA repair synthesis and it is an important
enzyme in the process of DNA repair after γ-ray exposure.
This study also found some intriguing differences in the DNA
repair induced by pol β between SMMC-LTNM hepatoma cells and
normal hepatocytes. We found that SMMC-LTNM hepatoma cells
had a faster DNA repair synthesis reaction, a higher incorporation
3
of H-TTP after radiation damage, and a lower dose of radiation

Characteristics of DNA repair synthesis induced by pol β in hepatoma

The characteristics of DNA repair synthesis induced by pol β in
SMMC-LTNM hepatoma nuclei were compared with that in normal
hepatocyte nuclei after different doses of γ-ray exposure. We found
3
3
that the increment of H-TTP incorporation ( H-TTP incorporation of
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required to reach the maximum H-TTP incorporation. All these characteristics suggest that the DNA repair synthesis induced by pol β in
hepatoma cells was strong. In other experiments we found that the
gene of pol β was overexpressed and the enzyme activity was high
in hepatomas. These findings are meaningful in the radiotherapy of
tumors. Cell death in radiotherapy is closely related to the extent
of DNA damage and DNA repair. Cells in which their pol β gene is
overexpressed and which have high enzymatic activity have a stronger ability for DNA repair synthesis, and therefore, more cells could
theoretically survive the killing effects of radiation. The resistance
to ionization radiation of some tumor cells may be related with the
effects of pol β. It is highly necessary to investigate the radiobiologic
characteristics of pol β in more tumors, especially in those tumors
which are resistant to radiation, and to study the radiosensitizing
effects by the way of selectively inhibiting the pol β in tumor cells.
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BRIEF REPORT

Short- and long-term effect of interferon therapy for chronic hepatitis C
Zhen-Ya Tang, Jun-Ying Qi, Han-Xing Shen, Dong-Liang Yang, Lian-Jie Hao
of the cases had a complete response by the end of the first therapy
course, while 20.6% (14/68) and 2.9% (2/68) had a partial response
or non-response. Over a half of the patients with a complete
response (27/52, 51.9%) relapsed within 6 to 10 mo after the first
course. Of the original cohort, nineteen patients received two courses of therapy, while one patient received three and another three
received five courses of therapy. The follow-up for these patients was
between 1.5 to 3 years, at which time 29 (42.7%) of the patients
sustained a complete response, with four of them having HCV RNA
positive serum, while the others had either a partial (37/68, 2.9%) or
non-response.
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CONCLUSION: Interferon therapy had a high short-term complete
response but a low long-term complete response in the treatment of
chronic hepatitis C.

Abstract

Key words: Hepatitis C/therapy; Interferons/therapeutic use

AIM: To study the short and long-term effect of interferon therapy
for chronic hepatitis C.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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METHODS: Sixty-eight patients with chronic hepatitis C were treat6
ed with interferon (3 × 10 IU, im/2 d, for a course of three months)
with 1 to 5 courses of treatment and followed for 1.5 to 3 years after
the therapy.
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RESULTS: According to antiviral effect of interferon, 76.5% (52/68)
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INTRODUCTION
[1]

Aged Kupffer cells (KCs) have a decreased phagocytic capacity . A
recent study found that alterations of cellular energy metabolism is
one of the main causes responsible for the disordered cellular func[2]
tion . The present study investigated the possible protective effect
of vitamin E on the decrease in KC energy metabolism from aging
in order to further study the mechanism of age-related suppressed
phagocytosis, and a possible clinical intervention.

Abstract
AIM: To investigate the mechanism of age-related reduction of
Kupffer cell (KC) phagocytic capacity and the protective management.

MATERIALS AND METHODS

METHODS: Using rhodamine 123 fluorescence density and rate of
glucose utilization as parameters, we measured the mitochondrial
energy metabolism status in vitro and the glucose utilization capacity
of isolated rat liver Kupffer cells (KCs) from rats of various ages (6
mo, 12 mo, 18 mo and 24 mo) and the effect of vitamin E (VE) pretreatment (500 mg/kg/wk × 13 wk).

Animal and groups

Forty healthy Wistar rats of both sexes and different ages were
obtained from the Chinese Herb Research Institute of Sichuan Province. Rats were housed in climatized rooms on a 12 h light/dark
cycle, with water and food ad libitum and were studied at 6, 12,
18 and 24 mo of age. Ten rats for each age group were divided at
random into two groups, five treated with VE (VEG) and five that
were not treated (NVEG), for a total of eight treatment groups with
n = 5. Animals in VEG received an intraperitoneal injection of 5%
VE solution for 3 mo (500 mg·kg·wk, 2 injections/wk) prior to the
experiment. Animals in the NVEG groups received normal saline as
control.

RESULTS: The rate of KC glucose utilization and the rhodamine
fluorescence density of KC mitochondria of 18 mo-old untreated
rats (NVEG) were significantly lower than that of 6 mo-old NVEG by
-1
-1
19.3% (4.0 nmol·h ± 0.4 nmol·h 10.6 cells vs 5.7 nmol·h ± 0.6
-1
6
-1
nmol·h 10 cells , P < 0.05) and 19.5% (80.5 ± 6.3 vs 100.0 ±
4.7, P < 0.01) respectively; Rate of KC glucose utilization and the
rhodamine fluorescence density of KC mitochondria of 6 mo-old rats
were also lower than the 24 mo-old NVEG by 35.1% (3.7 nmol·h ±
-1
6
-1
-1
6
-1
0.6 nmol·h 10 cells vs 5.7 nmol·h ± 0.6 nmol·h 10 cells , P <
0.01) and 32.1% (67.9 ± 7.4 vs 100.0 ± 4.7, P < 0.01) respectively.
The two parameters of 18 mo-old VE pretreated rats (VEG) were
significantly higher than those of 18 mo-old NVEG, and statistically
comparable to those of 6 mo-old VEG. The two parameters of the
24 mo-old VEG were significantly higher in comparison with those of
24 mo-old NVEG, but still significantly lower than those of 6 mo-old
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Isolation of KC

KCs were isolated using a collagenase perfusion method as previ[1]
ously described . Briefly, after anesthesia (30 mg of barbital /kg
2+
body wt., intraperitoneally), the liver was perfused in situ with Ca
free Hanks balanced salt solution at 37 ℃ for 3 min. Then 0.05%
collagenase (Type Ⅳ; Sigma) was added and the liver was perfused
for an additional 4 min with Hanks balanced salt solution. The liver
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DISCUSSION

Table 1 Rhodamine 123 fluorescence density of mitochondria and rate of
glucose utilization of Kupffer cells of different age groups (n = 5, ¯x ± s)
Group

6
12
18
24

Rhodamine 123 fluorescence density
utilization of mitochondrion
NVEG
100.0 ± 4.7
97.5 ± 7.1
80.5 ± 6.3b
67.9 ± 7.4b

VEG
100.0 ± 5.3
99.4 ± 8.6
97.3 ± 6.8d
84.2 ± 8.7bd

-1

6

[4]

Several studies have demonstrated that macrophages readily oxidize glucose, and that glycolysis is an important source of energy
in these cells. In physiological conditions, KCs are activated by
endotoxins from the gut, and to some degree are a prerequisite for
[5]
the regulation of some of the important functions of hepatocyte .
Therefore, a normal glucose utilization by KCs may be necessary to
support liver’s numerous metabolic and immunological functions.
Therefore, it is of both theoretical and clinical significance to study
the KC glucose utilization ability and mitochondrial energy metabolism status.
So far, very few reports are available on the KC mitochondrial
energy metabolism. The reasons for this may include the complexity
of the isolation process of KC, the limited number of KC recovered,
and the difficulty of the mitochondria isolation, making it impossible
to investigate KC mitochondrial respiratory function by the polarographic method usually used for hepatocytes' mitochondrial study.
In this study, we examined the energy metabolism status of KC with
[3]
rhodamine 123, as reported by Lemasters originally used to investigate the energy metabolism of hepatocytes.
Rhodamine 123 uptake in living cells can be used as an indicator of mitochondrial membrane potential, since it has been reported
that this fluorescent dye actively accumulates in mitochondria in
[6]
response to changes in transmembrane potential . In the absence
of inhibition of the mitochondrial ATPase, the mitochondrial membrane potential should, more or less, be proportional to the phosphorylation potential, which is the free energy change of ATP synthesis. The present study demonstrated that this method was also a
qualified one for the study of the mitochondrial energy metabolism
of KC.
[7]
Oxidants are a major contributor to the aging process . VE is
the most effective chain breaking lipid-soluble antioxidant in the
biological membrane, where it contributes to membrane stability.
It protects critical cellular structures against damage from oxygen
free radicals (an atom or group of atoms containing an unpaired
[8]
electron) and reactive products of lipid peroxidation . We used
the VE supplementation dosage for the prevention of acute tissue
injury reported elsewhere to determine the dosage used in the present study for the prevention or the treatment of ageing induced KC
functional disorders.
The results of our study found that the rate of KC glucose utilization and the rhodamine 123 fluorescence density of KC mitochondrion decreased with age. These two factors were significantly lower
in 18 and 24 mo-old untreated rats (NVEGs) than that of 6 mo-old
NVEG. These data are further evidence of the aging theory of energy metabolism disorders. At the same time, these results also indicate that in the evolving course of Wistar rats, the KC age-related
energy metabolism disorders occurred between the ages of 12 and
18 mo, a period equivalent to that of the ages of 40 and 55 yearsold for human beings. These results also showed that the rates of
KC glucose utilization and the rhodamine fluorescence densities of
KC mitochondria of 18 mo old VEG rats were significantly higher
than those of 18 mo-old NVEG rats and statistically comparable to
those of 6 mo-old VEG. Additionally, those factors were significantly
higher in 24 mo-old VEG rats as compared with those of 24 mo-old
NVEG rats; however, they were still significantly lower than those of
6 mo-old VEG. From the data above we might as well infer that VE
is effective in preventing the KC mitochondrial decay due to ageing,
however it can only alleviate the already formed damage to some
degree, indicating that the principle of “Prevention First” should be
followed by the human being for the management of aging, which
is in conformity with the principle of the “fight against aging should
begin from childhood” in traditional Chinese medicine.

-1

Rate of glucose (nmol·h ·10 cells )
NVEG
5.7 ± 0.6
5.9 ± 0.8
4.0 ± 0.4a
3.7 ± 0.6b

VEG
5.6 ± 0.8
6.0 ± 0.7
5.4 ± 0.5d
4.5 ± 0.6bd

P < 0.05, bP < 0.01 vs 6 mo group；dP < 0.01 vs non-vitamin E group (NVEG). VEG: Vitamin
E pretreated group.
a

was then removed and placed in buffer. Under a tissue culture hood,
the liver was gently teased with a smooth forceps to release the
cells and filtered through a 60 μm mesh. The cells were then centrifuged twice at 50 × g for 3 min to remove parenchymal cells (sediment). The supernatant was then sedimented at 300 × g for 10
min. 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 L-glutamine, 100 U/mL penicillin and 100
μg/mL streptomycin) supplemented with 10% newborn calf serum.
After 30 min, the non-adherent cells were removed. The viability of
KCs was greater than 90% as determined by trypan blue exclusion.

Measurement of mitochondrial energy metabolism

The technique used to measure KC mitochondrial energy metabo[3]
lism was a modification of that described previously . Briefly, KCs
were seeded on collagen-coated glass coverslips in 6-well plates
5
at a density of 4 × 10 mL/well. After overnight culture, the wells
were replenished with fresh medium, and supplemented with rhodamine 123 (Sigma) at a final concentration of 0.8 μmol/L. Cells
were incubated at 37 ℃ for 15 min and then washed 3 times with
RPMI 1640 medium. The coverslips were viewed with a fluorescence
microscope (Olympus VANOX AHB-LB) using a 40 X objective. Excitation light for fluorescence was provided by a 100 watt lamp set at
490 nm. The fluorescence images were collected using a Panasonic
CL320 videotape lens put into a computer image analyzing system
(CMIAS007) and quantitative assessment of fluorescence was made
using the computer software. Since rhodamine actively accumulates
in mitochondria in response to changes in transmembrane potential,
the amount of intracellular accumulation of this dye can be used to
reflect the mitochondrial energy metabolism status.

Measurement of glucose utilization

Glucose utilization was measured using a modified method reported
[4]
by Spolarics . Briefly, KCs were seeded into a 24-well culture plate.
The culture medium contained 20 mmol/L Hepes, 4.2 mmol/L
NaHCO3, 120 mmol/L NaCl, 5.4 mmol/L KCl, 1.8 mmol/L CaCl2,
1.2 mmol/L MgSO4, 5 mmol/L glucose and 1% albumin with the
pH adjusted to 7.4. After 24 h of culture, the supernatant was collected and stored at -20 ℃ until analysis. Glucose concentration was
assayed enzymatically using oxidase and peroxidase.

Statistical analysis

Data were analyzed using variance analysis (ANOVA). When an
ANOVA indicated a significant difference (P < 0.05), post hoc analysis was performed using Student-Newman-Keuls test.

RESULTS
The rate of KC glucose utilization and the rhodamine 123 fluores
cence density of KC mitochondrion decreased with age (Table 1).
These two factors were significantly lower in both 18 and 24 mo-old
NVEG animals as compared to 6 mo-old NVEG rats. The rates of
KC glucose utilization and the rhodamine fluorescence densities of
KC mitochondria of 18 mo-old VEG were significantly higher than
those of 18 mo-old NVEG, and statistically comparable to those of
6 mo-old VEG. These two factors were also significantly higher in
24 mo-old VEG animals when comparison with those of 24 mo-old
NVEG rats, but still significantly lower than those of the 6 mo-old
VEG animals.
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BRIEF REPORT

Alterations in p53 expression and cell proliferation in esophageal epithelia
among patients from geographical areas with high or low incidence of
esophageal cancer
Li-Dong Wang, Qi Zhou, Yu-Chun Zhang, Xiao-Fang Li, Wen-Ping Wang, Ling He, Shan-Shan Gao, Young-Xin Li
peroxidase complex (ABC method) was performed to analyze alterations in p53 and proliferating cell nuclear antigen (PCNA) expression
in normal epithelia and epithelia with different lesion severities. The
numbers of p53-positive and PCNA-positive cells were counted.

Li-Dong Wang, Qi Zhou, Xiao-Fang Li, Shan-Shan Gao, Young-Xin Li,
Laboratory for Cancer Research, Henan Medical University, Zhengzhou 450052,
Henan Province, China
Yu-Chun Zhang, Wen-Ping Wang, Ling He, Fanxian People's Hospital, Fanxian County

RESULTS: p53- and PCNA-positive nuclei were present in esophageal epithelia from subjects from both high and low incidence areas.
The number of PCNA-positive cells gradually increased with lesion
severity for both the high and low incidence areas. The number of
p53-positive cells was higher in high incidence areas compared to
low incidence areas, and rapidly increased with lesion severity. p53
expression positively correlated with PCNA expression.
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Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-).
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CONCLUSION: The number of both p53- and PCNA-positive cells
increased with lesion severity. p53 expression was higher in subjects
from high esophageal cancer incidence areas compared to those from
low incidence areas. These results may shed light into the molecular
basis for the geographical distribution of esophageal cancer.

Abstract

Key words: Esophageal neoplasms/pathology; Genes; p53; Esophagus/pathology

AIM: To study changes in p53 expression and cell proliferation in
esophageal epithelia of subjects from high or low esophageal cancer
incidence areas in Henan Province to understand their molecular basis.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Esophageal endoscopic mucosa biopsies were acquired
and histopathological examinations were performed on 220 subjects
from high esophageal cancer incidence areas and 50 subjects from
low incidence areas in Henan Province. Esophageal epithelia were
diagnosed as normal, basal cell hyperplasia or dysplasia based on cell
morphology and tissue structure. Immunohistochemistry avidin biotin

Wang LD, Zhou Q, Zhang YC, Li XF, Wang WP, He L, Gao SS, Li YX. Alterations in p53 expression and cell proliferation in esophageal epithelia among
patients from geographical areas with high or low incidence of esophageal cancer.
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ORIGINAL RESEARCH

Protective effect of rhubarb on the intestinal mucosal barrier
De-Chang Chen, Xin-Yi Yang, Xiang-Yu Zhang, Xie-Yun Chen
model.

De-Chang Chen, Xin-Yi Yang, Xiang-Yu Zhang, Xie-Yun Chen, Emergency and
Critical Care Center, Shanghai Chang Zheng Hospital, Shanghai 200003, China

CONCLUSION: Rhubarb may protect the gut barrier by decreasing
intestinal permeability, scavenging oxygen free radicals, and promoting goblet cell proliferation within the intestinal mucosa.

De-Chang Chen��,� born in 1963 in Shanghai and graduated from the Second
Military Medical University in 1986. De Chang is an attending doctor, holds a
Master’s degree in critical care medicine, and is engaged in studies on gut failure
in critical illness and has published 15 papers

Key words: Rhubarb; Shock; Hemorrhagic; Endotoxin; Intestinal
mucosa; Free radicals
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INTRODUCTION
Gut-derived infection is the primary route of intensive care unit
[1]
(ICU)-acquired infection
and is an initial pathophysiological
response in multiple organ dysfunction syndrome (MODS) to trauma, shock and infection. Prevention of gut barrier damage can prevent fatal complications after severe trauma. Recent studies have
shown that rhubarb has therapeutic effect on intestinal mucosal barrier damage caused by hemorrhagic shock and intraperitoneal endo[2,3]
toxins . The aim of this study was to examine the mechanism of
rhubarb protection of the gut barrier.

Abstract
AIM: To investigate the mechanism of rhubarb protection of the gut
barrier.
METHODS: The gut barrier damage models caused by hemorrhagic
shock and intraperitoneal endotoxin were used to study the protective effect of rhubarb on the intestinal mucosal barrier. Rats were
randomly divided into four groups, as follows: treatment (rhubarb)
group; Positive control group; Negative control group; Placebo treatment group. Plasma endotoxin, tissue superoxidedismutase (SOD)
and lipoperoxide (LPO) concentrations were measured and histological analysis was performed. Rhubarb was observed to have a protective effect on the gut.

MATERIALS AND METHODS
Animal models

Hemorrhagic shock model The hemorrhagic show model was
[4]
generated as described previously, with some modifications . Briefly, Sprague-Dawley rats (350 g-450 g) were fasted overnight, then
anesthetized with intraperitoneal 50 mg/kg sodium pentobarbital.
The right carotid arteries were cannulated under sterile conditions,
and the arterial blood pressure was measured. The animals were
bled 30 min later, and the mean arterial blood pressure was reduced
to 5.32 kPa and maintained for 60 min by withdrawing or reinfusing shed blood as needed. The shed blood was kept at 37 ℃. The
animals were resuscitated at the end of the shock period by reinfusing all of the shed blood. Catheters were sealed with heparin caps.
The animals were given 2 mL saline at 2, 8, and 12 h after shock
resuscitation via the heparin cap. Sham shock rats were anesthetized and their carotid arteries were cannulated, but no blood was
withdrawn or infused. They received 2 mL saline at 2, 8, and 12 h
after the operation. Blood samples were withdrawn from the carotid
artery before shock and 24 h after shock resuscitation for endotoxin
measurement.

RESULTS: Rhubarb decreased intestinal permeability, attenuated
endotoxin absorption (endotoxin serum levels: shock group 0.557
EU/mL ± 0.069 EU/mL vs rhubarb group 0.345 EU/mL ± 0.055 EU/
mL), and decreased tissue SOD and tissue LPO levels (SOD serum,
intestine and liver levels: endotoxin group 122.92 NU/mL ± 43.19
NU/mL, 292.24 NU/mL ± 88.76 NU/mL, 272.70 NU/mL ± 85.79 NU/
mL vs rhubarb group 312.23 NU/mL ± 54.93 NU/mL, 391.09 NU/mg
± 98.16 NU/mg, 542.86 NU/mg ± 119.93 NU/mg; LPO content in
the intestine and liver: endotoxin group 8.57 μmol/L ± 2.58 μmol/L,
86.97 μmol/L ± 46.54 μmol/L vs rhubarb group 3.05 μmol/L ± 1.13
μmol/L, 13.18 μmol/L ± 19.64 μmol/L). Gut histopathology revealed
that rhubarb promoted goblet cell proliferation, increased mucus
secretion and protected intestinal mucosa in the hemorrhagic shock
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of Pathophysiology of Nanjing Railway Medical College. Measurements were acquired according to the manufacturer’s protocol. SOD
concentrations were expressed as nitrate units per milliliter.

-

Table 1 The effect of rhubarb on plasma endotoxin (EU/mL, x ± s)
Group

n

Pre shock

24 h after resuscitation

Shock
Rhubarb
Placebo
Sham shock

16
14
5
5

0.163 ± 0.042
0.173 ± 0.039
0.209 ± 0.034
0.198 ± 0.034

0.557 ± 0.069b
0.345 ± 0.055d
0.625 ± 0.049
0.166 ± 0.043

LPO measurements Thiobarbituric acid chromatography was used
[5]
to measure LPO levels .
Morphological analysis The proximal ileum was isolated after the
animal was sacrificed. Three samples per group were analyzed by
light microscopy. Tissues were fixed in 5% formaldehyde. The tissues were then dehydrated to 95% ethanol and embedded in paraffin. Semi-thin (2-3 μm) sections were cut and stained with 1%
eosin.

The data were expressed as endotoxin unit (EU) per milliliter of plasma bP < 0.01 vs shamshocked rats. dP < 0.01 versus the shocked rats and the placebo treated rats.

Table 2 The effect of rhubarb on the content of tissue superoxidedismutase
(NU/mL or mg, ¯x ± s)
Group

n

Plasma

Small intestine

Liver

Endotoxin

17

122.92 ± 43.19

292.24 ± 88.76

272.70 ± 85.79

Rhubarb

8

312.23 ± 54.93b

391.09 ± 98.16a

542.86 ± 119.93b

Placebo

4

149.71 ± 19.45

257.16 ± 73.78

213.86 ± 22.53

Statistical analysis

The results are expressed as ¯x ± s. Variance analysis was used to
compare quantitative data. P values less than 0.05 were considered
statistically significant.

RESULTS

The data were expressed as nitrate unit per milliliter or microgram. aP < 0.05, bP < 0.01, vs
endotoxin and placebo group.

Hemorrhagic shock model

Hemorrhagic shock can increase intestinal permeability. The concentration endotoxin in the plasma of shocked rats markedly increased
24 h after shock resuscitation, while it did not change 24 h after
operation in sham shocked rats. Rhubarb administration decreased
intestinal permeability of rats subjected to hemorrhagic shock, as
they had lower plasma endotoxin levels than rats in the shock group
or placebo group (Table 1).
We performed histological analysis on three rats from each group
to determine the effect of rhubarb on ileal mucosa structure. The villi
of animals in the shock group and placebo group showed submucosal edema and mucosal necrosis at villar tips. We also observed
inflammatory cell infiltration and hemorrhage in the submucosa.
However, villi in the rhubarb group showed mild submucosal edema
but no mucosal necrosis. We also observed increased goblet cell
proliferation in the intestinal villi.

Table 3 The effect of rhubarb on the content of tissue lipoperoxide (μmol/
L, ¯x ± s)
Group

n

Small intestine

Liver

Endotoxin
Rhubarb
Placebo

17
8
4

8.57 ± 2.58
3.05 ± 1.13a
5.97 ± 1.18

86.97 ± 46.54
13.18 ± 19.64a
74.88 ± 16.42

The data were expressed as nanomole per milliliter of 5% tissue hemogenate. aP < 0.01 vs
endotoxin and placebo group.

Endotoxin model ICR mice (20-30 g) were intraperitoneally
administered 0.4 mg endotoxin, then were fasted overnight with
free access to water. Mice were sacrificed 24 h after endotoxin
administration. Livers, small intestine and plasma were collected,
and the livers and small intestine were weighed, homogenized and
diluted into 5% homogenate. Plasma was centrifuged at 3000 r/min
for 10 min, and the supernatant was collected for superoxidedismutase (SOD) and lipoperoxide (LPO) measurements.

Endotoxin model

Tissue SOD concentrations were much lower in the endotoxin group
and placebo group compared to the rhubarb group, and these differences were statistically significant. These data suggest that rhubarb
attenuates tissue SOD consumption (Table 2).
The tissue LPO concentration was much higher in the control
groups compared to the rhubarb group, suggesting that rhubarb can
markedly decrease tissue LPO formation (Table 3).
According to our data, rhubarb may function in scavenging oxygen free radicals. We performed histological analysis of three mice
from each group. Ileal mucosal epithelial cells were necrotic and disordered in the endotoxin and placebo groups, while the ileum only
showed mild submucosal edema with no evidence of hemorrhage or
necrosis in the rhubarb group.

Experimental design

Hemorrhagic shock model Rats were randomly divided into the
following four groups: Shock group (n = 26), sham shock group
(n = 5), rhubarb group, and placebo group (n = 8). The rhubarb
(powder, 50 mg/kg; Rhubarb Lab, Xiang Shan Traditional Chinese
Medicine Hospital, Shanghai) was administered through an oral gastric tube before shock, and 4 and 12 h after shock resuscitation. The
placebo group was given 1 mL saline at the same time points.
Endotoxin model The mice were divided into the following four
groups: Endotoxin group (n = 17, endotoxin given intraperitoneally), control group (n = 5, intraperitoneal saline), rhubarb group (n
= 8, 10 mg rhubarb administered orally 4 and 12 h after endotoxin
administration), and placebo group (n = 4, treated with saline in
place of rhubarb).

DISCUSSION
The gastrointestinal (GI) tract is traditionally considered a nutritional
organ, as its main function is to transport and process nutritional substrates. It was recently shown that the GI tract is a key organ affected
by pathophysiological processes in critical illnesses. Upon gastrointestinal failure, gut barrier function is lost, the GI tract becomes a
reservoir for endotoxins and pathogenic bacteria that can translocate
into systemic organs and circulation, inducing systemic inflammatory
response syndrome (SIRS). Our study shows that hemorrhagic shock
can increase intestinal permeability, resulting in endotoxin absorption
within the GI tract. Rhubarb may decrease the shock-induced increase
in intestinal permeability and attenuate endotoxin absorption by the
GI tract. Our previous work has also shown that rhubarb inhibited
[2]
bacterial translocation . As a traditional Chinese herb, rhubarb can be
used to protect gastrointestinal function, particularly gut barrier. Our
findings suggest that rhubarb can be used to prevent and treat gastrointestinal failure due to critical illness.
Many studies in various fields have examined the mechanism

Endotoxin measurements Blood was withdrawn from the carotid
artery, and 20 U heparin sodium was added to each sample. The
samples were centrifuged at 3000 r/min for 10 min to isolate the
plasma. Each sample was diluted 1:4 with pyrogen-free water and
heated at 100 ℃ for 6 min to remove any inhibitory or activating
factors that can interfere with the limulus assay. The samples were
stored at -40 ℃ until use. Plasma endotoxin was measured using
the limulus assay according to the manufacturer’s instructions. The
limulus kits were provided by the Shanghai Clinical Medical Laboratory Center.

Measurements

SOD measurements SOD kits were provided by the Department
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of hemorrhagic shock- and endotoxin-induced gut barrier, including clinical research, animal models, ultrastructural analysis, and
biochemistry. It is currently thought that intestinal mucosal hypoper
fusion, oxygen free radicals and cytokines are three primary patho
[6-8]
genic factors
that induce gut barrier damage, especially oxygen
free radical injury. Because the intestinal mucosa contains a large
amount of xanthine oxidase, oxygen free radicals are overproduced
[9]
upon ischemia reperfusion, leading to gut mucosa injury . The current study revealed that rhubarb alleviated intraperitoneal endotoxininduced gut mucosa injury and scavenged oxygen free radicals. Our
previous study also demonstrated that oxygen free radical scaveng[10]
ing prevented hemorrhagic shock-induced gut mucosa damage .
As discussed above, oxygen free radicals play an important role
[11]
in gut mucosa injury, which is consistent with previous studies .
Importantly, rhubarb can act as an oxygen free radical scavenger to
protect the gut mucosa in patients suffering from critical illnesses.
Morphological analysis revealed that rhubarb promoted goblet
cell proliferation within the intestinal mucosa, which secrete large
amounts of mucus. The mucus can prevent endotoxin absorption,
inhibit bacteria adherence to intestinal epithelial cells and bacterial
translocation. Several studies have shown that rhubarb can promote
endotoxin excretion within the gut, prevent bacterial overproduction
[12,13]
and maintain the balance of the bacteria flora
. Rhubarb can also
promote bile excretion, which can bind endotoxin to inhibit endotoxin absorption. Some studies have demonstrated that rhubarb
increased the PGI2/TXA2 ratio in tissues. Other possible mechanisms
of rhubarb function in the gut require further studies.
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RESULTS: The maximum binding rate B0/T was 53.29%, the nonspecific binding rate N0/T was 1.170%, and the VIP standard curve was
Y = 0.81983 + 0.44319X - 0.28927X 2, R 2 = 0.990. The VIP content in
Shenrouyangzhentang was 106.6 ng/L ± 20 ng/L), while it was 90.16
ng/L ± 15 ng/L in normal human plasma and 63.25 ng/L ± 11 ng/L in
the plasma of Pixinxu patients. The difference between normal plasma
and Pixinxu patient plasma was statistically significant (P < 0.05).
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CONCLUSION: The Chinese medicine Shenrouyangzhentang demonstrated VIP immunoreactivity similar to that of normal plasma. The
(vasoactive intestinal polypeptide) VIP content in Pixinxu patient plasma
was lower than that in healthy subjects (P < 0.05).

Abstract

Key words: Qi-reinforcing agents/analysis; Radix Paeoniae Alba/analysis; Pseudostellaria heterophylla/analysis; Poria cocos/analysis; Vasoactive intestinal peptide/analysis; Composite

AIM: To study the immunoreactivity of the Chinese medicine Shenrouyangzhentang to vasoactive intestinal polypeptide (VIP) and its therapeutic mechanism.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: The immunoreactivity of the Chinese medicine Shenrouyangzhentang to VIP was detected in the plasma of 20 normal people
and 20 patients with Piyinxu (Spleen Yin deficiency) using the radioimmunoassay (RIA) method.
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INTRODUCTION
Recent studies have shown that exogenous gastrin can promote
human colorectal carcinoma cell strain growth, that colorectal carcinoma cells express gastrin mRNA, and that gastrin-like material can
[1-3]
be detected in the culture medium . We examined gastrin expression in 58 cases of human colorectal carcinoma tissue and adjacent
mucosa by immunohistochemical methods and immunomicroscopy
to determine the function of gastrin and clinical significance of its
expression in colorectal carcinoma occurrence and development.
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MATERIALS AND METHODS
Light microscopy

Abstract

Surgically resected specimens were from 58 colorectal cancer
cases, including 25 colon cancer cases and 33 rectal cancer cases.
Carcinoma tissues and their adjacent mucosal tissues were resected separately, fixed in 10% neutral formalin, embedded in paraffin
and sectioned into three slices. Hematoxylin and eosin (HE), high
iron diamine-alcian blue (HID-AB), and immunohistochemical staining was performed. (1) HID-AB staining. Sections were dewaxed
with dimethylbenzene, dehydrated in alcohol, stained in high iron
diamine for 6 h, washed with distilled water, soaked with 1% Alcian
blue, 3% acetic aqueous solution for 15 min, dehydrated with
[4]
anhydrous alcohol, and fixed in xylene. The Filipe and Greaves
standard was used for scoring transitional mucosa (TM). (2) Immunohistochemical staining of gastrin by the ABC method. A rabbit
anti-human gastrin antibody and all ABC agents were purchased
from DAKO Company, and the staining was performed according to the manufacturer’s protocol. Normal gastroantrum mucosa
served as a positive control. PBS and normal rabbit serum served
as negative controls. The positive judging standard was used as follows: Weak positive (+) tissue had less than 20% of cells that were
weakly brown in color with individual brown cells, positive (+++)
tissue contained more than 60% of cells stained brown or dark
brown with a few weakly stained brown cells, and moderately positive (++) tissue stained tissue in a range between the weak positive and strong positive tissues.

AIM: To study gastrin expression in colorectal carcinoma tissues and
adjacent mucosa and discuss the function of gastrin in colorectal
carcinoma.
METHODS: Gastrin expression in colorectal carcinoma tissues and
adjacent mucosa was examined in 58 cases using immunohistochemical and immunoelectron microscopy.
RESULTS: A total of 35.1% of colorectal carcinoma transitional
mucosa (TM), 48.3% of nontypical dysplasia mucosa and 60.3% of
carcinoma tissue were positive for gastrin expression (P < 0.05).
Immunoelectron microscopy revealed that protein A gold (PAG) granules localized to different electron-dense secretory granules in carcinoma cells, the intercellular spaces, and the microvillar membrane
surface.
CONCLUSION: Gastrin expression in colorectal carcinoma tissue
and adjacent mucosa, and the release of gastrin by carcinoma may
be an initiating factor in carcinoma occurrence and development.
Positive gastrin expression in colorectal carcinoma tissues can serve
as a differentiation marker.
Key words: Colorectal neoplasms; Gastrin; Immunohistochemistry;
microscopy; Electron
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RESULTS

Table 1 Gastrin expression in colorectal adenocarcinoma tissue and adjacent
mucosa
Group

Colorectal carcinoma

Histological type
Tubular
Nipple
Mucinous
Differentiation
Mild
Moderate
Low
Ducke′s stages
A
B
C
Total

Atypical dysplasia

HE and HID-AB staining

We detected non-adenoma and atypical hyperplasia in 29 adjacent
mucosa from the 58 colorectal carcinoma cases. Fifty-six out of 58
cases were positive for salivary mucin (blue). The transitional mucosa limits were 0.5-6.7 cm, with a mean of 2.12 cm. We acquired
28 specimens from the distal remnant adjacent to the cancer more
than 15 cm away from the neoplasm border. Light microscopic
examination was normal, and sulfomucin staining by HID-AB reaction (dark brown) looked comparable to normal mucosa.

Transitional mucosa

n

Positive (%)

n

Positive (%)

n

Positive (%)

47
5
6

29 (61.5)
3 (60.0)
3 (50.0)

24
2
3

12 (50.0)
1 (50.0)
1 (33.3)

45
5
6

16 (35.6)
2 (40.0)
2 (33.3)

12
34
6

11 (91.7)
18 (52.9)
3 (50.0)

7
17
2

3 (42.8)
9 (52.9)
1 (50.0)

12
32
6

5 (41.7)
11 (34.4)
2 (33.3)

27
10
21
58

16 (59.2)
6 (60.0)
13 (61.9)
35 (60.3)

13
4
12
29

6 (46.2)
2 (50.0)
6 (50.0)
14 (48.3)

26
10
20
56

10 (38.5)
4 (40.0)
6 (30.0)
20 (35.1)

Gastrin immunohistochemical staining

Table 1 demonstrates the relationship between the rate of positive
gastrin staining in colorectal carcinoma tissue and tumor differentiation, but gastrin expression did not correlate to histological type or
Ducke’s tumor stage (P > 0.5). There was no relationship between
gastrin expression in the atypical proliferative mucosa and the
transitional mucosa, and tumor differentiation, pathological stage
or tumor type (P > 0.5). The relationship between gastrin expression in the adjacent transitional mucosa, atypical hyperplasia and
colorectal carcinoma tissues was statistically significant (P < 0.05).
A total of 28 normal colorectal mucosal cases were negative for gastrin expression.

Immunoelectron microscopy

Colorectal cancer cells were polygonal in shape, with unusual variably sized nucleoli concentrated on the edge. The cytoplasm contained many vacuolated mitochondria, and the cells contained
secretion granules 400-1500 nm in diameter with a clear membrane
border. There were two types of granular appearance: Type A was
largest in bulk size, with well distributed low electro density, and the
granular core appeared loose; type B was smaller in bulk size, with
well distributed high electro density, and the nucleus was usually
compact. PAG-positive granules partially localized to secretory granules. PAG-positive granules in highly differentiated cancers primarily localized to type A secretory granules (Figure 1). PAG-positive
granules in low differentiated cancer primarily localized to type B
secretory granules (Figure 2). PAG granules partially localized to
the inside and outside of the cancer cell membrane and microvillus
membrane.

Figure 1 Protein A gold-positive granules in highly differentiated cancer primarily localized
to type A secretory granules. Protein A gold × 16000.

DISCUSSION
Studies have shown that colorectal cancer cells synthesize and
[5,6]
secrete gastrin , and our study further confirmed gastrin was
expressed in the mucosa of adjacent atypical proliferative and transitional mucosa, and the rate of gastrin-expressing cells in transitional mucosa, atypical proliferation membrane and colorectal cancer tissues showed an increasing trend, suggesting that the gastrin
expression is one of the initial factors regulating colorectal cancer
occurrence and development. It has been hypothesized that APUD
cells synthesize and secrete gastrin after hybridization, allowing for
gastrin receptor activity on the cell surface membrane to stimulate
cell proliferation, leading to the development of transitional mucosa, atypical proliferation, and ultimately cancer development. The
cancer cells can synthesize and secrete gastrin to activate gastrin
receptors and stimulate cell proliferation and cancer formation in a
positive feedback loop. Inhibition of the positive feedback loop could
inhibit neoplasm growth. This may open a way for the treatment of
[7]
colorectal carcinoma by using endocrine therapy. Kaneyma et al
treated colon carcinoma metastasis to the liver by using gastrin
receptor antagonists and achieved good results.
Immunoelectron microscopy revealed that there were gastrincontaining secretory granules in colorectal carcinoma cells, and the
gastrin granules were adsorbed into the cancer cell membrane and
the inside and outside of the microvillus, and to the carcinoma interstice. These findings provide a morphological basis for colorectal
cancer cell production of gastrin, and a theoretical basis for endocrine treatment. The authors examined serum gastrin levels in 30
colorectal cancer cases and found that in some patients, serum gas-

Figure 2 Protein A gold granules in low differentiated cancer primarily localized to type B
secretory granules. × 50000.

Electron microscopy

In the five specimens observed by electron microscopy, three of the
cases were considered immunohistochemically strong positive (+++)
for gastrin expression, one was moderately positive (++) and one
was weakly positive (+). According to Ducke′s tumor stages, three
cases were stage B and two were stage C. Specimens were acquired
from fresh material within one minute of removal and were prefixed
in 2.5% glutaraldehyde. Specimens were then fixed with osmic
acid, washed with 0.1 mol/L PBS, and embedded in Epon 812. For
immuno-gold staining (IGS), the staphylococcus Protein A gold (PAG)
method was used as follows: Tissues were incubated in 1% ovalbumin for ten minutes, followed by incubation with a rabbit anti human
gastrin antibody (1:100) for two hours. Samples were washed with
0.05 mol/L TBS, and 0.02 mol/L TBS for five minutes each, followed
by incubation in 1% ovalbumin for ten minutes, PAG (1:7) for 2
h, 0.02 mol/L-TBS for five minutes, and 0.05 mol/L TBS. Samples
were transiently stained with uranium acetate and plumbum citrate,
followed by observation on a JEM-100s electron microscope. Normal
gastroantrum mucosa served as a positive control. TBS and normal
rabbit immunoserum served as negative controls.

Statistical analysis

A χ test and Ridit analysis were performed, with 95%CI, α = 0.050.
2
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trin levels were increased, especially in the cases of well-differenti[8]
ated cancer . However, the mechanism is not yet clear. Our study
indicated that gastrin localized to type A granules in highly differentiated adenocarcinoma and to type B granules in poorly differentiated
adenocarcinomas. G17-positive granules were of type A, and G34positive granules were of type B. G17 had higher bioactivity than
G34, consistent with the above mentioned mechanism.
Gastrin was expressed in 91.7% of highly differentiated cancers,
which was higher than the middle and low differentiated adenocar
cinoma cases (p < 0.05). Middle and low differentiated adenocarcinomas have been shown to produce mutated gastrin mRNA, as
described by Singh, which leads to insufficient levels of mature
[9]
gastrin . Thus, the positive expression of gastrin in colorectal carcinoma tissues may serve as a marker of well differentiated cancer.
Cases with positive expression in colorectal carcinoma tissues and
its adjacent mucosa may be good candidates for treatment with a
gastrin antagonist.

2
3
4
5
6
7

8
9
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RESULTS: The number of corresponding organelles and the activities of marker enzymes, especially ACPase and TPPase, increased,
leading to stronger mucus synthesis, secretion and digestion in gastric cancer signet ring cells. There was a lack of collagenous fibers in
the stroma around the cancer nests.
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metastasis rates due to the secretion of proteolytic enzymes.
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Abstract
AIM: To study the ultrastructural localization of five marker enzymes
(ALPase, ACPase, G6Pase, TPPase and CCOase) in gastric cancer signet ring cells to demonstrate their biologic behaviors.

Yang GL, Dong YM, Du WD, Su YH, Zhang H, Wu JF, Wang DB, Xu AL. Ultrastructural cytochemical study of enzymes expressed by signet ring cells in gastric
cancer. World J Gastroenterol 1997; 3(2): 86 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v3/i2/86.htm DOI: http://dx.doi.org/10.3748/wjg.
v3.i2.86

METHODS: Five marker enzymes were examined in signet ring cells
of seven gastric cancer patients by ultrastructural enzyme cytochemi-
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CONCLUSION: Low Waf1p21 levels at the DYS stage may be
related to a functional loss of p53. Other mechanisms may also be
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Esophageal carcinoma (EC) is a widely occurring disease in Huixian
and Linxian of the Henan Province in northern China and remains
[1]
a leading cause of cancer-related deaths . The development of
human esophageal squamous cell carcinoma (SCC) is a progres[2-5]
sive multistage process . An early indicator of abnormality in
patients predisposed to EC is increased esophageal epithelial cell
proliferation, which is morphologically manifested as basal cell
hyperplasia (BCH), dysplasia (DYS) or carcinoma in situ (CIS),
which are considered precancerous EC lesions. Changes in cell
proliferation and cell death may be key factors that contribute to
the rate of neoplastic progression and tumor growth. Although
previous studies on subjects from these high incidence areas have
suggested the fundamental importance of epithelial cell hyperproliferation in human esophageal carcinogenesis, little information is
available on the molecular basis of cell proliferation in this disease.
The tumor suppressor transcription factor p53 has been shown
to function in the cellular DNA damage response, resulting in either
[6]
G1 arrest or apoptosis . The Waf1/CIP1 gene encodes protein p21,
[7]
which is transcriptionally regulated by p53 . Upon DNA damage,
p53 upregulates Waf1p21 expression to induce G1 arrest to allow
time for damaged DNA to be repaired, or it triggers apoptosis to
[8]
eliminate genetically damaged cells . As Waf1p21 is upregulated by
wild type P53, the levels of Waf1p21 protein may reflect the functional status of p53 in carcinogenesis.
Our previous studies indicated that P53 protein accumulated
in early human esophagus lesions and even in histopathologi[9,10]
cally normal epithelium
; p53 gene mutations were observed in
[11-13]
some of these samples
. The results suggested that P53 protein
accumulation and gene mutation were early events in esophageal

Abstract
AIM: To study the correlation between changes in p53 and Waf1p21
expression and cell proliferation, determined by proliferating cell
nuclear antigen (PCNA), at different stages of human esophageal
carcinogenesis.
METHODS: Biopsied and resected esophageal tissues from a high
risk population of esophageal cancer in northern China were used in
this study. All specimens were fixed in 85% alcohol and processed
for routine histology. The avidin biotin peroxidase complex (ABC)
method was used to detect p53, Waf1p21 and PCNA.
RESULTS: Strong nuclear staining of p53, Waf1p21 and PCNA was
observed in normal esophageal epithelium and epithelia with different lesion severities. As the lesions progressed to dysplasia (DYS)
and to esophageal squamous cell carcinoma (SCC), the Waf1p21
immunoreactivity percentage decreased. The number of Waf1p21positive cells slightly increased from normal to basal cell hyperplasia
(BCH), but did not further increase in DYS and SCC. The total number of Waf1p21-positive cells was lower than the number of p53-positive cells in normal and BCH esophageal epithelia and much lower in
DYS and SCC. Waf1p21-positive cells were located in the third and
fourth cell layers in half of the samples examined, which was 2-4 cell
layers higher than the cells expressing PCNA and p53 in the same
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Table 1 Changes in p53, Waf1p21 and Proliferating Cell Nuclear Antigen
expression in esophageal cancer patients from Henan, China (¯x ± s).

histopathological analysis (hematoxylin and eosin stain) and immunohistochemical staining.

Histology

Histopathology analysis

Normal
BCH
DYSb
SCC

p53 immunostaining

Waf1p21
immunostaining

Positive
Positive
2
cells/mm
%
(n /n )
74.2 (23/31)
53 ± 78
87.2 (102/117) 74 ± 66
100 (31/31) 262 ± 341
88.5 (23/26) 1297 ± 1110

Positive
Positive
2
%
(n /n ) cells/mm
39.3 (11/28) 34 ± 72
37.8 (14/37) 53 ± 10
27.3 (3/11) 11 ± 20.2
14.3 (1/7)
8 ± 22

Proliferating Cell Nuclear
Antigen immunostaining

Histopathological diagnoses for esophageal epithelia were made
according to cellular morphological changes and tissue architecture
[14]
using previously established criteria . In brief, the normal esophageal epithelium contained 1.3 proliferating basal cell layers, and the
papillae were confined to the lower half of the epithelium. In BCH,
the proliferating basal cells increased to more than three cell layers
and less than half of the entire epithelial thickness. DYS was characterized by partial loss of cell polarity and nuclear atypia. SCC was
characterized by confluent and invasive sheets of cohesive, polymorphous cells with hyperchromatic nuclei.

Samples Positive cells/
2
examined
mm
31
106
31
26

200 ± 113
286 ± 150
719 ± 389
1261 ± 545

P < 0.01, vs BCH and SCC, by Wilcoxon rank_sum test. SCC: Squamous cell carcinoma;
DYS: Dysplasia; BCH:������������������������
����������������������������
Basal cell hyperplasia.
b

10000
1000

p53
p21
PCNA

p53 and Waf1p21 immunohistochemical staining

The avidin biotin peroxidase complex (ABC) method was used for
p53, Waf1p21 and PCNA antigen detection (Ongogene Science, Inc.,
Manhasset, NY, United States). After dewaxing, inactivating endogenous peroxidase activity, and blocking crossreactivity with normal
serum, the sections were incubated overnight at 4˚C in a diluted
solution of primary antibodies (1:1000 for p53, 1:20 for Waf1p21
and 1:200 for PCNA). Primary antibody detection was achieved by
subsequent application of a biotinylated anti primary antibody, an
avidin biotin complex conjugated to horseradish peroxidase, and
diaminobenzidine (Vectastain Elite Kit; Vector Laboratories, Burlingame, CA, United States). Normal serum and absence of primary
antibody were used as negative controls.

100
10
1
NORMAL
BCH
DYS
SCC
The number of inmunostaining positive cells for p53,
2
Waf1p21 and PCNA per mm of the tissue section

Figure 1 Changes in p53 and Waf1p21 expression in normal esophageal epithelia and
epithelia with different degrees of lesions. As the lesions progressed from BCH, DYS to SCC,
the number of p53- and PCNA-positive cells significantly increased. In contrast, the number of
Waf1p21-positive cells slightly increased from normal to BCH, but there was no further increase in
DYS and in SCC. SCC: Squamous cell carcinoma; DYS: Dysplasia; BCH: Basal cell hyperplasia.

Quantitative analysis of immunostaining results

Quantitative analysis of nuclear immunostaining results were
2
recorded as the number of positive cells per mm of tissue section
[10]
as described previously . All positively stained cells were counted
in the entire tissue section under a microscope at × 400 magnification. A total of 24 fields were typically counted for biopsied tissues
and 50 fields for surgically resected specimens.

Statistical analysis

The mean ± SE of the p53-, Waf1p21- and PCNA-positive cell
2
number/mm in the esophageal biopsy and surgically resected EC
samples in each histologic category were calculated by using univariate analysis, and comparisons were made using the Wilcoxon
rank sum test for unpaired data and correlation by using Pearson′
2
s correlations. The χ test was used for the statistical analysis of the
percentage of positively stained samples (p < 0.05 was considered
significant).

Figure 2 Waf1p21 immunostaining in biopsy samples of esophageal BCH. Waf1p21-positive
cells localized to the third and fourth cell epithelial layers (arrow). Scale bar, 2.4 μm. BCH: Basal
cell hyperplasia.

RESULTS
p53, Waf1p21 and PCNA immunoreactivity in different stages of
esophageal carcinogenesis

carcinogenesis.
Quantitative analysis of both p53 and Waf1p21 expression can
provide important insights into cancer development, but such analysis has not been performed at different stages of human esophageal
carcinogenesis. In this study, we investigated the expression of p53,
Waf1p21 and PCNA in human esophageal epithelia with different
severities of precancerous and cancerous lesions from subjects in
Henan, China.

We observed intense p53 protein and PCNA nuclear immunostaining of tissues with different lesions, which was consistent with our
previous observations. In brief, we observed similar immunostaining
patterns for PCNA and p53, but the number of PCNA-positive cells
was higher than that of p53 in the same histological category of
normal, BCH and DYS (3-4 fold, Table 1). As the esophageal tissue
progressed from BCH, DYS to SCC, the number of PCNA- and p53positive cells significantly increased and expanded upwards in the
epithelium.
The percentage of samples with Waf1p21-positive immunostaining was 39 and 38 in normal and BCH esophageal epithelia, respectively. Waf1p21 immunostaining was confined to the cell nucleus. As
the lesions progressed to DYS and SCC, the percentage of Waf1p21
immunoreactivity decreased. The number of Waf1p21-positive cells
slightly increased from normal to BCH, but there was no further
increase in DYS and SCC. The total number of Waf1p21-positive
cells was lower than that of p53 in normal and BCH esophageal
epithelia, much lower in DYS (24-fold) and markedly lower in SCC
(162-fold) (Table 1, Figure 1). Waf1p21-positive cells localized to the
third and fourth cell layers in half of the samples, which was 2-4 cell

MATERIALS AND METHODS
Tissue collection and processing

Esophageal tissues were biopsied from 241 symptom-free subjects, and surgically resected EC specimens were collected from
38 patients in Huixian County and Linxian County, China. Of these
279 subjects, 160 were males (20-71 years of age with a mean ±
SD of 48 ± 14 years) and 119 females (20-79 years of age with a
mean ± SD of 47 ± 16 years). None of the cancer patients received
chemotherapy or radiotherapy treatment before the operation. All
specimens were fixed in 85% alcohol, embedded in paraffin, and
serially sectioned at 5 μm. The sections were mounted onto histostick-coated slides. Three or four adjacent ribbons were collected for
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layers higher than PCNA-positive and p53-positive cells in the same
histological categories of normal, BCH and DYS (Figure 2).

4
5

DISCUSSION
Interestingly, we found that the distribution of Waf1p21-positive
cells was distinct from that of p53- and PCNA-positive cells such that
Waf1p21-positive cells localized to the more differentiated middle
third of the epithelium, which was approximately 2-4 layers of basal
cells higher than p53- and PCNA-positive cells, suggesting that
Waf1p21 expression may be related to cell differentiation. The small
number of Waf1p21-positive cells may be due to functional loss of
p53 by mutations.
Dysplasia has been considered a severe precancerous lesion of
esophageal squamous cell carcinoma. The current study indicated
that the levels of p53 and Waf1p21 was similar in normal and BCH
lesions, but there was a clear segregation of high p53 and low
Waf1p21 expression, from dysplasia to SCC, suggesting that dysplasia may be an important target for molecular insult in esophageal
carcinogenesis. The molecular mechanism for the development of
dysplasia remains to be further characterized.

6
7
8
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Morphological analysis of lymph vessels and capillaries in gastric carcinoma
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21.2 vs 47.5 and 40.4 vs 46.0, P < 0.01, respectively. Their maximal luminal areas were 1502.98 ± 1236.91 vs 5526.80 ± 4853.42;
1918.14 ± 2299.24 vs 3836.16 ± 3549.16; 5526.80 ± 4853.42
vs 3836.16 ± 3549.16, P < 0.05, their perimeters were 220.33 ±
130.25 vs 441.43 ± 276.51; 241.79 ± 171.13 vs 333.80 ± 199.66;
441.43 ± 276.51 vs 333.80 ± 199.60, P < 0.05, and their diameters
were 28.80 ± 14.98 vs 59.39 ± 28.53; 25.37 ± 15.79 vs 46.22 ±
20.85; 59.39 ± 28.53 vs 46.22 ± 20.85, P < 0.05, respectively. In
summary, the lymphatics found in gastric carcinoma samples from
the metastatic group were significantly lower than those of the other
groups.

Xin-Bo Liao, Wei-Ping Tang, Qin-Ming Zhang, Ying-Hai Zhao, Department
of Pathology, Guangdong Medical College, Zhanjiang 524023, Guangdong Province, China
Zhi-Gang Fu, Department of Foreign Language Teaching, Guangdong Medical
College, Zhanjiang 524023, Guangdong Province, China
Xin-Bo Liao, male, born on March 3, 1963 in Puqi City, Hubei Province, graduated from the Department of Medicine of Hubei Medical College, Master and
Lecturer, specialized in the study of tumor metastatic mechanisms, with nine published papers
Author contributions: All authors contributed equally to the work.

CONCLUSION: There are newly formed lymph capillaries found in
gastric carcinoma. Dilation of lymph capillaries may be related to
edema found in peritumoral connective tissues. The observed lymph
node metastases from gastric carcinoma occur through mature lymph
capillaries that invade in and around primary gastric carcinoma foci.
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INTRODUCTION

Abstract

Lymph node metastases from human gastric carcinoma typically
occur through lymphatic channels, however its mechanism remains
[1]
unclear. Some researchers believe that the probability of lymph
node metastasis increases with an accompanying increase in the
number of lymph vessels and capillaries in the invaded peritumoral
[2]
tissues. Nevertheless, others think that the opening of lymph vessels and capillaries due to edema in peritumoral connective tissues
facilitates cancer cell metastasis. Previous reports have suggested
that the stomachs of mice exhibit a fine distribution of lymphatics.
This study was performed in order to both profile the distribution,
quantity and morphologic changes of lymph vessels and capillaries
in gastric carcinoma, as well as to further illuminate the metastatic
mechanism underlying gastric cancer.

AIM: To investigate the morphology of lymph vessel capillaries in
both human gastric carcinomas and their peritumoral tissues, as well
as the relation of this morphology to lymphatic metastasis.
METHODS: The morphology and fine distribution of both lymph
vessels and capillaries in and around the primary foci of gastric carcinoma were studied using the 5′Nase Alpase double staining method.
The total amount of opened vessels and the opening rate of lymph
vessels and capillaries were counted using a light microscope (100 ×
magnification), and the maximal luminal area, perimeter and diameter were measured using an image analysis technique.
RESULTS: Lymph vessels and capillaries displayed strong 5′Nasepositive staining (brown and dark brown), while blood vessels and
capillaries revealed significant Alpase activity (blue). There were
many lymph vessels, capillaries and solid strip-like tissues found in
the gastric carcinoma samples analyzed. The total amount of lymphatics in the metastatic group (gastric carcinoma vs peritumoral tissue) and non-metastatic group was 26.9 ± 14.2 vs 10.4 ± 4.0, 11.4
± 3.4 and 9.7 ± 3.2, P < 0.01, respectively. Their opening rates were
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MATERIALS AND METHODS
Materials

Fresh, surgically resected gastric carcinoma specimens were collected
from 32 cases (22 metastatic and ten non-metastatic) and carefully
examined. All light microscopy specimens were fixed in 10% forma-
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thick-walled. The slides demonstrated 5′Nase activity of both lymph
vessels and capillaries. The slides only showed Alpase-positive staining of blood vessels and capillaries, with no sign of Alpase-positive
lymph vessels and capillaries. The control slides that were incubated
without 5′ AMP or naphthol AS MX monophatate demonstrated no
lymph, blood vessel, or capillary staining.

Table 1 Lymph vessel and capillary counts (¯x ± s)
Group
Metastatic
Gastric carcinoma
Peritumoral tissue
Non metastatic
Gastric carcinoma
Peritumoral tissue

Total

Opened No.

Opening rate (%)

26.9 ± 14.2
10.4 ± 4.0

5.7 ± 5.0
4.9 ± 2.5

21.2
47.5

11.4 ± 3.4
9.7 ± 3.2

4.6 ± 3.2
4.5 ± 2.3

40.5
46

Lymph vessel and capillary distribution and morphology

Many lymph capillaries were identified in the mucosal layer of peritumoral tissues, mostly between the bottom of the gastric gland
and mucosal muscularis. Some lymph capillaries extended into the
connective tissues within the gastric gland, while others extended
into the mucosal muscularis or submucosa. There were many lymph
vessels and capillaries in the submucosa, with the majority of lymph
capillaries found near the mucosal muscularis and the majority of
lymph vessels found near the muscularis. Many lymph vessels and
capillaries were found in the muscularis, and many more between
the oblique, circular and longitudinal muscles. The lymph vessels
and capillaries found in the serosa were also seen in connective tissues near the longitudinal muscles, which were also surrounded by
large lymph vessels.
All of the lymph vessels and capillaries in the gastric carcinoma
tissues exhibited irregular morphologic shapes and branches. Lymph
capillaries were partially opened with small lumens and had either
lobular or triangle shapes. Some appeared strip-like with enlarged
light brown endothelial cells that were irregularly arranged. It is
possible that these strip-like tissues are in fact newborn lymph
capillaries. A few strip-like tissues that stained positive for 5′Nase
were seen in peritumoral tissues, which could be collapsed lymph
capillaries. In and around the primary foci of gastric carcinoma, the
carcinoma cells appeared to destroy the lymph capillary walls. These
capillaries contained small and regularly shaped 5′Nase-positive
endothelial cells that invaded the lumen. The lumens were large
with irregular morphologies. These lymph capillaries may therefore
be mature lymph capillaries.

Table 2 Morphological quantitative analysis of lymphatics (¯x ± s)
Group
Metastatic
Gastric carcinoma
Peritumoral tissue
Non metastatic
Gastric carcinoma
Peritumoral tissue

2

n

Lumen area (μm )

Perimeter (μm)

Diameter (μm)

43
61

1502.98 ± 1236.91
5526.80 ± 4853.42

220.33 ± 130.25
441.43 ± 276.51

28.80 ± 14.98
59.39 ± 28.53

47
58

1918.14 ± 2299.24
3836.16 ± 3549.16

241.79 ± 171.13
333.80 ± 199.66

25.37 ± 15.79
46.22 ± 20.85

lin and paraffin-embedded. Sections were stained with hematoxylin
and eosin., Gastric carcinoma and their peritumoral tissues were
simultaneously frozen at -20 ℃ and sectioned using a cryostat. All
frozen sections with a 6 μm thickness were fixed in preparation for 5′
NaseAlpase double staining. 5′adenosine monophosphate (AMP, No.
A-1752, Sigma), naphthol AS-MX phosphate (No. N-5000, Sigma),
fast blue BB (No. F-3578, Sigma), Tetramisol (No. T-1512, Sigma).

5′-Nase Alpase double staining[3-8]

The Alpase reaction to label blood vessels was followed by 5′ Nase
staining to label the lymphatics. Following incubation for 60 min
at 37 ℃, the slides with treated with standard medium containing Wachstein, incubated for two minutes. at room temperature
in yellow ammomium sulfide, and incubated for 15 min. at room
temperature in standard medium with Burston. Control slides were
incubated without substrate (AMP or naphthol AS-MX phosphated).

Quantification of lymph vessels and capillaries

The total number of opened vessels and the opening rate (percentage = the opened/the total) of both lymph vessels and capillaries in
the submucosa of peritumoral and carcinoma tissues were studied
under a light microscope (× 100 magnification). Lymph vessels and
capillaries in tissue cross sections were counted, while those in longitudinal and oblique sections were excluded.

Quantification of lymph vessels and capillaries

In the metastatic group, the total number of lymph vessels and
capillaries in the primary foci of gastric carcinoma were significantly
higher (P < 0.01) and their opening rates were significantly lower
(P < 0.01) than that of the peritumoral tissues of this same group.
Additionally, the total numbers in the gastric carcinoma and peritumoral tissues of the metastatic group were significantly higher that
those of the non-metastatic group (P < 0.01), whereas the differences in the number of openings were not significant between the
two groups (P > 0.05) (Table 1).

Morphological quantitative analysis of lymph vessels and capillaries

The maximal luminal area, perimeter and diameter of both lymph
vessels and capillaries containing opened lumens were measured
using an image analysis device. This device included both light and
fluorescent microscopes (Nikon, Japan), a digital brand, a computer,
and a morphologic program (stereology, United States).

Morphological quantitative analysis of lymph vessels and capillaries

There were significant differences (P < 0.05) in the maximal luminal area, perimeter and diameter of lymph vessels and capillaries
between gastric carcinom a and their peritumoral tissues in metastatic group, gastric carcinoma and their peritumoral tissues in non
metastatic group, and between peritumoral tissues in metastatic
and non metastatic group, whereas the difference of the maximal
luminal area, perimeter and diameter (P < 0.05) between gastric
carcinoma in metastatic group and in non metastatic group was
not significant. Statistically the maximal lumen area, perimeter
and diameter of lymph vessels and capillaries in carcinoma tissues
in metastatic group were significantly smaller than those in other
groups (Table 2).

RESULTS
Swelling and metastatic lymph nodes

There were 15 lymph nodes within the lesser curvature of the stomach, 23 within the greater curvature of the stomach and 10 at other
sites, and all these lacked signs of lymph node metastases. Additionally, there were 39 lymph nodes within the lesser curvature, 41
within the greater curvature, and 10 at other sites that accounted
for 52 metastases (59.4%).

Enzyme histochemistry

There were significant differences detected between the lymphatic
and blood vessel staining. Using 5′Nase Alpase double staining,
2+
Mg as an activator and lead as an capture agent, the reaction
product of 5′Nase activity was detected as a brown or dark brown
precipitate of lead sulfide on lymph vessel and capillary walls following incubation in 5′Nase standard medium. When tissue sections
were then incubated in azo dye reaction medium for Alpase activity,
the coloration of the blood vessels and capillaries changed to blue.
The lymph vessels were morphologically irregular, with large lumens
and thin-walled vessels, while the blood vessels were regular and
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DISCUSSION
While lymph capillaries were observed to be thin-walled vessels with
only a single layer of endothelium, the newborn capillaries were
lined only by a single endothelial layer and thin basement membrane that lacked smooth muscle. This therefore made it considerably challenging to distinguish between the lymph capillaries and
newborn capillaries. Using a light microscope, the composition of the
lumen and the morphological characteristics of vessels were usually used for analysis. The lymph vessels were thin-walled with large
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lumens that lacked red blood cells and contained irregularly projected endothelial nuclei, The lumens of these vessels also contained
a few proteins and white blood cells. Using the 5′Nase Alpase double
staining method, lymph vessels and capillaries appeared brown in
color, while blood vessels and capillaries appeared blue. Therefore,
compared with traditional lymphatic injection, glass mounting and H
and E staining of slides, the 5′Nase Alpase double staining method
accurately demonstrates the fine distribution of lymph vessels and
capillaries. This provides an experimental method and morphological
basis for performing research on the morphological shapes of lymph
vessels and capillaries in human gastric carcinoma, as well as its
relation to lymph node metastasis of gastric carcinoma.
Previous research postulated that the absence of lymphatic
metastasis in early gastric carcinoma is due to the lack of lymphatics
in superficial layers of the mucosa. With the discovery of tumor infiltration, we now believe that the increase in lymph vessels and capillaries around the primary foci of the tumor may be one of the critical
[9]
factors that elevate the rate of lymph node metastasis . Lubach et
[1]
al determined that melanoma invasiveness significantly increased
the number of lymph vessels and capillaries in surrounding tissues
as well as metastatic activities in lymph vessels. These results suggest that lymph node metastasis in carcinomas are related to the
increase in the number of lymph vessels and capillaries found in
peritumoral tissues, which is due to the distribution of lymph vessels
and capillaries that are not newborn. This study shows that the total
number of lymph vessels and capillaries in gastric carcinoma is larger than those of their peritumoral tissues. Some capillaries, either
partially opened or solid strip-like with enlarged, brown and irregularly arranged endothelial cells,, may be newborn lymph capillaries.
Upon comparing the morphologic characteristics of lymph capillaries
in carcinoma and peritumoral tissues, it appears that lymph capillaries are not induced by the opening of collapsed lymph capillaries,
[10]
an event caused by edema in connective tissues. Ryan
believes
that angiogenesis should encompass not only blood vessels but also
lymphatics. It remains unclear whether lymph capillary proliferation
is induced by active secretions from tumor angiogenesis or by the
host’s reaction to tissue damage caused by the tumor.
Under normal conditions, most lymphatics exist in a collapsed
state because only a portion of the entire lymphatic system is
actively involved in the transportation process. The majority of lymphatics are therefore inactive, functioning as a potential reservoir
[11]
for increased lymph flow . Rapid tumor and edema growth among
peritumoral tissues increased the pressure within the tissue, which
dilates most lymph capillaries. During each stage of human and
animal tumor invasion, severe edema was observed in peritumoral
tissues and favored tumor cell infiltration. As a result, many tumor

cells accumulated in the afferent lymphatic vessels of the lymph
node, particularly at drainage areas.
Among the several factors that induce edema in peritumoral
tissues, the most important one may be the increase of vascular
permeability and ineffective circulation of the lymphatic fluid within
[2]
the tumor area . High fluid pressure was induced due to a large
amount of fluid accumulation within the tumor stroma and this
fluid was transported from the center to the edge of the tumor. The
edema in the peritumoral tissue widened and opened the lumen
between the connective tissue bundles. Furthermore, the tissue fluid
pushed the tumor cells to lymph capillaries, and both the tumor
cells and tissue fluid entered into the lumen of the lymph capillaries. Lymph capillaries in gastric carcinoma showed light staining,
low opening rates and small lumens, which indicated that lymph
node metastases occur by invading through mature lymph capillaries that are located in and around the primary foci of human gastric
carcinomas.
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nuclei rate (MNR) and micro nuclei cell rate (MNCR) of V79 at a dose
range of 20-80 μL/mL. There were significant dose-effect relations
between SP and either MNR or MNCR. Pathological changes in the
gastric mucosa of local residents who had consumed SP were significantly different from those of the control group. In people who had
consumed SP for ten years, mucosal lesions were found that contained evidence of necrosis and erosion; In those who consumed SP
for ten-20 years, both hyperplasia and dysplasia were seen in addition to the above lesions. In individuals who had consumed SP for
20-30 years, severe dysplasia and malignant changes were found.
Furthermore, SP had damaging effect on the gastric mucosa of dogs
that were fed SP. The mucosal lesions became more severe with
increased feeding time.
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Abstract
AIM: To study the pathogenetic effects of salted pork (SP) (a special
food in Zhuanghe City, a region of northern China that is a high-risk
area for stomach cancer) on stomach cancer, and a provide scientific
basis for the primary prevention of stomach cancer in this high-risk
region.

INTRODUCTION
Zhuanghe City is an area in northern China with an elevated occ
urrence of stomach cancer. The mortality of stomach cancer is
49.6/100000 for males and 22.2/100000 for females. Epidemiological investigations found that there was a close relationship between
the high mortality of stomach cancer and the dietary habits of local
[1]
residents. Salted pork (SP) is a special food consumed in this area .
In order to understand the pathogenetic effect of SP on stomach
cancer, we studied three distinct aspects of SP: Its mutagenicity
defined as the effect of SP on the gastric mucosa of local Zhuanghe
residents who had consumed SP for more than ten years, the doseeffect relationship between SP and pathological changes of the gastric
mucosa and the mucosal lesions of experimental dogs fed with SP.

METHODS: This study consisted of three distinct parts. The first part
involved a study of SP mutagenicity and employed both the Ames test
and micronuclei assay using V79 cells. The second part included a study
of SP’s effect on the gastric mucosa of residents in the Zhuanghe area
who had consumed SP for more than ten years. Additionally, these
studies involved an analysis of the dose effect relationship between
SP and pathological changes in gastric mucosa, with a total of 300
cases analyzed. The third part of this study involved an observation of
the mucosal lesions from experimental dogs by both gastroscopy and
mucosal biopsy. Six healthy male dogs were selected, three were fed
with SP, and the others served as controls.

MATERIALS AND METHODS
Test of salted pork mutagenicity

RESULTS: This study revealed that SP extract could mutate Salmonella typhimurium TA98 and induce an increase in both the micro
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SP samples were collected from residents in Mingyang town,
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Micronuclei test of SP-induced V79 cells

Table 1 Ames test on salted pork
Samples

The SP extract could increase both the micronuclei rate (MNR) and
micronuclei cell rate (MNCR) of V79 cells at a dose range between
20 mL/L-80 mL/L. There were dose-effect relations between SP and
either MNR or MNCR. Up to an 80 μL dose of MNR was two times
higher in the test group when compared with that of the control
group (Table 2).

Mutagenicity (rev/g TA98)

Salted pork
-NaNO2
+NaNO2

-Sg

+Sg

8640
8810

13000
14900

Histopathological examination of the gastric mucosa from local
residents

Table 2 Micronuclei test of salted pork-induced V79 cells

Zhuanghe City. After the nitrosation treatment and filtering of SP,
the Ames test and micro nuclei assay using V79 cells were conducted.
[2]
The experimental methods were used based on previous reports .

Necrosis and erosion foci (55/150, 36.6%), hyperplasia and dysplasia (31/150, 20.6%), as well as metaplasia (9/150, 6%) were
detected in the gastric mucosa of 150 cases within the test group;
one case of severe dysplasia was suspected of having cancer and
poorly differentiated carcinoma in two stomachs were detected.
Owing to different time spans of consuming SP, the degree of mucosal changes revealed significant differences. The pathological changes e.g. erosion and dysplasia became more severe with increased
SP consumption over the years.
Among 150 cases from the control group, only a few cases were
detected as having superficial gastritis, metaplasia and atrophic
gastritis.

Histopathological examination of the gastric mucosa of local residents
who did or did not consume SP

Histopathological examination of the gastric mucosa from
experimental dogs

Samples

-Sg

Extract of salted pork (0 mL/L)
Extract of salted pork (20 mL/L)
Extract of salted pork (40 mL/L)
Extract of salted pork (80 mL/L)
Methyl nitrate nitrosoguanidine (5 mg/L)
Aflatoxin B1 (0.01 mg/L)

+Sg

MNR

MNCR

MNR

MNCR

13
19
19
27
96

12
17
17
20
86

9.0
5.0
8.5
6.0

8.0
5.0
8.5
5.0

19.0

18.0

MNR: Micro nuclei rate; MNCR: Micro nuclei cell rate.

Among 12000 local residents in the Zhuanghe area who had consumed SP for many years, 150 residents who consumed SP four
times a week (about 1000 g) were selected as subjects for the
study, including 40 who had consumed SP continuously for ten
years, 60 for 20 years, and 50 for 30 years. Another 150 residents
who were matched in both sex and age but had not consumed SP
were selected as controls. A retrospective investigation and comparative analysis of the living habits and dietary structure during
the past 30 years in the two groups were conducted, which involved
gastroscopies and mucosal biopsies. Biopsies covered the antrum,
gastric angle, and anterior and posterior body of the stomach,
respectively. The 1200 samples of mucosal biopsies were fixed with
formalin, and routine paraffin sections, H and E staining, AB/PAS, as
well as HID/AB staining were performed.

In this study, gastroscopic and histopathological examinations were
done on three experimental dogs and three control dogs at the time
of pre-, inter- (feeding SP for eight months) and post-experiment
(12 mo later). Compared with the control group, the gastric mucosa
from the test group showed various changes, which included erosion, necrosis, hyperplasia, inflammation, etc. These mucosal lesions
became more severe with increased time of SP feeding.

DISCUSSION
Although a few reports have been made on the pathogenesis of food
in areas at high-risk for stomach cancer, studies on SP pathogenesis have not proven fruitful. In this study, we verified that SP from
Zhuanghe City, an area in northern China at high-risk for stomach
cancer, showed a strong occurrence of mutagenicity and demonstrated the damaging effect of SP on the gastric mucosa of dogs.
Pathological changes of the gastric mucosa from local residents who
had consumed SP showed significant differences from those of the
control group. In people who had consumed SP for ten years, gastric mucosal lesions, which included signatures of erosion, necrosis
and inflammatory change, were seen; in those for ten-20 years,
hyperplasia and dysplasia were found in addition to the above specified lesions, and both severe dysplasia and malignant changes were
observed in those who had consumed SP for 20-30 years.
There were significant differences in the mucosal changes
observed between the test and control groups. Within the test group,
the degree of mucosal changes, particularly erosion, metaplasia, dysplasia and tumorigenesis, had a positive relationship with the duration
of SP consumption. This indicated that long-term exposure to SP may
result in repeated gastric mucosal damage and repair, ultimately leading to severe dysplasia and malignancy. The results of this study may
provide an important scientific basis for carrying out “primary prevention” by changing dietary habits in order to decrease the incidence of
stomach cancer in the Zhuanghe area.

Histopathological examination of the gastric mucosa from
experimental dogs fed with SP

Six two-month old healthy male dogs from the same strain that
each weighed 4.5 kg were chosen for the experiment. The dogs
were randomly divided into test and control groups (three dogs per
group). The dogs in the test group were fed three times a day with
SP that had been mixed with maize gruel (150 g). The dogs in the
control group were fed with fresh pork mixed with maize gruel and
vegetables. Any additional feeding conditions were the same for
the experimental and control groups. During pre- and inter-testing,
gastroscopies and mucosal biopsies were performed on the anterior
and posterior wall of both the dog’s antrum and body of its stomach, respectively. At the end of the test (12 mo later), an autopsy
was performed and the stomachs were dissected and opened along
its greater curvature. The specimens were then fixed in formalin.
Blocks of gastric wall were isolated from the cardia to the pylorus,
including the anterior and posterior body, antrum, esophagus and
duodenum. After routine sectioning and staining, histopathological
examinations were made on the gastric mucosa samples.

RESULTS
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INTRODUCTION
Endoscopy and barium studies are two main methods for clinical
diagnosis of gastric cancer. Nevertheless, computed tomography
and ultrasonography are used for diagnosis in patients with known
gastric cancer as well as in complementary studies for the evaluation of extraserosal invasion, metastasis to lymph nodes and other
[1-3]
organs . However, there have only been a few studies that have
utilized magnetic resonance imaging (MRI) for gastric cancer. The
purpose of this study was to evaluate the utility of MR imaging in the
preoperative staging of gastric cancer by analyzing the MR images
from 34 patients with advanced gastric cancer.
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Abstract
AIM: To evaluate the application of magnetic resonance imaging
(MRI) to the preoperative staging of advanced gastric cancer.

MATERIALS AND METHODS

METHODS: An MRI (SE sequence) was preoperatively performed on
34 patients with advanced gastric cancer. The tumors were located
at the cardia fundus in 11 patients, the corpus in 14, the antrum in
ten and throughout the entire stomach in two. The images were analyzed and staged on the basis of the criteria proposed by Matsushita
M. The results were compared with the corresponding histopathologic findings to analyze the rate of diagnostic accordance.

Patients

MR imaging was performed on 34 patients (26 men and eight women; mean age 55.6 years) with advanced gastric cancer. The lesions
of all the patients were diagnosed pathologically following surgery.
The interval between MRI and surgery ranged from three to 21 d.
Gastrectomy was performed on 29 patients and exploratory laparotomy was performed on five patients. The tumors were located at
the cardia fundus in 11 patients, the corpus in 14, the antrum in ten
and the entir estomach in two. The degree of tumor invasiveness
[4]
was evaluated according to the criteria of the Tumor Node Metastasis (TNM) classification formulated by the China National Cooperative Group of Gastric Cancer. Nine patients had stage T2 cancer, 19
had stage T3, and six had stage T4.

RESULTS: The diagnostic rate accuracy by MRI was 77.8% (seven
out of nince) for T2 tumors; 77.3% (17 out of 22) for T3 tumors and
100% (three out of three) for T4 tumors, with the overall accuracy
equaling 79.4%. When grades T3 and T4 tumors were considered as
a single group to determine the presence or absence of extraserosal
invasion using MRI technology, the diagnostic accuracy was 88.3%.
Statistically, MRI staging showed a significant correlation with the
corresponding histopathologic staging using the Spearman correlation test (r s′ = 0.743, P < 0.01). When the concordance between
MRI and histopathologic staging results were studied according to
tumor location, the staging accuracy was highest (90.9%) in tumors
located in gastric cardia fundus.

Imaging technique

The patients fasted for 10-12 h. Before undergoing the MRI examination, the patients drank 600-1000 mL of water and were administered 10 mg of 654-2 intramuscularly to relax their stomachs. All
patients were imaged in the supine position. MR imaging was performed on a 0.15 tesla MRI unit (ASM-015P Analogic Scientific Inc.)
using body coil, a T1-weighted spin echo (SE) sequence (TR 700
ms/TE 30 ms), and a T2-weighted SE sequence (TR 1800 ms/TE 90
ms). The slice thickness was 8-10 mm. Axial and coronal images
were routinely obtained. When necessary, sagittal imaging was also
conducted.

CONCLUSION: MR imaging is moderately valuable when staging
advanced gastric cancer, especially for tumors located in gastric cardia fundus.
Key words: Stomach neoplasms/diagnosis; Magnetic resonance
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Figure 1 Grade MRT2 tumor, T1WI. Axial images show a smooth low signal intensity band around
the lesion (↑).

Figure 4 Same patient as in Figure 3, T2WI. The tumor was not as easily identifiable as that in
Figure 3.

R

R

Figure 5 Grade MRT 4 tumor, T 1WI. Fat interval between stomach and hepatic left lobe
disappeared and was occupied by a isointense tumor.

Figure 2 Grade MRT2 tumor, T1WI. Coronal images show a smooth low signal intensity band
around the lesion (↑).

with MRI corresponded to the gastric cancer lesion observed during
surgery. On the T-1WI, thickened gastric wall ranged from 1.3-3.9
cm (mean 2.29 cm). The stomach was sometimes deformed and
stenosed. In patients with advanced gastric cancer, the moderate
low signal of the tumor extended to contiguous organs through
hyperintense fat intervals. On the T-2WI, moderate high tumor signal did not contrast sharply with the high signal of inside water and
outside fat, so the tumor margin could not be easily identified. MRI
results were compared with findings from pathologic examination
(Table 1).
From the Table, we can see that the MR diagnostic accuracy was
77.8% (seven out of nine) for T2, 77.3% (17 out of 22) for T3, and
100% (three out of three) for T4 tumors, with the overall accuracy
equaling 79.4%. Moreover, the accuracy in determining the degree
of serosal invasion was 88.2% (27 out of 34) when T3 and T4 lesions
were regarded as a single group. Statistically, MRI staging showed a
significant correlation with histopathologic staging using the Spearman correlation test (rs′ = 0.743, P < 0.1). However, seven of 34
cases were staged incorrectly using MR imaging. Two of the stage
T3 tumors were understaged as stage MRT-2 because there were
no hyperintense signals of fat plane in emaciated patients. Two of
the stage T2 tumors were overstaged as stage MRT-3 due to motion
artifacts. Three of the stage T4 tumors were understaged as stage
MRT-3 because peritoneal and omentum invasion were not detected. Analysis of the concordance between MRI and histologic staging
results based on tumor location (Table 2), revealed that the staging
accuracy was highest in gastric cardia fundus tumors.

c
b

R

a
d

Figure 3 Grade MRT3 tumor, T1WI. Axial image shows an obscure hypointense band and blurring
fat plane outside of the tumor (↑).

Image analysis

The MR images were analyzed by two radiologists before patients
underwent surgery. The locations, appearances, sizes as well as the
relation of the tumors to adjacent organs were evaluated. Location was classified according to four areas: Cardia fundus, corpus,
antrum and entire stomach. A gastric wall > 1 cm thick was con[1,5,6]
[5]
sidered abnormal
. According to the criteria proposed by Matsushita M, the degree of serosal invasion observed by MR imaging
was classified as MRT-1 (no abnormal findings), MRT-2 (presence of
a clear hypointense band or clear fat plane surrounding the lesion)
(Figures 1 and 2), MRT-3 (presence of irregular margin or fat signal
blurring around the lesion) (Figures 3 and 4), or MRT-4 (presence of
contiguous extention of lesion signal to adjacent organs or definite
involvement of adjacent structures), (Figure 5). The evaluation of
both the extent and depth of gastric cancer relied primarily on the
[6]
observation of images on the T-1WI . This was due to the excellent
contrast between the hypointensity of water signal in the stomach
lumen, the isointensity of the gastric wall, and the hyperintensity of
the fat plane outside the stomach.

DISCUSSION
Preoperative staging in advanced gastric cancer is very important
for surgeons to judge the probability of gastrectomy, select the
[7]
appropriate operative approach and evaluate prognosis . It is also
[8]
helpful for patients who have to undergo radiotherapy . There have
been many reports about preoperative staging in advanced gastric
[1,7,9]
[2,3]
cancer with CT
and endoscopic US . The staging accuracy by
CT and US is 42%-69% and 81%-92%, respectively. Anatomically,
the stomach is obliquely in contact with the left lobe of the liver,
which interferes with the accuracy of determining hepatic invasion

RESULTS
The findings of a thickened wall that was characterized as a lesion
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that MRI staging was more valuable for advanced gastric cancer.
The higher staging accuracy found for gastric cardia fundus tumors
was likely due to the relative stability of the cardia region, resulting
[6]
in minimal motion artifacts and enhanced image clarity .
In our study, preoperative staging with MRI was incorrect in seven cases. Most of them were due to obvious motion artifacts or the
emaciation of patients. For extremely emaciated patient, there is a
minimal fat interval between the stomach and nearby organs, which
[8]
might result in inaccurate staging . In two cases, the metastases to
the peritoneal and omentum were undetected, possibly due to the
limited MR resolution of low field strength and the relatively small
size of the lesions.
In conclusion, preoperative staging in advanced gastric cancer
with MRI is particularly valuable for cardia fundus lesions. The evaluation of both the extent and depth of tumors relies primarily on the
observation of images on the T1WI.

Table 1 Relationship between magnetic resonance imaging and
histopathologic diagnosis of invasive depth (n = 34).
Magnetic Resonance Imaging diagnosis
MRT2
MRT3
MRT4

Histologic diagnosis
T2

T3

7
2

2
17

T4
3
3

Table 2 Concordant rate between magnetic resonance imaging and histologic
staging based on the location of tumors (%).
Location
Cardia fundus
Corpus
Antrum
Entire stomach

Cases

Concordant number

Concordant rate

11
14
7
2

10
11
5
1

90.9
78.6
71.4
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tion of Hp in human gastric tissues. Detection of Hp DNA in vivo
using this approach might improve the clinical diagnosis and epidemiological research related to H. pylori infection.

Guo-Ming Xu, male, was born on March 19, 1939 in Wuxi, Jiangsu Province,
graduated from Department of Medicine, Shanghai Medical University in 1962,
physician in chief, Professor, engaged in the research of gastrointestinal disorders,
published over 80 papers and 4 books

Key words: Peptic ulcer; Gastritis; Stomach neoplasms; Helicobacter
pylori ; Helicobacter infections; Polymerase chain reaction (PCR)
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Author contributions: All authors contributed equally to the work.
Supported by A grant for the molecular epidemiology of H. pylori infections
from the National Natural Science Foundation of China

Xu GM, Ji XH, Li ZS, Man XH, Zhang HF. Clinical significance of PCR in Helicobacter pylori DNA detection in human gastric disorders. World J Gastroenterol
1997; 3(2): 98-100 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v3/i2/98.htm DOI: http://dx.doi.org/10.3748/wjg.v3.i2.98

Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-).
Correspondence to: Dr. Guo-Ming Xu, Professor, Department of Gastroenterology, Changhai Hospital, Second Military Medic al University, Shanghai
200433, China
Telephone: +86-21-65560684
Fax: +86-21-65560684

INTRODUCTION
Helicobacter pylori (Hp) is now recognized as the major etiologic
agent of chronic active gastritis, peptic ulceration and a risk factor
[1]
for the development of adenocarcinoma of the distal stomach .
Currently, the phenotypic characteristics known to differ among
[2]
strains include the production of VacA and the presence of CagA .
Mucosal and systemic immunologic recognition of Hp-infected
individual is associated with peptic ulcer disease. However, expression of Hp virulence factors in vitro may not accurately reflect the
expression profiles in host tissues. In vivo detection of the Hp gene
[3]
may improve the accuracy of clinical diagnosis .
We employed the polymerase chain reaction (PCR) assay using
primers specific for Hp 16s rRNA to detect Hp infection. We then
compared our results with those from the rapid urease test and
enzyme-linked immunosorbent assay (ELISA) performed on serum
Hp IgG and evaluated the sensitivity and specificity of PCR for the
detection of Hp infection in clinical practice.
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Abstract
AIM: To investigate the clinical significance of the PCR assay in the
diagnosis of gastric Helicobacter pylori (Hp ) infection.
METHODS: Hp infection in gastric antral biopsied specimens was
identified by using the polymerase chain reaction (PCR) to amplify
the specific Hp urease gene fragments (PCR-Hp-DNA) in 154 patients
with gastrointestinal disorders. Hp urease gene oligonucleotide primers specific for Hp (16s rRNA) were used. Urease test and enzymelinked immunosorbent assay (ELISA) for anti Hp-IgG serum were
also used as controls.

MATERIALS AND METHODS
Clinical specimens

A total of 154 patients undergoing gastric endoscopy from the
Department of Gastroenterology of the Shanghai Changhai Hospital
were studied retrospectively. Patients were excluded if they had a
history of gastric surgery, receiving steroids or other immunomodulating drugs, abusing alcohol or illicit drugs, or were HBsAg-positive.
Among the 154 patients (95 male and 59 female; mean age 51
years, range between 18-63 years) with gastric disorders, 40 had
chronic superficial gastritis (CSG), 12 had chronic atrophic gastritis
(CAG), 44 had duodenal ulcers, 16 had gastric ulcers and 42 had
gastric carcinoma, which was determined based on histological
examination.

RESULTS: PCR-Hp -DNA was detected in 140 (91%) of the 154
patients, where patients 114 and 125 were found infected with Hp
by urease test and ELISA Hp IgG, respectively. There was a marked
difference in the Hp-positive rate between the PCR-Hp-DNA and
the urease test or ELISA-Hp -IgG (P < 0.05). The Hp infection rate
increased with age, although a minority of infected people developed signs and symptoms of gastric disorders. Hp infection is closely
related to adenocarcinoma in both the gastric antrum as well as the
down body of the stomach.
CONCLUSION: PCR is a sensitive and specific method for the detec-
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Table 3 Stratified analysis of Helicobacter Pylori infection with respect to
tumor location

Table 1 Comparison of urease test, enzyme-linked immunosorbent assay
and polymerase chain reaction for detection of Helicobacter Pylori in gastric
mucosa

Site of tumors
Diagnosis

No. of
patients

Rapid urease test

ELISA-Hp-IgG

PCR-Hp

No. (%)

No. (%)

No. (%)

40
12
16
44
42
154

28 (70)
7 (58)
13 (81)
37 (84)
24 (68)
114 (74)

34 (85)
8 (67)
13 (81)
37 (84)
33 (78)
125 (81)

37 (93)
10 (83)
14 (88)
42 (96)
37 (88)
140 (91)

Chronic superficial gastritis
Chronic atrophic gastritis
GU
DU
GC
Total

Gastric antral
Gastric corpus
Gastric cardia
Esopheageal
Total

Positive number

Positive rate (%)

1020304050≥ 60
Total

5
12
19
50
42
26
154

3
9
15
48
40
25
140

60
75
79
96
95
96
91

Tumors
Adenocarcinoma
Myxoepithelioma
Undifferentiated cancer
Myoangiosarcoma
Benign tumors
Total

-93
-94
-80
-60
-88

No. studied
30
2
3
2
5
42

Helicobacter pylori positive
No.

(%)

29
1
2
1
4
37

-97
-50
-67
-50
-80
-88

cases a red tinge developed around the biopsy at one minute. There
was no color changes if Hp was absent.

Gastric biopsy specimens from gastric antrum (15 μg) were
placed immediately in normal saline at 4 ℃ and were coarsely
homogenized in 400 μL TE buffer (10 mmol/L Tris-HCl, 0.1 mmol/
L EDTA, pH7.8) with a tissue grinder. In an Eppendorf, (50 μL) of
homogenized mucus was then mixed with 50 μL of lytic solution and
proteinase K was added to reach a final concentration of 200 mg/L.
The mixture was incubated at 50 ℃ for 30 min until the tissue pellets were completely digested, and they were then boiled for 10
min. The samples were centrifuged at 20000 × g for 1 min at 4 ℃
and the supernatants were stored in sterile vials at -75 ℃ until they
were used as PCR templates.
Peripheral blood samples were obtained to measure the immunoglobulin G (IgG) response to Hp with ELISA.

RESULTS
There were marked difference in positive rates between various
methods in the determination of Hp infection (Table 1).
Hp was detected in 114 (74%) of 154 patients using rapid urease test, and all of these samples showed positive PCR results in
gastric mucosa.
Thirty of 40 rapid urease test-negative cases were PCR positive.
Out of 125 (81%) of ELISA-positive cases, 123 were PCR positive
and 2 were negative (a CSG and a CAG, respectively). However, 16
of 29 ELISA-negative cases had positive PCR results. Among the
154 patients with antral gastritis, peptic ulcer or gastric carcinoma,
Hp was found in 140 (91%), 114 (74%) and 125 (81%) by Hp PCR,
rapid urease test and ELISA-Hp IgG, respectively, which were significantly different from each other (P < 0.05). There was, however,
a positive correlation among these three methods. The Hp-PCR was
the most sensitive and specific. There was no difference between
the males (89, 93%) and the females (51, 87%) in Hp-PCR positive results. The age distribution of gastric mucosal Hp detected with
PCR is shown in Table 2. The positive rates in various age groups
with gastric disorders by PCR method are higher than those by other
methods. Hp infections occur earlier and more frequently at all ages
in the Chinese population compared to Western populations.
These studies of Hp infection in patients with gastric carcinoma
indicated that there was a relationship between Hp infection and
tumor location. Hp infection was found in 35 of 42 (83%) patients
with gastric carcinoma using PCR. Gastric carcinoma patients were
more likely to be infected by Hp than normal controls. In a stratified analysis of tumor location within the upper gastrointestinal tract
(Table 3, Table 4), Hp infection in noncardia tumors was significantly
increased (29/32, 91%). Twenty eight of 30 Hp positive gastric carcinoma cases (93%) had intestinal adenocarcinoma.

PCR amplification

PCR primers were designed based on published sequences of Hp
16s rRNA. The primers used were as follows: Primer 1: 5’-GCGCAA
TCAGCGTCAGGTAATG-3’ Primer 2: 5’-GCTAAAGAGATCAGCCTA
TGTCC-3’. These primers were synthesized using the automated
phosphoramidite coupling method. Amplification of Hp genomic DNA
sequences was carried out in 25 μL PCR buffer [50 mmol/L KCl, 10
mmol/L Tri HCl (pH8.3)], 1.5 mmol/L MgCl2, 200 μmol/L deoxynucleotides, and 1 μL of boiled Hp supernatant as DNA template as wel
as the control. The 16s rRNA primers were each used at a final concentration of 0.5 μmol/L. Each reaction was amplified for 36 cycles
as follows: 1 min at 94 ℃ for denaturation, 45 s at 60 ℃ for annealing and 90 s at 72 ℃ for extension. PCR of cDNA from gastric biopsied specimens was performed exactly as described above. Agarose
gel electrophoresis with ethidium bromide staining was performed
from each PCR mixture. Negative and positive comparisons were
made for each experiment.

Enzyme linked immunosorbent assay (ELISA)

The purified Hp crude preparation of urease (CPU) antigen was
diluted in 0.1 mol/L carbonate buffer (pH9.6) to a final concentration of 0.5 mg/L. Polystyrene microtest plates were coated with 100
μL/well of antigen solution and incubated overnight at 4 ℃. 100 μL
of each serum sample was added to wells and incubated at 37 ℃ for
2 h after the plates were washed. After three washings, 100 μL/well
of a substrate solution was added to each well. Each plate contained
a positive and a negative control serum.

DISCUSSION
Hp infection has been implicated in the pathogenesis of active
chronic gastritis and peptic ulcer. Recently, it has also been identified
as a risk factor for gastric cancer. The diagnosis of Hp infection is
usually based on invasive methods such as biopsy with histological
examination, culture and urease test of the gastric biopsy speci13
mens, as well as noninvasive methods such as the Curea and
14
Curea breath tests. Due to the fastidious growth of Hp and the pro
longed incubation period required, several alternative approaches
have been developed for the accurate and rapid detection of Hp in
[4-6]
gastric mucosa . The urease test appeared to have a low sensitivity in detecting Hp when compared with other diagnostic tech-

Rapid urease test

A 2-mm pinch biopsy was taken from the prepyloric mucosa (within
5 cm of the pylorus, at an angle of about ten o′clock), and the tissue
was pushed beneath the surface of the reactive solution. In positive
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(%)

14
16
4
3
37

Table 4 Stratified analysis of Helicobacter Pylori infection with respect to
tumor histological type

Table 2 The age distribution of gastric mucosal Helicobacter Pylori infection
with polymerase chain reaction
No. studied

15
17
5
5
42

No.

PCR-Hp: �����������������
Polymerase chain ���������������������������������
reaction to amplify the specific Helicobacter pylori urease gene
fragments.

ELISA-Hp-IgG: Enzyme-linked immunosorbent assay for anti Helicobacter pylori-IgG;
PCR-Hp: �����������������
Polymerase chain ���������������������������������
reaction to amplify the specific Helicobacter pylori urease gene
fragments.

Age

PCR-Hp positive

No. studied
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niques . The sensitivity and specificity of the urease test ranged
from 60%-93% and 96%, respectively, but with false positive and
[6]
false negative results . The sensitivity and specificity of the ELISA
[7]
are 81%/97% and 78%/97%, respectively .
Current diagnostic tests for Hp infection, however, still involve
invasive gastric endoscopy and detection of the organism in gastric
[1,5]
biopsy specimens . Molecular biological techniques have been
applied to the diagnosis of Hp infection and both a genomic Hp DNA
probe and an oligonucleotide probe developed for an Hp-specific 16s
4
rRNA sequence have been found to detect as few as 10 Hp cells.
These nucleic and hybridization methods, however, require the use
32
of P radioactivity and take up three days to provide autoradiographic results. PCR can selectively amplify the copy number of a
6
target gene more than 10 -fold. PCR, therefore, has great potential
to improve the ability to diagnose infectious diseases caused by fastidious or slow-growing microorganisms.
A rapid, sensitive and specific test for Hp would be of great value
because of the clinical importance of this pathogen and the large
number of laboratory identifications being routinely undertaken
around the world. The reference “gold standard” used for the comparative detection of Hp in clinical biopsy samples was bacteriologi[3]
cal culturing . PCR-detected Hp in all biopsy samples was found to
contain culturable Hp. The fact that some samples were negative
by rapid urease test and ELISA for Hp-IgG and positive by PCR may
reflect the high sensitivity of this method. PCR, however, detected
Hp in two of the patients found not to have Hp by ELISA for Hp-IgG.
The results may represent either false positive PCR results or the
time difference between the eradication of Hp in gastric mucosa
and the turnover of antibodies against Hp in serum. PCR analysis
of clinical biopsy samples by the boiling DNA extraction method
is convenient and sensitive for routine use. Currently, the phenotypic characteristics among strains include both the production of a
vacuolating cytotoxin (VacA) and the presence of a high molecular
[8,9]
weight protein encoded by CagA gene (CagA) . Although present
in most cytotoxic strains, CagA is not necessary for VacA expression. Expression of these virulence factors in vitro may not accurately reflect the expression profile in host tissues. Therefore, in
vivo detection of the Hp CagA or VacA genes and their expression
[2]
levels may improve the diagnosis of toxic Hp strain infection . PCR
of genomic DNA for the Hp CagA gene in the corresponding bacterial isolates was closely correlated with either CagA or VacA gene
expression in gastric tissue. In the near future, PCR for the CagA or
VacA genes in gastric mucosa would prove very useful in both routine diagnosis of Hp as well as in Hp-related molecular epidemiology
research.
Another main finding in this study was the significantly increased
prevalence of Hp infection among patients with noncardia gastric
cancer compared with other patients. This difference could not be
explained by dietary or socioeconomic factors. Our findings were in
agreement with previous results of studies on association between
[10]
Hp infection and gastric cancer . In patients with carcinoma located at the gastric cardia, we found no significant association with Hp
infection based on Hp previous epidemiological and clinical studies.
It has been hypothesized that the pathogenesis of the intestinal

type of gastric carcinoma may be linked with environmental factors.
As chronic atrophic gastritis (type B) has mainly been linked to the
intestinal type of gastric carcinoma, Hp infection would be expected
to show the same relationship. In this study, Hp infection was found
to be associated with an increased risk of gastric intestinal adenocarcinoma, and it seems to be an independent risk factor for gastric
carcinoma. There are several possible mechanisms by which Hp
infection may be involved in gastric carcinogenesis. Hp adversely
affects the chemical and physical properties of the mucous layer,
which may make the mucosa susceptible to carcinogenic factors.
Moreover, Hp seems to promote the progression from a normal to
a metaplastic epithelium, possibly by inducing a hyperproliferative
state in the inflamed gastric mucosa. There has been more evidence
that Hp is a major risk factor for human gastric adenocarcinomas
and all low-grade B cell gastric lymphomas. The International Agen[11]
cy for Research on Cancer categorized Hp as a carcinogen .
In conclusion, PCR is a highly sensitive and specific method for
the detection of the presence of Hp in human gastric tissues. Detection of Hp DNA in vivo by this approach may improve the clinical
diagnosis and molecular epidemiological research of Hp infection.
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INTRODUCTION
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Abstract

Proliferating cell nuclear antigen (PCNA), also known as cyclin, is a
36 KDa nuclear protein and has been recognized as an auxiliary pro[1]
tein for DNA polymerase delta . PCNA is believed to play an essen[2]
tial role in regulating both DNA synthesis and cell proliferation .
PCNA expression peaks at G1/S of interphase, and then drops during mitosis to a level that is too low to be detected using the immunohistochemical method. Thus, PCNA serves as an endogenous
histologic marker for the G1/S phases of the cell cycle. In recent
years, studies have revealed a significant relationship between
PCNA expression and both the mitotic activity and grading in solid
[3]
tumors . Proliferation activity, defined by PCNA immunohistochemistry, is a useful signature in a variety of malignant tumors, including
[4]
[5]
gastric carcinomas , gastrointestinal lymphomas
and colorectal
[6]
cancers . The purpose of this study is to measure the PCNA expression levels in 80 cases of human hepatocellular carcinoma (HCC) to
determine whether there is a correlation between PCNA expression
and HCC histological grade, mitotic count and metastasis.

AIM: To investigate the expression levels of proliferating cell nuclear
antigen (PCNA) and its correlation with the mitotic count, histological
grade, and metastasis of human hepatocellular carcinoma (HCC).

MATERIALS AND METHODS
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Subjects

METHODS: PCNA expression was detected immunohistochemically
with PC10 monoclonal antibody for 80 cases of HCC. The PCNA labeling index (LI) was assessed by counting the positively-stained nuclei
per 500 cells.

We obtained cancerous and juxta cancerous tissues, which were
surgically resected from 80 HCC patients at the Southwest Hospital
of our university from 1988 and 1993. All specimens were fixed in
10% formaldehyde solution and embedded in paraffin. Sections 5
μm thick stained with H and E and antibodies. Tumors were divided
into three groups according to size: (1) 11 cases of single tumors
with a diameter ≤ 3 cm; (2) 19 cases of single tumors with a diameter between 3 cm-5 cm; and (3) 50 cases of single tumors with a
diameter ≥ 5 cm or with multiple tumors. Intrahepatic and extrahepatic metastases were discovered during surgery in 29 cases and
one case, respectively. According to the WHO classification, 23 cases
were of the trabecular type, 31 of the pseudoglandular type, 22 of
the compact type and four of the sclerosing type. The differentiation
degree was categorized into four groups according to Edmondson
and Steiner’s grading: Grade ��
Ⅰ� in four cases (5.0%), grade Ⅱ in
33 (41.3%), grade Ⅲ in 27 (33.8%) and grade Ⅳ in 16 (20.0%).
The number of mitotic cancer or liver cells in ten high power fields
(lens objective, × 40) were randomly counted three times. Among
them, the mitotic numbers for the most mitotically active areas was
referred to as the mitotic count (MC). The result was divided into
three groups: 0-4, 5-9, and 10 and over.

RESULTS: PCNA LI ranged from 1.8% to 91.4% (mean = 33.9%)
in cancerous tissues, and was significantly related to the tumor size,
histological grade, mitotic count and the metastases found in HCC
samples.
CONCLUSION: HCC Proliferation activity, as defined by PCNA immunohistochemical analysis, is strongly correlated with tumor invasiveness. These findings hold potential prognostic value for HCC patients.
Key words: liver neoplasms; Carcinoma; Hepatocellular; Immunohis
tochemistry; Antigens; Neoplasm
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Figure 1 Proliferating cell nuclear antigen immunostaining of grade Ⅰ hepatocellular
carcinoma.

Figure 3 Proliferating cell nuclear antigen immunostaining of grade Ⅲ hepatocellular
carcinoma.

Figure 2 Proliferating cell nuclear antigen immunostaining of grade Ⅱ hepatocellular
carcinoma.

Figure 4 Proliferating cell nuclear antigen immunostaining of grade Ⅳ hepatocellular
carcinoma.

PCNA immunohistochemical staining

Table 1 Proliferating cell nuclear antigen labeling index correlation with
histologic grading in hepatocellular carcinoma

The PC10 monoclonal antibody to PCNA, a donation from Dr. D.P.
Lane, Dundee, United Kingdom, was used at a dilution of 1:100
and immunohistochemical staining was performed using the ABC
method. Negative control sections were incubated with PBS instead
of the primary antibody.

Histologic grading of
hepatocellular carcinoma
Edmondson Ⅰ
Edmondson Ⅱ
Edmondson Ⅲ
Edmondson Ⅳ

PCNA labeling index (LI)

PCNA staining was confined to the nuclei. Although the nuclear
staining varied in intensity, all identifiable staining was considered
positive. Sections were counted at high magnification (× 400), and
5.8 fields were randomly assessed for tumor or nontumor liver cells.
Five hundred cell nuclei of each cell type were found and the PCNA
labeling index (LI, %) was determined.

Positive (¯x ± s)

Range (%)

4
33
27
16

4.3 ± 2.6
20.4 ± 10.2
42.1 ± 14.6
55.1 ± 17.3

1.8-8.0
10.7-48.3
18.4-63.7
34.6-91.9

The relationship between PCNA LI and tumor pathological features

The relationship between PCNA LI and the pathological tumor features of PCNA LI was 22.5% in HCC with a diameter < 3 cm, 30.9%
in HCC with diameters between 3 cm and 5 cm, and 37.4% in HCC
with a diameter > 5 cm. There was significant difference between
PCNA LI in HCC with a diameter < 3 cm and PCNA LI in HCC with a
diameter > 5 cm. The histologic grading of HCC in PCNA LI is shown
in Table 1. The differences between PCNA positivity and tumor histological grade were statistically significant.
PCNA LI was 18.6%, 42.4% and 55.1% in the three MC groups,
respectively, and the differences were significant (P < 0.01). This indicated that there was a close relationship between PCNA LI and MC.
PCNA LI was 44.8% in 30 cases of metastatic HCC, and 29.4%
in 50 cases of HCC without metastasis (P < 0.05). There was a significant correlation between PCNA LI and the rate of tumor metastasis, while no significant correlation was found between PCNA LI and
HBV infection, nodular cirrhosis, or tumor classification.

Statistical analysis

The significant differences between the distinct PCNA LI groups was
assessed using the PDA-2 statistical package provided by our university. P < 0.05 was considered statistically significant.

RESULTS
PCNA expression and distribution

PCNA antigen was detected exclusively in the nuclei of liver and
cancer cells, however no staining was detected in the cytoplasm.
In non-cancerous tissues, including chronic hepatitis and nodular
cirrhosis, a few PCNA-positive cells were also found and distributed
in a single or focal pattern, however no reaction was observed in
the normal liver tissue adjacent to the tumor. The PCNA LI was
0%-12.3% in the surrounding cancer tissues, and 1.8%-91.4%
(mean 33.9%) in the cancerous tissues. The distribution of PCNA
immunohistochemical reactivity within tumors appeared scattered,
patchy, and diffuse. The number of PCNA-positive cells varied with
the degree of HCC, with a higher tumor grading correlating with
a higher PCNA LI (Figures 1-4). Meanwhile, PCNA-positive nuclei
were numerous in the tumor cells adjacent to the surrounding
cancer tissues, tumor thrombi and areas of extracapsular tumor
growth.
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Number of cases

DISCUSSION
The proliferative activity of tumor cells depends primarily on the
malignant severity of the host tumor. We employed several in situ
methods, including morphometric image analysis and immunohistochemical staining for both BrdU and argyrophil to determine cell proliferation levels, which is the “histologic gold standard”. Heratake et
[7]
al studied 140 HCC cases with hepatic resection, and noted that,
among various clinicopathologic factors, the mitotic indices were well
correlated with prognosis. This suggested that the mitotic count was
accurate and reliable in predicting prognosis. Unfortunately, mitotic
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count can be affected by tissue fixation, the microscopy field size as
well as other factors, and can therefore lead to irreproducibility and
inaccurate conclusions.
Compared with the mitotic counts, PCNA immunohistochemical staining has proven to be more effective and reliable. In general,
cell proliferation significantly contributed to the degree of malignancy
where the less differentiated cells showed a stronger ability to proliferate, thus enhancing tumor malignancy. These studies reveal that
PCNA expression is significantly related to the degree of HCC differentiation and that numerous PCNA-positive nuclei were particularly
observed in tumor thrombi and areas of extracapsular tumor growth.
A significant correlation was also established between PCNA LI and
tumor size, histological grade, tumor metastasis, and mitotic count,
[8]
which is consistent with results previously reported by Taniai et al .
[9]
Additionally, Ng et al studied 72 patients with surgically resected
HCC and found that those with a PCNA less than or equal to 200
showed significantly greater disease-free survival rates than those
with scores greater than 200, therefore confirming the important role
of PCNA immunohistochemical staining in predicting HCC prognosis.
In conclusion, these data suggest that PCNA staining is a reliable metric of HCC tumor proliferation. This, in turn, establishes a very valuable method for not only evaluating tumor invasion and metastasis,
but also predicting HCC patient prognosis.
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Effect of amygdalin on proliferation of rat hepatic fat-storing cells and
collagen production in vitro
Lie-Ming Xu, Cheng Liu, Ping Liu
production were assayed, respectively.
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RESULTS: Low doses of amygdalin reduced incorporation of L-[3H]3
thymidine into FSC and L-[5- H]-proline into secreted collagenasesensitive proteins and cell layer-associated collagenase-sensitive
-8
proteins. the strongest effects were seen for the 10 mol/L dose of
amygdalin, which inhibited the proliferation of FSC by 25.0%, and
decreased collagen production in medium and cell layer by 24.2%
and 26.8%, respectively.
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CONCLUSION: An anti-fibrotic mechanism of amygdalin is to inhibit
the proliferation and collagen production of active FSC.
Key words: Amygdalin; Pharmacology; Liver; Drug effects; Cirrhosis;
Drug therapy; Collagen; Biosynthesis

Abstract
AIM: To study the anti-fibrotic mechanism of amygdalin, a
component of Semen Persicae, on fat-storing cells (FSC).

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Livers of normal adult rats were perfused with Pronas
E and collagenase in situ . FSC were isolated by centrifugation with
-4
-8
11% Metrizamide. The subcultured FSC were incubated with 10 -10
mol/L amygdalin for 72 h, and then FSC proliferation and collagen
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Hepatic arterial infusion chemotherapy and embolization in the treatment
of primary hepatic carcinoma
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HAE in patients with PHC, and identified some important factors
which influence such treatment.
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INTRODUCTION
Treatment options for patients with primary hepatic carcinoma (PHC)
include hepatic arterial infusion chemotherapy (HAI) or embolization (HAE). In this study, we investigated outcomes in PHC patients
treated with HAI and/or HAE. We also investigated factors that influence the efficacy of HAI and HAI in the treatment PHC patients.

Abstract
AIM: To study the effects of hepatic arterial infusion chemotherapy
(HAI) or embolization (HAE) in the treatment of primary hepatic carcinoma (PHC) and the factors influencing these effects.

MATERIALS AND METHODS
Patients

Between May 1990 and February 1994, we recruited 388 patients
with PHC who were not fit for surgical resection and we instead
treated with HAI and HAE. Of these 388 patients, follow-up information was available for 188 patients, and these 188 patients formed
the patient group for this study. One hundred and eighty eight
patients with PHC were clinically diagnosed. They included 166
males and 22 females. Their ages ranged from 21 to 70 years with a
mean age of 47 years. The sizes of the tumors ranged from 4 to 25
cm in diameter with a mean diameter of 11.2 cm. 170 patients had
liver cirrhosis. After interventional treatment, 18 patients obtained
the chance to receive the secondary surgery, the resected specimens were confirmed to be hepatocellular carcinoma pathologically.
At the first visit to a doctor, no patient had indication for surgical
operation and they were treated with HAI or HAE.

METHODS: A retrospective analysis of 188 patients (166 males and
22 females) with PHC treated with HAI (n = 82) or HAE (n = 106)
was conducted.
RESULTS: In the group as a whole, the percentage of patients experiencing therapeutic outcomes was as follows: Symptomatic relief
(59.6%); Tumor shrinkage (55%); A decrease in blood alpha fetoprotein (AFP) (37.8%) and overall survival rates at 0.5, 1.0, 2.0, and
3.0 years of 75.4%, 46%, 23.5% and 14.7%, respectively. The mean
survival time in the entire group was 12.2 mo, and the longest survival period was 50 mo. In the HAI group the survival rates at 0.5, 1.0.
2.0 and 3.0 years of follow-up were 61.0%, 25.4%, 4.5% and 0%,
respectively, with a mean survival time of 7.7 mo. In the HAE group
the corresponding survival rates were 86.8%, 61.7%, 37.8% and
26.1%, respectively, with a mean survival time of 15.7 mo. Eighteen
patients received secondary surgery. Factors that had a favorable
effect on therapeutic outcomes were presence of no or only mild liver
cirrhosis, presence of stage Ⅰ or Stage Ⅱ disease, presence of only
a single tumor, a tumor size less than 10 cm in diameter, an absence
cancerous thrombus within the portal vein or hepatic arterio venous
fistula, and HAE treatment.

Treatment

After puncturing the femoral artery percutaneously by Seldinger′
s method, celiac or common hepatic arteriography was initially performed in each patient. After angiography, the catheter was superselectively inserted into the blood supplying artery of the tumor for
HAI or HAE (the success rate was 87%). Common chemotherapeutic drugs that were infused included 500 mg of carboplatin (CAP),
1000 mg of 5-Fu and 10-20 mg of mitomycin C (MMC). The emul-

CONCLUSION: This study helped identify the effects of HAI and
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Table 1 Findings on hepatic arteriography in 188 cases of primary hepatic
carcinoma

Table 4 Factors influencing survival rate
Factors

Findings

Cases

Tumor stain
Tumor vessels
Displacement and distortion of arteries
Pool or lake-like collections
Vascular encasement
Tumor thrombus within portal vein
Extrahepatic metastases
Arteriovenous fistula

186
180
128
114
106
96
32
24

6 mo
Clinical stages
   Ⅱ
   Ⅲ
Pathological types
Nodulous
Massive
Diffusive
Mass diameter (cm)
<5
5-10
≥ 10
Treatment time
1
2
>2
Tumor thrombi
(+)
(-)
Liver cirrhosis
None or mild
Moderate or severe

98.9
95.7
68.1
60.6
56.4
51.1
17.0
12.8

Table 2 Changes intumor size in the hepatic arterial infusion chemotherapy
and hepatic arterial embolization groups
Group
HAI
HAE

n

Tumor shrinking rate

No change Enlargement

≥ 50%

25%-50%

< 25%

2
78

8
12

59
3

80
102

7
5

4
4

Chi-square test value = 110.1, P < 0.01. ��������������������������������������������
HAI: Hepatic arterial infusion chemotherapy; HAE:
Hepatic arterial embolization.

HAI
HAE
HAE-Lp-GS
HAE-Lp-BS

n
82
106
50
56

Survival rates (%)

Mean survival time (mo)

6 mo

12 mo

24 mo

36 mo

61.0
86.8a
80.0
92.9b

25.4
61.7
48.9
81.9

4.5
37.8
31.1
44.9c

0
26.1
0
33.6

36 mo

112
68

88
53

60
17

33
0

19

28
128
32

83
77
56

53
48
23

24
27
0

19
15

10
78
100

100
85
66

100
61
29

62
32
11

54
18
0

58
48
82

45
79
95

0
48
78

23
39

0
26

96
92

65
87

28
65

3
39

0
23

109
79

87
39

68
18

39
4

24
0

majority of PHC cases showed a considerable number of tumor vessels and a substantial degree of tumor stain. The nodulous type of
PHC primarily showed increased tumor vessels and stain, while the
massive type of PHC was marked by increased tumor vessels, displacement of the arteries, and vascular encasement. The diffusive
type of PHC primarily showed tumor stain, pool or lake-like collections of contrast medium, and only rarely showed displacement of
the arteries.

7.7
15.7
11.1
19.8

Note: bP > 0.05, a,cP < 0.05, others P < 0.01. HAI:
��������������������������������������������
Hepatic arterial infusion chemotherapy;
HAE: Hepatic arterial embolization.

sion of 10-20 mL 40% Lipiodol (Lip) mixed with MMC was used for
peripheral angioembolization. Gelatin sponges (GS) or Bletilla Striata
3
(BS) powders (in sizes of 1-2 mm ), which were mixed with 5 mL of
60% Meglumini Diatrizoatis composita (a contrast medium) before
injection, was used for proximal angioembolization. The BS powders
[1]
were a self prepared embolizing agent .

Changes in tumor size after treatment

In the entire patient group, 33.5% had tumor shrinking rates of
75% or more, 44% of the patients had a tumor shrinking rate of
50% or more, 55% of patients had a shrinkage rate of 25% or
more, and six patients showed no evidence of In 12 patients, tumor
size did not change after treatment, and tumor size increased in
eight patients post-treatment. The tumor shrinking rate was significantly higher in the HAE group than in the HAI group (Table 2) (P <
0.01).

Follow-up observations

After HAI or HAE treatment, changes in symptoms and signs,
hepatic and renal function, and blood alpha fetoprotein (AFP) were
observed. Liver ultrasonography (USG), computed tomography (CT),
angiography, and other necessary examinations were performed
regularly during follow-up.

Efficacy

After treatment, there was symptomatic relief in 59.6% of the
patients) and a decrease in blood AFP in 37.8% of patients. The survival rates at 0.5, 1, 2, and 3 years were 75.4%, 46%, 23.5% and
14.7%, respectively, with a mean survival time of 12.2 mo and a
maximum survival period of 50 mo.
The survival rates were higher in the HAE group than those in
the HAI group (Table 3). The mean survival time was also longer in
the HAE group, of which the HAE-Lp-BS group showed better effects
than the HAE-Lp-GS group.
Survival rates according to various factors are shown in Table 4.
Survival rates in patients with stage 1 PHC were high. There were
no significant differences in survival rates between the nodulous and
the massive types of PHC (P > 0.05). However, among patients with
the nodulous type of PHC, survival rates in patients with multinodulous type PHC were lower compared to survival rates for patients
with massive type of PHC (P < 0.01).
Additionally, PHC with tumor thrombus within the portal vein or
the PHC associated with liver cirrhosis had poor prognosis (Table
4).The factor having the biggest effect on outcomes was treatment
method (Figures 1-4).

Assessment of efficacy

Symptomatic relief was assessed in terms of improvement in appetite and body weight lasting for more than 2 mo. Tumor shrinkage
was defined as a reduction in tumor size of more than 25% that
lasted for at least two months, as measured by USG, CT, or angiography. A decrease on AFP decrease was defined as a reduction by
more than 25%, or a normal AFP level, which lasted more than two
months. After treatment, the survival rates at 0.5, 1, 2 and 3 years,
as well as the mean survival time, were calculated according to the
[2]
life table method . Factors potentially influencing HAI and HAE
treatment effects were assessed with Mann Whitney U test or Chi
[3]
square test .

RESULTS
Of the 188 patients included in the study, 166 were males and 22
were females. Their ages ranged from 21 to 70 years with a mean
age of 47 years. Tumors size ranged from 4 to 25 cm in diameter
with a mean diameter of 11.2 cm. A total of 170 patients had liver
cirrhosis. After HAI or HAE treatment, 18 patients obtained the
chance to receive the secondary surgery, the resected specimens
were confirmed to be hepatocellular carcinoma pathologically.

Secondary surgical resection

After HAE, 18 patients with obvious tumor shrinkage and favorable
physical conditions were eligible for secondary surgical resections.
Among them, 15 patients are still alive today. Pathologically, most of
the resected specimens were defined clearly, with integrated encapsulation in 12 tumors. In the areas of the tumors, the tumor cells

Appearances of PHC on hepatic arteriography

The findings of the angiography for PHC are shown in Table 1. The
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Survival rate (%)
12 mo
24 mo

Note: Between the nodulous and the massive type, P > 0.05. Others, P < 0.05 or 0.01.

Table 3 Effects of different methods of treatment
Methods of treatment

n

%
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Figure 1 Before treatment, the computed tomography scan of the massive type of primary
hepatic carcinoma showing local low density in the right and left hepatic lobar regions with
13 cm × 12 cm in size.

Figure 3 Eight months after treatment with HAI combined with HAE*Lp-BS, the computed
tomography scan of the patient showed obvious tumor shrinking with 5 cm × 2.5 cm in size
and complete intratumor retention of lipiodol. HAI: Hepatic arterial infusion chemotherapy;
HAE: Hepatic arterial embolization.

Figure 2 Before treatment, angiography of the patient showing a massive hypervascular
tumor with its blood supply from the right and the left hepatic arteries. HAI combined with
HAE*Lp-BS treatment being performed. HAI: Hepatic arterial infusion chemotherapy; HAE: Hepatic
arterial embolization.

Figure 4 Eight months after treatment, angiography of the patient showed obvious tumor
shrinking and complete retention of Lipiodol in the massive tumor and in the areas
surrounding both small tumor nodules, without tumor vessels and collateral circulation.
There was no recanalization of the main trunk of the hepatic artery.

had complete or partial coagulative necrosis, with a few inflammatory cells and some extent of proliferation of fibrous tissue, and some
amount of remaining tumor cells at the surrounding tumor sites.

serum bilirubin more than 25.7 μmol. (2) serum AST and/or ALT
levels greater than four times of the normal upper limit value. (3)
Total serum bilirubin levels more than 51.3 μmol. (4) A complete or
partial blockage of the, but HAI might be still performed. And (5)
the presence of obvious ascites.

Complications

After HAI or HAE, common symptoms were nausea, vomiting, liver
site pain, and fever. The majority of patients developed fever of
38-39 ℃, and a few patients had fever of 39.5-40 ℃. The fever lasted 5-20 d and patients recovered in a mean period of two weeks.
Other symptoms disappeared gradually, 3-7 d after treatment.
Complications include the occurrence of hematoma at the punctured
site (5 cases), gastric ulcer (2 cases) and acute failure of liver function (2 cases).

Factors influencing the effects of treatment

We found several factors influenced the effects of treatment. First
the prognoses of the single nodulous and the massive types of PHC
were better than those of the multi nodulous and the diffusive types.
This might be due to the fact that the former two types of PHC had
plenty of tumor vessels, encapsulations, less diffusion and obvious
tumor necrosis after HAI or HAE. In contrast, the latter two types
of PHC were often complicated with serious liver cirrhosis and poor
liver function, had tumor thrombus within the portal vein, often had
extrahepatic metastasis,, and were not suitable to be treated with
[8]
HAE .Second we also found that stages ��
Ⅰ and Ⅱ PHCs had better treatment effects than stage Ⅲ PHCs, especially with respect to
long-term effects. Recently, it was believed that in stage ��
Ⅰ PHCs,
surgical resection might be the first choice of treatment, for the
interventional treatment could hardly raise the survival rate of
stage ��
Ⅰ PHC in view of the fact that HAI and HAE could injure the
normal liver parenchyma and thereby counteract their anticarcino[7]
genic effects . Stages Ⅱ and Ⅲ PHCs were considered fit for interventional treatment, but most patients with stage Ⅲ-PHC were not
sufficiently fit for HAE treatment and thus, the therapeutic effects
were poor. Third, the effects of PHCs with no or mild liver cirrhosis
were better than those with moderate or serious liver cirrhosis. PHC
was often complicated with liver cirrhosis, which gradually worsened
along with PHC progression. Because serious liver cirrhosis influenced surgical resection, HAI, and HAE, the PHCs with serious liver
cirrhosis after any of the treatments only yielded low survival rate s.
[7]
Liver transplantation might better suit these patients.
Fourth, tumor thrombus within the portal vein or arterio venous
fistula unfavorably influenced the prognosis of PHC. On the one

DISCUSSION
Efficacy of HAI and HAE

Generally, the natural survival time of patients with PHC is 1-4 mo
and the majority of PHC patients may not be fit for surgical resec[4]
tion . HAI and HAE may prolong the survival of patients with PHC
and make it possible for some patients to become fit for secondary
[5]
surgical resection. . The effect of HAI is short, but HAE can produce
a more substantial necrosis of tumors, thereby leading to a a more
favorable outcome. Nishufu and Soge reported that one, two and
three years survival rates in 523 PHC patients treated with HAE-Lp[6]
GS were 60.4%, 42.9% and 28%, respectively , whereas in the
Okuda and Tang′s study the corresponding rates for PHC patients
treated with HAI were 8.8%-22%, 0.0%-8.9% and 0%, respec
[7]
tively .
The reason why the efficacy was better in this study may have
been that many patients were in early or intermediate stage PHC
(63.8%) and were treated with the superselective embolization of
the hepatic segmental arteries. Additionally, in this study, the indications for treatment of HAI and HAE were strict. The following conditions are considered as contraindications. (1) serum AST and/or ALT
levels more than twice of the normal upper limit value, with total
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hand, the tumor thrombus easily produced intrahepatic diffusion
and/or extrahepatic metastasis; on the other hand, it blocked the
portal vein and produced portal hypertension which in the long run
could cause the patient′s death from a massive hemorrhage of the
upper digestive tract. When the tumor thrombus blocks the portal
vein by by more than 60%, or a large arterio venous fistula occurs,
HAE should not be performed in order to avoid liver failure and pul[8]
monary infarction .
Currently, three methods of HAI and HAE are commonly used:
(1) single HAI, (2) HAI combined with HAE-Lp or HAE-GS, and (3)
HAI combined with HAE-Lp-GS. Prior literature and the results of
this study reveal that among the three above-mentioned methods,
HAI combined with HAE-Lp-GS yields the best effect in treatment of
PHC. This method not only kept a local higher concentration of anticarcinogen to kill the tumor cells in the tumor area, but also blocked
the peripheral and proximal blood supply of the arteries of the
[5]
tumor to promote its ischemic necrosis . In the HAE group in this
study, treatment with HAE-Lp-BS in 5-6 patients showed the best
therapeutic effects, in which the Bletilla Striata powder, a traditional
Chinese medicine, was used. This is a new type of drug prepared by
us for intravascular embolization. It has coagulant, antibiotic, and
antineoplastic function, which can accomplish a persistent embolization of the main trunk of the arterial blood supply of the tumor, so as
to cause long term ischemic necrosis of the tumor and less collateral
[9]
circulation . This prolongs the intermission of the patient′s treatment, and lessened symptoms and complications of the patients. As

such, in patients with PHC, treatment with HAE-Lp-BS may be preferable to treatment with HAE-Lp-GS.
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INTRODUCTION
In recent years, detection of hepatitis C virus (HCV) RNA by polymerase chain reaction (PCR) in peripheral blood mononuclear cells
(PBMC) of patients with chronic hepatitis C has been reported
[1-3]
abroad . To investigate HCV RNA in PBMC of patients with hepatitis C in our country, 88 cases of acute or chronic hepatitis C have
been examined by nested PCR. HCV RNA in serum, anti-HCV, and
alanine aminotransferase (ALT) were assayed as well.

Received: September 25, 1996
Revised: January 31, 1997
Accepted: March 1, 1997
Published online: June 15, 1997

Abstract
AIM: To investigate the existence and clinical significance of hepatitis
C virus (HCV) RNA in the serum and peripheral blood mononuclear
cells (PBMC) of patients with hepatitis C.

MATERIALS AND METHODS
Patients

Eighty eight patients with hepatitis C were selected from December
1992 to June 1995, 46 of them had acute hepatitis C (AHC) (36 with
post-transfusive hepatitis C (PTHC) and 10 with sporadic hepatitis C
(SHC)) and 42 had chronic hepatitis C (CHC). All of the patients had
elevated serum alanine ALT with antibody to HCV or positive HCV
RNA in serum. Hepatitis A, B, D, and E virus infection were excluded
in all. Eighteen patients had positive anti HCV only, but with normal
ALT, and 10 healthy blood donors served as control.

METHODS: HCV RNA was detected by nested polymerase chain
reaction (Nested PCR) in serum and in PBMC of 46 patients with
acute hepatitis C (AHC) and in 42 patients with chronic hepatitis C
(CHC).
RESULTS: The positive rate of HCV RNA in PBMC of patients
with CHC was markedly higher than that of patients with AHC (P
< 0.01). The positive rates of HCV RNA in serum of patients with
AHC and CHC and in PBMC of patients with CHC were significantly
higher than those of anti-HCV positive patients with normal alanine
aminotransferase (ALT) levels (P < 0.01). HCV RNA was negative
in the serum of two patients, but could be detected in PBMC. In
12 patients, anti HCV was negative while HCV RNA was positive in
serum.

Isolation of PBMC and extraction of HCV RNA1

PBMC was isolated from 5 mL heparinized venous blood with Ficoll
Hypaque density gradient centrifugation and washed 5 times with
Hank′s balanced salt solution, and then stored at -70 ℃. Each specimen each from positive and negative serum HCV RNA was compared with positive and negative PCR amplification. HCV RNA in
[4]
serum and PBMC was extracted as described by Chomczynski .

CONCLUSION: (1) detection of serum HCV RNA by nested
PCR might be helpful in the early diagnosis of anti-HCV negative
hepatitis C; (2) liver damage in patients with hepatitis C might be
correlated with HCV-viremia; (3) infection of PBMC by HCV might
play an important role in chronic liver damage in patients with HCV
and in the chronicity of its clinical course; and (4) PBMC might be
considered as a “reservoir” for HCV.

Nested -PCR

Two pairs of oligonucleotide primers deduced from the 5′ terminal
noncoding region of HCV were synthesized on a 391 DNA synthesizer (Applied Biosystems, United States). Reverse transcription was
carried out at 42 ℃ for 45 min in 10 μL of Tris HCl buffer (50 mmol/
L, pH8.4) containing 8 mmol/L MgCl2, 30 mmol/L KCl, 1 mmol/L
dithiothreitol, 50 pmol of an antisense primer, 10 mmol/L each of

Key words: Hepatitis C; RNA; Viral analysis; Monocytes; Polymerase
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Table 1 Detection of serum anti-hepatitis C virus and hepatitis C virus RNA in serum and peripheral blood mononuclear cells of patients with hepatitis C
Groups

Cases

Acute hepatitis C
Post-transfusive hepatitis C
Shronic hepatitis C
Chronic hepatitis C
Anti-hepatitis C virus (+) only
Total

46
-36
-10
42
18
106

Anti-Hepatitis C virus (+)

Serum Hepatitis C virus RNA (+)

Peripheral blood mononuclear cells-Hepatitis C virus RNA (+)

cases (%)

cases (%)

cases (%)

40 (86.9)d
32 (88.9)
8 (80.0)
34 (80.95)d
5 (27.7)
79 (74.5)

36 (78.3)
31 (86.1)f
5 (50.0)
40 (95.7)a
18 (100)
94 (88.7)

15 (32.6)
14 (38.9)
1 (10.0)
33 (78.57)bd
2 (11.1)
50 (47.2)

a

P < 0.05 vs Acute hepatitis C��; bP < 0.01 vs Acute hepatitis C��; dP < 0.01 vs Anti-hepatitis C virus (+) only; fP < 0.01 vs Shronic hepatitis C.

DISCUSSION

Table 2 Relationship of anti-hepatitis C virus and hepatitis C virus RNA in
serum and peripheral blood mononuclear cells
Clinical type
Anti-HCV+ (S+, PBMC+)
Anti-HCV+ (S-, PBMC-)
Anti-HCV+ (S+, PBMC-)
Anti-HCV+ (S-, PBMC+)
Anti-HCV- (S+, PBMC+)
Anti-HCV- (S-, PBMC+)
Anti-HCV- (S+, PBMC-)

Some scholars abroad have found that the HCV infection rate of
[1-3]
PBMC in patients with CHC was as high as 70%-100%
and the
[5,6]
structure and function of PBMC also changed markedly . These
scholars suggested that HCV infection in PBMC might play an important role in the pathogenesis of hepatitis C. In this study, we used
nested PCR to detect HCV RNA in PBMC of 46 patients with AHC
and 42 patients with CHC. The results showed that the positive rate
of HCV RNA in PBMC of patients with CHC was much higher than
that of patients with AHC. This suggests that HCV infection in PBMC
might be related to the chronicity of hepatitis C. The positive rates
of HCV RNA in serum of patients with AHC and CHC and in PBMC
of patients with CHC were significantly higher than in patients with
positive anti-HCV only. But the positive rate of HCV RNA in PBMC
of patients with positive anti-HCV was not significantly different
compared with that of patients with AHC. This suggests that liver
damage of patients with AHC was associated with HCV RNA viremia.
Apart from HCV RNA viremia, liver damage of patients with CHC
might also be related to HCV infection in PBMC as well. These obser[7-9]
vations are consistent with other reports , suggesting HCV might
take part directly in the process of liver damage in acute infection,
while immune function disorders might be the major cause of liver
lesions in chronic liver disease.
Nested PCR is highly sensitive. A positive finding of HCV RNA
in PBMC may be due to contamination from HCV RNA present in
serum. To investigate whether this contamination can be eliminated,
the following study has been carried out. While tested by PCR, HCV
RNA in the fifth time Hank′s wash solution of 10 specimens from
patients with positive HCV RNA were all negative, indicating that
the contamination could be eliminated after washing PBMC for five
times. Twenty-eight patients were HCV RNA positive in serum, but
negative in PBMC while 2 patients were HCV RNA positive in PBMC,
but negative in serum. These results also suggested that the influences caused by HCV RNA in serum could be excluded.
Positivity of HCV RNA in serum is a direct marker of underlying
HCV infection and it is important for the diagnosis of hepatitis C. The
positive rates of HCV RNA in serum of AHC and CHC were all over
80% with no significant differences between the two. The positive
rates of anti-HCV in CHC and acute PTHC patients were markedly
higher than those in AHC and acute SHC patients, respectively. Two
patients with CHC and 10 with AHC were anti-HCV negative, but
positive for HCV RNA in serum. Anti-HCV seems to be a more reliable marker for diagnosing CHC and acute PTHC as compared to
AHC and acute SHC. Determination of HCV RNA in serum by nested
PCR might be helpful for the early diagnosis of hepatitis C, especially
acute SHC and CHC with negative anti-HCV.
In addition, we found that the positivity of HCV RNA in PBMC
occurred only in anti HCV positive patients and could occur without positivity of HCV RNA in serum. This result suggests that PBMC
might be an extra hepatic site for HCV storage and replication. PBMC
up-take of HCV might be either by phagocytosis or direct infection.
Investigations of HCV infection in PBMC might be helpful for elucidating the distribution, incubation, and replication site of HCV. It
might also be useful for shedding light on, repeated infections, targets for treatment, and criteria for cure. It might also be of importance in the selection of blood donors so as to avoid transmission of
HCV infection.

Number (%)
46 (52.3)
12 (13.6)
16 (18.2)
2 (2.3)
0
0
12 (13.6)

HCV: Hepatitis C virus S: serum; PBMC: Peripheral blood mononuclear cells

the four deoxyribonucleoside triphosphate, 10 units of RNase inhibitor, and 10 units of avian myeloblastosis virus reverse transcriptase.
The first stage of PCR was performed for 35 cycles with one pair of
outer primer in a DNA thermal cycler (Perkin Elmer Cetus, United
States). Each reaction cycle underwent denaturation at 94 ℃ for
1 min, and primer annealing and extension at 60 ℃ for 1.5 min.
Approximately 1/10 of the products were subjected to a second PCR
for 35 cycles using one pair of inner primer with a reaction cycle as
described above. The products of the second PCR were mixed with
3.5 μL of sample buffer, separated on 2% agarose gel, stained with
ethidium bromide, and observed under ultraviolet light. The length
of the second PCR amplified products was 145 bp.

Other reagents

Second generation anti HCV and HBsAg/anti HBs, HBeAg/anti HBe
and anti HBc kits were supplied by the Beijing Si Huan Biological
Engineering Products Company. Anti HAV-IgM and anti HEV-IgM kits
were supplied by Beijing Ke Wei Clinical Diagnostic Regents Factory,
and HDAg, anti HD and anti HD-IgM kits were supplied by Beijing
Tian Yuan Biological Medical Scientific and Technological Developing
Company.

RESULTS
Relationship between clinical classification of infection and anti HCV,
HCV RNA in serum and PBMC

Of the 88 patients with acute or chronic hepatitis, 76 (86.4%) were
anti-HCV positive, and 74 (84.1%) and 48 (54.6%) were HCV RNA
positive in serum and PBMC, respectively (Table 1). The positive rates
of anti HCV and HCV RNA in PBMC of CHC patients were much higher
than those in AHC patients (P < 0.05 and P < 0.01, respectively),
while there was no significant difference in the positive rate of HCV
RNA in serum (P > 0.05) (Table 1). The positive rates of HCV RNA in
serum of patients with AHC and CHC and in PBMC of patients with
CHC were significantly higher than those in anti-HCV positive patients
with normal ALT levels (P < 0.01). The positive rate of anti HCV in
serum of patients infected via transfusion was markedly higher than
that of sporadic ones (P < 0.01). Anti-HCV and HCV RNA in serum
and PBMC of 10 adult healthy donors were all negative (Table 1).

Relationship between anti-HCV in serum and HCV RNA in serum and
PBMC

As indicated in Table 2, positive HCV RNA in PBMC occurred only
in anti-HCV positive patients. None of the 12 anti-HCV negative
patients were found to have HCV RNA in PBMC. Two patients were
HCV RNA negative in serum but positive in PBMC.
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BRIEF REPORT

Expression and analysis of McAbs antigen against human hepatocellular
carcinoma
Li Mi, Zhi-Nan Chen
th
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Xi'an 710032, Shaanxi Province, China

while E5 and F11 showed a lower level of expression. The value of AI
(additivity index) was 136% for HAb18 and E5, 108% for HAb18 and
HAb27, and 118.6% for E5 and H27As AI < 30% shows that both
antibodies sites are the same, AI > 40% shows that both anti bodies
sites are different, so the HAb18, HAb27 or E5 McAbs were combined
in pairs, showing that their antigen sites were different. Furthermore,
HAg18 antigen was expressed very highly and the positive rate of
HAg18 was 100% in all the four human hepatoma cell lines. The was
a mean intensity fluorescence was 8.237 ± 1.168 for SMMC-7721;
5.627 ± 1.678 for QGY-7701; 4.378 ± 1.525 for BEL-7402 is 4.378
± 1.525 and 7.38 ± 1.919 for HHCC. However, in the normal human
liver cell (QZG), HAg18 antigen showed low expression (0.534 ±
0.018) and its positive rate was only 9%. The relationship between
human hepatoma associated antigen HAb18 and the cell cycle was
expressed at the lowest level in G0-G1 stages, a higher level in S
stage and the highest level in G2-M stage.
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Abstract
AIM: To analyze the cause of tumor antigen heterogeneity and solve
the problem of targeting diagnosis and therapy.

CONCLUSION: Analysis of the anti-hepatoma McAbs corresponding
to antigen may provide the basis for targeted diagnosis and therapy.
The expression heterogeneity of human hepatoma-associated
antigen HAg18 is related to the stage of cell cycle in the same cell
lines, but not related to the stage of cell cycle in different cell lines.

METHODS: Using flow cytometry, the expression of McAbs antigen
against human hepatocellular carcinoma (HAb18, E5, F11 and HAb27)
was investigated. Analyses of the antigen sites were made quantit
atively on the human hepatoma cell lines (SMMC-7721; QGY-7701;
BEL-7402; HHCC and 9204). In particular, expression of human
hepatoma, its association with antigen HAg18, and its relation s with
cell cycle in four human hepatoma cell lines using the methods of
indirect immunofluorescence and dual-parameter DNA dyeing were
studied.

Key words: Liver; Carcinoma, hepatocellular; Antigens, neoplasms;
Flow cytometry; Antibodies, monoclonal
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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RESULTS: The corresponding antigen of McAbs HAb18, HAb27, E5
were expressed on the five hepatoma cell lines and F1 was expressed
only on the 7721 and 7701 hepatoma cell lines, but their mean
fluorescence intensity showed different values on each cell line.
HAb18 and HAb27 showed a relatively high level of expression,
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A prospective study of vertical transmission of hepatitis C virus
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INTRODUCTION
It is well known that mother to infant transmission of hepatitis B
virus (HBV) is the main cause of chronic carrier HBV, and the vertical transmission rate of human immunodeficiency virus (HIV) is also
high with grave consequences. However, the existence and extent
of vertical transmission of hepatitis C virus (HCV) are still largely
unclear. Serological markers (anti-HCV) indicate various rates of
[1-3]
vertical transmission of HCV . Recently, the polymerase chain
reaction (PCR) has been developed, which has enabled more accu[4,5]
rate and reliable studies of vertical transmission of HCV . In this
study, we prospectively followed 15 infants born to 13 mothers with
post transfusion HCV (PT-HCV). The results suggest that the rate of
vertical transmission of HCV is high, but that the consequences in
the infants are not serious, and that the transmission occurs mainly
in the uterus.
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Abstract
AIM: To prospectively study the mechanism of mother to infant
transmission of hepatitis C virus (HCV).

MATERIALS AND METHODS
Mother to infant transmission

METHODS: Using a nested PCR for detection of HCV RNA and the
second generation ELISA for detection of anti-HCV, 13 pregnant
women who suffered from post transfusion hepatitis C (PT-HCV) and
their 15 babies were studied to evaluate mother to infant transmission of HCV.

Pregnant women with PT-HCV and their offspring were selected (13
mo and 15 offspring). Mothers were interviewed, and their sera
were collected at three, seven and nine months during pregnancy,
and at one month after delivery. Sera of infants was collected at the
ages of one, three, and six months, and every six months thereafter. Parents provided informed consent for the infants.

RESULTS: The total infection rate of HCV was 86.7% in the babies,
including one case of clinical HCV (7.7%), three subclinical cases of
HCV (23.1%), and nine inapparent cases of HCV (69.2%). The positive rates of anti-HCV and HCV RNA declined with the age of the
babies, to 7.7% for anti-HCV and 15.4% for HCV RNA at the age of
three years.

Infection in utero

Five fetuses from five anti-HCV-positive women with induced labor
and 97 fetuses from 97 anti-HCV-negative women with induced
labor were studied. Liver tissue and sera of the fetuses were collected and frozen.

CONCLUSION: Babies born to mothers infected with HCV were vertically infected with HCV at a high rate, but the consequences were
not serious. Four fetuses born, born through induced labor to mothers positive for anti-HCV and HCV, were all infected by HCV, suggesting that the mother to infant transmission of HCV mainly occurred in
the uterus.
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Anti-HCV antibody was tested by second generation ELISA kits provided by YesBiotech Lab (C, Ns3, Ns4, Ns5) and Shenyang Huimin,
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Table 1 Sequences of hepatitis C virus test and genotype primers
Purpose

Code

Position

n

Direction

Sequences (5'-)

Target geno bp type

F1
R1
F3
R3
A
B
C
D1
D2
D3
D4

5′NC

153
154
204
203
256
186
104
132
133
134
135

Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Antisense
Antisense
Antisense

GGCGACACTCCACCATGAATC
GGTGCACGGTCTACGAGACCT324
ATGAGTGTCGTGCAGCCTCCA111
GTTTATCCAAGAAAGGACCCG
CGCGCGACTAGGAAGACTTC
ATGTACCCCATGAGGTGGGC272
AGGAAGACTTCCGAGCGGTC
TGCCTTGGGGATAGGCTGAC57
GAGCCATCCTGCCCTCCCCA144
CCAAGAGGGACGGGAACCTC174
ACCCTCGTTTCCGTACAGAG123

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Test

Type

C

Table 2 Temporal sequential results of hepatitis C virus RNA, anti-hepatitis C virus, and alanine aminotransferase of mothers
Code

Age

1
1-2
2
2-2
3
4
5
6
7
8
9
10
11
12
13

Disease onset date

26

Jun-90

29

Oct-88

32
25
40
29
29
29
31
31
22
22
27

Jul-89
Jun-90
Sep-90
May-90
Jul-90
May-90
Nov-90
Aug-91
Jun-90
Sep-91
Mar-89

Conception date

Pregnancy

Sep-90
Feb-93
Nov-91
Apr-93
Apr-90
Jul-90
Apr-91
May-91
Dec-91
Nov-92
Dec-92
Jul-93
Jul-93
Sep-92
Oct-92

1 month after delivery

C

R

A

S

C

R

A

S

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
-

+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
N

+
+
+
+
+
+
+
+
+
+
+
N

N

+
+
N

C: Anti Hepatitis C virus; R: Hepatitis C virus RNA; A: Alanine aminotransferase; S: with clinical symptoms and signs; N: ND

Table 3 Serological markers and clinical feature of infants
Code

Mothers infected with hepatitis
C virus during pregnancy
C
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

1
1-2
2
2-2
4
5
6
7
8
9
10
11
12
13

R
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Months from conception to
disease onset

A
+1
+1
+1
+1
+
-1
-

3
32
37
54
1
7
12
17
30
25
23
37
12
29

C
+
+
+
+
+
+
+
+
+
+
+
+

1
R
+
+
+
+
+
+
+
+
+
+
+
+

A
+1
+
+
-

C
+
+
+
+
+
+
+
N
+
+
N
N

3
R
+
+
+
+
+
+
+
N
+
+
N
N

A
+
N
N
N

C
+
+
+
+
+
+
+
+
+
N
N

6
R
+
+
+
+
+
+
+
+
+
N
N

A
-

Age (months) of infants
9
12
C R A C R A
+ +
+ +
+
-

N
N

+
N
+
N
N
-

+
N
+
N
N
-

N
N
N
-

+
-

+
+
+
-

+
-

-

-

-

C
+

18
R
+

A
-

C
+

24
R
+

A
-

C
+

36
R
+

A
-

-

-

-

-

-

-

-

-

-

+
-

+
+
+
-

-

-

+
-

-

-

+
-

-

C: Anti Hepatitis C virus; R: Hepatitis C virus RNA; A: Alanine aminotransferase; N: ND; 1: Symptom and sign of hepatitis.
[6]

RT-nested PCR was used for the HCV RNA PCR test, and the
primers were from the 5′ untranslated region of the HCV genome. For
[7]
the genotype PCR, the primers were from the core region (Table 1).
HBsAg screening kits (RPHA) were provided by the Institute of
Beijing Biological Products, and the conformative reagents were provided by the Beijing Sihuan Factory.

(mean: 28.6 ± 4.6 years) who suffered from PT-HCV. None of these
mothers were infected with HBV. Table 2 shows the mothers' sera
markers of HCV. During pregnancy, five cases had clinical HCV, one
had subclinical HCV, six had unapparent HCV, and three were only
anti HCV positive. All mothers had normal ALT levels at one month
after delivery, but two cases still had symptoms and signs of HCV.

Definition of hepatitis and HCV infection

Infection of infants

Of the 15 infants (5 male, 9 female), seven were followed up for
three years, six for one year, and two for nine months. The infection rate of HCV was 86.7% (13/15), and two infants (13.3%) were
negative both for anti-HCV antibody and HCV RNA. Among the 13
infected infants, one (7.7%) had clinical HCV, 2 (23.1%) subclinical
infection, and 9 (69.2%) inapparent HCV infection (Table 3). Table 4
summarizes the characteristics of anti-HCV antibody and HCV RNA
during follow-up. The seroconversion rate was 100% before three
months, with some starting to turn negative at six months, and the
rate decreasing toy 33.3% at 18 mo. Anti-HCV was persistently positive in one infant over 36 mo (16.7%). The detection rates of HCV
RNA were the same as that of anti-HCV antibody before 9 mo, but
were 66.7% at 18 mo and 33.3% at 36 mo. We did not find cases
of anti-HCV antibody passive transfer only, or re-positive cases after
negative conversion.
The genotypes of 10 HCV RNA positive infants born to nine HCV
RNA positive mothers were all of genotype Ⅱ.

Clinical cases of HCV. were defined as patients who were positive for
anti HCV, who had elevated alanine aminotransferase (ALT) level,
and who had symptoms and signs of hepatitis.Subclinical HCV cases
were defined as patients who were positive both for HCV RNA and
anti HCV and who had elevated ALT, but who did not have symptoms and signs of hepatitis. Inapparent cases of HCV were defined
as patients positive both for HCV RNA and anti HCV, but who had
normal ALT levels.Anti-HCV antibody passive transfer cases were
defined as newborns who were positive for anti HCV antibody initially, but subsequently anti HCV negative. Infection with HCV in utero
was defined as the detection of HCV RNA in the liver tissue or heart
blood of a fetus.

RESULTS
Infection of mothers

Between 1988 and 1990, we recruited 13 mo aged 22 to 40 years

WJG|www.wjgnet.com

112

June 15, 1997|Volume 3|Issue 2|

Sun DG et al . Study of vertical transmission of HCV
The results suggest is indicated that mothers with acute hepatitis C
transmit HCV to their babies at a high rate.
The grave consequences of vertical transmission of HBV are well
known. The rate of vertical transmission of HCV is higher in our
study, but mainly (69.2%) resulted in inapparent HCV, the virus was
cleared in one year in most cases, and only a few (15.4%) were
persistently positive for 3 years. These results suggested the consequence of HCV vertical transmission are not as serious as those
associated with vertical HBV transmission. Unlike the transmission
of HBV, the transmission of HCV mainly occurs in uterus. (1) The
infants were all positive for anti-HCV antibody and HCV RNA at one
month after delivery. (2) The detection rates of anti-HCV and HCV
RNA decreased with with age. And (3) All of fetuses from For mothers with induced labor who were positive for anti HCV and HCV RNA,
all of their fetuses were positive for anti-HCV and HCV RNA in heart
sera, and one of those fetuses was HCV RNA positive in liver tissue.

Table 4 Serological profiles of infants during follow-up
Month(s)
1
3
6
9
12
18
24
36

Number
12 (13)
9 (11)
10 (11)
11 (13)
12 (13)
6 (13)
6 (13)
6 (13)

Anti hepatitis C virus antibody +

hepatitis C virus RNA +

Number

%

Number

%

12 (13)
9 (11)
9 (10)
6 (6)
3 (3)
2 (2)
1 (1)
1 (1)

100.0 (100.0)
100.0 (100.0)
90.0 (90.9)
54.5 (46.2)
25.0 (23.1)
33.3 (15.4)
16.7 (7.7)
16.7 (7.7)

12 (13)
9 (11)
9 (10)
5 (5)
5 (5)
4 (4)
2 (2)
2 (2)

100.0 (100.0)
100.0 (100.0)
90.0 (90.9)
45.5 (38.5)
41.7 (38.5)
66.7 (30.8)
33.4 (15.4)
33.3 (15.4)

Infection of HCV in uterine

Four fetuses from women who underwent induced labor were positive for both anti-HCV antibody and HCV RNA in cord and heart
sera, and their liver tissues were HCV RNA positive as well. However,
a fetus from a woman who was positive only for anti-HCV was uninfected with HCV, and the sera and liver tissues were all negative for
anti-HC V and HCV RNA.
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Study on clinical pathology and immunohistochemistry of chronic erosive
gastritis
Chang-Shu Ke, Dao-Fen Li, Wei Wang, Yi-Ming Wang
RESULTS: A total of 35/40 (87.5%) CEG lesions showed antral
location; 75% of the lesions were associated with different degrees of
atrophic change. Twenty percent presented with mild and moderate
atypia of mucosal epithelia and 27.5% showed intestinal metaplasia.
Acute inflammatory changes were observed in 25% of the cases. Hp
was identified in 40.0% of the specimens. Immunohistochemistry
studies showed that 67.7% of the CEG mucosal epithelial samples
expressed oncoprotein p21 and 29.0% expressed CEA, rates
significantly higher than those observed in control samples from
a chronic superficial gastritis group. However, PCNA and gastrin
expression in mucosal G cells was not significantly different between
CEG samples and samples from the control group (P > 0.05).
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CONCLUSION: CEG is a chronic gastric mucosal proliferative lesion
that expresses higher levels of p21 and CEA than control samples.
Our observations suggest that antral location of the lesion and Hp
infection do not participate in the pathological process of CEG.

Abstract
AIM: To study the clinical pathology of chronic erosive gastritis
(CEG) and determine the expression of epithelial tumor markers,
oncoprotein p21 and carcinoembryonic antigen (CEA), and G cells by
immunohistochemistry.

Key words: Gastritis/pathology; Chronic disease
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Gastric mucosal biopsies from 40 CEG cases were
examined. Histopathology and Helicobacter pylori (Hp ) infection
were determined by light microscopy. Thirty-one biopsies from
CEG cases were immunostained with antibodies against p21, CEA,
proliferation cell nuclear antigen (PCNA), and gastrin using the
labeled streptavidin-biotin (LSAB) method.

Ke CS, Li DF, Wang W, Wang YM. Study on clinical pathology and
immunohistochemistry of chronic erosive gastritis. World J Gastroenterol 1997;
3(2): 113 Available from: URL: http://www.wjgnet.com/1007-9327/full/v3/
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ORIGINAL RESEARCH

Preparation and application of monoclonal antibodies against hepatitis C
virus nonstructural proteins
Jian-En Gao, Qi-Min Tao, Jian-Ping Guo, He-Ping Ji, Zheng-Wei Lang, Ying Ji, Bai-Fang Feng
histochemistry studies, these monoclonal antibodies did not detect
HCV antigens in specimens from patients infected only with HBV (n
= 20). In HCV-infected specimens (n = 31), the rates of positive
detection of NS3 and NS5 antigens were 51.6% (16/31) and 54.9%
(17/31), respectively. Six of these 31 specimens were from patients
infected only with HCV and half of them were positive for HCV NS3
and NS5 antigens. In specimens from patients co-infected with HBV
and HCV (n = 25), the rates of NS3 and NS5 antigen positive detection were 52% (13/25) and 56% (14/25), respectively, which are
similar to those obtained in samples from patients infected only with
HCV. In specimens from chronic active cirrhosis patients, the rates of
HCV NS3 and NS5 antigen detection were 70.6% (12/17) and 76.5%
(13/17), respectively.
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CONCLUSION: We successfully prepared monoclonal antibodies
that are specific against recombinant HCV NS3 and NS5 proteins and
could be useful for clinical immunohistochemistry diagnosis.
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Abstract

Gao JE, Tao QM, Guo JP, Ji HP, Lang ZW, Ji Y, Feng BF. Preparation and application of monoclonal antibodies against hepatitis C virus nonstructural proteins.
World J Gastroenterol 1997; 3(2): 114-116 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v3/i2/114.htm DOI: http://dx.doi.org/10.3748/wjg.
v3.i2.114

AIM: To prepare hybridoma cell lines that secrete monoclonal antibodies against hepatitis C virus (HCV) recombinant proteins NS3 and
NS5 and to evaluate their use in the study of HCV NS3 and NS5 antigen distribution in human liver tissue.
METHODS: Hybridoma cell lines were generated using spleen cells
from BALB/C mice immunized with recombinant NS3 and NS5 proteins, following conventional protocols. Antibody-secreting cells were
screened by solid phase ELISA and cloned by limited dilution. The
specificity of the monoclonal antibodies was determined by testing
hybridoma culture supernatants by Western blots of E. coli expressing the recombinant HCV proteins and ELISA with HCV core and
hepatitis B virus (HBV) antigens. The monoclonal antibodies were
employed in immunohistochemistry studies to determine the distribution of HCV NS5 and NS3 antigens in 51 paraffin embedded human
liver tissue samples.

INTRODUCTION
Hepatitis C virus (HCV) is a major causative agent of non-A, non-B
hepatitis that is associated with the development of cirrhosis and
[1]
hepatocellular carcinoma (HCC) . Although the mechanism of liver
injury by HCV infection is still unknown, replication of HCV plays a
key role. The diagnosis of HCV infection and the assessment of the
effectiveness of interferon (IFN) therapy for its treatment are mainly
performed by serological assays. These assays include the detection
of anti-HCV IgG antibodies in serum and of HCV RNA by RT-PCR,
[2]
which can only reflect the presence of actively replicating virus .
[3]
Tsutsumi et al (1994) reported that although HCV RNA in serum
was negative after IFN therapy, HCV NS5 antigen was still present in
liver cells from IFN-treated patients.
NS3 and NS5 are important genes involved in virus replication and
assembly. NS3 encodes a putative helicase and NS5 encodes a puta[4]
tive RNA-dependent RNA polymerase . Monoclonal antibodies against
these two proteins would be useful for the determination of HCV state

RESULTS: Eight hybridoma cell lines secreting monoclonal antibodies against HCV NS3 and NS5 proteins were generated and named
2B6, 2F3, 3D8, 3D9, 8B2, 6F11, 4C6 and 7D9. Only one of them,
2B6 (secreting antibodies against NS3 protein), cross-reacted with
the C7 polypeptide, a different recombinant NS3 polypeptide. The
rest of the cell lines showed no cross-reactivity with HCV core or HBV
antigens. In addition, monoclonal antibodies against NS3 antigens
did not cross-react with NS5 antigens, and vice versa. In immuno-
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Table 1 Immunochemistry analysis of liver disease samples (n = 51)
Diagnosis

HCV-infected

CAC
SAFH
CFH
HCC
Total

Co-infected with HCV and HBV

HBV-infected

No.

HBsAg

HBcAg

NS3Ag

NS5Ag

No.

HBsAg

HBcAg

NS3Ag

NS5Ag

No.

HBsAg

HBcAg

NS3Ag

.
NS5Ag

3
1
2
0
6

0
0
0
0
0

0
0
0
0
0

2
0
1
0
3

2
0
1
0
3

14
1
5
5
25

13
0
4
3
20

8
0
3
1
12

10
0
2
1
13

11
0
2
1
14

9
2
5
4
20

9
1
4
3
17

6
1
2
1
10

0
0
0
0
0

0
0
0
0
0

HCV: Hepatitis C virus; HBV: Hepatitis B virus; CAC: Chronic active cirrhosis; SAFH: Sub-acute fulminant hepatitis; CFH: Chronic fulminant hepatitis; HCC: Hepatocellular carcinoma.

Table 2 Anti-NS3 monoclonal antibody cross-reactivity with other antigens

Table 4 Anti-NS5 monoclonal antibody cross-reactivity with other antigens

Monoclonal Antibodie

Monoclonal Antibodie

CP9

CP10

C11

C7

HBsAg

NS3Ag

NS5Ag

8B2
6F11
4C6
7D9

0.065
0.055
0.065
0.070

0.054
0.053
0.067
0.072

0.078
0.076
0.078
0.085

0.088
0.078
0.090
0.092

0.098
0.097
0.085
0.070

0.098
0.088
0.102
0.103

2.325
1.987
2.165
2.100

2B6
2F3
3D8
3D9

CP9
0.075
0.074
0.091
0.076

CP10

C11

0.081
0.085
0.082
0.081

0.124
0.096
0.086
0.081

C7
1.591
0.089
0.078
0.079

HBsAg
0.079
0.161
0.136
0.113

NS3Ag
2.378
2.233
2.139
2.350

hybridoma cell lines secreting antibodies against NS5Ag (8B2, 6F11,
4C6, and 7D9) were cloned and further characterized. Hybridoma
cell line 2B6 was the only cell line that cross-reacted with the C7
polypeptide, a different recombinant NS3 polypeptide, the rest of
the hybridoma cell lines showed no cross-reactivity with other antigens (Table 2).
Anti-NS3Ag McAbs reacted against two different NS3 epitopes
(Table 3); anti-NS5Ag McAbs reacted against the same NS5 epitope
(Table 4).
The McAbs generated against HCV NS3Ag and NS5Ag were
tested by Western blot using membranes prepared by SDS-PAGE
of E. coli expressing recombinant NS3, recombinant NS5, and nonrecombinant plasmid. A single band with a molecular weight of 30
kDa was observed for recombinant NS3 plasmid, whereas two bands
with molecular weights of 27 kDa and 23.5 kDa were observed in
the E. coli expressing recombinant NS5 plasmid.
Using these McAbs in immunohistochemistry studies, HCV NS3Ag
and NS5Ag were visualized only in liver sections from patients positive
for HCV but not in sections from patients with only HBV infection (Table
1). We identified three types of staining pattern in hepatocytes: Diffuse, clustered, and patchy. In samples from HCV-infected patients,
the rates of positive HCV NS3Ag and NS5Ag were 51.6% (16/31)
and 54.9% (17/31), respectively. In samples from patients infected
only with HCV, 50% (3/6) were positive for NS3Ag and NS5Ag. Out
of the 25 specimens from patients co-infected with HCV and HBV, 13
specimens were positive for NS3Ag and 14 specimens were positive
for NS5Ag. The rate of samples positive for HCV antigens was not
significantly different between these two groups (P > 0.1).

Table 3 Anti-NS3 epitope analysis
Monoclonal
Antibodie

2B6

2F3

Inhibition rate (%)
3D8

3D9

2B6
2F3
3D8
3D9

100.0
0
30.0
36.0

0
100.0
103.6
93.5

0
97.9
100.0
93.0

0
101.9
110.0
0

in liver cells and for immunochemistry studies on type C hepatitis
pathogenesis. In addition, they will greatly help in the development
of methods to determine the success of IFN therapy. Therefore, we
generated monoclonal antibodies against recombinant HCV NS3 and
NS5 proteins and tested them in immunohistochemistry studies using
paraffin embedded liver tissue sections from HCV-positive patients.

MATERIALS AND METHODS
Patients

Fifty-one autopsy specimens of human liver from patients with
type C and type B hepatitis were obtained. Among them, 31 were
HCV-positive and 20 were hepatitis B virus-positive (HBV-positive).
Twenty-six of these cases had active cirrhosis, four showed subacute fulminant hepatitis, 12 had chronic fulminant hepatitis and
nine showed hepatocarcinoma (Table 1). All specimens were stained
with hematoxylin-eosin, HBV antigens (HBsAg and HBcAg), and
HCV antigens (NS3Ag and NS5Ag), separately. Three liver biopsies
from non-liver disease patients served as controls. In order to confirm specificity we replaced first antibody with mouse serum, human
serum, or PBS in control assays.

DISCUSSION
NS3 and NS5 are important HCV genes encoding non-structural proteins of the virus (a putative helicase and an RNA-dependent RNA
[4]
polymerase, respectively) . Since HCV is a single positive stranded
[7]
RNA virus distantly related to flaviviruses , a helicase and an RNAdependent RNA polymerase may be necessary for HCV replication.
The presence of HCV NS3Ag and NS5Ag in liver tissue from patients
may reflect the replication state of the virus. In this study, we used
recombinant NS3 and NS5 polypeptides (with molecular weights of 30
kDa and 27 kDa, respectively) expressed in E. coli to immunize mice
and generate several strains of McAb-secreting hybridoma cells. These
McAbs were proved stable by in vitro transmission for three months.
By Western blot analysis, we demonstrated that the anti-HCV
NS3 and anti-HCV NS5 McAbs were specific against the antigens
they were raised against. The detection of two bands with molecular
weights of 27 kDa and 23.5 kDa in Western blots of NS5-expressing
bacteria may indicate the presence of a partially degraded polypeptide in addition to the full-length one.
Epitope analysis of anti-NS3 McAbs identified at least two different epitopes for this molecule, one of them being the same as for
C7, which is a different NS3 recombinant polypeptide.
By immunohistochemistry studies, we observed nuclear staining
of NS5Ag in one case. As this observation differs from the results of

Monoclonal antibody preparation

BALB/c mice were immunized 3 times at a 2-wk interval with recombinant NS3 (30 kDa) and NS5 (27 kDa) polypeptides expressed in
E. coli. Three days after the last immunization, spleen cells were
obtained and fused with Sp2/0 myeloma cells, following conventional methods for the generation of monoclonal antibodies (McAbs).
Antibody-secreting cells were screened by solid phase ELISA and
[5]
cloned by limited dilution .

Monoclonal antibody characterization

The immunoglobulin subclasses of McAbs were determined following
conventional methods. The specificity of McAbs was established by
testing cross-reactivity of culture supernatants from hybridoma cells in
Western blots of membranes containing HBsAg, CP9, CP10, C7, and
[6]
C11 antigens . McAb epitopes were analyzed by an inhibition assay.

RESULTS
The fusion rates after cell fusion were 100%; 30%-40% of hybridoma cells were antibody-secreting. Four hybridoma cell lines secreting antibodies against NS3Ag (2B6, 2F3, 3D8, and 3D9) and four
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[3]

Tsutsumi et al , further analyses are needed. The rate of samples
positive for HCV antigen was similar between samples from patients
infected only with HCV and samples from patients co-infected with
HCV and HBV, indicating that the McAbs we generated are specific to
HCV antigens. The rate of samples positive for HBV antigens is higher than that of HCV antigens. This observation may be explained by
the fact that HBV antigens (HBsAg and HBcAg) reflect the presence
of the virus, whereas HCV antigens (NS3Ag and NS5Ag) reflect the
replication state of the virus.
In conclusion, we have generated McAbs that are specific against
HCV NS3Ag and NS5Ag and have good prospects for application in
HCV immunochemistry studies. As the presence of these two antigens reflects the replication state of HCV, they may become useful
markers for HCV-infection diagnosis and treatment.

2

3

4
5
6
7
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Clinical and experimental study on therapeutic effect of
Weixibaonizhuanwan on gastric precancerous lesions
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cases. The overall efficacy rate was 86.1%. In patients with mild
atrophic gastritis (n = 13), 11 improved into superficial gastritis and
two experienced no improvement. In 14 cases of moderate gastritis,
four cases improved into superficial gastritis and seven turned into
mild atrophic gastritis, with three patients experiencing no improvement. Among severe atrophic gastritis patients (n = 9), five improved
into moderate atrophic gastritis after treatment and four experienced
no improvement. The overall efficacy rate in chronic atrophic gastritis
patients was 77.8%. Among 9 patients with IM, IM disappeared in six
cases, whereas three cases showed no improvement after treatment.
In cases with moderate IM (n = 10), IM disappeared in two, turned
into mild IM in five, and showed no change in three. Out of four
cases with IM, one case turned into moderate IM and three showed
no change. The overall efficacy rate in IM patients was 63.6%. Out
of 16 cases of mild DYS, DYS disappeared in 11, whereas five cases
showed no change. Out of nine cases of moderate DYS, DYS disappeared in two and turned into mild DYS in five cases, with two
patients experiencing no change after treatment. No improvement
was observed in the two cases of severe DYS after treatment. The
overall efficacy rate in DYS patients was 66.7%. After treatment,
expression of carcinoembryonic antigen (CEA) and proliferating cell
nuclear antigen (PCNA) in gastric mucosa significantly decreased (P
< 0.01). Before treatment, cancer staging of these patients by positive CEA expression was Ⅰ, Ⅱ, Ⅲ, and Ⅳ in 13, 12, 9, and 2 cases,
respectively. After treatment, the number of cases per stage changed
to 25, 7, 3, and 1, respectively. Similarly, before treatment, staging
by positivity of PCNA expression was Ⅰ, Ⅱ, Ⅲ, and Ⅳ in 16, 11, 10,
and 4 cases, respectively, and changed to 21, 9, 5, and 1, respectively, after treatment.
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Abstract
AIM: To study the therapeutic effect of Weixibaonizhuanwan on gastric precancerous lesions.
METHODS: Thirty-six patients with gastric precancerous lesions
were treated with Weixibaonizhuanwan for 3 mo. Thirteen (36.1%)
patients presented with mild atrophic gastritis, 14 (38.9%) with moderate atrophic gastritis, and nine (25.0%) with severe atrophic gastritis. Twenty-two (61.1%) and 27 (75.0%) of the cases were accompanied by intestinal metaplasia (IM) and dysplasia (DYS), respectively.
Twenty of the 36 patients were men and 16 were women, ranging
from 30 to 67 years in age, with 61.1% of the patients being 40-59
years old. The duration of the disease in these patients ranged from
3 mo to 21 years, with 20 (55.6%) patients experiencing durations
of the disease between 5 and 10 years. The clinical manifestations
of the disease in these patients included fullness of the abdomen (31
cases), abdominalgia (27 cases), anorexia (30 cases), eructation (26
cases), pantothenic acid (6 cases), and loose stool (9 cases). Patients
were treated with Weixibaonizhuanwan and symptom improvement,
level of atrophy of the gastric mucosa, and IM and DYS progression
were analyzed.

CONCLUSION: The use of Weixibaonizhuanwan in the treatment of
gastric precancerous lesions showed promising therapeutic effects in
patients after 3-mo treatments.
Key words: Weixibaonizhuanwan; Stomach neoplasms/TCM therapy;
Precancerous conditions; Gastric mucosa; Chinese herbal
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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RESULTS: After a 3-mo treatment with Weixibaonizhuanwan, seven
patients experienced recovery. The treatment was effective in 11
cases, improved symptoms in 13 cases, and was ineffective in five
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ORIGINAL RESEARCH

Expression of insulin-like growth factor Ⅱ and its receptor in liver cells
from patients with chronic liver diseases
Dong-Hua Yang, Chong Xiu, Bo Yang, Jian-Ren Gu, Lian-Fang Qian, Shu-Ming Qu
notype hepatocyte transformation and may be of diagnostic value for
early detection of hepatocellular carcinoma (HCC). Persistent HBV
infection was strongly associated with abnormal IGF-Ⅱ and IGF-Ⅱ
receptor mRNA expression, suggesting that an autocrine or paracrine mechanism is involved in the regulation of growth in liver cell
carcinogenesis.
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INTRODUCTION
The role of insulin-like growth factor Ⅱ (IGF-Ⅱ) and IGF-Ⅱ receptor in liver cell carcinoma progression was investigated by examining the transcriptional expression of IGF-Ⅱ and IGF-Ⅱ receptor in
chronic active hepatitis (CAH), liver cirrhosis (LC), and dysplasia liver
cell (DLC) samples by Northern blot. In addition, data on hepatitis B
virus (HBV) infection status from the different groups of chronic liver
disease samples were analyzed. Our results suggest that detection
of IGF-Ⅱ and IGF-Ⅱ receptor mRNA expression may be useful for
early diagnosis and in gene therapy studies of hepatocellular carcinoma (HCC).
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Abstract
AIM: To study the relationship between insulin-like growth factor Ⅱ
(IGF-Ⅱ), IGF-Ⅱ receptor, and chronic liver diseases and to investigate the clinical mechanisms of human hepatocellular carcinoma
(HCC) development.

MATERIALS AND METHODS

METHODS: We analyzed IGF-Ⅱ and IGF-Ⅱ receptor poly (A)+
mRNA in dysplasia liver cell (DLC; n = 10), liver cirrhosis (LC; n = 9),
and chronic active hepatitis (CAH; n = 9) specimens by Northern blot
using human IGF-Ⅱ and IGF-Ⅱ receptor DNA probes labeled with
32
P through nick translation.

Tissue specimens

Specimens from 10 patients with DLC (7 men and 3 women; mean
age: 45 years) were surgically obtained. Specimens from 9 patients
with CAH (5 men and 4 women; mean age: 38 years) and from 9
cases with LC (8 men and 1 woman; mean age: 42 years) were
obtained by liver tissue biopsy. Normal human liver specimens were
obtained from two accidental death cases. Specimens were immediately frozen and stored at -80 ℃ until analysis.

RESULTS: Expression of IGF-Ⅱ in DLC samples (10/10, 100%) was
higher than in CAH (3/9, 33%) and LC samples (3/9, 33%) (P < 0.01).
Expression of IGF-Ⅱ receptor in DLC samples (7/10, 70%) was significantly higher than in CAH (2/9, 22%) and LC samples (3/9, 33%).
Data on hepatitis B virus (HBV) infection status from different chronic
liver disease samples were also analyzed.

mRNA extraction and DNA probe preparation

Recombinant IGF-Ⅱ and recombinant IGF-Ⅱ receptor plasmid DNA
were generated as previously described and digested with restriction endonucleases Pst I and EcoR I to isolate IGF-Ⅱ (0.7 kb) and
[1]
IGF-Ⅱ receptor (5.1 kb) DNA fragments . These fragments were

CONCLUSION: Overexpression of IGF-Ⅱ and IGF-Ⅱ receptor in
DLC samples was associated with a preceding step to malignant phe-
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Expression of a fetal isoform of IGF-Ⅱ mRNA was remarkably
higher in pericancerous liver tissues than in liver cancer tissues. This
observation reflects the abnormal activation of a second promoter
controlling IGF-Ⅱ gene expression in precancerous hepatocytes and
could be responsible for the persistent proliferation of hepatocytes,
leading to the development of liver cancer.
We showed moderate and high expression of the IGF-Ⅱ mRNA
in DLC samples, suggesting that liver cell dysplasia may characterize cells with potential cancerous activity and ability to transform
into a malignant phenotype. Persistent overexpression of the IGF-Ⅱ
gene could indicate the preceding steps to the malignant transformation of liver cells. Therefore, the study of IGF-Ⅱ expression may
be important for early stage diagnosis of HCC. IGF-Ⅱ receptor is a
transmembranous glycoprotein present in the cytoplasm and Golgi
apparatus of hepatocytes. It binds to IGF-Ⅱ with high affinity, which
might promote the proliferation of liver cancer cells. IGF-Ⅱ binds not
only to the IGF-Ⅱ receptor but also to the IGF-Ⅰ receptor, which
belongs to the tyrosine kinase family of receptors and plays a role in
promoting the division and growth of cells. The DNA sequence of the
IGF-Ⅱ receptor gene is 99.4% homogenous with that of the cationindependent mannose 6 phosphate receptor gene, which is associated with autocrine growth of cancer cells. The binding of IGF-Ⅰ to
IGF-Ⅰ and -Ⅱ receptors suggests a multi-pathway mechanism for
the transmission of signals stimulating cell growth, which would accelerate the transformation of precancerous liver cells into their malignant counterparts. Our observation that 7/10 DLC cases express
mild to high IGF-Ⅱ receptor mRNA levels suggests that the IGF-Ⅱ
receptor is involved in the dysplasia of liver cells.
HBV infection is closely associated with the development of human HCC. Serum HBsAg was positive in samples from the three
different chronic liver disease groups, which overexpressed IGF-Ⅱ
and its receptor to different extents. These results suggest that HBV
infection is involved in the degeneration, necrosis, or cirrhosis of
liver cells, which leads to the abnormal activation of the IGF-Ⅱ gene
and its receptor, stimulating aberrant division and unlimited growth
of liver cells via the autocrine or paracrine system.
We suggest testing the use of IGF-Ⅱ RNA in gene therapy studies for the treatment of human HCC. Introduced sense or antisense
IGF-Ⅱ mRNA may potentially reduce abnormal activation of HBV,
suppress the biological activation of IGF-Ⅱ and its receptor, and retard the progress of malignant transformation in liver cells.

Table 1 Hepatitis B virus markers in serum from different liver disease cases
Groups

HBsAg

Anti-HBs

HBeAg

Anti-HBe

Anti-HBc

10
9
9
28

0
1
0
1

0
1
1
2

2
1
1
4

8
6
7
21

Dysplasia liver cell
Chronic active hepatitis
Liver cirrhosis
Total

32

labeled with α- P-dATP by nick translation. The specific activities
of the labeled IGF-Ⅱ and IGF-Ⅱ receptor DNA probes were 4.2 ×
7
7
10 cpm/μg and 5.6 × 10 cpm/μg, respectively. mRNA extracted
from the different liver disease specimens was loaded (10 μg) into
1% agarose gels, electrophoresed, and blotted into membranes.
Membranes were hybridized with radiolabeled probes and autoradiographed after 48 h at -70 ℃.

Detection of HBV infection markers

HBV infection markers in serum from the three groups of chronic
liver disease cases were examined by ELISA.

RESULTS
IGF-Ⅱ expression

IGF-Ⅱ was differentially expressed at the mRNA level in specimens
from the three different groups. In CAH, 2 cases showed moderate
and 1 case showed mild IGF-Ⅱ mRNA expression (3/9, 33%); in
LC cases, 3/9 (33%) showed moderate IGF-Ⅱ mRNA expression;
in DLC, 6 cases presented high and 4 cases showed moderate IGFⅡ mRNA expression (10/10, 100%). In 1 of the samples from normal liver tissue a mild signal of IGF-Ⅱ mRNA hybridization could be
detected.

IGF-Ⅱ receptor expression

IGF-Ⅱ receptor mRNA level was moderate in 2/9 (22%) CAH cases.
In LC, 2 cases showed moderate and 1 case showed mild IGF-Ⅱ receptor mRNA expression (3/9, 33%) and in DLC cases, high expression was observed in 5 cases and mild expression in 2 cases (7/10,
70%). No distinct signal of IGF-Ⅱ receptor mRNA hybridization was
detected in normal liver tissue samples.

HBV infection status

We analyzed HBV infection status of the different chronic liver disease cases by detection of HBV markers in serum (Table 1).
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ORIGINAL RESEARCH

Inflammatory bowel disease in the Hubei Province of China
Bing Xia, S Shivananda, Gui-Shui Zhang, Ji-Yun Yi, JBA Crusius, AS Peka
rence while in treatment with drugs, and one remained in remission
under sulphasalazine treatment after surgery.

Bing Xia, Gui-Shui Zhang, Ji-Yun Yi, Department of Gastroenterology, The
Second Hospital of Hubei Medical University, Wuhan 430070, Hubei Province,
China

CONCLUSION: Five percent of the patients reported a family history
of IBD. About 34% of the patients were smokers and 32% of the
patients were alcoholic. Epidemiological studies are urgently needed
in the Hubei Province of China to assess the role that genetics and
environmental factors play in the pathogenesis of inflammatory bowel diseases.
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Inflammatory bowel disease (IBD) has traditionally been considered
rare in China. Epidemiological studies have shown that the incidence
of IBD in Europe and North America is about 3-14.3/100000/year
for ulcerative colitis (UC) and 0.7-11.6/100, 000/year for Crohn’s
disease (CD). The prevalence of UC and CD is 39-234/100000 and
[1]
34-106/100000, respectively . The pronounced difference in the
distribution of IBD in Europe/North America and China suggests that
genetic factors may play a significant role in the variation among
[2]
ethnicities . On the other hand, environmental factors may also
[3]
contribute to this difference . Up to this date, the exact incidence
of IBD in China is not known. However, clinical reports indicate that
the number of IBD patients has surprisingly increased over the past
10 years. In the present report, we studied 74 patients with IBD
from the Hubei Province (a central region of China) admitted to The
Second Hospital, Hubei Medical University from 1986 to 1995. We
analyzed the clinical features of these patients and followed up their
response to the treatment of choice.

Abstract
AIM: To analyze clinical features and response to treatment in
inflammatory bowel disease (IBD) patients from the Hubei Province
of China.
METHODS: Clinical data was collected retrospectively from 74
patients with IBD [66 with ulcerative colitis (UC) and 8 with Crohn’
s disease (CD)] admitted to The Second Hospital, Hubei Medical University from 1986 to 1995.
RESULTS: The most common symptoms in IBD patients were
abdominal pain, diarrhea, blood and mucus in stool, and constipation. Extraintestinal manifestations of IBD were not common. In
these patients, inflammation was predominantly located in the sigmoid and left colon in UC cases, and in the ileum and colon in CD
cases. Treatment with sulphasalazine and corticosteroids was effective in 95% of UC cases; However, about 42% of UC patients showed
disease recurrence during the follow-up period of 1.11 years. Five
out of eight CD patients had part of their intestine removed, whereas
three were treated with anti-tuberculosis drugs or the antibiotic metronidazole. Out of four patients we followed up for 1-8 years, one
died of severe complications after surgery, two experienced recur-

WJG|www.wjgnet.com

CLINICAL DATA
Patient characteristics

A total of 74 patients with IBD, including 66 with UC and 8 with CD,
were studied. UC and CD cases were diagnosed according to the
[4,5]
Chinese Non-infectious Diarrhea Symposium criteria . Fifty-two
out of the 74 patients were male and 22 were female (ratio: 2.4:1).
The mean age of the patients was 38 years (range: 16-64). Fiftyone patients lived in cities, 19 lived in towns, and four lived in the
countryside. Twenty-five (34%) patients had a smoking history and
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Treatment and follow-up

Table 1 Clinical manifestations of ulcerative colitis and Crohn’s disease in
inflammatory bowel disease patients (n = 74)
Clinical manifestation

Ulcerative colitis (n = 66)

Diarrhea
Abdominal pain
Blood and mucus stool
Constipation
Oral aphthous ulcer
Arthritis
Chronic gastritis
Liver disease
Nephropyelitis
Schistosomiasis
Peripheral neuritis
Diabetes mellitus
Tuberculosis
Fistula in anus
Fistula in urinary bladder

Medical treatments of choice are shown in Table 3. Sulphasalazine
(SASP), corticosteroids, and antibiotics were commonly used. In UC
patients (n = 66), SASP, SASP in conjunction with steroids, or SASP
in conjunction with antibiotics (metronidazole, berberine) were effective in 63 (95%) patients after short-term observation. Thirty-one
UC patients were followed up for 1-11 years. Sixteen (52%) patients
remained in remission, whereas 13 (42%) patients experienced disease recurrence. One patient died of bile duct carcinoma and another
died of unknown causes. Out of eight CD patients, the disease progressed in five, who underwent intestinal resection or partial colectomy. Two patients were treated with anti-tuberculosis drugs and one
with the antibiotic metronidazole. We followed up four CD patients
for 1-8 years. One patient with partial colectomy died of severe
complications after three surgical interventions. Two patients treated
with anti-tuberculosis agents or metronidazole experienced disease
recurrence after 5 and 8 years respectively. One patient treated with
SASP after ileum resection remained in remission for one year.

Crohn’s disease (n = 8)

65 (98%)
52 (79%)
52 (79%)
9 (14%)
4
4
3
3
2
1
2
1

5 (63%)
8 (100%)
2 (25%)
5 (63%)
3
1

1
1

1

1

Table 2 Type of disease according to location of inflammation in
inflammatory bowel disease patients (n = 74)
Type of disease

Ulcerative colitis (n = 66)

Crohn’s disease (n = 8)

12
26
14
4

1

Proctitis
Sigmoiditis
Left colitis
Transversal colitis
Ascending colitis
Total colitis
Ileum and cecum disease

DISCUSSION
In the past, diseases such as UC and CD were considered uncommon in the Hubei region. However, an increasing number of IBD
cases has been observed in patients admitted to The Second Hospital, Hubei Medical University, as shown in the present survey
(1986-1995). Five percent of the studied patients reported a family
history of IBD. About 34% of the patients had a history of smoking
and 32% were alcoholic. Epidemiological studies would assess the
role that genetic and environmental factors may play in the pathogenesis of IBD in the Hubei region of China.
It is important to differentiate the diagnosis of IBD from that of
infectious colitis and intestinal tuberculosis. The latter two can clinically, radiologically, and endoscopically mimic UC and CD.
Our data show that the most common symptoms of IBD in these
patients were abdominal pain, diarrhea, blood and mucus in stool,
and constipation. Extraintestinal manifestations were not common.
We found that inflammation was preferentially localized to the sigmoid and left colon in UC and to the ileum and colon in CD.
Treatment of UC patients with SASP and corticosteroids was
effective. However, about 42% of UC patients experienced disease recurrence during the follow-up period of 1.11 years. For CD
patients undergoing surgery, the use of SASP and corticosteroids
should be continued during remission.

1

10

6

Table 3 Medical treatment of choice in inflammatory bowel disease patients
(n = 74)
Sulphasalazine Steroids Antibiotics Chinese medicine Surgery
Ulcerative colitis (n = 66)
Crohn’s disease (n = 8)

44
1

17

21
6

6

1
5

24 (32%) were alcoholic. Six patients had a history of schistosomiasis. Only four (5%) patients had a family history of IBD.

Clinical features

Duration of disease varied from < 1 to 38 years, with a mean interval of 3.4 years. Out of the 74 patients, 36 presented a mild version
of the disease, 24 had a moderate manifestation, and 13 showed
severe illness. The clinical features of the group are shown in Table
1. The most common symptoms of UC patients were abdominal
pain, diarrhea, and blood and mucus in the stool. In patients with
CD, abdominal pain, diarrhea, and constipation were the dominant
symptoms. Extraintestinal manifestations of the disease were not
common in this group of patients.
In the 66 UC patients, colonoscopic manifestations included
mucosal edema, congestion, stiffness, ulceration, and polyps. Occasionally, white or yellow exudates were seen. The localization of
inflammation in these patients was determined by endoscopy and
X-ray barium enema (Table 2). Out of 8 CD patients, diagnosis was
confirmed by surgery in 5 cases and by endoscopy and histology in
3 cases, which showed colonic stricture and segment disease.
Barium enema was carried out in 52 IBD patients; in only 18
(35%) patients the findings of this procedure were in accordance
with those obtained by endoscopy, histology, or surgery.
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BRIEF REPORT

Preliminary study on the pathological model of Piyinxu in rats
De-Zhen Chen, Mu-Xin Wei
the pathological model of Piyinxu. The activity of the rats and the
characteristics of their stool were observed.

De-Zhen Chen, Mu-Xin Wei, Department of Traditional Chinese Medicine, The
First College of Clinical Medicine, Nanjing Medical University, Nanjing 210029,
Jiangsu Province, China

RESULTS: We observed not only the symptoms of Pixu, such as
diarrhea, poor appetite, abdominal distention, weight loss, but also
Yinxuneire (endogenous heat), such as increase in water drinking,
nervousness, and restlessness. These symptoms were all different
from that of the control group of Piyangxu (spleen-yang deficiency).
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CONCLUSION: Combining folium sennae and tabellae thyroidei is
an effective method for establishing a pathological model of Piyinxu.
Key words: Spleen asthenia/pathology; Spleen-yin; Disease models,
animal

Abstract

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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AIM: To study the method of constructing a pathological model of
Piyinxu (spleen-yin deficiency) using Sprague-Dawley rats and to
make preliminary observations.

Chen DZ, Wei MX. Preliminary study on the pathological model of Piyinxu in
rats. World J Gastroenterol 1997; 3(2): 120 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v3/i2/120.htm DOI: http://dx.doi.org/10.3748/wjg.
v3.i2.120

METHODS: Folium sennae (0.8 g) and tabellae thyroidei (80 mg)
were given daily by stomach feeding to each rat for 12 d to establish
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Relationship between loss of heterozygosity of deleted in colorectal carci
noma gene microsatellites and prognosis of colorectal adenocarcinoma
Po Zhao, Ying-Chuan Yu, De-Wen Wang, Zhi-Ping Wang, Xin-Zhao Xu, Ping-Yong Yi, Ya-Bing Gao, Guang-Hua Yang
(31.0%). The 5-year survival rate between LOH-positive and LOHnegative patients was 44.4% and 77.5%, respectively (P < 0.05).
The results suggest that LOH of DCC microsatellites correlate with
prognosis but not with differentiation (P > 0.05) and Dukes’ stage (P
> 0.05) in colorectal adenocarcinoma.

Po Zhao, Department of Pathology, Chinese PLA General Hospital, Beijing
100853, China
Ying-Chuan Yu, Ping-Yong Yi, Guang-Hua Yang, Department of Pathology,
West China University of Medical Sciences, Chengdu 610041, Sichuan Province,
China

CONCLUSION: LOH of DCC microsatellites may be a marker of
malignancy. Combined with the traditional prognostic indicators, LOH
can predict prognosis of colorectal adenocarcinoma.

De-Wen Wang, Zhi-Ping Wang, Ya-Bing Gao, Department of Pathology,
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INTRODUCTION

Correspondence to: Dr. Po Zhao, MD, PhD, Associate Professor, Department of Pathology, Chinese PLA General Hospital, Beijing 100853, China
Telephone: +86-10-66887329-6253

The deleted in colorectal carcinoma (DCC) gene is located on chro
mosome 18q21. In colorectal adenocarcinoma, there is an allelic
deletion on the DCC gene and its level of expression is decreased,
but few studies on the relationship between loss on the DCC gene
and the prognosis of colorectal adenocarcinoma have been pub
lished to date. We used a PCR microsatellite method with a pair of
primers flanking a dinucleotide microsatellite located within a DCC
gene intron to study the relationship between the loss of hetero
zygosity (LOH) of DCC gene microsatellites and the prognosis of
colorectal adenocarcinoma.
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Abstract
AIM: To investigate the relationship between the loss of heterozygosity (LOH) of microsatellites on the deleted in colorectal carcinoma
(DCC ) gene and prognosis of colorectal adenocarcinoma.

MATERIALS AND METHODS
Paraffin blocks containing normal and neoplastic tissues from 71
patients with adenocarcinoma of the colon and rectum were selected
for the study from files in the West China University of Medical Sci
ences Department of Pathology. The hematoxylin and eosin (H and
E) slides from these patients were examined. Tumors were graded
as well, moderately, or poorly differentiated and were assigned to
Dukes’ stage A, B, or C based on the standard criteria. All patients
had a 5-year follow up after surgery. The PCR microsatellite method
[1,2]
was performed as described previously
but with slight modifica
tions, i.e., ethidium bromide instead of isotope staining.

METHODS: A retrospective study of 58 colorectal adenocarcinoma
cases with follow-up data and paired control normal mucosal tissues
from 1983 to 1985 from files from the West China University of Medical Sciences Department of Pathology was carried out by PCR microsatellite analysis. Sixteen, 35, and seven cases had well-, moderately,
and poorly differentiated tumors, respectively; 11, 30, and 17 cases
were staged as Dukes’ A, B, and C, respectively.
RESULTS: LOH of DCC microsatellites was detected in 18 cases
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M

N1

T1

N2

T2

N3

< 0.05).

T3

Relationship between LOH and differentiation or Dukes’ stage

The positive rates of well-, moderately, and poorly differentiated
colorectal adenocarcinoma were 25.0% (4/16), 31.4% (11/35),
and 42.9% (3/7), respectively, in the LOH-positive cases, and 9.1%
(1/11), 30.0% (9/30), and 47.1% (8/17) in Dukes’ stage A, B, and
C, respectively. No statistically significant correlations were found
between LOH and differentiation or Dukes’ stage.

184 bp

124 bp

DISCUSSION
[2]

Huang et al reported LOH of DCC gene microsatellites in 33%
(7/26) of colorectal adenocarcinoma cases, but they studied a small
number of cases and no follow-up data. The frequency of LOH of
DCC gene microsatellites in our study was similar to theirs, and our
results were also concordant with theirs in terms of the relationship
between LOH and differentiation or Dukes’ stage, which could be
attributed to the small sample size in both studies. According to our
follow-up data, LOH of DCC gene microsatellites might be closely
related to the 5-year survival rate of patients with colorectal adeno
carcinoma. Thus, we believe that when combined with traditional
prognostic indicators, LOH of DCC gene microsatellites might be
a new predictive marker of colorectal adenocarcinoma prognosis;
however, a large number of cases are needed to confirm it.

Figure 1 Loss of heterozygosity of deleted in colorectal carcinoma gene microsatellites in
colorectal adenocarcinoma. M: PBR322 Hae Ⅲ molecular marker; N: paired normal tissues; T:
tumor tissues; T2, T3: Loss of heterozygosity of deleted in colorectal carcinoma gene microsatellites.

RESULTS
Frequency of LOH

Fifty-eight amplified cases were informative for the marker of het
erozygosity; 18 cases (31.0%) showed LOH. Figure 1 shows that
compared to the tumor (T1) sample, the paired normal mucosa (N1)
sample contained two amplified bands representing two different
alleles: One paternal and another maternal, and no allele loss was
scored when comparing the normal and tumor DNA. Allele loss was
detected from case 2 (N2, T2) and case 3 (N3, T3), showing the
loss of the top band as related to that of the normal tissue.
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Expression of the c-erbB-2 proto-oncogene product in gastric carcinoma
and precancerous lesions
Jian-Qiang Mi, Shi-Qiang Yang, Ming-Chang Shen
RESULTS: Normal gastric mucosa was negative for P185; Only a few cells
in the neck region of the mucosal glands were very weakly positive. Relatively high positive rates were found in the slight, moderate, and severe
dysplasia specimens (50%, 83.3%, and 85.7%, respectively). A 22.2%
and 56.7% P185-positive rate was found in early gastric carcinoma and
in advanced gastric carcinoma, respectively. Statistically, the P185-positive
rates in severe dysplasia and advanced gastric carcinoma were significantly higher than that in early gastric carcinoma (P < 0.05). The P185positive rate in the group with lymph node metastasis was significantly
higher than that of the group without lymph node metastasis (59.3% vs
23.8%, P < 0.05), but P185 expression was not related to histological type
and size of gastric carcinoma.
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CONCLUSION: The c-erbB-2 proto-oncogene might participate in
gastric mucosal proliferation, repair, and carcinogenesis, and gastric
carcinoma with P185 expression might have a stronger potential of
infiltration and metastasis.

Abstract
AIM: To study the relationship between the expression of the c-erbB-2
proto-oncogene product with gastric mucosal carcinogenesis and the
behavior of gastric carcinoma.

Key words: Stomach neoplasms/genetics; Precancerous conditions/
genetics; Proto-oncogene proteins c-erbB-2/metabolism

METHODS: Specimens from nine normal gastric mucosa, 23 gastric
mucosal dysplasia (10 slight, six moderate, seven severe), 18 early
gastric carcinoma, and 30 advanced gastric carcinoma were marked
with P 185 monoclonal antibody using the immunohistochemical
peroxidase-avidin-biotin complex method. The relation between P185
expression with histological type, size, and lymph node metastasis of
gastric carcinoma were analyzed.
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INTRODUCTION

Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-).

Surgery and radiotherapy have always been the main treatment
methods for esophageal carcinoma. In general hospitals or cancer
institutes, only patients with relatively good condition; younger
age; ood function of the heart, lung, and other internal organs; and
earlier lesions would be accepted for surgery. On the other hand,
radiotherapists are more liberal in selecting patients. Only those who
have perforating lesions, distant metastasis, or cachexia are not accepted. The net result is that the radiotherapy department serves
more or less as a waste paper basket, accepting all of the patients
not accepted by surgeons. Naturally, the result of radiotherapy for
advanced cancer would be inferior to that of surgery. Could this
difference in validity be ascribed to the difference in indications instead of genuine effectiveness of the treatment method? Despite
[2,3]
the reports of Earlam and Cunha-Melo , who compiled the result
of treatment of esophageal carcinoma in the literature before 1979,
the 5-year survival rate of 8489 patients in 49 institutes who had
received radiation therapy before 1979 was 6% ± 6%. In contrast,
the 83, 783 patients in 122 institutes operated upon in the same
interval had a 5-year survival rate of 4% ± 3%. However, in the
past decade or so, surgery has been reported to yield better results
than radiation therapy. If either of these two modalities were used
to treat similar staging and similar lesions, what would be the outcome? For this purpose, we collaborated with our thoracic surgeons
and collected 180 esophageal cancer cases treated with radical radiation therapy instead of surgery since 1958. The results of surgery
and radiation therapy of the three esophageal segments were compared to provide some reference for oncologists.
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Abstract
AIM: To compare the validity of radiotherapy and surgery for operable esophageal carcinoma in 180 patients with pathologically proven
esophageal carcinoma who had been accepted for surgery, but for
various reasons were given radical radiation therapy instead.
METHODS: The reasons for abandoning surgery were poor cardiac
function (n = 21), poor pulmonary function (n = 36), poor general
condition (n = 9), senility (age 69-81 years, n = 32), and refusal by
the patient (n = 82). They were treated by the isocenter technique
alone or anteroposterior plus isocenter irradiation at a total dose of
50-70 Gy/5-7 wk.
RESULTS: The 1-, 3-, and 5-year survival rates were 64%, 34%,
and 23%, respectively. The 3- and 5-year survival rates showed that
lesions in the upper third esophagus responded better than lesions
in the middle and lower third (P < 0.05). The 5-year survival rate
following radiation alone (44.5%) of upper third lesions was slightly
better than that following surgery. The effect on lesions following radiation to middle third lesions was slightly inferior to that of surgery,
and that for lower third lesions was even poorer.

MATERIALS AND METHODS
From January 1958 through 1987, 180 patients with pathologically
proven esophageal carcinoma were seen at our thoracic oncologic
outpatient department. The thoracic surgeons had accepted them
for surgery after having evaluated their history data, including chest
films and barium esophagograms. Yet, for the reasons stated in
Table 1, radical radiation therapy was administered instead.
Of the 180 patients, 120 (66.7%) were male and 60 (33.3%)
were female; age ranged 35-81 years, with a median of 63 years,
and the male:female ratio was 2:1. According to the 1978 International Union Against Cancer (UICC) method of esophageal division,
27 patients (15%) had lesions in the upper third esophagus, 125
patients (69.4%) had middle third lesions, and 28 patients (15.6%)

CONCLUSION: The results from radiation treatment alone for operable esophageal carcinoma are similar to that of surgery.
Key words: Esophageal neoplasms/radiation therapy; Esophageal
neoplasms/surgery
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Table 1 Reasons for administering radiotherapy to 180 patients with
esophageal cancer accepted for surgery

Table 4 Comparison of results of resectional 5-year survival rates with the
present series

Reason

No.

%

Treatment

Poor cardiac function
Poor pulmonary function
Poor general condition
Senility (68-81 yr)
Refusal by patient or spouse
Total

21
36
9
32
82
180

11.7
20.0
5.0
17.7
45.6
100.0

Surgery

Table 2 Results of radical radiation therapy for operable esophageal
carcinoma
Follow-up

No. of patients

%

116/180
62/180
42/180

64
34
23

1-year
3-year
5-year

Radiotherapy

Author

Year

Operation
year

Wu [18]
Gu [6]
Wu [19]
Li [10]
Li [9]
Zhang [21]
Giuli [5]
Shao [14]
Jauch [8]
Elias [4]
Vigneswaran [16]
Zhang [20]
Present series

1962
1964
1979
1979
1980
1980
1980
1987
1992
1992
1993
1994

1940-1960
1953-1957
1957-1973
1957-1973
1969-1973
1952-1978
1970-1979
1965-1985
1982-1989
1982-1990
1985-1991
1958-1992
1958-1987

5-year survival rate
No.

%

18/76
21/91
276-1040
164/664
59/201
303/1290
375/1870
958/2032
17/86
30/128
27/131
942/3099
42/180

23.7
23.1
26.6
24.7
29.4
23.5
20.1
47.11
19.8
23.4
20.6
30.4
23.3

1

Including some very early lesions as discovered by cytology in public screening.

Table 5 Comparison of surgery with radiotherapy for esophageal cancer in
different esophageal segments
Table 3 Comparison of efficacy of surgery with radiotherapy for esophageal
carcinoma
Treatment

Author

Surgery
Radiotherapy

Li et al[9]
Zhang et al[17]
Present series

Year
1980
1994

Treatment

Author

Year

5-year exploratory survival rate
No.

%

59/213
942/3603
42/180

28
26
23

Wu et al[18]
Gu et al[6]
Su et al[15]
HebaiMed.Univ. et al[12]
Wu et al[19]
Li et al[9]
Giuli et al[5]
Akiyama et al[1]
Lin et al[11]
Elias et al[4]
Vigneswaran et al[17]
Cancer 1Hosp. CAMS
Radiotherapy
Present series2
Surgery

26/82 (32%) from patients who
refused operation

had lower third lesions. The length of the lesions from 2-9 cm; 68
(37.8%) were < 5 cm and 112 (62.2%) were > 5 cm. The histopathology showed squamous cell carcinoma in 178 cases (99%) and
adenocarcinoma in one case (1%). The X-ray typing showed medullary disease in 136 cases (76%), fungating disease in 38 cases
(21%), and intraluminal disease in six cases (3%).
Telecobalt or 8-MV X-ray was administered by routine three-field
isocenter irradiation or anteroposterior (A-P) irradiation followed
by three-field isocenter irradiation. For the latter, 40 Gy/4 wk was
first administered by A-P opposing irradiation. Afterwards, the one
anterior/one posterior isocenter technique was used to administer
a further 10-30 Gy to bring the total dose to a radical level (50-70
Gy/5-7 wk). The radiation was administered routinely as 2 Gy/session, five sessions a week. The total dose administered was 50-59
Gy in eight patients, 60-69 Gy in 30 patients, and 70 Gy in 142 patients (79%). The width of the portal was 5-6 cm in most patients.
Only in isolated cases were 4.5 cm wide portals used. The upper
and lower border of the portal was set 3-4 cm beyond the margin of
the lesion as seen on the simulator.

1

Material of Dept. Thoracic Surgical Oncology to be published. 2Exploratory 5-year survival
rates.

Comparison of resectional survival rate in the literature with the
results of this series

As we were unable to obtain the resectional rate in most reports,
we had to compare our results with their 5-year resectional survival
rates, which was inevitably higher (Table 4). Even so, the 23% 5-year
survival rate by radiotherapy may be comparable to that achieved
by surgical resection, which ranged 20%-30.4%. The extraordinarily
[12]
good result of Shao and associates
could be ascribed to the fact
that some of their patients had very early lesions pathologically,
e.g., carcinoma in situ or pathologically early infiltrating carcinoma.
Hence, their results cannot be considered typical esophageal cancer
established in clinical practice.

Comparison of surgery and radiotherapy on the three esophageal
segments

RESULTS

As we were unable to obtain the resection rate of the various segments, we had to compare the lower exploratory 5-year survival of
the present series with the higher resectional 5-year survival as we
tried to assess the relative merits of either regimen for each esophageal segment. From Table 5, there is an obvious tendency for the
survival to decline as we proceed from the upper to lower segment
when surgery is considered: It is lowest in the upper segment, moderate for the middle segment, and highest in the lower segment. By
contrast, the result for radiotherapy was best in the upper segment,
moderate in the middle segment, and poorest in the lower segment. It can be concluded from Table 5 that radiotherapy surpasses
surgery for treating upper segment esophageal cancer, according to
the 13 reports published in the past 35 years, except for the patho[11]
logically very early lesions . In contrast, surgery should be first
considered for lower segment lesions, as radiation therapy yielded a
5-year survival rate only half of that following surgery. The same is
true for middle-segment cancer, except the very early cases.

All 180 patients were followed for more than five years after irradiation. Four patients lost to follow-up were counted as dead from the
day they were missing. The overall 1-, 3-, and 5-year survival rates
were 64% (116/180), 34% (62/180), and 23% (42/180), respectively (Table 2). Within five years of treatment, 138 patients died.
The causes of death were local recurrence or uncontrolled, 60.5% (n
= 109, among whom 21 succumbed to fatal hemorrhage or esophagotracheal fistula), regional lymphatic metastasis (n = 9), distant
metastasis (n = 13), and causes other than cancer (n = 7).

The necessity of using the exploratory survival rate when comparing
the efficacy of surgery and radiotherapy

Surgeons usually report their treatment result as the resectional
survival rate (number of survivors divided by the number of patients
resected) and not as the exploratory resectional survival rate (number of survivors divided by the number of patients explored), which
is commonly lower than the former. The survival rate of this series
is equivalent to the exploratory survival rate of surgery. Therefore,
exploratory survival rates should be used when comparing the effectiveness of surgery with other treatment methods. Our data show
that surgery and radiation therapy are equally effective for esophageal carcinoma (Table 3).

WJG|www.wjgnet.com

1962
1964
1965
1973
1979
1980
1980
1980
1983
1992
1994

5-year resection survival rates
Upper segment Middle segment Lower segment
No.
%
No.
%
No.
%
0/4
0
5/33
15.2 13/39 33.3
0/6
0
11/55 20.0 10/29 34.5
2/12 16.6
7/33
21.2 6/24
25.0
10/84 11.9
3/28 11.7 87/327 26.6 72/220 32.7
26.0
30.0
34.0
14.0
15.0
24.0
7/28
25.0 7/24
29.2
9/43 20.9 89/388 17.8 80/288 27.8
6.4
17.2
28.9
9/49 18.4
93/311 29.9 398/1303 30.5 169/577 39.3
12/27 44.4 28/125 22.4 4/28
14.3

Influence of lesion length on treatment result

Table 6 shows the influence of lesion length in the three segments
on the radiotherapy results for operable esophageal cancer. Due to
the limited number of patients, it appears that length does not have
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Table 6 Influence of lesion length of operable esophageal cancer on result
of radiotherapy

Table 7 Influence of reasons for rejecting surgery on result of radiotherapy
in operable esophageal carcinoma

Segment

Causes of rejecting surgery

Lesion length (cm)

Upper1

<3
3-4.9
>5
<3
3-4.9
>5
<3
3-4.9
>5

Mid
Lower
Total

5-year survival rate
No.

%

4/9
3/6
5/12
2/7
6/33
18/85
1/4
1/9
2/15
42/180

44.4
50.0
41.7
28.6
18.2
21.2
25.0
11.1
13.3
23.3

Poor cardiac function
Poor pulmonary function
Poor general condition
Senility
Patient refusal
Total

4/21
5/36
0/9
7/32
26/82
42/180

%
19
14
0
22
32
23

which is too high. For genuine comparison, a prospective randomized trial carried out by both surgeons and radiotherapists is warranted and a truly objective conclusion may thus be obtained.

1

Including four lesions in the cervical esophagus

any appreciable influence on the final outcome. Moreover, the crucial
factor is the segment in which the lesion is found. To draw a clear
conclusion, further studies are needed, preferably a strict prospective randomized trial.

Treatment options for esophageal carcinoma in different esophageal
segments

Due to the difficulty in resecting upper segment lesions, radiotherapy used to be the preferred treatment for esophageal carcinoma.
In the present series, a 44% 5-year survival rate was obtained for
27 patients with upper segment cancer. By improving the operative procedures in this segment, surgery has achieved better results
[1,4-6,8-10,13-16]
in recent years, ranging 0%-26.3%
. In 1982, Shao et
[11]
al
reported 50% survival for upper segment esophageal cancer.
According to their report, 13.4% (142/1061) was stage 0-I early
pathologic lesions. In contrast, the staging of the present series
showed only 4% (7/180) early lesions, designated as 3 cm in length
by the barium meal esophagograms. Some of these patients may
have had tumors far more advanced than what was shown on the
X-ray films. The high survival in the report of Shao and colleagues
may have been due to the abundance of actual early lesions in their
patients. Even so, the results of upper segment lesions in the present series and that of Shao and colleagues are still comparable (44%
vs 50%). For upper segment esophageal cancer, there have been
only a few reports on combined treatment, reporting 5-year survival
[7,17]
rates of 23.1%-47.6%
which are not superior to that following radiotherapy alone. Generally, it is believed that radiotherapy is
slightly superior to surgery and is similar to preoperative radiation
plus surgery. Hence, radiotherapy is suitable for upper segment
esophageal carcinoma, especially for patients who have very short
lesions, without obvious stenosis, or extraesophageal invasion, or
very superficial, intraluminal, or fungating disease. Aside from the
satisfactory results, radiation therapy raises very little risk of radiation injury and costs less, so it is readily acceptable to the patient.
The 5-year survival rate of operable esophageal carcinoma was 44%
for the upper segment, which is better than the 21% and 14% for
the middle and lower segments, respectively (P < 0.05).
The reasons for the poor 5-year survival rate of 14% for the lower
segment lesions may be that the lower carcinoma locations are apt
to develop lymphatic metastasis along the left gastric and epigastric
vessels, which are difficult to discover clinically. Some of the patients
may have already developed metastases when they received radiotherapy. Consequently, recurrence would naturally lead to failure as
these involvements are easily missed by the conventional portals. The
lower segment cancers usually have a 5-year survival rate of 30%
[1,4-6,8-10,12-16]
following surgery
, which is superior to that following radiation therapy. Therefore, surgery should be indicated with priority for
lower segment esophageal carcinoma. The same is true for middle
segment lesions, for which surgery is also preferred. The conclusions
drawn from this study are as follows:
1. When treated by radiation therapy alone, operable esophageal
carcinoma yields comparable results to that treated by surgery.
2. Radiation therapy, surpassing surgery for upper segment
esophageal carcinoma, is preferred for this kind of lesion.
3. Surgery, surpassing radiation therapy for lower segment
esophageal carcinoma, is preferred for this kind of lesion.
4. Comparison of surgery with radiation therapy for middle segment lesions shows that the latter is less effective. Surgery is generally preferred although radiation therapy is acceptable for certain
types of the disease.

Influence of causes for cancelling surgery on treatment result

Table 7 shows the influence of reasons for canceling surgery on the
radiation therapy results in operable esophageal carcinoma. On the
one hand, it is apparent that a good general condition is very important to ensure a satisfactory outcome, as none of our nine debilitated
patients survived. On the other hand, if a patient who fits every physical aspect should refuse an intended operation, he is deemed to enjoy
a similar good result, if not a better one, after radiation therapy-a
32% 5-year survival rate, which is unsurpassed by any of the surgical
results reported (Table 4). This finding may further support the notion
that radiation therapy may finally be proven a sound alternative to
surgery for operable esophageal carcinoma.

DISCUSSION
Comparison of surgery with radiotherapy

The choice of treatment for esophageal cancer has always been
inclined towards surgery, performed whenever possible. Radiation
therapy is resorted to only when the patient is not accepted by surgeons. The principle “… for advanced cases, radiation is called forth
for palliation, ” is presented in the textbooks and has been carried
out accordingly in many hospitals and tumor centers. During the
past two decades or so, surgery has indeed yielded better results
than radiation therapy. However, it cannot be refuted that surgeons
treat far earlier lesions than radiotherapists do. As early as 1980,
[2]
[2,3]
Earlam et al and Cunha-Meloet al
had expressed their doubts
about the superiority of surgery, for which the better survival rates
could have been due to the earlier disease. If surgeons and radiotherapists were on equal footing, what kind of result may they yield?
The present series of 180 patients had originally been accepted by
the surgeons for surgery after clinical work-up. However, for various reasons (Table 1), radical irradiation was administered instead.
Even though this was not a randomized study, this still presented
a relatively comparable basis, e.g., length of lesion, absence of extraesophageal extension, and so on. The 5-year survival rates by
[1,4-12,14-17]
surgery as reported in the literature range 20%-30.4%
.
[13]
Only that by Su et al
should be considered separately, as some
of their patients had very early pathological lesions, e.g., carcinoma
in situ and early submucosal infiltrating carcinoma. Hence, a 5-year
survival rate of 47.1% was reported (Table 4). The 5-year survival
rate of the present series is, in fact, equivalent to the exploratory
5-year survival rate by surgery, which the surgeons would use when
presenting their results. Typically, the resection rate of esophageal
cancer ranges 78-85%, hence the 5-year survival rate by surgery
(15-22%) is too high. Considering all factors, the radiation therapy
result of the present series is comparable with any results obtained
(Tables 3, 4). In the 82 patients who refused surgery, the 5-year
survival rate following radiotherapy was 32% (Table 7), which is
similar to the overall 5-year survival rate of 30.4% following surgery
(Table 4). It should be noted that the former is the exploratory survival rate and the latter the resectional survival rate (15%-22%),

WJG|www.wjgnet.com

5-year survival rate

n

125

June 15, 1997|Volume 3|Issue 2|

Chen DF et al . Radiotherapy in operable esophageal carcinoma

REFERENCES
1
2
3
4

5
6
7

8

9

Akiyama H. Surgery for carcinoma of the esophagus. Curr Probl Surg 1980; 17:
53-120 [PMID: 6987040 DOI: 10.1016/S0011-3840(80)80025-6]
Earlam R, Cunha-Melo JR. Oesophageal squamous cell carcinoma: I. A critical
review of surgery. Br J Surg 1980; 67: 381-390 [PMID: 6155968 DOI: 10.1002/
bjs.1800670602]
Earlam R, Cunha-Melo JR. Oesophogeal squamous cell carcinoms: Ⅱ. A critical
view of radiotherapy. Br J Surg 1980; 67: 457-461 [PMID: 6158354 DOI: 10.1002/
bjs.1800670702]
Elias D, Lasser P, Mankarios H, Cabanes PA, Escudier B, Kac J, Rougier P. Esophageal squamous cell carcinoma: the specific limited place of surgery defined by a prospective multivariate study of prognostic factors after surgical approach. Eur J Surg
Oncol 1992; 18: 563-571 [PMID: 1478288]
Giuli R, Gignoux M. Treatment of carcinoma of the esophagus. Retrospective study of
2, 400 patients. Ann Surg 1980; 192: 44-52 [PMID: 7406563 DOI: 10.1097/00000658198007000-00008]
Gu YZ, Wang ZH, Zhang JQ. Long term results of surgical treatment and radiotherapy
for carcinomas of esophagus and cardia. Zhonghua Waike Zazhi 1964; 12: 115-120
Huang GJ, Gu XZ, Zhang RG, Zhang LJ, Zhang DW, Miao YJ, Wang LJ, Lin H,
Wang GQ, Xiao QL. Combined preoperative irradiation and surgery in esophageal
carcinoma. Report of 408 cases. Chinese Medical Journal (English Edition) 1981; 94:
73-76 [PMID: 6786841]
Li CL. Analysis of the results of surgical treatment for 327 cases of carcinomas of

10
11
12
13
14

15
16
17

esophagus and gastric cardia. Zhonghua Zhongliu Zazhi 1980; 2: 116-117
Lin XS, Chen BT, Fang KB. Long term effects of surgical treatment on esophageal
carcinoma. Zhonghua Zhongliu Zazhi 1983; 5: 303-304
No.4 Hospital, Hebei Medical University. Surgical treatment in 2483 patients with carcinoma of esophagus and gastric cardia. Cancer Prev Treat 1993; 3: 1-7
Shao LF, Li ZC, Liu SX. [Results of surgical treatment of 3, 155 cases of esophageal
and cardiac carcinoma]. Zhonghua Waike Zazhi 1982; 20: 19-22 [PMID: 7075375]
Shao LF, Li ZC, Wang MF. [Results of surgical treatment in 6123 cases of carcinoma
of the esophagus and gastric cardia]. Zhonghua Waike Zazhi 1987; 25: 452-45, 500
[PMID: 3691248]
Su YH, Weng PG, Liu JQ. Long term results of carcinoma of esophagus and gastric
cardia after treated with resection. Zhonghua Waike Zazhi 1965; 13: 232-234
Vigneswaran WT, Trastek VF, Pairolero PC, Deschamps C, Daly RC, Allen MS.
Extended esophagectomy in the management of carcinoma of the upper thoracic
esophagus. J Thorac Cardiovasc Surg 1994; 107: 901-906; discussion 901-96; [PMID:
8127121]
Wu YK, Huang GJ, Zhang W. Long term results of squamous epithelioma treated with
resection. A corpus of cancer research papers. Shanghai: Shanghai Science Technology
Publishing House 1962: 155-157
Wu YK, Huang GJ. Experiences of surgical treatment of esophageal carcinoma. Zhonghua Zhongliu Zazhi 1979; 1: 241-243
Zhang ZX, Feng QF, Gu XZ. Evaluation of preoperative irradiation of esophageal
carcinoma: an analysis of 1021 cases. Zhonghua Fangshe Zhongliuxue Zazhi 1992; 1:
169-171
S- Editor: Filipodia

L- Editor: Jennifer E- Editor: Liu WX

.

WJG|www.wjgnet.com

126

June 15, 1997|Volume 3|Issue 2|

World J Gastroenterol 1997 June 15; 3(2): 127-128
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i2.127

© 1997 Baishideng Publishing Group Inc. All rights reserved.

TRADITIONAL MEDICINE

Effect of muscarinic blocker on enhancing the action of fructus aurantii
immaturus on intestinal myoelectric activity in dogs
Zi-He Huang, De-Zhi Yang, Yi-Quan Wei, Yin-Hui Luo
Zi-He Huang, Yin-Hui Luo, Second Affiliated Hospital of Shantou University
Medical College, Shantou 515031, Guangdong Province, China

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

De-Zhi Yang, Yi-Quan Wei, Physiology Department of Nanjing Railway Medical College, Shantou 515031, Guangdong Province, China

Huang ZH, Yang DZ, Wei YQ, Luo YH. Effect of muscarinic blocker on enhancing action of fructus aurantilii immaturus in the intestinal myoelectric activity in
dogs. World J Gastroenterol 1997; 3(2): :127-128 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v3/i2/127.htm DOI: http://dx.doi.org/10.3748/
wjg.v3.i2.127

Zi-He Huang, female, born on April 14, 1956, graduated from the Medical Department, Shanghai Medical University in 1982. Lecturer of electrophysiology,
engaged in clinical electrophysiological testing, has published 9 papers
This paper was presented at The National Symposium on Gastrointestinal Activity and Motility, June 1995, Beijing.

INTRODUCTION
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Fructus aurantii immaturus (FAI) is a Chinese herb for reestablishing vital energy. It can promote qi (vital energy) circulation, disperse
the accumulation of evils and phlegm, relieve flatulence, and so
[1]
on . Based on small intestinal electrical activity as enhanced by FAI
concentrated solution, we used the muscarinic blocker atropine to
affect the action of FAI to reveal the pharmacological mechanism of
FAI.
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MATERIALS AND METHODS

Abstract

Laboratory method

Drug administration

FAI concentrated solution was prepared according to the method of
[2]
Bi et al ; atropine was manufactured by the Yan Cheng Pharmaceutical Factory.

Three healthy dogs weighing 10-20 kg were anesthetized using 3%
pentobarbital sodium (1 mL/kg i.v.). Two pairs of platinum bipolar
electrodes were implanted in the subserosa of the duodenum (4 cm
below the junction of the stomach and intestine) and jejunum (5 cm
below the ligament of Treitz), respectively. The diameter of the electrodes was 0.3 mm and the distance between two electrodes was
1.5 mm; the electrode wires were passed through the abdominal
muscle and fixed in the skin between the shoulder blades. A nylon
gastrostoma tube was inserted in to the stomach, from which gastric juice was aspirated or drugs injected.
Conscious dogs fasted 12-24 h but with free water-drinking were
placed in a shielding facility. All data were handled by a four-channel
physiological recorder and a Zijin 2-A computer; the 150-min migrat
ing myoelectric complex (MMC) cycle, number of spikes per minute,
spike bursts per cluster, and histograms were printed immediately.
After recording one MMC cycle, 100% FAI concentrated solution
(1 mL/kg) was administered by gastrostogavage in the fifth minute
of phase Ⅰ of the second cycle. As soon as the spike decreased, 0.5
mg atropine was administered intramuscularly and one or two MMC
cycles were recorded again.

AIM: To investigate the effect of fructus aurantii immaturus (FAI) on
small intestinal electrical activity in dogs.
METHODS: The effect of FAI was observed using a computerized
electrophysiological method with the migrating myoelectric complex
as a criterion. Fasted, healthy, and conscious dogs were given 100%
FAI concentrated solution by gastrostogavage, and as soon as the
effect on small intestinal electrical activity appeared, atropine was
injected intramuscularly.
RESULTS: The enhancing action of FAI was inhibited significantly by
atropine, a cholinergic receptor antagonist. Both the number of spike
bursts per cluster and the number of spikes per minute in phase Ⅱ
and Ⅲ and the general cycle were decreased (P < 0.01), although
the duration of phase Ⅱ and the general cycle was prolonged.
CONCLUSION: The effect of FAI might be related to the muscarinic
receptors.
Key words: Fructus aurantii immaturus; Small intestine; Atropine;
Electrophysiology

WJG|www.wjgnet.com

127

June 15, 1997|Volume 3|Issue 2|

Huang ZH et al . Atropine effect on FAI-enhanced canine intestinal myoelectric activity
ute in phase Ⅱ, phase Ⅲ, and the general cycle was decreased (P <
0.05), suggesting that the spike induced by FAI was inhibited significantly by atropine.

Table 1 Comparison of the duration of each phase and the general cycle
before and after administration of drugs (¯x ± s)
No.

Migrating Myoelectric Complex
Phase Ⅰ

Phase Ⅱ

Phase Ⅲ

General cycle
Phase Ⅳ

DISCUSSION

Control
13 31.92 ± 17.21 53.46 ± 28.90 5.38 ± 1.85 11.38 ± 10.80 104.85 ± 12.85
FAI + atropine 13 26.85 ± 18.22 102.23 ± 51.41b 4.38 ± 2.02 9.00 ± 9.18 148.38 ± 45.87b
b

MMC is a well-known sensitive index for evaluating gastrointestinal
[3]
motion and regularity . Gastrointestinal contractile activities are
identical to the MMC. Four sequential phases (Ⅰ-Ⅳ) of MMC, defined
in terms of action potential activity, appear to correspond to the
resting (quiescence), preceding irregular, strong, and subsiding con[4]
tractions .
Smooth muscle cells may suddenly discharge one or more action
potentials under the condition of depolarization. These spikes usually
accompany the contraction of smooth muscle. In many slow waves,
spikes appear continuously. Smooth muscle cells produce action potential and contract correspondingly with the periods of depolariza[5]
tion and hyperpolarization .
In phase Ⅱ, if stronger spikes continuously occur on three or
four basic electric rhythms, the corresponding segment of the small
intestine will undergo peristalsis. In phase Ⅲ, if 95% basic electric
rhythm loads high-frequency and -amplitude spikes, intense metameric activity takes place in that intestinal segment. There are many
more spikes in each spike cluster in phase Ⅲ than in phase Ⅱ. It
manifests in strengthened movement of the small intestine with the
[6]
increase of spikes in each spike cluster .
The intestinal tract is mainly governed by parasympathetic
[7]
nerves . The small intestine has a complex enteric nervous system.
Its terminal neuron belongs to the cholinergic neurons. Its role is
mainly related to motion that can be blocked by atropine.
FAI can strengthen the phasic contraction and tension of intestinal smooth muscle, shorten the duration of phase Ⅰ and the general
cycle, and prolong the duration of phase Ⅱ. When small intestinal
electrical activity began to be enhanced by FAI, atropine inhibited the
enhancing effect of FAI, prolonging the duration of phase Ⅱ and the
general cycle; decreasing the number of spikes per cluster and the
number of spikes per minute in phase Ⅱ, phase Ⅲ, and the general
cycle; and shortening phase Ⅳ. Atropine can inhibit the spike induced by FAI, suggesting that the enhancing action of FAI on small
intestinal electrical activity may be related to the muscarinic receptor.

P < 0.01 compared with control group. FAI: Fructus aurantii immaturus.

Table 2 Comparison of the number of spikes per cluster before and after
administration of drugs (number/cluster, min, ¯x ± s)
No.

Migrating Myoelectric Complex
Phase Ⅰ

Phase Ⅱ

Phase Ⅲ

Phase Ⅳ

General
cycle

Control
13
3.55 ± 2.23 4.55 ± 2.40 4.55 ± 2.40 4.14 ± 2.10
FAI + atropine 13 Some cycles had no spike 2.45 ± 1.18b 4.66 ± 2.11b 3.92 ± 2.46 2.79 ± 1.21b
b

P < 0.01 compared with control group. FAI: Fructus aurantii immaturus.

Table 3 Variation of the number of spikes per minute before and after the
use of drugs (number/min, ¯x ± s)
No.

Migrating Myoelectric Complex
Phase Ⅰ

Control
FAI+atropine

b

13
13

Same as in
Table 2

Phase Ⅱ

Phase Ⅲ

General cycle
Phase Ⅳ

26.82 ± 17.86 117.02 ± 46.60 42.44 ± 30.78 27.58 ± 15.90
15.15 ± 9.55b
89.40 ± 45.93b 36.11 ± 35.97 15.35 ± 9.82b

P < 0.01 compared with control group. FAI: Fructus aurantii immaturus.

Thirteen recordings in all were made before and after the administration of FAI and atropine.

RESULTS
The comparison of the duration of each phase and the general cycle
before and after FAI and atropine administration is shown in Table 1.
Atropine was injected in to the dogs as soon as the spike burst was
induced by FAI. The duration of phase Ⅰ shortened from 31.92 min
± 17.21 to 26.85 min ± 18.22. The duration of phase Ⅱ and the
general cycle was prolonged (P < 0.01), indicating that FAI can induce spike burst and enhance intestinal electrical activity. The shortened duration of phase Ⅲ may have been related to the effect of atropine in inhibiting the spike burst, as in phase Ⅲ, the spike loading
slow wave encompassed over 95% of the slow wave. The reduced
spike decreased the spike loading slow waves.
The comparison of the number of spikes per cluster before and
after FAI and atropine administration is shown in Table 2. The mean
number of spikes per cluster in phase Ⅱ and Ⅲ and the general
cycle was decreased (P < 0.01). The results reveal that the spike
induced by FAI was inhibited significantly by atropine.
The changes in the number of spikes per minute before and after
FAI and atropine administration are shown in Table 3.
After atropine was administered, the number of spikes per min-
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Ornithine decarboxylase (ODC) is the rate-limiting enzyme of polyamine synthesis in cellular proliferation. It has been proven that ODC
mutagenesis and carcinogenesis play an important role in gastric
cancer development, metastasis, and relapse. During the period of
1992-1994, the author studied the action of traditional Chinese medicine remedies for enhancing resistance and relieving blood stasis on
metastases in postoperative gastric cancer and their effect on ODC
levels at the Department of Medicine of Tokyo University, Japan.

Abstract
AIM: To study the action of remedies for enhancing resistance and
relieving blood stasis on metastasis in postoperative gastric cancer
and its influence on ornithine decarboxylase (ODC).

MATERIALS AND METHODS
Sixty-three postoperative patients with gastric cancer from the Department of Medicine, the Affiliated Hospital of Tokyo University,
Japan, comprising 41 men and 22 women with a mean age of 63.2
years, were studied. Twenty-three cases of early gastric cancer and
40 cases of advanced gastric cancer were diagnosed histopathologically. Forty-two patients had differentiated carcinoma, including
papillary and tubular adenocarcinoma (nine were grade Ⅰ, eight
were grade Ⅱ, 25 were grade Ⅲ-Ⅳ). Twenty-one patients had undifferentiated carcinoma, including six with undifferentiated adenocarcinoma, six with undifferentiated mucinous adenocarcinoma, four
with poorly differentiated adenocarcinoma, and five with signet ring
cell carcinoma. Thirty-nine patients had lymph node metastasis and
24 patients did not.
The 63 postoperative patients were randomly assigned to two
groups. There were no significant differences (P > 0.05) between
the groups in terms of age, sex, general condition, surgical approach, tumor size, invasion depth, histological type, and metastasis. Thirty-one patients were treated with Western medicine involv-

METHODS: Sixty-three postoperative patients with gastric cancer
were randomly divided into two groups. Thirty-one patients were
treated with western medicine consisting of the FAP (5-fluorouracil,
adriamycin, cisplatin) and CODP regimens (cyclophosphamide, vincristine, daunorubicin, prednisone), whereas 32 patients were treated
with the FAP regimen and traditional Chinese medicine. Correlations
were made between the ODC levels detected before and after treatment and other factors such as tumor diameter, infiltration depth,
histological type, and lymph node metastasis.
RESULTS: The ODC levels in the gastric cancer tissue and adjacent
normal gastric mucosal tissue were significantly higher in the patients
than in the controls. There was an obvious correlation between increased ODC and tumor size, infiltration depth, degree of differenti
ation, and lymph node metastasis. Six months later, there were no
significant changes in the ODC levels of the group using only Western
medicine, while the ODC levels decreased markedly in the group using combined Western and traditional Chinese medicine (P < 0.01).
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Table 1 Mean ornithine decarboxylase levels in normal gastric mucosa before and after treatment (CO2 nmol·mg protein ·h )

Traditional and Western medicine
Western medicine only

n

Pre-treatment

Post-treatment

Pre-treatment minus post-treatment (¯x ± s)

32
31

246.9
239.9

191.7
225.1

55.1 ± 6.49
14.8 ± 2.01

Table 2 Analysis of ornithine decarboxylase levels changes in normal gastric mucosa and related factors in study groups before and after treatment (¯x ± s)
Traditional Chinese medicine and Western medicine
After (n )

Before
Tumor diameter (cm)
Histological type
Lymph node metastasis

< 4.9
≥ 5.0
Advanced cancer
Differentiated
Undifferentiated
Negative
Positive

65.7 ± 9.03 (18)a
21.1 ± 4.63 (14)
26.5 ± 4.2 (20)
75.3 ± 10.89 (21)a
19.7 ± 3.58 (11)
22.3 ± 3.98 (13)
126 ± 17.17 (19)b

194.2/128.4
26908/248.8
288.3/261.8
201.1/125.8
288.5/268.8
198.8/176.5
381.3/255.3

Western medicine only
Before
188.3/181.8
270.1/262.1
269.8/255.1
211.3/193.4
276.8/282.5
201.1/188.5
273.8/365.4

After (n )
6.5 ± 1.23 (16)
8.0 ± 1.7 3 (15)
14.7 ± 2.95 (20)
17.9 ± 2.27 (2)
-5.7 ± 1.29 (10)
12.6 ± 3.13 (11)
8.4 ± 1.09 (20)

Comparison before and after treatment, aP < 0.05, bP < 0.01.

2

level was decreased in tumors with diameter < 4.9 cm, early gastric
cancer, moderate differentiation, and positive lymph node metastases.
The results suggest that traditional Chinese medicine remedies for
enhancing resistance and relieving blood stasis against metastases in
postoperative gastric cancer are correlated with reduced ODC activity.

ing the FAP regimen (5-fluorouracil, 300 mg/m intravenous gutta
2
for five consecutive days; adriamycin, 40 mg/m for the first day),
or the CODP regimens (cyclophosphamide, vincristine, daunorubi2
cin, prednisone) (60 mg/m intravenous gutta). Thirty-two patients
were treated with the FAP regimen and traditional Chinese medicine.
The powder of eight Noble Ingredients (ginseng, white atractylodes
rhizome, Poria, Pinellia, 4 g each; tangerine peel and Fructus ZiZiphi
Jujubae, 2 g each; liquorice, 1 g; dried ginger, 0.5 g) was administered in 1-g doses three times per day. Pills of cinnamon twig and
Poria (cinnamon twig, Poria, Moutan bark, peach seed, peony root,
4 g each) were administered in 3 g doses three times per day for 6
mo as one course of treatment. ODC levels were detected in specimens from the border between normal gastric mucosa tissues and
[1-3]
tumor tissues using the Furihata method .
In the two treatment groups, normal gastric mucosa near the
anastomosis was biopsied and examined endoscopically in patients
with no relapse 6 mo after surgery (10 patients without gastric cancer served as the normal control). The specimens were frozen in
liquid nitrogen immediately and stored at -80 ℃ for ODC detection
within 2 wk. The correlation was analyzed between each specimen,
where the mean ODC value was detected twice.

DISCUSSION
It has been proven that a close relationship exists between gastric
cancer and the important mechanism of blood stasis at each stage
of cancer formation. Our study showed that blood stasis in postoperative gastric cancer is similar to the high blood coagulation state in
modern medicine (a condition where free cancer cells embed in the
small blood vessels and infiltrate other tissues to form metastases
foci). While these patients manifested blood stasis to a certain degree, their resistance was reduced because of the surgical damage.
We used the powder of eight Noble Ingredients and cinnamon twig
and Poria pills to treat the patients and tonify their qi (vital energy)
and blood, promote blood circulation and remove blood stasis, and
to strengthen body resistance to disease. Six months later, metastatic relapse was reduced and the ODC levels of the gastric mucosa
were sharply reduced.
The results showed that the earliest biochemical reaction of human cells treated with carcinogenic agents is rapid and that there
is significant induction of ODC activity. Acting with early mutagens,
ODC obviously promotes metastases and malignancy. The ODC levels in the gastric cancer tissue and the adjacent normal gastric mucosa tissue in our patients were significantly higher than that in the
controls. The extent of ODC increase was obviously correlated with
tumor size, infiltration depth, degree of differentiation, and lymph
node metastases. Six months later, the ODC levels were not significantly different in the group treated with only Western medicine,
while there was a significant decrease of ODC levels in the group
using Western medicine and traditional Chinese medicine. This suggests that the effect of traditional Chinese medicine against metastases in postoperative gastric cancer is related to the reduced ODC
levels. However, how the anti-metastasis effect of traditional Chinese
medicine in postoperative gastric cancer is yielded by reducing ODC
activity awaits further studies.

RESULTS
There were significant differences in the rate of relapse between the
Western medicine group (three relapses) and Western medicine plus
traditional Chinese medicine group (one relapse) within 6 mo. The
-1
-1
ODC levels (CO2 nmol·mg protein ·h ) of the normal controls was
83.2 ± 6.9 (¯x ± s). The mean diameter of gastric cancer was 4.98
cm. The ODC levels in tumors with diameter < 4.9 cm and > 5.0 cm
were 364.2 ± 47.3 and 598.8 ± 79.4, respectively. The ODC levels
of early and advanced cancer, differentiated and undifferentiated
tumors, and negative and positive lymph node metastases were
378.3 ± 49.5 and 563.4 ± 69.8, 441.3 ± 36.9 and 538.1 ± 77.3,
and 358.5 ± 50.5 and 698.8 ± 151.2, respectively. There were no
significant pre-treatment differences between the normal control (P
> 0.05) and Western medicine groups (P > 0.05). Significant differences were found pre- and post-treatment in the Western medicine
plus traditional Chinese medicine group (P < 0.01) (Table 1). There
were no significant differences between the pre- and post-treatment
gastric mucosa ODC levels in the Western medicine group. Significant post-treatment differences were found between the Western
medicine group and the Western medicine plus traditional Chinese
medicine group. The ODC changes in the normal gastric mucosa
and related factors in the two groups before and after treatment are
shown in Table 2.
Table 2 shows a significant correlation between the ODC levels of
normal gastric mucosa and tumor diameter, infiltration depth, histological differentiation type, and lymph node metastasis. In the group
using traditional Chinese medicine and Western medicine, the ODC
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COMMENTARY

Evolution of surgical treatment of intrahepatic lithiasis in China
Zhi-Qiang Huang, Xiao-Qiang Huang
incidence of hepatic bile duct stone in Taiwan is reported to be the
highest in the world (53.3%). However, in a retrospective review of
cases of cholelithiasis from 28 hospitals in Taiwan during a 20-year
period (1971-1990), Su et al found that intrahepatic bile duct stones
accounted for 20.3% of 17182 surgical patients of cholelithiasis. This
indicates that the incidence of intrahepatic lithiasis is slightly higher
than that in the mainland of China.
Regional differences in the prevalence of intrahepatic bile duct
stones in our country are remarkable. The incidence of intrahepatic
bile duct stone among autopsy and clinical cases of cholelithiasis
was 38% and 24.6%, respectively, in Chongqing; 18.7% and 31%
in Chengdu and Luzhou, respectively; 43.1% in Shantou; and only
4.5% in Shanghai. It was low in the northwest and north of China
(4.8% and 4.1%, respectively). A general tendency of decrease in
the relative incidence of intrahepatic bile duct stones and reduction
in the number of new patients diagnosed was noted. However, this
change was not paralleled in different areas of the country; for
example, in a 10-year survey (1981-1991) conducted in Guangxi
Province, the relative incidence of gallbladder stones rose from
12.7% to 19.8% in the latter 5 years, while the incidence of bile
duct stone decreased only from 55.2% to 41.8% during the same
period. Therefore, intrahepatic bile duct stone was still a common
disease that remains difficult to treat in many inland provinces,
where the disease is not only disappearing, but also attracted more
attention than before.
The basic principles of surgical treatment for intrahepatic
bile duct stones are relief of obstruction, elimination of lesion,
and adequate drainage. The key aspect of surgical treatment is
“elimination of lesion”. Intrahepatic bile duct stone is a condition
with strictly intrahepatic segmental distribution; corresponding
pathological changes have been reported to occur in different areas
of the liver, e.g., fibrosis, atrophy, and dysfunction. Huang ZQ
(1957) advocated the use of planned hepatic lobectomy for treating
intrahepatic bile duct stones and reported one case of left lateral
hepatic lobectomy and another case of right hepatic lobectomy.
Hepatic lobectomy has been gradually and widely been accepted
as the treatment for intrahepatic bile duct stones, and it is now a
common procedure for treating gallstones in the left lateral lobe of
the liver. In a national survey on surgical therapy for intrahepatic
bile duct stones occurring in 4197 patients, hepatic lobectomy
was used for the treatment of 728 cases (17.3%). According to a
recent report, hepatectomy rates ranged from 11% to 32% in 4
groups of surgical patients with hepatic bile duct stones, with the
mean rate being 18%. The percentage of hepatectomy among
the surgical procedures performed in cases of intrahepatic stones
were 49.8% and 56.6% in two core hepatobiliary centers in the
mainland and about 50% in Taiwan. However, as for the location of
hepatectomy, 85% of the cases were of lateral left lobectomy and
95% were of left hepatic lobectomy, 10% and 17% were of right
hepatic lobectomy in some hepatobiliary centers. A discrepancy
was noted in the number of cases of right-sided hepatectomy
between the location of hepatectomy and distribution of gallstones.
Patients with intrahepatic bile duct stones often had serious
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Cholelithiasis in China has undergone marked changes in its
character since the 50 s, when the main features associated with
biliary disease were recognized as biliary stones, infection, and
parasitic infestation. However, at that time, cases of cholelithiasis
accounted for only 40%-60% of the cases of biliary surgery, and
50% of them were associated with primary bile duct stones. This
condition remained unchanged until the early 80 s. The Biliary
Surgical Society of the Chinese Association of Surgery conducted a
nationwide survey of 11342 surgical cases of cholelithiasis enrolled
from 146 hospitals between 1983 and 1985. This survey revealed
that the relative incidence was 52.8% for cholecystolithiasis, 11.0%
for secondary common bile duct stones, 16.1% for intrahepatic
duct stones, and 20.1% for extrahepatic bile duct stones. Thus,
the relative incidence of primary bile duct stones (36.2%) had
decreased. Ten years later, the survey was repeated in 1992, and
the results showed a tendency of drastic decrease in the occurrence
of bile duct stones, evidenced by the decrease to 5% in the relative
incidence of intrahepatic bile duct stones.
However, intrahepatic bile duct stones are not completely
eliminated in our country and in the Far East. A comparative
survey by Nakayama (1986) revealed that the relative incidence of
intrahepatic bile duct stone was 4.1% in Japan, while the relative
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Table 1 The surgical therapeutic outcomes for intrahepatic bile duct stones
(1963~1975)
Surgery
Hepatic lobectomy
Cholangiojejunostomy
Cholangioduodenostomy
Choledocholithotomy
Total

n
43
33
22
32
130

A%
58.1
51.5
31.8
34.4
46.2

B%
32.6
24.2
31.8
21.9
27.7

C%
9.3
21.2
22.7
12.5
15.4

Table 2 The different surgical outcomes of 80 cases intrahepatic duct stones
(1975~1981)
Surgery
Hepatic lobectomy
Cholangiojejunostomy
Cholangioduodenostomy
Choledocholithotomy

D%
0.0
3.0
13.6
31.3
10.8

A%
26.1
27.9
14.3
57.1

B%
56.5
48.8
57.1
42.8

C%
13.0
18.6
28.6
0.0

D%
4.3
4.6
0.0
0.0

of 21.5%.
If intrahepatic bile duct stones can be completely eliminated in
patients with mild hepatic hilar duct strictures, pediculated tissues
were selectively used to repair the bile duct defect after incision of
the stricture. The tissues used are gallbladder wall, serosal patch
of the stomach, jejunum, or round ligament flap with blood supply.
The repair yielded good outcomes in the early phase, owing to the
preservation of the function of Oddi′s sphincter and decrease in
retrograde biliary infection; however, it is still difficult to arrive at a
final conclusion because the number of the patients treated in this
manner was small and the follow-up period was short.
Occasionally, intrahepatic bile duct stones may be extensively
distributed in the liver, and in such cases, to gain access to all the
major hepatic ducts, the hilar bile duct may need to be widely
incised to remove stones under the field of vision. Investigations in
autopsied liver specimens and clinical experiences indicated that it
is possible to make a wide incision linking the right anterior inferior
hepatic bile duct, right hepatic duct, left hepatic duct, and left medial
hepatic bile duct. Through this 5-8 cm-long incision, the openings of
2-3 grade intrahepatic ducts can be directly visualized. Sometimes
the resection of the quadratus lobe may also be performed to further
widen the operative field of the hilar biliary tract, thus making the
operation easier and more perfect.
Biliary tract carcinoma complicated with gallstones is an
important concern to be considered during the surgical treatment
of intrahepatic bile duct stones. According to a national survey
of 826 surgical cases of extrahepatic biliary carcinoma studied
between 1977 and 1989, 140 (16.9%) cases were associated with
gallstone. In another report on 4197 cases of intrahepatic bile duct
stones, 14 (0.68%) cases were associated with biliary carcinoma.
The incidence of coexisting biliary carcinoma with intrahepatic duct
stones varied between 0.36% and over 10%; this variation may be
attributed to the differences in the subjects involved, methods of
diagnosis, and the length of follow-up. Sanes and McCallum (1942)
first reported two cases of intrahepatic bile duct stones associated
with biliary carcinoma. Subsequently, Koga and Chijiiwa reported an
incidence of 2% and 7.3% of biliary carcinoma in intrahepatic bile
duct stones in Japan, respectively. A study from Taiwan indicated
an incidence of 5.0%, where peripheral cholangiocarcinoma was
detected during autopsy in 10% of the patients with intrahepatic bile
duct stones. Cholangiocarcinoma may be discovered during surgery
performed for intrahepatic bile duct stones or may develop several
years after the operation; therefore, it is called delayed hepatic duct
carcinoma. We investigated 6 cases of hilar cholangiocarcinoma
coexisting with intrahepatic bile duct stones, accounting for 1.46%
of the surgical cases of intrahepatic duct stones. Guo Hong Guang
et al reviewed 12 cases of delayed hepatic duct carcinoma after
the surgery for primary intrahepatic duct stones between 1981 and
1994, accounting for 1.5% of the operative cases of intrahepatic
duct stones during the same period. Hepatic duct carcinoma was
noted 3-40 years (average, 10 years) after the first biliary operation
for hepatic duct stones. All the patients had history of biliary disease
spanning 10-40 years, and 8 of them showed nothing remarkable in
endoscopic retrograde cholangiopancreatography (ERCP) before the
diagnosis of the carcinoma was established.
If the resected liver specimens for intrahepatic stones were
examined, the incidence of associated hepatic duct carcinoma
could be even higher. In six recently published reports in this
country encompassing 661 cases of hepatic lobectomy for removal
of intrahepatic duct stones, 16 (2.4%) of the cases were of
th
cholangiocarcinoma. Chang Hai Hospital in Shanghai and the 47
Hospital of PLA reported hepatic cancer in 3.33% and 3.36%,
respectively, of their resected liver specimens, while 3 (4.7%) of

complications before hospital admission, and the operation only
provided symptom relief. Therefore, the rates of infection in
the biliary tract, residual gallstones, and reoperation were high.
Thanks to the development and popularization of modern imaging
technology, i.e. ultrasound and computed tomography, early
diagnosis has become possible for the patients with intrahepatic bile
duct stones since the 1980s. Hepatolithiasis in early phase usually
presents with mild symptoms or is asymptomatic; the symptoms of
infection are also mild because of the use of antibiotics. Gallstones
were often limited to 1-2 hepatic segments of the liver without
involvement of extrahepatic bile duct as noted in these patients.
Therefore, the concept of surgical therapy for intrahepatic lithiasis
should now be modified. The surgical treatment for intrahepatic
bile duct stones in its early phase should be “radical” rather than
targeted at achieving symptom relief. It would be reasonable if
hepatic segmental or subsegmental resection were selectively
performed during the early phase of the condition. Intrahepatic bile
duct stones in their early phase are often restricted to the posterior
segment of the right lobe and laterosuperior segment of the left
lateral lobe, without gallstones in the extrahepatic bile duct.
Stricture of hepatic bile duct is an important factor influencing
the operative effect of intrahepatic bile duct stones, and its incidence
is sometimes high. For example, among 3938 surgical patients
with intrahepatic bile duct stones in this country, 956 (24.28%) had
hepatic hilar bile duct stricture; but the corresponding rates were
41.94%, 41.76% and 40.17%, respectively, in Guangdong, Hunan
and Sichuan provinces. Among patients who underwent reoperation,
the incidence rate of hepatic bile duct stricture was proportional
with the frequency of reoperation. The main causes of failure of
surgical treatment for intrahepatic bile duct stones were incomplete
correction of the stricture and presence of residual stones in the
liver. Thirty-four patients in a group of 130 patients who received
surgical treatment for intrahepatic stones and had been followed
for an average of 8 years, did not give satisfactory results; in 82%
of the cases, the failure was due to the presence of uncorrected
hepatic bile duct strictures.
Strictures associated with intrahepatic bile duct stones often
occur in the hepatic hilum and the left hepatic duct, which appear
narrow and ring-like with dilatation of the bile duct on both ends
or nearly normal appearance of the bile ducts. Therefore, the
narrowing of the bile duct may be corrected by proper surgery.
Necessary steps for correcting the stricture for hepatic bile duct
include wide incision of the stricture site to make a new posterior
wall by suturing the bile duct wall and repairing the anterior bile
duct wall with a Roux en Y-jejunal loop, in addition to performing
extensive cholangiotomy and cholangioenterostomy. To ensure
complete removal of the hepatic lesion, hepatic lobectomy was
performed simultaneously during the operation; this combined
operation was called “combined surgery”. If the hepatic bile duct
stricture could be corrected, the surgical outcomes for intrahepatic
bile duct stones could be significantly improved. For example, in
a series of 107 patients with intrahepatic duct stones and hepatic
duct stricture followed up for an average of 4.5 years, 87.8% of the
patients obtained satisfactory results; however, two patients died
at the end stage of the disease, yielding a mortality rate of 2%.
Among the various surgical procedures, hepatic lobectomy achieved
the best results, with the success rate being 93.0%. This indicates
that the outcome of the main hilar duct stricture would not interfere
with that of the intrahepatic bile duct stone if the case was managed
effectively. However, if hepatic duct stricture remained untreated,
the prognosis would be poor. For example, in a group of 14 cases
with the stricture in situ, 3 died, thereby indicating a mortality rate
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rates (A + B) of the three stages were 73.9%, 80.1% and 87.05%,
respectively. Unfortunately, only half the patients became completely
asymptomatic after the operation, and the frequency of symptom
recurrence might increase over a prolonged follow-up period.
The relationship between the therapeutic effect and different
operative methods were affected by several factors. If the
liver lesion was not removed by liver resection, the outcome of
choledochoduodenostomy was usually poor, with patients frequently
developing serious postoperative retrograde biliary infection.
Hepatic lobectomy has the best outcomes, with a long-term
success rate of 91.16% among 439 cases. The better result of
hepatectomy was confirmed by many other reports from our
country. Hepatic lobectomy is usually combined with cholangioen
terostomy to solve cholestasis. For example, 368 (81.3%) of
482 cases of hepatic lobectomy were associated with various
cholangioenterostomies at the Chongqing Southwest Hospital.
However, the patients with limited intrahepatic bile duct stones
who were treated only by hepatic lobectomy gave better long term
outcomes than the patients by combined cholangioenterostomy.
Although hepatic lobectomy may remove lesions in the liver, it
does not eliminate the possibility of recurrent stones in the remnant
portion of the liver; this was shown in the study conducted at Queen
Mary Hospital in Hong Kong, which showed that 16% of the 63
cases of hepatic lobectomies had recurrent gallstones in a new area
of the liver after a median follow-up period of 47 mo. Thus, the
continuation of treatment even after hepatic lobectomy is necessary,
and further investigations on the prevention of the recurrence of
gallstones are imperative.

Table 3 The surgical outcomes of intrahepatic duct stones (Cai-Jing Xiu,
1983~1994)
Surgery
Hepatic lobectomy
Hepatic lobectomy
and cholangioenterostomy
Cholangioenterostomy
Choledocholithotomy
Total

n
181

A%
75.7

B%
17.1

C%
4.4

D%
2.7

192
220
156
749

58.3
49.1
42.9
56.6

33.0
40.9
28.8
30.4

7.3
5.5
21.1
8.6

2.0
4.5
7.0
4.0

63 cases of liver specimens exhibiting malignant changes at Queen
Mary Hospital in Hong Kong. Chronic intrahepatic duct stones, biliary
infection, and cholestasis can result in atypical hyperplasia of the
epithelial mucosa of the hepatic bile duct, which may occur as part
of precarcinomatous changes.
Surgical treatment of intrahepatic bile duct stones have improved
over the last few decades. However, current treatment options are
far from achieving complete cure, and problems such as residual
stones, recurrence and progressive liver damage still await solution.
At present, multiple surgical procedures for intrahepatic bile duct
stones are in use, but they may be broadly classified under three
main categories, namely, hepatic lobectomy, cholangioenterostomy,
cholangiotomy with T-tube drainage. In fact, the above methods are
often used in combination. Our experiences with various surgical
techniques over 40 years of clinical practice can be chronologically
arranged into three stages: 1963-1975, 1975-1981, 1983-1994.
Since all the practice was centralized and carried out under a stable
leadership, the stages were comparable (Tables 1-3). The success
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INTRODUCTION
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High-intensity focused ultrasound (HIFU) is a new method of
ablating non-invasively a selected volume of tissue at a certain
depth within the body whilst sparing overlying tissues. This
technique was originally developed as a method of selective brain
[1]
tissue destruction in neurosurgical research . Recently, it has
been successfully applied in ophthalmology for the treatment of
[2]
glaucoma and is undergoing clinical trials for application in the
[3]
prostate . We have previously used this principle for the ablation
[4]
of liver tumors in a rabbit model with encouraging results . In
this paper, the ultrastructural changes of the ultrasonic lesion in
normal rabbit livers, as viewed by light and electron microscopy, are
described.
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MATERIALS AND METHODS
HIFU instrument

The HIFU instrument developed by the Biomedical Ultrasound
Laboratory, Shanghai Jiaotong University, is composed of the
following: a signal generator, power amplifier, phase-control system,
transducer motion control, microcomputer, and a transducer. The
transducer had an array of 16 pistons distributed on the concave
spherical surface and was 14 cm in diameter; it produced an
acoustic beam with half-intensity axial and lateral dimensions of 10
mm and 8 mm, respectively, at a focal distance of 11 cm (Figure 1).
The energy was generated by the amplifier delivering 500 W/
2
cm at a frequency of 1.1 MHz. For experiments on the rabbit, the
transducer was fixed to a motorized, three-dimensional coordinate
system; this enabled a movement of 0.1 mm in accuracy. A
microcomputer controlled the parameters of phase, power, emitting
time, and mode.

Abstract
AIM: To observe the ultrastructural changes of liver tissues on
normal rabbit ablated by high-intensity focused ultrasound (HIFU).
METHODS: A single shot of 1.1 MHz focused ultrasound at an
2
intensity of 500 W/cm with 20-s duration of continuous exposure
was applied intraoperatively in normal rabbit livers. Ultrastructural
changes of the sonoablated lesion, as viewed by light and electron
microscopy, were observed.
RESULTS: Liver cells at the center of the sonoablated lesion showed
irreversible degeneration immediately after HIFU treatment; electron
microscopy showed that although the liver cells appeared normal
histologically, irregularly shaped cavities of about 0.3-0.5 μm in
diameter were present in the cytoplasm.

HIFU treatment

Five New Zealand white rabbits, weighing 2.5 ± 0.24 kg, were
anesthetized by administration of 3% pentobarbital (1 mL/kg of
body weight, administered intravenously) and a subxiphoid midline
abdominal incision was made. The hepatic lobe of the right center
was exteriorized and exposed to the transducer hung by the
motorized three-dimensional coordinate system at the focal point
of the beam. A thin latex bag filled with thermostatical degassed
water, which served as the acoustic coupling medium, was placed
between the transducer and the liver. Then, a single shot of 20 s in
the continuous wave mode was administered, followed by closure of
the abdomen. The animals were allowed to recover. The surviving
rabbits were killed at various intervals after HIFU treatment.

CONCLUSION: Thermal damages may be the main mechanism of
HIFU-induced ablation of liver tissues besides cavitation effect.
Key words: Liver/ultrastructure; Ultrasonic therapy; Eletron microscopy
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Figure 1 Beam characteristics of the 1.1 MHz high intensity focused ultrasound transducer.

Figure 4 Electron micrography from the edge region of the lesion immediately after HIFU
treatment showing the destruction of organelles and massive vacuolization of the cytoplasm
as a sign of irreversible cell death.

Figure 2 Light micrography showing the cytoplasmic glycogen decreased in ablated lesion
(c, p) immediately after high intensity focused ultrasound (HIFU) exposure by stained PAS.
N = Normal liver; C = Lesion centre; P = Lesion edge. × 66.

samples were dehydrated using a graded series of ethanol and
acetone and were embedded in Epon 618 resin. Ultrathin sections
were then cut, double-stained with uranyl acetate and lead citrate,
and viewed under a JEM-1200EX transmission electron microscope.

RESULTS
Histological findings

Immediately after HIFU exposure, a sharply defined, grey-white
block with diameter 8 mm was noted in the liver. The liver cells
showed enlargements and sinus showed stenosis on HE staining,
but the liver plate still appeared regular and the cytoplasm and the
nucleus appeared normal. PAS staining showed that the cytoplasmic
glycogen had decreased but had not disappeared (Figure 2). After
24 h, the cells in this lesion died with cell debris, pyknotic nuclei,
karyolysis, or karyorrhexis, and glycogen had almost disappeared
completely on PAS stained lesions.

Electron-microscopic observation

An electron micrograph of a normal rabbit hepatocyte is shown in
Figure 3, with a nucleus, mitochondria with intact cristae, glycogen,
and rough endoplasmic reticulum. Immediately after insonation,
the nucleus appeared irregular, but its membrane was still intact
at the edge of the sonoablated lesion (Figure 4), the matrix of
mitochondria was reduced and the cristae were disrupted. The
ultrastructure of rough endoplasmic reticulum was disordered
and some ribosome disappeared. Cavities (about 0.3-0.5 μm)
were also found, with no glycogen and irregularly shaped holes in
the cytoplasm. These cavities may be the result of mitochondria
cavitation. Figure 5 shows that in the centre of the lesion, the
nucleus was almost completely disrupted, and the integrity of the
structure of mitochondria, the endoplasmic reticulum, and glycogen
had disappeared. Again, there were 0.3-0.5 μm cavities in the
cytoplasm. The cellular ground substance was amorphous, with
many electronic deposits; this indicated typical complete disruption
and destruction of the cytoplasmic ultrastructure.

Figure 3 Electron micrography of a normal rabbit hepatocyte. N = Nucleus; M = Mitochondria;
RER = Rough endoplasmic reticulum; G = Glycogen.

Histological study

After the post-mortem excision of the liver, it was fixed immediately
in 10% methacarn, embedded in wax, and thin sections were
prepared. They were stained with hematoxylin and eosin (HE) and
reticulin and periodic acid Schiff’s base reaction (PAS).

Electron microscopy

Immediately after HIFU exposure, tissue samples in the centre and
edge of the lesion (Figure 2) were placed in 2.5% glutaraldehyde,
fixed overnight, and postfixed in 1% osmium tetroxide. The fixed
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times of over 1 s and relatively low intensities (below 1000 W/
2
cm ), while cavitation occurs with high-peak intensities and brief
exposure periods. There is a range of levels of intensities and
exposure periods for which both phenomena may not be distinctly
[6,7]
[8]
identified . In our previous study , we found that the peak
tissue temperature at the sonic focal region was > 90� ℃, with the
same energy; this thermal effect could provoke tissue destruction
by coagulation necrosis. Therefore, thermal necrosis may play a
dominant role in HIFU tumor ablation.
[9]
2
ter Haar et al used HIFU (1.7 MHz, 3000 W/cm , 10 s) and
performed a similar study in normal rat livers. They found that
the cells in the rim of the ultrasonic lesion appeared histologically
normal immediately after HIFU treatment; however, these cells were
functionally impaired, for their cellular glycogen was missing. These
findings are in agreement with our results. Moreover, cavities (about
4 μm) could be observed by electron microscopy, but it remains
to be determined whether it is due to vaporization or acoustic
cavitation. In our study, we also found many 0.3-0.5 μm cavities
in the cytoplasm and deduced that it may be due to the cavitation
of mitochondria or other organelles. Therefore, it is suggested that
the cavitation effect may also play a significant role in inducing
irreversible cell death immediately after HIFU treatment when
applied under a relatively low-intensity condition.
Above all, our results show that the thermal effect and cavitation
due to ablation probably occur simultaneously as the HIFU is
directed at the liver tissues when the intensity is relatively low. This
findings will be helpful in improving the focusing and selectiveness
of liver cancer ablation extracorporeally if the cavitation could be
much more enhanced, which worth investigating in the future.

Figure 5 Electron micrography from the centre of the lesion, showing complete cellular
disruption with karyorrhexis and many electronic deposits existed and cavities left.

treated with HIFU, we found that HIFU insonation at a peak
2
intensity of 500 W/cm for 20 s efficiently ablated the liver tumor,
inducing coagulation necrosis 24 h later; however, evidence of
prompt damage to the target area could not be clearly identified
[4]
immediately after HIFU exposure . With the same results, this
study also revealed that the liver cells in the treated centre appeared
histologically normal immediately after HIFU treatment administered
2
at a similar intensity (1.1 MHz, 500 W/cm , 20 s). However, these
cells exhibited irreversible degeneration with disruption of the
nuclear membrane and absence of mitochondria and endoplasmic
reticulum, as observed by electron microscopy. It is indicated that
coagulation necrosis of the targeted cells occurred as the last stage
of the cell death, and that in fact, the liver cells were significantly
damaged by HIFU insonation.
Although some recent reports have examined HIFU ablation
of experimental liver tumors, few of them have focused on the
resultant ultrastructural changes and the underlying mechanism,
[5]
which remains to be fully determined . Generally, it is believed
that the two main mechanisms involved in tissue sonoablation
are as follows: (1) a thermal effect (rapid elevation of local
tissue temperature to over 80 ℃) that promptly coagulates the
cell protein and (2) a cavitation effect (generation of violently
expending and collapsing gaseous bubbles) that mechanically
disrupts the cellular and tissue structure. Thermal damage is
usually assumed to occur in association with long exposure
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Endoscopic monitoring in small bowel transplantation
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small bowel transplantation (SBT). Endoscopy of lesions and
biopsy of graft are currently the most important modalities for the
detection of signs of rejection or infections such as cytomegalovirus
(CMV) infection. In this study, we investigate the role of endoscopic
monitoring in SBT by a combined approach of both experimental
and clinical studies.
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Animals and experimental groups Twelve white outbred pigs
weighing 18.5-22.5 kg were used in this study. General anesthesia
was induced by administration of intravenous sodium pentobarbital.
The animals were divided into two equal groups according to the
presence or absence of immunosuppressive treatment: group Ⅰ (n
= 6) with immunosuppression (cyclosporine, Tripterygium
wilfordii, and methylprednisolone); and group Ⅱ (n = 6) without
immunosuppression.
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Abstract

Operative procedure

AIM: To investigate the role of endoscopic monitoring in small bowel
transplantation.

Heterotopic segmental small bowel allotransplantation was
[1]
performed as described previously . The graft was perfused
with and preserved in Ringer′s lactate solution at 4 ℃, followed
by luminal perfusion with metronidazole solution at 4 ℃. After a
mean period of cold ischemia for 60 min, the segmental graft was
vascularized. Both proximal and distal ends were exteriorized as

METHODS: This study was conducted in two parts—an initial
experimental study followed by a clinical study. In the experimental
study, segmental small bowel allotransplantation was performed on
white outbred pigs. Stomas were created for exteriorization of the
proximal and distal ends of the intestines (Thiry-Vella loop). The
grafts were monitored by endoscopy via stomas, with or without
immunosuppressive therapy. For the clinical study, the whole
small-bowel allograft of a woman with short bowel syndrome was
endoscopically monitored via distal stoma.

stomas (Thiry-Vella loop) (Figure 1).

Endoscopic monitoring

After the transplant, the grafts were evaluated daily with endoscopic
visualization and biopsy, and the biopsy specimens were examined
under a standard light microscopy.

RESULTS: The most common endoscopic findings of graft rejection
following small bowel allotransplantation were mucosal erythema,
erosion, and ulceration. Diffuse ulceration with bleeding occurred in
the late phase of rejection.

Clinical SBT

A woman with short bowel syndrome underwent whole smallbowel allotransplant (250 cm). The graft was orthotopically
transplanted via end to side anastomosis of superior mesenteric
artery aorta and end to side anastomosis of portal vein to superior
mesenteric vein (Figure 2). Cyclosporine, Tripterygium wilfordii,
and methylprednisolone were used as immunosuppressive agents.
Biopsies guided or not guided by endoscopy were performed daily
rd
th
for 2 wk after the operation. From the 3 to the 4 week, biopsies
were performed every other or the third day. One month after the
transplantation, endoscopy with biopsy was repeated. The biopsy
specimens were examined under standard light microscopy.

CONCLUSION: Endoscopic monitoring is essential to small bowel
transplantation.
Key words: Small intestine/transplantation; Graft rejection;
Endoscopy; Intestinal mucosa/pathology
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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RESULTS
Experimental study

In group Ⅰ, all animals had survived a long period of time, while
those in group Ⅱ had a survival period of 17.7 ± 7.6 d. The cause
of death in fatal cases was graft rejection. Thirty minutes after
reperfusion, graft mucosal hyperemia and edema were seen.
Mucosal erosion was seen on the first postoperative day (POD).

INTRODUCTION
Graft rejection and infection are important causes of failure following
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Recipient intestine

Stoma

Donor graft

Donor graft

Figure 1 Heterotopic segmental small bowel allotransplantation in pigs.

Figure 2 Whole small bowel allotransplantation in human.

Endoscopic and histologic features in the first 48 h were similar in
both groups. Thereafter, in group Ⅰ, graft mucosa was restored
to normal appearance, except for occasional mucosal erosion and
ulceration. On the other hand, group Ⅱ showed punctate erythema
on POD 4 or 5, local erosion or ulceration on POD 6 or 7, and diffuse
ulceration with bleeding on POD 10. The histological features were
necrosis and sloughing of villi tips, inflammatory cell infiltration, and
intimal thickening or occlusion of vessels in submucosa.

has occurred. Therefore, it is important to perform full-thickness
[1]
biopsies at several sites .
The rate of graft rejection was 75% in the first month and 15%
[3]
[3]
for the first three months . Abu-Elmagd et al recommended
that endoscopy should be performed weekly during the first three
postoperative months. The results of our experimental study
showed that early mucosal injury was largely related to reperfusion
injury and that early definitive appearances of graft rejection were
present on POD 5 or POD 6. Therefore, endoscopic visualization and
th
biopsies of graft should commence on the 5 POD. In addition to
routine regular endoscopic visualization, the endoscopic procedure
should be repeated if any symptoms of rejection develop, including
fever, abdominal pain, nausea, vomiting, watery diarrhea, increase
in stromal output,, and dusking of mucosa. In the study by Abu
[3]
Elmagd et al , the endoscopic appearances during acute rejection
episode were ischemia or duskiness, local ulcer, and decrease or
complete loss of peristalsis. Grafts with severe rejection showed
diffuse ulceration with bleeding. Chronic graft rejection was
evidenced by pseudomembrane formation, thickening of mucosal
[2]
folds, and chronic ulceration. Hassanein et al evaluated more than
220 endoscopic procedures and reported that during acute rejection
mucosal features were mucosal erythema (77.8%), erosion (38%),
and ulceration (33%). CMV infection appeared as local ulceration.
In this study, graft rejection did not occur in the clinical case of SBT,
and, the results of the experimental endoscopic visualization for
signs of acute graft rejection were similar to those reported by Abu
[3]
[2]
Elmagd et al and Hassanein et al .
The findings of this study highlight the importance of endoscopic
visualization with biopsy in the monitoring of cases of SBT for signs
of graft rejection. However, the criteria for small intestinal graft
rejection are yet to be definitively established, and the differentiation
between rejection and CMV infection remains difficult. Mucosal
erosion and ulceration are not characteristic of small intestinal graft
rejection. However, in this study, mucosal ulceration was observed
rd
th
in the 3 and 5 postoperative month in clinical SBT, but no clinical
findings or histological features of graft rejection were observed.
Because of the patchy distribution of the evidences of rejection, we
recommend that multiple endoscopic visualization and biopsies be
repeated at different sites for thorough evaluation.

Clinical study
th

th

From the 6 to the 8 month after the operation, eight endoscopic
procedures with biopsies were performed. The endoscopic findings
were graft mucosal hyperemia and edema on POD 6. Thereafter,
endoscopic visualization showed absence of mucosal edema,
glistening of the appearance of mucosa, presence of a normal
vascular pattern, and increased peristalsis. Local ulceration with
rd
th
exudates was observed in the 3 and the 5 month, respectively.
Histological characteristics of graft rejection and infection were
absent.

DISCUSSION
Small bowel transplantation has become a clinical reality mainly
because of the availability of highly effective immunosuppressive
agents such as cyclosporine, FK506, and OKT3. However, control
of post-transplant complications such as graft rejection and
infection and other complications following SBT continues to remain
challenging. Signs of rejection and infection have been traditionally
monitored using the absorptive function test and evaluation of
motor activity, permeability of bowel, and levels of various chemical
markers. These methods, however, could not entirely replace
endoscopy with biopsy, and histological evaluation of biopsy
continues to remain the most reliable investigation for confirming
[1,2]
small intestinal allograft rejection .
In the clinical case of SBT, most of the operative procedures
were similar to those in the experimental study (Figure 2). The
graft distal stoma was used as the “window” for monitoring. Biopsy
under naked eyes was slightly stimulative to the patients, but it
was difficult to determine whether the specimens showed evidence
of graft rejection. Specimens collected from sites adjacent to the
stoma (< 10 cm) often showed signs of chronic inflammation, which
are sometimes difficult to differentiate from those of rejection.
Specimens obtained from the same site affected the diagnosis of
rejection. In the clinical case of SBT, two biopsy samples taken
from the colon did not show evidence of rejection, while two other
biopsy samples observed under naked eyes showed characteristics
suggestive of rejection histologically, but, endoscopically guided
biopsies confirmed that rejection had not occurred. During the
early stage of rejection, the mucosa shows local ulcer. Vascular
characteristics were highly valuable in determining whether rejection
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INTRODUCTION
Class I interferon (IFN) is a potent immune-modulating factor in
vivo that plays an important role in activating anti-tumor cytotoxic
T lymphocytes and non-specific effector cells such as natural killer
[1]
(NK) cells . IFN genes and many other cytokine genes have been
introduced into tumor cells, tumor interstitial cells, and tumor[2-4]
infiltrating lymphocytes
in order to sustain an effective antitumor concentration of cytokine located at tumor sites. It has
been shown that some cytokine-gene-modified tumor cells lost
their tumorigenicity and inhibited the growth of parental tumor in
animal models. Practical antitumor effects were obtained in the
protocol. The morbidity of hepatoma is relatively high in China,
and no effective procedure is currently available for the treatment
of advanced hepatoma. In this study, hepatoma-specific IFN
retroviral vectors were prepared and in vitro expression assays were
conducted to establish an effective gene therapy against hepatoma
and prevent the possible adverse effects of class I INF expression
in non-tumoral tissues in addition to verifying the possibility of the
enhancer of α-fetoprotein (AFP) “house-keeping gene” regulating
viral promoter in retroviral vector.

Abstract
AIM: To establish the hepatoma cell–specific expression of human
interferon (IFN) gene mediated by retroviral vectors
METHODS: Human interferon α and interferon β complementary
DNA (IFN cDNA) were cloned into the polylinker site of pMNSM
retroviral vector to construct recombinant retroviral vectors
pMNSIFNA and pMNSIFNB, with the transcription of IFN gene being
driven by Simian virus 40 early region promoter (SV40) early region
promoter. IFN cDNAs were also cloned into pMNAIFNA, pAMNSIFNA,
and pMNAIFNB, with the transcription of IFN gene being driven by
SV40 early region promoter regulated by α-fetoprotein enhancer.
Next, the retroviral constructs were introduced into retroviral
amphotropic packaging cells using the lipofectamine-mediated gene
transfer procedure. The rate of plasmid transfection was (4-40) ×
3
6
10 colonies/μg DNA/10 PA317 cells. The rate of retrovirus infection
4
was (5-500) × 10 colony forming units (CFU)/mL. Further, the
recombinant retroviruses were used to infect human hepatoma cells,
renal carcinoma cells, and melanoma cell lines in the presence of 4
µmg/L polybrene.

MATERIALS AND METHODS
Plasmids

Plasmids pCGS261 containing human leukocyte interferon (IFN-α)
cDNA were obtained from the American Type Culture Collection
(ATCC), (Rockville, United States). pSPGNHIFNB10 carrying
the HuIFN-β-cDNA was purchased from LMBP (Gent University,

RESULTS: Northern and Dot hybridization of total RNA from the
neomycin-resistant colonies and IFN expression assay indicated
that human α fetoprotein enhancer induced efficient and specific
transcription and expression of IFN genes driven by the promoter of
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The identity of all the retroviral constructs were confirmed by
restricted digestion.
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Packaging cells were pretreated with 2 µmg/L TdR to induce
simultaneous cell division. Psi2 cells were transfected with the
retroviral constructs by using the lipofectin-mediated gene transfer
procedure, which was performed as per the manufacturer′s
instructions. After full selection with G418, the supernatant of the
modified Psi2 cells was harvested, tittered, and used to infect PA317
cells. Measurement of plasmid transfection and retrovirus infection
[6]
rates was carried out according as described previously .
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Expression assay of IFNs

PUC ori

Northern blot and dot hybridization were performed using a
[5]
previously described method . The IFN bioactivities in the
6
supernatant of 10 modified cells were calculated per 24 h. IFN
bioassay was performed according to the routine procedure of our
laboratory.

Figure 1 Structure of MNSM, MNSIFNB, MNAIFNB, MNSIFNA, MNAIFNA, and AMNSIFNA
retroviral vectors. LTR: Retroviral long-terminal repeat sequence; Neo R: Neomycin
phosphotransferase gene for G418 selection; SV40: Simian virus 40 early region promoter;
HuIFN-β- cDNA: Human interferon β complementary DNA; HuIFN-α cDNA, Human interferon
α complementary DNA. AFPe: Human α-fetoprotein “house-keeping gene” enh ancer; AFPe.c,
Human α-fetoprotein “house-keeping gene” enhancer core sequence.

RESULTS

Belgium). Plasmid pAF5.1-CAT containing the AFP enhancer and
plasmid pGEM7z-AFPe containing human AFP enhancer core
sequence were kindly provided by Professor Tamaoki (Calgary
University, Canada). Retroviral vector pMNSM containing the
neomycin phosphotransferase and the SV40 early region promoter
was a gift from Dr. Tsuchiya (Tokyo Medical and Dental University,
Japan).

Construction of the retroviral vectors MNSIFNB and MNAIFNB

All the retroviral constructs are outlined in Figure 1. IFN genes in
pMNSIFN B and pMNSIFNA were controlled by the SV40 early region
promoter. IFN genes derived by SV40 early region promoter in
pMNAIFNB and pMNAIFNA were controlled by [WTBZ] AFP enhancer.
Then, 0.7-kb AFP enhancer core sequence was inserted into the LTR
region in order to enactivate the intrinsic enhancer element located
in the region and diminish the intervention of the intrinsic enhancer
on AFP enhancer.

Cells

Amphotropic retrovirus packaging cell line PA317, retrovirus titering
cell line NIH3T3TK , human hepatoma cell lines HepG2 and Hep3B,
and IFN bioassay cell line WISH were obtained from ATCC. Retroviral
packaging cell Psi2 was procured from Dr. Shigeki Kuriyama. Human
hepatoma cell line SMMC7721 and human melanoma cell line M21
were obtained from Chinese Academy of Sciences. Human renal
carcinoma cell line RZ94602 was established at our laboratory.

Preparation of recombinant retroviruses

PA317 cells with division synchronized with TdR pretreatment
were infected with the supernatants of Psi2 cells containing
MNSM, MNSIFNB, MNAIFNB, MNSIFNA, MNAIFNA, and AMNSIFNA
recombinant retroviruses, and the infection rate of the retroviruses
in the PA317 supernatants harvested on the third day after the
6
5
4
6
infection were 5.0 × 10 , 6.0 × 10 , 4.5 × 10 , 8.0 × 10 , 1.0 ×
6
6
10 , and 5.0 × 10 CFU/mL, respectively. Psi2 cells were transfected
with the retroviral constructs by using a lipofectamine-mediating
procedure. The modified Psi2 cells were split 1/20 onto medium
containing 400 µmg/L active G418. After 10 d selection, the
4
corresponding transfection rates were as follows: 2.5 × 10 , 8.5 ×
3
3
4
4
4
6
10 , 4.0 × 10 , 2.3 × 10 , 3.6 × 10 , and 3.4 × 10 CFU/μg DNA/10
PA317 cells. The greater the genome of the vectors, the lower the
infection and transfection rates. However, all the highest retroviruses
7
producing PA317 colonies of 6 different groups could produce 10
6
CFU recombinant retroviruses per 10 PA317 cells per 24 h. After
being frozen in liquid nitrogen for one month, the modified PA317
did not show any significant decrease in the retrovirus production (P
> 0.05)

Main reagents

TdR, dNTP, polybrene, PEG8000, guanidine isothiocyanate, PVP2500,
and MTT were from Sigma. New generation liposome transfection
[TM]
reagent LIPOFECTAMINE , RPMI-1640, DMEM, FCS, random
primers DNA labeling system, and G418 were from Gibco. Herring
sperm DNA, restriction enzymes, T4 ligase, DNA polymerase Klenow
32
fragment, and CIP were from Promega. α P-dCTP was from Beijing
Yahui Biomedical Co. Nitrocellulose membrane was from Amersham.

Construction of retroviral vectors

Plasmids extraction with alkali lysis, enzymes digestion, ligation,
isolation and harvest of DNA fragments and transformation
of Escherichia coli was carried out according to the standard
[5]
methods .
The procedures of construction are as follows. The plasmids
pSPGNHIFNB10, pCGS261, pAF5.1-CAT, pGEM7z AFPe, and pMNSM
were identified with enzyme digestion. pMNSM was linearized with
Hind Ⅲ/BamH Ⅰ digestion. pSPGNHIFNB10 was digested with
Hind Ⅲ/BamHⅠ to release 1.06-kb IFN-β cDNA. IFN-β cDNA was
linked to the linearized pMNSM to construct pMNSIFNB. pAF51-CAT was fully digested with Aat Ⅱ/SpeⅠ/BamHⅠ to release
5.5-kb human AFP enhancer sequence and blunted with Klenow.
pMNSIFNB was linearized with EcoR I digestion and blunted with
Klenow. The enhancer was linked with the linearized pMNSIFNB to
construct pMNAIFNB. pMNSIFNA and pMNAIFNA were constructed
using the above construction procedure with some modifications.
The human IFN-β gene was replaced with human IFN-α gene,
and 5.5-kb AFP enhancer sequence was replaced with 0.7-kb AFP
enhancer core sequence. As for the construction of pAMNSIFNA,
an 0.7-kb AFP enhancer core sequence was inserted into the long
terminal repeat (LTR) region of the retroviral vector. Then, 1.1-kb
human IFN-α gene was cloned into the polylinker site of pMNSM
and under transcriptional control of SV40 early region promoter.
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Transcription of IFNs cDNA in the modified tumor cells

MNSM, MNSIFNB, MNAIFNB, MNSIFNA, MNAIFNA, and AMNSIFNA
retroviruses were used to infect the tumor cells in vitro in the
presence of 4 μg/L polybrene. The total RNA from the infected
HepG2 and Hep3B hepatoma cells and M21 melanoma cells,
after being fully selected with G418, were extracted by the
guanidine isothiocyanate single-step methods. Total RNAs from
MNSM, MNSIFNA, MNAIFNA, and AMNSIFNA modified tumor
cells were electrophoresed on a 1% agarose/2.2 M formaldehyde
gel and transferred onto nitrocellulose. Blots were hybridized
32
with P-labeled HuIFN-α-cDNA probe. Total RNAs from MNSM,
MNSIFNB, and MNAIFNB modified tumor cells were subjected to
5-fold serial dilution from 10 µg, transferred onto the nitrocellulose
membrane, and probed with IFN-β-cDNA. The result is shown in
Figures 2 and 3. In the hepatoma cell line HepG2, which produces
high levels of AFP, the transcription level of IFNs cDNA, after
infection with MNAIFNB, AMNSIFNA, and MNAIFNA retroviruses,
was significantly higher than that of the cells infected with MNSIFNB and MNSIFNA retroviruses. In the Hep3B cells, which produce
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Table 1 Human interferon gene expression in supernatants of gene modified human tumor cells at 20 day after infection with recombinant retroviruses (x ± s)
Cell lines

1

Origin

AFP

Genetic alteration

G418 resistant

HepG2
(n = 5)

Human
hepatocyte

2044

Hep3B
(n = 4)

Human
hepatocyte

311

SMMC7721
(n = 5)

Human
hepatocyte

ND

M21
(n = 5)

Human
melanocyte

Parental2
MNSM
MNSIFNB
MNAIFNB
MNSIFNA
MNAIFNA
AMNSIFNA
Parental
MNSM
MNSIFNB
MNAIFNB
MNSIFNA
MNAIFNA
AMNSIFNA
Parental
MNSM
MNSIFNB
MNAIFNB
MNSIFNA
MNAIFNA
AMNSIFNA
Parental
MNSM
MNSIFNB
MNAIFNB
MNSIFNA
MNAIFNA
AMNSIFNA
Parental
MNSM
MNSIFNB
MNAIFNB
MNSIFNA
MNAIFNA
AMNSIFNA

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

RZ94602
(n = 4)

Human renal
cell

Interferon bioactivity (unit/10
cells·24 h)

6

0
0
218 ± 102
818 ± 35
128 ± 36
808 ± 180
1200 ± 36
0
0
156 ± 48
462 ± 104
136 ± 42
548 ± 120
465 ± 204
0
0
280 ± 80
580 ± 56
242 ± 120
468 ± 84
524 ± 132
0
0
324 ± 66
21 ± 10
226 ± 128
42 ± 36
0 ± 2.4
0
0
280 ± 64
18 ± 8.4
320 ± 120
24 ± 48
0 ± 2.4

1

Expressed as ng secreted per mg of cell protein per 4 d, based on historical data[8]; 2Unmodified parental tumor cell lines; ND: Undetermined

5                      4                    3                      2                     1

8      7      6      5            4      3      2      1

10 μg

β-action control

genomic RNA
2 μg
1.0 kb 1FN-α RNA

0.4 μg

Figure 2 Northern blot of total RNA from the tumor cells modified with human interferon-α
gene, probed with 32P labeled human interferon-α cDNA. Lane 1: Unmodified HepG2 cells;
Lane 2: MNSM modified HepG2 cells; Lane 3: MNSIFNA modified HepG2 cells; Lane 4: MNAIFNA
modified HepG2 cells; Lane 5: MNSIFNB modified HepG2 cells; Lane 6: MNSIFNA modified
HepG2 cells; Lane 7: AMNSIFNA modified HepG2 cells; Lane 8: MNAIFNB modified HepG2 cells.

0.08 μg

intermediate levels of AFP, the difference in the IFN-β-cDNA
transcription level between the two infection groups was not so
significant as that in the HepG2 cells, indicating that the enhancing
effect of the AFP enhancer on the SV40 early region promoter in
the genome of the hepatoma cells correlated with the level of AFP
produced in the hepatoma cells.

Figure 3 Dot blot of total RNA from human tumor cells modified with HuIFN-β gene, and
fully selected with G418, probed with 32P labeled HuIFN-β-cDNA. Lane 1: Hep3B cells infected
with MNAIFNB retroviruses; Lane 2: Hep3B cells infected with MNSIFNB retroviruses; Lane 3:
HepG2 cells infected with MNAIFNB retroviruses; Lane 4: HepG2 cells infected with MNSIFNB
retroviruses; Lane 5: M21 cells infected with MNSIFNB retroviruses.

and RZ94602 cell lines, which did not produce AFP, was inhibited
after infection with MNAIFNB, MNAIFNA and AMNSIFNA retroviruses.

Expression of interferon in the gene-modified tumor cells

HepG2, Hep3B, SMMC7721, RZ94602, and M21 tumor cells were
infected with MNSM, MNSIFNB, MNAIFNB, MNSIFNA, MNAIFNA, and
AMNSIFNA retroviruses, respectively, and fully selected with G418.
6
The bioactivity of IFNs secreted by 10 gene-modified tumor cells per
24 h was precisely determined with MTT measurement and CpEI50
method. The results are shown in Table 1. In the human hepatoma
cell line HepG2, which produces high levels of AFP, an AFP enhancer
significantly augmented the expression of IFNs gene induced by
SV40 early region promoter. Specific expression of IFNs gene in the
Hep3B cell line, which produces intermediate AFP levels, was not as
significant as that in HepG2 cells. IFN gene expression in the M21
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DISCUSSION
In vivo gene therapy for cancer is more practicable than the ex
vivo protocol in clinical trials. As for the in vivo protocol, the major
problem is to induce the guaranteed specific expression of the gene
of interest in tumor cells. In vivo gene therapy can be guaranteed
if the transcription regulatory sequences (TRS) of “house-keeping
gene” of the tumor characteristic proteins are employed to regulate
gene expression. First, high expression levels of the gene of
interest can be achieved if the gene is controlled by the TRS. The
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of AFP, carcinoembryonic antigen, and tyrosinase “house-keeping
gene” regulated the thymidine kinase gene specifically expressed
in the hepatocellular carcinoma, gastric cancer and melanoma
[8-10]
cells
.Tumor tissue specific gene therapy is considered to be
an important direction of gene therapy against cancer in the near
future. Probability of helper virus production, which is generated
by homologous recombination, is expected to be decreased on the
condition of the transcription regulatory sequences existing in the
recombinant retrovirus. The future of gene therapy is subsequently
guaranteed.

concentration of interferon or expression of IFN gene at the tumor
[1]
location is correlated with the antitumor effect . Second, possible
microenvironmental disorders caused by the expression of Class I
IFN gene in non-tumoral tissues can be prevented. This is of great
significance in cancer gene therapy.
Human IFN α and IFN β bind to the same receptors and are
called class I interferon. Class I IFN plays an important role in vivo
in tumor immunosurveillance and tumor biotherapy. In the present
study, human IFN α and IFN β genes were individually introduced
into the established hepatoma, renal cell carcinoma, and melanoma
cell lines by means of the retrovirus. Expression of IFN genes, under
the transcription control of AFP enhancer, was in the hepatoma-cellspecific manner, and correlated with the AFP production levels in
the hepatoma cells. Some transcription regulatory proteins existing
in the nuclei of the hepatoma cells are believed to be related to the
hepatoma-specific gene expression. In the AFP-producing hepatoma
cells, the transcription regulatory sequence of AFP “house-keeping
gene” is controlled by the tissue-specific transcription regulatory
proteins. After the transcription regulatory sequence carried by the
retroviruses is integrated into the genome of the hepatoma cells,
the regulatory proteins could also activate AFP enhancer in the same
manner. Since enhancer is not dependent on origin and orientation,
AFP enhancer may transactivate the promoter of viral origin and
increase the transcription rate of the promoter in certain cell types.
Promoter interference between heterologous promoter and
retroviral promoter has been documented. Retroviral LTR promoter
[7]
and enhancer may silence some internal heterologous promoters .
In this study, construction of pAMNS-IFNA was carried out by the
insertion of AFP enhancer core sequence into retroviral LTR region
in order to silence LTR enhancer activity and increase the hepatoma
cell–specific expression of human IFN-α gene. However, the
hepatoma cells–specific expression was not significantly increased
after the treatment. It was demonstrated that enhancer elements in
retroviral LTR region did not significantly interfere with the function
of AFP “house-keeping” gene enhancer.
Tumor-tissue-specific gene therapy is carried out in the thymidine
kinase prodrug transformation gene therapy, but not in cytokine
gene therapy and other immune gene therapies. It has been
recently demonstrated that the transcription regulatory sequences
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Since reliable detection of hepatitis C virus (HCV) and E virus (HEV)
infections has now become possible, most of the cases of non-A,
non-B hepatitis have been found to be caused by HCV and HEV.
However, the etiology of some non-A, non-B hepatitis still remains
[1]
unknown , which highlights the possibility of additional causes of
human non-A, non-B, non-C, non-D, non-E (non-A–E) hepatitis.
Recently, a new RNA virus genome associated with human hepatitis,
termed HGV (or GBV-C), was identified simultaneously by two
[2,3]
American laboratories ; this virus is considered to be one of the
causes of human cryptogenic (non-A–E) hepatitis.
Thus far, the role of HGV infection in chronic non-A–E hepatitis
and the primary structure of HGV in Chinese patients have been
seldom reported. We detected HGV-RNA in the sera of 35 patients
with chronic non-A–E hepatitis in Beijing by using the RT-nested
PCR method and sequenced the partial NS5 gene from one isolate
positive for HGV RNA.
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Abstract
AIM: To elucidate the role of hepatitis G virus (HGV) infection in
chronic non-A–E hepatitis and sequence the partial NS5 genome
of HGV isolated from the serum of a Chinese patient with chronic
non-A–E hepatitis
METHODS: Serum samples of patients with chronic non-A–
E hepatitis were collected and total nucleic acids were extracted
and subjected to reverse transcriptase-nested-polymerase chain
reaction (RT-nested-PCR) using primers from the putative NS5
region of HGV genome. Then, 994bp cDNA was prepared from
the positive serum, purified with electrophoresis of polyacrylamide
gels, and directly sequenced using the dideoxy-mediated chaintermination method.

MATERIALS AND METHODS
Subjects

Of 35 patients with chronic non-A–E hepatitis, 20 were male and 15
were female and aged at an average of 41.2 years. Six patients had
history of transfusion, and the remaining 29 were sporadic cases.
All were patients treated at the Institute of Hepatology, People′s
Hospital, BMU. The serum samples were stored at -20 ℃. They all
tested negative for anti-HAV IgM, HBsAg, anti-HBc, HCV-RNA, antiHCV, and anti-HEV.

RESULTS: HGV-RNA was detected in 1 of the 35 patients with
chronic non-A–E hepatitis. Compared with the 2 HGV isolates
(PNF2161 and R10291) obtained from American patients, the HGV
NS5 gene of this Beijing isolate (HG-G) showed homology of 88.0%
and 89.2% respectively. On the other hand, in comparison with the
West African isolate (GBV-C), the Beijing isolate showed homology
of 93.5%. The patient showed persistent increase of alanine
transaminase, but normal levels were achieved after interferon
therapy with persistent positive HGV RNA.

Reagents

AMV-RT,dNTP, Taq DNA polymerase and DNA sequence kit used in
this study are products of Promega.

Primers for HGV RNA detection

CONCLUSION: HGV is one of the causes of chronic non-A–E
hepatitis, but it may not be a very important cause. The nucleotide
sequence of partial NS5 gene of HG-G was found to be highly
homologous to the West Africa isolate.
Key words: Hepatitis G; Non-A–E hepatitis; Genes, viral; RNA, viral;
DNA, viral; Polymerase chain reaction; Genome, viral

HGV RNA extraction, cDNA synthesis, amplification and sequence
analysis

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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[3]

Oligonucleotide primers were designed as described previously
and were derived from the putative NS5 region of the HGV genome
(Table 1). 51# and 52# (outer primers) as well as 53#, 54#(inner
primers) were used for clinical detection, with the first PCR product
being 400-bp in length and the second PCR product being 210-bp
in length. Further, 52# and 55#(outer primers) as well as 56#
and 57#(inner primers) were used for the amplification of a longer
fragment as a sequence template (994 bp).

[4]

Total nucleic acid was extracted as described before . The
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1            2           3           M           4            5            6

Table 1 Primers for the detection of hepatitis G virus (HGV) RNA with RTnested-PCR
Primer
51#
52#
53#
54#
55#
56#
57#

1857 bp
1060 bp
929 bp

GBV-C position
7614~7632
7994~8013
7739~7758
7930~7948
6885~6909
7925~7952
6959~6981

Sequence (5'-3')
GTTACACTTATGAGGARGC
GCRTCCACACAGATGGCGCA
GAGATACTTGAAGGGACTCC
CTGGTTGGGGGTGTACTGG
CTCTTTGTGGTAGTAGCCGAGAGAT
CYCGCTCRTTTGGGGTGTACTGGAAGGC
TCGGTTACTGAGTGCAGCTCAGATGAG

383 bp
(IU/L)
500

   interferon 300 MU, qod

ALT
AST

400
HGV      +   +     +          +

300
200
100
0

Figure 1 Electrophoretic pattern of RT-nested PCR for hepatitis G virus (HGV) RNA
detection. 1, 4 were products of PCR from original sera, 2 and 5 products from 10-6 diluted sera, 3
and 6 were negative controls. 1, 2 and 3 were the frist PCR products, 4, 5 and 6 were the second
PCR products. M was DNA marker, PBR 322/BstN Ⅰ.

0                           1                             2                            3                           4
t /mo

Figure 3 Clinical manifestation of the patient with chronic non-A-E hepatitis

1                     2                    M

[5]

previously described method .

RESULTS
RT-nested-PCR for HGV RNA detection

Of 35 patients with chronic non-A–E hepatitis, 1 tested positive for
HGV RNA (Figures 1 and 2).

Clinical data of the HGV RNA positive patient with chronic non-A–E
hepatitis

1543 bp
994 bp

The patient who tested positive for HGV RNA was a 64-year-old
woman who had received transfusion of 400 mL blood in 1979. She
had not developed any symptoms until February 1996. She was
found to have elevated serum ALT level at a physical check-up but
tested negative for anti-HAV IgM, HBsAg, anti-HBc, HCV RNA, antiHCV, and anti-HEV (Figure 3).

695 bp
515 bp

377 bp

The primary structure of Beijing isolate (HG-G) at nucleic acid level
and amino acid level in HGV NS5 region

The nucleotide sequences of HG-G in HGV NS5 as well as those
of West African isolate (GBV-C) and American isolates (PNF 2161,
R10291) for comparison are shown in Figure 4. The amino acid
sequences of the 4 isolates are shown in Figure 5. At a nucleotide
level, HG-G homology was 87.95% and 89.23% when compared with
two American isolates, and all isolates showed homology of 96.49%
at the amino acid level. When compared with the West African isolate,
HG-G showed homology of 93.50% and 97.77% at the nucleotide
level and amino acid level, respectively. In the region sequenced, 16
proline, 8 cysteine and 3 glycosylated residues were detected.

237 bp

Figure 2 RT-nested PCR for amplification of long fragment cDNA of hepatitis G virus (HGV)
NS5 region. 1 was negative control, 2 was positive PCR product, M was DNA and PCR marker.

extracted H GV RNA was resuspended in diethylpyrocarbonatetreated water and subjected to denaturation at 70 ℃ for 1 min,
followed by a quickly chilling it on ice. Thereafter, the reverse
reaction mixture (10 μL reaction-containing AMV-RT buffer, 50 pmol
of primer 52#, dNTPs 200 μmol/L each, 2 units of AMV-RT) was
added to synthesize cDNA at 43 ℃ for one hour. The first PCR was
performed in a volume of 50 μL, containing 50 pmol primer 51#
or 55#, 1.5 units of Taq P, dNTPs 200 μmol/L each. For the second
PCR reaction, a volume of 5 μL was removed from the first reaction
and added to a tube containing the inner primers 53# and 54# or
56# and 57#, along with dNTPs, Taq polymerase and Taq buffer, as
was the case in the first reaction. The first and second PCRs were
carried out for 30 cycles, consisting of 94 ℃ for 60 s, 55 ℃ for 90
s and 72 ℃ for 120 s, with a 600-s extension at 72 ℃ at the end.
The second amplified product was analyzed by electrophoresis
in 6% polyacrylamide gels. The positive products were purified
and directly sequenced using primers 56# and 57#, as per our
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DISCUSSION
As reported before, about 20% patients with chronic hepatitis tested
negative for serum markers of HBV and HCV, thereby indicating
[1]
the existence of an unknown etiology in human hepatitis . In
1995, HGV was found to be responsible for 9.49% of the cases of
non-B non-C hepatitis and 8.33% of the cases of chronic non-A–E
[3]
hepatitis , which indicates that HGV is one of the causes of non-A–
E hepatitis. In our research, 1 (2.9%) of 35 patients with chronic
non-A–E hepatitis tested positively for HGV RNA. This relatively low
detection rate may be related to the insufficient exclusion of other
non-virus elements and racial/ethnic and geographic differences.
[3]
Consistent with other reports , many patients with chronic non-A–
E hepatitis in our series tested negative for serum HGV RNA; this
may be attributed to the lack of sufficient knowledge about the
newly discovered virus in its affective factors of molecular biologic
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CBV-C
R10291
PNF2161
HG-G

tcggttacgg

agagcagctc

agatgagAAG
…
…
…

ACCCTGTCCG
…C……
…C……
…………

TGACCTCCTC
…T……
…T……
…T…T…

GCAGGAGGAC
………T
………T
………T

ACCCCGTCCT
………
………
………

CAGACTCATT
…T……
…T……
…G……

TGAAGTCATC
C…………
C…G……
…………

CBV-C
R10291
PNF2161
HG-G

ATACTGCTGA
…G…A……
…G…A…C…
………………

ATCAGAGGAA
…GG………
…GGG………
GAGT……T

AGCGTCTTCA
…T………
…T………
……………

ACGTGGCTCT
…………
…………
…………

TTCCGTACTA
…………
……T…
……C…

AAAGCCTTAT
G……G…
…………
…………

TTCCACAGAG
…………
…………
…………

CGATGCCACA
T…………T
…C…G…C…
…C…………

CGAAAGCTAA
A…………T…
A…G……T…
…C………T…

CBV-C
R10291
PNF2161
HG-G

GTCTTGCTGT
…AA……
…G……C
…A………

GTTGAGAAGA
…………
……A…
…G……

GCCTAACACG
……C…G…
……C…G…
……C…G…

CTTCTTTTCT
…………
…T…C…A
…………C

TTAGGGTTGA
…G……C…
…G…………
…G…AC…

CCGTGGCTGA
…G……
…G……
…T……

CGTGGCTAGC
T……C…T
…T…T………
………………

CTGTGTGAGA
…………
…………
…………

TGGAGATCCA
…………
…A……
…A……

CBV-C
R10291
PNF2161
HG-G

GCCTATTGTG
…………
…………
…………

ACAAGGTGCG
…………
…C……
…………

CACTCCGCTA
……………
…………T
……………

GAATTGCAAG
……………
………G…
……………

TTGGGTGCTT
…………
…………
…………

GGTGGGCAAT
…………
…………
…………

GAACTTACCT
…………
…………
…………

TTGAATGTGA
…………
…………
…………

CAAGTGTGAG
T…………
T…………
……………

CBV-C
R10291
PNF2161
HG-G

AGACCCTTGC
……TT…G…
…A……TG…
………T…G…

CTCCTTCTCC
……………
…………T
T…………T

TACATATGGT
…T…T……
………T……
………C……

CCGGGGTCCC
…T………G…
…T…A…G…
…T……………

ACTTACTCGG
…T…G……A…
G…G……A……
…………A……

GCCACTCCGG
………A…
………G…
………A…

CCAAACCACC
…T…………
……G…T…
………………

AGTGGTGAGG
T………
C………
…………

CCGGTGGGGT
……………
……T…C…
……………

CBV-C
R10291
PNF2161
HG-G

GGCAGACACC
…T………
…C……T…
……………

ACCAAGGTCT
…G…A…G…
…T………G…
……………G…

ACGTGACCAA
…T…C…A…
…T…T………
………………

TCCGGACAAT
C…………
…A………
……………

CTTGGGAGGA
…………A…
…G…AC……
………………

GGGTTGACAA
…A…G………
………G………
…A……………

GGTGACTTTC
………C…
………C…
………C…

TGGCGCGCTC
………C…
……T……
……T……

CTCGGGTACA
…CA……C…
…A……T…
…C…………

CBV-C
R10291
PNF2161
HG-G

CTCGTGGACT
……………
……………
………T…

CGATCGAGGG
…C…………
…T…T………
…………A…

CGCTCGGAGA
T…CA……G
………AA…G
………………G

GCTGCTCAAG
…G………
…C………
……………

GCTGCCTAAG
C……A……
C……………
C……………

CATGGGTTAC
……………
……………
……………

ACTTATGAGG
……………
……………
……………

AGGCAATAAG
…A………
…A………
……………

GACTGTTAGG
……………
………A…
……………

R10291
PNF2161
HG-G

CCATGGGCTG
……………
……………
……………

GGGATCTAAG
……………
……………
……………

GTGTCGGTCA
………………
…………T…
………T……

AGGACTTGGC
……………
………A…
……………

CACCCCTGCG
………………
………C……
………………

GGGAAGATGG
……………
……………
……………

CTGTTCATGA
…C…C…C…
…C…C……
…C…C…C…

CCGGCTTCAG
……A………
………………
…A…A…C…A

GAGATACTTG
……………
……………
……………

CBV-C
R10291
PNF2161
HG-G

GGTCCCTTTT
C
C

ACCCTGACTG
TT
TT
T

TCAAAAAGGA
G
G
……………

GGTGTTCTTC
……………
……………
……………

AAAGATCGTA
C
CG
CC

AGGAGGAGAA
……………
……………
……………

GGCCCCCCGC
……………
……………
……………

CTCATTGTGT
……………
……………
……………

TCCCCCCCCT
……………
……………
T

CBV-C
R10291
PNF2161
HG-G

ATAGCTGAAA
………G…
……………
……………

AGCTCATTCA
………T…CT
…………CTT
……A……TT

GGGAGACCCG
……………
……………A
……………

GGGCGGGTTG
………G…
…C……A…
……………

CAAAGGCCGG
…C……G…T
…C……G…T
………………

TGTTGGGGGG
GT…G……
GT…G……
……………

GCTTACgcct
……………
……C……
……C……

tccagtacac

ccccaaccg

CAAGAGTGTG
………C…
……CC…
………C…
7158
CGGTTAAGAT
…C…C…G…
…C…C………
……………G…
7258
GAACCATACA
…………
…………
…………
7358
GCACGCCAAG
…TA…G……
…TA…G……
………………
7458
CCTTGTTGGT
…………………
…T………A…
…………………
7558
CGACAAGTTC
T……A…AT
T…T……A…
………A……
7658
CCGCATGCTG
…A………
…A………
……………
7758
AAGGGACTCC
…G………
……………
……………
7858
GGACTTCCGG
……………
……………
T
7924
cggg

Figure 4 Nucleotide sequence of partial hepatitis G virus (HGV) NS5 gene in the serum of a patient with chronic non-A-E hepatitis and its comparison with West African and American isolates.
GBV-C is West African isolate; R10291 and PNF2161 are American isolates; HG-G is a patient with chronic non-A-E hepatitis. —denotes the same as GBV-C sequence. Capital letter is nucleotide detected,
small letter is primer sequence.
CBV-C
R10291
PNF2161
HG-G
CBV-C
R10291
PNF2161
HG-G
CBV-C
R10291
PNF2161
HG-G
CBV-C
R10291
PNF2161
HG-G

KTLSVTSSQEDTPSSDSFEVIQECDTAESEESVFNVALSVLKALFPQSDATRKLTVKMSCCVEKSVTRFFSLGLTVADVASLCEMEIQNHTAYCDKVRTP
…P…S……………SE…G………E…………R…N…………………
…P…S……………SE…G…………………………………Q………
………S……………S……D…………………R………………………
LELQVGCLVGNELTFECDKCEARQETLASFSYIWSGVPLTRATPAKPPVVRPVGSLLVADTTKVYVTNPDNVGRRVDKVTFWRAPRVHDKFLVDSIERAR
………………………………………………………T…………………
………………………………………………………T………K………
……………………………………………………………………………
RAAQGCLSMGYTYEEAIRTYEEAIRTVRPHAAMGWGSKVSVKDLATPAGKMAVHDRLQEILEGTPVPFTLTVKKEVFFKDRKEEKAPRLIVFPPLDFIAEKLIQGD
……A…Q…………………………………………………………L…
……A………………………………………………………………L…
……A……………………F…………………………………………L…
PGRVAKAGVGGAY
……VL…
……VL…
…………

Figure 5 Amino acid sequence of hepatitis G virus (HGV) NS5 region in the serum of the patient with chronic non-A-E hepatitis and its comparison with West African and American isolates.

detection. In addition, it must be recognized that there may be
other causes of human hepatitis besides the known factors, that is
to say, HGV may not be a very important cause of chronic non-A–E
hepatitis.
The patient, who tested positive for HGV RNA in our research
had a history of receiving blood transfusion 17 years before, and
she did not show any symptoms and an elevated serum ALT
level until February 1996. She did not respond very well to that
treatment, but her serum ALT level was normalized after interferon
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treatment although HGV RNA continued to persist in her serum.
Since we cannot find evidence of other hepatitis virus infection,
we believe that HGV must be responsible for the chronic hepatitis
in this case, although the clinical features are similar to those of
hepatitis C.
The primary structure in HGV NS5 region in the Beijing isolate
(HG-G) was also analyzed. In the region sequenced, 16 conserved
proline residues and 8 conserved cysteine residues were detected;
these residues may play an important role in the formation of the
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spatial configuration, indicating that the product encoded by this
region may be important in maintaining HGV function. With respect
to the nucleic acid sequence and amino acid sequence, HG-G
showed marked homology to the West African isolate. Since only 3
isolates of HGV sequences have been reported thus far, it is difficult
to decide whether HG-G was of the same genotype as the West
African isolate. Future studies on sequence analyses are needed for
further research.

3

4
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artery. Tumors treated with sclerosis and embolization decreased in
size or got fibrotic.
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Cavernous hemangioma of the liver (CHL) is a common, benign,
hepatic tumor. With the development and wide application of modern
imaging technics, many more cases of CHL have been diagnosed
in recent years. Currently, the conventional treatment for CHL is
excision of the tumor. In this report, we studied the blood supply of
CHL from December 1985 to November 1992, and we found that
CHL is a malformation of hepatic arterial vasculature. In this study,
22 of 72 CHL patients were treated using sclerosis, while the other 50
were treated with gelfoam microspheres with lipiodol administered
either during surgery or using hepatic arterial intubation via the
femoral artery. In all cases, the results were satisfactory.
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Abstract
AIM: To investigate the source of the blood supply in carvenous
hemangioma of liver (CHL), and provide a feasible treatment for CHL
via thehepatic artery.

MATERIALS AND METHODS
Portography and hepatic arteriography during operation

The portovenography and hepatic arteriography were performed in
[1]
five patients as previously reported .

METHODS: (1) Portovenography, hepatic arteriography and portal
vein staining were performed in 5 patients to determine the origin of
the blood supply. Two casts of hepatic blood vessels from resected
specimens were observed. (2) Clinical data from 75 patients (30
males, 45 females, aged 25-57 years, mean of 37.4) were obtained.
Of these, 56 were of solitary type (44 on the right lobe, 12 on the
left, with 4 having intraparenchyma), and 19 were of multiple type
(9 on the right, 2 the left, 8 whole liver). Twenty-two patients were
treated with sclerosis, 50 by embolization via hepatic artery, and 3
were excised.

Portal vein staining during the operation

In these five cases, the portal veins were intubated via the right
gastroepiploic vein in the right gastric vein, or via direct puncture
of the portal vein, and 60 mg of methylene blue diluted to a final
volume of 20 mL was quickly injected. The staining of the liver
parenchyma and the tumor body were then observed.

Pathology and the casts of resected specimens

RESULTS: In the 5 cases where portography was used, the contrast
medium did not enter the tumor, and the tumor appeared as low
density area, with the intrahepatic branches of the portal vein pushed
aside. In the 5 cases with where portal vein staining was used, the
normal liver parenchyma stained a deep blue; however, the tumor
was not stained. The tumor area appeared as a round vacant cavity
in the 2 specimen casts. For the 72 patients treated with sclerosis or
embolization via hepatic artery or through interventional method, the
tumors diminished by 10%-30% in diameter, and no tumors grew
larger.

The two resected CHL specimens from left lobes, 10 cm and 10.5
cm in diameter, were fixed with formalin and the sections were sent
for serial pathological observations. Another resected specimen, 6
cm in diameter, was made into model cast by filling the hepatic vein
(yellow) and portal venous branch (blue) with methyl methacrylate
after vascular lavation.

RESULTS
Radiographic observations

CONCLUSION: The blood supply of CHL originates from the hepatic
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In the 5 cases with in which portography was used, the contrast
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Figure 1 The tumor appeared as a filling defect.

Figure 3 Methylene blue staining of the liver except the tumor area.

Figure 2 Radiograph by immediate visualization of tumor body after injection intubation of
hepatic artery branch.

Figure 4 Specimen cast filled with methyl methacrylate via portal vein and hepatic vein, the
tumor area appeared as a round vacant cavity.

medium could not enter the tumor, and the intrahepatic branches
of portal vein were pushed aside by the tumor. During the liver
parenchymal phase-contrast, the density of the normal tissue
was obviously increased, while the tumor appeared to be of lower
density, with sharp and clear boundaries. In 22 patients that
underwent sclerosing therapy, hepatic arteriography revealed
that the contrast medium immediately entered the tumor, and
had a “cotton” or “popcorn” appearance. In these patients, an
arteriovenous fistula was not observed (Figures 1 and 2).

had multiple type, with 9 on the right, 2 on the left and 8 in the
whole liver. Of the original 75 cases, three cases were excised;
the left hepatic artery was not shown on arteriography for 2 of
them, however, but were confirmed during surgery. In the other
72 cases, 22 received sclerosing therapy, and 50 were treated
with embolization (10 of these were interventional embolizations).
Among the 75 cases, 2 were HBsAg positive, 1 HBsAb positive and
none of them had cirrhosis. Twenty-one were proved to be CHL
pathologically.

Methylene blue staining of the liver

Surgical methods

After the injection of methylene blue through portal vein, the
normal liver parenchyma was stained homogenously in a deep
blue; however, the tumor was not appear stained, and the
boundary between the normal liver tissue and the tumor was sharp
(Figure 3).

Under direct view, the involved hepatic arterial branches were
dissected and confirmed by methylene blue injection. The proximal
end was ligated and intubated through the distal end, and the tube
was then fixed with rubber pieces. The opening of the tube was
filled with normal saline and fire sealed, before being pulled out
through the abdominal wall puncture, and fixing an adhesive plaster
on the skin. Through this tube, sclerosing treatment and repeated
[1]
radiographic examinations were carried out .
For the sclerosing therapy group, the patients were divided
into three subgroups. Subgroup 1 (n = 8) had 10-20 mL of 40%
carbamide injected through the intubated arterial branch of the
liver once daily for 20-30 d. Subgroup 2 (n = 6) had 10 mL of
49.9% ethanol injected by the same route, once every three days,
for a total of 5-7 injections. Subgroup 3 (n = 8) had 2 carbamide
injections and one ethanol injection administered alternatively, with
usually 9 injections required.
For the embolization therapy group, 100 mg of gelfoam particles
mixed with 8-16 mL of lipiodol emulsion was injected. Ten patients
were given interventional embolization. Generally, one single
embolization was adequate. It was only when the tumor diameter
was greater than 10 cm that a second embolization was needed.
In cases with multiple tumors less than 4 cm in diameter on the
other lobe of the liver, anhydrated ethanol was injected into the
tumor at multiple points. The injection was stopped when the tumor

Observations on pathology and cast specimens

In the serial sections of nine biopsies and resected specimens, no
normal blood vessels or bile ducts were observed under microscopy.
Although CHL did not have a capsule, it did have a clear boundary
with the neighboring normal liver tissues.
The casting specimens showed that the eroded tumor left behind
a round vacant area in the specimens. The stained branches of the
portal vein did not extend into the tumor (Figure 4).

Clinical data

Among the 75 patients included in this study, 30 were males and
45 females, with an age ranged between 25-57 years, with a mean
age of 37.4 years. All patients were diagnosed by ultrasound, with
66 confirmed by CT, 34 by selective coeliac arteriography, and
20 by ECT. The diameter of the CHL ranged 6-30 cm, with only 4
of them greater than 20 cm. Among these 75 patients, 56 cases
were of solitary type, with 44 were on the right lobe, 12 on the
left and 4 were intraparenchymatous. Nineteen of the 75 patients
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appeared blanched or collapsed. After withdrawal of the needle,
finger pressing was used to prevent bleeding and extravasation of
ethanol.

Hepatic cavernous hemangioma can grow continuously. Previously,
Niemann reported 55 cases that led to diffuse hemangioma in
the liver, which easily ruptured, causing a mortality rate as high
[4,7]
as 70% . However, excision is difficult when the tumor is of the
multiple type, especially when it is near the hilum, very large in size,
occupying the whole lobe of the liver, or some other contraindication
exists. Our experience has found that therapy via intubation of
hepatic artery is safe, reliable, and causes less injury, and does not
require a blood transfusion.
Sclerosing agents, such as carbamide and ethanol, both require
a long duration of therapy, especially the carbamide. Ethanol often
produces pain for a brief period. However, Lipiodol can selectively
stay for a long time in both benign and malignant hepatic tumors
with rich blood supply. In this study, all 28 patients that received
embolization therapy demonstrated such characteristics. Lipiodol
and gelfoam microspheres are both long acting embolization
agents. Gelfoam microspheres can occlude the vessels by secondary
inflammation and growth of granulation tissues. The microspheres
still could be identified in a few areas under microscopy after 28 d,
and the hemangioma was completely filled with granulation tissues
[7]
and fibrous tissues .
CHL is composed of cavernous blood sinusoids, without blood
vessels, bile ducts or hepatocytes. Its blood supply primarily came
from hepatic artery. The contrast agent and radioactive isotopes
could quickly enter the periphery of the tumor, but diffused
slowly and drained out after a long period, which accounts for the
variegated feature of CHL. For example, the early visualization and
late disappearance in hepatic angiography; the ring and half-ring
signs on CT scanning, and the intensified imaging of blood pool
radioactive scanning, is due to the fact that there are no hepatocytes
within the tumor, making it appear that there is a radioactive defect
in the static scanning. The above characteristics can also be the
basis to assess the efficacy of occlusion treatment.
The variation of the hepatic artery is as high as 45%, particularly
in the left lobe. This suggests that selective hepatic arteriography
should be performed before intubation in order to raise the
success rate of embolization therapy. Furthermore, interventional
embolization therapy is only possible for certain patients. Since the
hepatic artery tapers gradually, non-selective hepatic arteriography
cannot show a complete picture of large and multiple hemangiomas,
but rather requires superselective hepatic arteriography for the
diagnosis and treatment of CHL.

Cessation of therapy

In the sclerosing therapy group, periodical radiography was
performed. The tube was pulled out until the tumor body could not
be visualized. The embolization treatment was discontinued when
the tumor had shrunk by 10% based on X-ray evaluation or after
two-weeks or one month. When the diameter was beyond 10 cm, a
second embolization was given. Among the 28 cases, a total of 36
embolizations were performed.

Clinical criteria for CHL obliteration

(1) On intensified CT scanning, the “ring sign” and “half ring sign”
reduced in size or disappeared totally after 3-6 mo. (2)The dynamic
isotopic hepatic blood pool scanning showed a radioactive defect.
And (3) Shrinkage of tumor on ultrasonography.

Advantages and disadvantages of sclerosing therapy and
embolization therapy

The carbamide in sclerosing therapy was not irritative, and usually it
took 25 d to obliterate the CHL. Ethanol injection, however, elicited
intolerable pain, which lasted for about 2 h, and generally required
seven injections. Interventional embolization produced lasting
pain, which often required pethidine; however, only 1-2 times were
needed, and the pain attenuated on the second treatment.

Follow up study

The 22 cases with sclerosing therapy were followed for 1-6 years,
and CT and ultrasound examinations indicated the diameter of the
tumor had shrunk by 20%-60%. In one patient who received a
second operation, after one year, white and shining fibrous tissues
were evident, which were confirmed pathologically. The other two
female patients with tumors beyond 20 cm and who had previously
had repeated skin petechiae, gained more than 5 kg of weight, and
the petchiae disappeared after the treatment. The embolization
group were followed for over six months, and the tumors for this
group all diminished by 10%-30% in diameter, and none of the
tumors grew any larger.

DISCUSSION
Since the beginning of this century, CHL has been regarded as
a portal venous malformation by many researchers, but ligation
[2-5]
of branches of portal vein was unsatisfactory as a treatment .
Yamamoto was the first to determine that the morphology of
sinusoids of CHL specimens were different from that of portal and
hepatic vein, but similar to that of hepatic artery using electron
[6]
microscopy . At present, a shunt for cavernous hemangioma
has not been identified. Based on the portovenographic findings,
intubational imaging of hepatic arterial branch, liver staining, and
observations of the cast vessels in the resected specimens, this
study has demonstrated that CHL is a malformation of the hepatic
artery, and its blood supply arises completely from the hepatic
artery without an arteriovenous shunt. This provides the theoretical
basis for treating CHL via the hepatic artery. This study found that
both sclerosing and embolization therapy can shrink the tumor and
replace it with fibrotic tissues.

REFERENCES
1
2
3
4
5
6
7

Li GW, Liu XG, Li BSH, Wang ZL, Lei XY, Wang Y. Study on sclerosing therapy of
hemangioma of the liver. Chinese Journal of Experimental Surgery 1992; 9: 1-3
Kato M, Sugawara I, Okada A, Kuwata K, Satani M. Hemangioma of the liver.
Diagnosis with combined use of laparoscopy and hepatic arteriography. Am J Surg
1975; 129: 698-703 [PMID: 124140 DOI: 10.1016/0002-9610(75)90350-5]
Chao RS, Liu YF, Tian YS, He SG, Sheng K. Excision of cavernous hemangioma of
the liver with decollement extra capsule. J Practical Surg 1989; 9:268-269
Li GC, Gu JZ. Child hemangioma. 1st ed. Shaanxi: Shaanxi Science and Technology
Publication House, 1991: 83-87
Wakabyasshi Y. Ligation of branches of portal vein against massive hemangioma of
the right hepatic lobe. Jpn J Gastroenterol 1966; 63: 245-249
Yamamoto K, Itoshima T, Ito T, Ukida M, Ogawa H, Kitadai M, Hattori S, Mizutani
S, Nagashima H. Scanning electron microscopy of a liver cavernous hemangioma.
Gastroenterol Jpn 1983; 18: 15-20 [PMID: 6832546]
Chen XL, Wang DQ, Zhong DC, Gua YS, Yang CH, Li XW. Study of embolizing
hepatic artery with gelfoam microsphere. Chinese Journal of Experimental Surgery
1991; 8: 166-167
S- Editor: Filipodia

WJG|www.wjgnet.com

149

L- Editor: Jennifer

E- Editor: Hu S

September 15, 1997|Volume 3|Issue 3|

World J Gastroenterol 1997 September 15; 3(3): 150-152
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i3.150

© 1997 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL RESEARCH

Survival and malignant phenotype changes of human hepatoma
SMMC-7721 cell line induced by cryopreservation at -50 ℃
Shi-Ming Jiang, Zhao-Hui Xu, Yan Zhang, Xian-Min Shi
Key words: Liver neoplasms; Carcinoma, hepatocellular;
Cryopreservation; Tumor cells, cultured; Phenotype

Shi-Ming Jiang, Zhao-Hui Xu, Biology Department, Shandong Normal
University, Jinan 250014, Shandong Province, China
Yan Zhang, Shanghai Institute of Cell Biology, Academia Sinica

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Xian-Min Shi, Biology Department, Xiamen University

Jiang SM, Xu ZH, Zhang Y, Shi XM. Survival and malignant phenotype changes
of human hepatoma SMMC-7721 cell line induced by cryopreservation at -50 ℃.
World J Gastroenterol 1997; 3(3): 150-152 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v3/i3/150.htm DOI: http://dx.doi.org/10.3748/wjg.v3.i3.150

Author contributions: All authors contributed equally to the work.
Shi-Ming Jiang, Male, born on 1961-11-26. Master of science, graduated
from Department of Biology, Shandong Normal University in 1985. Associate
professor, having 28 papers and 1 book published.
Supported by a grant from Shandong Provincial Science and Technology
Committe, No. K91236517.

INTRODUCTION

Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-)

Cryopreservation and cryotherapy playimportant roles in the
research and therapy of cancer. It has been reported that -50 ℃ is
in the great ice crystal forming temperature region (-40 ℃ to -60
℃), in which cells are greatly damaged, even if they incubated at
[1]
this temperature for a very short period of time (10 min) . This is
particularly damaging to the cellular membranes and the chromatin.
Therefore, how to pass this temperature region successfully is a
key step in the cryopreservation of not only for maintaining cell
suspensions, but also whole organs, such as heart, kidney, etc.
Many studies have shown that some chemical reagents, such
as sodium butyrate, dimethyl sulfate (DMSO), cAMP Vitamin A,
and Vitamin D3 can induce the differentiation of malignant cells
[2-4]
in vitro . Nothing is known about the differentiation of cancer
cells induced by the cryopreservation, especially at -50 ℃. In this
report, we provide some evidence that cryopreservation at -50 ℃
may be involved in the changes of malignant phenotypes of human
hepatoma SMMC-7721 cell line.
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Abstract
AIM: To investigate the effect of cryopreservation at -50 ℃ on the
human hepatoma SMMC-7721 cell line.
METHODS: With 15% DMSO as a cryoprotectant, the SMMC-7721
cells were cryopreserved at -50 ℃, then thawed and recultured.
The survival rate, mitotic index and LDH isoenzymes were compared
between pre- and post-cryopreservation.

MATERIALS AND METHODS
Cell culture and cryopreservation

RESULTS: Thirteen hours after the thaw, the mitotic index of
cryopreserved SMMC-7721 cells decreased by 1.09%. The mode
scope of chromosome number (46-53) after cryopreservation tended
to transfer to that of normal human cells, and the percentage of
metaphases containing 46 chromosomes changed from 0% to 16%.
LDH isoenzymes changed from H-like model (LDH3(29.3%) > LDH4
(26.8%) > LDH2 (25.3%) > LDH5 (14.9%) > LDH1 (3.6%) to M-like
model (LDH4 (48.3%) > LDH5 (28.3%) > LDH3 (18.9%) > LDH2
(4.4%) > LDH1 (0%)). This suggests that the survival rate could
reach over 95%.

The human hepatoma SMMC-7721 cell line was obtained from
the Shanghai Cell Bank of Academia Sinica and maintained in our
laboratory. The cells were cultured in RPMI 1640 medium (Gibco Inc)
supplemented with 10%-20% fetal calf serum (FCS) and incubated
at 37 ℃, with 5% CO2/95% air. The cells attached and spread well
on either untreated plastic plates or untreated glass flasks. In the
cryopreservation study, the cells were firstly passaged in glass flasks.
When the cells grew to exponent stages, the culture medium was
removed, and the cells were released from the flask using 0.25%
trypsin (in D-Hank′s solution, pH 7.2) for 1 min. The cells were then
re suspended in RPMI 1640 medium. The cells were counted using
a Bueker′s chamber. Cell viability was detected by mixing the cell
suspension with 0.5% aqueous solution of trypan blue (1:1). The
6
cell suspension was adjusted to the concentration of 1-5 × 10 /mL
with 85% RPMI-1640 medium and 15% ice cold DMSO before being

CONCLUSION: Cryopreservation at -50 ℃ can be a convenient
method for the cryopreservation of cell lines. However,
cryopreservation at -50 ℃ is likely involved in the changes of the
malignant phenotypes of the human hepatoma SMMC-7721 cell line,
and may induce the differentiation of malignant cells.
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Table 1 The effects of dimethyl sulfate concentration on the survival and the rate of attachment of SMMC-7721 cells after cryopreservation at -50 ℃
5
0
90 ± 2
60 ± 3

5
10
90 ± 3
65 ± 2

10
0
95 ± 2
85 ± 4

10
10
98 ± 2
90 ± 3

15
0
98 ± 1
85 ± 3

15
10
99 ± 1
90 ± 2

20
0
93 ± 4
55 ± 2

20
10
95 ± 2
60 ± 4

30
0
87 ± 4
20 ± 4

30
10
98 ± 2
25 ± 5

40
0
80 ± 4
1±1

40
10
83 ± 2
2±1

DMSO (%)
FCS (%)
SR (%)
AR (%)

SR: Survival rate; AR: Attaching rate.

15

gel scanning detector, and the percentage content of each band of
the LDH was recorded.

MI (BC)
MI (AC)

Mitotic index (%)

12

RESULTS

9

The survival and growth of cells after cryopreservation at -50 ℃

After being cryopreserved in different DMSO concentrations with
RPMI-1640 medium, or different DMSO concentrations with 10%
FCS and RPMI 1640 medium at -50 ℃ for 6 mo, the cells were
rapidly thawed in 40 ℃ water bath and washed with RPMI-1640
medium 3 times. The survival and the rate of attachment after 12 h
in culture are listed in Table 1.
In all cells frozen with DMSO, the viabilities detected by trypan
blue resistant staining were all greater than 80%, which suggested
that DMSO could protect cells from damage during cryopreservation
at -50 ℃. However, the rates of attachment were significantly
different between DMSO concentrations, with a sharp decrease
in attachment when treated with 30% DMSO, and very few cells
attaching on the flasks in the group treated with 40% DMSO.
Rather, the cells treated with 40% DMSO tended to gather in large
cell clumps, remaining suspended in the medium, with many of the
cells in a bubble like form. The addition of FCS to the cryoprotectant
DMSO increased both the survival and the attaching rates at all
concentrations. Based on the results of our study, we recommended
using 10% and 15% DMSO with 85% RPMI 1640 medium as the in
the freezing medium when cryopreserving a the cell line. The results
clearly indicated that cryopreservation at -50 ℃ could be used as
a practical and convenient method for cryopreserving SMMC-7721
cells.

6

3

0
3

5

   7

    9

      11

       13

Times after treatments (h)

Figure 1 The comparison of mitotic index of human hepatoma SMMC-7721 cells between
pre and post cryopreservation.

placed at -50 ℃ in an ultracold freezer (Sanyo, Japan).

The viability and reculture of cells after cryopreservation

After being cryopreserved at -50 ℃ for 6 mo, the cells were taken
out from the freezer and thawed in a 40 ℃ water bath, swirling
until the ice was dissolved. The cell suspension was transferred
into the centrifugation tube, centrifuged at 500 rpm for 3 min, the
preservers were removed and washed with RPMI-1640 medium
for 3 times by centrifugation. The cell viability was determined as
described above. The cells were recultured in RPMI-1640 medium.
The rate of attachment was determined after 12 h in culture by
counting the unattached cells.

The effects of -50 ℃ cryopreservation on the mitotic index

The comparison of mitotic index between SMMC-7721 cells that
were not cryopreserved with those that were cultured for 13 h after
6 mo of cryopreservation is shown in Figure 1.
The MI of the cryopreserved cells was lower than that in controls
th
at all time points examined, except for that in the 5 hour, when
the MI was higher in the cryopreserved cells. The highest MI in the
cryopreserved cells (13.31%) was 1.09% lower than that in the
normal cultured cells. The results suggest that the cryopreservation
at -50 ℃ could decrease the MI of SMMC-7721 cells.

The determination of mitotic index before and after cryopreservation

After being cryopreserved and treated as described above, the cells
5
were adjusted to the concentration of 2 × 10 /mL, plated in 24-well
Costar tissue culture plastic dishes, and incubated at 37 ℃, with 5%
CO2/95% air for 3 h. After that the cells on cover slips in 4 parallel
wells were taken out at an interval of 2 h, fixed in cooled methanol:
acetic acid (3:1) and stained with Feulgen stain, and hematoxylin
and eosin. The mitotic index of 1000 cells from each well were
counted. The control group was treated in the same way as the
experimental group but the cryopreservation step was omitted.

The effects of cryopreservation on the mode scope of chromosomal
numbers

The analysis of the mode scope of chromosomal number

After being cryopreserved more than ten times, the mode scope
of chromosomal numbers ranged from 24 to 109, the main scope
being 46-53 (58%) (Figure 2), and the percentage of cells with 46
chromosomes was 16%, which was significantly different from the
[5]
SMMC-7721 cells in the time of establishment .

After being cultured for three days, the cryopreserved cells were
given colchicine at a final concentration of 0.01 μg/mL and cultured
for 6 h. The cells were then released from the flask using 0.25%
trypsin and resuspended in RPMI-1640. After centrifuging the cell
suspension to remove the trypsin, 0.075 mol/L KCl was added
to the cells, and the cells were then incubated in a 37 ℃ water
bath for 10 min. Following this, the cells were fixed with cooled
methanol: acetic acid (4 ℃) for three times. The chromosomes
were spread onto slides and the routine method for Giemsa stain
was used to examine the chromosome sample. The mode scope
of chromosomal number of 100 metaphase figures was examined
under a microscope.

The effect of cryopreservation at -50 ℃ on the patterns of LDH
isoenzymes

The changes of LDH patterns after cryopreservation at -50 ℃ are
shown in Table 2.
After being cryopreserved at -50 ℃, LDH2 and LDH3 contents
decreased and the LDH4 and LDH5 contents increased as
compared with the LDH patterns in the time of establishment of the
SMMC-7721 cell line. These same differences were also evident in
the cryopreserved cells when compared to the human hepatoma
BEL7404 cell line. After cryopreservation, the content of LDH4 was
the highest (48.3%), LDH5 the second (28.3%), with the sequence
of the LDH activity in these cells being LDH4 > LDH5 > LDH3 >
LDH2 > LDH1.

LDH isoenzyme analysis

After being cultured to the exponent stage, the cryopreserved cells
were collected and homogenized. The supernatant of the cells
was collected and LDH isoenzyme analysis was done using PAGE
electrophoresis. After staining, the LDH bands were scanned with a
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Table 2 The effects of -50 ℃ cryopreservation on the activity of lactate dehydrogenase (%) of human hepatoma SMMC-7721 cell line
LDH5
28.3
14.9
1.7

SC (AC)
SC (E)
BEL7404 cell

LDH4
48.3
26.8
22.95

LDH3
18.9
29.3
37.76

LDH2
4.4
25.3
27.21

LDH1
0
3.6
10.38

SC (AC): SMMC-7721 cell after cryopreservation; SC (E): SMMC-7721 cell in the establishment; BEL7404 cell: Another human hepatoma cell line.

th

examined except for that in the 5 hour, in which the MI was higher
than that in control group. This time point discrepancy might be
due to the synchronism of some cells after cryopreservation, as
many cells might be going to the M phase together. These results
suggested that after the culture period, the growth rate in the
cryopreserved group might be lower than that in the control group.
After being cryopreserved at -50 ℃ more than 10 times, the
chromosomal number, the main scope of chromosomal number
and LDH isoenzymes of SMMC-7721 cells were compared between
cells both before and after cryopreservation. The cell line in the
establishment was a superdiploid cell line, its scope of chromosomal
number was 44-107, the main scope 54-58,and the percentage
of cells with 46 chromosomes was 0%. After being cryopreserved,
chromosomal number changed to a range of 24-109, the main scope
to 46-53, the percentage of cells with 46 chromosomes to 16%.
These suggested that the cells with superdiploid chromosomes had
a lower tolerance to -50 ℃ than those with a normal chromosome
complement, and after being cryopreserved at -50 ℃ several
times, both the main scope and the scope of chromosomal number
returned to a normal level. The LDH isoenzymes of SMMC-7721
cells in the establishment tended towards H pattern (LDH3 (29.3%)
> LDH4 (26.8%) > LDH2 (25.3%) > LDH5 (14.9) > LDH1 (3.6%)
(H pattern > M pattern). After being cryopreserved at -50 ℃ for
several times, the LDH isoenzyme contents were changed to LDH4
(48.3%) > LDH5 (28.3%) > LDH3 (18.9%) > LDH2 (4.4%) >
LDH1 (0%), but the normal LDH isoenzymes of human hepatocyte
were of M pattern, that was LDH5 > LDH4 > LDH3 > LDH2 > LDH1.
The comparison showed that the LDH pattern of SMMC-7721 cells
was also returned to the normal pattern of hepatocyte cells after
being cryopreserved with the distinct decreasing of LDH2 content
and increasing of LDH4 and LDH5. This LDH pattern, which is
different from that of human hepatoma cells, has showed that genes
controlling LDH M pattern are located in the chromosome 11, and
the M pattern genes are located on chromosome 12. Both the LDH
pattern and the change of main scope of chromosome suggested
the changes of LDH isoenzyme were induced by the change of
chromosomes.
From our results, we may conclude that the cryopreservation
at -50 ℃ with 10%-15% DMSO as a cryoprotectant is not only a
practical and convenient method for storage, but also might induce
the differentiation of human hepatocarcinoma SMMC-7721 cells,
thus opening a new way for researching into the gene expression
and control in response to lower temperature.

25

Cell numbers

20

15

10

5

0
24   33  37  39  41  42   43  46   48  51  53  54   55  56  58  65 100 104 100
The chromosome number after freezing

Figure 2 The effects of -50 ℃ cryopreservation on the chromosome numbers of human
hepatoma SMMC-7721 cell line. Abbreviations: SC (AC): SMMC-7721 cell after cryopreservation;
SC (E): SMMC-7721 cell in the establishment; and BEL7404 cell: another human hepatoma cell
line

DISCUSSION
Many chemical reagents, such as sodium butyrate, DMSO, dBcAMP,
vitamin A, and vitamin D3 can induce the differentiation of cultured
malignant cells, which suggested that these agents might be useful
in the treatment of cancer. To our knowledge, the differentiation
induced by cryopreservation at -50 ℃ has not been reported. In this
report, we have found that the survival rate of human hepatoma
cells SMMC-7721 at -50 ℃ is 95%, as indicated by the trypan
blue resistant staining. These cells also had an 85% attachment
rate, spreading on the surface o f culture dishes when treated
with 10%-15% DMSO as a cryoprotectant. DMSO could penetrate
rapidly into the cells and decrease the great ice crystal formation,
suggesting that DMSO concentration of 5%-40% could protect
the cells from damage of great ice crystal at -50 ℃, and the cell
survival rates were all more than 80% with trypan blue resistant
staining. However; high concentration of DMSO was toxic to cells,
with a lower survival rate than lower concentrations of DMSO,
but more importantly, the rates of attachment on the flasks after
cryopreservation was much lower at 40% DMSO. These low rates
of attachment might be induced by the high osmotic pressure in
cells treated with high concentration of DMSO, which caused the
cells to swell up and may have destroyed the cells in the process
of revitrification. It is suggested that the cryopreservation at -50
℃ with 10%-15% DMSO as a cryoprotectant is a practical and
convenient method.
It is important to remember that -50 ℃ is in the great-ice-crystal
forming temperature region in which cells can suffer great damage,
and the cell membrane system might be changed greatly. This
damage may induce many changes in physiology and biochemistry,
maybe even in chromosomal and gene level. The success of
cryopreservation at -50 ℃ and the high survival rate provided may
not only be a convenient method for cryopreservation, but may also
offer a new means for the study of gene expression and control in
response to lower temperature.
We observed a decrease in the mitotic index of cryopreserved
SMMC-7721 cells during the 13 hour culture at all time points
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Although most gastric cancer is surgically resectable, tumor relapse
and metastasis does develop in some patients. Therefore, many
studies have attempted to address the control of relapse and
metastasis in patients with these tumors. Neovascularization is not
only the basis of tumor growth, but also the part of the complicated
process of tumor metastasis, and is crucial to the development
of hepatic metastasis. Since a small focus of tumor cells cannot
grow at a secondary site without the induction of angiogenesis, it
is expected that inhibition of angiogenesis should provide a potent
form of therapy to prevent tumor recurrence and metastasis of
gastric cancer.
Angiogenesis inhibitors have been reported to have inhibitory
activity against both tumor growth and metastasis, and some have
achieved good results in animal experiments. Specifically. Linomide,
a quinoline-3-carboxamide (Figure 1), has been demonstrated to
have inhibitory effects on the growth and metastasis of several
rodent tumor models, and its antitumor mechanism may involve
antiangiogenic effects[1-3].
Implanting human tumor cells orthotopically into the
corresponding organs of nude mice results in local tumor growth,
and a much higher rate of metastasis. Human gastric cancer
cells injected into the stomach wall of nude mice produced
tumors that eventually metastasize to the liver, demonstrating
that orthotopic implantation can enhance the metastatic
[4]
potential of these tumor cells . Recently, a new model of human
gastric cancer was developed that avoids the disruption of tumor
[5]
integrity, by using the orthotopic implantation of intact tumors .
Such a model should better reflect the original properties of
human cancer, and could be of great value in the development
of new drugs and new therapy strategies. In the present study,
the inhibitory effect of Linomide on the local tumor growth and
hepatic metastasis and the changing of microvessel density of
tumors was examined in a nude mouse model of metastatic
human stomach cancer using the orthotopic implantation of
histologically intact tissues.

Abstract
AIM: To elucidate the effect of angiogenesis inhibitor, Linomide, on
tumor growth and metastasis in nude mice implanted with human
gastric cancer.
AIM: A metastatic model of gastric cancer was established using
orthotopic implantation of histologically intact tumor tissues into the
-1
gastric wall of nude mice. Linomide (0, 80, 160 mg·kg ) was given
p.o. every day after the implantation, and the mice were sacrificed
after 10 wk to detect tumor size and metastasis. The microvessel
counts were measured by immunohistochemical staining using a
monoclonal antibody against Human Factor Ⅷ related antigen.
RESULTS: Linomide treatment significantly decreased the size of
3
the implanted tumors (control group: 1.36 ± 0.81 cm vs Linomide
3
3
treated group: 0.84 ± 0.51 cm and 0.62 ± 0.35 cm , P < 0.05 and
0.01, respectively). Additionally, an antimetastatic effect of Linomide
was clearly demonstrated in a dose dependent manner: mice given
-1
80 mg·kg Linomide developed liver metastasis in 4 of 10 cases,
mice given 160 mg/kg developed metastasis in only 1 of 10 mice,
while it developed in 19 of 28 mice of the control group (P < 0.05
and 0.01, respectively). The number of metastatic foci was also
significantly less in the treated group. Furthermore, the microvessel
counts in tumors of treated mice was reduced by 33%-42% as
compared with the control tumors (P < 0.01).
CONCLUSION: Linomide has a strong inhibitory activity against

in vivo tumor growth and metastasis of gastric cancer, effectively
suppressing the growth of the primary tumor, preventing liver
metastasis, and attenuating the rate of neovascularization.
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Table 1 Inhibitory effect of Linomide in gastric cancer growth in nude mice
n
Control
Linomide
80 mg/kg
160 mg/kg

Table 2 Inhibitory effect of Linomide in hepatic metastasis
3

28

Local tumor growth
28/28 (100%)

Volume of local tumor (cm )
1.36 ± 0.81

10
10

10/10 (100%)
10/10 (100%)

0.84 ± 0.51a
0.62 ± 0.35b

n
Control
Linomide
80 mg/kg
160 mg/kg

P <�������
�� 0.05,
������ bP <�������
�� 0.01,
������ vs control group.

28

Ratio of metastasis
19/28 (67.9%)

10
10

Metastatic foci
4.2 ± 1.4

4/10 (40.0%)a
1/10 (10.0%)b

2.5 ± 0.8
2

a

P <�������
�� 0.05,
������ bP ��
<�������
0.01,
������ vs control group.

a

OH

20
O

CH3

C

N

Control
Linomide
80 mg/kg
b

N

O

MVD/HPF

b

Linomide
160 mg/kg

10

CH3

Figure 1 Structure of Linomide.

0

MATERIALS AND METHODS
Materials

Figure 2 Blood vessel density (microvessel density; MVD) per high power field (HPF)
in histological sections of gastric tumors from animals treated with different doses of
Linomide. bP <� 0.01 vs control.

The Linomide was a kind gift of Kabi Pharmacia Therapeutics
(Helsingborg, Sweden). It was dissolved in an isotonic solution,
and was administered to the mice in their drinking water. These
concentrations did not affect total daily water intake of the mice.
Control animals were given ordinary drinking water only.

2

deposits/mm in the areas that were considered to be most active
[6]
for neovascularization, as described previously .

Animals

Statistical analysis

Male BALB/c nu/nu mice were obtained from the Shanghai Cancer
Institute. In this study, only animals which were 6 to 8 wk old and
weighed 20 to 22 g were used.

Numerical values are expressed as the x- ± s. Student′s t test
2
and the χ test were used for statistical analysis. Differences were
considered significant if P < 0.05.

Human gastric cancer xenografts

RESULTS

Human gastric adenocarcinoma cell line, SGC-7901, was kindly
provided by the Shanghai Cancer Institute. Mice were inoculated
6
s.c. in the flank with 1 × 10 SGC-7901 cells, and the xenograft
was maintained by serial transplantation in nude mice. Small pieces
of tissue were resected aseptically during the exponential growth
phase from these tumors and then implanted into nude mice.
Mice were anesthetized, and a small midline incision was made to
carefully expose the stomach wall. A part of the serosal membrane,
about 3 mm in diameter, in the middle of the greater curvature of
the glandular stomach was removed at the site where the tumor
pieces were to be implanted. A tumor piece of 5 mm in diameter
was then fixed on each injured site of the serosal surface with a 7.0
Dexon transmural suture. The stomach was then returned to the
peritoneal cavity, and the abdominal wall and skin were closed with 5.
0 Dexon sutures. The animals were kept in a specific-pathogen-free
environment.

Tumor growth

All tumor pieces implanted in the stomach showed local orthotopic
growth. Treatment of Linomide significantly decreased the tumor
volume as compared to the control group, and the inhibitory
effect on tumor growth was related to the dose of Linomide. The
ratio of inhibition of 80 and 160 mg/kg Linomide were 38.2% and
54.4% respectively. This result indicates that the growth of gastric
carcinoma can be inhibited by Linomide (Table 1).

Hepatic metastasis

Similar to human patients, the nude mouse model of metastatic
human gastric cancer using orthotopic implantation of histologically
intact tissue also saw extensive metastases in regional lymph nodes,
peritoneum, liver, spleen and other tissues. To appraise the inhibitory
effect of Linomide in gastric cancer metastasis, we examined the
incidence of hepatic metastasis and the number of metastatic foci
in our mouse model. We found that Linomide inhibited hepatic
metastasis in a dose dependent manner. The number of metastatic
foci in the liver was 2.5 ± 0.8 in the 80 mg·kg-1 group and 2 in the
-1
160 mg·kg group. In contrast, 4.2 ± 1.4 metastatic foci were found
in the control group (Table 2).

Assay of tumor growth and hepatic metastasis

Animals were given Linomide at a dose of 80 or 160 mg/kg daily
via the drinking water and the same volume of normal saline was
given to other mice as control. Mice were sacrificed 10 wk after
implantation, or earlier if they developed signs of distress. Autopsy
was performed immediately, and the tumors growing on the gastric
wall were removed, and its width (a) and length (b) were measured.
Tumor volumes in cm3 were calculated by using a standard formula:
2
ab × 0.5236. The ratio of tumor inhibition were calculated as:
[(Volume of control - Volume of experiment)/Volume of control]
× 100%.
The liver was examined by routine histology to detect metastases.

Effect of Linomide on tumor angiogenesis

The capillary density in tumor of Linomide (80 and 160 mg/kg)
treated mice was reduced by 33%-42% as compared with the
control group. These data suggest that Linomide attenuated the
rate of neovascularization, but did not completely block the initial
activation of angiogenesis, nor the capability of each capillary to
grow (Figure 2).

Microvessel staining and counting

Intratumoral microvessels were identified by immunostaining
using anti-human FⅧ related antigen monoclonal antibody, and
microvessel density (MVD) was assessed as the count of endothelial
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the inhibition of angiogenesis at both the first and the final step of
the metastatic process. Tumor cells rarely enter circulation because
of the inhibition of capillary growth by Linomide. At the same time,
tumor cells, when arriving at the target organs, cannot grow without
the induction of angiogenesis. The tumor cells that arrived at the
liver could not grow to a detectable mass since angiogenesis was
inhibited by Linomide.
Vukanovic et al[1] thought that Linomide could inhibit tumor
associated macrophage/monocyte number and their ability to
secrete TNF-α. However, the precise mechanism of Linomide on
human tumor neovascularization should be investigated further.
[7]
Maeda et al have reported that tumor recurrence and metastasis
are closely correlated with microvessel count in gastric carcinoma.
Our study indicated that hepatic metastasis of human gastric cancer
was prevented by inhibiting tumor angiogenesis. Thus, hepatic
metastasis may be prevented by angiogenesis inhibitors such as
Linomide through reducing the opportunities for tumor cells to enter
the circulation and inhibiting the growth of tumor cells arriving in the
liver.
In summary, the angiogenesis inhibitor Linomide seems to be
a potent tumor growth and metastatic inhibition agent, and might
serve as a clinical treatment with further studies.

inhibitors have become ‘hot spots’ in the field of tumor research.
Since tumor growth is reported to generally depend on
angiogensis, angiogenic inhibitors should have an inhibitory effect
on in vivo tumor growth. The angiogeneic inhibitor, Linomide, has
been reported to have an inhibitory effect on both tumor growth
and metastasis in rodent prostatic cancer and melanoma. However,
its effect has not been examined in human tumors. In this study,
we investigated its inhibitory effect on the local growth and hepatic
metastasis of human gastric cancer in a nude mouse model,
constructed using the orthotopic implantation of histologically
intact tissues. Although it was previously reported that Linomide
had an inhibitory effect of tumor growth, because the tumors were
inoculated s.c., the model may not reflect the natural environment
of tumor growth. The host organ microenvironment can profoundly
influence the growth of tumor cells. The model in the present
study was more appropriate than heterotopic implantation
models. In this study, we found that Linomide can inhibit gastric
tumor growth, the ratio of inhibition of 80 and 160 mg·kg-1
were 38.2% and 54.4%, respectively. The result is consistent
with the hypothesis that the rapidly proliferating tumor is more
angiogenesis dependent.
[3]
Kalland had reported that continuous treatment with Linomide
in mice reduced the rate of pulmonary metastasis by 85%. In
the present study, we found that it inhibited hepatic metastasis
in a dose-dependent manner. Hepatic metastasis was observed
in only 1 or 10 (10%) of the mice treated with 160 mg/kg, and
was decreased significantly in mice treated with either 80 or 160
mg/kg of Linomide as compared with the control group. This
result demonstrated that Linomide has an inhibitory effect on the
metastasis of human tumors.
Tumor cell metastasis occurs through a complicated process
that involves five main steps: (1) angiogenesis, (2) adhesion
to endothelial cell basement membrane, (3) local proteolytic
destruction of the basement membrane, (4) migration into
secondary site, and (5) proliferation at the secondary sites. Tumor
growth and metastasis require the development of new vessels.
Mature capillaries have a thickened basement membrane, but
growing capillaries have fragmented basement membrane. Because
growing capillaries are leaky, these new vessels also increase the
opportunity for tumor cells to enter the circulation. This study found
that the microvessel density of Linomide treatment group was
decreased by 33%-42% as compared with control group, indicating
that efficacy for hepatic metastasis by Linomide may depend on
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INTRODUCTION
Tumor suppressor genes play an important role in regulating normal
[1,2]
cellular proliferation . Conversely, inactivation of tumor suppressor
genes at both alleles may allow a cell to lose normal growth controls
and acquire a malignant phenotype. This inactivation may occur
through a variety of mechanisms including deletion, rearrangement,
point mutation, gene conversion, and binding of suppressor gene
[1,3]
products with viral or cellular inactivating proteins . The deleted
in colorectal cancer (DCC) gene was first cloned based on frequent
[4]
deletions affecting the 18q21 region in colon cancer . Subsequently,
loss of heterozygosity (LOH) or loss of expression (LOE) of DCC has
[5,6]
been reported in several other tumor types, including breast ,
[7]
[8]
[9]
[10]
pancreatic , prostate and testicular carcinomas, glioblastomas
[11]
and hematological malignancies .
In a study of human gastric cancer, chromosome 18q was
frequently affected by the loss of heterozygosity detectable in more
[12]
than 60% of cases . However, there have been no studies reported
on LOE of DCC gene in gastric cancer. In order to investigate the
effects of the DCC gene abnormality on the development and
progression of gastric cancer, LOH and LOE of DCC gene were
examined using a PCR based detection method.
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Abstract
AIM: To assess the effects of the deleted in colorectal cancer (DCC )
gene changes on the development and progression of gastric cancer.

MATERIALS AND METHODS

METHODS: The loss of heterozygosity (LOH) and mRNA expression
DCC gastric cancer using a PCR-based detection method.

Tumor and corresponding noncancerous tissues were obtained from
51 patients who underwent surgical resection for gastric carcinoma
between January 1993 and October 1996 at the Southwest
Hospital. None of the patients had received any radiotherapy or
chemotherapy preoperatively. Each pair of tumor and corresponding
non-tumor tissues was stored at -80 ℃ immediately after the
resection for experimental use. A 6 μm section was cut from each
tissue and stained with hemotoxylin/eosin for pathological diagnosis.
After diagnostic confirmation, a visual assessment was made of the
approximate proportion of tumor cells vs normal cells in the tumor.
Only the specimens in which tumor cells represented ≥ 60% of the
tumor tissue were accepted for LOH and LOE analysis.

Tissue specimens

RESULTS: LOH was found in 35.3% (18/51) of the specimens, and
the LOH was more frequently detected in tumors from patients with
stage Ⅲ or Ⅳ cancer (50.5%) than those in stages Ⅰ or Ⅱ (14.3%)
(P < 0.05). The occurrence of LOH was not found to correlate with
the histological type, tumor size, invasion depth and lymph node
metastasis of gastric cancer. The mRNA expression of the DCC
gene was studied in 26 of the 51 cases, of which LOE was found in
30.8% (8/26). LOE was not significantly correlated to LOH or other
clinicopathological parameters.
CONCLUSION: LOH and LOE of DCC gene are frequently
encountered in gastric cancer, and the LOH of DCC gene is a late
event associated with progression of gastric cancer.

Total RNA isolation and DNA extraction

Total RNA was prepared from tumor and noncancerous tissues using
[13]
the acid guanidinium thiocyanate method
and high molecular
weight DNA was extracted using proteinase K digestion and phenol
[14]
chloroform isoamyl alcohol extraction as previously described .

Key words: Stomach neoplasms; DCC gene; Gene expression;
mRNA; Heterozygosity loss

RT-PCR assay of DCC gene expression

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All rights reserved.

RT-PCR was performed as described previously with some
[15]
modifications . DCC complementary DNA was amplified at
94 ℃ for 40 s; 49 ℃ for 40 s, and 72 ℃ for 1 min in a Perkin
Elmer Thermocycler 2400 for 35 cycles. DCC primers were
located on exons O and P, amplifying a 233 base pair fragment

Wang DX, Fang DC, Luo YH, Liu WW. Loss of heterozygosity and mRNA
expression at deleted in colorectal cancer gene locus in gastric cancer. World
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N       T       N      T      N      T      N      T

Table 1 Relationship of loss of heterozygosity (LOH) and mRNA expression
(LOE) of deleted in colorectal cancer (DCC ) with clinicopathological
parameters

369 bp
257 bp

Clinicopathologic parameters
Differentiation
Well/moderate
Poor
Mucinous carcinoma
Tumor size
< 5 cm
> 5 cm
Serosal invasion
Absent
Present
Lymph node metastasis
Absent
Present
Clinical staging
Stages Ⅰ-Ⅱ
Stages Ⅲ-Ⅳ

LOH/informative (%)

LOE/No. examined (%)

4/12 (33.3)
12/28 (42.9)
2/11 (18.2)

1/6 (16.7)
5/14 (35.7)
2/6 (33.3)

4/20 (20.0)
14/31 (45.2)

4/12 (33.3)
4/14 (28.6)

4/18 (22.2)
12/33 (36.4)

3/12 (25.0)
5/14 (35.7)

5/24 (20.8)
13/27 (48.1)

2/13 (15.4)
6/13 (46.2)

240 bp

3/21 (14.3)
15/30 (50.0)a

2/11 (18.2)
6/15 (40.0)

137 bp
103 bp

139 bp

1

2

3

4

Figure 1 Heterozygosity loss of deleted in colorectal cancer (DCC ) gene (M2) of gastric
cancer. N: Normal tissue DNA; T: Tumor tissue DNA; 1: Heterozygote; 2-4: loss of heterozygosity
(LOH).
N       T       N      T      N      T      N      T

a

P < 0.05 as compared with that of stage Ⅰ and Ⅱ.
1

LOH
+
+

LOE
+
+
-

3

4

Figure 2 Heterozygosity loss of deleted in colorectal cancer (DCC ) gene (M3) of gastric
cancer. N: Normal tissue DNA; T: Tumor tissue DNA; 1: Heterozygote; 4: Homozygote; 2 and 3:
loss of heterozygosity (LOH).

Table 2 Relationship between loss of heterozygosity (LOH) and mRNA
expression (LOE) of deleted in colorectal cancer (DCC ) gene
Groups
1
2
3
4

2

No. of cases (%)
4 (15.4)
14 (53.8)
4 (15.4)
4 (15.4)

N      T      N       T       N      T       N       T

200 bp
160 bp

+: Positive; and -: Negative.

[16]

from the human mRNA . A fragment of this size cannot be
amplified from genomic DNA, for the primers were designed
to frame sequences that cross an intron on the DCC gene.
RT-PCR without RNA or without reverse transcriptase were
included in each experiment as negative controls. Primers used
were 5′ TTCCGCCATGGTTTTTAAATCA 3′ (DCC sense), and 5′
AGCCTCATTTTCAGCCACACA 3′ (DCC antisense).

1

2

3

4

Figure 3 Heterozygosity loss of deleted in colorectal cancer (DCC ) gene (VNTR) of
gastric cancer. N: Normal tissue; T: Tumor tissue DNA; 1 and 3: Heterozygote; 2 and 4: loss of
heterozygosity (LOH).
M        N        T       N       T         N       T

PCR-LOH analysis

Fifty to 500 ng of genomic DNA were placed at 95 ℃ for 5 min
in 20 μL buffer containing 10 mmol/L Tris (pH 8.3), 5 mmol/L
KCl, 2.5 mmol/L MgCl2, 0.1 μg/μL bovine serum albumin, sense
and antisense primers at 1 μm concentration. Then 2.5 units of
Ampli Taq DNA polymerase was added and PCR was run at 94
℃ for 40s; 56 ℃ for 40 s, 72 ℃ for 1 min, for 35 cycles. For M2
[17]
and M3 polymorphism , PCR products were digested with MspI
[18,19]
and analyzed on 25% agarose gels. For VNTR polymorphism
,
PCR products were directly separated on 2.5 gels. The gel was
then stained with ethidium bromide and photographed under
UV light. The primers were: 5′TGCACCATGCTGAAGATTGT
3 ′ ( M 2 s e n s e ) , 5 ′ A G TA C A A C A C A A G G TAT G T G 3 ′ ( M 2
a n t i s e n s e ) ; 5 ′ C G A C T C G AT C C TA C A A A AT C 3 ′ ( M 3
sense), 5′ TCTACCCAGGTCTCAGAG 3′ (M3 antisense);
5 ′ G ATG A C ATTTTC C C TC TA G 3 ′ ( V N T R s e n s e ) , a n d 5 ′
GTGGTTATTGCCTTGAAAAG 3′ (VNTR antisense). Negative controls
without genomic DNA were performed for each set of PCR
reaction.

233 bp

1

3

Figure 4 Loss of deleted in colorectal cancer (DCC ) gene expression of gastric cancer. N:
Normal tissue T: Tumor tissue; M: Marker of molecular weight, PBR 322/Hae Ⅲ; 1 and 3: Normal
expression; 2: loss of heterozygosity (LOH).

RESULTS
LOH of the DCC gene was determined by PCR-LOH in 51 specimens
of gastric cancer. In order to raise the assay sensitivity, three
different sites, i.e., M2, M3 and VNTR were used in this study. LOH
of DCC was observed in 9 of 47 (19.0%) at M2, 7 of 50 (14.0%)
at M3 and 3 of 26 (11.5%) at VNTR sites, respectively. If a positive
allelic deletion of DCC was judged by LOH at one or any combination
of these three sites, the incidence of LOH at the DCC locus was
35.3% (18/51). LOH was detected in 37.5% (6/16) of intestinal
type of gastric cancer and 36.4% (12/33) of gastric type. Of the 51
cases of gastric cancer, 26 underwent the examination of expression
of DCC mRNA, and LOE was observed in 30.8% (8/26) (Figure
4). The incidence of LOE was 44.4% (4/9) in the intestinal type
2
and 23.5% (4/17) in gastric type. χ test revealed no significant
difference of the LOH and LOE between these two types of cancer (p
> 0.05).
Correlation between LOH and LOE of DCC and clinicopathological
2
data of gastric cancer are illustrated in Table 1. χ test demonstrated
that LOH of DCC was significantly higher in stages Ⅲ and Ⅳ gastric
cancer than that in stage Ⅰ or Ⅱ (P < 0.05). Correlation between

Data analysis

Photographs of thidium-stained gels were read by two observers
independently. LOH and LOE was defined by a visible change in
that allele: allele ratio in tumor compared to the matching normal
tissues. A reduction of allelic intensity over 50% in tumor compared
to the matching tissues was taken to be indicative of LOH or LOE,
(Figures 1-3).

Statistical analyses

Associations between variables were made with the Chi square
test, a p value of less than 0.05 was considered to be statistically
significant.
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LOH and LOE is shown in Table 2. The paired data were analyzed
2
with χ test and no significant correlation was found between LOH
and LOE (p > 0.05).

and LOE of DCC may be potentially used as a prognostic factor
for gastric cancer. However, to accurately reveal the correlation of
LOH and LOE of DCC with clinicopathologic factors and prognosis, a
larger number of cases should be examined.
The interrelation of LOH and LOE of DCC gene was preliminarily
studied and it was found that LOH does not seem to be necessary
for LOE of DCC mRNA, which was similar to the finding of
[14,27]
others
. There might be some other causes, such as alterations
in sequences controlling transcriptional regulation, point mutation
or insertions within the DCC gene, or alterations in other gene
controlling DCC gene expression. Further studies are required to
examine these possibilities.

DISCUSSION
21.3

The DCC gene is located on the human chromosome 18q . It was
reported that the inactivation of this gene is closely related to the
pathogenesis of colorectal, esophageal and pancreatic carcinoma,
and this gene is considered a susceptible gene in gastrointestinal
[12]
[19]
carcinomas. Uchino et al
and Ranzani et al
reported that
the rate of LOH of DCC in gastric cancer was 61% and 42.9%,
respectively; in our study, this rate was 35.5%. Together, these
results suggest that DCC gene takes part in the pathogenesis of
gastric cancer through its LOH.
To our knowledge, this is the first report on the expression of
mRNA of DCC gene in gastric cancer, which confirmed the LOE of
DCC mRNA in the gastric cancers with RT-PCR. This suggests that
the inactivation of DCC in gastric cancer occurs in various patterns,
and further confirms that the DCC gene is the susceptible gene
of gastric cancer, playing an important role in the pathogenesis of
gastric cancer.
The histological progression associated with the intestinal type of
gastric cancer has been well documented, with apparent evolution
through a sequence of superficial gastritis, intestinal metaplasia
[20,21]
and dysplasia
. Lesions indicating an adenoma carcinoma
sequence similar to that in the colorectum were also observed in the
[22]
stomach . In the present study we have found that the rate of LOE
of DCC was as high as 44.4% in intestinal type of gastric cancer,
[23]
which approached that of the rate seen in colorectal carcinoma .
However, the rate of LOE was rather low in gastric type of gastric
cancer. Though there was no statistical difference between the two
types of gastric cancer, similarities in genetic alterations between
colorectal carcinoma and intestinal type of carcinoma may reflect
a carcinogenetic pathway common to colorectal carcinoma and
gastric carcinoma. It was also found in our study that the rate of
LOH of intestinal type of DCC was similar between the two types
of gastric cancer. Whether the effects of LOH and LOE of DCC gene
are different between the two types of gastric cancer needs further
studies.
The DCC gene encodes a molecule which shares high homology
[16]
with the neural cell adhesion molecule . Cell adhesion molecules
are cell surface receptors that play critical roles in a number of
different processes, including embryogenesis, thrombosis, wound
healing, cell homing, and immunoreactivity, as well as tumor
progression and metastasis. The inactivation of DCC gene may
result in malignant degeneration of the cells and aid in the invasion
[24]
and metastasis of a tumor. Kato et al found that the incidence
of LOH at DCC locus in colorectal carcinoma was significantly
greater for patients with liver metastasis than for patients with
[23]
[13]
no liver metastasis. Iino et al
and Yanoshita et al
observed
that the expression of DCC gene in mRNA was greatly reduced
or not detectable in invasive colorectal carcinoma in comparison
with carcinoma in adenoma and intramucosal carcinoma. They
indicated that the inactivation of the DCC gene was associated
with the progression of early stage carcinoma to advanced stage.
[25]
Itoh et al
revealed that the expression level of DCC mRNA was
lower in liver matastasis than in primary carcinoma. These findings
imply that the inactivation of the DCC gene occurs in the late stage
of colorectal carcinoma, and was of prognostic significance. There
were similar conclusions in the study of esophageal and pancreatic
[7,26]
carcinoma
. In our study, the rate of LOH of DCC rose along
with the increase of tumor size and the depth of invasion and the
metastasis to lymph nodes, and LOE of DCC frequently occurred
in gastric cancer of stages Ⅲ and Ⅳ with lymph node metastasis.
Though these data did not find a statistical significance, they may
suggest that DCC gene plays a definite role in the proliferation,
invasion and metastasis of gastric cancer. The LOH rate of DCC in
our study was significantly higher in the stages Ⅲ and Ⅳ than that
in stages Ⅰ or Ⅱ, which indicates that LOH of DCC occurs in the
late stage and is related to the advances of the malignancy. Ranzani
[19]
et al
had similar findings as ours. Thus, it is expected that LOH
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Significance of monoclonal antibody SC3A expression in gastric carcinoma
and precancerous lesion
Ji-Feng Wu, Yu-Lin Song, Guang-Lin Yang, Yu-Ming Dong, Dao-Bing Wang, Min-Pei Liu
RESULTS: SC3A positive rate was 80.3% (57/71) in lesions of
gastric carcinoma. The expression of SC3A was not related to the
classification, differentiation, metastasis and or survival rates. The
positive rate of SC3A in cancers secreting acid mucin (90.2%) or
sulphomucin (91.3%) was higher than that in cancers without acid
mucin (20.0%) or sulphomucin (60.0%) (P < 0.01). The positive
rate of sulphomucin was higher in cases of intestinal metaplasia
with cancer (88.9%) than that of cases of intestinal metaplasia with
a benign lesion (35.3%) (P < 0.01). Additionally, the positive rate of
SC3A with sulphomucin in intestinal metaplasia (60.9%) was higher
than that without sulphomucin (31.3%) (P < 0.05).
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CONCLUSION: SC3A monoclonal antibody might be helpful in the
diagnosis of gastric cancer and the discernment of histogenesis.
Key words: antibodies, monoclonal/metabolism; stomach neoplasms/
immunology
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AIM: To study the significance of monoclonal antibody SC3A
expression in gastric carcinoma and precancerous lesions.

Wu JF, Song YL, Yang GL, Dong YM, Wang DB, Liu MP. Significance of
monoclonal antibody SC3A expression in gastric carcinoma and precancerous lesion.
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METHODS: Immunohistochemical staining and mucin histochemical
staining were performed on paraffin-embedded sections from gastric
benign and malignant lesions from 101 patients.
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INTRODUCTION

Presented at the Fifth Congress of Chinese Genetics Society.

Recent molecular biology studies have revealed that carcinogenesis
is a multiple-step process involving many factors. The activation
of some oncogenes and inactivation of some tumor suppresser
[1]
genes play key roles in this process . p53 is a widely related tumor
[2,3]
suppresser gene, but its function has not been clearly defined .
In this research, LOH of the p53 gene in two common cancers,
gastric cancer and colorectal cancer, was examined by Southern blot
hybridization and RFLP analysis.
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Twenty-two cases of gastric cancer and 14 cases of colorectal cancer
were acquired from the affiliated hospital of Nanjing Railway Medical
College. Tumor tissues and their corresponding normal tissues were
obtained during surgery. The classification of tumor and normal
tissues was performed by the Department of Pathology of Nanjing
Railway Medical College.

Abstract

Probes

AIM: To evaluate the role of p 53 in the development and
progression of colorectal cancer and gastric carcinoma by analyzing
the loss of heterozygosity (LOH) at 17p13.1 and 17p13.3.

php53B is a p53 cDNA probe located at 17p13.1. pYNZ22 is a VNTR
(variable number of tandem repeats) probe located at 17p13.3.
Both probes were obtained from ATCC (American Type Culture
Collection).

METHODS: LOH at the p 53 gene locus and 17p13.3 were examined
in 22 cases of gastric carcinoma and 14 cases of colorectal cancer by
Southern blot analysis.

Southern blot

Genomic DNA was isolated from tumor and normal tissues
[4]
according to standard methods . It was then completely
digested with specific restriction endonucleases, electrophoresed
on agarose gels, denatured, and transferred to nylon filters. The
filters were prehybridized for 8-12 h, hybridized for 24-36 h in
50% formamide at 42˚C, washed and autoradiographed for 1-4
d at -70˚C. Probes were radiolabeled using the random primer
method.

RESULTS: Of the 22 gastrocarcinoma cases, 12 (54%) were
heterozygous and LOH was detected in 6 (50%) of the 12
informative cases. In the 14 colorectal cancer cases, 10 (71%)
were heterozygous, and LOH was detected in 6 (60%) of the 10
informative cases.
CONCLUSION: LOH at the p 53 gene locus is a frequent event in
multiple step carcinogenesis progression. The high frequency of LOH
at 17p13.3 suggests that there may be another tumor suppresser
gene in that chromosome region.

LOH analysis

The hybridization results of each tumor tissue were compared to
that of its normal tissue. If the normal tissue had two heterozygosity
bands and its corresponding tumor tissue had only one

Key words: Stomach neoplasms; Colorectal neoplasms; p 53 gene;
Heterozygosity loss; Genes, suppressor, tumor
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T1  N1  T2  N2  T3   N3  T4  N4   T5  N5   T6  N6

A
10.7 kb

Table 1 Loss of heterozygosity (LOH) detected by the php53B and
pYNZ22 probes in gastric cancer

8.5 kb
Locus
p53
YNZ22
       T1 N1 T2 N2  T3 N3 T4 N4 T5 N5 T6 N6 T7 N7

B

Restriction enzyme Number of sample Heterozygosity and LOH and rate (%)
rate (%)
Sca Ⅰ
Taq Ⅰ
Msp Ⅰ

17p13

22
8
14
22

3 (14)*
4 (50)
6 (43)*
12 (54)

2 (66)*
2 (50)
3 (50)*
6 (50)

*One sample showed heterozygosity and LOH detected with both probes.

3 kb
2 kb

Table 2 Loss of heterozygosity (LOH) detected by the php53B and
pYNZ22 probes in colorectal cancer
T1 N1       T2      N2     T3       N3        T4      N4

C

Locus
p53
YNZ22
17p13

1.2 kb
1.0 kb

Restriction enzyme Number of sample Heterozygosity and LOH and rate (%)
rate (%)
Sca Ⅰ
7
2 (20)
1 (50)
Msp Ⅰ
14
8 (57)
5 (62)
14
10 (71)
6 (60)

The number in bracket shows the rate of heterozygosity or LOH.

0.9 kb

restriction enzyme, we identified a group of alleles 0.5 kb to 1.3 kb
with the pYNZ22 probe. While using TaqI, we identified allele fragments
ranging from 2 kb to 3 kb with the pYNZ22 probe (Figures 1 and 2).

0.8 kb

LOH of 17p13 in gastric and colorectal cancer

We identified heterozygosity in all of the normal tissues from the
12 gastric cancer cases and ten colorectal cancer cases. They all
showed hybridization bands of different lengths. We determined that
six gastric cancer cases and six colorectal cancer cases exhibited
LOH. The rate of detection was 50% and 60%, respectively. These
details are shown in Tables 1 and 2.

Figure 1 Loss of heterozygosity (LOH) at 17p13 in gastric carcinoma. N: Normal DNA; T:
Tumor DNA. (A) LOH at the p53 locus. Genomic DNA was digested with ScaI. Sample 4 showed
heterozygosity, and Sample 6 showed LOH. (B) LOH at YNZ22. Genomic DNA was digested with
TaqI. Samples 3 and 7 showed heterozygosity. Samples 1 and 5 showed LOH. (C) LOH at YNZ22.
Genomic DNA was digested with MsqI, LOH was detected in Samples 2 and 4.
            T1      N1      T2     N2       T3      N3

A

DISCUSSION
In his “two hit” theory, Knudson showed that the loss of function
of tumor suppressor genes generally involves at least two genetic
[5]
mutation events . These mutations can be detected by Southern
blot hybridization and analysis of the LOH occurrence rate. The
closely linked polymorphic gene probes located nearby or inside the
possible tumor suppressor gene are used to examine the tumor
tissue and its normal adjacent tissue. Detection of LOH suggests
that there is a tumor suppressor gene located in the region covered
by the gene probe, and two mutation events may have occurred in
the tumor suppressor gene.
In this study, we detected LOH in two gastric cancer cases and
one colorectal cancer case using the php53B probe. As php53B
is a p53 cDNA probe, our data suggest that two mutation events
occurred in the p53 gene of some gastric cancer and colorectal
cancer patients, and that the normal function of the wild type p53
gene was lost. We also detected LOH in five gastric and colorectal
cancer cases using the pYNZ22 probe, which is located at 17p13.3
and is tightly linked with p53. These results further suggest that the
inactivation of p53 at 17p13.1 is involved in gastric and colorectal
carcinogenesis.
To date, p53 is the only tumor suppresser gene that has been
assigned to chromosome 17p13. There are conflicting reports on
whether the LOH detected by the pYNZ22 probe only reflects p53
inactivation. Studies in breast cancer have shown that LOH detected
[6]
by pYNZ22 primarily represents p53 inactivation . However, Coles
[7,8]
et al suggested that there may be certain regulatory genes located
between YNZ22 and p53 that control p53 gene expression. Damage
to this gene, together with p53 inactivation supposedly contribute
to breast cancer carcinogenesis. In our research, only one case
of gastric cancer showed LOH in both p53 and the YNZ22 region,
while the other cases did not demonstrate LOH in both p53 and the
YNZ22 locus. Therefore, further studies are necessary, including
collecting more cases and using more restriction endonucleases,
to determine whether LOH detected within pYNZ22 in gastric and
colorectal cancers represents p53 inactivation or whether there is an
additional regulatory gene near the YNZ22 locus that is mutated in

10.7 kb
8.5 kb

T1     N1    T2    N2     T3  N3          T4    N4

B

1.6 kb
1.4 kb
1.2 kb
1.0 kb

Figure 2 Loss of heterozygosity (LOH) at 17p13 in colorectal cancer. N: Normal DNA; T: Tumor
DNA. (A) LOH at p53. Genomic DNA was digested with ScaI. LOH was detected in Sample 2. (B)
LOH at YNZ22. Genomic DNA was digested with MspI. LOH was detected in Samples 2 and 4.

homozygosity band, the patient was classified as having p53 LOH.

RESULTS
php53B and pYNZ22 RFLP fragments
Using the Scal restriction enzyme, we identified 8.5 kb and 10.7
kb allelic fragments with the php53B probe. After use of the MsqI

WJG|www.wjgnet.com

161

September 15, 1997|Volume 3|Issue 3|

Wu GJ et al . Preliminary study on the loss of heterozygosity at 17p13 in gastric and colorectal cancers
gastric and colorectal cancers.

5
6
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Blair culture medium and were sent to the lab for bacterial isolation
and identification. Rotavirus was identified in the supernatant by
ELISA.

Author contributions: All authors contributed equally to the work.

RESULTS: Thirty-one pathogens and 385 bacterial strains were
found in the 368 samples, with a detection rate of 67.7%, including
37.8% of mixed infections. Among the bacteria families, vibrionaceae
was the most common (39.7%), and among bacteria genera,
aeromonas was the most common (26.8%). In bacterial diarrhea,
stool pH tended to be basic, while in viral diarrhea it tended to be
acidic.
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CONCLUSION: There are 31 pathogens for children’s acute diarrhea
in this area. It is quite difficult to make an etiologic diagnosis only by
clinical signs. However, stool pH is of some value for early disease
diagnosis.
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AIM: To identify etiologic pathogens of acute diarrhea in children
and to determine the diagnostic value of stool pH.

Cai LM, Zhang C, Chen H, Jiang WP, Mao WX. Clinicopathogenic studies of
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METHODS: From May 1988 to April 1992, 368 children with acute
diarrhea were studied. Fresh stools were routinely examined, and
stool pH was tested with pH paper. Samples were placed in Cary-
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INTRODUCTION
The transformation-inducing genes most frequently detected in
solid human tumors are members of the Ras family of oncogenes. It
has been suggested that P21 overexpression in the early neoplasm
[1,2]
stage may play an important role in carcinogenesis . In this study,
we examined P21 and CEA expression and quantified nuclear silver
stain of the granules of nucleolus organizer region (AgNOR) in 1.2
dimethylhydrazine (DMH)-induced colonic carcinoma in rats to study
the carcinogenesis mechanism.
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MATERIALS AND METHODS

Abstract

Animals

AIM: To study P21 and carcinoembryonic antigen (CEA) expression
and to measure argyrophilic nucleolar organizer region (AgNOR)
counts in various lesions of colonic mucosa and the mechanism of
carcinogenesis.

Fifty male Wistar rats weighing approximately 170 g were randomly
divided into a test group (T group, n = 40) and control group (C
group, n = 10). Rats in the T group were subcutaneously injected
with 20 mg/kg body weight DMH once a week. Rats in the C
group rats were given 0.9% NaCl solution at the same time. DMH
th
th
th
administration lasted 20 wk. At the 10 , 15 , and 18 week, one
th
rat was sacrificed in each group, and 10 were sacrificed at the 20
th
week. The rest were continually fed with standard diet until the 25
week, when they were all sacrificed. Intestinal tissues were fixed in
10% neutral formalin.

METHODS: Thirty-eight male Wistar rats were injected with
dimethylhydrazine (DMH) once a week for 25 wk. P21 and CEA
expression was detected by immunohistochemical methods, and
AgNOR was counted by silver staining paraffin sections from various
colonic lesions.
RESULTS: The incidence of colonic carcinoma in DMH-treated rats
was 71.05%(27/38), and lymph node metastasis occurred in six
rats. Immunohistochemical studies showed that P21 was primarily
expressed in dysplasia and carcinomas, while CEA was expressed in
carcinomas and metastatic tumors. AgNOR counts were higher in
dysplasia and carcinomas. There were significant differences in P21
and CEA expression between benign and malignant lesions (P < 0.05).
The difference in AgNOR counts was also significant between normal
and dysplastic tissues, and between dysplasia and malignant lesions
(P < 0.05).

Pathological and immunohistochemical examination

Tissue specimens were collected from the tumor, adjacent tissues
and normal colonic mucosa in T group rats, and normal colon
mucosa were collected from the C group. Serial paraffin sections
were cut at 4 μm thickness and were stained with hematoxylin
and eosin (HE). The ABC immunohistochemical method was used
for P21 staining, and the PAP method was used for CAE staining.
The working dilution of the anti-P21 monoclonal antibody (Huamei
Company) was 1:40, and 1:100 for the anti-CEA antibody (DAKO
Company). PBS was used as a negative control.

CONCLUSION: Dysplasia is a premalignant change of colonic
carcinoma. The detection of P21 via immunohistochemistry and
AgNOR counting may be an important clinical screening technique
for colon carcinoma and premalignant lesions.
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AgNOR staining technique

A one-step silver staining method was used for AgNOR detection.
The observation method and statistical standard were performed as
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Table 1 DMH (dimethylhydrazine)-induced carcinogenesis in rats
n

Lesions
Well-differentiated adenocarcinoma
Undifferentiated adenocarcinoma
Mucinous adenocarcinoma
No tumor
Total

17
3
7
11
38

Incidence (%)
44.74
7.89
18.42

Number of mass
20
5
9

71.05

34

Table 2 Histological changes in colons of DMH (dimethylhydrazine)-treated
rats
Histological types
Normal epithelial cell
Inflammation
Dysplasia
Adenoma
Carcinoma

T group
0
10
10
3
34

C group
6*
4
0
0
0

Figure 1 Dimethylhydrazine (DMH)-treated rats, dysplasia localized to the upper 1/3 of the
colonic mucosa. HE × 100

*With normal mucosa for all intestines.

Table 3 The distribution of positive P21 and Carcino Embryonie Antigen
(CEA) immunohistochemical staining in rat colonic lesions
Histological types
Benign
Normal epithelial cell
Adenoma
Dysplasia
Malignant
Well-differentiated adenocarcinoma
Undifferentiated adenocarcinoma
Mucinous adenocarcinoma

n

p21 (%)

CEA (%)

10
3
10

0 (0.0)
1 (33.3)
6 (60.0)

0 (0.0)
0 (0.0)
3 (30.0)

20
5
9

14 (70.0)
1 (20.0)
7 (77.8)

16 (80.0)
4 (80.0)
6 (66.7)

Figure 2 Dimethylhydrazine (DMH)-treated rat, colonic adenocarcinoma. HE × 100

P <������������������������������������������������������������
�� 0.05
�����������������������������������������������������������
for p21 and CEA between benign and malignant lessions.

[3]

described previously .

RESULTS
Animal experiments

Of the 38 rats in the T group (two rats unexpectedly died during the
experiment and were excluded), 27 developed colonic carcinoma
with a total of 34 masses. The incidence of carcinogenesis was
71.05% (27/38). Various colonic mucosal lesions are summarized in
Table 1. The tumors were 1-13 mm in diameter and more frequently
occurred in the distal colon. Most tumors appeared nodular in shape.
Six rats developed mesenteric lymph node metastasis, and two
developed gastric and pulmonary metastases.

Figure 3 Colonic adenocarcinoma, positive P21 expression in the invasive carcinoma nest.
ABC method × 200

Histopathological changes

T group rats exhibited inflammation and atypical dysplasia of the
th
th
th
colonic mucosa at the 10 , 15 , and 18 week (Figures 1 and
2). We observed adenomas and adenocarcinomas after 20 wk
with metastasis (Table 2). We never observed dysplasia or tumor
development in the control group.

Immunohistochemical staining

P21 and CEA staining of colonic lesions is summarized in Table 3.
Normal and inflammatory mucosa were negative for expression.
P21 was weakly expressed in adenomas and primarily expressed
in dysplasia and carcinoma (Figure 3), while CEA was expressed in
dysplasia, adenocarcinoma and metastasis (Figure 4). The difference in
P21 and CEA expression between benign and malignant colonic mucosal
lesions in DMH-treated rats was statistically significant (P < 0.05).

Figure 4 Colonic adenocarcinoma, positive CEA expression in the invasive carcinoma nest.
PAP method × 200

AgNOR count

However, among the various colonic carcinomas, the differences
were not statistically significant (P > 0.05).

The AgNOR counts in various colonic mucosa lesions were
as follows: adenoma 2.7 ± 0.18, dysplasia 3.2 ± 0.21, and
adenocarcinoma 4.6 ± 0.26, and normal epithelial cell 1.45 ± 0.08.
In colonic adenocarcinoma, the AgNOR granules not only increased
in number, but also became larger and irregular. The AgNOR counts
were statistically significantly different between normal mucosa and
dysplasia, as well as dysplasia and malignant tissue (P < 0.05).
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DISCUSSION
We treated rats with DMH to induce colonic carcinoma and observed
the sequential changes in the colonic mucosa. The marked dysplasia
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in the epithelial cells initially involved one or two glands and was
localized to the upper 1/3 of the mucosal layer (Figure 1). As the
experiment progressed, the number of atypical glands increased,
and mucosal noduli formed. Cell heterogeneity also increased,
and ultimately led to colonic adenocarcinoma with invasion and
metastasis, strongly suggesting that dysplasia is a premalignant
lesion for colonic carcinoma.
The activation of oncogenes and P21 overexpression might
[4]
be critical for malignant cell transformation . P21 can inhibit the
intercellular signal transmission, leading to loss of controlled cell
mitosis. Therefore, P21 overexpression is an important sign of
[5]
carcinogenesis . In our study, we found that P21 protein was
expressed in both dysplasia and adenocarcinoma. These data
suggest that Ras may exert its effects on cell growth as early as
the dysplasia stage to further promote cell transformation. The
results support the hypothesis that dysplasia is a premalignant
lesion of colonic carcinoma; therefore, ras P21 expression could
be an early diagnostic indicator for premalignant lesions. CEA
expression is another major marker in colonic carcinoma diagnosis.
In DMH-induced colon carcinoma, dysplasia presented with P21
overexpression and increased AgNOR counts, while CEA was only
expressed in carcinoma and metastasis. In metastasis, the AgNOR

granules increased and clustered, which is a typical indicator of the
malignant colonic carcinoma phenotype. We suggest that P21 and
CEA are two proteins expressed in colon carcinoma at different
stages of differentiation. In conclusion, P21 immunohistochemical
detection and AgNOR quantification important for clinical screening
of colon carcinoma and premalignant lesions.
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bullet targeting therapy was administered by intravenous drip once
a month in 31 patients (treatment group) with unresectable primary
liver cancer. Among them, 4, 17 and 10 patients were administered 1,
2 and 3 times, and the median radiation dose (MBq/case) was 193.5
± 37.74; 651.9 ± 232.4, and 992.0 ± 230.5 respectively.
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METHODS: Tumor shrinkage, decrease in AFP, and 1 and 2
-year survival rates were significantly higher than the control
groups who received transarterial infusion (TAI) or transarterial
chemoembolization (TACE) at the same time (50.0%, 15/30 vs
30.0%, 9/30, P < 0.05; 66.7%, 18/27 vs 28.0%, 7/25, P < 0.01
and 50.0%, 34.0% vs 33.0%, 3.3%, P < 0.01, respectively).
Furthermore, the tumor progression rate (10%) in the treatment
group was significantly lower than that of the control group (40.0%,
P < 0.01).
CONCLUSION: Double bullet target therapy is more effective than
traditional therapies due to the synergistic effects of the antibody,
radioisotope, and anticancer agents, which together, enhance tumor
killing.

Abstract

Key words: Liver neoplasms/therapy; Immunotherapy; Alpha
fetoproteins; Antibodies, monoclonal

AIM: To observe the effect of double bullet immunotargeting
therapy with chemotherapy and internal radiotherapy on primary
liver cancer.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: The polyclonal horse antibody against human AFP (antiAFPAb) and the monoclonal murine antibody against human AFP
131
(anti-AFPMcAb) were used as carriers, and I and mitomycin C
131
(MMC) were used as warheads to form double bullet, i.e.
I anti131
AFPMcAb-MMC (double bullet 1) and I anti-AFPAb-MMC (double
bullet 2) prepared using the modified chloramine T method. Double
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INTRODUCTION
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Fecal occult blood testing (FOBT) was first reported by Greegor
[1]
in 1967 as a useful index in mass colorectal cancer screening .
[2-5]
Immunochemical FOBT is currently used worldwide
to detect
early colorectal cancer, but the sensitivity, specificity, and positive
predictive value of this method varies greatly with the differences
in the selected masses. Reverse passive hemagglutination reaction
fecal occult blood testing (RPHA-FOBT) was established by Zhou et
[4]
al in 1987. Since then, this method has been used among patients
and colorectal cancer high risk populations with histories of rectal
polyps or ulcers. The sensitivity for the two groups was 89% and
64%, respectively, and the positive predictive values were 100%
and 1.5%, respectively. These results were statistically significantly
[6]
different . The value of RPHA-FOBT as a mass screening indicator
and its relationship with a 3-year cumulative incidence rate (CIR) of
colorectal cancer in a population aged ≥30 years is reported in this
study.
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Abstract
AIM: To evaluate the diagnostic value of occult fecal blood testing in
mass colorectal cancer screening.

MATERIALS AND METHODS
[7]

RPHA-FOBT and colorectal cancer risk factor quantitative methods
were implemented as a preliminary screening procedure, and
a 60-cm fiber optic colonoscopy was performed as an accurate
screening from May 1989 to May 1990 in Jianshan County, an
[8]
area of the highest colorectal cancer incidence rate in China . In
this study, 75813 subjects were randomly selected from ten towns
in Jianshan County. Of the 62611 subjects tested (82.6%), 43
colorectal cancer cases were identified, with a total detection rate of
68.7/10.5. A total of 70% of the 43 cases were classified as either
Dukes A or B, the early stages of colorectal cancer.
The entire population studied was surveyed for colorectal cancer
incidence. Fifty-three new cases were identified from May 1990 to
May 1992, totaling 96 cases within 3 years from May 1989 to May
5
1992, making the CIR 153.3 per 10 people.
RPHA-FOBT kits were purchased from the Basic Medical Sciences
[3,4]
Institute of Zhejiang Medical University . Fecal samples were
sent to the local hospital by the examiners, smeared on slides, and
transferred to the Lab of Cancer Research Institute of Zhejiang

METHODS: A reverse passive hemagglutination reaction fecal occult
blood test (RPHA-FOBT) and colorectal cancer risk factor quantitative
method were used as preliminary screening for colorectal cancer. A 60-cm
fiber optic colonoscopy was used to validate the preliminary screen and
was used to detect colorectal cancer in a community of 75813 subjects.
RESULTS: Compared to the 60-cm fiber optic colonoscopy as a
standard reference, FOBT has a sensitivity of 41.9%, specificity
of 95.8%, Youden′s index of 0.38, and positive predictive value
of 0.68%. These results increased with subject age from the first
detection. A 3-year follow up in the target mass showed that all
new cases had initially been FOBT-negative.
CONCLUSION: The value of FOBT as an indicator of colorectal
cancer in mass screening is limited.
Key words: Colorectal neoplasms/diagnosis; Occult blood; Mass

WJG|www.wjgnet.com

166

September 15, 1997|Volume 3|Issue 3|

Chen K et al . Diagnostic value of FOBT in colorectal cancer
many colorectal cancer patients were misdiagnosed because of their
negative FOBT results (Table 3), and the false negative rate was
very high.

Table 1 Diagnostic value of PRHA-FOBT (passive hemagglutination reaction
fecal occult blood testing) by age group
Sex
Men
Women
Total

n
30177
32434
62611

Sensitivity (%)
43.5
40
41.9

Specificity (%)
95.9
95.7
95.8

J
0.39
0.36
0.38

PV (+)
0.81
0.56
0.68

DISCUSSION
We used RPHA-FOBT and the colorectal cancer risk factor
quantitative method as preliminary screening procedures, and a
60-cm fiber optic colonoscopy, which could reach the splenocolic
curve, as the accuracy screening procedure in FOBT-positive subjects
and the high risk population indicated by the quantitative method.
We determined the FOBT diagnostic values by comparing the results
from FOBT to the results of the 60-cm fiberoptic colonoscopy. It was
[10]
previously reported
that 82% of 3147 Chinese colorectal cancer
patients had their cancer initiate in the colon below the splenocolic
curve, suggesting that approximately 20% of cases cannot be
identified by this method. However, because of its ease of use and
simple preparation, it is still considered a relatively reliable and
practical method for reference standard. We examined more than
3000 subjects by 60-cm fiberoptic colonoscopy in our study, and no
new cases were identified during a 3-year follow up.
There have not been any similar reports in China about the
application of RPHA-FOBT and its value in mass screening. In some
[2,5,6,11]
studies abroad
, the sensitivity of immunochemical FOBT
ranged from 33% to 50%, which was similar to our results (Table
1). However, our results differed from the previous studies among
[3,4]
a special population using the same materials and methods ,
suggesting that more than 50% of cases in a normal population
cannot be detected using FOBT. The specificity of RPHA-FOBT is
over 95%, but when estimated together with other diagnostic
indexes, such as the Youden′s index (0.39 in males, 0.36 in females
in this study), its practical value for screening colorectal cancer was
limited.
PV(+), the percentage of patients among FOBT-positive subjects,
is another useful index to estimate the diagnostic value of FOBT.
[12]
Hardcastle et al
identified 618 FOBT-positive subjects in 27651
individuals, among which 65 subjects were colorectal cancer
patients, giving a PV(+) of 10.5%, which is higher than results
[13]
(PV(+) 4.8%) reported by Kewenter et al . The PV(+) reported by
[6]
Gregorio et al was 7.5%, while the PV(+) in our study (0.68%),
which was significantly lower than previous reports.
[6]
As Gregorio et al reported, the PV(+)s of FOBT were 3% and
9%, respectively, in population less than or more than 60 years old.
The difference was significant, but the difference in PV(+) between
sexes was not significant (male 7%, female 10%), similar to our
results (Table 2). Results in our study suggested that the older the
initial age of screening, the higher the rate of PV(+). The PV(+)
in our study was lower than in previous other reports. The PV(+)
would increase if we defined older initial ages of the screened
population to reduce the workload in the screening.
The long-term value of FOBT as a colorectal cancer diagnostic
index is not perfect. The CIR1 and CIR3 values were similar in FOBTpositive male and female subjects, but compared to CIR1, the CIR3
in FOBT-negative males and females was approximately 3.3 and
2.9 times higher (P < 0.01). The results in Table 3 show that these
FOBT-negative subjects should also be monitored to quickly identify
and treat new cases.
In summary, when used alone, FOBT is not a satisfactory
indicator in mass colorectal cancer screening. Therefore, it is
necessary to search for and develop new testing methods, or
“concentrate” the target mass. We recommend that the initial age
of screening should serve as an important factor in mass colorectal
cancer screening.

Table 2 Diagnostic value of PRHA-FOBT (reversed passive hemagglutination
reaction fecal occult blood testing) by age group
Age (yrs)
30-39

40-49

50-59

≥ 60

Sex
Men
Women
Total
Men
Women
Total
Men
Women
Total
Men
Women
Total

Case/mass
23/30177
20/32434
43/62611
22/19026
18/20517
40/39543
19/10891
15/12497
34/23388
8/4856
9/6219
17/11075

Sensitivity (%) Specificity (%)
43.5
95.9
40
95.7
41.9
95.8
40.9
95.9
38.9
95.6
40
95.8
47.4
95.9
46.7
95.3
47.1
95.6
50
95.2
55.6
94.8
52.9
95

PV(+) (%)
0.81
0.56
0.68
1.15
0.77
0.94
1.96
1.18
1.52
1.68
1.53
1.6

Table 3 CIR1 and CIR3 (One-year cumulative incidence rate and threeyear cumulative incidence rate) by sex and RPHA-FOBT (reversed passive
hemagglutination reaction fecal occult blood testing) Results
Sex

n
Men
Women
Total
b

1236
1417
2653

FOBT
CIR1
809.1
564.6
678.5

(+)
CIR3
809.1
564.6
678.5

u1

n

0
0
0

28941
31017
59958

FOBT
CIR1
44.9
38.7
41.7

(-)
CIR3
148.6
112.3
130.1

u1
4.01b
3.35b
5.55b

P < 0.01; 1u = (|x1 - x2|)/ x1 + x2.

Medical University.

RESULTS
Diagnostic value of RPHA-FOBT in mass colorectal cancer screening

FOBT sensitivities in this natural community were 43.5% in males
and 40.0% and females, but the specificity was over 95%. There
was no statistical significance in Youden′s index (J) between males
and females (0.39 vs 0.36, u = 0.199, P > 0.05, Table 1).
The total positive predictive value (PV) of RPHA-FOBT was 0.68%
(Table 1). This indicated that endoscopic screening is too large of
a scale for epidemiologists, as only approximately seven subjects
among 1000 that screened positive with RPHA-FOBT. There was
no statistical significance in the positive predictive value (0.81% vs
2
0.56%, χ = 0.583, P > 0.05) between men and women.

Relationship between age and RPHA-FOBT

Colorectal cancer prevalence rates vary with age, and the mass
screening results correlated well with the prevalence rate. As the
American Association of Cancer has suggested, people over the age
[9]
of 40 should take the FOBT annually . As shown in Table 2, the
diagnostic index increased with the initial age of screening; i.e., the
sensitivity rose from 43.5% to 50.0% in men, and from 40.0% to
55.6% in women, and the positive predictive value (PV+) increased
by 1%.

Follow-up of the target population

We surveyed 62611 subjects for three years to observe the longterm values of the RPHA-FOBT results for colorectal cancer. We
compared the one-year CIR (CIR1) and three-year CIR (CIR3)
in FOBT-positive and -negative subjects in females and males.
Because FOBT-positive subjects underwent endoscopic screening,
there was no change between CIR1 and CIR3 of the FOBT-positive
subjects (u = 0), while there were statistically significant differences
between CIR1 and CIR3 of FOBT-negative females and males. In
FOBT-negative males and females, the CIR3 was 2.3 and 1.9 times
higher than CIR1, respectively. These results demonstrate that
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Difference between periportal and pericentral Kupffer cells in
lipopolysaccharide uptake in rats
Xian-Ming Chen, Jin-Chun Liu, Rei-Ling Xu, Xue-Hui Ma, Yuan-Chang Zhao, De-Wu Han
obtained and the distribution of LPS in Kupffer cells was observed by
immunofluorescence imaging of monoclonal antibody-specific LPS
staining using a confocal laser scanning microscope.
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RESULTS: In the normal control group, positive reactions to LPS
were found in Kupffer cells in the periportal region with the peak
at two minutes after LPS injection. Kupffer cells in the pericentral
region showed the peak at five minutes after LPS injection, but its
fluorescent intensity to LPS at the peak time in the cytoplasm was
significantly lower than that of Kupffer cells in the pericentral region.
In the GdCl3-treated group, Kupffer cells in the pericentral region
showed the peak at two minutes following LPS injection, and the LPS
fluorescent intensity showed no significant difference from that of the
normal control rats at the peak point. No significant changes of LPS
fluorescent intensities were found in Kupffer cells in the periportal
region at various time points following LPS injection in GdCl3-treated
rats.

Author contributions: All authors contributed equally to the work.
Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-)
Correspondence to: Dr. ����������������
Xian������������
-�����������
Ming Chen, Institute of Hepatology, Shanxi
Medical University, Taiyuan 030001, Shanxi Province, China
October 31, 1996
Received: ����������������
December 22, 1996
Revised: �����������������
January 30, 1997
Accepted: ����������������
15, 1997
Published online: September���������

CONCLUSION: Kupffer cells in the periportal and pericentral regions
showed differences in LPS uptake via the portal vein.

Abstract

Key words: Liver/metabolism�������������������������������������
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AIM: To reveal the difference in the ability of Kupffer cells in
the periportal and pericentral regions of the liver to uptake
lipopolysaccharides (LPS) injected into the portal vein.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Male Wistar rats were divided into two groups: normal
control group (n = 6) and GdCl3-treated group (n = 8). Sixteen
hours before the experiment, rats in the GdCl3-treated group were
injected with GdCl3 via the tail vein to eliminate Kupffer cell function
specifically in the periportal region. LPS at a dose of 20 μg/100 g
body weight was injected into rats of both groups via the portal vein.
Zero, 2, 5, 10, 30, and 60 min after LPS injection, liver samples were
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Effects of metoclopramide on gastrointestinal myoelectric activity in rats
Xiao-Min Qin, Hong-Fang Li, Long-De Wang
CONCLUSION: Different mechanisms may be involved in enhancing
the myoelectric activity of the antrum and small intestine following
MCP administration.
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INTRODUCTION
[1]

Metoclopramide (MCP) improves gastroduodenal coordination ,
[2,3]
relieves postsurgical and diabetic gastroparesis , and increases
the spike activity during migrating motor complexes (MMC) of small
[4]
intestine without disrupting the fasting pattern in dogs . While
these studies suggest that MCP complicates pharmacological action,
few have studied the effects of MCP on gastrointestinal myoelectric
activity. It is important to compare how different doses impact MCP’s
effect on the myoelectric activity of the antrum and small intestine.
Such studies might be useful both for investigating the side effects
of MCP and for further understanding the mechanisms controlling
gastrointestinal motility.

Abstract
AIM: To investigate the effects of metoclopramide (MCP) action on
myoelectric activity in the antrum and small intestine.
METHODS: Ten healthy male Wistar rats, weighing 250-350
g, were anesthetized with ketamine hydrochloride (100 mg/kg,
intramuscularly). Four pairs of bipolar stainless steel electrodes 3 mm
apart were implanted on the serosal surface of the antrum at one,
10 and 20 cm distal to the pylorus. Five to ten days following the
operation, the gastrointestinal myoelectric activity of fasted rats after
intramuscular injection of 2.5, six and 12 mg/kg MCP was recorded
using a 8-channel EEG machine, and these values were quantitatively
compared with the myoelectric activity after saline injection.

MATERIALS AND METHODS
Ten healthy male Wistar rats, weighing 250-350 g, were
anesthetized with ketamine hydrochloride (100 mg/kg,
intramuscularly). Four pairs of bipolar stainless steel electrodes
(3 mm apart) were implanted onto the serosal surface of the
gastrointestinal tract. The first pair was placed on the antrum 0.5
cm from the pylorus and the others on the small intestine at one, 10
and 20 cm distal to the pylorus. The free ends of the electrodes were
moved subcutaneously to the back of the neck. Recordings began
five to ten days after operation. Electric activity was registered with
a 8-channel EEG machine (ND-82B, Shanghai) with a time constant
of 0.1 s and a high cutoff frequency of 30 Hz.
In the first, second and third series of experiments, MCP (The
Seventh Pharmaceutical Factory of Wuxi) doses were 2.5, six and
12 mg/kg. Each experiment lasted one week and the myoelectric
activities were recorded every other day.
The frequency and amplitude of the slow wave and spike activity
from the antrum and small intestine were recorded and analyzed
30min following MCP administration, and the number of slow
wave-containing spike bursts was also quantified. The results were
represented as mean ± SD and analyzed statistically by Student’s t

RESULTS: In fasted rats, 2.5 mg/kg MCP increased the amplitude of
spike activity (402.0 ± 138.4 μV, vs 345 ± 163.4 μV, P < 0.05) and
the percentage of the slow wave-containing spike bursts (60.4% ±
22.0% vs 47.4% ± 22.5%, P < 0.01) of small intestine (1 cm distal
to the pylorus), but did not affect the myoelectric activity of the
antrum. Six and 12 mg/kg MCP increased the amplitude of both the
slow wave (332.8 ± 200.1 μV vs 191.2 ± 143.9 μV, P < 0.01; 330.0
± 197.1 μV vs 191.2 ± 143.9 μV, P < 0.05) and the spike activity of
the antrum (180.5 ± 69.7 μV vs 121.8 ± 63.3 μV, P < 0.05; 174.5
± 71.7 μ V vs 123.8 ± 63.3 μV, P < 0.05), while in small intestine (1
cm distal to the pylorus) only the amplitude of spike activity (407.3
± 179.0 μV vs 345.0 ± 163.4 μV, P < 0.05; 456.0 ± 145.4 μV vs
345.0 ± 163.4 μV, P < 0.05) and the percentage of the slow wave
containing spike bursts (61.7% ± 26.5% vs 47.4% ± 22.5%, P <
0.01; 59.1% ± 17.3% vs 47.4% ± 22.5%, P < 0.01) was increased
and the latent period significantly prolonged (2.5 ± 0.35 min vs 0.77
± 0.18 min, P < 0.01).
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Control
2.5 mg/kg

Table 1 Effects of metoclopramide on myoelectric activity in the antrum of
rats (x- ± s)

100

6 mg/kg
12 mg/kg

eee

Control
2.3 mg/kg
6 mg/kg
12 mg/kg

Spike activity
Amplitude (V)
121.8 ± 63.3
128.8 ± 54.9
180.5 ± 69.7a
174.5 ± 71.7a

eee

80
Spike bursts (%)

Slow wave
Frequency (num/min)
Amplitude (V)
4.6 ± 0.3
191.2 ± 143.9
4.5 ± 0.3
192.4 ± 140.1
4.6 ± 0.3
332.8 ± 200.1b
4.5 ± 0.2
330.0 ± 197.1b

Values represent mean ± SD (n = 8); aP < 0.05, bP < 0.01 vs control.

bee

baa

60

aeb

aba

40
20

Table 2 Effects of metoclopramide on myoelectric activity in the small
intestine of rats (x- ± s)
Sit

1 cm

10 cm

20 cm

Groups

Control
2.5 mg/kg
6 mg/kg
12 mg/kg
Control
2.5 mg/kg
6 mg/kg
12 mg/kg
Control
2.5 mg/kg
6 mg/kg
12 mg/kg

Slow wave
Frequency (num/ Amplitude (V)
min)
38.2 ± 1.4
172.0 ± 101.9
28.2 ± 1.6
175.0 ± 81.9
38.0 ± 1.3
173.7 ± 110.1
37.6 ± 1.1
179.0 ± 116.4
37.3 ± 1.4
201.2 ± 110.1
36.9 ± 1.6
201.7 ± 113.3
37.0 ± 1.2
210.7 ± 105.2
37.2 ± 1.3
202.5 ± 103.8
35.9 ± 1.1
153.2 ± 94.7
36.6 ± 1.2
149.1 ± 69.1
36.2 ± 1.2
150.2 ± 50.2
35.6 ± 1.4
152.9 ± 73.4

0

Spike activity
Amplitude (V)
Spike bursts
(%)
345.0 ± 163.4
47.4 ± 22.5
402.0 ± 138.4a
60.4 ± 22.0b
a
407.3 ± 179.0
61.7 ± 26.5b
456.0 ± 145.4b
59.1 ± 17.3b
335.8 ± 138.6
38.1 ± 12.9
383.6 ± 150.5
55.4 ± 16.1b
412.5 ± 158.8b
54.3 ± 25.1b
452.6 ± 144.3b
58.8 ± 15.6b
322.0 ± 93.1
37.9 ± 14.5
338.2 ± 162.7
46.3 ± 12.1a
356.4 ± 117.9
60.8 ± 22.6e
347.3 ± 159.6
59.7 ± 24.2b

3-5         8-10        13-15      18-20       23-25       28-30
Time aftef MCP treatment (min)

Figure 1 Dose-dependent effects of MCP (metoclopramide) on the percentage of slow wavecontaining spike bursts at 1 cm distal to the pylorus of the small intestine. Note the significant
increase in spike bursts induced by MCP. aP < 0.05, bP < 0.01, eP < 0.001 vs control.

small intestine. Firstly, the drug only increased the spike activity
in the small intestine, while both the slow wave and the spike
activity in the antrum increased. Secondly, MCP’s effect on the
myoelectric activity of the small intestine was not dose-dependent,
[6]
[7]
as reported by 6 Wingate, et al and 7 Achem-Karam, et al in
dogs. Nevertheless, the minimal effective doses (or threshold dose)
of this drug varied between the antrum and small intestine. For
example, a dosage as small as 2.5 mg/kg increased myoelectric
activity in only the small intestine, but did not have any effect on
the antrum. Thirdly, the latentcy periods of this drug between the
antrum and small intestine were markedly different (i.e. 0.70 ±
0.18 min vs 2.50 ± 0.35 min, respectively). These results suggest
that the biochemical control of motor activity is not consistent along
[8,9]
the gastrointestinal tract. MCP, an analogue of procainamide ,
could directly act on the smooth muscle cholinergic M receptor,
while also causing acetylcholine release from the postganlionic
[10]
cholinergic nerve endings , as well as increased myoelectric
activity in the antrum. However, this increased spiking activity in
the small intestine may not be the result of direct action, as other
mechanisms are also likely to be involved.

Values represent mean ± SD (n = 28); aP < 0.05, bP < 0.01, eP < 0.001 vs control.

test, with P < 0.05 considered significant.

RESULTS
After control recordings following saline injection were obtained
at 40 min and 60 min, rats that were fasted for 16-18 h were
injected intramuscularly with MCP. The lowest dose of 2.5 mg/kg
MCP significantly increased the amplitude of spike activity and
the percentage of slow wave-containing spike bursts in the small
intestine, however did not affect the myoelectric activity in the
gastric antrum (Tables 1 and 2). Nevertheless, the intermediate
dose of 6 mg/kg and the highest dose of 12 mg/kg increased
the amplitude of spike activity and the percentage of slow wavecontaining spike bursts in the small intestine, while also raising the
amplitude of both the slow wave and spike activities in the antrum.
MCP did not affect the amplitude of the slow wave at any of the four
electrode sites (Tables 1 and 2). MCP effects on the electric activity
in the small intestine were dose-independent (Table 2, Figure 1).
The latency times of MCP’s effect on the gastric antrum vs the
small intestine were significantly different, with 0.7 ± 0.18 min in
the antrum and 2.5 ± 0.35 min in the small intestine at 1 cm distal
to the pylorus.
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Characteristics of upper digestive tract diseases in Bohai Bay fishermen
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INTRODUCTION
Owing to their special living environment and habits, the incidence
and clinical manifestations of the UDTDs found in fishermen
may be different from those of inland residents. To gain a clear
understanding of the characteristics that are specific to the UDTDs in
fishermen, an investigation was carried out on fishermen and their
family members from a fishing village near Bo hai Bay, Qikou town,
Hebei Province, from December 1991 to February 1995. These
studies will provide important insight into developing improved
methods for disease prevention and treatment.
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Subjects

1488 subjects who required medication for the symptoms of upper
digestive tract diseases were recruited for the investigation, which
accounted for 6.62% of the 22479 individuals in the town (the
annual mean population), and 2.08% of the 71479 individuals who
had visits to the doctor due to upper digestive tract symptoms over
the three years. There were 830 men and 658 women ranging
in age from 15 to 78 years who were involved in this study, with
879 patients aged 21-40 years, accounting for 59.07% of the total
number of cases. The ratio of men to women was 1.26 to 1. Patients
with liver, biliary or pancreatic diseases were excluded from the
study. 1430 cases had a detailed record of disease course, which
ranged from one month to 30 years, however the majority of cases
(1108, 77.48%) covered less than five years. The primary signs and
symptoms included slight epigastric pain that was either regular or
irregular in 1039 (72.65%) cases, heartburn or acid regurgitation
in 801 (56.01%), anorexia in 727 (50.83%), epigastric distension
after meals in 563 (39.37%), epigastric tenderness in 883 (61.74%)
and other rare symptoms such as belching, nausea and/or vomiting,
hematemesis and melena.

Abstract
AIM: To study the characteristics of upper digestive tract diseases
(UDTDs) in fishermen who live in Bohai Bay.
METHODS: An investigation was carried out in 1488 fishermen
with symptoms of UDTDs (aside from liver, biliary and pancreatic
diseases) during the time period between December 1991 and
February 1995. This investigation included medical history
evaluations, physical, gastroscopic and pathological examinations,
tests for Helicobacter pylori (H. pylori ) infection, and analysis of the
nitrate content in their drinking water.
RESULTS: Among the 1488 subjects investigated, 1467 suffered
from one or more of the 14 UDTD diseases, most of which were
chronic atrophic gastritis (CAG, 1103 cases), peptic ulcers (268
cases), and cancer of the upper digestive tract (25 cases).

Methods

A physical examination as well as a detailed inquiry into each
patient’s medical history was carried out. All patients who were
suspected of having liver, biliary or pancreatic disease received
liver function tests and B-mode ultrasonographies. 1488 patients
without any liver, biliary or pancreatic diseases were enrolled into
the study and underwent complete examinations of the esophagus
and stomach using GIF-XQ 20 gastroscopy. The gastroscope
reached to the duodenal papilla and beyond in 1463 patients,
however failed to pass through the obstructed site in 25 patients
with cancer. Photographs of recurring phenotypes were taken
for 131 cases. Gastritis was diagnosed based on the Criteria and
Schemes of Chronic Gastritis by Fibroscopy constructed by the
National Seminar on Fibroscopy in 1978. Peptic ulcer, on the
other hand, was diagnosed based on the diagnostic and staging
criteria proposed by Sakia T, and other diseases were diagnosed
based on the corresponding criteria in China. Biopsy specimens
were obtained from 503 patients at two to four random sites and

CONCLUSION: The incidence rate of UDTDs tends to be high
among fishermen due to their particular living habits, the high
nitrate content of their drinking water, etc . In addition, the clinical
manifestations of UDTDs in fishermen are significantly different from
those of the inland residents.
Key words: Digestive tract disease; Gastroscopy; nitrate; Helicobacter
pylori ; Gastritis, atrophic; Peptic ulcer; Digestive system neoplasms
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subjected to pathological examination. Subsequent diagnoses were
made according to the Pathologic Diagnostic Criteria for Abnormal
Gastric Mucosa proposed by the National Conference on Pathology
in Zhengzhou in 1978. Investigations into these patient’s life habits
included smoking history, alcohol consumption, eating habits
(consuming very sweet or salty foods), ingesting non-steroid antiinflammatory agents and eating schedules. The nitrate content of
the resident’s drinking water was measured by the Tianjin Detection
Center for Environment Protection, and the shrimp pastes were
cultured for fungus. In the late stage cancers, biopsy specimens
were acquired from 171 patients to test for H. pylori using the rapid
urease test.

98.59%, however this does not represent the true rates of UDTD
detection and incidence in fishermen because they make up only
6.62% of the local population. Nevertheless, our results may
suggest a potential high USTD incidence rate among the fishermen
in Bohai Bay. The main categories of UDTDs detected in this
population included CAG, peptic ulcers, cancer of the esophaguscardia-gastric fundus and gastric cancer. The manifestations of
these three diseases were not in agreement with those previously
reported in the Chinese literature. According to the data reported
by Li SN, the detection rate of atrophic gastritis was 6.58% in a
15-25 year old group studied and 34.62% in a separate group
ages 65 years and older in regions with high incidences of gastric
cancer, while 0% and 6.90% rates, respectively, were found in low
incidence regions. In comparison, the reported detection rate in
China ranged from 3.20% to 34.62%. In this study, the detection
rate of CAG was 74.12% using gastroscopy and 75.94% via
pathological examination, which are markedly higher values than
those mentioned above. This suggests that the incidence of CAG
was significantly higher in Chinese fishermen than in the inland
2
residents (χ > 6.63, P < 0.01). Up until now, there have been no
reports on the degree of atrophy in UTDT. Our results show that
the mild, moderate and severe atrophies of the gastric mucosa
were 39.79%, 56.54% and 3.66%, respectively, in the 382 cases
diagnosed by pathological examination. The moderate and severe
atrophies, however were increased up to 60.20%. Furthermore,
there were three moderate atrophic cases in the four CAG patients
below 20 years of age. It is clear that CAG tends to occur in
younger individuals and is significantly more severe in fishermen
than in inland residents. In addition, rough gastric mucosa with
obvious protrusions, pitting, bleeding, erosion, cobblestone-like
morphologies and pseudohypertrophy were often seen in fisherman
patients with moderate to severe, but rarely found in inland
[2]
patients. The incidence of peptic ulcers was reported to be 10% .
[3]
Huang XQ and Qian AC concluded that approximately 10% of the
Chinese population suffered from peptic ulcers, with the ratio of
[2,4]
male to female ranging from 2:1 to 7.4:1 . Among peptic ulcers,
[5]
70%-80% were duodenal ulcers , 17.5%-20% were gastric
ulcers, 5% were complex ulcers, and among the duodenal ulcers
[5]
5% were postbulbar ulcers . In this series of patients, the ratio
of men to women was 1.26:1, and there were 43.65% duodenal
bulbar ulcers, 19.86% postbulbar ulcers, 33.95% gastric ulcers
and 22.38% complex ulcers. In comparison with values reported
in the literature, there were relatively higher detection rates of
gastric, postbulbar, and complex ulcers and lower detection rates
2
of duodenal bulbar ulcers (χ > 6.63, P < 0.01). In addition, pyloric
ulcers and multiple ulcers were also more common in fishermen vs
inland residents. Notably, both esophageal and gastric carcinomas
are common in China. For example, there are 19 counties and
towns in China where the standardized mortality rates from
esophageal cancer are over 100/100000; the mortality rates of
gastric cancer is 20.95/100000 for males and 10.16/100000 for
[5]
females . The fishermen in this study accounted for 1.02% and
0.68% of the male and female population, respectively, therefore
suggesting that Qikou Town has a high incidence rate of esophageal
and gastric cancers.
The characteristics of UDTDs found in Bohai Bay fishermen could
be related to the several factors. Firstly, coastal residents often
consume sodium-rich food such as salt fish and shrimp paste. Longterm high sodium intake can lead to increased osmotic pressure in
both the stomach and duodenum and stimulate osmotic pressure
receptors on the duodenal wall. As a result, gastric emptying time
is prolonged leading to the build up of noxious substances from
consumed food in the stomach. This increased stimulation to
gastric mucosa causes severe injury, ultimately resulting in chronic
gastritis. In addition, nitrates in food are often converted to nitrites
by the activity of bacterium reductases, which increase gastric
cancer risk. Additionally, excessive long-term smoking can stimulate
gastric acid secretion, causing incompetence of the pyloric sphincter,
reflux of both bile and duodenal juice into the stomach, elevation
of pepsinogen levels in serum, decrease of bicarbonate levels
in pancreatic juice and a decrease of prostaglandin E2 levels in
serum. The increase in aggressive factors and decrease in defensive

RESULTS
Gastroscopy

Of the 1488 patients undergoing gastroscopy, 21 showed no obvious
signs of abnormalities. The remaining 1467 cases were diagnosed
as simple atrophic gastritis (692, 47.17%), simple atrophic gastritis
(163, 11.11%), simple bulbar duodenitis (232, 15.82%), peptic
ulcer (268, 18.26%), esophagus cardia gastric fundus peptic
ulcer cancer (15, 1.02%), gastric cancer (10, 0.68%), or other
diseases (87, 5.93%). These non-cancer diagnoses included reflux
esophagitis, esophagus and stomach polyps, diverticulum of the
esophagus, stomach or duodenum, inflammation of the stomach’s
cardiac region, achalasia, hiatus hernia, gastrolithiasis, acute gastric
mucosal disease, and gastroduodenal ascariasis. Fourteen different
diseases types were detected by gastroscopy. There were 1103
(75.18%) cases of CAG found in this study, including 411 cases of
atrophic gastritis that accompanied by other diseases, 268 cases
of peptic ulcers (including 91 gastric ulcers), 31 pyloric ulcers, 117
duodenal bulbar ulcers and 29 postbulbar ulcers. Among them, 60
patients had complex ulcers, including multiple active gastric ulcers
and duodenal ulcers. Kissing ulcers were also seen frequently. In this
series, 625 (42.60%) were identified as having two to five different
kinds of disease by gastroscopy.

Pathological examination

Biopsy specimens from 503 cases were pathologically examined;
121 were diagnosed as superficial gastritis, peptic ulcers or cancers
of the upper digestive tract, and 382 were identified as atrophic
gastritis. The latter included 152 mild (39.79%), 216 moderate
(56.54%), and 14 severe (3.66%) cases, with the moderate and
severe CAG (230) making up 60.20% of the total cases of atrophic
gastritis. Four patients were under 20 years old, of whom one had
mild and three had moderate atrophic gastritis.

Living habits

The medical histories of the 1414 patients revealed that 836
(59.12%) used to smoke 20 cigarettes per day for over one year,
476 (33.66%) drank 150 g or more of spirits per day for over one
year, 746 (52.75%) consumed pungent and irritant foods regularly,
and 404 (28.57%) drank sugar-water on a frequent basis. All
patients ate dried salt fish and shrimp paste almost daily. More than
half of the patients had extremely irregular dining habits owing to
their sea-based work. Only a small minority of patients ingested
non-steroid anti-inflammatory agents. All patients had more than
three types of the life-habits specified above. The nitrate content in
the drinking water was 400 g/L (the permissible content is less than
250 g/L). Additionally, rugose colony of candida was observed in the
shrimp paste cultures.

Detection of H. pylori

One hundred and seventy-one patients tested positive for H. pylori
using the rapid urease test, of which 112 (65.48%) were positive
and 59 negative (34.50%).

DISCUSSION
UDTDs are common diseases with complicated etiologies, however
their incidence rates have not been reported to date. The incidence
of UDTSs in the population under investigation was as high as
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factors could lead to injury of the gastric and duodenal mucosa,
resulting in inflammation and the generation of peptic ulcers in
both the stomach and duodenum. Another possible reason why
UDTD incidence is higher in fishermen than in inland residents is the
nitrate content of their drinking water, which was almost twice the
level set by the state. Long-term ingestion of nitrate-rich water could
lead to accumulation of nitrate in the body. Nitrate is a main source
of nitrosamine and nitrosylamine, which are both carcinogenic
substances. High nitrate content in food may therefore be an
important cause of esophageal and gastric cancers. Furthermore,
consuming food that is either too hot or too sweet, in addition to
drinking spirits, not only enhances aggressive factors that cause
injury to gastric mucosa, but also weaken the defensive factors in
the stomach, ultimately resulting in an imbalance of the two factors
and the onset of gastritis and gastric ulcers.
Most experts believe that Hp infection is related to the
occurrence and progress of both gastritis and peptic ulcers, however
its relationship to gastric cancer requires further study.
The candida in shrimp paste is an opportunistic pathogenetic
fungus, but it does not cause damage to the gastric mucosa under
normal conditions. However if the gastric internal environment

changes due to the previously mentioned four factors, candida
may act as a pathogen by contributing to UDTDs, which were more
prevalent in fishermen compared with inland residents.
It has been suggested that the successful prevention and
treatment of UDTDs in fishermen depends upon improving both their
social environment and living habits, in addition to pharmacotherapy
- lowering nitrate content of their drinking water, minimizing salt fish
and shrimp paste consumption, giving up smoking and alcohol, and
eating foods with minimal irritants.
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CONCLUSION: An increase in endogenous bile acids is one
causative factor of myocardial damage in obstructive jaundice.
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INTRODUCTION
Patients who suffer from jaundice due to extrahepatic biliary
obstruction experience high rates of both postoperative
complications and death. According to a recent research review,
surgery to treat obstructive jaundice has a 10%-25% mortality
[1]
rate as well as a 56% rate of major complications . It is generally
accepted that both cardiovascular instability and predisposition to
hypotention and shock are main some of the primary causes for the
development of postoperative life-threatening complications such as
renal failure. Nevertheless, the mechanism of these postoperative
complications remains unclear.
Previous studies on isolated cholemia demonstrated that
cholemia might lead to cardiac depression. This result suggested
that myocardiac dysfunction causes circulatory failure in jaundice
[2,3]
patients . The aim of this study is to further investigate whether
there is morphologic myocardial damage. Since serum bile acids
have detergent properties and are elevated in obstructive jaundice,
this study also investigates the relationship between bile acids and
myocardial damage.
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Abstract
AIM: To investigate the morphologic changes of the myocardium
and its relationship to serum bile acids in obstructive jaundice.
METHODS: Part 1: 35 rats were randomly assigned to three groups:
Group Ⅰ (BDL1, n = 11), the common bile duct (CBD) was ligated
and severed and mice were then sacrificed after one week. Group
Ⅰ (BDL2, n = 11), the CBD was ligated and severed and mice were
then killed after two weeks. Group Ⅰ (SO, n = 13), the CBD was
isolated. Hearts were collected for morphologic studies and blood
was taken to determine the total serum bile acids (TAB). Part 2: 13
rats received gastric intubation of 10% 4 mL/kg sodium cholate.
Their serum TBA and the heart’s morphologic changes were then
examined.

MATERIALS AND METHODS
Part Ⅰ: 35 male Spraque-Dawley (SD) rats weighing 200-250 g
were randomly divided into three groups: group Ⅰ (BDL1, n = 11),
the common bile duct (CBD) was ligated and severed, and rats were
sacrificed after one week: group Ⅱ (BDL2, n = 11), the CBD was
also ligated and severed, however the rats were sacrificed after two
weeks: group Ⅲ (SO, n = 13), the CBD was isolated and the rats
were sacrificed after one week. When the rats were sacrificed, heart
specimens were collected for both light and electron microscopic
examination, and blood was taken to determine the total bile acid
(TBA) and to perform the biochemical liver function test.
Part Ⅱ: 13 male SD rats weighing 200-250 g received gastric
intubation of 10% 4 mL/kg sodium cholate (Sigma, USA). The
changes in both their serum TBA and myocardial morphologies were

RESULTS: One to two weeks after the CBD was ligated and severed,
damage was evident in the mitochondria within the myocardium
and the serum TBA was significantly increased. When rats were
administered sodium cholate to make their peak blood concentration
mimic the average blood concentration in BDL2, a similar degree of
myocardial damage was observed.
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Table 1 Changes in serum total bile acid (TBA) and biochemical liver function test

TBA(μmol/L)
TB(μmol/L)
DB(μmol/L)
AKP(u/L)
γ-GT(u/L)
ALT(u/L)
AST(u/L)

SO group
60.83 ± 14.8
5.37 ± 3.16
1.71 ± 1.20
29.27 ± 8.96
5.77 ± 4.32
49.38 ± 24.53
209.46 ± 104.47

BDL1 group
243.12 ± 129.72a
108.24 ± 38.33a
76.19 ± 26.43a
51.49 ± 15.05a
31.43 ± 20.15a
235.57 ± 235.36
1112.86 ± 1138.88a

BDL2 group
355.30 ± 238.38ac
80.03 ± 37.62a
57.57 ± 33.45a
55.21 ± 18.94a
31.00 ± 23.87a
153.22 ± 148.39a
622.33 ± 536.56a

a

P < 0.05, significant difference from sham value; cP < 0.05, significant difference from BDL1
group. TB: Total bilirubin; DB: Direct bilirubin; AKP: Alkaline phosphatase; γ-GT: γ-glutanyl
transpeptidase; ALT: Alanine transaminase; AST: Asparatate transaminase.

Figure 1 Electron micrograph of rat myocardium from the sham operated (SO) group (×
14000).

examined one, two, three, four, and 24 h later.
Specimens for light microscopic studies were fixed in 10%
formalin, embedded in paraffin and stained with hematoxylin and
eosin (H&E). Specimens for electron microscopic studies were
double fixed in osmic acid and glutaraldehyde, stained with uranyl
acetate, embedded in EPON-812 epoxy resin, and observed under a
Philip EM 412 electron microscope.
Total bile acid (TBA) was determined enzymatically using 3-α
hydroxysteroid dehydrogenase.
All results represent the mean ± SD. Means were compared
using the Student’s t test. P < 0.05 was considered statistically
significant.

RESULTS
Part Ⅰ: Rats subjected to BDL ligation and severing (BDL groups 1
and 2) had significantly higher serum TB and TAB than the sham
operated (SO) group (Table 1).
Morphological studies using light microscopy showed that
vascular dilation was only evident within the myocardial interstitium
for both BDL groups 1 and 2. Using electron microscopy, however,
the myocardial mitochondria appeared swollen, decreased and
distorted both both groups, with cristae and outer membranes that
either looked obscured or had completely disappeared. Nevertheless,
the changes seen in the BDL2 group were more obvious than those
in the BDL1 group (Figures 1-3).
Part Ⅱ: The serum TBA one, two, three, four, or 24 h following
sodium cholate ingestion were 47.7, 132.8, 332.7, 115.0 and 64.3
μmol/L, respectively. The mitochondria in the myocardium appeared
swollen and decreased, with cristae and outer membranes that
either looked indistinct or had disappeared (Figure 4).

Figure 2 Electron micrograph of rat myocardium from the BDL1 group. The mitochondria
appear swollen, with indistinct outer membranes and obscured cristae ( × 21000).

Figure 3 Electron micrograph of rat myocardium from the BDL2 group. Mitochondria appear
distorted and curdled, with indistinct outer membranes and cristae ( × 21000).

DISCUSSION
Cardiovascular predisposition and instability to both shock and
hypotension have been reported in obstructive jaundice patients.
Central and peripheral mechanisms seem to be responsible
for increased susceptibility to shock and decreased vascular
responsiveness. Recent studies on animal models of isolated
cholemia that were induced using choledochocaval anastomosis
demonstrated that the mean left ventricular time (LVET) decreased,
whereas the mean preejection period (PEP) and mean PEP/LVET
were increased. These results suggested that the performance of
[2,3]
the left ventricle in isolated cholemia was impaired . However,
the component of bile that was responsible for this impaired
performance remained unclear. It also was unclear whether bile
caused any morphological changes within the myocardium.
Bile acids are the chief constituents of bile. Due to its
mild detergent properties, it may prove cytotoxic at certain
[4,5]
concentrations . Since serum bile acids are elevated in obstructive
jaundice, it is important to investigate the relationship between
bile acids and the myocardial damage characteristic of obstructive
jaundice.
This study demonstrates that 1-2 wk after the CBD was
ligated and severed, the serum TBA raises significantly and the
myocardial mitochondria decrease in number and swell, exhibiting
cristae that appear distorted, curled or entirely dissolved. When
rats ingested sodium cholate until their peak blood concentration
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Figure 4 Electron micrograph of myocardium from sodium cholate-fed rats. The number of mitochondria
are decreased and appear distorted, with indistinct outer membranes and cristae ( × 21000).

mimicked the average blood concentration in obstructive jaundice,
their myocardium was damaged to a similar degree. These results
suggest that the myocardial mitochondria was damaged, thus
indicating that endogenous bile acids have a significant deleterious
effect that contributes to obstructive jaundice.
It remains unclear how the myocardium can protect itself
from the damage caused by bile acids. Previous studies in rats
demonstrated that ursodeoxycholic acid could limit histologic
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liver alterations and portal hypertension typically induced by bile
[6]
duct ligation . Using the hemolysis of erythrocytes as a model of
[7]
cytotoxicity, Sagawa et al demonstrated that both liposomes and
hydrophilic bile acids (such as ursodeoxycholate acid) may protect
against hydrophobic bile salt-induced cell membrane damage. We
anticipate that the operative mortality and morbidity rates would be
decreased if perioperative measures against bile acids toxicity were
[8]
taken to improve cardiac function .

3
4
5
6
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stage A, 29 cases were in stage B and 14 cases were in stage C.
All of the specimens were fixed with 10% formalin, embedded with
paraffin and cut into 5 μm sections. Additionally, the correlations
among CGA-positive tumor cells, as well as the clinicopathologic
data, age and sex of the patients, were also investigated.
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RESULTS: CGA-positive tumor cells were found in 35.5% of the
patients with colorectal cancers, representing 20.0% (5 of 25) and
45.9% (17 of 37) of the aged and non-aged, respectively. These
2
differences were significant (χ test, P < 0.05). Nevertheless, no
significant correlations were found between the CGA-positive tumor
cells and the sex, Dukes stages, tumor location, degree of histological
differentiation or presence of lymph node metastasis.
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CONCLUSION: The low incidence of endocrine-like tumor cells
found in the aged patients may be a new pathological feature for
colorectal carcinomas, which could explain why the aged patients
usually had a better prognosis. The exact significance of these
findings requires further characterization.

Abstract

Key words: Colorectal neoplasms/pathology; Chromogranin A;
Immunohistochemistry

AIM: To evaluate the clinical significance of endocrine-like tumor
cells in human colorectal carcinomas.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: The immunohistochemistry method (ABC) using a
rabbit polyclonal antibody against human chromogranin A (CGA) was
employed to determine changes in endocrine-like tumor cells from
the surgically resected colorectal carcinoma tissues of patients (35
males and 27 females, aged from 19 to 78 years, with a mean age of
50.3 years). Of the 62 specimens, 44 were from rectal carcinomas,
18 from colonic carcinomas, 14 from lymph nodes and 48 from noninvolvement. Dukes classification revealed 19 of the cases were in
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INTRODUCTION
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Recent reports have shown that serum levels of some extracellular
matrix proteins and cytokines, such as fibronectin and interleukin-1,
may be biomarkers of hepatic fibrosis, as well as important molecules
[1-3]
for initiating hepatic fibrosis . Using the autoimmune hepatitis and
cirrhotic model of C57 BL/6 mice, it was suggested that the Yanggan
Jieyu (YGJY, nourishing the liver and alleviating mental depression)
[4]
decoction could prevent liver tissue damage . Clinical studies have
confirmed that many cirrhotic patients were in the state of Gan Yu Xue
Xu (stagnancy of the Qi and deficiency of blood in the liver). In this
study, we evaluated the curative effect of the YGJY decoction in cirrhosis.
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MATERIALS AND METHODS

Abstract

Patients

AIM: To investigate the effects of the Yanggan Jieyu (YGJY,
nourishing the liver and alleviating mental depression) decoction on
the plasma concentrations of fibronectin (FN), fibronectin receptor
(FNR), tumor necrosis factor alpha (TNF-α), and the activity of
interleukin-1 (IL-1) in patients with cirrhosis.

Thirty-four patients (30 men and 4 women ranging in ages from 25
years to 68 years) diagnosed with chronic cirrhotic Hepatitis B virus (HBV)
were included in this study. Their diagnoses were based on clinical and
[5]
laboratory evaluations . All of the cases were decompensated cirrhosis
and 80% of the cases also had cirrhotic ascites).

METHODS: Thirty-four cases of decompensated cirrhosis were
divided into the YGJY decoction treatment group and the control
group (patients received standard treatment). FN, FNR and TNF-α
were measured by ELISA and expressed as mg/L (FN, FNR) and ng/L
(TNF-α). IL-1 was measured by mice thymocyte proliferation using a
β scintillation counter and was expressed as cpm.

Treatment

The patients were randomly divided into two groups. Twenty
patients were treated with the YGJY decoction (35 g per day for 8
wk). The decoction is made of Bupleuri (10 g), Lycium barbarum (10
g), Rapid Angelicae Sinensis (10 g), and Radix Glycyrrhizae (5 g).
The remaining 14 patients were treated by the standard methods.
Twenty healthy volunteers served as controls.

RESULTS: In the YGJY decoction treatment group, FN and TNF-α
levels increased significantly (P < 0.01 and P < 0.05, respectively),
and FNR and IL-1 levels decreased significantly (P < 0.05 and P <
0.05, respectively). In the control group, FN, FNR, TNF-α, and IL-1
levels did not significantly change.

Plasma FN and FNR analysis

The FN and FNR levels were assayed by ELISA. FN was detected
by using a specific anti-FN rabbit serum (rabbit immunoglobulin
[1,2]
to human fibronectin provided by Dakopatts, Denmark) . FNR
was detected by using an anti-FNR mouse antibody (Takara
Biolaboratory, Japan). The results were expressed as mg/L.

CONCLUSION: YGJY decoction could prevent hepatic fibrosis by
adjusting the plasma levels of FN, FNR, TNF-α and IL-1, which could
mediate cirrhosis formation. This data is of clinical significance.

IL-1 production and analysis

Key words: Liver cirrhosis; Yanggan Jieyu decoction; Fibronectin;
Fibronectin receptors; Tumor necrosis factor; Interleukin-1;
Traditional Chinese Medicine

IL-1 was produced from human mononuclear cells (macrophages)
after stimulation with 40 μg of LPS (Sigma) and 3 μg of
indomethacin (Sigma). Thymocyte proliferation was analyzed using
the thymocytes from 4 to 8 wk old BALB/C mice. The samples were

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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Figure 1 Serum FNR level in relation with plasma FN in 34 patients with chronic liver
diseases (liver cirrhosis).
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Figure 4 Tumor necrosis factor released in hepatic fibrosis patients treated with the YGJY
(Yanggan Jieyu) decoction.
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Figure 2 Serum levels of fibronectin in the hepatic fibrosis patients treated with the YGJY
(Yanggan Jieyu) decoction.

Figure 5 Interleukin-1 release in hepatic fibrosis patients treated with the YGJY (Yanggan
Jieyu) decoction.

9
8

± 72.5 mg/L, FNR levels were 2.3 ± 0.4 mg/L, TNF-α levels were
72.3 ± 8.6 ng/L, and IL-1 activity was 1320.6 ± 419.2 cpm. In the
experimental group, cirrhotic patients had significantly decreased
FN levels (248 ± 97.0 mg/L, P < 0.01), and significantly increased
FNR levels (5.5 ± 2.3 mg/L, P < 0.01), TNF-α levels (97.4 ± 29.4
ng/L), and IL-1 activity, (2760.8 cpm, P < 0.05), compared with the
healthy control group. A negative correlation was observed between
the serum concentrations of FN and FNR (P < 0.01, r = -0.6534)
(Figure 1).
After treatment with the YGJY decoction, the FN levels
significantly increased (247.9 ± 97.2 mg/L to 298.3 ± 93.2 mg/L, P
< 0.01) (Figure 2). The FNR levels significantly decreased after YGJY
treatment (5.6 ± 2.7 mg/L to 4.3 ± 2.3 mg/L, P < 0.01) (Figure 3).
The TNF-α levels significantly increased after YGJY treatment (83.9
± 7.1 ng/L to 93.6 ± 12.0 ng/L, P < 0.05) (Figure 4). The activity
of IL-1 after the YGJY treatment decreased significantly (2760.8
± 813.6 cpm to 1922.3 ± 847.0 cpm, P < 0.01) (Figure 5). In the
standard treatment group, the FN levels, FNR levels, TNF-α levels,
and the activity of IL-1 were not significantly different (P > 0.05,
Figures 2-5).
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Figure 3 Serum levels of the fibronectin receptor in the hepatic fibrosis patients treated with
YGJY (Yanggan Jieyu) decoction.

incubated in the presence or absence of 0.3 mg/L conA (Sigma).
Sample dilutions were assayed for IL-1 activity by the incorporation
of tritiated thymidine into the cells and counted with a β scintillation
[6]
counter. The results were expressed as cpm .

Clinical profiles

Serum TNF-α analysis

In 63.5% of patients with cirrhotic HBV, the serum globulin level
was down-regulated to normal levels after treatment with YGJY
decoction. However, the serum globulin level returned to normal in
only 23.4% of patients treated by standard methods.

The serum TNF-α concentrations were determined by the ELISA
(Genzyme corporation, Cambridge, MA, United States).

Statistical analysis

The mean values in the control and cirrhotic patients before
and after treatment were compared by the Student’s t test. The
correlation between FN and other parameters of hepatic fibrosis
were evaluated by a linear regression analysis. Data were expressed
as average ± standard deviation.

DISCUSSION
Recent studies on cirrhosis have focused on the interactions
[1,8,9]
between cytokines and the extracellular matrix (ECM)
. Several
reports have shown that serum levels of some ECM molecules,
such as type III procollagen peptide, types I and IV collagen,
and fibronectin, were biomarkers of hepatic fibrosis, and the
accumulation of ECM molecules played a major role in liver function
impairment. The FN and FNR are the main components of the

RESULTS
In the healthy control group, mean plasma FN levels were 413.0
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extracellular matrix. We found that in patients with decompensated
liver cirrhosis, the plasma FN was significantly lower and FNR
was significantly higher, with a strong negative correlation (r =
-0.6534). The TNF-α levels and IL-1 activity were also increased
[10]
as compared with the normal subjects. Hagiwata et al
observed
that recombinant human IL-1 could increase FN in the liver of
rats, and also could directly increase the transcription of type I, III
and IV collagen. IL-1 may act synergistically with TNF-α to induce
[9]
hepatitis .
These data show that serum FNR, IL-1 and TNF-α could upregulate and FN could down-regulate the liver fibrosis process.
We found that IL-1 activity and FNR levels, which could indicate
increased fibrosis of the liver, were strongly down-regulated by
treatment with YGJY decoction. While FN, which could indicate
decreased liver fibrosis, was strongly up-regulated by YGJY
decoction treatment. These changes showed that YGJY decoction
could prevent liver damage and inhibit hepatic fibrosis.
TNF-α is a multifunctional cytokine, which is hypothesized to
regulate inflammatory and pathological processes and orchestrate
necrosis and regeneration. We detected plasma levels of TNF-α
and nitrate in cirrhotic rats by reproduction with CCl4. The TNF-α
levels were significantly higher after YGJY treatment than before
treatment. It has been shown that TNF-α can positively regulate
liver cell regeneration and hepatocyte proliferation in rats induced
[11]
by the nitrate . Further studies are necessary to clarify the effect
and mechanism of YGJY decoction in hepatocyte proliferation and
regeneration.
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Effects of electro-acupuncture on 5-HT, NOS and the gastric mucosa of
stress rats
Shun-Li Zhu, Guan-Sun Xu, Zhen-Jiu Wang, Quan-Zhu Chen, Jie Jiao
after EA. The changes before and after stress by EA were
compared.
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RESULTS: EA decreased the gastric mucosa damage index in the
stress rats (2.71 ± 0.40 to 1.86 ± 0.69, P < 0.01). EA normalized
NOS level in gastric mucosa to the control group. The changes before
stress by EA was more obvious than that after stress. EA lowered
the 5-HT levels in the gastric mucosa (μg/g wet weight, 6.91 ± 3.08
to 4.51 ± 1.62, P < 0.01). EA recovered the NO level in serum of
the stress rats (μmol/L, 5.78 ± 1.49 to 7.91 ± 1.11, P < 0.05), and
increased the levels of 5-HT and 5-hydroxyindoleacetic acid (5-HIAA)
in serum continuously.
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CONCLUSION: EA stimulation normalizes the NOS and NO levels in
the gastric mucosa of stress rats. EA also lowers the high 5-HT levels
and induces NO release.

Abstract

Key words: Electroacupuncture; Serotonin/acu-moxibustion effects;
Aminoacid oxidoreductases/acu-moxibustion effects; Gastric mucosa/
Acu-moxibustion effects

AIM: To study the effects of electro-acupuncture (EA) on
5-hydroxytryptophan (5-HT) levels, nitrous oxide (NOS) levels, nitric
oxide (NO) levels, and the gastric mucosa in stress rats.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: The changes of 5-HT and NOS were measured in the
gastric mucosa, and NO and 5-HT were measured in the serum
by biochemical methods. The gastric mucosa was examined
pathohistologically in the stress rats with gastric mucosa damage
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Alterations of erythrocyte ATPase activity and oxygen consumption in
patients with liver-blood deficiency syndrome
Lin-Jie Shi, Jun-Fan Liu, Zi-Qiang Zhang, Yi-Qin Lu, Yi-Gang Shu, Guo-Lin Chen, Zhi-Hua Xin, Jin-Yao Xu
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INTRODUCTION

Lin Jie Shi, male, born on 1942-12-26 in Linxiang, Hunan Province, graduated
from Hunan College of TCM in 1968. He is an Associate Professor of Integrated
TCM and Western Medicine, focuses on liver diseases and TCM, and has 22
papers published.

Erythrocytes, the most common blood cell, exhibit metabolic
characteristics. We have conducted hemorrheologic studies in
[1]
patients with liver-blood deficiency syndrome (LBDS) , and
observed that their hematocrit (Hct) was significantly decreased.
This indicated a reduced erythrocyte count. There are few reports
on erythrocyte metabolic alterations in patients with LBDS. In
this study, the erythrocyte membrane ATPase activity and the
erythrocyte oxygen consumption rate (OCR) were determined in
patients with anemia, including iron deficiency anemia and chronic
aplastic anemia.
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MATERIALS AND METHODS
Diagnostic criteria

General clinical data are listed in Table 1. The patients enrolled in
this study all had traditional Chinese Medicine (TCM) differentiated
LBDS syndrome diagnosed by two clinicians according to our
[2]
certified standard . The symptoms included dizziness, decreased
visual acuity and/or blurred vision, numbness of the extremities,
face, lips, and nails appeared pale and malnourished, tongue
appeared pale, and pulse taut and/or thready. Patients presenting
with decreased visual acuity and/or blurred vision and numbness of
the extremities along with an additional two symptoms (excluding
those with Yinxu, Yangxu and Qixu) were diagnosed with LBDS. Iron
deficiency anemia (IDA) was diagnosed according to the “Diagnostic
Criteria and Curative Improvement Standard of Clinical Diseases”
[3]
. Chronic aplastic anemia (CAA) was diagnosed according to the
[4]
June 1987 Baoji Conference revised standard . Healthy adult blood
donors served as controls.
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Abstract
AIM: To investigate the pathophysiology of erythrocyte energy
metabolic changes of patients with the traditional Chinese Medicine
(TCM) liver-blood deficiency syndrome (LBDS).
METHODS: Erythrocyte membrane ATPase activity and oxygen
consumption rate (OCR) were determined in 66 patients with LBDS,
including 35 patients with iron deficiency anemia and 31 patients
with chronic aplastic anemia. Thirty healthy adults served as controls.

Instruments

RESULTS: ATPase activity and OCR were decreased in patients with
LBDS.

Equipment used included a portable automatic balanced recorder
(XWT-104, Shanghai Dahua Instrument Factory), a Clark electrode
and SP-2 dissolved oxygen assay controller (China Academy Vegetal
Physiology Institute), a 2219-Ⅱ thermostat circulation water bath
rd
(LKB), and a 751 spectrometer (Shanghai 3 Analytic Instrument
Factory).

CONCLUSION: The decreased erythrocyte ATPase activity and OCR
might cause the energy hypometabolism in LBDS patients.
Key words: Erythrocytes; Cell membrane; Oxygen consumption;
Adenosine triphosphatase; Liver-blood deficiency syndrome; Irondeficiency anemia; Aplastic anemia

Preparation of the erythrocyte membrane

Five milliliters of heparin anticoagulated fasting venous blood was
centrifuged at 3000 rpm for 10 min. The buffy coat was discarded.
The remainder was washed with isotonic Tris-HCl (310 mOsm, pH

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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of patients diagnosed with IDA was not significantly significant from
the healthy controls (P > 0.05). The erythrocyte OCR of patients
diagnosed with CAA was significantly decreased from the healthy
controls (P < 0.01). The difference between the IDA and CAA
patients was significant (P < 0.01) (Table 3).

Table 1 General clinical data
n
Control group
30
Erythrocyte membrane ATPase 31
Erythrocyte OCR
35

Male/Female
15/15
11/20
13/22

Age (yr)
34.2 ± 10.4 (20-46)
36.6 ± 13.6 (19-56)
35.8 ± 15.2 (21-48)

Diseases
IDA 16, CAA 15
IDA 19, CAA 16

DISCUSSION

Table 2 Comparison of ATPase activities
2+

Groups

n

Mg -ATPase

Control
LBDS
CAA
IDA

30
31
15
16

0.300 ± 0.160
0.130 ± 0.072b
0.132 ± 0.044b
0.132 ± 0.091b

+

+

+

Na -K -ATPase
(μmol Pi·mg protein·h)
0.250 ± 0.120
0.154 ± 0.081b
0.156 ± 0.067b
0.152 ± 0.093b

2+

Ca -ATPase
0.620 ± 0.170
0.530 ± 0.159a
0.562 ± 0.130
0.468 ± 0.215a

P < 0.05, bP < 0.01 vs control.

a

Table 3 Comparison of erythrocyte OCR (oxygen consumption rate)
n

Groups
Control
LBDS
CAA
IDA

30
35
16
19

+

Na -K -ATPase is responsible for the active transport of sodium
and potassium across the membrane, which maintains a high
intracellular concentration of potassium and a low intracellular
concentration of sodium. ATP is required for the active transport of
[8]
+
+
these molecules , If there is a decrease of Na -K -ATPase on the
erythrocyte membrane, then there will be an increase of intracellular
sodium concentrations, which could lead to a hypoenergetic status
of the erythrocytes. Furthermore, if phosphorylation of membrane
proteins is impaired in the ATPase deficient erythrocyte, then the
formation of membrane protein polymers will be hindered. This
[9]
affects cytoskeleton stability , resulting in abnormalities of the
+
+
erythrocyte structure. Therefore, Na -K -ATPase is essential for the
maintenance of the normal morphology, structure and function of
[10]
the erythrocyte . In mature erythrocytes, glucose catabolism is
very active in order to provide the sodium pump with energy and
to maintain the normal functioning of the erythrocytes (90% of
the energy from glycolysis and 10% from the pentose phosphate
[7]
pathway) .
We observed that the activities of the ATPases, including the
2+
+
+
2+
Mg -ATPase, the Na -K -ATPase and the Ca ATPase, were
significantly decreased compared to the normal controls. However,
no differences were observed between the patients diagnosed
with IDA and CAA. In addition, the oxygen consumption rate
of the LBDS patients was decreased compared to the controls,
especially the patients with CAA. Taken together, the results suggest
that the erythrocyte ATPase activity and OCR are decreased in
LBDS patients, which could lead to pathophysiological changes of
decreased energy metabolism.

Oxygen consumption rate (μL 100·h·mL compressed RBC)
107.26 ± 18.46
82.25 ± 36.39b
68.83 ± 24.83b
100.17 ± 13.86a

P < 0.05 vs CAA, bP < 0.01 vs control.

a

7.4) twice at a ratio of 1:30 with cool hypotonic Tris-HCI (20 mOsm,
2 mmol/L EDTA, pH 7.4). After centrifugation at 12000 rpm for 35
min, a pink fluid precipitant could be seen adhering to the wall of the
tube. This was washed with hypotonic solution twice, and a white
cell membrane preparation was obtained. The whole procedure was
performed at 0 ℃ to 4 ℃, and the membrane product was stored
at -20 ℃. Twenty minutes before the ATPase activity assay, the
membrane was dissolved with 2 g/100 L saponin. The membrane
[5]
protein content was determined by the improved Lowry method .

Determination of erythrocyte membrane ATPase activity
2+

+

+

2+

The Mg -ATPase, Na -K -ATPase, and Ca
[6]
assessed according to Reinila et al .

ATPase activities were
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CONCLUSION: AM improved the function of intestinal oxidative
metabolism.
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It was reported that Astragalus membranaceus (AM) could stabilize
the configuration of deoxyhemoglobin, decrease hemoglobin’s
affinity for oxygen, shift the oxygen hemoglobin dissociation curve
to the right, increase hemoglobin’s capacity for transporting oxygen,
[1,2]
and decrease the from an oxygen supply deficiency . AM can also
decrease the oxygen consumption of cardiac muscle and maintain
[3]
the balance of oxygen supply in the blood . However, its effects
on oxygen consumption in the intestine has not been investigated.
This study observed the effects of AM on oxygen consumption in the
intestine both in vivo and in vitro.
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Abstract

MATERIALS AND METHODS

AIM: To investigate the effects of Astragalus membranaceus (AM)
on intestinal oxygen consumption both in vivo and in vitro .

Animal model

Ten healthy mongrel dogs (15-20 kg) of either sex were fasted for
24 h and anesthetized with pentobarbital sodium (30 mg/kg). All
animals were ventilated with a positive pressure respirator (Harvard
Apparatus, United States) that was adjusted to achieve normal
blood pH, O2 tension, and CO2 tension before each experiment. A
midline abdominal incision was made and a segment of jejunum
(20-40 g) about 30 cm aboard to the ligament of Treitz was
exteriorized. A rubber tube was placed in the lumen of the segment
for introduction and withdrawal of the AM solution. After heparin
sodium (500 U/kg) was administered intravenously, a vein draining
in the jejunal segment and a femoral artery were cannulated for
continuous measurement of intestinal oxygen consumption of the
observed segment. The measured blood was directed to a reservoir,
which was pumped back to the animal via a femoral vein at a rate
equal to the total outflow in order to maintain the blood equilibrium.
Both ends of the segment were ligated to the adjacent jejunum
to exclude collateral flow after the rubber tube was placed into
the lumen of the segment (Figure 1). The segment was covered
with a plastic sheet and kept at 37 ℃ with a heat lamp and a

METHODS: The oxygen consumption of the intestine was measured
using an arteriovenous (A-V) O2 difference analyzer after treatment
with AM in the intestinal lumen of ten healthy, anesthetized mongrel
dogs. The effects of AM on the oxygen consumption of the intestinal
mucosa in vitro were observed using constant volume manometers.
RESULTS: The oxygen consumption of the intestine in vivo
increased significantly (P < 0.05 or P < 0.01) after treatment
with AM compared to the saline control. The oxygen consumption
significantly increased after treatment with the 30% AM dilution and
the 50% AM dilution compared to that of the 10% AM dilution (P
< 0.05). There was no significant difference between the 30% AM
dilution and the 50% AM dilution (P > 0.05). The effects of AM on
oxygen consumption of the intestinal mucosa in vivo were similar to
those in vivo . After treatment with the 5% AM dilution and the 1%
AM dilution, the intestinal oxygen consumption increased compared
to the control (Krebs Ringer phosphate buffer (KRPB)) (P < 0.05 and
P < 0.01, respectively). There was no significant difference between
treatment with the 10% AM dilution and the KRPB control (P > 0.05).
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dioxide, the center well of the flask contained 0.2 mL of 10% KOH
and 0.1 g of filter paper. The flasks were attached to manometers,
placed in a water bath (37 ℃), and shaken at 90 cycles per minute.
After a 10-15 min equilibration, manometer pressure readings were
obtained every 10 min for 1 h. Additional mucosal tissue samples
of 5-6 g were weighed, oven dried, and re-weighed to obtain the
percentage dry weight, which was used to calculate the dry weight
of the experimental samples.

Table 1 Effects of AM (Astragalus membranaceus ) on the intestinal oxygen
consumption in vivo (average ± standard deviation, mL•min•100 g)
Groups
A. Normal saline
B. 10% concentration
C. 20% concentration
D. 30% concentration

n
10
10
10
10

0-3 min
2.62 ± 0.51
2.96 ± 0.64
3.18 ± 0.70
3.23 ± 0.76

4-7 min
2.71 ± 0.54
3.48 ± 0.66a
4.16 ± 0.78bc
4.35 ± 0.79bc

8-11 min
2.68 ± 0.60
3.87 ± 0.69b
4.82 ± 0.82bc
4.74 ± 0.86bc

12-15 min
2.58 ± 0.58
4.01 ± 0.72b
4.77 ± 0.83b
4.76 ± 0.84b

P < 0.05, B,C,D vs A; bP < 0.01, B,C,D vs A; cP < 0.05, C,D vs B.

a

Preparation of experimental solutions

AM was purchased from the Hebei Company of Medicinal Materials.
Two hundred milliliters of distilled water was added to a flask
containing 50 g of AM. The flask was put on an electric furnace to be
decocted until the solution became 100 mL. This was labeled as the
50% concentration of AM. This solution was further diluted to 30%,
10%, 5%, 1% and 0.5% with distilled water. Fresh AM dilutions
were prepared on each experimental day.
KRPB solution was prepared with NaCl (7.106 g/L), KCl (0.365
g/L), CaCl2 (0.138 g/L), MgSO4 (0.01 g/L), Na2HPO4 (2.29 g/L), and
glucose (0.9 g/L). First, NaCl, KCl, MgSO4 and Na2HPO4 were placed
in distilled water and stirred. At the same time, the solution was
gassed with a combination of 95% O2 and 5% CO2 for 10 min. CaCl2
dissolved in 100 mL of distilled water was slowly added into the
KRPB solution. A fresh solution was prepared on each experimental
day.

Table 2 Effects of AM (Astragalus membranaceus ) on the oxygen consumption
of the intestinal mucosa in vitro (average ± standard deviation, mL•min•100 g)
Groups
A. Normal saline
B. 10% concentration
C. 20% concentration
D. 30% concentration

n
10
10
10
10

0-3 min
2.62 ± 0.51
2.96 ± 0.64
3.18 ± 0.70
3.23 ± 0.76

4-7 min
2.71 ± 0.54
3.48 ± 0.66a
4.16 ± 0.78bc
4.35 ± 0.79bc

8-11 min
2.68 ± 0.60
3.87 ± 0.69b
4.82 ± 0.82bc
4.74 ± 0.86bc

12-15 min
2.58 ± 0.58
4.01 ± 0.72b
4.77 ± 0.83b
4.76 ± 0.84b

P < 0.05, B,C,D vs A; bP < 0.01, B,C,D vs A; cP < 0.05, C,D vs B; dP < 0.01, C,D vs B.

a

Normal saline
Astragalus
Membranaceus

AVein

Artery

Statistical methods

Femoral artery
Femoral vein

Analysis of variance (ANOVA) was employed to detect the
differences among the four groups. The Q-test (Newman-Keuls test)
was used to compare the differences between two groups.
Pump

RESULTS

(a-v) O2 difference analayer

Six different concentrations of AM (50%, 30%, 10%, 5%, 1%
and 0.5%) were tested in both in vivo and in vitro experiments to
determine the most effective concentration. This study reported the
effects of the most effective concentration and the concentration
above and below the most effective concentration.
The effects of AM on the intestinal oxygen consumption in vivo
are reported in Table 1. After treatment with the AM solution, the
intestine increased the oxygen consumption, especially after 4-7
min, compared to the saline control (P < 0.05 or P < 0.01). The
intestinal oxygen consumption was different among the different AM
dilutions. The oxygen consumption was significantly increased (P <
0.05) after treatment with the 30% and 50% AM dilutions compared
to the 10% dilution. There was no significant differences in oxygen
consumption between the 30% and 50% AM dilutions (P > 0.05).
The effects of AM on the oxygen consumption of the intestinal
mucosa in vitro is reported in Table 2. There was no significant
difference between the 10% AM dilution and the KRPB control
(P > 0.05). The intestinal oxygen consumption was increased
after treatment with the 5% and 1% AM dilutions. The oxygen
consumption significantly increased (P < 0.05) at 50 min and 60
min after treatment with the 1% AM dilution compared to that of
the KRPB control. The oxygen consumption significantly increased
(P < 0.05 or P < 0.01) at 20 min, 30 min, 40 min, 50 min, and 60
min after treatment with the 5% AM dilution compared to the KRPB
control, the 10% AM dilution, and the 1% AM dilution.

Figure 1 Representation of the animal model used to measure the oxygen consumption in
the intestine after treatment with AM (Astragalus membranaceus).
[4,5]

thermoregulator (Yellow Spring Instrument, United States)

.

Methods of measurement

Intestinal oxygen consumption in vivo was measured by an
arteriovenous (A-V) O2 difference analyzer (A-Vox. Systems, United
States). After the operation was performed, normal saline was
used to wash the lumen three times. Ten milliliters of normal saline
was placed into the lumen while the intestinal blood flow, motility,
and blood pressure were continuously measured for 15 min. This
procedure was repeated every 15 min until the blood flow, motility,
and blood pressure reached a steady state. Then the effects of
different concentrations of AM on oxygen consumption were
measured. Each dog was given each AM concentration three times.
The intestinal oxygen consumption was recorded from 0-3 min, 4-7
min, 8-11 min, and 12-15 min.
The oxygen consumption of the intestinal mucosa in vitro was
measured using constant volume manometers (Warburg Apparatus,
United States). Segments of jejunum were harvested from
anesthetized mongrel dogs. The tissue was immediately placed in
fresh oxygenated ice-cold Krebs Ringer phosphate buffer (KRPB)
solution. The container was surrounded by ice in order to keep the
temperature low. Blood was removed from the tissue by perfusing
KRPB via the local artery after the lumen was washed. The tissue
was cut open along the mesenteric border, and intact mucosal sheets
were obtained by gently separating the mucosa from the underlying
gut wall using a microscope slide. Small pieces of mucosa, 1 mm x 2
mm, were obtained by cutting. These small pieces were transferred
to the fresh, oxygenated, cold KRPB. Numerous small pieces were
blotted on filter paper, weighed to the nearest 0.15 g, and placed
in Warburg flasks. Each flask contained a total volume of 3 mL of
incubation media that included oxygenated KRPB with 0.5 mL of one
of the concentrations of AM in the experimental groups or without
AM in the control group. To measure the absorption of carbon
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DISCUSSION
AM has been shown to protect cultured cardiac muscle cells during a
glucose and oxygen deficient period. The proposed mechanism was
that AM could stabilize the function of cardiac muscle cells, protect
the mitochondria and lysosomes, and enhance the resistant capacity
[6]
of oxygen deficiency . In addition, AM has been shown to lower the
oxygen consumption of the heart and liver mitochondria in guinea
rats, increase the formation of 2, 3-diphosphoglycerate in healthy
human red blood cells (in vitro), and improve hemoglobin’s capacity
[1]
for transporting oxygen . After a 25% concentrated solution (1
mL/kg) of AM was injected into the empty stomachs of healthy,
awakened dogs, the cycle duration of the interdigestive myoelectric
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responses were observed among the AM dilutions between the in
vivo and in vitro experiments.
We observed that the pharmaceutical function of AM was to
increase the intestinal oxygen consumption. It was consistent with
[7]
the report that AM could improve the intestinal function . Other
studies have shown different effects of AM on oxygen consumption
in different organs (i.e. decreased oxygen consumption in cardiac
muscle cells and liver mitochondria, and increased intestinal oxygen
consumption in vivo and in vitro). The mechanism, by which AM
affects oxygen consumption, awaits further studies.

complex was changed. Phase I was shortened and phase II were
prolonged in the jejunum. The cycle duration was also extended and
showed an increase of action potential in phase II. Taken together,
this data indicated that AM could strengthen the movement and
[7]
muscle tone of the intestine .
Our previous study also showed that the intestinal blood flow
and motility increased after treatment with the AM solution into the
canine intestine in vivo. This revealed that AM could improve the
physiological function of the intestine. This study also indicated that
the pharmaceutical effects of AM on different organs were different.
[8]
Guo et al reported that the injection of AM could directly
cause peripheral vasodilatation. According to Kvietys and Granger’
[9]
s analysis of 50 papers about the effects of vasoactive agents on
oxygen uptake, vasodilators can increase oxygen uptake. Changes
in oxidative metabolism, blood flow, and capillary density appeared
to be the major mechanism by which vasoactive agents alter
splanchnic oxygen uptake. Under in vitro conditions, any druginduced changes in tissue oxygen uptake are assumed to reflect only
changes in tissue oxidative metabolism. Accordingly, AM probably
has the pharmaceutical action of increasing oxygen consumption.
In order to probe the effect of AM on oxygen consumption in this
study, the canine intestine was treated with different dilutions of
AM. Its effect on the intestinal oxygen consumption was observed.
We observed that AM treatment could significantly increase the
intestinal oxygen consumption in vivo compared to the saline
control. This indicated that AM could improve the physiological
function of the intestine. To eliminate the interference involved in
in vivo experiments, the effects AM treatment on intestinal oxygen
consumption in vitro were also measured. We observed that AM
treatment could also significantly increase the intestinal oxygen
consumption compared to the KRPB control.
The effects of AM treatment on the intestinal oxygen
consumption varied at different dilutions. This might be explained
by the use of different experimental methods. In the in vivo
experiments, AM was placed into the intestine. This method limited
the effect of the AM on the surface of the tissue. While in the in vitro
experiments, AM was put in the flasks containing small pieces of
intestinal mucosa. In this method, the surface of the tissues was in
contact with the AM constantly. Therefore, different pharmaceutical
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CONCLUSION: There was a close relationship between the
ultrastructural changes of gastric mucosa and the syndrome
differentiation of chronic gastritis. JWD and SHD could significantly
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Chronic gastritis is a common disease that is difficult to cure.
Diagnosis and treatment of chronic gastritis by traditional Chinese
medicine (TCM) has had a good therapeutic effect. In this study, we
investigated the relationship between the ultrastructural changes
of the gastric mucosa based on the TCM differentiation of chronic
gastritis. The therapeutic effects of the TCM differentiation treatment
on the gastric mucosa were also tested.

Abstract
AIM: To demonstrate the relationship between the ultrastructural
changes of the gastric mucosa and the syndrome differentiation in
chronic gastritis.

MATERIALS AND METHODS
Patients

Sixteen patients with Piweixuhan (PXG, the cold of insufficiency
syndrome of the spleen and the stomach) and fifteen patients with
Ganweibuhe (GBG, incoordination syndrome of the liver and the
stomach) were selected from the inpatients at the First Affiliated
Hospital of Lanzhou Medical College. They were diagnosed according
to the TCM differentiation standard of chronic gastritis in “Guiding
Principle of Clinical Research of New Drugs” by the Chinese Ministry
of Public Health.

METHODS: Sixteen chronic gastritis patients with Piweixuhan (PXG,
the cold of insufficiency syndrome of the spleen and the stomach)
and fifteen chronic gastritis patients with Ganweibuhe (GBG,
incoordination syndrome of the liver and the stomach) were treated
with Jianpiwenwei decoction (JWD, invigorating the spleen and
warming the stomach) or Shuganhewei decoction (SHD, dispersing
the stagnated Liver Qi and regulating the stomach), respectively
for three months. Before and after treatment, a gastroscopy was
performed and the gastric mucosa was collected from the lesser
curvature of the antrum of each patient. The ultrasections were
observed and photographed under the JEM-100C X electron
microscope.

Methods

The patients with PXG were treated with a Jianpiwenwei decoction
(JWD, invigorating the spleen and warming the stomach). This
decoction contained 10 g of Dangshen (Radix codonopsis pilosula
e), 20 g of Fuling (Poria), 15 g of Baizhu (Rhizoma atractylodis
macrocephalae), 5 g of Muxiang (Radix aucklandiae), 5 g of
Shenggancao (Radix glycyrrhizae), 10 g of Zhibanxia (Rhizoma
pinelliae preparata), 5 g of Sharen (Fructus amomi), 10 g of
Gaoliangjiang (Rhizoma alpiniae officinarum), 10 g of Yanhusuo
(Rhizoma corydalis), and 10 g of Chaomaiya (Fructus hordei
germinatus).
The patients with GBG were treated with a Shuganhewei

RESULTS: The common ultrastructural anomalies of the two
types of chronic gastritis were the plasmacyte infiltration and the
lesions of the mucosal epithelial cells, chief cells and antral mucous
cells. There were obvious differences between the two types. In
PXG, the predominant lesion of the chief cells was swelling of the
mitochondria, while in GBG the rough endoplasmic reticulum was
enlarged in the chief cells and the plasmacytes. After treatment,
most cases of the ultrastructural lesions reverted to normal or
improved.
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Figure 1 The mitochondria were enlarged in the chief cells in chronic gastritis patients
differentiated into the PXG category.

Figure 2 The rER in chief cells enlarged and some showed intracisternal sequestration in
chronic gastritis patients differentiated into the GBG category.

decoction (SHD, dispersing the stagnated Liver Qi and regulating the
stomach). This decoction contained 10 g of Chaihu (Radix bupleuri),
15 g of Baishao (Radix paeoniae alba), 10 g of Zhiqiao (Fructus
aurantii), 5 g of Muxiang (Radix aucklandiae), 10 g of Shenggancao
(Radix glycyrrhizae), 10 g of Yujin (Radix curcumae), 15 g of
Yanhusuo (Rhizoma corydalis), 10 g of Baizhi (Radix angelicae
dahuricae), 10 g of Danggui (Radix angelicae sinensis), and 10 g of
Jineijin (Endothelium corneum galli).
Patients were given 200 mL of the respective decoctions
orally for three months, twice a day. The crude content of the two
prescriptions was 500 g/L. Other related medications were not given
during the observation period.

the chief cells were expanded, showed vesicles and vacuoles, and
[1]
some even had intracisternal sequestration (Figure 2). The rER
enlargement was also graded into three degrees: mild (the rER
enlargement was less than 1/3 of the cytoplasm or two times less
than the area of the normal rER), moderate (the rER enlargement
accounted for 1/3 to 2/3 of the cytoplasm or exceeded four times of
the area of the normal rER), and severe (the rER enlargement was
more than 2/3 of the cytoplasm or six times more than the area of
the normal rER, or formed intracisternal sequestration).
We observed that the intercellular space in the mucosal epithelial
and antral mucous was widened. This change was also graded into
the following three degrees: severe (the intercellular space was
significantly enlarged and exceeded the width of the cells, the cell
processes became slight and dispersed, and lymphocytes appeared
in some spaces), moderate (the width of the intercellular space was
between the severe and mild degrees), and mild (the intercellular
space was small, and the cell processes became shorter and
smaller). In addition, we observed that the surface microvilli were
short, small and sparse, the organelles were reduced, the mucous
granules decreased, the cells atrophied, and the electron density
increased. In a few patients, the mucous epithelial cells became
stratified epithelium.
We observed heterotypical and deformed nuclei appeared in the
mucosal epithelial cells and the antral mucous cells. Many nuclei
were markedly enlarged and the nucleoli increased in number and
size. The nuclear membrane folded and sank, which thereby led to
nucleus deformation (Figure 3). This deformation was divided into
three grades: severe (the sinking depth exceeded the short radius
of the nucleus), moderate (the sinking depth or scope was between
the mild and the severe grades), and mild (the sinking depth was
less than 1/3 of the short radius of nucleus, or the sinking scope
was less than 1/3 of the nuclear circumference).
We observed that the lymphocytes and plasmacytes infiltrated
into the gastric mucosa. The lymphocytes were normal. Some
appeared in the enlarged mucous intercellular space or between the
glandular epithelial cells. In the plasmacytes, the rER enlarged to
various degrees. We utilized the same grading method as that for
the chief cells (Figure 4).
In addition, we found that the capillary endothelial cells in some
patients were swelled or disappeared after treatment. There were
a small number of G cells scattered in the antral mucosa. The rER
was enlarged in some of these cells. In our study, the parietal cells,
the zymogen granules in the chief cells, the stomach body’s mucous
cells, and the mucigen granules were nearly normal.
The therapeutic effects on the ultrastructural lesions of the
gastric mucosa are presented in Tables 1 and 2.

Assessment of the therapeutic effects

Gastroscopy was performed before and after the treatment. The
gastric mucosa was collected from the lesser curvature of the
antrum and immediately immersed in a cold 3% glutaraldehyde
solution. The specimens were rinsed with phosphate buffer solution,
post-fixed with 1% osmium tetroxide, dehydrated in graded
steps with increasing percentages of ethanol, embedded with
Epon 812, sectioned with an ultratome, and double stained with
uranium acetate and lead citrate. The ultrasections were observed
and photographed under the JEM 100CX transmission electron
microscopy.
The main ultrastructural lesions were divided into three grades:
severe, moderate and mild. After treatment, the therapeutic effects
were determined according to the following assessment standard:
recovery (the ultrastructural lesions disappeared completely),
marked effectiveness (the ultrastructural lesions lightened by
two grades), effective (the ultrastructural lesions lightened by
one grade), ineffective (the ultrastructural lesions had no obvious
2
changes). All data were analyzed statistically by the χ test, and
significance was set at P < 0.05.

RESULTS
We observed that the mitochondria in the chief cells were
swelled, its cristae were reduced and shortened, and some even
displayed vacuolization. Some displayed pyknosis (Figure 1). The
mitochondria lesions were classified into three grades: severe (the
injured mitochondria exceeded 2/3 of all the mitochondria in the
cytoplasm), moderate (the number of injured mitochondria was
between 1/3 and 2/3 of all the mitochondria in cytoplasm), and mild
(the injured mitochondria were less than 1/3 of all the mitochondria
in cytoplasm).
We observed that the rough endoplasmic reticulum (rER) in
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Table 1 The lesions and the therapeutic effects on the mitochondria and rough endoplasmic reticulum (rER) in chief cells
Differentiation
PXG

Total cases
16

GBG

b

15

Organelle lesions
Mitochondriab
rER6
Mitochondria
rER

Injured cases (%)
13 (81.3)
3 (18.8)
3 (20.0)
12 (80.0)

Markedly effective
7
1
0
8

Effective
4
1
2
2

Ineffective
2
1
1
2

Total effective rate (%)
84.6
1.0
66.7
83.3

P < 0.01, compared with GBG.

Table 2 The therapeutic effect of the intercellular space, nuclear membrane and plasmacyte
Ultrastructural changes

Differentiation

The intercellular space of mucosal epithelial cells widened
The intercellular space of antral mucous cells widened
The nuclear membrane of the mucosal epithelial cells and the antral mucous cells folded and sank in
The rER in the plasmacyte enlarged

PXG
GBG
PXG
GBG
PXG
GBG
PXG
GBG

Injured Recovery Markedly Effective Ineffective
Cases (%)
effective
14 (87.5)
2
6
3
3
12 (80.0)
2
5
3
2
13 (81.3)
4
5
2
2
13 (86.7)
3
6
3
1
10 (62.5)
3
3
2
2
10 (66.7)
2
4
3
1
6 (37.5)a
1
3
0
2
12 (80.0)
4
3
3
2

Total effective
Rate (%)
78.6
83.3
84.6
92.3
80.0
90.0
66.7
83.3

a

P < 0.05, compared with GBG.

N

rER

Figure 3 The intercellular space of antral mucosal epithelial cells was enlarged. N: Deformed
nucleus.

Figure 4 The plasmacytes infiltrated and the intercellular space was enlarged. rER: Enlarged
rER

DISCUSSION

differentiation.
This study also found that more than 80% of chronic gastritis
patients had widened intercellular space of the mucosal epithelial
and the antral mucous cells. This observation was consistent with
[3,6]
the results of animal experiments reported in the literature . On
the other hand, more than 60% of the cases had deformed nuclei,
the nuclear membrane was folded and sank in, and the nucleolus
increased in number and size. This might be a compensated
hyperfunction after the gastric mucosal barrier and the antral
[3]
mucous cells were damaged. Liang et al thought that the
intercellular space enlargement was caused by mesenchyme edema.
However, our results showed that the cell atrophy was a direct cause
of intercellular space enlargement, which was consistent with our
[6]
experimental results in a rat model .
The lymphocyte and plasmacyte infiltration into the gastric
mucosa of chronic gastritis was reported previously, which indicated
that chronic gastritis was closely related to the patient’s immunity.
We observed plasmacyte infiltration in 58.1% of the patients with
the rER enlarged to various degrees. Interestingly, the plasmacyte
infiltration appeared in 80.0% of PXG patients, but only in 37.5%
of GBG patients, which indicated that the GBG may be more closely
related with immune functions. This has been confirmed by our
[6]
experimental research and helps to explain why the lesions of chief

Optical microscopy is the primary means to diagnose the degree
and the type of pathological changes in gastritis. However, it is
difficult to detect the early stage lesions of organelles in the cells
and to determine the nature of the lesions by optical microscopy
because of its limited resolution. Moreover, the pathological grading
under optical microscope is not very precise. In order to explore
a more objective, reliable and precise method to determine
therapeutic effects and pathological grading, we designed this
study, which combined the TCM differentiation treatment and
observation of the ultrastructure of the cells. Although there
were some studies about the ultrastructural study of chronic
[2-5]
gastritis , there were few studies about the relationship between
the ultrastructural changes of the gastric mucosa and the TCM
differentiation of chronic gastritis.
This study showed that the ultrastructural lesions in the chief
cells were significantly different between the two types of gastritis.
PXG was characterized by swelled mitochondria, while GBG was
characterized by expanded rER. This morphological difference
revealed that the TCM differentiation of chronic gastritis has a
modern ultramicropathological basis. Ultrastructural research
on chronic gastritis could greatly contribute to its treatment and
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cells were significantly different between the two types of gastritis.
We hypothesize that the rER enlargement in chief cells may be a
result of immune damage. In PXG patients, the main changes of the
chief cells were mitochondrial lesions. It is well known that the cAMP
content in cells of PXG patients is reduced (and thus is ATP reduced),
the mitochondrial permeability is increased, which causes swelling
and vacuolization. As a result, energy is decreased, cell function is
lowered, and cells are atrophied, which led to gastric mucosal atrophy.
In this study, parietal cells were normal, which was not consistent
[2-5]
with the literature . This difference needs to be examined further.
We observed that the ultrastructural lesions in PXG and GBG
patients were significantly improved after treatment with JWD and
SHD. We hypothesized that JWD would improve the mitochondrial
lesions by increasing the cAMP content in cells, while SHD would
improve the rER enlargement by stabilizing the plasmacytes and
inhibiting the excessive immune reaction. Both prescriptions could
strengthen the resistance against diseases, regulate the patients’
immune function, and accelerate blood circulation of the gastric
mucosa, thus promoting the recovery of the ultrastructural lesions
of the gastric mucosa.
We also observed a few G cells in the antrum, in which some
rER were enlarged. But we did not observe any other changes, such
as secretory granules vacuolization and reduction reported by Ren
[2]
et al . The rER enlargement of G cells mainly appeared in GBG
patients, which probably was caused by the neuroendocrine disorder
of G cells. SHD could make the enlarged rER in G cells recover by
regulating its neuroendocrine function.

In addition, in the mesenchyme of the gastric mucosa in a few
patients, the capillary endothelium swelled and the capillary cavity
narrowed leading to dysfunction of the microcirculation. After
treatment, these changes disappeared, suggesting that the two
decoctions could significantly improve the microcirculation of the
gastric mucosa. Therefore, both recovery of the mucosal epithelium
and gland and the improvement of the microcirculation of gastric
mucosa should be emphasized in treating chronic gastritis so as to
increase the therapeutic effects.
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RESULTS: The flow rates of saliva and amylase in Piyinxu patients
(0.27 ± 0.016 mL/min and 2134.13 ± 343.51 IU/min, respectively)
were lower than those in normal subjects (0.46 ± 0.027 mL/min and
3501.63 ± 1099.63 IU/min, respectively, P < 0.01), but higher than
those in the Shenyinxu group (0.13 ± 0.051 mL/min and 951.62 ±
383.17 IU/min, respectively, P < 0.01). The three groups showed no
significant difference in their level of total salivary protein (Piyinxu
group, 3.07 ± 0.60 g/L; Shenyinxu group, 3.01 ± 0.90 g/L, and
control group, 2.94 ± 1.13 g/L, P = 0.869), amount of amylase per
saliva volume, or their ratio of amylase to protein in secreted saliva (P
= 0.173 and P = 0.436, respectively).

Abstract

CONCLUSION: Piyinxu patients showed altered rates of saliva and
amylase secretion when compared with those parameters in patients
with Shenyinxu and normal subjects.

Original title: China National Journal of New Gastroenterology (1995-1997)
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AIM: To investigate various characteristics of saliva secreted by
patients with TCM-Piyinxu (Spleen-yin deficiency).

Key words: Spleen asthenia/physiopathology;����������������
 ���������������
Yin deficiency/
physiopathology; Salivation

METHODS: Twenty-five individuals with Piyinxu (15 males and 10
females; age range 26-70 years, mean age = 45 years) diagnosed
based on criteria used in traditional Chinese medicine, were
compared with 20 individuals with Shenyinxu (Kidney-yin deficiency)
(11 males, 9 females; age range 35-75 years, mean age = 50) and
30 normal individuals (17 males, 13 females; age range 35-65 years,
mean age = 49 years). After acid stimulation, the saliva flow in each
group was measured, and the levels of amylase and protein in saliva
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Treatment of postoperative gastric cancer with the Fuzheng Huoxue
anticancer prescription
A-Gao Zhou, Da-Wei Huang, Yu-Xiong Ding, Hua Jiang, Ming-Lin Tang
intraperitoneally injected with 1 mg of 5-Fu once a week for 8 wk.

A-Gao Zhou, Yu-Xiong Ding, Ming-Lin Tang, Department of Traditional Chinese
Medicine, Shanghai Second Medical University, Shanghai 200025, China

RESULTS: Prior to treatment, the mean OKT8 percentage among
gastric patients in the treatment group was 45.94% ± 8.45%,
the mean OKT4/OKT8 ratio was 0.89 ± 0.19, the mean AT-Ⅲ
concentration was 29.9 ± 7.9 mg/dL, the mean Fa value was 50.4%
± 24.4%, and the mean β-TG concentration was 91.0 ± 25.9 ng/
dL. Prior to treatment, the mean percentage of OKT8 cells among
patients in the control group was 49.21% ± 6.60%, the OKT4/
OKT8 ratio was 0.94 ± 0.20, the AT-Ⅲ concentration was 32.3 ±
7.2 mg/dL, the mean Fa value was 57.3% ± 24.6%, and the mean
β-TG concentration was 87.5 ± 34.2 ng/dL. After treatment, the
mean OKT8 percentage among patients in the treatment group was
33.52% ± 7.80%, the mean OKT4/OKT8 ratio was 1.47 ± 0.51, the
mean AT-Ⅲ concentration was 38.8 ± 5.5 mg/dL, the mean Fa value
was 102.6% ± 31.6%, and the mean β-TG concentration was 62.3
± 15.1 ng/dL. After treatment, the mean OKT8 percentage among
patients in the control group was 42.22% ± 7.07%, the mean OKT4/
OKT8 ratio was 1.12 ± 0.24, the mean AT-Ⅲ concentration was 30.9
± 8.0 mg/dL, the mean Fa value was 64.6% ± 26.9%, and the mean
β-TG concentration was 67.0 ± 42.1 ng/dL. These data indicate
that after treatment, the immunologic function of the T lymphocytes
of gastric cancer patients in the treatment group was significantly
improved (P < 0.01). Additionally, the hypercoagulability in the
treatment group was also improved (P < 0.001), and the mean OKT4/
OKT8 ratio, antithrombin Ⅲ (AT-Ⅲ) concentration, and fibrinolytic
activity, etc. had all beome normalized. The one-year (86%), 3-year
(69%), and 5-year (40%) survival rates in the treatment group were
all higher than those in the control group (P < 0.05). The mean
tumor weights in the control, traditional medicine, and chemotherapy
groups were 0.895 ± 0.289 g, 0.433 ± 0.177 g, and 0.357 ± 0.142
g, respectively. The tumor-inhibition rates in the traditional Chinese
medicine group and chemotherapeutic group (51.6% and 60.1%,
respectively) were significantly better than that in the control group (P
< 0.001). The mean tumor weight in the traditional Chinese medicine
group (24.68 ± 1.93 g) was significantly higher than that in both the
treatment group (22.96 ± 1.87 g) and control group (22.47 ± 2.18 g).
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Abstract
AIM: To study effects of the Fuzheng Huoxue anticancer prescription
(Traditional Chinese Medicine) in treatment of gastric cancer.
METHODS: Sixty-nine patients with histologically confirmed mid- or
late-stage gastric cancer were assigned to two groups. The treatment
group included 35 cases (26 males and 9 females; 2 patients aged
33-40 years, 18 patients aged 41-60 years, and 15 patients aged
61-75 years; mean group age = 58.4 years). The control group
included 34 cases (23 males and 11 females; 4 patients aged 33-40
years, 16 patients aged 41-60 years, and 14 patients aged 61-75
years; mean group age = 56.8 years. The two groups were not
significantly different in sex, age, their clinical and pathological stages
of disease or operation mode. The two groups of patients were given
similar treatments; however, patients in the treatment group were
given the Fuzheng Huoxue anticancer prescription. In animal studies,
SGC-7901 gastric cancers cells were inoculated into the backs of 30
nude mice under sterile conditions. After inoculation, the nude mice
were randomly allocated to a control group, a traditional Chinese
medicine group, and a chemotherapy group (n = 10 mice per group).
The total weight of the 10 mice in each group was similar. Each nude
mouse in the control group received 0.5 mL of saline solution each
day. Mice in the traditional Chinese medicine group received 0.5 mL
of the Fuzheng Huoxue anticancer prescription (containing 1.5 g
crude drug) each day, while mice in the chemotherapy group were
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CONCLUSION: The Fuzheng Huoxue anticancer prescription can not
only replenish vital functions (Zhengqi), correct a hypercoagulatory
state, improve immunologic function, and extend patient survival
times, but may also directly inhibit gastric tumor growth without
producing toxic side effects.
Key words: Stomach neoplasms/TCM therapy; Fuzheng Huoxue;
survival rate; T lymphocyte subsets; Medicine Chinese traditional
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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Huoxue anticancer prescription, the control prescription, and FT-207
manufactured by the Shanghai No.12 Pharmaceutical Factory,
(100-200 mg, three times daily) were given to the designated
groups for five days.

Table 1 Comparison of T lymphocyte subgroup levels before and after
treatment (mean ± SD)
n

Groups
Treatment

Before
After
Before
After

Control
Healthy person

15
20
13
12
15

OKT3 (%)
56.10 ± 8.54
58.68 ± 9.98
61.87 ± 5.01
56.11 ± 8.50
61.66 ± 6.42

OKT4 (%)
41.81 ± 6.18a
41.89 ± 8.70a
46.61 ± 6.79
46.24 ± 6.10
48.11 ± 8.51

OKT8 (%) OKT4/OKT8
45.94 ± 8.45b
0.89 ± 0.19b
33.52 ± 7.80d
1.47 ± 0.51d
49.21 ± 6.60b
0.94 ± 0.20b
42.22 ± 7.07bd 1.12 ± 0.24
31.02 ± 4.96
1.57 ± 0.32

Measurements of patient survival and assay methods

Patient survival rates were calculated by the direct method.
T-lymphocyte subgroups, antithrombin Ⅲ levels, fibrinolytic activity
(Fa), and β-thromboglobulin (β-TG) were measured by a fluorescent
[2]
[3]
[4]
immunoassay method , rocket electrophoresis , fibrolysic area ,
and radioimmunoassays, respectively.

a

P < 0.05; bP < 0.001 as compared with the healthy subjects group; cP < 0.05; dP < 0.001 as
compared with pretreatment.

Table 2 Changes in hypercoagulatory parameters before and after treatment
in the two groups (mean ± SD)
n

Groups
Treatment

Before
After
Before
After

Control

35
35
34
34

Healthy persons

AT-Ⅲ (mg/dl)
29.9 ± 7.9b
38.8 ± 5.5d
32.3 ± 7.2a
30.9 ± 8.0b
36.4 ± 8.3 (59)

FA (%)
50.4 ± 24.4b
102.6 ± 31.6d
57.3 ± 24.6b
64.6 ± 26.9b
90.3 ± 24.3 (30)

EXPERIMENTAL INVESTIGATION
Materials and methods

Materials An oral formulation of the Fuzheng Huoxue anticancer
prescription with a crude medicine concentration of 3.0 g/mL was
autoclaved and then stored at low temperature. Human gastric
cancer cell line SGC-7901 was purchased from the Shanghai
Institute of Pharmaceutics. Female nude mice aged 6-8 wk and
5-Fu (bat. No. 930712) were purchased from the Shanghai
Tumor Institute, and the Shanghai Haipu Pharmaceutic Factory,
respectively.

β-TG ( ng/dl)
91.0 ± 25.9b
62.3 ± 15.1bd
87.5 ± 34.2b
67.0 ± 42.1bc
25.0 ± 8.2 (103)

a

P < 0.05, bP < 0.01 as compared with healthy subjects; cP < 0.05, dP < 0.001 as compared with
pretreatment. The number of individuals is shown in parentheses.

Methods SGC-7901 cells were inoculated into the backs of nude
mice under sterile conditions. The mice were weighed on the next
day, and then randomly allocated to a control group, a traditional
Chinese medicine group, and a chemotherapy group (n = 10 mice
per group). There was no significant difference in the total body
weight of the nude mice in each group. A 0.5 mL dose of saline
solution was instilled into the stomach of each mouse in the control
group each day, while 0.5 mL of the Fuzheng Huoxue anticancer
decoction was instilled into the stomach of each mouse in the
traditional Chinese medicine group. Mice in the chemotherapy group
were intraperitoneally injected with 1 mg of 5 FU once a week for 8
wk.

INTRODUCTION
From July 1986 to July 1995, we used the Fuzheng Huoxue
(strengthening the body resistance and promoting blood circulation)
anticancer prescription to treat postoperative patients with mid- or
late-stage gastric cancer, as well as nude mice with transplanted
human gastric cancers. The treatment results are reported below.

CLINICAL INVESTIGATION
Clinical data

This study enrolled 69 patients with histologically confirmed midor late-stage gastric cancer, and who were being treated at Renji
Hospital, affiliated with the Shanghai Second Medical University. The
patients were assigned to two study groups. The treatment group
included 26 males and 9 females; (two patients aged 33-40 years,
18 patients aged 41-60 years, and 15 patients aged 61-75 years;
mean group age = 58.4 years). The control group consisted of 23
males and 11 females, (4 patients aged 33-40 years, 16 patients
aged 41-60 years, and 14 patients aged 61-75 years; mean group
age = 56.8 years). The pathological stage of each patient was
determined according to the TNM classification system, as modified
[1]
by the Chinese Cooperative Group in Gastric Cancer . In the
treatment group, 8 cases were stage Ⅱ, 15 were stage Ⅲ, and 12
were stage Ⅳ. Twenty-seven cases underwent a palliative operation
and 11 cases underwent a radical operation. In the control group,
11 cases were stage Ⅱ, 11 cases were stage Ⅲ, and 12 cases were
stage Ⅳ. Twenty-three cases received a palliative operation, and
11 cases received a radical operation. The two groups showed no
significant difference in sex, age, clinicopathologic stage or operation
mode. The healthy individuals were recruited from staff at the
Shanghai Second Medical University and its affiliated hospitals.

Observation parameters Each mouse was monitored for its body
weight, tumor weight, and any tumor inhibitory effects.

Experimental results

Tumor weight and tumor inhibition The mean tumor weights
in the control, traditional Chinese medicine, and chemotherapy
groups were 0.895 ± 0.289 g, 0.433 ± 0.177 g, and 0.357 ± 0.142
g, respectively. While compared with tumor growth in the control
group, the tumor inhibition rates in the traditional Chinese medicine
group and chemotherapeutic group were 51.6% and 60.1%,
respectively, (P < 0.001).
Body weight of the nude mice The mean body weights of the
nude mice in each group before and after treatment were 21.50
± 1.51 g and 22.47 ± 2.18 g, respectively, in the control group,
21.50 ± 0.47 g and 24.68 ± 1.93 g, respectively, in the traditional
Chinese medicine group, and 21.55 ± 0.64 g and 22.96 ± 1.87 g,
respectively, in the chemotherapy group. None of these differences
before and after treatment were statistically significant (P > 0.05).
However, when compared with the mean pretreatment weight,
the mean body weights in the traditional Chinese medicine and
chemotherapy groups were significantly higher after treatment (P <
0.05). Furthermore, when compared with the mean body weight in
the control group, the mean body weight in the traditional Chinese
medicine group showed a significant increase (P < 0.05).

Methods and parameters of observation

The Fuzheng Huoxue anticancer prescription contained Codonopsis
pilosula (Franch.) N annf (15 g), Astragalus membranaceus (Fisch.)
Bge (15 g), Atractylodes macrocephala Koidz (12 g), Poria cocos
(Schw.) Wolf (12 g), Rehmannia glutinosa (Gaertn.) Lib osch (12 g),
Adenophoratetraphylla (Thunb.) Fisch (15 g), Salvia miltiorrhiza Bge
(15 g), and Angelica sinensis (Oliv.) Diels (12 g). One dose of this
mixture was given to patients once a day. The control prescription
contained Citrus tangerina Hort. et Tanaka (12 g), Magnolia
officinalis Rehd. et Wils (12 g), Amomum villosum Lour (6 g), Oryza
sativa L (15 g), and Hordeum vulgare L (15 g), and was also given
as a single dose, once a day.

RESULTS
Comparison of survival rates between the treatment and control
groups

Among the 35 patients in the treatment group, 31 survived > 0.5
years, 30 (86%) survived > 1 year, 24 (69%) survived > 3 years,
and 14 (40%) survived > 5 years. Among the 34 patients in the
control group, 28 (82%) survived > 0.5 years, 22 (65%) survived

Treatment methods

Starting at one month after an operation, decoctions of the Fuzheng
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> 1 year, 14 (41%) survived > 3 years, and 6 (18%)> 5 years.
The 1, 3, and 5-year survival rates in the treatment group were all
significantly higher than those in the control group (P < 0.05).
The numbers of different T lymphocyte subgroups in the
peripheral blood of subjects in the two groups before and after
treatment are shown in Table 1. The immunologic function of
subjects in both groups showed significant improvement after
treatment.
Changes in the hypercoagulatory parameters of subjects in
both groups before and after treatment are shown in Table 2. While
both groups were in a hypercoagulatory state before treatment,
the hypercoagulatory state of the treatment group showed
significant improvement after treatment. The values for AT-Ⅲ and
Fa in the treatment group did not significantly differ from those in
healthy individuals (P > 0.05). The control subjects remained in a
hypercoagulatory state.

blood stasis are basic characteristics of patients with mid- or latestage gastric cancer. In addition to the Fuzheng method, the Huoxue
method can also be used to treat such patients. The Fuzheng
Huoxue anticancer prescription produced better clinical effects
in treating postoperative patients with mid- or late-stage gastric
cancer as compared with the effects shown in control patients. The
immunologic function and hypercoagulation status of the patients
improved significantly. These results suggest that the Fuzheng
Huoxue anticancer prescription can not only replenish Zheng qi,
enhance the anticancer response of patients, and reduce the side
effects of chemotherapy, but can also improve blood stasis and
circulation, as well as immunologic function, and is thus beneficial
for treating tumors and extending patient survival times. Our animal
studies proved that the Fuzheng Huoxue anticancer prescription
inhibited tumor growth without producing any significant toxic side
effects or affecting the body weights of the nude mice. Based on
these results, we feel the Fuzheng Huoxue anticancer prescription
has a bright future for use in cancer management. While the
Fuzheng Huoxue anticancer prescription may directly inhibit or kill
gastric tumor cells, these activities require further confirmation.

DISCUSSION
Patients with mid- or late-stage gastric cancer are usually deficient
[5]
in Zheng qi, and have an impaired immunologic response . The
immunologic state of a human is closely correlated with tumor
occurrence and development; furthermore, immune responses
mediated by T lymphocytes play a major role in tumor immunity.
Our study showed that prior to treatment, the suppressor T
lymphocytes of gastric cancer patients were hyperactive and the
patients showed a poor immune response. Zhengxu (weakened
body immunity) decreases a patient’s anticancer response as well as
their ability to tolerate chemotherapy. The Fuzheng method is widely
used to treat tumors by practitioners of traditional Chinese medicine
or combined traditional and Western medicine, and especially in
[6,7]
Beijing, Shanghai, Tianjing, and Fujian , China.
Gastric cancer is associated with blood stasis, and the extent
of blood stasis is correlated with the severity and outcome of the
[8]
disease . AT-Ⅲ is the most important anti-agglutination agent
found in plasma. Fa directly reflects the activity of proplasminogen,
and β-TG directly reflects the extent of blood stasis. The results of
our study showed that prior to treatment, the patients with gastric
cancer were in a state of hypercoagulation, and this was the basis
for our clinical use of the Huoxue Huayu method. Zhengxu and
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from that in portal hypertension control group, but it showed more
marked hepatocellular degeneration and necrosis and elevation of
-1
ALP (0.46 ± 0.05 vs 0.31 ± 0.06 μmol·s /L; P < 0.01).
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CONCLUSION: Tetrandrine can improve the functions of gastric
mucosa and liver, and facilitate the absorption of intrahepatic
proliferative fibrous tissues. Propranolol can aggravate hepatosis
though it may improve portal hypertensive gastric mucosal lesions.

Supported by a grant from the Natural Science Foundation of the Educational
Committee of Jiangsu Province, No.920098.
Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-)

Key words: Liver gastric mucosa; Hypertension, portal; Tetrandrine;
Propranolol

Correspondence to: �������������������������������
Dr. Yi Mu, Associate Professor, having 15 papers published. Research Laboratory of Hepatobiliary Surgery, Xuzhou Medical College,
and Department of Surgery, Affiliated Hospital of Xuzhou Medical College, Xuzhou 221002, Jiangsu Province, China
+86-516-5698950-2009
Telephone: ��������������������

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Mu Y, Shen YZ, Chu YF. Effects of tetrandrine on gastric mucosa and liver in
portal hypertensive rats. World J Gastroenterol 1997; 3(3): 192-194 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v3/i3/192.htm DOI: http://
dx.doi.org/10.3748/wjg.v3.i3.192

��������������
8, 1996
Received: August
Revised: October 2, 1996
November 10, 1996
Accepted: ��������
15, 1997
Published online: September���������

INTRODUCTION
Abstract

Gastric mucosal lesions (GML) is one of common causes of upper
gastrointestinal bleeding in portal hypertensive (PHT) patients with
cirrhosis. So far, there have been no ideal therapy for this lesion.
Although some reports have suggested that propranolol is effective
[1]
for GML, attention has been paid to the side effects of this drug .
It has been demonstrated that tetrandrine can lower the portal
venous pressure (PVP) with no significant effects on peripheral
[2]
circulation ,and decrease the serum procollagen-Ⅲ-peptide
[3]
concentration in cirrhotic patients . Therefore, in this study we
observed the effects of tetrandrine on PVP, the functions of gastric
mucosa and liver, and liver histology in PHT rats with cirrhosis,
and tetrandrine was compared with propranolol, in an attempt to
investigate effects of tetrandrine on PHT GML.

AIM: To study the effects of tetrandrine on portal hypertensive
gastric mucosal lesions.
METHODS: Portal hypertensive models were induced in Wistar rats
by 60% CCl4 3 mL/kg body weight through subcutaneous injection,
once every 4 d for 56 d. The animals were randomly divided
into portal hypertension, tetrandrine and propranolol groups and
subsequently, treated by normal saline, tetrandrine and propranolol
respectively for 15 d. Some healthy rats were used as control group.
Portal venous pressure (PVP), gastric mucosal prostaglandin E2 (PGE2)
content, gastric mucosal blood flow (GMBF), gastric adherent mucus
(GAM), ALT, ALP and serum total bilirubin (STB), were measured and
liver tissues were observed histologically.

MATERIALS AND METHODS

RESULTS: In tetrandrine group and propranolol group, PVP was
significantly lower (1.43 ± 0.13, 1.45 ± 0.12 vs 1.89 ± 0.18 kPa; P
< 0.01) and gastric mucosal PGE2 content (138.59 ± 12.68, 129.98
± 14.31 vs 104.65 ± 12.97 pg/mg; P < 0.01), GMBF (11.80 ± 3.47,
10.54 ± 3.63 vs 6.61 ± 2.82 mL·h·kg; P < 0.05) and GAM (3.01 ±
0.15, 2.98 ± 0.21 vs 2.24 mg ± 0.26 mg; P < 0.01) was significantly
higher than that in portal hypertension control group. In tetrandrine
group intrahepatic proliferative fibrous tissues were reduced and
serum ALT (47.67 ± 25.90 vs 189.33 ± 41.21 King U; P < 0.01), ALP
-1
(0.22 ± 0.04 vs 0.31 ± 0.06 μmol·s /L;P < 0.01) and STB (4.75 ±
0.76 vs 11.12 ± 2.93 μmol/L; P < 0.01) were lowered as compared
with those in portal hypertension control group. ALT (209.34 ± 36.91
vs 189.33 ± 41.21 King U; P > 0.05) and STB (11.63 ± 3.01 vs 11.12
± 2.93 μmol/L; P > 0.05) in propranolol group were not different
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Animals and portal hypertension induction

A total of 148 male Wistar rats, weighing 200-300 g (254.5 ± 31.4)
were used. Of them, 124 were treated by CCl4, 24 served as normal
controls. The 124 rats received 60% CCl4 (solution in rapeseed oil)
3 mL/kg by subcutaneous injection once every 4 d for 56 d. PHT
model was formed in 72 rats, which was confirmed by the histology
and the PVP measurement (more than 1.47 kPa).

Experimental groups

The 72 PHT rats were randomly divided into 3 groups, 24 in each:
PHT control group, received normal saline 10 mL/kg tid through
peritoneal injection, for 15 d; Tetrandrine group, received NS
through same administration and forage containing tetrandrine
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H test, and difference between two groups was compared with U
test. Results were considered statistically significant at P < 0.05.

Table 1 Portal venous pressure (PVP), gastric mucosal prostaglandin E2
(PGE2) content, gastric mucosal blood flow (GMBF) and gastric adherent
mucus (GAM) (x- ± s)
Groups
PHT
Propranolol
Tetrandrine
Normal

PVP (kPa)
1.89 ± 0.18d
1.45 ± 0.12b
1.43 ± 0.13b
1.24 ± 0.10bc

PGE2 (pg/mg) GMBF (mL·h·kg)
104.65 ± 12.97d
6.61 ± 2.82c
b
129.98 ± 14.31
10.54 ± 3.63a
138.59 ± 12.68b
11.80 ± 3.47a
bd
162.03 ± 13.84
18.86 ± 4.37bd

RESULTS

GAM (mg)
2.24 ± 0.26d
2.98 ± 0.21b
3.01 ± 0.15b
3.25 ± 0.16b

There were no significant differences in PVP between tetrandrine
and propranolol groups (P > 0.05), PVP in both the groups was
significantly lower than that in PHT control group (P < 0.01), but
higher than that in healthy group (P < 0.05), (Table 1).
Gastric mucosal PGE2 content and GMBF showed no significant
difference (P > 0.05) between tetrandrine and propranolol groups,
and were significantly higher in both the groups than that in PHT
control group (P < 0.01; P < 0.05), but lower than that in healthy
group (P < 0.01), (Table 1).
There was no significant difference in GAM between tetrandrine
and propranolol groups (P > 0.05). The values in both the groups
were significantly higher than that in PHT control group (P < 0.01),
but without significant difference as compared with the healthy
group (P > 0.05), (Table 1).
In ALT and STB, difference between PHT and propranolol groups
was not significant (P > 0.05). ALT and STB were significantly
higher than in tetrandrine and healthy groups (P < 0.01), with no
significant difference (P > 0.05) between the latter two groups, (Table
2).
ALP in propranolol group was significantly higher than that in PHT
control group (P < 0.01), (Table 2). It was significantly higher than
that in tetrandrine and healthy groups (P < 0.01; P < 0.05), with no
significant difference (P > 0.05) between the latter two groups.
In PHT group, pseudolobules were found in most cases, but
hepatocytic degeneration and necrosis were not obvious, few
red cells were found in sinusoid of the liver. In propranolol group,
pseudolobules or a large quantity of proliferative fibrous tissues were
found, hepatocytic degeneration and necrosis were more marked
with few red cells found in sinusoid of the liver. In tetrandrine group,
intrahepatic proliferative fibrous tissue was less than that in PHT
group and pseudolobules disappeared, and many red cells were
found in the sinusoid of the liver, no hepatocytic degeneration and
necrosis were found.
According to the degree of intrahepatic proliferative fibrous
tissue, four grades were established. Grade 4, pseudolobules; Grade
3, a large quantity of fibrous tissue; Grade 2, a little fibrous tissue;
Grade 1, no proliferative fibrous tissues were found. Results showed
that there was no significant difference between propranolol and
PHT groups (P > 0.05). In tetrandrine group, fibrous tissue was
significantly decreased as compared with that in PHT control group
(P < 0.05). There was significant difference (P < 0.01) between
healthy and other groups. These data are shown in Table 3.

a

P < 0.05, bP < 0.01, vs portal hypertensive (PHT) controls group; cP < 0.05, dP < 0.01, vs
propranolol group.

Table 2 Alanine aminotransferase (ALT), alkaline phosphatas (ALP) and
serum total bilirubin (STB) (x- ± s)
Groups
PHT
Propranolol
Tetrandrine
Normal

ALT (king U)
189.33 ± 41.21
209.34 ± 36.91
47.67 ± 25.90bd
36.42 ± 21.53bd

-1

ALP (μmol·s /L)
0.31 ± 0.06d
0.46 ± 0.05b
0.22 ± 0.04ad
0.21 ± 0.04ad

STB (μmol/L)
11.12 ± 2.39
11.63 ± 3.01
4.75 ± 0.76bd
4.96 ± 0.91bd

a

P < 0.05, bP < 0.01 vs portal hypertensive (PHT) controls group; dP < 0.01 vs propranolol group.

Table 3 The liver fibrosis degree
Groups
PHT
Propranolol
Tetrandrineac
Normalbd

Grade 4+++
6
4
0
0

Grade 3++
2
3
4
0

Grade 2+
0
1
2
1

Grade 10
0
2
7

a

P < 0.05, bP < 0.01, vs portal hypertensive (PHT) controls group; cP < 0.05, dP < 0.01, vs
propranolol group.

(150 mg·kg·d) for 15 d; propranolol group, received propranolol 35
mg/kg tid peritoneal injection, for 15 d; normal group, through 24
healthy rats served as controls.
Each group was then randomly divided into 3 subgroups, 8 in
st
each. In the 1 subgroup PVP and gastric mucosal prostaglandin E2
(PGE2) content were measured and liver histology and liver function
were examined. Gastric mucosal blood flow (GMBF) was measured
nd
in the 2 subgroup and gastric adherent mucus (GAM) measured in
rd
the 3 subgroup.

Methods

PVP measurement. Laparotomy was performed under 60%
urethane (5 mL/kg by peritoneal injection) anesthesia in rats fasted
for 24 h. The portal vein was punctured with a needle and PVP was
measured by a manometer.
Gastric mucosal PGE2 content measurement. The stomach
was excised, then put it on a piece of ice to scrape gastric
mucosa. The gastric mucosal PGE2 content was measured by
[4]
radioimmunoassay .
Gastric mucosal blood flow measurement. The rats fasted for 24
h, under the same anesthesia, GMBF was measured by neutral red
[5]
clearance test .
Gastric adherent mucus measurement. The rats fasted for 24 h,
under the same anesthesia, the stomach was excised and opened
along the lesser curvature, turned over the gastric wall. GAM
[6]
was measured by alcian blue staining and result was shown by
adherent dye amount.
Liver function test. A blood sample 2.5 mL was taken for
determing ALT, ALP and serum total bilirubin (STB). This was
performed by the same staff from the laboratory department of our
hospital.
Liver histology. The histological specimens were made by the
pathology department of our hospital, stained with hematoxylin and
eosin (HE) and observed under light microscope.

DISCUSSION
The pathogenesis of PHT GML was the weakening of gastric mucosal
protective mechanism resulting from the structural and functional
impairment of mucosal microcirculation consequent upon PHT.
[7]
Gastric acid and pepsin were not the main causes of this lesion .
Therefore, treating PHT GML by reducing PVP has been a main
orientation of study in the world. Gastric mucosal PGE2 contet,
GMBF and GAM are important factors of gastric mucosal protective
mechanism so that the change of these factors will reflect the
therapeutic effects on PHT GML.
It has been reported that propranolol may be effective for
PHT GML. Our results showed that propranolol could significantly
reduce PVP and increase the gastric mucosal PGE2 content, GMBF
and GAM. Our previous electron microscopic observation showed
that propranolol could significantly improve the pathological state
of gastric mucosal capillaries and increase the mucigen granules
[8]
of gastric mucosal epithelial cells . These demonstrated that
propranolol is indeed useful in improving PHT GML. Propranolol
is a β adrenoreceptor-blocking agent, and its effect depends on
constricting splanchnic blood vessels, decreasing blood flow into the
portal venous system, reducing PVP and improving the dilatation
state of gastric mucosal microcirculation. Nevertheless, in this study,
ALT and STB in propranolol group were not decreased, while ALP

Statistical analysis

Analyses of variance among groups for data measurement were
made with F test, and difference between two groups was compared
with q test. For ranked data, multiple samples were compared with
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was increased as compared with PHT group. These suggest that
propranolol could not decrease hepatocytic damage, but increase
the intrahepatic obstruction on the contrary. The liver histologic
observation also proved this. Because propranolol reduces PVP
through decreasing portal venous blood flow and constricting blood
vessel, hepatic blood supply is further reduced, resulting in marked
liver damage. Moreover, further reduction of the blood flow passing
through the liver causes increased blood ammonia and incidence of
cerebrosis.
Effects of tetrandrine on gastric mucosa in PHT rats were almost
the same as propranolol, but their mechanisms of decreasing PVP
were different. Tetrandrine, a calcium-channel blocking agents,
inhibits calcium ion acrossing the calcium channel of vascular
smooth muscle by blocking receptors on cell membrane, leading to a
decrease in intracellular calcium ion concentration, and relieving excit
ation-constringent coupling. As a result, smooth muscle loosened,
intra and extra-hepatic portal venous resistance decreased and
[2]
PVP reduced . Furthermore, it can inhibit the activity of adenylate
cyclase on cell membrane, lower the intracellular cyclic adenosine
monophosphate (cAMP) levels, thus disturbing the phosphorylation
process of thymine, inhibiting the collagen synthesis of hepatocytes
[9]
and Ito cells . In this study, we also found that tetrandrine can
reduce intrahepatic proliferative fibrous tissues. So PHT GML
was improved because of the decreased PVP and portal venous
backward blood flow. Besides, results showed that tetrandrine can
significantly lower ALT, ALP and STB to the normal. From these
results, it is supposed that tetrandrine alleviate hepatocytic necrosis
and intrahepatic obstruction. Histologic observation also proved this.
These are due to the dilatation of intra and extra-hepatic portal vein
and the decrease in intrahepatic fibrous tissue and portal venous

resistance, resulting in increased hepatic blood supply and better
hepatic nutritional stat us.
In conclusion, tetrandrine not only can improve the function
of gastric mucosa and liver, but also facilitate the absorption of
intrahepatic proliferative fibrous tissues. This study suggests that
tetrandrine might be a more appropriate drug for PHT GML as
compared with propranolol.
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Cost-effectiveness study on treatment of duodenal ulcer
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patients) and treated at class grade III A hospitals in Shanghai, China.

Shi-Yao Chen, Ji-Yao Wang, Jie-Chen, Xi-De Zhang, Shan-Shen Zhang,
Department of Gastroenterology, Zhongshan Hospital, Shanghai Medical
University, Shanghai 200032, China

RESULTS: The costs of treatment in the AMT group were less than
those in the OA group for ulcer healing (￥546.25 vs ￥1296.76 per
case, P < 0.01), Hp eradication (￥702.32 vs ￥1742.53 per case, P
< 0.01), and decreasing ulcer recurrence (￥640.39 vs 1424.54 per
case, P < 0.01). Direct costs comprised the major cost involved in
treatment of duodenal ulcers. The difference in the cost of treating
ulcers in the two groups was primarily due to the costs of the
different drugs. There was no significant difference between the two
groups regarding their direct non-medical costs and indirect costs.
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CONCLUSION: When based on therapeutic effectiveness and
financial costs, AMT therapy was more cost-efficient than OA
therapy. AMT therapy is recommended for its low cost, acceptable
ulcer healing rates, ability to cure of an Hp infection, and especially
when treating patients with an ulcer < 1 cm in diameter.

Abstract

Key words: Duodenal ulcer;� Helicobacter pylori ;��������������������
 �������������������
Cost���������������
-��������������
effectiveness
analysis

AIM: To compare the efficiency of therapy with a 2-week regimen
of amoxicillin plus metronidazole and six weeks of Tagamet (AMT
group) vs the efficacy of therapy with 6 wk of omeprazole plus 2 wk
of amoxicillin (OA group) for ulcer healing, Helicobacter pylori (Hp)
eradication, and decreasing the recurrence of duodenal ulcers.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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METHODS: This cost-effectiveness analysis was based on results
shown in a randomized controlled trial conducted in 1995 in patients
with a duodenal ulcer (OA group, 46 patients; AMT group, 43
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Endoscopic ligation for benign and malignant lesions of upper digestive
tract
Yu-Long Chen, Yong-Zhong Chen, Jian-Xiang Zou, Xue-Li Li
patients, 78 were treated for a variceal hemorrhage (these included 4
patients with a primary hepatic cancer, 10 patients who experienced
re-bleeding after spleen resection, and 2 patients who experienced
re-bleeding after a TIPS operation). Prior to undergoing ligation,
these patients had bleeding frequencies that ranged from 1 to 8
times/year (mean = 2.35 times/year). Twenty-one of the patients
had a polyp in the upper digestive tract (14 cases in the gastric
antrum, 4 in the gastric body, 2 in the lower esophagus, and 1 in the
duodenum). The polyps could be morphologically characterized as
one of three types: (1) long pedunculated, (2) sub-pedunculated,
and (3) thick, and had diameters ranging from 0.3 cm to 0.9 cm.
Five of the polyps proved to be early stage cancers (2 cases of early
esophageal cancer, and 3 cases of gastric antral cancer in situ).

Yu-Long Chen, Yong-Zhong Chen, Jian-Xiang Zou, Department of
Gastroenterology, The First Affiliated Hospital of Henan Medical University,
Zhengzhou, 450052, Henan Province, China
Xue-Li Li, Department of Pathology, People′s Hospital of Henan Province,
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All ligations were performed using an Olympus XQ10 XQ20
endoscope (Olympus Corporation; Tokyo, Japan), and either a
plastic or stainless steel ligation device. Other equipment included
a silicon rubber band (used in ligation), trip wire, inner cylinder, and
an outer cylinder. A ligation device fixed at the end of the endoscope
was plunged into the digestive tract, and placed in close proximity
to the lesion. The lesion was then sucked into the ligation device,
and a prestressed rubber band was released over the entrapped
lesion by pulling the trip wire; after which, the lesion was ligated. All
patients underwent endoscopic re-examinations for > 1 year. The
therapeutic effectiveness of the ligation procedure was evaluated by
both endoscopic observations and histopathological examinations.

Key words: Esophageal and gastric varices; Polyp; Liver neoplasms
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RESULTS
While a majority of the 78 esophageal variceal patients who
underwent ligation were cured, four patients died because the
treatment did not stop the progress of their disease. The overall
effectiveness of ligation was 94.8% (74/78 cases, Table 1), and the
mean bleeding frequency decreased from 2.35 times/year before
treatment to 0.15 times/year after treatment. While four patients
reported slight dysphagia, no other complications occurred.
Table 2 shows the sloughing off times for the polyps and early
stage cancers following treatment with endoscopic ligation; these
times ranged from 4 to 10 d, and nearly 100% of the lesions
disappeared. Furthermore, biopsy results showed no malignant cells
in the resected specimens obtained from cancer patients treated
with ligation. A small ulcer remained after lesion sloughing in 18
cases; however, these lesions usually healed 10 d later, and there
was no subsequent bleeding or lesion recurrence. Histopathological
examinations showed some infiltration of inflammatory cells at the
site of the wound, but no necrosis was observed.

INTRODUCTION
Endoscopic techniques have been used to treat variceal hemorrhage
for > 50 years, and are now accepted as first line treatment for
this type of esophageal bleeding. While injective sclerotherapy
can control hemorrhage in 90% of cases, bleeding reoccurs and
[1]
[2]
complications occur in up to 55% and 40% of cases, respectively.
As a result of these problems, better methods for endoscopic
treatment of variceal hemorrhage have been continuously studied.
[3]
Banding ligation was first reported in humans in 1990 , and has
since become an important method used in endoscopic therapy.
Moreover, this method has shown reliable effects when used to
manage esophageal varices. Based on such reports, we used
banding ligation to resect polyps and early stage cancers of the
upper digestive tract, and achieved satisfactory results.

MATERIALS AND METHODS

DISCUSSION

Patients
A total of 174 patients underwent endoscopic ligation. Among these
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was present after a lesion fell off; however, the ligation procedure
was a progressive process in which tissue damage and healing
occurred almost simultaneously when the stretched silicon rubber
band was recovered.
[4]
Similar to performing a microwave resection , different methods
should be used to ligate lesions of different morphological types.
When ligating sub-pedunculated and thick polyps, as well as early
stage cancers, the “O” type of rubber band should be used and
released at the base of the polyp, while segmental ligation should be
performed when treating long pedunculated polyps. When treating
polyps with a longer pedicle, we used the “U” ligation method, which
allowed the ligation device to approach the juncture of the polyp base
and pedicle. Next, suction was applied through the endoscope, and
the rubber band was released over the entrapped polyp (“U” shape).
The authors of this paper suggest that ligation management
should be selected for the resection of early stage cancers of the
upper digestive tract, and especially situ cancers; because using this
method can spare the patient from the risks and pain associated
with an operation. In cases where a histopathological examination
reveals the presence of malignant cells, ligation should be performed
within 24 h after biopsy so as to guarantee the correct site for
ligation. If esophageal cancer is confirmed, the tissue can be treated
[5]
with Lugol′s solution, and then ligated at the lightly stained site .
Such patients should receive regular followup examinations with
endoscopy and histopathology following their ligation treatment.
The scaling time of a lesion depends on its hardness and the
elasticity of the “O” rubber band. The scaling time is shorter when
treating soft lesions with an “O” rubber band of better elasticity.
The current commercially available inner cylinders have a
diameter of 0.9 cm, and if the polyp is too large, it cannot be sucked
into the device. Furthermore, the ligation method has limited
usefulness for treating colon polyps, because no currently available
colonoscope has a matched ligation device. Therefore, the methods
and equipment used for ligation require further development.

Table 1 Ligation compared with sclerotherapy for the variceal bleeding
n

Effective rate
(n )

LT 78
ST 32

Bleeding times (yr)
B-T
A-T
2.35
0.15
2.4
1.1

94.8% (74/78)
90.6% (29/32)

Complication (n )
Dysphagia
Others
4
0
3
9

Rebleeding
(%)
3.80%
30%

B-T: Before treatment; A-T: After treatment; LT: Ligation treatment; ST: Sclerotherapy

Table 2 The sloughing off time for the ligated polyp and early cancers
n

Lesion type
Polyp
TP
SP
LP
Early cancer1
Gastric CA
Esophageal Ca

Cases with different sloughing off time
4-5 (d)
6-8 (d)
9-10 (d)

8
7
6

5
4
1

3
3
4

0
0
1

3
2

1
0

2
2

0
0

1

No cancerous cells were found in the resected specimen of 5 early stage cancers. TP: Thick
polyp; SP: Sub pedunculated polyp; LP: Long pedunculated polyp.

therapy. We have used endoscopic ligation (EL) to treat esophageal
variceal bleeding since 1992, and achieved satisfactory results.
We also conducted a study which compared banding ligation and
sclerotherapy in the management of esophageal variceal bleeding.
The results indicated that EL was highly effective. Moreover, the
treated patients experienced a quick recovery and had a low
rebleeding rate. The 78 patients who received ligation for esophageal
variceal bleeding required significantly fewer treatments, as well
as treatments of shorter duration, when compared to patients
treated with conventional sclerotherapy. Additionally, the patients
treated with EL experienced fewer complications, as only 4 patients
reported slight dysphagia, and other complications associated
with sclerotherapy, (e.g. fever, pleura infiltration, and esophageal
stricture) were not observed.
Also, when compared with a portacaval shunt operation, EL
produced no effect on liver blood flow. In cases where splenic
hyperfunction is not sufficiently severe to necessitate performing
a splenectomy, EL can serve as an alternative to portal-azygos
disconnection. Moreover, EL might be the first choice for patients
who experience re-bleeding after a portacaval shunt or portal azygos
disconnection, as it has the advantages of safety, convenience,
and causing little or no injury. We also used EL to treat 2 patients
undergoing Tips operations, and achieved satisfactory results.
Endoscopic ligation has recently been used in treatment of
gastroenteric polyps and in cases requiring early cancer resection.
Ligation by itself usually blocks blood flow to the polyp or cancer;
this induces lesion ischemia or tissue necrosis, which causes the
ligated lesion to eventually fall off. We noticed that a very small ulcer
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microscopy by immunofluorescence technique using a monoclonal
antibody specific to the lipid A region of LPS. Normal rats were used
as the controls (n = 6).

Author contributions: All authors contributed equally to the work.

RESULTS: Before LPS injection, LPS levels in the portal vein blood of
chronic alcoholic rats were significantly higher than that of the normal
controls (3.56 ± 0.67 ng/L vs 2.45 ± 0.15 ng/L, P < 0.01). At 5, 10,
20, and 30 min after LPS injection, LPS levels were significantly higher
than that before LPS injection (173.56 ± 3.45 ng/L, 154.78 ± 0.57
ng/L, 43.89 ± 0.67 ng/L, 45.38 ± 0.89 ng/L vs 3.56 ± 0.67 ng/L,
respectively, P < 0.01). Most mucosal cells in the chronic alcoholic rats
showed strong positive reactions to LPS, but in the normal rats, there
were no significant changes in portal vein blood LPS levels and in the
fluorescence reactions to LPS in the mucosal cells after LPS injection.
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Abstract
AIM: To evaluate the effects of chronic alcohol abuse on mucosal
permeability to lipopolysaccharide (LPS) in the colon of rats.

CONCLUSION: Chronic alcohol abuse results in a significant
increase in LPS permeability in the colon mucosa cells of rats.
Key words: Colon/metabolism; Lipopolysaccharide/metabolism;�

Escherichia coli ; Alcohol; Endotoxins
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METHODS: Escherichia coli LPS (20 mg/L) was injected into the
colon of chronic alcoholic rats (n = 10) that had been supplied with
Lieber diet every other day for six weeks. Before and 5, 10, 20, and
30 min after LPS injection, portal vein blood samples were obtained
and the LPS levels in the blood were measured. The distribution of
LPS in the colon tissues was observed with confocal laser scanning

Chen XM, Xu RL, Ma XH, Zhao YC, Han DW. Changes in mucosal
permeability to lipopolysaccharide in the colon of chronic alcoholic rats. World
J Gastroenterol 1997;���������������������������������������������������
3(3):���������������������������������������������
��������������������������������������������������
196
��������������������������������������������
Available from: URL: http://www.wjgnet.
com/1007-9327/full/v3/i3/196.htm DOI: http://dx.doi.org/10.3748/wjg.v3.i3.196
S- Editor: Filipodia

WJG|www.wjgnet.com

196

L- Editor: Jennifer

E- Editor: Hu S

September 15, 1997|Volume 3|Issue 3|

World J Gastroenterol 1997 September 15; 3(3): 197
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i3.197

© 1997 Baishideng Publishing Group Inc. All rights reserved.

BRIEF REPORTS

Effects of Radix Rehmanniae on gastric acid secretion and gastric ulcer
formation in rats
Zhu-Li Wang, Lin Li
Zhu-Li Wang, Department of Physiology, Sun Yat Sen University of Medical Sciences, Guangzhou
510089, Guangdong Province, China

20 amino acids, and inorganic ions and trace elements. Its pharmacological effects on
many systems are known but not that on the gastrointestinal tract.

Lin Li, Department of Traditional Chinese Medicine, Third Affiliated Hospital, Sun Yat Sen University
of Medical Sciences, Guangzhou 510089, Guangdong Province, China

MATERIALS AND METHODS

Zhu Li Wang, MD, male, born on February 6, 1963, in Changsha, Hunan Province, graduated from
the Department of Medicine, Sun Yat Sen University of Medical Sciences in 1984. Associate Professor
and Vice Director of the Department of Physiology, engaged in the study of digestive physiology, has
published more than 10 academic papers.

Sprague Dawley rats of both sexes, weighing 160–180 g, were supplied by our
university’s Centre of Experimental Animals.

Animals

Collection and measurement of gastric juice

According to Shay’s method, solid food but not drinking water was withheld 48 h before
the experiment for all rats. After ether anesthesia, the abdominal wall was incised and
the pylorus was ligated. Two hours later, the rat was killed and its cardia was ligated. The
stomach was removed and an incision was made along the greater curvature to collect
and measure the gastric juice. To calculate the total acidity and total acid output, the
gastric acid was titrated with 0.01 mol/L NaOH solution to pH 7 on a Type ZD2 titrator.

Supported by the CMB Foundation, No. 2231061.
Original title: China National Journal of New Gastroenterology (1995-1997) renamed World Journal of
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Gastric ulcer model
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The operative procedure was the same as above. The stomachs were removed, opened,
washed with saline, and mucosal lesions were examined with a magnifying glass to
count the number and incidence of ulcers 10–12 h after pylorus ligation. The ulcer
inhibition rate was calculated as follows:
Ulcer inhibition rate = [(Average number of ulcers in treatment group − Average
number of ulcers in control group)/Average number of ulcers in treatment group] × 100%
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Preparation and administration of decoction

The dRR and sRR were provided by the Third Affiliated Hospital Pharmacy of Traditional
Chinese Medicines. dRR or sRR (20 g) was placed in 200 mL deionized water (prepared
by our university’s Department of Chemistry), decocted for 30 min, filtered, and 150
mL deionized water was added to the filtrates, which were decocted for 20 min and
filtered. The two filtrates were combined and concentrated to 20-mL volume, producing
a 100% decoction of dRR or sRR that could be diluted to a 50% decoction with water.
A 2.0-mL decoction or deionized water (control) was injected slowly into the duodenum
after pylorus ligation in all the rats.

Key words: Radix Rehmanniae; Stomach ulcer; Gastric acid/secretion; Gastric juice
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Statistical analysis

The data were analyzed statistically using computer software. Analysis of variance was
used for comparing the difference among sample means; the q test (Newman–Keuls
test) was used for multiple comparison. The data were logarithmically transformed
when the homogeneity of variance was not met. If the variances were not equal after
2
logarithmic transformation, we used the rank–sum test (k-ws test) and χ test (for
contingency table data) to analyze the difference in rates.

INTRODUCTION
The traditional Chinese medicine Radix Rehmanniae (RR), or Chinese foxglove root, is the
root of Rehmannia glutinosa Libosch, a Scrophulariaceae plant. It is divided into three types
based on differences in its preparation and action: fresh (dRR), dry (dRR), or steamed (sRR).
RR contains 23 glucosides (main component: iridoid glucoside), eight carbohydrates, over

RESULTS

Effects of dRR and sRR on gastric juice secretion and ulcer

Tables 1–3 show that dRR and sRR remarkably inhibited gastric acid secretion and ulcer
formation in the pylorus-ligated rats.

Table 1 Effects of dry Radix Rehmanniae (dRR) on gastric juice secretion (x- ± s)
Groups

n

Control

10

100% dRR

10

50% dRR

Volume (mL)

Total acidity (μmol/mL)

Total acid output (μmol)

2.9 ± 1.9

86.3 ± 16.1

241.3 ± 124.6

0.5 ± 0.6a

41.9 ± 29.1a

32.4 ± 56.6a

1.4 ± 0.9

61.3 ± 33.6

104.3 ± 100.2a

15.319

6.772

11.226

a

9

F value

Dose–effect relationship

The volume of gastric juice and total acid output in the 50% dRR group were higher
than that in the 100% dRR group (P < 0.05) (Table 1). The volume of gastric juice, total
acidity, and total acid output in the 50% sRR group were also higher than that in the
100% sRR group (P < 0.05) (Table 2). The results suggest that the inhibitory effects of
dRR and sRR on gastric juice secretion may be dose-dependent.

The data were tested with analysis of variance, q test was used in multiple comparison. aP < 0.05, as
compared with control.
Table 2 Effects of steamed Radix Rehmannia (sRR) on gastric juice secretion (x- ± s)

Comparison between dRR and sRR

Groups

n

Incidence

Number of ulcer

Inhibitory rate

Control

10

90%

10.2 ± 12.3

—

100% dRR

12

100% sRR

11

33%

a

3.1 ± 7.6

69.60%

36%

1.1 ± 2.2a

89.20%

χ = 8.27

F = 5.5112

2

The volume, total acidity, and total acid output in the 100% dRR group were all higher
than that in the 100% sRR group (P < 0.05 or 0.01). Other differences were not
statistically significant (P > 0.05) (Tables 1–3).

DISCUSSION

The data were analyzed with k-ws test. “0” means no acid (pH > 7), aP < 0.05, compared with control.

Some evidence has proven that the increased gastric juice secretion after pylorus
ligation is due to excitation of the mucosal baroreceptors of the antrum and the
activation of the vago-vagal reflex, and ulcer formation is related to the copious
secretion of gastric juice. Therefore, the acid inhibitory effect of dRR and sRR may result
from antagonization of the excitatory action of the vagus nerve. The anti-ulcer action
of dRR and sRR may be in agreement with that of the acid inhibition; however, other
mechanisms cannot be excluded.
The chemical components of dRR differ somewhat from that of sRR, as do the
medical effects. The acid inhibitory effect of sRR is slightly stronger than that of dRR,
but the relationship between the difference in activity and ingredients remains unclear.

Table 3 Effects of 100% dRR and 100% sRR on gastric ulcer formation in pylorus ligated rats (x- ± s)
Groups

n

Volume (mL)

Total acidity (μmol/mL)

Total acid output (μmol)

Control

10

2.9 ± 1.9

86.3 ± 16.1

241.3 ± 124.6

100% sRR
50% sRR

6
10

a

0

0a

a

73.3 ± 29.1

72.5 ± 53.4a

< 0.1
0.9 ± 0.6

a

The means were tested with analysis of variance, q test was used in multiple comparison. The rate was
analysed with χ2 test for contingency table data. aP < 0.05, compared with control.
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Detection method for peripheral venous AFP mRNA in hepatocellular
carcinoma
Cheng-Jin Hu, Dao-Li Yang
Cheng-Jin Hu, Dao-Li Yang, Department of Immunology, General Hospital of
Jinan Military Area, PLA, Jinan 250031, Shandong Province, China

MATERIALS AND METHODS

Author contributions: All authors contributed equally to the work.

The BEL-7402 HCC cell line (a gift from Dr. Liu from the Shandong
Medical Institute cell bank) was maintained in RPMI 1640 medium
containing 15% fetal bovine serum. It served as the positive control
for AFP mRNA expression.

Cell line
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AFP cDNA clone plasmid

(70 g/L, made by our laboratory).

Specimen preparation
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Peripheral blood from healthy volunteers was collected in a
disposable syringe containing heparin. One thousand BEL-7402 cells
were added to 5 mL whole blood, and serial dilutions of tumor cells
were made. Each dilution contained 1000, 100, 10, and 1 BEL-7402
cell per 5 mL whole blood.

Key words: Liver neoplasms; Carcinoma, hepatocellular; Alphafetoproteins; MRNA; Polymerase chain reaction

Preparation of nuclear cells from peripheral blood

After adding an equal volume of 3% gelatin solution to the tube
containing 5 mL blood, the tube was incubated for 5 min at room
temperature. The supernatant was collected and centrifuged at 500
× g for 5 min. Residual erythrocytes were lysed by adding distilled
water, and isotonicity was restored after 30 sec by adding the same
volume of 1.8% NaCl solution. After 5-min centrifugation at 500 ×
g, the cells were immediately frozen using liquid nitrogen and stored
until used.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Total RNA extraction, complementary DNA (cDNA) synthesis, and RTPCR

INTRODUCTION

Using an RNA extraction system (prepared by our laboratory), total
RNA was extracted from the nuclear cell component of the peripheral
blood. About 5 μg RNA was extracted from 5 mL blood and 1 μg RNA
was extracted from 10.5 BEL-7402 cells.
RNA (1 μg), which was heated at 95 ℃ for 10 min and rapidly
cooled in ice water, was mixed with 3 μL 10 × buffer (pH 8.3, Tris–
HCl), 0.6 μL 10 mmol/L dNTPs, 2.5 μL 25 mmol/L MgCl2, 0.5 μL
each of primer #1 (upstream, 5′-ACTGAATCCAGAACACTGCATAG-3′)
and primer #2 (downstream, 5′-TGCAGTCAATGCATCTTTCACCA-3′),
and 2 U reverse transcriptase, and the volume was adjusted to 30
μL by adding diethylpyrocarbonate-treated water and covered with
liquid paraffin. The cDNA was synthesized by incubating the mixture
at 37 ℃ for 30 min. After initial denaturation at 94 ℃ for 5 min, RTPCR was performed according to the temperature profile (94 ℃ for
45 sec, 54 ℃ for 60 sec, 72 ℃ for 45 sec) for 35 cycles. The reaction
was terminated by 5-min heating at 72 ℃ and was then cooled to 4
℃.

Hepatocellular carcinoma (HCC) is a major cause of death in patients
with chronic liver disease. One of the difficulties in managing HCC
is its complex character: intrahepatic metastasis, venous invasion,
and distant metastasis can occur. In metastasis, tumor cells are
scattered from the original site, spread hematogenously, and are
arrested at the small vessels. Thus, detecting tumor cells in the
[1]
circulation might predict tumor metastasis . However, the number
of cells in circulation could be too low to be detected morphologically.
Recently, tumor-associated genes in circulating tumor cells
(predicting the presence of tumor cells in the circulation) could
be detected by PCR in patients with prostate cancer with distant
[2,3]
metastasis or in patients with neuroblastoma . In HCC cells, the
human alpha-fetoprotein (AFP) gene is transcribed prominently, but
[4]
not in normal adult cells . Thus, detecting HCC-associated gene
transcription (AFP mRNA) in the circulation might be related to the
hematogenous metastasis of HCC, even though overt metastasis
might be obscure.
In the present study, a sensitive nested reverse transcription–
PCR (RT-PCR) assay for detecting HCC cells in the blood was
investigated.

WJG|www.wjgnet.com
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Nested PCR

The primers used in the nested PCR for AFP mRNA were #3
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which represented 1, 10, 100, and 1000 BEL-7402 cells in 5 mL
normal blood, respectively (Figure 2).

C

B

A

DISCUSSION
To detect tumor cells in blood, the demonstration of tumorassociated genes has been developed using PCR. In a recent
study, albumin mRNA in blood was detected as a marker of
[6]
circulating hepatocytes . Some researchers have indicated that
AFP production is increased in HCC cell lines such as BEL-7402, and
[4]
AFP gene expression is increased during carcinogenesis . Thus,
we developed a nested PCR assay to detect the HCC-associated
tumor gene transcript AFP mRNA in the nuclear cell component of
blood, as the number of circulating tumor cells in patients with HCC
accompanying metastasis to the distant organs might be too low.
To explain the sensitivity of nested PCR for detecting HCC cells in
the blood, BEL-7402 cells, established from hepatoblastoma and
[5]
that produce adequate amounts of AFP, were mixed with blood .
The nested PCR could detect AFP mRNA when 1–10 tumor cells
were present in 5 mL blood. Therefore, if BEL-7402 cells were
circulating in a body (total volume of blood: around 5000 mL), it
would be possible to detect AFP mRNA when more than 1000 tumor
cells are present in the circulation. Although a moderate number
of circulating tumor cells might be present, as assessed from the
detection of the BEL-7402 cells, there might be several steps for the
[1]
establishment of metastasis such as tumor cell adhesion to the
vascular endothelium, migration into the extracellular space, and
proliferation at the metastatic foci. During this process, host organ
immunological reactions take place, and some tumor cells might be
damaged by immunocompetent cells, the mechanical force of the
blood flow, or by platelet aggregation.
These results suggest that the highly sensitive nested PCR assay
is useful for demonstrating the hematogenous spread of tumor cells.
Further studies are being carried out in our laboratory, focusing
particularly on predicting metastasis and post-therapeutic changes
in patients with HCC by detecting circulating tumor cells.

101 bp

Figure 1 Detection of AFP mRNA in BEL-7402 cells and in alpha-fetoprotein (AFP) cDNA
clone plasmid. Lane A: AFP cDNA clone plasmid; B: BEL-7402 cell; C: Marker.

A

B

D

C

E

Figure 2 Detection of tumor cells in 5 mL blood. Lanes A-D: 1000, 100, 10, and 1 BEL-7402
cell, respectively. Lane E: Blank control.

(upstream, 5′-TGGAATAGCTTCCATATTGGATTC-3′) and #4
(downstream, 5′-AAGTGGCTTCTTGAACAAACTGC-3′).
The amplified RT-PCR product (2 μL) was mixed with the second
PCR buffer [3 μL; 100 mmol/L Tris–HCl (pH 8.3), 10 mmol/L MgCl2],
0.35 μL 42 mmol/L each primer (#3 and #4), 1.5 U Taq DNA
polymerase, and the mixture was diluted to 30 μL with distilled water
and covered with liquid paraffin. The temperature profile of the
nested PCR was the same as that of the RT-PCR described above.
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Gel electrophoresis

The amplified product was electrophoresed on 3.8% agarose gel
and stained with ethidium bromide. The size of the amplified nested
PCR product of AFP mRNA was 101 bp.
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Clinicopathological risk factors and prognostic evaluation in hepatocellular
carcinoma recurrence after surgery
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28.6% had one, two, three, four, and five postoperative tumor-free
years, respectively; the total recurrence rate was 53.2% (83/156).
In the 83 recurrent cases, 65 were intrahepatic subclinical, with a
resection rate of 78.3% (65/83). The relevant factors involved in
recurrence were: male gender, tumor number and size, capsule
infiltration, and portal vein involvement. These factors were an
obvious influence on the prognosis of the patients with postoperative
hepatocellular carcinoma (P < 0.05). In the recurrent liver
carcinomas, 63.1% of tumor nodes (41/65) were at the ipsilateral
segment of the primary tumor nodes.
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CONCLUSION: Male gender, tumor number and size, capsule
infiltration, and portal vein involvement are factors for postoperative
hepatocellular carcinoma recurrence. Recurrence is mainly unicentral.
The right front liver lobe is the segment with a high rate of
recurrence.
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Abstract
AIM: To analyze the clinicopathological risk factors in hepatocellular
carcinoma recurrence after surgery.
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METHODS: We used significance testing (χ 2 and Student’s t -test)
of single and multiple factors, and Wilcoxon Cox tropic examination;
a retrospective clinicopathological analysis was performed on 156
cases of hepatocellular carcinoma after hepatectomy.
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RESULTS: Of the 156 cases, 68.4%, 57.3%, 46.7%, 31.5%, and
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Endoscopic haemoclip ligation of pedunculated polyp before polypectomy
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was used to snare the polyps, and metallic clips with a delivery catheter (MD-850,
HX-3L, Olympus Corp.) were used for clip ligation. Routine polypectomy was
performed for the two non-bleeding polyps. In one, a small vessel fistula (Forrest
Ⅱa) was seen and a clip was applied to ligate it. To prevent post-polypectomy
bleeding, the stalk was ligated completely with one clip before the procedure
was performed in the remaining polyp. There was no bleeding after the
procedure. For the bleeding polyp, the stalk was ligated to stop the bleeding:
first, the clip and delivery catheter were inserted through the endoscope and
then the clip was opened, and the handle of the delivery catheter was rotated to
change the direction of the clip prongs to grasp the stalk.
Thereafter, the delivery catheter was pushed and the clip was closed.
Two clips were required to ligate the stalk completely. There was no massive
bleeding after the polypectomy. No complications were observed by clipping
and there was no recurrent bleeding during the 4-week follow-up.
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Case 2

A 48-year-old Chinese woman with recurrent bloody diarrhoea for four years
and fresh bloody diarrhoea again for four days was admitted to our hospital
for colonoscopic examination. She had no history of fever, weight loss, or
haemorrhoids. The total colon was examined with a colonoscope (CF-30I,
Olympus Corp.), and a 2.0-cm polyp with a long stalk, about 1.0 cm in
length and 0.3 cm in diameter, was found in the sigmoid colon. There was a
fresh blood clot on the top of the polyp. We used the same technique as in
case 1 and ligated the stalk completely with one clip.
No massive bleeding occurred after the polypectomy, but a blood vessel
fistula without active bleeding was found. No complications or recurrence of
bleeding were observed during the 8-week follow-up.

Key words: Colonic polyps/surgery; Colonoscopy; Ligation, haemoclip
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DISCUSSION
INTRODUCTION

Ligation using suture or metallic clips is a basic surgical technique for
preventing postoperative bleeding. Generally, there are nourishing blood
vessels in the stalk of the pedunculated polyp, and their diameter depends
on the size of the polyp and the diameter of the stalk. It is essential to ligate
the vessels completely or to prevent postoperative bleeding in pedunculated
polyps with or without active bleeding. The principle of clip ligation for
pedunculated polyps is shown in Figure 1. The number of clips required for
complete ligation of the stalk depends on the diameter of the stalk.
The improved metallic haemoclip and clip delivery system have made
clips easier to apply. Clip ligation of the bleeding vessel achieves immediate
haemostasis comparable to surgical ligation. A previous study has shown
that endoscopic haemoclip placement is a highly effective and safe method
[��
1]
for treating non-variceal gastrointestinal bleeding . We have used the clips
and succeeded in closing a 0.5-cm perforation after snare excision of a 3.7
[��
2]
cm × 3.4 cm gastric leiomyoma . As case 1 was on dialysis with heparin
and had long-stalked polyps with and without bleeding, he was at high risk
for polypectomy-induced bleeding and secondary massive bleeding. We
used metallic clips to ligate the stalk, arresting the bleeding immediately and
avoiding massive post-polypectomy bleeding. The stalk of the pedunculated
polyp should be clipped completely.
Recently, the detachable snare was introduced as a new haemostatic device
for preventing postoperative bleeding in pedunculated polypectomy, and obtained
[��
3]
good results . A comparative study of haemoclips and detachable snares for
ligating pedunculated polyps before polypectomy is needed in the near future.
In conclusion, as a prophylactic measure, haemoclips can be used to
ligate the stalk of a polyp as a new indication either with or without bleeding
before polypectomy.

Metallic haemoclips have been endoscopically placed in the gastrointestinal
[����
1,2]
tract for treating bleeding lesions and closing perforations .���������������������
A further potential
application is ligating pedunculated polyps prior to polypectomy as a prophylactic
measure to prevent bleeding. We used metallic haemoclips to treat two patients
with pedunculated colonic polyps and bloody diarrhoea successfully.

CASE REPORT
Case 1

A 58-year-old white man with a colonic polyp was referred to our unit for
polypectomy. He had a history of chronic renal failure secondary to chronic
glomerulonephritis for 14 years and required regular dialysis with 1 × 5000 IU
heparin. Colonic examination was performed with a colonoscope (CF-IT 200,
Olympus Corp., Tokyo), and three pedunculated polyps were found. Two nonbleeding polyps, both 1.5 cm, were in the sigmoid flexure; the other was 0.8
cm and had a longer stalk, measured about 0.8 cm in length and 0.4 cm in
diameter, and was in the descending colon. There was active oozing (Forrest Ⅰ
b) over the top of the polyp with the longer stalk. A standard polypectomy snare

A

REFERENCES

B

1
2
Figure 1 ������������������������������������������������������������������������������������
The principle of clip ligation for pedunculated polyps prior to polypectomy to stop
bleeding or as a prophylactic measure to prevent bleeding. A: When the stalk of the polyp is
thin (with a diameter ��> ���������
0.4 cm), one
�����������������������
clip is sufficient ���������������������������������������
for complete ligation of the stalk. B: ���������
When the
diameter of the stalk is ��> ����������������������������������������������������������������
0.4 cm, two clips are needed for complete ligation of the stalk.
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COMMENTARY

Somatostatin: Likely the most widely effective gastrointestinal hormone
in the human body
Xiang-Qian Huang
Xiang-Qian Huang, Department of Internal Medicine, Affiliated General
Hospital, Tianjin Medical University, Tianjin 300052, China

via paracrine signaling. The D-cells are also located in the mucosal
glands located throughout the cardiac region of the stomach to the
rectum, and their content of SS accounts for more than 90% of that
in the entire gastrointestinal tract.
The SS in neurons populate both the submucosal and myenteric
plexuses in all segments of the gastrointestinal tract, accounting
for less than 10% of the total. Compared to SS concentration in
plasma, that in cerebral spinal fluid is twice as much and in semen
is 200-fold as high. Amniotic fluid is rich in SS. It is also present in
some tumor tissues, including those of lung cancer, colon cancer and
gastroenteropancreatic endocrine tumors. The extensive existence
of SS in large amounts in the human body support the notion that
it likely plays a significantly influential role in both physiologic and
pathologic conditions.
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SS BIOLOGIC/PHYSIOLOGIC ACTIONS[1,2]

Key words: Somatostatin/Physiology; Somatostat in/analogs and
derivatives; Receptors, somatostatin; Octreotide/Diagnostic use;
Octreotide/Therapeutic use

SS exerts inhibitory effects on various organs. The broad array
of SS actions includes regulation of neurotransmission, glandular
secretion, smooth muscle contractility and cell proliferation. SS has
been shown to inhibit virtually every known exocrine and endocrine
secreted factor, including growth hormone, prolactin, thyrotropin,
corticotropin, insulin, glucagon, vasoactive intestinal polypeptide,
pancreatic polypeptide, gastrin, cholecystokin, motilin, neurotensin,
thyroxin (T4), triiodothyronine (T3), calcitonin, aldosterone,
catecholamine and renin. It has also been shown to inhibit
splanchnic blood flow and movement functions (i.e. smooth muscle
contractility), such as contractility of stomach, intestine and the
biliary system, as well as gastric emptying, contractility of sphincter
of Oddi, prolongation of gastrointestinal transit time, secretion such
as for gastric acid and bicarbonate from the exocrine pancreas,
release of pepsin, trypsin and the hemopoietic intrinsic factor as
well as bile flow, absorption of glucose and other carbohydrates,
amino acids and triglycerides, activity of the nervous system such
as acetylcholine release from the gut mural myenteric plexuses,
proliferation of cells and tumor growth, platelet aggregation, and
function of activated immune cells. SS is also capable of stimulating
water and electrolyte absorption, activating opioid receptors,
and appears to excite the central neurons. The above-mentioned
extensive inhibitory functions of SS suggest that, the SS is a
widespread and powerful inhibitor capable of influencing a number
of organs and tissues, and therefore of mediating homeostasis.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Somatostatin (SS) was discovered from rat hypothalamus in 1968
and identified as a 14-amino acid peptide (SS-14) in 1973. Research
achievements from studies of this fascinating hormone have drawn
attention of scientists worldwide, yet it is not yet the time to make a
complete conclusion on its broad distribution, physiologic functions,
and roles in diagnosis and treatment of diseases. The results
reported in the accumulated literature, however, do suggest its
potential vast significant influence.

SS DISTRIBUTION[1]
SS-producing cells (D-cells) exist at high densities throughout the
central and peripheral nervous systems, in the endocrine pancreas
and the gut, as well as in small numbers in the thyroid, adrenals,
submandibular glands, kidneys, prostate and placenta (Table 1).
In rats, gut-localized SS accounts for about 65% of the total body
distribution, followed by brain localization at 25% and the pancreas
and the remaining organs at 5% each. The approximate relative
amounts of SS in the central nervous system are mainly in the
cortex (49%) and spinal cord (30%). The D-cells in pancreatic
islets are proximal to the other hormone-producing islet cells (i.e.
A (glucagon-producing), B (insulin-producing), and PP (pancreatic
polypeptide-producing) cells) and function to mediate function and
inhibit hypersecretion of glucagon, insulin and pancreatic polypeptide

WJG|www.wjgnet.com

SOMATOSTATIN ANALOGUES[2-4]
To date, the clinical utility of SS has been limited due to its very
short half-life (less than 3 min). Octreotide, the first synthetic SS
analogue, first described by Bauer et al in 1982, possesses longer
half life (up to 2 h) and could be injected intermittently, and even
administered orally. This agent is also able to inhibit the release of
growth hormone, glucagon, and insulin by 45-, 11-, and 1.3-times
respectively, and more powerfully than SS-14 and without causing
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Table 1 Localization of somatostatin
Organs
Major sites
Nervous system

Type of Cells

Location

Neurons

Hypothalamus
Cerebral cortex
Limbic system
Basal ganglia
Major sensory systems
Spinal cord
Dorsal root ganglia
Autonomic ganglia
Islets
Mucosal glands
Submucous and myenteric plexuses

Pancreas
Gut

D-cells
D-cells
Neurons

Minor sites
Adrenal
Placenta
Reproductive organs
Submandibular Gland
Thyroid
Urinary system
Miscellaneous

Scattered medullary cells
Cytotrophoblasts in chorionic villi
Testis, epididymis, prostate
Scattered ductal cells
Scattered parafollicular cells, coexisting with calcitonin
Scattered cells in renal glomerulus and collecting ducts
Thymus, heart, eyes, erythrocytes

D-cells
C-cells

Table 2 The 5 subtypes of human SS receptors
Feature
Subtype 1
361
14
Yes

Subtype 2
369 (A), 346 (B)
17
Yes

Amino acid sequence
Chromosomal location
G protein coupling
Effector system
Adenylate cyclase activity
Reduced
Tyrosine phosphatase activity
Increased
Possible binding affinity to receptors
SS-14
++
SS-28
++
Octreotide
±
Vapreotide (RC-100)
±
Lanreotide (BIM-23014)
±
1
Distribution in
Brain, lungs, stomach,
normal human tissue
jejunum, kidneys, liver, pancreas

SS receptors
Subtype 3
418
22 20
Yes

Subtype 4
388
20 22
Yes

Subtype 5
364
16
Yes

Reduced
Increased

Reduced
Not investigated

Reduced
Not investigated

Reduced
Not investigated

++
++
++
++
++
Brain,
kidneys

++
++
+
+
+
Brain,
pancreas

++
++
±
+
+
Brain,
lungs

++
++
++
+++
+++
Brain, heart, adrenal glands, placenta,
pituitary, small intestine, skeletal muscle

1

Not all human tissues were tested simultaneously. This table was modified from Steven et al.

Ala

Gly

Cys

Lys

Asn

Phe

identical in 42%-60% of their amino acid sequences and belong to
a superfamily of receptors. The genes for these subtypes, located
on different chromosomes, have suggested their different functions
in different organs. As such, a variety of SS analogues might exert
pharmacological actions by the specific binding with the various
subtypes. The effects of treatment with SS analogues depend on
both the ligands and the receptor subtypes.

Phe
Trp

Human somatostatin
Lys
Cys

Ser

Thr

Phe

Thr

Cys

Phe

Phe

OCTREOTIDE USE FOR DIAGNOSIS[5,6]
Radiolabelled SS analogue, administered intravenously and then
binding to the SS receptors on tumor tissues is the resulting
formation of radiolabelled aggregation. Scintigraphy using a γ
camera allow for visualization of such SS receptor-positive tumors.
111
Octreotide is the most commonly used SS analogue because
of the high density of SS receptors on neuroendocrine tumors
of the gastroenteropancreatic system, with the total positivity
rate ranging from 50% to 100%, and in most of the groups
investigated it is above 80%. Metastatic liver tumors show lower
rates of positivity. Pituitary adenoma may usually be visualized
by scintigraphy. Adenocarcinomas originating from the breast,
111
kidney, colon or ovary also express SS receptors. In octreotide
scintigraphy imaging, the diagnostic reliability and rate of positivity
are better than the other current diagnostic imaging techniques.
The diagnostic efficiency depends upon the amount of SS receptors
expressed on the tumor cells. Octreotide injection therapy does not
affect the diagnostic efficiency, but can increase the therapeutic
effect.

Trp
Octreotide
Amino acid essential
for receptor binding

Lys
Thr

Cys

Thr

Figure 1 Amino acid composition of somatostatin and octreotide.

rebound hypersecretion of hormones. Octreotide, an 8-amino
th
th
acid, was modified from SS-14 (Figure 1), with the 7 to 10
amino acids being maintained in common since they are the 4
amino acids essential for receptor binding. Octreotide has similar
pharmacological effects as native SS, and its widespread clinical
use had illuminated its manifold physiological functions and values
in clinical application. The mechanism underlying SS analogues’
clinical utility in diagnosis and treatment is the SS receptors that are
present on tissue membranes and which specifically bind to the SS
analogues, resulting in cell effects.
There are 5 subtypes of SS receptors (Table 2), which are

WJG|www.wjgnet.com

OCTREOTIDE USE FOR TREATMENT[2,7,8]
Octreotide is the most widely used drug among the SS analogues.
Its indications and clinical uses are as follows:
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Pituitary adenomas and gastroenteropancreatic endocrine tumors

Tamoxifen is an anti-oestrogenic agent used to treat breast cancer,
but achievement of long-term effects in metastatic diseases is rare
because developing resistance to the drug is common. Studies
both in vitro and in vivo showed that the anti-proliferative effects
of octreotide can enhance the anti-neoplastic effects of tamoxifen.
Compared to tamoxifen mono-treatment, co-administration of
octreotide plus tamoxifen yields better results with low toxicity and
significantly lowered serum insulin-like growth factor I bioactivity.

These tumors have a large number of SS receptors and are treated
with octreotide effectively, especially the growth hormone-secreting
pituitary tumors (acromegaly). The agent is usually delivered as a
subcutaneous injection of 100 μg three times a day, and may result
in rapid control of symptoms and hormone secretion. In about
half of the patients treated with octreotide, the size of the tumor
is reduced. Some cases require larger doses, up to 300 μg or 600
μg daily, to achieve the maximal benefit, but a dose above 600 μg
per day rarely has additional effect. Because of the high sensitivity
observed in elderly patients with growth hormone-secreting tumors,
octreotide can be recommended as a primary treatment. There
have been no reports of loss of the suppressive effect of octreotide
on growth hormone secretion in patients with acromegaly, even
after 10 years or more of uninterrupted treatment.
Pancreatic islet-cell tumors express SS receptors in more
than 80% of cases, and daily injection of 150 μg to 300 μg may
improve the clinical outcome in 50% to 85% of cases. This
outcome may be mediated by both a direct inhibitory effect on
hormone production by the tumor and indirect effects, such as
on the resorption of intestinal fluid, the production of gastric acid,
or intestinal contractility. Octreotide treatment is often effective
initially, but after weeks to months of treatment the symptoms
worsen and tumor hormone secretion increases in virtually all the
patients; while this effect can be reversed by increasing the dose of
octreotide, eventually the drug becomes ineffective in all patients.
This resistance phenomenon may be explained by the growth of
clones of tumor cells that lack SS receptors. Octreotide is especially
valuable in controlling the symptoms associated with vipoma or
glucagonoma, and the remaining islet cell tumors often express
subtypes of the SS receptor that do not bind octreotide, decreasing
the beneficial effect. Reportedly, 70%-90% of metastatic carcinoid
tumors respond well to octreotide, with effective control of the
symptoms and of the overproduction of serotonin or tachykinin. It
may also temporarily inhibit tumor growth, and in about 20% of
patients the enlarged lymph nodes and liver metastases shrink. The
most important benefits of octreotide are improvements to patient
quality of life and patient survival.

Octreotide for SS-receptor-mediated radiotherapy

A β-emitter-labelled octreotide (90Y-SDZ 413) binds to SS
receptors on rat pituitary cells and inhibits growth hormone release.
Administration of 90Y-SDZ 413 to a nude mouse model with SS
receptor-positive tumors led to SS receptor-specific accumulation
of the labelled conjugate (tumor/muscle ratio: 52/1), and a single
treatment of 90Y-SDZ 413 led to a decrease of 25% in tumor mass.
These results suggest that receptor-targeted radiotherapy by means
of a 90Y-labelled octreotide represents a new strategy for the
treatment of SS receptor-positive tumors.
The mechanism by which octreotide exerts its therapeutic
effects on cancers has not been fully elucidated, but studies have
indicated that the effects occur as a result of direct anti-proliferative
activities on the tumor cells and direct inhibition of angiogenesis in
the tumor mass, and as a result of indirect inhibition of the secretion
of growth hormone, insulin, and insulin-like factor Ⅰ. A variety of
tumors express different subtypes of the SS receptor, and each of
the different kinds of SS analogues may not have high affinity with
all subtypes of the SS-receptor. High affinity binding between an SS
analogue and its specific subtypes is key for its optimal efficacy on
tumors.

Miscellaneous experiences in octreotide treatment[13-15]

In patients with systemic sclerosis, octreotide can resolve the
chaotic and non-propagative intestinal motility patterns so that
they become well-coordinated-nearly to the extent as in healthy
individuals-and can cause symptoms to subside. For patients with
irritable bowel syndrome, octreotide can reduce the symptom of
rectal pressure that underlies rectal urgency, thereby relieving a key
component of the disease manifestation. In patients with dumping
syndrome, octreotide can alleviate dumping by slowing gastric
emptying, inhibiting insulin release, decreasing enteric peptide
secretion, increasing intestinal absorption of water and sodium,
slowing monosaccharide absorption, increasing gut transit time and
preventing haemodynamic changes. For patients with psoriasis,
a 12-wk course of octreotide treatment can ameliorate most
symptoms. For patients wit pancreatitis, octreotide can also correct
orthostatic hypotension and suppress the inflammatory reaction,
the mechanism underlying its therapeutic effect involves inhibiting
pancreatic exocrine and endocrine secretions and rectifying
perioperative hypotension. Finally, patients with rheumatoid arthritis
can benefit from the inflammation-resolving effects of octreotide
and the therapeutic effect can be evaluated by scintigraphy of the
involved joints.

Probable indications

In accordance with its various functions, including suppression of
endocrine and exocrine secretions of the gastroenteropancreatic
system, reduction of splanchnic blood flow, prolongation of
gastrointestinal transit time and stimulation of water and
electrolytic absorption, octreotide can be used to treat the following
diseases: variceal acute bleeding (by 48-h continuous intravenous
administration, and which has a similar effect of emergency
sclerotherapy); pancreatic fistula; post-elective pancreatic surgery
complications when applied perioperatively; and some refractory
secretory diarrheas (as in autoimmune disease syndrome, short
bowel syndrome, radiation colitis, and chemotherapy conditions).

Potential role in oncologic treatment[2]

Octreotide has not been used formally as a clinical oncologic
treatment, but several studies have showed its promise in this
realm. Octreotide has been shown to inhibit tumor growth in animals
and of tumor cell lines in vitro, exerting antiproliferative effects
on tumor cells via it effects on the SS receptors. The efficiency of
octreotide on tumors depends on both the presence and amount of
SS receptors on tumor cells. Tumors of the nervous system have
SS receptors, and these tumors account for 50% of solid tumors in
children and adolescents, including the neuroblastoma, meningioma,
low grade astrocytoma and medulloblastoma.

Clinical usage and adverse effects of octreotide[2]

Octreotide can be delivered via intravenous and subcutaneous
routes, but is mostly administered as a subcutaneous injection at
present. Dosage ranges from 50 μg to 200 μg, 3 times a day, with
the most common being 100 μg, 3 times a day. For advanced tumor
cases, 500 μg to 1000 μg or 2000 μg, 3 times a day for 6 months
has been used safely, but usage of the larger doses is more rare
at present. The most common adverse effects include nausea,
diarrhea, flatulence, abdominal cramps, and malabsorption of fat, all
of which usually subside spontaneously in 10 to 12 d regardless of
continuance of treatment.
Long-term treatment with octreotide (＞1 mo) is associated with
an increased incidence of cholesterol gallstones, with rates ranging
from 20% to 30%. This effect seems to be related to dosage and
duration of the octreotide treatment. In most cases, the gallstones
remain asymptomatic and the management should be similar to
that applied to patients with non-octreotide-induced gallstones. The
process of gallstone formation during octreotide therapy probably

Octreotide in combination with anti-cancer drugs[9-11]

In Weckbecker’s report, octreotide was applied in combination with
the anti-cancer drugs mitomycin, doxorubicin, 5-fluorouracil, or
Taxol to a pancreatic tumor cell line and to tumor-bearing nude
mice. The results showed that the inhibitory effects of the anticancer drugs were enhanced markedly in a synergistic or additive
manner, strongly suggesting the clinical utility of octreotide in
combination with chemotheraputic agents for tumor therapy.
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involves inhibition of gallbladder emptying and reduction of bile flow.
Discontinuation of octreotide treatment tends towards gallstone
resolution. A smaller dose, such as 100 μg, 3 times a day for less than
one month, may present less to no risk of developing this problem.
In the case of long-term octreotide treatment, however, intermittent
usage may prevent gallbladder formation.

3
4

5

FUTURE PROSPECTIVES
Octreotide has widespread therapeutic effects on various diseases,
and hundreds of articles on octreotide treatment are published
annually. The reasons why this agent is capable of exerting such a
broad range of effects remains unknown and further investigation is
necessary. For patients with acromegaly, a long-acting preparation
of 20 mg to 30 mg administered intramuscularly is capable of
controlling growth hormone hypersecretion for 28 to 42 d as
effectively as multiple daily subcutaneous injections. A long-acting
intramuscular formulation of lanreotide (another SS analogue) can
also maintain therapeutic effects for 2 wk.
Development of novel SS analogues and further development
of their diverse preparations may speed up the progression of both
basic and clinical research for the wide of array of disease conditions
they are related to. Identification and characterization of the various
subtypes of SS receptors in different organs and lesions, and of
their specific ligands, will improve diagnosis and treatment as well.
A current limitation of SS analogues is that they are expensive.
When their costs are lowered in the future, they will be used more
extensively and their theoretical basis and practical value will
become more apparent as well. It can be predicted that octreotide
will become a common drug in clinically use when it is able to be
administered orally and for lower, more affordable cost.
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COMMENTARY

Advances and applications of enteroscopy for small bowel
Dian-Yuan Zhou, Bo Jiang, Xi-Shan Yang
Dian-Yuan Zhou, Bo-Jiang, Xi-Shan Yang, Institute of PLA for Digestive
Diseases, Nanfang Hospital, First Military Medical University, Guangzhou
510515, Guangdong Province, China

ENTEROSCOPE INSERTION TECHNIQUE FOR THE
DIFFERENT DEVICE TYPES

Dian-Yuan Zhou, Professor and Director of Institute of PLA for Digestive
Diseases, Gastroenterologist, having over 100 papers and 7 books published.

Push type enteroscope[1-4]

Push type enteroscopes, such as the SIF-RP, SIF-B and SIF-10, are
long forward-viewing fiberscope devices. At present, SIF-10 is the
[1-5]
most widely used for examination of the upper small intestine .
The insertion technique for the push type enteroscopes can be
described as follows: The patient should fast for at least for 12 h
prior to the procedure. On the procedure day, a local anesthesia (such
as lidocaine) is sprayed over the patient’s pharynx. The patient is
placed on the fluoroscopic table in the left lateral decubitus position.
The enteroscope is swiftly introduced into the duodenum, with
minimal distention of the stomach. As the instrument is advanced,
the patient is moved into various positions to assist in endoscope
passage; meanwhile, abdominal pressure helps to minimize
or prevent loop formation in the stomach and, simultaneously,
withdrawal of the enteroscope can also straighten the formed loop
and allow for paradoxical advancement of the instrument tip. When
the entire length of the insertion tube is passed, glucagon (1.0
mg) should be administered to inhibit peristalsis. Full insufflation
of the bowel with air reduces the height of the intestinal folds.
The endoscope may be withdrawn slowly as the bowel is carefully
inspected. Usually, endoscopists are able to advance the instrument
to an average depth of 35 cm to 60 cm beyond the ligament of
Treitz with a mean 50 min procedure time; biopsy is also possible at
this step. However, the extent of insertion is limited to the proximal
jejunum at 20 cm to 60 cm due to the crooked nature of the
duodenum, which is embedded in the retroperitoneum and which
makes the transmission of propelling force difficult. As a result, a
large loop tends to form in the stomach, consuming the effective
length of the scope. In order to overcome this problem, the new
push type enteroscope SIF-10L was developed. This type of scope is
equipped with a stiffening tube that is specially made as an auxiliary
[6]
device. Shimizu et al described the insertion technique for the SIF10L. When the scope is advanced to the duodenojejunal junction
and its position has been confirmed by fluoroscopy, the distal tip
is maximally flexed for fixation at the duodenojejunal junction and
the scope can be pulled until it is straight from the descending
portion of the duodenum. After that, the stiffening tube, which was
lubricated prior to the procedure, is gently advanced over the shaft
into the descending portion of the duodenum. When the insertion
of the sliding tube is completed, it is fixed on the mouthpiece by
the stopper to protect against its being pulled out. The scope is
then pushed into the deeper part of the jejunum with concurrent
observation of the intestinal lumen. When the maximal working
length is achieved, the distal tip is again fixed and the sliding tube is
gently advanced beyond the duodenojejunal junction to prevent loop
formation in the horizontal portion of the duodenum. The passage
of the stiffening tube is observed by fluoroscopy. At this point, the
scope is again advanced to its full working length. Insertion extent
is determined by measuring the length of the scope from the distal
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INTRODUCTION
Visual inspection of the entire small intestine is difficult and
time-consuming, due to its anatomical location. While the usual
techniques of endoscopy facilitate visualization of the most proximal
and distal ends of the gut, only limited views of the terminal ileum
(only about 5 cm to 25 cm) can be obtained by intubation of the
ileocecal valve after total colonoscopy. The proximal jejunal mucosa
(20 cm to 50 cm) can be inspected by standard colonoscopy or
use of related modified instrumentation. Therefore, investigation
of this region is dependent upon enteroclysis and angiography. The
diagnostic efficacy of these procedures, however, is relatively low,
and confirmative diagnosis has frequently been made only after
laparotomy. Achievement of successful endoscopy for other parts of
the gastrointestinal tract has allowed for further improvements to
the enteroscopy technique. Since the 1970s, vigorous efforts have
been made to produce three types of enteroscopes, namely the
push type, sonde type, and ropeway type. The recent development
of video endoscopes, including a new prototype video enteroscope
for small bowel, has benefited clinical practice. In this paper, we
describe the recent advances in enteroscopy, including its devices
and applications.
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end of the sliding tube, with measurements made on an X-ray film.
It has been reported that the time for insertion can range from 7
min to 30 min, with a mean of 11.7 min and the range of observable
length being 60 cm to 120 cm from the distal end of the stiffening
tube which could be inserted beyond the duodenojejunal junction,
at a mean insertion length of 105.8 ± 17.5 cm. By introducing the
stiffening tube as an auxiliary device, the insertion extent can be
increased remarkably.

leiomyosarcoma, ulcerative jejunitis, Peutz-Jeghers syndrome, and
Crohn’s disease. Of the known causes of obscure gastrointestinal
bleeding, AVMs appear to be the most common source. Lewis and
[7]
Waye employed the SSIF-Ⅶ sonde type enteroscope to investigate
the cause of chronic gastrointestinal obscure bleeding in 60 patients
and found that 33% (n = 20) had blood loss within the small bowel,
with 80% (n = 16) of those being caused by AVMs and 15% (n = 3)
by ulcers; for only 1 of the 20 patients with small bowel blood loss
was the bleeding foci not found, despite the presence of fresh blood.
AVMs were limited to the proximal jejunum in 7 patients, distal
small intestine in 3 patients, and diffuse small bowel in 6 patients.
[2]
Foutch et al described a group of patients with gastrointestinal
bleeding of obscure origin and reported finding a definite cause of
bleeding for 15 cases by using the push type enteroscope, 12 of
which were diagnosed as AVMs. Similar results reported by another
group support the general finding that AVMs are the main cause of
[20]
obscure gastrointestinal bleeding .

Sonde type enteroscope

Several types of sonde scopes are currently available and in clinical
[7-11]
use
. The sonde type small intestinal fiberscope (SSIF-Ⅶ) is one
among the series of prototype fiberscopes; its features include a
5 mm diameter, 2790 mm length, forward-viewing capacity and
90-degree angle view. It can be passed transnasally and migrates
distally, responding to peristaltic activity. The essential step of the
procedure is a technique called “piggy backing” in which a long
endoscope is introduced into the stomach carrying the enteroscope
through the pylorus and beyond the ligament of Treitz, which is
facilitated by grasping with forceps and pulling into place. The
balloon at the tip of the instrument advances the enteroscope in
the small bowel when the endoscope is removed. Metoclopramide
is then administered to stimulate small bowel motility. Mucosal
inspection is performed when the scope has reached the distal
ileum. Glucagon is administered to arrest small bowel activity. The
whole procedure lasts 3-8 h, with an average duration of 4.3-6
[7-9]
h . However, it is estimated that only approximately 50% of the
lumen view is visible during the controlled withdrawal due to the
absence of tip deflection, the relatively small angle of view, and
occasional rapid withdrawal of the instrument through loops of small
intestine or migration to the colon. The another disadvantage of
this scope and its application technique is that biopsy is impossible.
The newest sonde type enteroscope (SSIF-type 10) that has been
developed features a 2 mm biopsy channel, which makes target
[9-10]
biopsy possible even in distal parts of the small intestine
. Finally,
a new prototype video enteroscope (ESI-2000, Pentax) has been
[11-13]
developed and successfully applied in clinic
.

Detection of small bowel tumor

Small bowel tumors are difficult to detect using conventional
diagnostic techniques. Imaging examinations, such as barium
X-ray, ultrasonography and angiography, often produce false
negative test results, which can reportedly delay diagnosis for 12
mo or more in nearly one-quarter of patients with primary small
[23]
bowel neoplasms . At present, enteroscopy is considered to play
a precise role in the diagnosis of small bowel disease. Kawai and
colleagues published their 11-year experience of detecting and
[16]
identifying lesions using three types of enteroscope , in which a
total of 19 lesions were detected and identified as cancer (n = 3),
malignant lymphoma (n = 5), leiomyosarcoma (n = 1), leiomyoma (n
= 5), hemangiopericytoma (n = 1) and Peutz-Jeghers polyp (n = 5).
The authors described the endoscopic appearances of the tumors,
which were classified among three types: type Ⅰ, sessile tumor;
type Ⅱ, semipedunculated or pedunculated tumor; type Ⅲ, large
tumor with central depression. Type Ⅲ was further classified into
two subgroups: type Ⅲa, tumors partially encirculating the bowel;
type Ⅲb, tumors completely encirculating the bowel. Malignant
tumors showed various appearance ranging from type Ⅱto type
Ⅲb, but benign tumors never showed type Ⅲb. Shinya and Mc
[19]
Sherry also presented their experience with push type and sonde
type enteroscopes, and reported that among the 3 cases total 2
were diagnosed as duodenal adenocarcinoma and one as a jejunal
hemangiolymphangioma.

Ropeway type enteroscope[15-19]

Several types of ropeway enteroscopes, such as FIS-Ⅱ, SIE-RP and
SIE-2C, are currently available. The key step for application of the
ropeway enteroscopes, during the examination, is insertion of a long
intestinal teflon string that is advanced perorally and discharged
from the anus. Completion of this step, however, may require at
least 24 h. Once this step is finished, the ropeway enteroscope
can be pulled through the gastrointestinal tract with the aid of the
Teflon string relatively quickly (within 10 min). Observation and
biopsy throughout the entire intestine are possible. Use of this
method causes the intestine to shorten, like an accordion, which
precludes complete observation; moreover, stenotic and diffuse
lesions in the small bowel disallow free passage of the string and
limit the effectiveness of this device. Finally, excessive traction on
the string augments the risk of instrument-induced perforation.
From a physical standpoint, this procedure may cause discomfort
to the patient and requires general anesthesia. Thus, application of
ropeway enteroscope is limited in clinical practice.

Application in familial adenomatosis coli (FAC)

Upper gastrointestinal lesions have been considered rare in patients
with FAC or Gardner’s syndrome, although recent studies have
indicated that FAC and Gardner’s syndrome are the same disease
[24-26]
and affect the upper as well as the lower gastrointestinal tract
.
[25]
Iida et al
used the push type enteroscope and found that jejunal
polypoid lesions were detected in 9 of 10 patients (90%) with FAC
or Gardner’s syndrome. The lesions were located in the upper
jejunum, particularly within about 20 cm below the duodenojejunal
junction. The number of polyps varied from 1 to 20, and their sizes
were 3 mm or less in diameter. Endoscopically, the polypoid lesions
appeared sessile and whitish. Histologic findings of the lesion biopsy
specimens revealed a tubular adenoma with mild to moderate
epithelial atypia in all 9 cases. Other authors reported 3 cases of
[28,29]
jejunal carcinoma in patients with FAC/Gardner’s syndrome
.
However, such a situation is quite rare, since the jejunal lesions are
usually very small, asymptomatic, and adenomatous in histology.
Therefore, as treating physicians we should pay attention to related
changes and careful follow-up of patients is needed with endoscopic
removal of larger polyps, whenever feasible.

APPLICATIONS IN SMALL BOWEL DISEASES
Obscure gastrointestinal bleeding

Obscure gastrointestinal bleeding is a troublesome medical problem.
Although a wide range of investigational tools are available to
aid clinicians in localizing sites of gastrointestinal blood loss,
approximately 5% of the patients with GI bleeding continue to
bleed from an unidentified source. In recent years, some authors
have reported their experiences in use of small bowel enteroscope
for detecting the source and cause of obscure bleeding. For nearly
26%-77% of those patients, correct diagnosis or identification of the
[2,20-22]
site of occult bleeding was achieved
. Moreover, these results
indicated that the following specific lesions could cause obscure
bleeding: arteriovenous malformations (AVMs), hemangiomas,
Meckel’s diverticulum, jejunal diverticulum, jejunal leiomyoma,
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Application in other small bowel diseases

Correct diagnosis of small intestine diseases requires not only
[4]
intestinal visualization but also biopsy of lesions. Barkin et al
examined 31 patients with clinically suspected small bowel disease
using a PCF-135 flexible pediatric colonoscope perorally and 14
patients were confirmed by biopsy, including celiac disease (n = 5),
Whipple’s disease (n = 2), lymphoma (n = 1), adenocarcinoma (n
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= 1), Crohn’s disease (n = 1), tropical sprue (n = 1), amyloidosis (n
= 1), enteritis (n = 1) and cytomegalovirus infiltration (n = 1). Such
diseases as Whipple’s disease, tropical sprue and amyloidosis could
not be diagnosed if biopsies were not available. Tada et al examined
15 cases of Crohn’s disease using the sonde type enteroscope, and
the presence of small intestinal lesions was confirmed in 13 cases,
while the small intestine was not involved in the remaining 2. The
characteristic findings of Crohn’s disease were observed, including
longitudinal ulcers, circular ulcers, irregular ulcers, aphthoid ulcers,
cobble-stone appearance, inflammatory polyps, pseudo-diverticular
formation, and stenosis. The author considered that the enteroscope
device was superior to X-ray instrumentation for detecting tiny
lesions, and that enteroscopy plays an important role in diagnosis
of small bowel disease; further developments and improvements
in enteroscopy will support its more widespread use clinically.
Different types of enteroscopes have different characteristics, for
instance, the push type enteroscope is suitable to detect a lesion
on the upper jejunum or obtain a biopsy in the case of a diffusely
spreading lesion. The ropeway type enteroscope is helpful for
observation of the entire intestine, whereas the sonde type is useful
for the examination of emergency cases of gastrointestinal bleeding,
in cases of poor general condition, or when a stenosing lesion is
located at the distal parts of the small intestine where neither the
push type scope nor the ropeway type scope can be introduced.
Thus, we can observe small intestinal diseases sufficiently when the
suitable enteroscope is employed. However, the questions remain as
to how to best utilize the various enteroscopes for pathophysiological
research of the small intestine and how to improve the insertion
techniques so as to make it easier in technical operation and for
patient tolerance.
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INTRODUCTION
CD44 is an adhesive molecule located on the cell surface, where it
[1,2]
participates in cell-cell and cell-matrix interactions . “Standard”
CD44 can be modified by the insertion of transcripts from at least
[3]
five extra exons , after which splice variants of CD44 (CD44v) can
be produced. A single cell may contain two or more variant mRNAs
from the same gene simultaneously. CD44v may play an important
role in tumor growth and metastasis. The human homologue of rat
metastasis-associated CD44v has been isolated from the cell lines of
human non-small cell lung carcinoma, colon carcinoma, and breast
[4]
carcinoma . Furthermore, CD44v expression has been detected in
[7]
fresh human tumor tissues of the breast, colon , and gastrointestinal
[8]
[9]
[10]
tract , as well as in melanoma and metastases in brain .
7
Gene expression of a single tumor cell in 10 white blood cells
[7]
can be detected by sensitive RT-PCR . Thus, it is possible to detect
the gene expression of a free tumor cell in the blood of patients with
malignant diseases. In the study described herein, we explored an
auxiliary method for the diagnosis and monitoring of recurrence
of malignant tumors by detecting CC44v mRNA expression in the
peripheral blood of patients with hepatocellular carcinoma (HCC).
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Abstract
AIM: To study the clinical significance of detecting the expression of
CD44v mRNA in the blood of patients with hepatocellular carcinoma
(HCC).

MATERIALS AND METHODS
Experimental specimens

METHODS: The expression of CD44v mRNA was detected in blood
with RT and diploid PCR, and the clinical significance was discussed
based on the result of pathological examination and follow-up.

On a Ficoll-Hypaque gradient, free tumor cells were collected from
blood samples obtained from the peripheral vein of 15 patients
with HCC prior to surgical intervention. Meanwhile, tumor tissue
samples were obtained from the resected HCC specimens and
control blood samples were obtained from 16 patients with benign
diseases (including chronic cholecystitis, chronic abscess of liver,
chronic hepatitis B, cirrhosis, inflammatory pseudotumor of liver,
and cavernous hemangioma of liver). All samples were stored at －
196 ℃ and kept frozen until use.

RESULTS: CD44v mRNA was detected in the blood of 10/15
patients, giving a positive rate of 66.67%. In the 13 patients
who showed response in the follow up period, the CD44v mRNA
expression was positive in 9 and negative in 4. Recurrence rate
was higher in the patients with positive CD44v mRNA expression
than in those with negative CD44v mRNA expression, and the
clinical pathological indices were also higher in the former than in
the latter.

RNA isolation and RT-PCR

RNA was extracted from the free tumor cells and the tumor
tissue samples according to the method of Chomzynski and
[11]
Sacchi . RT was carried out on the total RNA sample using
an AMV reverse transcriptase kit (Promega Co., USA). Firststrand cDNA was synthesized at 42 ℃ for 60 min in 20 μL
reaction solution. The first round of PCR was carried out with
the synthesized cDNA in 50 μL reaction solution (upstream
primer: 5’-GACAGACACCTCAGTTTTTCTGGA-3’; downstream
primer: 5’- TTCCTTCGTGTGTGGGTAATGAGA-3’) for 30 cycles.
The conditions of PCR were 94 ℃ for 1 min, 55 ℃ for 1 min,
and 72 ℃ for 1.5 min. The second round of PCR was carried out
under the same conditions as the first round (upstream primer:
5’-GACAGACACCTCAGTTTTTCTGGA-3’; downstream primer:
5’-TTCCTTCGTGTGTGGGTAATGAGA-3’) fro 30 cycles. PCR products

CONCLUSION: Detection of the expression level of CD44v mRNA in
blood of the patients with HCC can be used as an adjuvant means for
differential diagnosis, prediction and monitoring of HCC recurrence.
Key words: CD44; Liver neoplasms; mRNA; Hepatocellular carcinoma;
Polymerase chain reaction
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Table 1 Follow-up data of 15 detected patients with primary liver cancer
CD44vmRNA in blood
+
Total

Detected, n
10
5
15

Positive AFP
8
3
11

Followed up, n
10
5
15

Responders, n
9
4
13

Recurrence, n
9
1
10

Survivors, n
1
3
4

Recurrence rate, %
100.00
25.00
76.92

Table 2 Clinicopathological data of the patients who responded during
follow-up

Survival rate, %
11.11
75.00
30.77

kb
0.56

CD44v MRNA in blood Followed up, n Responders, n
+
10
9
5
4
Total
15
13

DTC
8
1
9

PTC
2
1
3

TEPV
9
2
11

DTN
7
1
8

0.83
1.33

Note: DTC: deficiency of tumor capsule; PTC: penetration of tumor capsule; TEPV: tumor
embolus in portal vein observed by microscopy; DTN: daughter tumor nodules observed by
2

microscopy. χ DTC = 5.7778, P < 0.025; χ
= 4.9661, P < 0.05.

2
PTC

= 0.0164, P > 0.9; χ

2
TEPV

= 5.3182, P < 0.025; χ

2
DTN

Figure 1 Electropherogram of PCR products.

(20 μL) were separated on an ethidium bromide-stained 1.5%
agarose gel and analyzed.

specific diagnostic index for primary hepatic carcinoma because
the specificity of CD44v in different tumors was not clear. Yet, it
may be an auxiliary method for differential diagnosis of malignant
and benign diseases (i.e., HCC and non-typical abscess of liver,
inflammatory pseudotumor of liver, etc.).
The reasons for CD44v mRNA expression being positive in only
10 of 15 blood samples of HCC in the current study, but being
positive in all of the 15 tumor tissue samples, may be as follows:
(1) none of tumor cells were collected from blood or there may have
been no free tumor cells in the blood; (2) the experimental method
used was not optimal or sufficient; and (3) the expression level of
CD44v mRNA in tumors was low. Therefore, the detection method
for CD44v mRNA expression in blood should be further improved.

Pathological indices for metastasis

All tumor samples were observed under microscopy to determine
whether the tumor capsule was intact or deficient, whether it had
been penetrated by tumor cells, whether tumor cells had migrated
into the portal vein of normal liver tissues, and whether daughter
tumor nodules appeared in normal liver tissues near the main mass.
Follow-up after tumor resection was carried out for 20-22 mo and
was conducted by questionnaire.

Statistical analysis

Statistical analysis was carried out using the chi-square test.
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Analysis of two constitutive forms of microsomal heme oxygenase in
different rat tissues
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of HO-1 in the liver was not observed by western immunoblotting
analysis when antiserum to liver HO-2 was applied.
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CONCLUSION: Two constitutive forms of HO, designated as
HO-1 and HO-2, exist in the treated rat liver. HO-1 is an inducible
enzyme. In the treated rat brain only HO-2 exists and is a molecular
entity similar to that found in liver. The two constitutive forms were
different in molecular weight and in inducibility and immunochemical
properties.
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INTRODUCTION
Oxidative degradation of heme (protoheme, Fe protoporphyrin
Ⅸ, heme b) to the open tetrapyrrole, biliverdin, is catalyzed by
the microsomal enzymes heme oxygenase (HO) and NADPHcytochrome C (P-450) reductase. Although the exact mechanism
of heme degradation is not yet fully understood, it is generally
accepted that the role of HO is to bind the substrate in a specific
orientation, such that upon degradation the predominant end
product is the Ⅸ-αisomer of biliverdin; the dual function of the
reductase is to activate molecular oxygen and to promote the
reduction of heme iron to the ferrous state. In mammals, the
cytosolic enzyme, biliverdin reductase, catalyzes the conversion
[1-6]
of biliverdin to bilirubin .The purpose of the present study was,
therefore, to verify the possibility of the existence of multiple forms
of HO in the rat liver and brain, and if existing to compare the
properties of these enzymatic isoforms in order to understand their
mechanisms of action.

Abstract
AIM: To isolate and purify the heme oxygenase (HO) isoform in
microsomal fractions of Sprague-Dawley rat liver and brain in order
to understand the characteristics of the two constitutive forms and
the mechanism of the occurrence of hyperbilirubinemia.
METHODS: After induction by hematin and phenylhydrazine, the
rat liver and brain microsomal fractions were isolated and purified
by DEAE-Sephacel and hydroxyapatite. Activity and the apparent
molecular weight of the two isoforms [heme oxygenase 1 (HO-1)
and heme oxygenase-2 (HO-2)] were measured. Kunming mice
were used to prepare antiserum against purified liver HO-2. Rat liver
HO-1 and brain HO-2 preparations were analyzed by the western
immunoblotting technique.
RESULTS: Two isoforms were purified and identified in the treated
rat liver, and HO-1 was the predominant form with a ratio of 2∶1.
In the native state, HO-2 activity was detectable but HO-1 activity
was increased in response to hematin and phenylhydrazine, while
HO-2 activity was fully refractory to these agents. The apparent
molecular weights of HO-1 and HO-2 were about Mr 30000 and Mr
36000 under reducing conditions, respectively. In the untreated liver
and treated brain, only one peak of HO activity exhibiting an elution
profile similar to that of HO-2 of the treated liver was detected. The
presence of an activity peak was not found in the elution profile at
the region where the inducible isoform of HO (HO-1) was expected.
The apparent molecular weight in treated brain preparation was
identical to that of the purified liver HO-2. Cross-reactivity of HO-2
in the brain microsomal preparation was established, but a reactivity

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials and animals

Hematin was purchased from Sigma. Sodium cholate and DTT were
purchased from Serva. Sprague-Dawley (S-D) rats (weight range:
180-220 g) and Kunming mice were purchased from the Shanghai
Institute of Cell Biology, Academia Sinica.

Preparation of tissue

The S-D rats were given ad libitum access to food and water.
Hypoxia was induced in the rats by exposure to a gas mixture of
5%-7% oxygen and 93%-97% nitrogen for 60 min to increase the
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Table 1 Levels of sIL-2R, ALT, and HBV DNA in the sera of patients with chronic HBV infection (mean ± SD)
Purified fractions
HO-1
Solubilized microsomes

3

Total protein, mg

Total activity, ×10 U

Specific activity, U/mg

Recovery, %

Purification, -fold

82

68.6
(64.0-73.2)
18.3
(16.6-20.0)
5.1
(5.0-5.2)

837.5
(781.4-893.6)
2097.3
(1902.9-2291.7)
4301.1
(3692.8-4909.3)

100

1.0

68.6
(64.0-73.2)
7.7
(7.3-8.0)
6.7
(5.3-8.0)

837.5
(781.4-893.6)
1574
(1504.5-1643.6)
2146.3
(1708.5-2584.0)

100

DEAE-Sephacel

8.7

Hydroxyapatite

1.2

HO.2
Solubilized microsomes

82

DEAE-Sephacel

4.9

Hydroxyapatite

3.1

2.5

1.5

5.1

1.0

6.0

1.9

3.8

2.6

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of HO isoforms

blood brain barrier permeability, after which injections of 40 μmol/kg
hematin (pH 7.4, intraperitoneally) and 100 mg/kg phenylhydrazine
(intravenously) were given. The control animals (untreated, hypoxic)
received saline injections. The animals were euthanized 20 h after
treatment for analysis.

Electrophoretic procedures were performed according to Laemmli’s
method in order to identify HO isoforms.

Production of antiserum

The purified rat liver HO-2 fraction (69 μg) was mixed with 100 μL
of 0.9% NaCl solution and injected intraperitoneally into Kunming
mice (10-15 g). These mice were then boosted with antigen (69 μg)
every second week, for a total of three times. The mice were bled at
10 days after the final booster and sera were collected and stored at
-20 ℃.

Resolution and isolation of HO isoforms

All operations were carried out below 4 ℃. The rat tissues
were homogenized in 2.0 volumes of 20.0 mmol/L potassium
phosphate buffer (pH 7.4) containing 0.1 mmol/L EDTA and
135.0 mmol/L KCl; the resulting homogenate was centrifuged
at 10000 × g for 20 min. The supernatant fractions were
collected and subsequently centrifuged at 150000 × g for 1 h.
Washing, resuspension, and solubilization of the microsomes
[1,4]
were performed according to Maines’ method . The solubilized
microsomes were diluted with 1.0 volume of 0.05 mmol/L DTT
solution (pH adjusted to 8.0) and loaded onto a DEAE-Sephacel
column (2.5 cm × 13.6 cm) that was previously equilibrated with
20.0 mmol/L Tris HCl buffer (pH 7.5) containing 0.05 mmol/L
EDTA, 0.5% Triton X-100, 0.1% sodium cholate and 0.05 mmol/
L DTT. The column was eluted with concurrent linear gradients
of KCl (0-0.4 mol/L) and Triton X-100 (0.5%-0.9%) prepared
with equilibration buffer (75 mL). Fractions (3.0-4.0 mL) were
collected and analyzed for HO activity.

Western blotting

Western blotting was performed as follows. Protein samples, rat liver
HO-1 and rat brain HO-2 fractions, were subjected to SDS-PAGE
in 1.5 mm slab gels according to the procedure of Laemmli. The
separated polypeptides were then transferred electrophoretically
from the gel to a nitrocellulose membrane using a transfer
buffer consisting of 48 mmol/L Tris base, 39 mmol/L glycine,
20% (v/v) methanol and 0.037% (w/v) SDS (pH 8.3). Following
electroblotting, the nitrocellulose blot was stained with Ponceau S
for protein detection. Destaining was performed with distilled water.
For immunostaining, the nitrocellulose blot was incubated at 37 ℃
for 1 h with bovine serum albumin in 20.0 mmol/L Tris-HCl buffer (pH
7.5) containing 0.5 mol/L sodium chloride, in order to saturate all
protein binding sites. The nitrocellulose blot was then incubated with
antiserum against rat liver HO-2 at 37 ℃ for 1 h, washed several
times with PBS-Tween-20 solution and then incubated for 1 h at 37
℃ with peroxidase anti-mouse IgG diluted with PBS solution. The
blot was stained with diaminobenzidine (DAB) solution, washed with
distilled water, and air-dried.

Purification of HO-1 and HO-2

The pooled DEAE-Sephacel fractions containing the first and
second peaks of HO activity were dialyzed against distilled water
for 24 h at temperature below 4 ℃, and then concentrated and
respectively loaded onto a hydroxyapatite column equilibrated
with 10.0 mmol/L potassium phosphate buffer (pH 7.5). The
column was washed with 10.0 mmol/L potassium phosphate
buffer (pH 7.2) containing 0.05 mmol/L EDTA, 0.4% Triton
X-100 and 0.1% sodium cholate, followed by the same solution
supplemented with 20% glycerol. The column was eluted with
a linear gradient of 10.0-260.0 mmol/L potassium phosphate in
the above buffer, and the fractions containing HO activity were
collected.

RESULTS
Purification and identification of the two forms of HO in two tissues

Rat liver microsomal fractions were loaded for DEAE-Sephacel
chromatography, and 3.0-4.0 mL fractions were collected and
analyzed for HO activity. Two peaks exhibiting HO activity were
eluted (Figure 1). These peaks were designated as HO-1 and HO-2
according to the sequence of their elution from the column. The
pooled DEAE-Sephacel fractions containing HO-1 and HO-2 activities
were loaded onto hydroxyapatite column, and the final purified HO-1
and HO-2 preparations exhibited only single bands, respectively,
when visualized by staining with Coomassie blue following SDSPAGE. The final HO-1 and HO-2 preparations showed specific
activities of up to 4300 nmol of bilirubin/mg of protein·h and 2150
nmol of bilirubin/mg of protein·h, respectively (Table 1).
The treated rat brain and untreated rat liver microsomal fractions
were also solubilized and respectively subjected to ion exchange
chromatography of DEAE-Sephacel. The chromatographic elution
patterns of HO activity were compared with those of treated rat
liver. In the treated rat brain and untreated rat liver, only one peak
of HO activity was detected. An activity peak was not present in
the eluate corresponding to the region where the inducible isoform
of HO, HO-1, was detected (Figure 1). Tables 2 and 3 show the
procedures and the activity for purification of treated rat brain HO-2

Preparation of biliverdin reductase from rat liver

Each rat liver sample was homogenized in 2.0 volumes of 0.1
mol/L potassium phosphate buffer (pH 7.4). The resulting
homogenate was centrifuged at 9000 × g for 20 min. The
supernatant containing biliverdin reductase was prepared by
additional centrifugation of that supernatant fraction at 105000
× g for 1 h. The protein concentration of the supernatant fraction
was adjusted to 10.0 mg/mL. Biliverdin reductase activity was
determined by measuring the increase in spectra absorption due
to the production of bilirubin.

Assay of HO isoforms activities

HO isoform activities were routinely determined according to the
[1]
[4]
previously described methods in and . One unit of HO activity
was defined as the amount of enzyme catalyzing the formation of 1
nmol of bilirubin in 1 h.

WJG|www.wjgnet.com
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Table 2 Purification of HO-2 from treated rat brain microsomal fractions

Table 3 Purification of HO-2 from intact rat liver microsomal fractions

Purified fractions Total protein, Total activity, Specific activity, Recovery, Purification,
3
mg
×10 U
U/mg
%
-fold
HO-2
Solubilized
56.0
24
428.7
100
1.0
(16.9-31.1)
(302.7-554.7)
microsomes
DEAE-Sephacel
20.1
12.2
607.7
35.9
1.4
(10.3-14.1)
(512.0-703.4)
Hydroxyapatite
1.6
10.6
6478.1
2.9
15.1
(10.0-11.2)
(6102.4-6853.8)

Purified fractions Total protein, Total activity, Specific activity, Recovery, Purification,
3
mg
×10 U
U/mg
%
-fold
HO-2
Solubilized
662.7
394.7
595.6
100
1
(351.8-437.6)
(530.9-660.3)
microsomes
DEAE-Sephacel
10.2
16
1574.4
1.5
2.6
(13.8-18.2)
(1358.7-1789.5)
Hydroxyapatite
2.4
8.2
3381.6
0.4
5.7
(7.3-9.0)
(3020.1-3743.2)

Treated rat liver HO-1 and HO-2

1

Intact rat liver HO-2
Heme oxygenase
× 103 units/mg

3.0

2

4

5
-200000

Treated rat brain HO-2

-116300
-97400

HO-1
2.0

3

HO-2

-66300
-55400

1.0

-36500
-31000
-21500

0

10

20
30
Tuber number

40

50

-14400

60

Figure 1 DEAE-Sephacel chromatography of rat liver and brain solubilized microsomes.
Solubilized microsomal fractions were loaded onto a DEAE-Sephacel column (2.5 cm × 13.6 cm)
equilibrated with 20.0 mmol/L Tris-HCl buffer (pH 7.5) containing 0.05 mmol/L EDTA, 0.5% Triton
X-100, 0.1% sodium cholate, and 0.05 mmol/L DTT. The column was eluted with concurrent linear
gradients of KCl (0-0.4 mol/L) and Triton X-100 (0.5%-0.9%) in the same buffer. The fractions
(3.0-4.0 mL) were collected and analyzed for enzyme activities.

Figure 2 Western immunoblot of rat liver HO-1 and brain HO-2 preparations. Preparations
of HO-1 and HO-2 were subjected to SDS-polyacrylamide slab gel electrophoresis, electroblotted
onto nitrocellulose membranes and visualized as described in the “experimental procedures”. 1 and
3, controls; 2, liver HO-1; 4, brain HO-2; 5, molecular weight markers.

Two forms of HO from the treated rat liver were subjected to
electrophoresis and two distinct bands exhibiting HO activity were
detected, with the migration patterns of HO-1 and HO-2 being
different. This differential separation pattern suggested the presence
of distinct molecular properties associated with HO-1 and HO-2.
The purified HO-2 after SDS-PAGE treatment displayed a higher
monomeric molecular weight. The apparent molecular weights for
HO-1 and HO-2 were Mr 30000 and Mr 36000, respectively. The
apparent molecular weight in treated brain microsomal preparation
was identical to the purified liver HO-2 (Mr 36000). The HO-1
activity was increased in response to hematin and phenylhydrazine,
while that of HO-2 was fully refractory to these agents. The blot was
treated with anti-rat liver HO-2 serum followed by anti-mouse IgGperoxidase conjugate and then stained for peroxidase activity. As
expected, rat brain HO-2 preparation gave a reddish brown band
in the region of molecular weight Mr 36000. However, the rat HO-1
preparation failed to show a stained band (Figure 2).

brain microsomal HO isoforms with hematin and phenylhydrazine.
This finding, however, does not suggest that this isoform is absent
in the organ; rather, it may reflect inability of the presently used
procedures to detect the exceedingly low level of the isoform and
expression of the HO-1 isoform in the brain being suppressed under
various conditions. Surprisingly, the brain displayed a higher level
of HO-2 activity than the liver, possibly reflecting a major biological
[2]
adaptation . HO-1 and HO-2 preparations were analyzed by the
western immunoblotting technique. As expected, the rat brain HO-2
preparation exhibited immunological reactivity with antibody to rat
liver HO-2, but the rat HO-1 preparation did not, indicating that
these two HO preparations are antigenically different.
The present studies further suggested that the liver and brain
HO-2 are similar protein entities, according to the following criteria:
(1) similarity in molecular weight; (2) cross-reactivity with antiserum
to rat liver HO-2; and (3) similarity in chromatographic behavior on
a DEAE-Sephacel column.
Collectively, this study showed that the two constitutive forms
differ in molecular weight and in inducibility and immunochemical
properties and that these differences are highly important for
understanding the occurrence of hyperbilirubinemia, particularly in
the premature newborn.

DISCUSSION
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Effects of endotoxin on expression of ras , p53 and bcl-2 oncoprotein in
hepatocarcinogenesis induced by thioacetamide in rats
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as responsible for the initiation of hepatocarcinogenesis. Bcl-2
protein expression is proportional to the severity of malignancy
in hepatocarcinogenesis. p53 may be involved in a key pathway
underlying the transformation and development processes of
hepatocarcinoma. This study confirmed the hypothesis that there are
multiple genes and multiple steps involved in hepatocarcinogenesis.
Expression of oncogene proteins reflects the properties of the
premalignant and malignant cells, but is not directly related to
endotoxemia statistically.
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INTRODUCTION
Chemically-induced hepatocarcinogenesis in rats is widely used to
assess the carcinogenic risk of chemicals to humans and to study the
molecular pathogenesis in order to improve hepatoma prevention
and treatment strategies for humans. Based on our previous
observations that endotoxin can enhance hepatocarcinogenesis in
rats induced by oral intake of thioacetamide (TAA), we hypothesized
that endotoxin is responsible for, at least some of, the changes in
levels of oncogenes and tumor suppressor genes that occur during
the development of TAA-induced hepatocarcinoma.
A multitude of studies have provided evidence that members
of the ras oncogene family (Ha-ras, Ki-ras and N-ras, activated
by point mutation in codons 12, 13 and 61 respectively) are
[1]
responsible for cell transformation . NIH-373 cell transfection and
immunohistochemical analysis, in particular, have yielded data that
demonstrates the presence of a dominant activated N-ras gene in
premalignant and malignant cells, which also appears to play a key
[2-4]
role in the initiation of hepatocarcinogenesis .
Mutations in the p53 tumor suppressor gene are frequently
detected in many human and animal cancers (approximately 50%),
and studies of its consequent misexpression have provided clues to
[5,6]
the etiology and molecular pathogenesis of neoplasia . In addition
to its role in neoplastic transformation, the p53 protein plays an
important role in normal cell function and its encoding gene has
been found to be highly conserved among vertebrates, allowing
[7]
extrapolation of data from animal models .
The bcl-2 gene was first discovered in non-Hodgkin’s B-cell
lymphomas and its presence in tumors is due to a bcl-2 gene

Abstract
AIM: To evaluate the relationship between expression of ras ,
p53 and bcl-2 gene products and hepatocarcinogenesis since the
endotoxemia produced from lipopolysaccharide administration and/or
the hypophagocytic state of splenectomy significantly accelerated
hepatocarcinogenesis induced by thioacetamide.

METHODS: The hepatocarcinoma model was induced by 6-mo
oral intake of 0.03% thioacetamide. During the hepatocarcinoma
modeling process, rats were additionally treated with splenectomy
and/or lipopolysaccharide administration. The techniques of flow
cytometry, immunohistochemistry and immunoelectronmicroscopy
were applied for quantitative analysis of the expression of oncogene
proteins.
RESULTS: In this model system, overexpression of ras p21 protein
mainly occurred in the precancerous cell population or in cells in
the early stage of hepatocyte transformation. The levels of ras p21
declined when nuclear DNA aneuploidy increased. Expression of bcl-2
protein slowly and steadily rose, with more hepatocytes staying in
S+G2M phases, as the hepatocarcinoma became more malignant.
p53 was moderately expressed during hepatocarcinogenesis. There
was no statistical correlation between endotoxemia levels and the
changes in levels of ras , p53 and bcl-2 gene products.
CONCLUSION: Overexpression of oncogene ras p21 was considered
likely to be a precursor of premalignant hepatocytes and possibly
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Table 1 Oncogene ras p21 expression and DNA content in the various study groups
Group
Sham
TAA control
TAA + LPS
TAA + ST
TAA + ST + LPS
CBRH-7919 cells

n
5
6
6
6
6
1

FI, x ± s
1
1.29 ± 0.085
1.60 ± 0.071a
1.52 ± 00105a
1.32 ± 0.061b, c
1.54

% cells labeled, x ± s
17 ± 4
18 ± 5
24 ± 7a
15 ± 3b
49 ± 9a, b, c
42

Cases with positive ras p21expression
1
6
6
6
6
1

DNA index, x ± s
1
1.15 ± 0.21
1.24 ± 0.25a
1.44 ± 0015a, b
1.56 ± 0.07a, b, c
1.34

a

P < 0.02 vs TAA control group; bP < 0.02 vs TAA + LPS group; FI: fluorescence index; cP < 0.02 vs TAA + ST group.
CBRH-7919: rat hepatocarcinoma cell line; DNA index: ratio of mean nuclear DNA content of the treated rat to mean DNA content of normal rats.

translocation from 18q21 to cis-configuration. However, high levels
of bcl-2 protein production in a variety of human solid tumors have
been observed in the without translocation or alterations in the
[8]
structure of the bcl-2 gene . It is generally accepted that the bcl-2
protein contributes to the process of neoplastic cell expansion by
[9]
blocking normal physiological cell death ; in addition, gene transfermediated elevation in bcl-2 protein levels have been shown to
render tumor cells relatively more resistant to induction of apoptosis
[10]
by chemotherapeutic drugs . Therefore, bcl-2 has been theorized
to play a significant role in the origins of cancer and in its therapy.
Considering the important contributions of ras, p53 and bcl-2
genes to carcinogenesis, the aim of this study was to explore the
relations between expression of oncoproteins and malignity or
incidence of hepatocarcinoma using a TAA-treated model system
coupled with splenectomy (ST) and/or endotoxin (lipopolysaccharide,
LPS) treatment.

cell line CBRH-7919, provided by Shanghai Institute of Cell Biology)
were generated using the same procedure described above. For
flow cytometric analysis, 10000 cells from each sample were passed
through a 400 mesh filter and then quantitatively examined on the
Fluorescence Activated Cell Sorter FACS-420 (Becton Dickinson,
United States). Data were analyzed on an IBM PC-compatible
computer with HP-300 Consort 30 software. The quantitative
expression of oncogene product was calculated according to Morker
[12]
et al , as follows:
Fluorescence index (FI) =
Mean channels of the treated rat－Mean channels of negative controls
Mean channels of the sham group
The criteria for oncoprotein expression was as follows: FI value >
1, positive; FI ≤ 1, negative.
In addition, liver cells were stained with propidium iodide
reagents (50 mg/L propidium iodide, 20 mg/L RNase, and 1%
Triton X-100) at 4 ℃ for 30 min, and the nuclear DNA content was
determined by flow cytometry.

MATERIALS AND METHODS
Hepatoma models and treatment

Immunohistochemistry

The protocol course of TAA-induced modeling encompassed 4 mo
for cirrhosis and 6 mo for liver tumor. Female Wistar rats (provided
by the Experimental Animals Center of Shanxi Medical University),
weighing 125 ± 9 g, were housed in wire-bottom cages under a 12 h
light/dark cycle and fed with a balanced pet diet ad libitum. Animals
were randomly assigned to the following five groups: sham group
(n = 5), which was the untreated control group that received tap
water ad libitum; TAA control group (n = 6), which was given 0.03%
w/v TAA (purity > 99%; Shanghai Central Chemical Factory) in
drinking water; TAA + ST group (n = 6), which was splenectomized
1 week before commencement of the experiment; for the final two
groups, mice first treated as the TAA + LPS group (n = 6) or the
TAA + ST + LPS group (n = 6) were given 0.8 mg LPS (Escherichia
coli sterotype 055∶B5; Sigma) in drinking water containing 0.03%
TAA for the last 2 months of the modeling course. The sham group,
without splenectomy, underwent midline laparotomy and spleen
manipulation as the sham surgery procedure. All surgeries were
carried out under light ether anesthesia and all procedures were
performed under sterile conditions. At the end of the 6 mo modeling
course, all rats were euthanized by over-anesthetization with ethyl
ether and the liver was excised for the following preparations.

Immunohistochemical staining was conducted using the
streptavidin/peroxidase kit (SP-TM; Zymed, United States) and
[13]
the biotin-streptavidin method
with slight modification. Briefly,
all liver sections were fixed with neutral buffered 10% formalin
and embedded in paraffin. The paraffin-embedded sections were
deparaffinized through an alcohol series graded with distilled water.
The resultant hydrated sections were then incubated in 0.3%
hydrogen peroxide for 10 min to quench the endogenous peroxidase
activity. Liver sections were then incubated in a salt buffer (pH
6.0) at 92-98 ℃ for 10 min to restore antigenicity, followed by
incubation in 5% normal blocking serum for 20 min to suppress
non-specific binding of IgG. The preparations were then incubated
sequentially with primary antibodies (diluted 1∶50 in PBS) at 4 ℃ for
overnight, followed by sequential incubation with the biotinylated
secondary antibodies (diluted 1∶100 in 1% BSA-PBS) at 37 ℃ for
10 min and streptavidin horseradish peroxidase (diluted 1∶100) at
37 ℃ for 20 min. The colored reaction product was developed with
diaminobenzidine (DAB). The sections were lightly counterstained
with hematoxylin. Immunostaining by replacing primary antibody
with PBS was also conducted as a negative control.

Immunoelectronmicroscopy

Immunofluorescence flow cytometry

Anti-mouse IgG/colloidal gold (10 nm) was obtained from Beijing
Zhongshan Biotechnology Co. LTD. The liver ultrathin sections were
sequentially incubated with pan ras p21 antibody and the secondary
[14]
immunogold antibody using the procedures described by Yin et al .

Expression of oncogene proteins was quantitatively determined
[11]
as described by Zuo et al . Briefly, ~2 g of excised liver tissue
was immediately minced in 0.05% collagenase (type Ⅳ; Sigma)
and filtered through a 200 mesh stainless steel filter. A single-cell
suspension was prepared and fixed in 70% ethanol. After washing
with PBS, the cells were resuspended in a solution containing
0.1% Triton X-100 and 5% goat serum, in order to increase the
permeability of the cell membrane and to block the non-specific
binding sites of IgG. Antibodies, including pan ras (F132, a mouse
monoclonal IgG2b antibody), p53 (CM1, a rabbit polyclonal antibody)
and bcl-2 (N19, a rabbit polyclonal antibody) were purchased from
Santa Cruz Biotechnology Inc., United Kingdom. They were diluted
5
at 1∶100 and incubated with 10 cells respectively at 37 ℃ for 30
min. After washing twice, the cells were incubated with 100 μL of
species-specific secondary-FITC-IgG (Lot 9609; Military Medical
Academy) at 37 ℃ for 30 min. The negative control (omission of the
primary antibody) and the positive control (the rat hepatocarcinoma
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Statistical analysis

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

RESULTS
Expression of oncogene ras p21 was quantitatively detected by flow
cytometry. The fluorescence index indicated the potentiality of gene
product expression. Table 1 shows that the TAA-treated group with
2-mo administration of LPS presented the highest expression of ras
p21 despite their relatively low DNA content, reflecting the malignity
of hepatocarcinoma to a great extent. However, the group with the
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Table 2 p53 expression and hepatocarcinoma rate in the various study groups
Group
Sham
TAA control
TAA + LPS
TAA + ST
TAA + ST + LPS
CBRH-7919 cells

n
5
6
6
6
6
1

FI, x ± s
1
1.15 ± 0.067
1.32 ± 0.024a
1.22 ± 0.088a
1.29 ± 0.083a
1.35

% cells labeled, x ± s
32
22 ± 12
20 ± 8.2
25 ± 12
30 ± 14
9

Cases with positive ras p21 expression
1
6
6
6
6
1

DNA index, x ± s
0
17
33
50
67

a

P < 0.01 vs TAA control group; bP < 0.05 vs TAA + LPS group; cP < 0.01 vs TAA + ST group. CBRH-7919: rat hepatocarcinoma cell line.

Table 3 Expression of bcl-2 protein and percentage of cells in S and G2M phases
Group
Sham
TAA control
TAA + LPS
TAA + ST
TAA + ST + LPS
CBRH-7919 cells

N
5
6
6
6
6
1

FI, x ± s
1
0.96 ± 0.14
1.06 ± 0.07
1.12 ± 0.11
1.30 ± 0.09a, b, c
1.56

% cells labeled, x ± s
23
23 ± 6
37 ± 14
28 ± 14
25 ± 6
15

Cases with positive ras p21expression
1
4
6
6
6
1

DNA index, x ± s
25 ± 3.2
33 ± 4.7
35 ± 4.5
35 ± 7.7
45 ± 3.9a, b, c
30

a

P < 0.05 vs TAA control group; bP < 0.05 vs TAA + LPS group; cP < 0.05 vs TAA + ST group. CBRH-7919: rat hepatocarcinoma cell line.

Figure 1 Immunostaining of a rat malignant nodule with anti-p21 monoclonal IgG2b
antibody detected by the biotin-streptavidin method. Magnification × 10.

Figure 3 Immunostaining of a rat malignant foci with anti-bcl-2 polyclonal antibody detected
by the biotin-streptavidin method. Magnification × 40.

Figure 2 Immunostaining of a rat malignant foci with anti-p53 polyclonal antibody detected
by the biotin-streptavidin method. Magnification × 40.

Figure 4 Immunostaining of ultrastructure of a rat normal hepatocyte with anti-p21 IgG/
colloidal gold (φ 10 nm) antibody. Magnification × 2000

highest DNA content had an average value of fluorescence index
that was significantly decreased (P < 0.01) but a percentage of
labeled cells that was obviously increased (P < 0.01).
Similar to the results of ras p21 expression, the flourescence
index of the p53 tumor suppressor gene product was highest in the
TAA + LPS group (P < 0.01) and relatively higher in the TAA + ST +
LPS group (P < 0.05). However, the alteration in expression did not
correlate with the hepatocarcinoma rate (Table 2).
Unlike the results of p53 and ras p21, the expression of the bcl-2
protein was consistently correlated with DNA index (r = 0.93, P <
0.01) and the percentage of cells in S plus G-2M phases (r = 0.86,
P < 0.05). The rat hepatocarcinoma cell line CBRH-7919 was used
as a positive control of expression of oncogene product when the
samples of hepatocytes were analyzed by flow cytometry (Table 3).
Immunohistochemical analyses showed that immunostaining
for the ras p21 oncogene was mainly localized to the cytoplasm in
malignant cells and in dysplastic hepatocytes in the hyperplastic

nodules. It was noticed that expression of ras p21 was more
apparent in hepatocytes adjacent to neoplastic lesions than in
hepatic tumor tissues (Figure 1). The hyperexpression of p53 was
present in the nuclei of malignant hepatocytes (Figure 2), and bcl-2
protein was moderately expressed in some cytoplasm of neoplastic
foci (Figure 3).
Immunoelectronmicroscopy showed that in contrast to the
data presented in Figure 4, overexpression of ras p21 dominantly
occurred on the increased nuclear heterochromatin of malignant
hepatoma and secondarily on the endoplasmic reticulum adjacent to
the nuclear membrane (Figure 5).
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DISCUSSION
The proto-oncogene ras gene family (Ha-ras, Ki-ras and N-ras)
commonly exists in normal mammalian cells and its products
are involved in cell proliferation, metabolism, differentiation and
various signaling pathways. Here, the mutation-activated ras gene
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Figure 5 Immunostaining of ultrastructure of a rat malignant hepatocyte with anti-p21 IgG/
colloidal gold (φ 10 nm) antibody. Magnification × 2000.
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Figure 6 Relationship between hepatocarcinoma malignancy and expression of oncogene
proteins detected by immunofluorencence flow cytometry.

was found to be associated with hepatocarcinogenesis. It has
been reported that mutation of Ki-ras in codon 13 is present in
liver angiosarcoma of humans as well as animals exposed to vinyl
[4]
chloride . Activated Ha-ras has also been detected in spontaneous
[15]
hepatoma of the B6C3F1 mouse
and 2 amino 3 methyl[16]
imidazo quinolone-induced hepatocarcinoma in rat . However,
the mutation-activated N-ras oncogene has been demonstrated
frequently in hepatocarcinomas.
The p21 ras gene product plays a key role in cell transformation,
[17]
as indicated by its strong expression in preneoplastic cells ; thus, ras
p21 may be a biomarker for tumor diagnosis and prognosis. Our study,
[17,18]
along with others
, demonstrate oncogene ras p21 expression
as a early event of hepatocarcinogenesis, since its expression levels
do not correspond with nuclear DNA content. In contrast, we found
that p21 expression declines when the DNA content is increased
in the premalignant and malignant liver. Therefore, the inverse
correlation between the levels of ras p21 production and the severity
of liver cancerous lesions indicates that ras p21 is a potent trigger
for transformation of the hepatocyte phenotype and it is not crucial
for maintenance of the transformed cell phenotype. It is generally
accepted that members of the ras gene family, especially N-ras, are
[1,2,17,18]
“transforming genes” involved in initiation of carcinogenesis
.
Therefore, although we observed a high content of p21 protein in the
model system that occurred in response to additional administration of
LPS purified from E. coli, it is questionable whether LPS itself induces
overexpression of ras p21 or the property of preneoplastic hepatocytes.
The increased heterochromatin in the malignant hepatocytes showed
overexpression of ras p21, which may imply some mechanism of
hepatocarcinogenesis.
The 17-y history of research into the p53 tumor suppressor gene
has indicated that p53 protein is involved in gene transcription,
DNA synthesis and repair, genomic plasticity, and programmed cell
death. So it is not surprising that p53 is a functional component of
signaling pathways central to human carcinogenesis. Deactivation of
p53 causes loss of tumor suppressor function and gain of oncogenic
activity, and this dynamic represents one of the explanations for
pathogenesis of cell transformation. The genetic mutation of p53
and of some viral oncoproteins binding to the p53 protein can lead
to deactivation of p53 functions; for example, aflatoxin B1 induces
[19]
hepatocellular carcinoma by mutation at codon 249 of p53
and
HBV X protein binding to the p53 protein mediates p53 inactivation
and remains an important possible mechanism of primary
[20]
hepatocellular carcinoma lacking a p53 mutation . In addition,
some small carcinogen-DNA adducts, such as O6 methylguanin,
may cause DNA polymerase to misread the base pairing, and bulky
DNA adducts may render the bases unreadable, thereby increasing
[21]
errors during DNA replication .
The wild-type p53 protein exists in a very small quantity
and has a very short half-life in the cell nucleus, and these
two features complicate its detection by routine immunological
methods. Missense mutations often increase the half-life and
quantity of the p53 protein by 20-fold, so p53 overexpression
is a surrogate marker for missense mutation. Previous studies
have noted that alteration of the function of the p53 pathway
(via mutation or epigenetic inactivation) are associated with
aneuploidy and increased proliferative rates in ovarian, colorectal
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bcl-2

and gastric cancers, features which are also considered precursors
[22]
for tumor progression and poor prognosis ; however, some
authors have reported that changes in the levels of p53 protein
[23]
are not related to tumor differentiation . Our study showed that
a high content of p53 protein, as detected by flow cytometry and
immunohistochemistry, was present in the model system with
LPS treatment or in the hyperplastic nodules and malignant liver
lesions, but neither specifically related to endotoxemia levels nor
to malignancy. These findings suggested that the overexpression
of p53 protein was relatively associated with LPS challenge and to
both the early and late events of hepatocarcinogenesis, but the
precise mechanism remains unclear.
The bcl-2 proto-oncogene on chromosome 18 may normally
exert a regulatory function towards avoidance of cell apoptosis
(programmed cell death), mainly in tissues where apoptosis may
represent a specific control mechanism of cell turnover. Bcl-2
protein localized in mitochondria, endoplasmic reticulum and
nuclear membrane has been shown to contribute to neoplastic
[24]
cell expansion by blocking programmed cell death . Bcl-2
expression has been detected in hepatocarcinoma and other
solid tumors but appears to be absent in normal and dysplastic
[25]
hepatocytes . In normal liver, the majority of hepatocytes exist in
a state of proliferative quiescence (G0 phase), but can enter a cell
[26]
renewal compartment upon appropriate stimulation . Dysplastic
hepatocytes and regenerating hepatocytes in cirrhotic nodules have
failed to show bcl-2 protein expression, but some types of dysplasia
[27]
represent a precancerous lesion . Thus, bcl-2 expression seems
to be a relatively late event in hepatocarcinogenesis. In our study,
the data from flow cytometry analysis with an antibody specific
for bcl-2 protein indicated that expression of bcl-2 protein is
significantly correlated with malignity of hepatocarcinoma (r =
0.93, P < 0.01), which is in agreement with findings from other
[25-27]
studies
. On the other hand, the bcl-2 protein was also found
to be related to the percentage of hepatocytes in S and G2M
phases (r = 0.86, P < 0.05). Therefore, inhibition of apoptosis
may be one of the mechanisms of carcinogenesis as little is known
about the intracellular mechanisms underlying programmed cell
death. Unlike other oncogene proteins described in the literature
so far, bcl-2 acts in both S and G2M transitions and the potential
impact of bcl-2 functions seem to, in addition to protecting cells
from apoptosis, play a more complex role in morphogenesis,
differentiation and homeostasis.
It is generally accepted that there are multiple genes and
steps involved in carcinogenesis. The quantitatively analyzed data
obtained in the current study showing elevations of ras, p53, and
bcl-2 proteins in a mass of normal, premalignant and malignant
cells in rat liver, together with the immunohistochemstry data,
confirm the hypothesis that ras mainly contributes to neoplastic
transformation and bcl-2 to malignant progression, and with p53
contributing to several pathways during hepatocarcinogenesis.
Although endotoxemia was found to be significantly correlated
with the malignity or incidence of rat hepatocarcinoma, it was
not directly related to the overexpression of ras, p53 or bcl-2
proteins (maximum: r = 0.78, P > 0.05). Thus, it is suggested
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that expression of oncogene proteins may represent some of the
properties of the hepatocarcinoma itself (Figure 6).
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Somatostatin has been widely used as treatment for variceal
bleeding in patients with portal hypertension. However, the collective
research on the mechanisms of somatostatin therapeutic action
have not definitely determined whether the decreased splanchnic
blood flow and free portal venous pressure (FPP) result from
splanchnic vasoconstriction or decreased concentration of plasma
[1]
glucagon or both . The present study was designed to observe the
effects of a commonly used somatostatin analog, octreotide, on
splanchnic hemodynamics and concentration of plasma glucagon
using rat model systems of both intrahepatic portal hypertension
(IHPH) and prehepatic portal hypertension (PHPH) in order to
investigate the underlying mechanism.
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Abstract
AIM: To investigate the effects of somatostatin analog on splanchnic
hemodynamics and plasma glucagon level in portal hypertensive rats.

MATERIALS AND METHODS

METHODS: Twenty-eight male Sprague-Dawley rats were equally
divided into a intrahepatic portal hypertension (IHPH) model group
(n = 14, established by injection of CCl4) and a prehepatic portal
hypertension (PHPH) model group (n = 14, established by stenosis
of the portal vein). Animals in each group were subdivided into
an octreotide treatment (injection) group and a control (normal
saline injection) group. Seven age-matched unmodeled/untreated
normal rats served as controls. The mean systemic arterial pressure
(MSAP) and free portal venous pressure (FPP) were measured. The
splanchnic blood flow was detected by injection of toad blood red cell
51
125
labelled with Cr and I·T3. The concentration of plasma glucagon
was determined by radioimmunoassay.

Thirty-five male Sprague-Dawley rats, weighing 31.7 ± 15.8 g, were used
in the study. All animals were housed in an environmentally controlled
vivarium and allowed free access to a standard pellet diet and water.

IHPH modeling

Rats were given a subcutaneous injection of CCl4 (60% vol/vol in
mineral oil, at a dose of 0.3 mL/100 g body weight) every 4 days for
a total of 20 times. During the full modeling course, the rats were
allowed to drink 10% alcohol.

PHPH modeling

Rats were put under ether anesthesia and after surgically isolating
the portal vein a 7-gauge needle was placed alongside it. A ligature
was then tied snugly to the needle and the vein at a location
between the portal hepatic vein and the coronary vein. The needle
was then removed to yield a calibrated stenosis of the portal vein.

RESULTS: All rats with portal hypertension showed significantly
decreased splanchnic blood flow and FPP in response to octreotide
treatment, as well as markedly increased splanchnic vascular and
portal venous resistance. The octreotide treatment did not appear to
significantly lower the plasma glucagon levels in either the peripheral
or the portal veins.

Experimental and control treatment groups

Fourteen of the rats used in the IHPH and PHPH modeling (n = 7
each) were divided into two groups: octreotide (injection) treatment
and untreated (normal saline injection) control. In addition, 7 agematched unmodeled/untreated rats served as normal controls.

CONCLUSION: Octreotide induces a decrease in splanchnic blood
flow in rats with portal hypertension, and this effect results primarily
from direct vasoconstriction and to a lesser extent from decreased
plasma glucagon level.

Hemodynamics study

Key words: Portal hypertension; Octreotide; Glucagon; Splanchnic
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According to the method described by Zang et al , toad red
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Table 1 Effects of octreotide on splanchnic hemodynamics
Normal Cont
6.30 ± 0.5
2.50 ± 0.3
4.85 ± 0.4
26.68 ± 2.1
1.72 ± 0.2
1.46 ± 0.3

THBF, mL/min/100 g BW
THBF, mL/min/g LW
PVI, mL/min/100 g BW
SVR, mmHg·min/mL·100 g BW
PVR, mmHg·min/mL·100 g BW
PSS, %

IHPH Cont
5.86 ± 0.9
1.61 ± 0.3a
7.03 ± 0.7a
15.86 ± 2.3a
2.01 ± 0.3a
34.29 ± 11.7a

IHPH Thera
4.53 ± 0.9c
1.37 ± 0.3a
5.85 ± 0.6c
20.64 ± 2.8c
1.95 ± 0.2a
38.77 ± 11.2a

PHPH Cont
2.80 ± 0.3a
1.17 ± 0.2ae
7.86 ± 0.4ae
12.84 ± 1.0a
1.76 ± 0.1e
94.4 ± 1.3ae

PHPH Thera
2.12 ± 0.4e
0.09 ± 0.2ae
5.38 ± 0.6ca
19.88 ± 2.4ca
2.20 ± 0.3c
87.7 ± 4.5

P < 0.05 vs unmodeled/untreated normal controls; cP < 0.05 vs control group; eP < 0.05 vs the IHPH control group.
Cont: Control; Thera: Therapy; THBF: Total hepatic blood flow; PVI: Portal venous inflow; SVR: Splanchnic vascular resistance; PVR: Portal venous resistance; PSS: Portosystemic shunt.
a

51

125

RESULTS AND DISCUSSION

blood cells labelled with Cr and
I·T3 were prepared for use
in hemodynamics study. The study was carried out at 2 wk
after creation of the portal hypertension. Briefly, the modeled
rats were fasted, but allowed access to water, for 18 h prior to
experimental use. Following anesthetization with pentobarbital
sodium (30 mg/kg, intra-abdominal injection), the rats were
placed on a heated surgical table in a supine position with rectal
temperature maintained at 37 ± 0.5 ℃. The left femoral vein was
dissected and cannulated with a PE-50 catheter for octreotide and
normal saline injection. The right femoral artery was dissected
and cannulated with a PE-50 catheter for mean systemic arterial
pressure (MSAP) measurement and blood collection. A PE-50
catheter was also introduced into the right carotid artery and then
into the left ventricle for injecting toad red blood cell labelled with
radioisotope. Ten minutes after all procedures were completed,
MSAP was measured. The zero reference point was placed 1 cm
above the operating table, and the PE-50 catheter was connected
to a transducer for continuous monitoring of MSAP. The octreotide
treatment group of rats received an injection of 25 μg/kg body
weight in 0.2 mL normal saline into the femoral vein followed
by a 30-min infusion delivered at a rate of 0.02 mL/min. The
untreated control group received an injection of normal saline
that was administered intravenously. MSAP was measured at 1
and 30 min after the octreotide or normal saline administration.
Subsequently, 0.3 mL of toad red blood cells labelled with 1-Cr
was injected into the left ventricle over a duration of 20 s. A
reference blood sample was drawn from the femoral artery at a
rate of 1 mL/min for a duration of 10 s prior to and at 60 s after
the injection of the radioactive toad red blood cells. A midline
incision was then made and the spleen was gently taken out of the
abdomen and injected with 0.5 mL of toad red blood cells labelled
125
with
I·T3 over a duration of 10 sec. After the puncture point
bleeding was controlled by local pressure, the spleen was placed
back into the abdominal cavity. Five minutes later, the main trunk
of the portal vein was dissected. FPP was measured by inserting
a heparin solution-filled 4-gauge needle connected to a catheter
going directly into the portal vein and which was connected to an
IVAC560 transducer for venous pressure measurement. Blood
samples (1.5 mL) were drawn from both the portal vein and the
carotid artery to determine the concentrations of plasma glucagon.
Animals were then sacrificed by an intra-arterial bolus of saturated
10% KCl solution. All abdominal organs including the liver, spleen,
pancreas, stomach, small and large intestine, and mesentery, as
well as the lung, were removed and weighed. These organs were
cut into small fractions for measurement of radioactivity.

Effects of octreotide on MSAP and FPP

The initial MSAP in PHPH and IHPH rats was lower than that in the
unmodeled/untreated normal control rats (111.1 ± 2.6 mmHg and
126.9 ± 6.6 mmHg vs 137.3 ± 9.8 mmHg). In addition, the initial MSAP
of the PHPH rats was significantly lower than that of the IHPH rats (P <
0.05). Octreotide treatment had no effects on MSAP. FPP in IHPH and
PHPH rats was higher than that in the unmodeled/untreated normal
control rats (14.01 ± 0.56 mmHg and 13.79 ± 0.31 mmHg vs 8.37 ±
0.10 mmHg). Octreotide treatment decreased FPP in both the IHPH rats
(11.29 ± 0.64 mmHg) and PHPH rats (11.70 ± 0.36 mmHg).

Effects of octreotide on splanchnic hemodynamics

Table 1 presents the effects of octreotide on splanchnic
hemodynamics. Portal venous inflow (PVI) of the IHPH and PHPH
rats was significantly increased as compared with that of the
unmodeled/untreated normal rats, indicating hyperhemodynamics
in portal hypertension. Octreotide markedly reduced PVI in
both the IHPH and PHPH rats (P < 0.05). Splanchnic vascular
resistance (SVR) in the IHPH and PHPH rats was much lower
than that in unmodeled/untreated normal rats (P < 0.05), and
octreotide increased SVR in both; however, the changes in SVR in
the IHPH rats were not significantly different from the SVR in the
unmodeled/untreated normal rats while the SVR in the PHPH rats
was still lower than that of unmodeled/untreated normal ones.
Portal venous resistance (PVR) was significantly increased in the
IHPH rats (P < 0.05) but showed no change in the PHPH rats,
fitting with the observation of the magnitude of portosystemic
shunt (PSS) being much higher in the PHPH rats than in the IHPH
rats. However, FPP of the PHPH rats was still higher than that of
the unmodeled/untreated normal rats, possibly related to both
the increased PVI and collateral resistance observed in the PHPH
rats. The octreotide treatment led to significantly increased PVR in
the PHPH rats (P < 0.05). PSS was 34.29% ± 11.72% and 94.4%
± 1.3% in the IHPH and PHPH rats, respectively. The magnitude
of PSS was much greater in the PHPH rats than in the IHPH rats.
However, the octreotide treatment produced no effects on PSS in
either the IHPH or the PHPH rats.

Effects of octreotide on splanchnic blood flow

Table 2 presents the effects of octreotide treatment on splanchnic
blood flow. Blood flow of the stomach, small and large intestines,
mesentery and pancreas was markedly increased in both the
IHPH and PHPH rats as compared with the unmodeled/untreated
normal rats. Furthermore, the splanchnic blood flow was increased
to a greater extent in the PHPH rats than in the IHPH rats. Due to
splenomegaly in the IHPH and PHPH rats, the blood flow/1 g spleen
weight was not significantly different in the IHPH rats, the PHPH
rats and the unmodeled/untreated normal rats, and the hepatic
artery flow (HAF)/1 g liver weight in the IHPH rats was lower than
that in the unmodeled/untreated normal rats (P < 0.05). In the
PHPH rats, HAF was greater than that in the unmodeled/untreated
normal rats because of the hepatotrophy in the former. The ratio
of liver weight to body weight in the PHPH rats was only decreased
by 5:2% when compared with that of the unmodeled/untreated
normal rats (2.40% ± 0.21% vs 2.53% ± 0.11%). However, the
HAF/1 g liver weight was increased by 70.7% in PHPH rats when
compared with that in the unmodeled/untreated normal rats (0.99

Determination of plasma glucagon concentrations

The blood samples were placed into chilled collection tubes
5
containing EDTA (25 g/L) and aprotinin (5 × 10 U/L) and
immediately centrifuged (2400 × g for 20 min) at 4 ℃; the
separated plasma was stored at -40 ℃ until use for determination
of glucagon concentration by radioimmunoassay with a specific
antibody for glucagon (DPC, United States).

Statistical analysis

All values are expressed as x ± s. Variance analysis and Student’
s t-test were conducted to assess the significance of between and
within group differences using SAS statistical software. Statistical
significance was indicated by P < 0.05.
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Table 2 Effects of octreotide on splanchnic blood flow (mL•g•min)
Normal Cont
0.59 ± 0.1
1.36 ± 0.1
0.84 ± 0.1
0.98 ± 0.4
0.58 ± 0.1

Stomach
Intestine and mesentery
Pancreas
Spleen
Liver

IHPH Cont
0.76 ± 0.2a
1.65 ± 0.1a
0.97 ± 0.1a
0.78 ± 0.2
0.38 ± 0.1a

IHPH Thera
0.59 ± 0.1c
1.11 ± 0.1ac
0.62 ± 0.1c
0.46 ± 0.2ac
0.28 ± 0.1ac

PHPH Cont
0.71 ± 0.1a
1.83 ± 0.2a
1.27 ± 0.2a
0.96 ± 0.2
0.99 ± 0.1ae

PHPH Thera
0.53 ± 0.1c
1.21 ± 0.1ac
1.01 ± 0.2c
0.72 ± 0.2c
0.62 ± 0.1c

a

P < 0.05 vs unmodeled/untreated normal controls; cP < 0.05 vs control group; eP < 0.05 vs the IHPH control group.

± 0.14 mL vs 0.58 ± 0.12 mL). These results indicate that, due to
the decrease of portal blood flow, HAF compensatorily increased in
the PHPH rats. The octreotide treatment significantly decreased PVI in
both the IHPH and PHPH rats, and decreased the HAF/1 g liver weight
by 26.3% in the IHPH rats (0.28 ± 0.1 mL vs 0.38 ± 0.7 mL) and by
37.4% in the PHPH rats (0.99 ± 0.14 mL vs 0.62 ± 0.14 mL).

the portal hypertension condition. However, the octreotide-induced
decrease in plasma glucagon levels in the peripheral and portal
veins did not reach statistical significance for either the IHPH rats or
the PHPH rats.
In summary, the results of the present study demonstrate that
octreotide significantly decreases PVI and HAF and increases SVR and
PVR in rats with IHPH and PHPH. However, the octreotide-induced
reduction in plasma glucagon concentrations in both the peripheral and
portal veins did not reach statistical significance. These data suggest
that the reduction of splanchnic blood flow produced by octreotide
predominantly results from direct vasoconstriction, whereas the
decrease of plasma glucagon levels is less important. However, the
octreotide treatment was unable to produce a decrease in either PVI or
FPP to normal levels in the portal hypertensive rat models, indicating
that other factors in addition to glucagon may be responsible for the
increased splanchnic blood flow in portal hypertension.

Effects of octreotide on the concentration of plasma glucagon
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Table 3 Effects of octreotide on plasma glucagon levels (ng/L)
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IHPH Cont
IHPH Thera
PHPH Cont
PHPH Thera

Peripheral Vein
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40.12 ± 14.6a
69.82 ± 17.2a
50.08 ± 7.6a
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44.25 ± 6.1
180.25 ± 31.2a
140.96 ± 41.9a
143.60 ± 25.6a
106.33 ± 37.9a

a

P < 0.05 vs unmodeled/untreated normal controls.

Table 3 presents the effects of octreotide on the concentrations of
plasma glucagon. The IHPH and PHPH rats showed significantly
higher concentrations of plasma glucagon in both the peripheral
and portal veins as compared with that in the unmodeled/untreated
normal rats (P < 0.05), indicating hyperglucagonemia as part of
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phenylephrine (37.2 ± 0.4 nmol/L vs control rings: 28.1 ± 0.2 nmol/L,
P < 0.01). After preincubation of rings with L-NNA, the difference
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in EC values between portal hypertensive and control rings was
no longer statistically significant for either KCl (20.18 ± 0.8 mmol/
L vs 19.4 ± 1.2 mmol/L, P > 0.05) or phenylephrine (22.4 ± 1.8
nmol/L vs 21.8 ± 1.4 nmol/L, P > 0.05). However, the maximal
concentrations of KCl and phenylephrine for inducing contractions
were still significantly lower in the portal hypertensive rings (1.08 ±
0.1 g and 1.43 ± 0.14 g) than in the control rings (1.21 ± 0.11 g and
1.72 ± 0.11 g respectively, both P < 0.05). Thus, addition of the NO
synthase inhibitor L-NNA could partially restore contractile responses
to KCl and phenylephrine in portal hypertensive rings.
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CONCLUSION: NO overproduction inhibits the vascular reactivity
to vasoconstrictors, and it might be one of the main causes of
vasodilatation and hyperdynamic circulatory status in portal
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AIM: To evaluate the relationship between nitric oxide (NO) and
hyperdynamic circulatory status in portal hypertension.
METHODS: Twenty male Sprague Dawley rats (weighing 200 ±
20 g) were randomized into two groups: portal hypertension group
(n = 12) and sham-operated control group (n = 8). The portal
hypertensive model was established by means of graded constriction
of the portal vein. The concentrations of nitrite (NO 2) in the portal
vein and peripheral blood were measured by fluorometric assay to
reflect NO levels. The reactivity of isolated abdominal aortic rings
from rats with partial portal vein constriction and controls was
determined by assessing response to administration of potassium
-9
-4
chloride (KCl) (10–80 mmol/L) and phenylephrine (10 -10 mol/L)
with or without preincubation with NO synthase inhibitor Nω-nitro-Larginine (L-NNA).

INTRODUCTION
Mechanisms of portal hypertension are complicated. In addition,
circulatory abnormalities may affect the portal venous systemic
circulation regardless of the presence or absence of defective liver
structure and function. Hyperdynamic circulation can perpetuate
and aggravate portal hypertension, possibly resulting in a series of
[1]
grave cardiovascular and non-cardiovascular complications . In
recent years, nitric oxide (NO), a newly identified neurotransmitter,
cell-killing factor and cellular messenger molecule, has attracted
the attention of biologists and medical workers. Evidence has
shown that NO plays an important role in cardiovascular function
and is involved in the physiology of vascular tone, blood flow
velocity and vascular resistance. Recent studies have also
indicated that NO is involved in the pathophysiology aof portal
[2]
hypertension .
In order to evaluate the relationship between NO and
hyperdynamic circulation in portal hypertension, we used rats with
partial portal vein constriction and rats that were sham-operated
(controls) to investigate the reactivity of isolated vascular rings to
potassium chloride (KCl) and to phenylephrine with or without preexposure to the NO synthetic inhibitor Nω-nitro-L-arginine (L-NNA).
We determined that the serum concentrations of NO 2 detected by

RESULTS: Serum concentrations of NO-2 in the portal vein blood
(0.766 ± 0.097 μmol/L) and peripheral blood (0.687 ± 0.092 μmol/
L) were elevated in portal hypertensive rats, as compared with the
concentrations in controls (0.613 ± 0.084 μmol/L and 0.591 ± 0.045
μmol/L respectively, both P < 0.01). In addition, the rates of NO 2
in portal vein blood were markedly higher than those in peripheral
blood (P < 0.05) in the portal hypertensive rats. Abdominal aortic
rings from rats with portal vein constriction exhibited significantly
impaired contractility to phenylephrine and KCl, as compared with
50
the control rats. The EC values of KCl were markedly higher in the
portal hypertensive rings (26.5 ± 0.9 mmol/L) than in the control
50
rings (22.3 ± 1.7 mmol/L, P < 0.01), as were the EC values of
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Table 1 Baseline values in rats with portal hypertension and sham-operated
control rats
Parameter
Body weight (g)
PVP (kPa)
Serum Na+ (mmol/L)
Serum K+ (mmol/L)
ALT (U/L)
Albumin (g/L)
A/G
b

Portal hypertension (n = 11)
208 ± 17
1.644 ± 0.142b
135 ± 1b
4.1 ± 0.2
147.6 ± 38.4
16.43 ± 4.12
0.64 ± 0.04

Table 2 Serum levels of NO 2 in rats with portal hypertension and sham-6
operated control rats (x ± s, ×10 mol/L)

Control (n = 8)
201 ± 21
1.034 ± 0.113
141 ± 2
4.3 ± 0.2
141.7 ± 53.3
17.21 ± 3.84
0.66 ± 0.08

Group
PH
Control

n

Portal vein
0.766 ± 0.097ac
0.613 ± 0.084

11
8

Peripheral vein
0.687 ± 0.092a
0.591 ± 0.045

a

P < 0.05 vs control; cP < 0.05 vs peripheral vein blood.

Table 3 Physical characteristics of aortic rings from rats with portal
hypertension and sham-operated control rats (x ± s)

P < 0.01 vs control.

Parameter
ED (mm)
Length (mm)
Weight (mg)

fluorometric analysis reflect NO levels. The results of this study
provide new insights that may help towards developing new
treatments of portal hypertension.

Portal hypertension
1.51 ± 0.04
3.09 ± 0.04
1.59 ± 0.08

Control
1.49 ± 0.03
3.05 ± 0.07
1.54 ± 0.08

ED: External diameter.

MATERIALS AND METHODS
can be measured by a spectrofluorometer and used to indicate
NONO 2 content. To quantitate NO 2, we first made a standard curve
-7
-7
-6
by putting 100 μL aliquots of 0, 3.2 × 10 , 6.4 × 10 , 1.28 × 10 ,
-6
-6
-6
-6
1.92 × 10 , 2.56 × 10 , 3.2 × 10 and 3.84 × 10 -mol/L NaNO2
into 5 mL test tubes, and then adding 10 μL of DAN-HCl solution,
mixing well and allowing to react for 10 min at 20 ℃. The reaction
was stopped by adding 5 μL of 2.8 mol/L NaOH. Double-distilled
water was then added to bring the final volume up to 3 mL, and
the fluorescence intensity was measured at Ex365nm, Em420nm
(RF-5000 Spectrofluorometer, Japan). Finally, the standard curve
of fluorescence intensity versus the concentration of NaNO2 was
generated. To measurement the concentration of serum NO 2, 200
μL aliquots of serum were placed in test tubes and mixed with 200
μL chloroform. After standing for 5 min, each tube was centrifuged
for 15 min at 3500 r/min. The resultant supernatant was then mixed
with 20% of its volume of 20% sodium sulfosalicylate to remove
proteins. After centrifuging for 15 min at 3500 r/min, 100 μL of the
resultant supernatant was mixed with 50 μL of 0.01 mol/L EDTA and
then 40 μL of DAN-HCl solution was added. After reacting at 20℃
for 10 min, 5 μL of 2.8 mol/L NaOH was added to stop the reaction.
Double-distilled water was added up to a final volume of 3 mL, and
the fluorescence intensity was measured. The concentration of NO 2
was calculated from the standard curve.

Animal model

Twenty male Sprague-Dawley rats (weighing 200 ± 20 g) were
randomized into two groups: the portal hypertension model group
(n = 12) and the sham-operated control group (n = 8). The portal
hypertensive model was established by means of graded constriction
of the portal vein. Specifically, after the rats were anesthetized
with ketamine hydrochloride (0.15 mg/100 g, intra-abdominal),
the portal vein was isolated and a stenosis was created by means
of a single ligature (3-0 silk) placed around both the portal vein
trunk and a needle (blunt, external diameter 0.8 mm). Removal of
the needle facilitated production of a consistent extrahepatic portal
hypertension. The sham operation consisted of dissection and visual
inspection of the portal vein.

Sample preparation

Two weeks after the surgeries, the animals were re-anesthetized
and portal venous pressure was measured. Blood samples from
the portal vein and abdominal vein (2.0-3.0 mL) were obtained
by direct puncture and centrifuged at 3000 rpm for 10 min to
separate the serum. The serum samples were then stored at -40
℃ for subsequent detection of NO-2. Whole blood samples (1.5 mL)
were also obtained for other assays to detect serum electrolytes
and markers of liver function. The abdominal aorta was dissected,
placed in oxygenated Krebs solution, stripped of all fatty tissues and
adventitia, and then cut into 3 mm rings. the length and external
diameter of which were measured.

Statistical analysis

Dose-response contraction curves were made with the experimental
50
data. The EC values and the Rmax were calculated from each
dose-response contraction curve by means of a non-linear
50
regression method with a curve-fitting program. Rmax and EC
values were averaged and the results were assessed statistically
using either the paired or unpaired Student’s t-test as appropriate.
The data of NO 2 were analyzed with Student’s t-test, and the results
are presented as mean ± SEM. Statistical significance was set at a P
level of 0.05 or less.

Observation of vascular reactivity

The prepared rings from both groups of animals were mounted
horizontally between two stainless-steel stirrups in individual organ
bath chambers filled with 10 mL of modified Krebs solution (mmol/
L concentrations: NaCl 118.3, KCl 14.7, NaHCO3 25, MgSO4 1.2,
KH2PO4 1.2, CaCl2 2.5, glucose 11.1, and EDTA 0.026, pH 7.4)
and constantly bubbled with a mixture of 95% O2 and 5% CO2
and maintained at 37 ℃. After 60 min of equilibration, the rings
were allowed to adjust gradually with 30 mmol/L KCl until the
optimal resting tension was obtained. All the experiments were the
performed on the rings in the optimal resting tension, which was
approximately 1.5 g. The contraction responsiveness to cumulative
additions of KCl (10, 20, 30, 40, 50, 60, 70 and 80 mmol/L) and
-9
-8
-7
-6
-5
phenylephrine (10 , 10 , 10 , 10 , 10 and 10 4 mol/L) were
measured with force displacement transducers (JZ-BK) and recorded
with a multichannel paper recorder (XWTD464). The rings were
then washed and equilibrated for 30 min, and then preincubated for
-5
30 min with 10 mol/L of the specific NO biosynthesis inhibitor L-NNA.
Contraction responses were evoked and measured with the range
of cumulative concentrations of KCl and phenylephrine listed above
in the presence of L-NNA. At the end of the experiments, the rings
were weighed.

RESULTS
All the animals survived the modeling and sham operations and
subsequent experimental course, except for one. No rats in the
control or portal hypertensive model group showed any appreciable
alteration in hepatic histology. Body weight, age, serum electrolytes,
liver function and portal venous pressure are shown in Table 1. No
differences were found between the partial portal vein constricted
and control rats for the parameters of body weight, age, serum
potassium, alanine aminotransferase (ALT) and albumin. However,
compared with the controls, the portal hypertensive rats showed
marked hyponatremia and elevated portal venous pressure (both P
< 0.01).
Serum NO 2 levels are shown in Table 2. Serum concentrations
of NO 2 in portal vein blood (0.766 ± 0.097 μmol/L) and peripheral
blood (0.687 ± 0.092 μmol/L) were markedly elevated in the portal
hypertensive rats, as compared with the levels in controls (0.613
± 0.084 μmol/L and 0.591 ± 0.045 μmol/L respectively, P <0.05).
The level of NO 2 in portal vein blood of portal hypertensive rats

Quantification of NO-2
-

In principle, NO 2 can react with 2, 3-diaminonathalen (DAN) in acid
solution and produce a fluorescent substance, the intensity of which
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Table 4 Rmax and EC
treatment (x ± sx-)

values for KCl and phenylephrine in aortic rings from rats with portal hypertension and sham-operated control rats with and without L-NNA

Agent

EC

KCl (mmol/L)
PH
Control
PE (× 10-8 mol/L)
PH
Control
b

50

Maximal contractions (g)

Untreated

L-NNA

Untreated

L-NNA

26.5 ± 0.9ba
22.3 ± 1.7a

20.2 ± 0.8
19.4 ± 1.2

0.72 ± 0.05ba
0.98 ± 0.05a

1.08 ± 0.1b
1.21 ± 0.11

1.04 ± 0.08ba
1.34 ± 0.39a

1.43 ± 0.14a
1.72 ± 0.11

3.72 ± 0.4ba
2.81 ± 0.2b

2.24 ± 0.18
2.18 ± 0.14

P < 0.01 vs control; aP < 0.05 vs L-NNA.

Control
PH + L-NNA

1.2

PH

1.4
1.2
Tension (g)

Tension (g)

Control + L-NNA
PH + L-NNA

1.6

PH

1.0
0.8
0.6
0.4

1.0
0.8
0.6
0.4

0.2
0

Control

1.8

Control + L-NNA

1.4

0.2
10

20

30

40

50

60

70

0

80

0

-9

-8

-7

-6

-5

-4

Phenylephrine (logM)

KCl (mmol/L)

Figure 1 Dose response contraction curves for KCl in the presence of 10-5 mol/L L-NNA in
control and portal hypertensive abdominal aortic rings.

Figure 2 Dose-response contraction curves for phenylephrine in the presence of 10-5 mol/L
L-NNA in control and portal hypertensive abdominal aortic rings.

was significantly higher than that in peripheral blood (P < 0.05).
The physical parameters of the aortic rings are shown in Table 3.
The aortic rings of the portal hypertensive rats and the control rats
showed no differences in external diameter, length or weight (P >
0.05).

and the control rats (21.8 ± 1.4 nmol/L, P > 0.05). The maximal
contractions were still lower in the portal hypertensive rings (1.43 ±
0.14 g) than in the control rings (1.72 ± 0.11 g, P < 0.05) (Table 4).

Contractile responses of abdominal aortic rings to KCl

NO is synthesized from L-arginine by the enzyme NO synthase
(NOS). There are two different types of NOS; the constitutive from
(cNOS) is dependent on calcium and calmodulin for its activity, while
the inducible from (iNOS) has no calcium or calmodulin requirement.
cNOS is continuously present in the internal surface of the
endothelial cell membrane, but iNOS represents a newly synthesized
enzyme that is expressed in response to specific stimuli of endotoxin
and cytokines in serial cell types, including vascular endothelium,
[3]
vascular smooth muscle cells, hepatocytes and macrophages .
To date, no ideal technique is available to detect the NO content
in tissues. The metabolic products of NO 3/NO 2 are used to assess
the NO level indirectly. The Griees reaction has been widely applied
to measure NO 2, and it is relatively simple but its sensitivity is
[4]
low . In the present study, a new fluorometric analysis assay was
developed and used to detect serum content of NO 2. Because NO 2
plus 2, 3-diaminonaphthalene make a kind of fluorescent substance
of 1-(H)-naphthotriazole, and the detection of the fluorescence
intensity can reflect NO 2 levels, the sensitivity of detection was
markedly improved. The results of this study showed that serum
levels of NO 2, especially those in portal vein blood, were elevated in
rats with partial portal vein constriction, as compared with those in
sham-operated controls. These findings indicated that there was an
increased production of NO in portal hypertensive rats.
NO is an important regulator of systemic and local hemo
dynamics in physiological conditions, and is involved in the
physiology of vascular tone, blood flow, velocity and vascular
resistance. The mechanisms underlying these processes involve NO
diffusion into the vascular smooth muscle cell, where it activates
soluble guanylate cyclase and generates a subsequent increase in
cGMP to cause relaxation of the vascular smooth muscle by binding
of free intracellular calcium. Patients and experimental animals
with portal hypertension reportedly present with hyperdynamic
circulatory dysfunction characterized by splanchnic and systemic

DISCUSSION

Contractile responses to KCl were attenuated in rings from the
portal hypertensive rats, as compared with those from the control
rats, as evidenced by the dose response curves being shifted to the
50
right (Figure 1). The EC values were markedly higher in the aortic
rings from the portal hypertensive rats (26.5 ± 0.9 mmol/L) than
in those of the control rats (22.3 ± 1.7 mmol/L, P < 0.01). Maximal
contraction was significantly diminished in the aortic rings of the
portal hypertensive rats (0.72 ± 0.05 g), as compared with those
of the control rats (0.98 ± 0.05 g, P < 0.01). After preincubation of
-5
the rings with L-NNA (10 mol/L), the KCl-induced contractile curves
were shifted to the left (compared with those made in the absence
of L-NNA) for both the portal hypertensive and control rings. The
50
difference in EC values of the aortic rings was no longer statistically
significant between the portal hypertensive rats (20.18 ± 0.8 mmol/
L) and the control rats (19.4 ± 1.2 mmol/L, P > 0.05). However, the
maximal KCl-induced contractions were still lower in the aortic rings
from the portal hypertensive rats (1.08 ± 0.18 g) than in those from
the control rats (1.21 ± 0.11 g, P < 0.05) (Table 4).

Contractile responses of abdominal aortic rings to phenylephrine

Phenylephrine induced contractile curves were shifted to the right
for the aortic rings from the portal hypertensive rats (Figure 2).
The EC50 values were markedly higher for the aortic rings from the
portal hypertensive rats (37.2 ± 4 nmol/L) than those from the
control rats (28.1 ± 2 nmol/L, P < 0.01). Maximal contractions were
markedly lower in the aortic rings from the portal hypertensive rats
(1.04 ± 0.08 g) than in those from the controls (1.34 ± 0.39 g, P
-5
< 0.01). After the rings were preincubated with L-NNA (10 mol/L),
the phenylephrine-induced contractile curves were shifted to the
left for both portal hypertensive and control rings (Figure 2). The
difference in EC50 values of the aortic rings was no longer statistically
significant between the portal hypertensive rats (22.4 ± 1.8 nmol/L)
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[5]

in animal models of portal hypertension with and without
[7,8]
cirrhosis . Whether the up-regulation of cNOS and subsequent
NO overproduction is a primary or secondary event in the arteriolar
vasodilation in portal hypertension could not be ascertained.
[3]
Shear stress has been shown to be a powerful stimuli of cNOS ;
therefore, overproduction of NO could be consequent to shear
stress and other factors related to the hyperkinetic circulation. NO
overproduction by endothelial cells would amplify and perpetuate
arteriolar vasodilation. The effective inhibition of cNOS may reverse
hyperdynamic circulation.

arterial vasodilation . The pathogenesis of arterial vasodilation
correlated with NO overproduction in portal hypertension. These
findings collectively suggest that NO is an important mechanism
of the hyperkinetic circulation associated with prehepatic portal
hypertension.
L-NNA is an L-arginine analog, and competitively inhibits the
activity of both iNOS and cNOS, subsequently attenuating NO
[6]
release . Our study found reduced contractile responses to both
KCl and phenylephrine in abdominal aortic rings from partial portal
vein constricted rats as compared with those from the sham-5
operated controls. Addition of the NOS inhibitor L-NNA (10 mol/L)
significantly increased the contractility to KCl and phenylephrine in
both the control and portal hypertensive rings, but the contractile
responses increased proportionally more in the portal hypertensive
aortic rings than in the control rings in the presence of L-NNA.
However, the difference in EC 50 values between the portal
hypertensive and the control groups lost significance. These results
suggest that vascular endothelium produces and releases some
NO to maintain vasodilation under normal circumstances, while
overproduction of NO in portal hypertensive vascular endothelium
inhibits the vascular contractile response to KCl and phenylephrine.
However, although the maximal KCl and phenylephrine-induced
contractions were increased in rings from both portal hypertensive
rats and control rats in the presence of L-NNA, the maximal
contractions were still significantly lower in the portal hypertensive
rings than those of the control rings. Thus, other factors, such as
alteration in vascular smooth muscle, may play an important role
in the pathogenesis of vasodilation and hyperdynamic circulation in
portal hypertension.
The mechanism of increased vascular production of NO in
rats with partial portal vein constriction cannot be shown from
this study. The likely explanation is up-regulation of cNOS in the
vascular endothelium, because iNOS is not expressed in isolated
vessels which are not able to be stimulated by endotoxin and
cytokines. In fact, increased cNOS activity has been reported by
measuring NOS activity directly in homogenized blood vessels
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Plasma D (-)-lactate as a new marker for diagnosis of acute intestinal
injury following ischemia-reperfusion
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the mucosal barrier resulting in increased plasma D (-)-lactate levels
in both portal and systemic blood. The subsequent reperfusion might
further increase D (-)-lactate levels, which are correlated to the
macropathological alterations. Plasma D (-)-lactate may be a useful
marker of intestinal injury following both ischemia and reperfusion
insults.

Yong-Ming Yao, Yan Yu, Ye Wu, Lian-Rong Lu, Zhi-Yong Sheng, Department
of Immunology, Burn Research Institute, Chinese PLA 304th Hospital, Beijing
100037, China
rd
Ye Wu, Department of Surgery, Chinese PLA 223 Hospital, Yanji 133000, Jilin
Province, China

Yong-Ming Yao, was granted post doctor certification in 1995, Austria,
Member of the New York Academy of Sciences, European Shock Society, and
International Society for Burn Injuries, having 58 papers in Chinese and 51
articles in English published.

Key words: D (-)lactate; Endotoxin; Intestinal injury; Reperfusion
injury

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Author contributions: All authors contributed equally to the work.
Supported by Grants from the Medical Science Council of Chinese PLA (No.
96Q116) and from the Lorenz Boehler Fund, Austria

Yao YM, Yu Y, Wu Y, Lu LR, Sheng ZY. Plasma D (-)-lactate as a new marker
for diagnosis of acute intestinal injury following ischemia-reperfusion. World J
Gastroenterol 1997; 3(4): 225-227 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v3/i4/225.htm DOI: http://dx.doi.org/10.3748/wjg.
v3.i4.225

Original title: China National Journal of New Gastroenterology (1995-1997)
renamed World Journal of Gastroenterology (1998-).
Correspondence to: Dr. Yong-Ming Yao, Department of Immunology, Burn
Research Institute, Chinese PLA 304th Hospital, Beijing 100037, China
Telephone: +86-10-66813129-41394

INTRODUCTION
Major trauma and shock may initiate a cascade of events leading to
sepsis with subsequent multiple organ failure. Gut mucosal barrier
dysfunction is assumed to play an important role in causing the
[1]
septic process . From our and other studies, it has been suggested
that enteric organisms and/or their toxins might translocate across
the intestinal mucosa, entering the systemic circulation via the
lymphatic or portal systems and resulting in the development of
remote organ damage in animals and patients with shock following
[1-3]
hemorrhage, trauma, or burns .
The intestine is one of the most sensitive tissues to ischemiareperfusion injury. Reperfusion of the intestine is often associated
with increased mucosal permeability and ulceration. Mucosal
injury has been assessed either morphologically or by measuring
the permeability of the mucosal barrier to small or large solutes;
however, there exists no reliable serum marker for the early
diagnosis of acute intestinal insult in clinical practice.
D (-)-lactate is produced by indigenous bacteria found in the
gastrointestinal tract, and mammals do not possess the enzyme
[4]
systems to rapidly metabolize it . Therefore, an increase in
D (-)-lactate might reflect an efflux of bacteria and/or their
products into circulation as a result of mucosal injury. Recently,
a report was published showing that serum D (-)-lactate was
increased in animal models of acute intestinal ischemia and
[5]
simple obstruction ; yet, it remains unclear whether this process
is associated with a significant dysfunction in mucosal barrier
following reperfusion.
The present study was designed to determine the kinetics of
plasma D (-)-lactate changes, and to examine whether D (-)-lactate
levels are correlated to intestinal damage in rats caused by acute
intestinal ischemia-reperfusion injury.
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Abstract
AIM: To observe the kinetics of D (-)-lactate alteration in both portal
and systemic circulation systems, and its relationship with intestinal
injury in rats subjected to acute intestinal ischemia-reperfusion.
METHODS: Anesthetized rats underwent a 75-min superior
mesenteric artery occlusion followed by a 6-h reperfusion. Plasma D
(-)-lactate levels were measured by an enzymatic spectrophotometric
assay.
RESULTS: Intestinal ischemia for 75 min resulted in a significant
elevation of D (-)-lactate levels in the portal vein, as compared
with the baseline values (P < 0.05). Plasma D (-)-lactate levels
had a tendency to further increase after reperfusion, up to 6 h.
Similar alterations in D (-)-lactate were also found in systemic
circulation, and there were no significant differences between the
portal and systemic circulations at any time point. Moreover, the
macropathological evaluation scores were significantly correlated
to the portal D (-)-lactate levels in animals at various time points
(r = 0.415, P < 0.01). In addition, there was a remarkable rise of
endotoxin concentration within the portal vein at the end of the
75-min ischemic period (P < 0.05), reaching a peak at 2 h postreperfusion.
CONCLUSION: Acute intestinal ischemia is associated with failure of
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Figure 1 Kinetics of plasma D (-)-lactate alteration in portal and systemic circulation
systems. Six to nine animals were assessed for each time point. Data are expressed as x ± sx-. aP
< 0.05 and bP < 0.01 vs baseline values.
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Figure 2 Correlation between the macropathological evaluation scores of intestine and the
portal D (-)-lactate levels in animals subjected to intestinal ischemia-reperfusion injury.

change at 340 nm was measured against the reagent blank tubes
with 50 μL water instead of D-LDH. Serial concentrations of D-lactate
(D-lactic acid; Sigma Chemical Co.), from 3.125 to 50 mg/L, were
analyzed in order to prepare the standard curve.
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The endotoxin content of plasma samples was assayed by the
Limulus amebocyte lysate test with a kinetic modification of the test
[2]
kit procedure . The method has a detection limit of 0.75 ng/L in 1∶
10 plasma dilution.
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In a blind manner, a postmortem examination was performed
together with a macropathological evaluation based on a pre[8]
established four-grade scoring system . For histological
examination, tissue samples from small intestine were taken and
fixed in 10% buffered formalin for analysis as light microscopic
sections stained with hematoxylin-eosin.

6

Post-reperfusion t /h

Figure 3 Changes in plasma endotoxin concentration in portal vein following acute
intestinal ischemia-reperfusion injury. Six to nine animals were assessed for each time point.
Data are expressed as x ± sx-. aP < 0.05 and bP < 0.01 vs baseline values.

RESULTS

MATERIALS AND METHODS

As shown in Figure 1, intestinal ischemia for 75 min resulted in a
significant elevation in D (-)-lactate levels in portal vein as compared
with the baseline values (P < 0.05). Plasma D (-)-lactate levels had
a tendency to further increase after reperfusion, up to 6 h. Similar
alterations in D (-)-lactate were also found in systemic circulation
(Figure 1), there were no significant differences between the portal
and systemic circulations at any time point.
The animals were found to have no abnormal changes in bowel
functions before the induction of intestinal ischemia. SMA occlusion
for 75 min caused marked intestinal damage, which was much
worse upon reperfusion. The macropathological evaluation scores
were 2.0 ± 0.2, 2.2 ± 0.2 and 2.7 ± 0.1 at 0.5, 2, and 6 h after
reperfusion. The macropathological evaluation scores of intestine
were significantly correlated to portal D (-)-lactate levels in animals
at various time points (r = 0.415, P < 0.01; Figure 2).
The endotoxin concentration within portal vein rose remarkably
in the control animals, being 9.5-fold over the baseline values at the
end of 75-min ischemia (P < 0.05). It reached a maximum at 2 h
after clamp release, and decreased gradually up to the end of the
observation period (Figure 3).

Animal model

Adult male Sprague-Dawley rats purchased from Charles River
Wiga GmbH (Sulzfeld, Germany) were used in this study. Following
anesthesia (ketamine/xylazine: 112/15 mg/kg), the right femoral
artery was cannulated under aseptic conditions using a polyethylene
catheter connected to a blood pressure monitor. After a midline
laparotomy was performed, the superior mesenteric artery (SMA)
was isolated from the surrounding connective tissues near its aortic
origin. The SMA was then occluded with an atraumatic clip applied
to the root of the mesentery. After 75 min of ischemia, the arterial
clip was removed, allowing reperfusion. Reperfusion was confirmed
[6]
by the return of pulsations to the mesenteric vascular arcade .
The laparotomy incision was closed, and anesthetized animals were
monitored during an additional 6 h of reperfusion.

Study design

Six to nine animals were sacrificed at each of following time points:
before occlusion, at end of ischemia, and at 0.5 h, 2 h and 6 h after
release of the clamp. Portal blood samples were obtained by portal
vein puncture before the animals were sacrificed at each time point,
and the collection was limited to once per animal to avoid potential
contamination. Plasma was separated by centrifugation and stored
at -30 ℃ until analysis.

DISCUSSION
In the present experiment, we observed that ischemiareperfusion of the small bowel resulted in a significant elevation
in D (-)-lactate levels in both portal and systemic blood. This was
potentially associated with failure of the intestinal mucosal barrier
leading to the subsequent escape of indigenous endotoxin/
bacteria to the circulation systems. Our data also suggested that
an early and sustained rise in systemic D (-)-lactate might occur
during mesenteric ischemia, even without further reperfusion
[5]
injury .
The normal gut epithelium provides an anatomical and

Plasma D (-)-lactate measurement

Plasma D (-)-lactate levels were measured by an enzymatic
spectrophotometric assay with slight modification using a centrifugal
[7]
analyzer (Cobas-Fara) . For analysis, the supernatant plasma
without deproteinization was added to tubes and mixed with
+
carbonate buffer containing 4.6 mmol/L of NAD . The reaction was
initiated by adding 50 μL of D-lactic dehydrogenase (D-LDH; Sigma
Chemical Co., St. Louis, MO, USA) to each tube and the absorbance
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physiological barrier to the toxic intestinal contents. Conditions which
lead to mesenteric hypoperfusion, such as those seen in hemorrhage
and other shock states, have been shown to cause breakdown of
[1-3,9]
the intestinal mucosal barrier
. In this study, the status of the
mucosal barrier was assessed quantitatively using a plasma marker,
namely D (-)-lactate. D (-)-lactate is strictly a product of bacterial
fermentation, and it is known to be produced by many species of
[4,5]
bacteria found in the gut flora , while mammalian tissue does not
produce D-lactic acid, which may not or only slowly be metabolized.
D-lactic acid accumulating in the blood can generally be considered
as a result of active bacterial metabolism due to systemic infections
or some gastrointestinal disorders. In fact, D-lactate acidosis has
been described in humans with short bowel syndrome, as well as
[10]
bacterial infections . More recently, in a clinical study, Murray et
[11]
al demonstrated that patients found to have mesenteric ischemia
at laparotomy had significantly elevated D (-)-lactate levels in
peripheral blood as compared with the patients with other acute or
normal abdominal conditions. Thus, circulating D (-)-lactate could
[5]
aid in diagnosing acute mesenteric ischemia . From the current
experiment, it is clearly revealed that marked elevation in plasma
D (-)-lactate occurred during the occlusive episode, which had a
tendency to further increase after release of the clamp and was
correlated with a progressive disintegration in the histology of the
small bowel in response to reperfusion injury. Therefore, plasma
D (-)-lactate appears to be a useful marker reflecting gut barrier
damage in the setting of acute ischemia-reperfusion insult.
The mechanisms by which intestinal ischemia-reperfusion leads
to a sustained elevation in plasma D (-)-lactate are not entirely
understood from this experiment; although, it is possible that
acute intestinal insult might cause substantial mucosal injury and
increase permeability, thereby inducing an efflux of bacteria and
their metabolic products into the portal circulation. In this study,
the pathological examination showed marked intestinal lesions
during ischemia, which became worse upon reperfusion. Another
possible explanation would be that an increased gut permeability
might attribute to release of inflammatory mediators, particularly
tumor necrosis factor, which is considered to be induced by gutderived endotoxin/bacteria, as well as hypoxia. These mediators
[6]
may directly damage the mucosal barrier function . In addition, it
has been reported that ischemia-reperfusion injury to the intestine
is associated with overgrowth of the residing microbial flora, and
normally low plasma D (-)-lactate levels could be elevated markedly
as a result of increased release of D-lactate by bacterial proliferation
concomitant to increased mucosal permeability. Our previous
observation that the overgrowth of Gram-negative bacteria in the
intestinal tract was associated with an increase in intraluminal
bacterial products, such as endotoxin following hemorrhage and
[3]
resuscitation , gives further support to this opinion. Finally, since
D-lactate is not metabolized in the liver; persistent elevation of
D-lactate level in both portal and systemic circulation systems
following intestinal ischemia-reperfusion injury resulted in similar D

(-)-lactate concentration in the peripheral and portal vein throughout
the observation period. Therefore, our data might be of potential
importance, serving as the experimental basis for the favorable
clinical use of D (-)-lactate in the diagnosis of acute intestinal
disorders related to ischemia-reperfusion injury.
In summary, these data suggest that acute intestinal ischemia is
associated with failure of the mucosal barrier resulting in increased
plasma D (-)-lactate levels in both portal and systemic blood, and it
is also remarkably enhanced by the subsequent reperfusion. Plasma
D (-)-lactate may be a useful marker of intestinal injury following
both ischemia and reperfusion insult.
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INTRODUCTION
The protective effects of drugs against hepatic injury, such as
that induced by viruses or chemical substances, were traditionally
studied by using animal model systems. The animals — most
frequently dogs or rats — were pretreated with the drugs under
investigation either by oral administration or injection and
then administered hepatotoxic substances — usually CCl4 or
[1]
D-galactosamine . The protective effects of the drug were then
determined by biochemical assay of serum and the pathological
changes observed in the liver. However, there are some drawbacks
to the animal-based approach, including a long experimental period
and complicated procedure and inconsistent results due to the
inherent individual differences of the animals and animal-human
interspecies differences. Effects of a drug on an animal’s liver may
not precisely or comprehensively reflect effects on the human liver.
Moreover, the animal models are limited in their ability to indicate
whether any protective effects of a drug result from a direct or
an indirect action, specifically because the protective effects of a
drug on liver can be produced by stimulating the humoral factors.
In order to overcome each of these challenges of the animal
model system approach, we established a model system based
on primary culture of human fetal hepatocytes and the applied
it to the study of the protective effects of silybin and polyporus
umbellalus polysaccharides (PSP) on liver using scanning and
transmission electron microscopy (SEM and TEM, respectively).
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Abstract
AIM: To establish a new experimental model system of human fetal
hepatocytes to study the mechanisms underlying the protective
effect of silybin and polyporus umbellalus polysaccharides (PSP) on
the cellular ultrastructure.
METHODS: Human fetal hepatocytes were obtained from the
liver of a human fetus that resulted from a medically necessary
induced labor; the mother provided informed consent for sampling,
experimental use and publication of findings. The hepatocytes were
cultured and then pretreated with silybin or PSP or without either
(control), after which the treated cells were exposed to CCl4 for 4 h.
Changes in cellular ultrastructure were observed by scanning electron
microscopy and transmission electron microscopy, and changes in
alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and superoxide dismutase (SOD) were assayed.
RESULTS: Levels of ALT and AST were significantly decreased,
and level of SOD was elevated in the two pretreatment groups
following CCl4 exposure, as compared to the control group. The
cellular integrity and ultrastructure were well preserved in the two
pretreatment groups but were seriously damaged in the control
group.

MATERIALS AND METHODS
Isolation and culture of hepatocytes

Hepatocytes were obtained from the liver of a human fetus that
had resulted from a medically necessary induced labor; the mother
provided written informed consent for sampling, experimentation
and publication of the related findings. The hepatocytes were
[2]
isolated by means of the modified collagenase method . The
viability of the final parenchymal cell suspension was determined by

CONCLUSION: The CCl4-induced hepatotoxic cell model system
of human fetal hepatocytes is an effective tool for studying the
hepatoprotective effect of drugs and may be applicable for studies to
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Table 1 Levels of alpha-fetoprotein and transaminase in culture medium at
different culture times (x ± s)
n
1h
aFP/ng·L-1
ALT/IU·L-1
AST/IU·L-1

3
3
3

8.2 ± 2.3
10.3 ± 1.6

Activity (U)
16 h
10.0 ± 1.6
12.4 ± 1.8

24 h
18.3 ± 2.0
12.0 ± 2.1
13.5 ± 1.5

Table 2 Alanine aminotransferase and aspartate aminotransferase activity in
culture medium of hepatocytes (x ± s)
Group

n

Control
PSP (0.5 g·L-1)
Silybin (0.5 g·L-1)

3
3
3

ALT
1h
40 ± 3.1
48 ± 2.2
40 ± 2.5

activity (U)
AST activity
4h
16 h
1h
4h
63 ± 2.5
71 ± 3.0 108 ± 5.6 165 ± 4.5
35 ± 2.5
27 ± 3.4 95 ± 2.8 126 ± 2.3
46 ± 3.0
34 ± 3.3 93 ± 3.2 143 ± 4.0

(U)
16 h
178 ± 2.4
101 ± 3.1
123 ± 3.8

Figure 1 Normal human fetal hepatocytes. The cellular membrane is intact and microvilli can be
clearly seen. × 7500

Table 3 Superoxide dismutase level in the culture medium of hepatocytes (x
± s)
n

Group
Control
PSP (0.5 g·L-1)
Silybin (0.5 g·L-1)

3
3
3

1h
2.3 ± 0.8
3.1 ± 1.8
2.4 ± 1.6

SOD (nmol/L)
4h
3.0 ± 0.6
4.8 ± 1.6
3.7 ± 1.1

16 h
3.3 ± 1.2
7.9 ± 2.1
5.9 ± 0.7

trypan blue exclusion assay, and found to be > 90% with a < 5%
contamination of non-parenchymal cells. The cells were seeded at
12 -1
a density of 1 × 10 ·L into 24-well plates (Nuclon) and cultured
at 37 ℃ in a humidified atmosphere of 5% CO2 in 2 mL RPMI-1640
-1
(pH 7.0, Gibco). Each well was then supplemented with 4 mmol·L L-glutamine, 10% fetal calf serum, penicillin (at 100 IU/mL) and
streptomycin (at 100 μg/mL).

Figure 2 Normal human fetal hepatocytes. × 4500

medium was significantly decreased and the level of SOD was
elevated in the silybin and PSP pretreatment groups as compared
with the control. The affects peaked at 16 h for the cultured
hepatocytes pretreated with silybin and PSP.

Determination of bioactivity of the cultured hepatocytes

The medium was exchanged at 4 h after plating, and levels of alphafetoprotein (aFP), alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in the medium were measured at 1, 4 and
16 h of culture.

Ultrastructural changes of human fetal hepatocytes

Ultrastructure of the human fetal hepatocytes that had been
pretreated with silybin or PSP remained well preserved following
exposure to CCl4, as compared with that of the control group.
The control group showed a remarkable amount of dead cells
and irregularly shaped hepatocytes (Figure 3), with the cellular
membranes showing mesh-like appearance. In the silybin (Figure
4) and PSP pretreatment groups (Figure 5), the surface structure of
the cellular membrane was slightly damaged and the morphological
integrity was indistinguishable from that of the normal fetal
hepatocytes (Figure 1). In the control group, most hepatocytes
showed necrosis and serious damage to the cellular membranes
(Figure 6). In contrast, the hepatocytes pretreated with silybin or
PSP appeared generally similar to the normal fetal hepatocytes
(Figure 2), with only a few showing swelling of the mitochondria,
increased chromatin, reduced glycogen granules and slight dilatation
of endoplasmic reticulum (Figures 7 and 8).

Exposure of hepatocytes to CCl4

Ten hours after the first medium change, a co-culture of silybin
or PSP (or normal saline, for a control group) was started with
-1
hepatocytes at a final concentration of 0.5 g·L . The hepatotoxic
-1
injury was then induced at 1, 4 and 16 h by addition of 1 mol·L CCl4
directly into the medium, with hepatocytes at a final concentration
-1
of 20 μg·L . After 4 h, the levels of ALT, AST and superoxide
dismutase (SOD) in culture medium were measured and the cells
were collected for SEM and TEM.

Preparation of hepatocytes for electron microscopy

The primarily cultured hepatocytes were collected for SEM
and TEM observation after 4 h exposure to CCl4 for the groups
pretreated with silybin or PSP and the normal saline control group.
The methods for the hepatocyte preparation were carried out as
[3]
previously described . The changes of hepatocytes were observed
under scanning (Philips SEM-50) and transmission electron (Japanese
H-300) microscopes.

DISCUSSION
In this study, the hepatoprotective effects of silybin and PSP
were demonstrated using the newly established experimental
model system based on human fetal hepatocytes with toxic injury
induced by CCl4 exposure. In particular, pretreatment with silybin
or PSP protected the ultrastructure of the hepatocytes CCl4induced damage. Moreover, the pretreated cells showed lower
transaminases and higher SOD in the culture medium. Thus, these
two drugs were able to effectively protect the cultured primary
human fetal hepatocytes from chemical injury of CCl4. The lower
transaminase activity in the culture medium may have been due
to the preserved integrity of the cellular membrane system and/or
of the mitochondria. The preserved integrity itself may have been
brought about by the elevated SOD, which normally acts to prevent
cellular membrane damage caused by free radicals.
To date, there has been no report of an experimental model
system using primary cultured human fetal hepatocytes to study

RESULTS
Bioactivities of isolated hepatocytes

The isolated human fetal hepatocytes possessed good bioactivities,
as evidenced by the detection of aFP in medium after 24 h of
culture. The levels of ALT and AST were lower in the culture medium
(Table 1) and the hepatocytes were less damaged than in the
control group, and showed normal integrity of cellular membrane
under SEM (Figures 1 and 2).

Activities of transaminases and SOD in culture medium

As shown in Tables 2 and 3, the activity of ALT and AST in the
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Figure 3 Hepatocytes in the control group following exposure to CCl4. The cellular membrane
appears mesh-like. × 10500

Figure 6 Hepatocytes in the non-pretreated control group after exposure to CCl4. ×
4500

Figure 4 Hepatocytes pretreated with silybin and exposed to CCl4. The changes of the cellular
membrane are similar to Figure 5. × 8000.

Figure 7 Hepatocytes in the PSP pretreatment group. The ultrastructure is well
preserved. × 4500

Figure 5 Hepatocytes pretreated with PSP and exposed to CCl 4. The cellular
membrane is intact and microvilli swelling is present. × 7500

Figure 8 Hepatocytes in the silybin pretreatment group. The changes are similar to those in
Figure 7. × 4500.

the hepatoprotective effects of drugs using assessment by SEM
and TEM. The design of this model system was thought to be
reasonable. The parenchymal hepatocytes were isolated from the
liver of a human fetus by using collagenase digestion, and this
process provided a high purity and good bioactivity, with sensitivity
to CCl4. Cell systems offer many advantages as compared to
whole animal model systems. The experimental time in the cell
system is shorter, the procedures are simpler, and the cost is
lower. Additionally, there exists no cellular individual difference
between the hepatocytes used in experimental group and control
group because they are of the same origin; thus, the results are
more reliable. Moreover, the results of silybin and PSP treatment
of the human fetal hepatocytes in this study were similar to those
[4,5]
observed with silybin and PSP treatment of whole animals .
Therefore, this model system will be useful for studying the effects
of drugs on human liver cells.
The model system established in this study could also be
applied to the following studies: comparative analysis of several
drugs on human hepatocytes at the same time, due to large
amounts of hepatocytes being obtained from a single liver from
a human fetus; study of the mechanisms and the localization of
the action of medicines against hepatitis by observation of the
ultrastructural changes of hepatocytes combined with biochemical

and enzymological changes in culture medium; and screening
of new drugs against viral hepatitis or alcoholic hepatitis or
[2]
cirrhosis .
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INTRODUCTION
In recent years, interventional therapies have been widely applied to
the treatment of inoperable patients with middle and late stage liver
cancer. These therapies include, but are not limited to, simple intraarterial drug infusion, lipiodol embolization, gelfoam embolization,
and microsphere chemoembolization. The literature has not provided
definitive evidence as to which modalities are most efficacious. In
order to summarize the experience in this field, we analyzed and
compared our data as follows.
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Abstract
AIM: To compare the therapeutic effect of three types of inter
ventional management for primary liver cancer.

MATERIALS AND METHODS
Over the past 4 years, we have treated nearly 1500 cases of
liver cancer with 2764 transcatheter chemotherapies. In order
to analyze the results of these collective cases more reliably, the
cases from the most recent 1-year period were excluded and only
cases with complete data were included. A total of 468 cases with
complete data were analyzed comparatively; among these, 73 had
been confirmed by surgery, 17 by puncture biopsy, and all others
diagnosed by findings from AFP testing and/or B-ultrasound, CT and
angiography examination. The 468 cases were divided randomly
into the following three groups: 138 cases treated with simple intraarterial drug infusion (TAI, group A), 158 cases treated with TAI
combined with lipiodol embolization (TAI-Lp TAE, group B), and 172
cases treated with TAI-Lp TAE plus gelfoam embolization (TAI-Lp
Gs-TAE, group C). In group C, 22 patients received microcapsule
embolization (containing drugs). The three groups of patients were
similar in clinical characteristics.
Celiac angiography was first performed according to Seldinger’
s method for all patients to determine the arterial distribution and
tumor location, size and type. Then, the catheter was inserted into
the feeding artery and infusion or embolization was performed. All
patients were treated with ADM 30-50 mg, MMC 20 mg and 5-FU
1000 mg simultaneously. Occasionally, CP 200 mg was used instead
of the MMC. Lipiodol 10-30 mL mixed with anti-cancer drugs was
3
infused. Finally, 1-2 mm particles of gelfoam sponge were added to
the contrast medium and infused slowly.

METHODS: A total of 468 patients with primary liver cancer were
randomly allocated to the following three groups: 138 cases treated
with chemotherapy alone using mitomycin C, adriamycin and 5-FU
(group A); 158 cases treated with chemoembolization using lipiodol
(group B); and 172 cases with chemoembolization using lipiodol
and gelfoam (group C). All patients were angiographically and
sonographically followed-up.
RESULTS: In group C, 67.5% patients had AFP value decreased
by > 50%, which was much higher than the 43.3% in group B
and 32.2% in group A. Tumor size reduction by ≥ 50% occurred
in 20.3% of patients in group A, 41.2% of patients in group B and
44.8% of patients in group C. The intergroup differences between
group A and group B or C were significant (P < 0.01). The 1-year
and 3-year survival rates were 20.5% ± 3.6% and 1.9% ± 2.4% for
group A, 51.3% ± 4.4% and 10.1% ± 4.9% for group B, and 63.0%
± 2.4% and 13.9% ± 5.0% for group C, respectively. The differences
between all three groups were significant (P < 0.05). The mean
survival time for patients in groups A, B and C were 9.6 mo, 16.1 mo
and 17.9 mo, respectively.
CONCLUSION: Chemoembolization with lipiodol and gelfoam was
the most effective therapy for primary liver cancer in this study. The
position of the embolization should be far and middle sections of the
hepatic artery, and the proximal section should be reserved as the
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Table 1 Changes in AFP level n (%)
Group
A
B
C

Positive

No. of comparison

89 (64.5)
102 (46.6)
104 (60.5)

59 (66.3)
79 (77.5)
83 (79.8)

Decreased
≥ 50%
25%-50%
19 (32.2)
9 (15.3)
34 (43.0)
12 (15.2)
56 (67.5)
10 (12.1)

No change

Increased

15 (25.4)
10 (12.7)
4 (4.8)

16 (27.1)
23 (29.1)
13 (15.7)

Table 2 Changes in tumor size after treatment n (%)
Group

Reduced
≥ 50%
28 (20.3)
54 (41.2)
77 (44.8)

A
B
C

No change

Increased > 25%

72 (52.2)
58 (36.7)
57 (33.1)

24 (17.4)
18 (11.4)
4 (2.3)

25%-50%
14 (10.2)
28 (17.7)
34 (20.0)

Figure 1 Primary liver cancer of the right lobe, with a hypervascular area diameter of 3 cm
before treatment.

Table 3 Survival rate ± standard error n (%)
Year
1
2
3

Group A
20.5 ± 3.6
5.6 ± 2.9
2.0 ± 2.4

Group B
51.4 ± 4.4
18.1 ± 4.5
10.1 ± 4.9

Group C
63.0 ± 3.9
26.6 ± 4.2
13.9 ± 4.7

P < 0.01, group A vs groups B and C; P < 0.05, group B vs group C.

RESULTS
Angiographic results allowed for tumor types to be classified as
single nodules, multiple nodules, massive (5-10 cm), gigantic (>10
cm), gigantic plus multiple nodules, and diffuse types. There was no
obvious difference among the groups.
The criteria of improvement after the treatment of liver cancer
were decreased AFP value, reduced tumor size, and prolonged
survival. The therapeutic effects for the 3 groups are shown in
Tables 1-3. The mean survival period of group A was 9.6 mo, of
group B was 16.1 mo and of group C was 17.3 mo. The difference
was statistically significant between group A and group B or C (P <
0.01), but not between group B and group C.

Figure 2 The same case as in Figure 1, showing the tumor stain having disappeared after
the 6th treatment.

degrees) after embolization chemotherapy. The effective rates of
therapy for groups A, B and C were 20.3%, 41.2% and 44.8%
respectively, which were similar to the results reported by Imaeda
[3]
et al in which 6% of the TAI group and 36% of the TAE group had
tumors reduced by > 50%. There were only three cases with tumors
disappearing completely (complete remission, CR) in our series and
all the tumors were single nodule and had diameters of < 5 cm
(Figures 1 and 2). It is uncommon for massive or gigantic tumors (>
5 cm in diameter) to disappear completely after treatment. In our
study, these tumors generally showed necrosis of the central area
and reduced tumor blood vessels (Figures 3 and 4). The scope of
necrosis varied greatly among the different therapies. Among the 22
[4]
cases examined pathologically in our hospital , the tumor necrosis
rate was 30.0% ± 28.3% for the 7 cases with simple MMC TAI, and
necrosis of > 50% accounted for 28.6% of these; the rates in the
other groups were 81.4% ± 28.3% and 85.7% respectively for the
7 cases with MTXmc TAE and 25%-75% for the 8 cases with MMC[5]
TAI-Lp-TAE. Takayasu et al also compared the effects of different
therapies and reported that simple Lp TAE in 6 cases had almost no
treatment significance, but showed value for position diagnosis, ADM
TAI-Lp-TAE in 15 cases had some effects but not obvious, ADM TAILp Gs TAE in 10 cases gave a complete necrosis rate of 83% for the
main tumors and 53% for the daughter nodules. The results showed
that lipiodol itself was not a good embolization agent but was a
carrier that delayed drug excretion, thereby enhancing therapeutic
effects. Therefore, gelfoam or microcapsule chemoembolization was
the most effective therapy.

DISCUSSION
Interventional treatment of liver cancer in our hospital has
advanced remarkably over the most recent decades. Early on, the
fear of serious complications related to the embolization procedure
and a lack of practical skill in application of the technique meant
that most patients were offered only intra-arterial infusion
chemotherapy. No patient with artery to portal vein fistula or
cancer embolus in the portal vein was treated by embolization.
With accumulated practical experience, however, the scope of
embolization grew and our practitioners became comfortable
with learning and adopting new methods. As a result, curative
outcomes were increased obviously.

Changes of AFP value

Serum AFP value is one of the most important standards for
evaluating the therapeutic effects. The positive rates among the
three groups in the current study were 60%-65%. Among the cases
receiving more than 2 times of treatment, the cases whose AFP
value decreased by > 50% represented 67.5% of group C, which
was much higher than the 43.0% of group B and 32.2% of group
A. AFP levels reduced < 25% or increased < 25% were regarded
as unchanged, cases of which were the lowest in group C (4.8%)
and the highest in group A (25.4%). The total rate of cases with
decreased was 47.5% in group A, 58.2% in group B, and 79.5% in
group C, which was in general agreement with the results previously
[1,2]
[3]
reported for our home country
and abroad . High or low value
of AFP was not compatible with the reduction of tumors. Four cases
were found in our series in which the tumors decreased obviously
but the AFP increased rapidly in a short period of time after
embolization.

Survival rate and period
Therapeutic effects are closely related with treatment methods. Hirai
[6]
et al reported that the 1-year survival rates for 191 cases with TAI
and 187 cases with TAI-Lp TAE were 22.0% and 66.2% respectively.
[7]
In the report by Ohishi et al , the 1-year survival rates for 181
cases with TAI-Gs-TAE and 547 cases with TAI-Lp Gs-TAE were
44.0% and 60.4% respectively. In our series, the 1-year survival
rates for groups A, B and C were 20.5%, 51.3% and 63.0%.
[8]
Imaoka et al reported that 146 patients with liver cancer tumors of
< 3.6 ± 2.3 cm in diameter who received interventional treatment
before operation had a 4-year survival rate of 53% in the TAI group,

Changes of tumor size and necrosis rate

Generally, all tumors show a reduction or necrosis (to varying

WJG|www.wjgnet.com

23

December 15, 1997|Volume 3|Issue 4|

Liu Q et al . Interventional therapies for PLC

Figure 3 Celiac angiogram of gigantic nodular HCC with 12.5 cm diameter in the right lobe
before treatment.

Figure 4 The same case as in Figure 3 after four treatments, showing necrosis in the center
of the tumor and reduced presence of new vessels.

66% in the TAI-Lp Gs-TAE group and 83% in the sandwich therapy
group. The survival period of the group with simple TAI was about
[3]
6 mo. Imaeda et al reported that the mean survival period of the
TAI group was 8 ± 0.6 mo and of the TAE group was 13.7 ± 0.7 mo,
while the mean survival period of groups A, B and C in our series
were 9.6, 16.1 and 17.9 mo respectively, with the difference being
significant (P < 0.01).
The above data shows that the survival rate of patients treated
with intra-arterial drug infusion is higher than that of patients treated
with systemic chemotherapy (1-year survival rate of 5.4%), that the
TAI-Lp TAE is better than simple TAI, that the effect of TAI-Lp Gs-TAE
is better than the former methods, and that much better effects are
achieved when sectional sandwich therapy is used, i.e. embolization
of the peripheral liver artery with Lp, infusion of the anti-cancer
drugs and embolization with Lp and gelfoam. Why are compound
embolization chemotherapy and the sandwich method most effective?
To answer this question, it is first necessary to explain it in terms of
[9]
the microcirculation and physiological anatomy of liver . The hepatic
artery and portal vein are parallel and divided into two branches. The
segment below the 8th class is segmentulum and the 12th class is
the terminal hepatic arteriole (THA) of the classic lobule. The inner
diameter of the THA is 20-50 μm, and that of the terminal portal vein
(TPV) is 35 μm. The pressure of THA is 30-35 mmHg, which is 8 times
that of TPV. Because the pressure difference between THA and TPV is
high, drugs and Lp fill the THA and sinusoid, and flow reversely into
the TPV when they are used at a volume exceeding a certain level, so
both the THA and TPV are chemoembolized. Gelatin sponge particles
are also injected into the small arteries to achieve the synergic effect
of microtumor necrosing completely.
Traditionally, embolization was divided into the central and
peripheral type. Arteries of the two far sections belonged to the
peripheral type, and peripheral arteries constituted over 10 sections.
We consider that the range of the peripheral type is too extensive,
unfavorably limiting embolization. We suggest then a classification
for far, middle and proximal sections, with class 7 and above being

the far section (peripheral type), classes 3-6 being the middle
section, and classes 1 and 2 being the proximal section or central
type. In treatment of liver cancer, the better effect can be achieved
if Lp or drug microcapsules are used first for embolization of the far
section and then if gelfoam particles are used for embolization of the
middle section. Large arteries of the proximal section are regarded
as the route of intra-arterial chemoembolization and not appropriate
for embolization.
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INTRODUCTION
Radioimmunodetection (RAID) and radioimmunotherapy using
antibodies against tumor-associated antigens (TAA) are hot topics of
tumor targeting research. Since the 1980s, several articles describing
such anti-tumor monoclonal antibodies (McAb) have been published.
Successful RAID and radioimmunotherapy with the anti-human
AFP variant McAb (AFP-R-LCA McAb) against human hepatocellular
carcinoma (HCC) were carried out in our laboratory using nude mice
[1]
xenografts . Based on our findings from those animal experiments,
131
we next used the AFP-R-LCA McAb labeled by I to immunodetect 17
human cases of HCC and 4 cases of hepatitis B-related liver cirrhosis.
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HCC was diagnosed according to clinical findings from CT or MRI,
B ultrasonography or AFP concentration in serum, and pathological
examinations (after operation). Liver cirrhosis was diagnosed
according to clinical findings from B ultrasonography, CT or MRI, liver
function test, etc. The pre-RAID clinical characteristics are shown in
Table 1. All patients included in this study had been admitted to our
hospital between March 1, 1995 and September 1, 1996.

Abstract
AIM: To investigate the affinity of AFP-R-LCA monoclonal antibody
(AFP-R-LCA McAb) for AFP-positive primary hepatocellular carcinoma
(HCC) cells.

Preparation of 131I-AFP-R-LCA McAb

The purification procedure for AFP-R-LCA McAb from ascites fluid
[1]
was adopted from an earlier study . Briefly, the monoclonal
immunoglobulin IgG-containing ascites fluid was precipitated by
saturated ammonium sulfate and the purified IgG was separated with
a DEAE-Sephacel column. The monoclonal IgG was radioiodinated
131
to a high specific activity with I using the chloramine-T method.
131
The product of I-AFP-R-LCA McAb was isolated by a Sephadex-G
column and then passed through a 0.22 μm filter to remove any
bacterial contaminants. After cultivation and Limulus testing to
ascertain the absence of bacteria and pyrogens, the product was
prepared for clinical use. The labeling rates were 51% to 60%, and
the specific activities were 0.11 to 0.33 GBq/mg.

METHODS: AFP-R-LCA McAb was labeled by 131I. Eleven cases of
HCC with AFP positivity, 6 with AFP negativity, and 4 with hepatitis
B-related cirrhosis were investigated by radioimmunodetection.
RESULTS: The 131I-AFP-R-LCA McAb immunoreacted with 9 of the
HCC AFP-positive cases (9/11), but with none of the 6 AFP negative
131
HCC cases or of the 4 cirrhosis patients. I-AFP-R-LCA McAb at a
7
small dose (7.4 × 10 Bq/300 μg) was associated with no side effects
as determined by the liver function test, prothrombin time (Pt) test
and thyroid gland function test (P > 0.05). Two cases of AFP-positive
HCC were not imaged because of large tumor size (diameter > 10
cm) and higher AFP concentration in serum (20000 μg/L).

Liver function, thyroid gland function, and prothrombin time (Pt)

CONCLUSION: AFP-R-LCA McAb has a strong and special affinity
to AFP-positive HCC cells and may be useful as a carrier for
radioimmunodetection and radioimmunotherapy.

Periphery vein blood was collected at 1-3 d before and 2 wk after the
RAID.

Key words: Liver neoplasms; AFP; McAb; Radioimmunodetection

Seven days before and 1 d before the RAID, patients were administered a
compound iodine solution to block the thyroid gland. Thirty min before the
RAID, patients were injected with 25 mg of phenergan intramuscularly.
131
The radioiodine-labeled monoclonal antibodies, I-AFP-R-LCA McAb,
7
were injected intravenously through peripheral veins (3.7-7.4 × 10
Bq/300 μg). The upper abdomen was scanned using emission CT (ECT
ILC 3700; Siemens, Germany) and photograms were taken (Omega 500
γ camera) at 24 h, 48 h, 72 h, 120 h and 144 h later.

Methods of RAID

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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Table 1 Pre-radioimmunodetection clinical characteristics of hepatocellular
carcinoma and control groups

Table 3 Differences in serum FT3 and FT4, before and after intravenous
-1
injection of 131I-McAb (x ± s, cB/pmol•L )

Parameter

Group

HCC group

Case
Sex, male/female
Median age in years
Age range in years
Tumor mass of ≤ 10 cm
Tumor mass of > 10 cm
AFP of 2000-10000 μg/L
AFP of > 10000 μg/L

11
11/0
52
35-65
9
2
9
2

Control group
AFP-negative HCC
Liver cirrhosis
6
4
6/0
4/0
54
54
35-65
35-65
6

n

AFP-positive HCC
AFP-negative HCC
Liver cirrhosis

FT3
Before
5.2 ± 1.3
5.6 ± 1.5
5.4 ± 1.2

11
6
4

After
5.1 ± 1.2
5.5 ± 1.4
5.3 ± 1.3

FT4
Before
After
15.2 ± 3.2
15.1 ± 3.4
16.2 ± 3.1
16.4 ± 3.0
15.4 ± 4.5
15.4 ± 4.1

HCC, Hepatocellular carcinoma.

0
0

Table 4 Relationship between AFP level and radioimmunoimaging findings of
hepatocellular carcinoma patients
AFP, ρB/μg·L
2000-10000
10000-100000
> 100000

Table 2 Differences in liver function and Prothrombin time of patients with
hepatocellular carcinoma or liver cirrhosis, before and after intravenous
injection of 131I-McAb (x ± s)

n
6
3
2

Positive imaging, n
6
2
1

Positive percentage, %
100
66.7
50

n

Group

AFP-positive
HCC
AFP-negative
HCC
Liver
cirrhosis

Liver function
Pt, t /s
-1
-1 -1
TB, cB/μmol·L ALT, λB/nmol·S ·L
A/G
Before After
Before After Before
After
Before After
11 8.1 ±
8.2 ±
756 ±
748 ±
1.4 ±
1.4 ± 11.0 ± 11.0 ±
2.3
2.1
108
112
0.3
0.2
2.3
2.2
6
6.2 ±
6.5 ±
781 ±
768 ±
1.4 ±
1.4 ± 13.0 ± 13.0 ±
2.0
2.1
116
105
0.2
0.4
2.5
2.6
4
7.1 ±
7.5 ±
914 ±
926 ±
1.3 ±
1.3 ± 12.0 ± 12.0 ±
2.5
2.4
152
146
0.4
0.5
3.1
3.2

-1

The heart and spleen have a large blood supply, and the blood and
spleen belong to the reticuloendothelial system and have a strong
131
non-specific affinity to I-AFP-R-LCA McAb. Therefore, the heart and
the spleen showed densely under ECT imaging.
Two of the AFP-positive HCC cases in the current study were not
imaged because of large tumor size (diameter > 10 cm) with poor
blood supply or related necrosis and higher serum AFP concentration
131
(200000 μg/L); these features can thwart
I-AFP-R-LCA McAb
competitively to produce a large amount of immune complexes. The
131
immune complex, itself, can hinder I-AFP-R-LCA McAb from getting
into the tumor area. Thus, a clear image depends not only on the TAA
concentration in serum but also on the tumor’s blood supply.
[6]
Goldenberg et al reported that the serum concentration of
AFP may have no influence on RAID, possibly because AFP on the
surface of HCC cells is different from AFP circulating in the blood. This
conclusion, however, is not consistent with ours.
Successful localization of a radioisotope-labeled monoclonal
antibody to a tumor in vivo depends not only on the affinity of the
antibody for the target cells but also on the speed with which the
immunoconjugate passes through the physiological barriers (i.e.
resistance of the blood vessel wall and phagocytosis by histiocytes)
and the speed of its entering into the tumor tissues, as well as the
[7,8]
antigen concentration in serum . It is a generally accepted practice
that tumor images be obtained at 72 h after intravenous infusion of
the antibody ligand, but that more distinct images are found within
120 h. Our experimental result agreed with this.
In conclusion, AFP-R-LCA-McAb has a strong and special affinity
to AFP-positive HCC cells. The detection of AFP-R-LCA-McAb in
tumor tissues of HCC suggests its potential as a carrier for RAID and
radioimmunotherapy.

ALT, alanine aminotransferase; HCC, Hepatocellular carcinoma; Pt, Prothrombin time; TB,
Total bilirubin.

Statistical analysis

All the clinical parameters are expressed as x ± s, and the Student’s
t-test was used to determine statistical significance of differences.

RESULTS
131

131

The I-AFP-R-LCA McAb ( I-McAb) was detected in human HCC
of 9 of 11 patients with positive AFP status. The imaging of tumors
131
began at 72 h after intravenous infusion of I-McAb. After 120 h,
the tumor image became clear, but disappearing gradually at 144
h. Besides the detection in the tumor tissues, high concentrations
131
of I-McAb were detected in tissues of the heart and spleen. Two
patients with AFP-positive HCC were not imaged, as 1 had a large
tumor (diameter > 10 cm) and the other had an excessively high
concentration of AFP in serum (> 100000 μg/L). There was no
positive detection in any of the 6 HCC cases with AFP-negative status
or in any of the 4 cases of liver cirrhosis.

Liver function and Pt

There were no obvious differences in liver function or Pt when the
131
levels of before and after intravenous injection of
I-McAb were
compared (Table 2).
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malignant tumors and its development is known to be closely
associated with hepatitis B virus (HBV) infection and hepatitis C
virus (HCV) infection[1,2]. However, no reports in the literature have
yet described a comparative analysis of the tumor behaviors of
these two kinds of HCCs.
Proliferating cell nuclear antigen (PCNA) is a nuclear protein
related to cell proliferative activity[3], and its immunohistochemical
detection is a useful adjunct to morphologic features, providing
insight into the understanding of tumor behavior. In this study, we
compared the proliferation activity of HBV-related small HCC with
that of HCV-related small HCC by means of immunohistochemical
staining using a monoclonal antibody against PCNA to provide
information about their clinical features.
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MATERIALS AND METHODS

Abstract

Formalin-fixed and paraffin-embedded liver biopsy specimens were
obtained from the archives of the Second Department of Internal
Medicine at Kurume University School of Medicine, Japan. These
specimens included 30 HBV-related HCCs (male:female ratio of 25∶5;
mean age of 57.6 years) and 30 HCV-related HCCs (matched by sex
ratio and morphologic features; mean age of 60.1 years). The size of
the tumors was < 3 cm in diameter and the number of tumors per
patient ranged from 1 to 4. Histopathological diagnoses were made
according to the General Rules for Cancer of the Liver (Liver Cancer
Study Group of Japan)[4]. Of the 60 cases involved in this study, 32
were well-differentiated, 24 were moderately differentiated, and 4
were poorly differentiated.

AIM: To compare the proliferation activity of small hepatocellular
carcinoma (HCC) related to hepatitis B virus (HBV) and hepatitis C
virus (HCV).
METHODS: Sixty liver biopsy specimens were obtained from
patients with small HCC (≤ 3 cm in diameter) and examined
immunohistochemically using anti-proliferating cell nuclear antigen
monoclonal antibody. Of the 60 specimens, 30 were HBV-related
and 30 were HCV-related. The 60 patients providing the samples for
study were matched by sex and morphologic features of the HCC
specimens.
RESULTS: The labeling index of proliferating cell nuclear antigen
was 7.9% in the HBV-related HCC specimens and 12.5% in the
HCV-related HCC specimens. There was no statistically significant
difference between the two groups (P > 0.05).

Immunohistochemistry

Three μm thick sections were prepared from paraffin blocks and
deparaffinized by soaking in a graded ethanol series, after which
the processed sections were treated with 3% hydrogen peroxide
to block endogenous peroxidase activity. Normal sheep serum was
then applied for 20 min to reduce non-specific antibody binding.
Monoclonal antibody to PCNA (clone 5A10) was applied as a 1∶
250 dilution and allowed to incubate for 1 h in a moist chamber.
Biotinylated sheep anti-mouse IgG was then applied as the linker
molecule and allowed to incubate for 30 min, followed by application
of a streptavidin-horseradish peroxidase complex (Vector) and
incubation for 1 h. All steps were carried out at room temperature
and followed by washing in phosphate buffered saline (PBS).
Diaminobenzidine-hydrogen peroxide was used as a chromogen
and a hematoxylin counterstain was made. Sections were then
processed in an alcohol gradient series, cleared in xylene, and
mounted in DPX. A negative control was generated by replacing the
primary antibody with PBS.

CONCLUSION: In the early phase, or small stage, of HCC, HBVrelated HCC shows similar proliferating activity to that of HCV-related
HCC; this finding suggests that in the early phase, HBV-related HCC
has similar malignancy to HCV-related HCC.
Key words: Liver neoplasms; Carcinoma; Hepatocellular; Hepatitis B
virus; Proliferating cell nuclear antigen
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Yu SJ. Comparative study on proliferation activity in small hepatocellular
carcinoma related to hepatitis virus B and C. World J Gastroenterol 1997; 3(4):
236-237 Available from: URL: http://www.wjgnet.com/1007-9327/full/v3/
i4/236.htm DOI: http://dx.doi.org/10.3748/wjg.v3.i4.236

Assessment of PCNA

PCNA labeling indices were calculated after counting PCNA-positive
nuclei per 500 nuclei in 2-5 fields of each HCC case at high power (×
200).

INTRODUCTION
Human hepatocellular carcinoma (HCC) is one of the most common
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small HCC and HCV-related small HCC; this finding suggests that
in the early phase HBV-related HCC has similar malignancy to
HCV-related HCC. It may therefore help to understand the clinical
features of these two kinds of HCCs. Additionally, it has been
previously reported that serum AFP values are not only of diagnostic
value but also of prognostic significance in patients with HCC[7]. In
the current study, we found that the serum AFP values were not
significantly different between HBV-related small HCC and HCVrelated small HCC. This finding is also in accordance with the clinical
features of HBV-related HCC and HCV-related HCC in the early
stage.
In conclusion, our results indicate that, in the early stage, the
proliferation activity of HBV-related HCC is similar to that of HCVrelated HCC. This information provides a better understanding of the
clinical features of these two kinds of HCC.

Table 1 Clinical parameters associated with prognosis
Parameter
AFP in μg/L, mean
Survival duration in days, mean

HBV-related HCC HCV-related HCC
80.22
99.04
1353.4
1341

P value
0.743
0.947

Other clinical parameters

Alpha-fetoprotein (AFP) concentration and survival duration were
analyzed retrospectively. Statistical analysis was made by Student’s
t-test.

RESULTS
Proliferating cell nuclear antigen LI

PCNA staining was confined to the nuclei. All identifiable staining
was considered positive, regardless of the staining intensity. The
PCNA LI was 7.9% in HBV-related HCCs and 12.5% in HCV-related
HCCs. There was no statistically significant differences between
these two groups (P = 0.33 > 0.05).
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BRIEF REPORT

Effect of garlic on micronuclei frequency in peripheral blood lymphocytes
of rats with N-methyl-N’nitro-N-nitrosoguanidine-induced gastric
carcinoma and precancerous lesions
Qi Su, Zhao-Yang Luo, Yang-Gui Ou, Yi-Qin Li, Jian-Guo Zhou, Dan Zhang
16 mo by the microculture technique.

Qi Su, Zhao-Yang Luo, Yang-Gui Ou, Yi-Qin Li, Jian-Guo Zhou, Dan Zhang,
Institute of Oncology, Hengyang Medical College, Hengyang 421001, Hunan
Province, China

RESULTS: The MNNG group had similar MNF levels at months 10
and 16. Compared to the control group, the MNNG, prevention
and untreated model control groups had remarkably higher MNF
levels (P < 0.01). The level of PLs was significantly lower in the
prevention treatment group than in the untreated model control
group (P < 0.01). The prevention group showed significantly lower
MNF than the MNNG group (P < 0.01), and the MNF level was
reduced in month 16 compared to month 10 (P < 0.01). However,
the difference in MNF levels in groups given prevention or treatment
was not significant.
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CONCLUSION: MNNG exposure exerted continuous mutagenicity
and carcinogenicity properties on PBLs, and garlic exerted a
remarkable anti-mutagenic and anti-carcinogenic effect. MNF in PBL
may be a novel marker of early-stage GC.

Abstract

Key words: Garlic/Pharmacology; Stomach neoplasms/zhongyi
yaoliaofa; Adenocarcinoma/Zhongyiyaoliaofa; Precancerous
conditions/zhongyiyaoliaofa; Lymphocytes/Drug effects; Micronuclei/
Drug effects

AIM: To investigate the effects of garlic on micronuclei frequency
(MNF) in peripheral blood lymphocytes (PBLs) of Wistar rats with
N-methyl-N’nitro-N-nitrosoguanidine (MNNG)-induced gastric
carcinoma (GC) and precancerous lesions (PLs).

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Wistar rats were exposed to MNNG at 1.25 mg/5 mL
per day for 10 mo to induce GC and PLs (MNNG group, n = 30); rats
not exposed to MNNG served as unmodeled controls (control group,
n = 16). The MNNG rats were randomly divided into a prevention
treatment group (n = 30; receiving 10 mL of a 10% garlic solution
per day) and an untreated model control group (n = 20; receiving
tap water). MNF in PBLs were detected at experiment months 10 and
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ORIGINAL RESEARCH

A multicenter randomized study on Me-CCNU, 5-FU and ADM versus
ACNU, 5-FU and ADM for treatment of advanced gastric cancer
Shu-Dong Xiao, De-Hua Li, De-Zhong Zhang, Mou-Ji Shen, Xiao-Ting Zhu, Gui-Fen He, Ti-Ping Zhao, Le-Ping Li, Xing-Cun Deng, Min
Wang, Xiu-Ling Wang, Qiang Chen, Yong-Ping Zhang, Cui-Ling Yao, Ji-Gui Bao, Guo-Wei Tong, Liang-Fa Zhu, Hao Jiang, Kurihara
Minoru
RESULTS: Group A had no case of complete remission (CR) or
partial remission (PR), while Group B had no CR but 8 PR (8/46
cases), for a response rate of 0% in Group A and 17.4% in Group B.
The median survival time in Group A was 108 d and in Group B was
112 d. Both groups tolerated the treatment well and there were no
serious adverse effects. QOL evaluations showed better psychological
and physical feelings of tiredness for Group B than for Group A, and
scores based on facial scaling showed a more pleasant inclination for
the former.
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CONCLUSION: ACNU combination is superior to the Me-CCNU
combination for advanced gastric cancer patients.
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Key words: Stomach neoplasms; Adriamycin; 5-fluouracil; Mitomycin
C; Nimustine hydrochloride

Liang-Fa Zhu, Hao Jiang, Rui Jin Hospital, Shanghai Second Medical University, Shanghai 200025, China

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

Kurihara Minoru, Toyosu Hospital, Showa University School of Medicine,
Tokyo, Japan

Xiao SD, Li DH, Zhang DZ, Shen MJ, Zhu XT, He GF, Zhao TP, Xi LP, Deng
XC, Wang M, Wang XL, Chen Q, Zhang YP, Yao CL, Bao JG, Tong GW, Zhu
LF, Jiang H, Minoru K. A multicenter randomized study on Me-CCNU, 5-FU and
ADM versus ACNU, 5-FU and ADM for treatment of advanced gastric cancer.
World J Gastroenterol 1997; 3(4): 238-241 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v3/i4/238.htm DOI: http://dx.doi.org/10.3748/wjg.
v3.i4.238

Dr. Shu-Dong Xiao, Professor of Medicine, Director, Shanghai Institute of
Digestive Disease, and Director of the Key Laboratory of Digestive Diseases,
Health Ministry of People’s Republic of China, Shanghai Ren-Ji Hospital, Shanghai Second Medical University, 145 Shan Dong Zhong Road, Shanghai 200001,
China
Author contributions: All authors contributed equally to the work.
Correspondence to: Dr. Shu-Dong Xiao, Director, Shanghai Institute of Digestive Disease, Shanghai Second Medical University, Shanghai 200001, China

INTRODUCTION

Received: March 10, 1997
Revised: April 12, 1997
Accepted: September 22, 1997
Published online: December 15, 1997

In the 1960s, combined chemotherapy regimens with 5-fluouracil
(5-FU), adriamycin (ADM) and mitomycin C, known as FAM, and
with 5-FU, ADM and methyl (Me)-CCNU, known as FAMe, were
regarded as effective for the treatment of advanced gastric cancer.
However, later massive serial studies of FAM showed low response
[1]
[2]
rates, namely 33% for FAM and 18% for FAMe .
ACNU or nimustine hydrochloride (brand name Nidran, manufactured by Sankyo Co. Ltd., Japan) is a new nitrosourea antitumor agent applicable to various malignant tumors. It becomes
even more effective when used in combination with other chemical
agents. The Shanghai nimustine hydrochloride (ACNU) Cooperative Study Group carried out a randomized controlled study on
Me-CCNU, 5-FU and ADM combination versus ACNU, 5-FU and ADM
combination for advanced gastric cancer, and evaluated the efficacies by observing response rates, toxicities, adverse effects, and
quality of life (QOL).

Abstract
AIM: To compare the efficacy of a combined chemotherapy
regimen of 5-fluouracil (5-FU) and adriamycin (ADM) with nimustine
hydrochloride (ACNU; brand name Nidran), a new nitrosourea agent,
or with methyl-CCNU for advanced gastric cancer.
METHODS: One-hundred-and-three cases of advanced gastric
cancer were randomly allocated into Group A (Me-CCNU, 5-FU and
ADM combination) and Group B (ACNU, 5-FU and ADM combination).
The quality of life (QOL) questionnaire, composed of 11 ordinal
categorical items, was used to collect data from these patients.

WJG|www.wjgnet.com

238

December 15, 1997|Volume 3|Issue 4|

Xiao SD et al . Efficacy of combined ACNU therapy
Table 1 General data of evaluable patients in Groups A and B
Parameter
No. of cases
Sex, M
Sex, F
Age (yr), -40
41-50
51-60
61-70
71-80
Performance status grade 1
Performance status grade 2
Performance status grade 3
Performance status grade 4
Unclear
Histology
Papillary adenocarcinoma
Tubular adenocarcinoma 1
Tubular adenocarcinoma 2
Low differentiated adenocarcinoma
Mucocellular carcinoma
Signet ring cell carcinoma
Others

Table 2 Courses of treatment in Groups A and B patients

Group A

Group B

47
36
11
4
9
8
16
10
1
5
5
35
1

46
32
14
7
4
14
17
4
0
11
5
26
4

3
4
17
13
2
0
8

1
8
12
8
1
2
14

Groups
Group A
Group B
Total

No. of courses

Total

1

2

3

4

5

6

7

8

16
8
24

20
23
43

5
6
11

2
2
4

0
0
0

1
0
1

0
1
1

0
1
1

47
46
93

b. Pretty good
c. OK
d. Not too good
e. Not good at all
Question 2. How well do you sleep?
Question 3. How often do you feel tired (psychological)?
Question 4. How often do you feel tired (physical)?
Question 5. How much and how often do you feel pain?
Question 6. How much does your family understand and support
you?
Question 7. What is your relationship with your family and
co-workers?
Question 8. How often do you worry about your disease?
Question 9. Would you like to continue the current therapy?
Question 10. How much help do you need to accomplish your daily
activity?
Question 11. Please rate your overall condition today by marking 0
around the number.

MATERIALS AND METHODS
General data

A study on ACNU combination therapy versus Me-CCNU combination
therapy was carried out by the Shanghai ACNU Cooperative Study
Group from October 1992 through April 1994, using 103 patients
with advanced gastric cancer. Among them, 102 cases were eligible
and 93 of them had complete records; therefore, the participation
rate was 90.3%. The patient data for age, sex, performance status
(PS), and histological classification are presented in Table 1.

Observations Blood cell counting was performed every week.
Hepatic and renal functions were tested every 2 wk. Imaging examination, including barium X-ray surveys or endoscopic and ultrasonic
B and/or CT scanning, were performed every 4-8 wk. Patients who
had considerable adverse effects and could not proceed to a second course were given a barium X-ray check-up 4 wk after the first
course.
Details of all examinations, as well as of any adverse effects,
were carefully recorded by means of standardized forms. Each
patient was followed-up until death.

Patient population

Patients in the study had primary gastric cancers that were histologically confirmed by biopsy and no patient had received chemotherapy and/or radiotherapy prior to study enrollment. All patients
had unresectable or recurrent primary foci with metastatic lesions.
The age of the patients ranged from 35-75 years and had PS of 1-4.
All of these patients had no active duplicate cancers, no severe disturbance in bone marrow, hepatic, renal or cardiac functions, and
were able to be treated with oral medication.

Evaluation of efficacy A clinical evaluation committee was organized to estimate the following 4 items periodically in accordance
with the Criteria of Evaluating the Efficacy of Chemotherapy for
Solid Tumors proposed by the Japanese Research Society for Gastric
Cancer: Qualification and completion of materials; extent of development of lesions and response to the treatment; survival time; and
quality of life.

Methods

Allocation Patients meeting the requirements of the study from
Zeach were enrolled and their data obtained and recorded using
standardized forms and telephone interview conducted by the
cooperative study group office. After all the reported details were
checked for comprehensiveness, the patient participants were randomly allocated into either treatment Group A or Group B.

Statistics

The data of treatment efficacy was compared using the Chi-square
test and Fisher’s exact test. Principal component analysis and correlation analysis were used to assess the quality of life data.

Treatment methods Group A (control group) consisted of patients
2
who received Me-CCNU 100 mg/d p.o. on day 1, ADM 30 mg/m i.v.
2
on day 1, and 5-FU 300 mg/m i.v. from days 1-5. Group B (treatment group) consisted of patients who received ACNU 50-75 mg/d
2
2
i.v. on day 1, ADM 30 mg/m i.v. on day 1, and 5-FU 300 mg/m i.v.
from days 1-5. Thus, 5 d were taken as one course and successive
courses were repeated at an interval of 4-5 wk. The total ADM doses
did not exceed 500 mg/m2.

RESULTS
Completion of courses

Each case underwent at least one course of combination therapy. In
Group A 44 cases underwent a total of 85 courses, and in Group B
41 cases received a total of 95 courses (Table 2).

QOL questionnaire Measurement of QOL was made by a selfassessment report by the patients. The patients themselves, their
relatives, or care nurses filled in the QOL questionnaire once a
week at regular intervals. Doctors were forbidden from filling in the
questionnaire in order to avoid confounding by subjective assumption. The QOL questionnaire was composed of 11 ordinal categorical
items, consisting of 3 basic items covering mental feelings (appetite,
psychology and sleepiness), physical feelings (tiredness, pain and
worry) and social relationships (family, friends or co workers).

Efficacy

QOL Questionnaire

In group A the median survival time from the beginning of the treatment was 108 d. Three out of 47 cases in Group A, survived > 1
year, with the longest survival time being 740 d (Case No. 36). In

[3]

Complete response (CR) and partial response (PR) were regarded
as effective. No CR occurred in either groups. As shown in Table 3,
there was no PR in Group A (0/47 cases) and 8 in Group B (8/46;
for a response rate of 17.4%, P < 0.01). The anti-tumor efficacy
of the treatments in the two groups is shown in Table 4. The X-ray
barium examinations of 2 PR cases before and after ACNU combination therapy are shown in Figures 1-4.

Survival time

Question 1. How good is your appetite?
a. Very good
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Table 3 Data on partial remission cases
Case No.

Group

Sex

Age

Performance status

Pathohistology

No. of courses

22

B

M

54

4

Tubular adenocarcinoma

4

Liver

35

B

M

46

4

Tubular adenocarcinoma

3

Stomach

45

B

M

65

4

Low differentiated adenocarcinoma

7

Liver

67

B

F

60

4

Low differentiated adenocarcinoma

4

Spleen

71

B

F

66

3

Tubular adenocarcinoma

3

Stomach

82

B

F

72

2

Low differentiated adenocarcinoma

2

Liver spleen

83

B

M

74

4

Tubular adenocarcinoma

8

Stomach

100

B

M

65

4

Tubular adenocarcinoma

3

Liver

Table 4 Anti-tumor effect in Group A and B patients
Group

A

Partial response (%)
No change (moderate response)
Progressive lesion
95% reliability
Fisher’s test
Median survival time
Average course

0 (0%)
16 (1)
31
0, 6.2%
P > 0.01
108 d
1.9

Effective site

Table 5 Adverse effects in Group A and B patients
B

Group A

8 (17.4%)
17 (2)
21
6.4%, 28.4%
P > 0.01
112 d
2.3

Group B

Cases

%

Cases

%

Loss of appetite

3

6.5

4

8.7

Nausea

3

6.5

3

6.5

Vomiting

9

19.6

8

17.4

Fatigue

1

2.2

1

2.2

Muscular disability

4

8.7

3

8.7

Alopecia

4

8.7

3

6.5

Fever

1

2.2

2

4.3

EKG abnormality

1

2.2

1

2.2

Leukopenia

2

4.3

5

10.9

Decrease of hemoglobin

1

2.2

0

0.0

Elevation of GPT

1

2.2

2

Total No. of side effects

30

4.3
33

Total cases with side effects

23

48.9

22

47.8

Total cases without side effects

24

50.1

24

52.2

Figure 1 Huge filling defect found between the angulus and fundus.

Figure 3 Filling defect in the upper part of the gastric corpus.

Figure 2 The lesion became remarkably smaller 3 mo after receipt of the combination
chemotherapy with nimustine hydrochloride.

Group B the median survival time was 112 d. Of the 46 total cases,
6 survived > 1 year, with the longest survival time being 690 d (Case
No. 53).

Toxicity

Both groups tolerated the respective treatment well and very few
adverse effects were seen and those occurred only in the early
days of chemotherapy. No remarkable leukopenia, thrombopenia or
decreased hemoglobin occurred, and there were no serious impairments of hepatic, renal or cardiac functions (Table 5).

Figure 4 Nine months after combination chemotherapy, the lesion was much smaller.

DISCUSSION

QOL

ACNU is a newly developed nitrosourea anti-cancer agent. Different
from other kinds of nitrosourea agents, it is water-soluble, capable
of being administered through the vein and artery. Moreover, it is
able to penetrate the blood brain barrier to reach into brain cancerous tissues and exert a full anti-tumor action. The mechanism of
ACNU acts strongly across a broad spectrum against various tumors

An overall investigation into appetite, sleepiness, tiredness (psychological and physical), pain, social relationships, mood, daily activities and facial expressions showed that the reports of psychological
tiredness (Q3), physical tiredness (Q4) and facial expression (Q11)
were better for Group B than for Group A (Figure 5).
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Figure 5 Comparison of psychological tiredness (Q3), physical tiredness (Q4), and face scores (Q11) between Groups A and B.

tant assessment tool for use in clinical practice. It is also regarded
as an important factor for evaluating anti-cancer agents. The QOL
questionnaire that we used had been proven clinically at the Tokyo
Women’s Medical College for its practicability, suitability and reliability. The current study proved that the overall QOL features of Group
B were better than those of Group A, which is consistent with the
results of efficacy of ACNU.

by way of alkylation of cellular DNA, which causes depolymerization
of DNA and results in inhibition of DNA synthesis. Laboratory experiments showed that it could rapidly distribute systemically to organs
including brain. Administration of ACNU to mice solid FM3A tumors
[5]
inhibited tumor growth and reduced tumor size .
Our clinical study on advanced gastric cancer showed that the
Group B treatment (ACNU combination) was significantly superior
to the Group A treatment (Me-CCNU combination) in terms of efficacy, QOL, survival time, etc. As for survival time, 6 cases in Group
B survived > 1 year, but only 3 cases did so in Group A. The median
survival time was 112 d for patients in Group B, but 108 d for those
in Group A. However, the survival time in neither group was long,
which might be related to the fact that 70% of the cases had performance status of Grade 4 upon enrollment.
As to dosage of ACNU, 14 cases were given 50 mg/d, and 2
cases reached PR, accounting for a response rate of 14.3%. When
the dosage was increased to 75 mg/d for 32 cases, 6 reached PR,
accounting for a response rate of 18.3%. Neither dosage caused
significant adverse effects. Therefore, we suggest that 75 mg/d
should be used at the very beginning or at least on condition that no
significant adverse effects appear, dosage could be adjusted to 75
mg/d. Moreover, an even higher dosage could be considered as an
approach to yield more ideal results.
Recently QOL has become accepted worldwide as an impor-
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INTRODUCTION
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Gastric carcinoma is one of the most common malignant human
tumors and carries a very poor prognosis with a 5-year survival rate
[1]
of 6%-25%, depending on the tumor stage . Surgical resection
of the tumor and the involved lymph nodes remains the only
historically proven curative treatment. An accurate preoperative
staging of the most significant prognostic factors of gastric cancer,
such as depth of invasion (T staging) and involvement of lymph
nodes (N staging), would allow better planning of appropriate
treatment. The decision as to which patients should either undergo
primary operation or prior to chemotherapy, or should be treated
by only palliative methods is greatly influenced by the results of
preoperative tumor staging. The overall goal is to prevent under or
overtreatment, to minimize the inherent morbidity and mortality
rates.
Conventional endoscopy permits an examination of only the
surface of the stomach, and important data, such as infiltration of
the wall, local spread and lymph node involvement, are not provided
by this technique. Computed tomography (CT) is currently used in
the preoperative staging of gastric cancer, but the results are not
completely satisfactory. The major difficulty encountered with CT
is its inherent incapability for correct staging of the depth of tumor
penetration of the gastric wall and its capacity for correct staging of
regional lymph node involvement is also limited.
The purpose of our study was to assess the role of endoscopic
ultrasonography, a relatively new modality, in the preoperative TN
staging of gastric cancer.
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Abstract
AIM: To assess the accuracy and limitations of endoscopic
ultrasonography (EUS) in the preoperative staging of gastric
carcinoma in comparison with computed tomography (CT).
METHODS: According to the new (1987) TN staging, 62 patients
with gastric carcinomas were examined preoperatively by EUS and
the results compared with those of postoperative pathological TN
staging. CT of abdomen was performed before surgery for 32 of the
patients.
RESULTS: The overall accuracy of T staging was 83.9% for EUS and
28.1% for CT. For the detection of regional lymph node metastases,
EUS accuracy was 79.0%, sensitivity 80.0% and specificity 87.5%,
versus 50.0% accuracy for CT. The coincidence of perigastric
infiltration was 90.0% for EUS and 41.2% for CT. The most frequent
causes of misdiagnosis by EUS were microscopic tumor invasion and
peritumorous inflammatory or fibrous changes.

MATERIALS AND METHODS
From February 1996 to February 1997, 62 patients (35 men and 27
women; from 27 to 76 years of age, with mean age of 61-year-old)
with gastric cancer diagnosed by upper gastrointestinal endoscopy
and biopsy underwent preoperative evaluation by endoscopic
ultrasonography (EUS). CT of abdomen was performed before
surgery for 32 of the patients. Tumors were located predominantly
in the fundus and cardia region (n = 20), the body (n = 16) and
antrum (n = 23), and finally throughout the whole stomach (n =
3). Fourteen of the patients had linitis plastica. All of the patients

CONCLUSION: EUS is a reliable method for the clinical evaluation of
locoregional extension of gastric cancer and more accurate than CT
in the preoperative staging of gastric carcinoma.
Key words: Stomach neoplasms/radiography; Stomach neoplasms/
ultrasonography; Neoplasm staging; Tomography, X-ray computed;
Endoscopy
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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Table 1 Relationship between endoscopic ultrasonography and anatomic
layers in the normal gastric wall
EUS

Table 3 Accuracy of endoscopic ultrasonography in the preoperative T
staging in 62 patients with gastric carcinoma

Histology

1st hyperechoic layer
2nd hypoechoic layer
3rd hyperechoic layer
4th hypoechoic layer
5th hyperechoic layer

Histopathological
T stage

Water interface and superficial mucosa
Deeper mucosa
Submucosa
Muscularis propria
Subserosa, serosa and the interface echo

T1
T2
T3
T4
Total

EUS: Endoscopic ultrasonography.

M0
M1

T1
5 5
11 0
24 0
22 0
62

T2
0
9
2
0

T3
0
2
18
2

EUS
EUS
EUS
T4 accuracy (%) overstaging (%) understaging (%)
0
100.0
0.0
0.0
0
81.8
18.2
0.0
4
75.0
16.7
8.3
20
90.9
0.0
10.0
83.9
9.7
6.5

Table 4 Accuracy in the preoperative determination of the N stage in 62
patients with gastric carcinoma

Invasion of mucosa or submucosa
Invasion of muscularis propria or subserosa
Invasion of serosa
Invasion of adjacent structures
No lymph node metastasis
Metastasis in perigastric lymph node (s) within 3 cm of the edge of the tumor
Metastasis in perigastric lymph node (s) > 3 cm from the edge of the primary, or
in lymph node along the left gastric, common hepatic, splenic or celiac arteries
No distant metastasis
Distant metastasis

Histopathological N stage
N0
N1
N2
Total

n
32
18
12
62

EUS N stage (n )

EUS accuracy (%)

N0

N1

N2

28
5
1

4
13
3

0
0
8

87.5
72.2
66.7
79.0

EUS: Endoscopic ultrasonography; N staging: Involvement of lymph nodes.

were operated on within 3 wk after the findings upon EUS and CT
examination. No complication was encountered during this study.
CT was carried out with a Somatom Plus (Siemens Corp,
Germany). Scanning of abdomen was done with 10 mm sections
using intravenous and oral contrast.
EUS studies were made using an echoendoscope GF-UM20/
EUM20 (Olympus Corp., Japan), which had a rotating 360°
transducer with swithchable frequencies of 7.5 MHz and 12 MHz. The
patients were examined in a left lateral position after oropharyngeal
anesthesia and given premedication with 5 mg diazepam and 20
mg 654.2 intramuscularly. The ultrasonic endoscope was introduced
and advanced into the stomach. The stomach was filled with
300-500 mL de-gassed water and the balloon filled with water. The
transducer was pulled back from the pylorus to the cardia, moving
the tip of the endoscope along all parts of the stomach to detect the
tumor, its contiguous structures and perigastric lymph nodes. The
findings were recorded with a Polaroid camera.
The normal gastric wall is made up of five ultrasonographic
layers of different echogenicities (Table 1). Tumors were identified by
thickening and disruption of the typical five-layered configuration of
the wall appearing as a hypoechoic mass. The assessment of tumor
infiltration depth was based on the generally accepted five-layered
structure of the gastric wall. Lymph nodes with a homogeneous or
inhomogeneous hypoechoic echo pattern and sharply delineated
boundaries were considered malignant, whereas hyperechoic lymph
[2]
nodes with indistinct contours were classified as benign .
The findings of EUS and CT in terms of the diagnosis of depth
of invasion by the primary tumor, local invasion, and lymph
node metastasis were compared with postoperative pathological
determination according to the new (1987) TNM staging system
[3]
(Table 2) .

in 2 patients, and overstaging in 4. For stage T4, EUS diagnosed 20
out of 22 lesions correctly and understaged the other 2.
The staging accuracy of EUS was 100% for T1 tumors, 81.8%
for T2, 75% for T3, and 90.9% for T4. The overall accuracy rate
was 83.9% (52/62). Understaging occurred in 6.5% (4 cases),
and overstaging in 9.7% (6 cases). The total mis-staged rate was
16.1%. The coincidence of perigastric infiltration was 90.9% (20/22).
Thirty-two patients were examined by CT, including 5 cases of
T2, 10 cases of T3 and 17 cases of T4 diagnosed by post-operative
pathologic examination. CT correctly predicted 2 out of the 10 T3
and 7 of the 17 T4 lesions according to findings of thickening of
gastric wall or accompanying infiltration of the pancreas or the
adjacent liver lobe; however, the examinations failed to assess the
depth of wall penetration in the remaining T2-T4 lesions. The overall
accuracy rate of CT for T staging was 28.1% (9/32). The coincidence
of perigastric infiltration was 41.2% (7/17).
Table 4 summarizes the results of EUS and histopathology for
assessing perigastric lymph node involvement. EUS was able to
display enlarged lymph nodes of > 3 mm in diameter. The display
rate of enlarged lymph nodes was 88.9% (40/45). N0 stage was
correctly diagnosed with EUS in 28 (87.5%) of 32 patients; EUS
misdiagnosed benign lymph nodes as metastatic lesions in 4 (12.5%)
patients. N1 was correctly diagnosed with EUS in 13 of 18 (72.2%)
patients; metastasis was misinterpreted as benign lesions in the
other 5 patients (27.8%). N2 was correctly predicted in 8 of 12
(66.7%) patients and misinterpreted as N1 in 3 (25.0%) patients
and as N0 in 1 (8.3%) patient. The sensitivity and specificity of EUS
in determining the n stage was 80.0% and 87.5%, respectively. The
accuracy of EUS in staging lymph nodes was 87.5% for N0, 72.2%
for N1, and 66.7% for N2. The overall accuracy rate was 79.0%
(49/62).
CT correctly predicted 9 out of 19 patients with cancer positive
lymph nodes, for an accuracy rate of 47.4%, and correctly
diagnosed the absence of nodal spread in 7 patients that were
deemed N0 histologically. The overall accuracy rate was 50.0%.

RESULTS
A total of 62 patients underwent endoscopic ultrasonography
for gastric cancer staging. All tumors were diagnosed as
adenocarcinomas by histologic examination. The depth of infiltration
of the tumor was displayed by EUS in all cases (Table 3). A T1
carcinoma was correctly diagnosed with EUS as a hypoechoic
pattern limited to the mucosa in 1 out of 2 patients (M type), or to
the submucosa (SM-type) in all 3 patients. Overstaging occurred in 1
patient as a result of inflammatory changes surrounding the lesion,
which was suggested as M-type or SM-type tumor sonographically,
but all the 5 patients were eventually correctly diagnosed as having
stage T1. Nine of 11 T2 tumors were correctly staged, whereas 2
cases were overstaged as stage T3. A T3 carcinoma was correctly
diagnosed with EUS in 18 out of 24 patients. Understaging occurred

WJG|www.wjgnet.com

EUS T stage (n )

EUS: Endoscopic ultrasonography; T staging: Depth of invasion.

Table 2 TNM classification
T1
T2
T3
T4
N0
N1
N2

n

DISCUSSION
This prospective study showed that EUS was not only highly
accurate in determining the depth of invasion of gastric carcinoma,
but also in detecting regional lymph node metastases, and that EUS
was more accurate than CT for T staging (83.9% vs 28.1%) and n
staging (79.0% vs 50.0%). This is in accordance with the results of
[4]
previous studies .
The ability of EUS to image the gastrointestinal tract wall in
detail provides a great advantage for staging the depth of tumor
invasion (i.e. T). The high resolution of the individual layers of the
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T
STO
N

STO

Figure 1 Endoscopic ultrasonography-T2 cancer. Endoscopic ultrasonography shows a
hypoechoic tumor (T) adjacent to an ulcerative lesion (U) invading the muscularis propria (Mp).

Figure 3 Endoscopic ultrasonography-T4 cancer. Endoscopic ultrasonography shows a
transmural hypoechoic tumor with penetration into adjacent structures.

STO

LL

T

STO

LN

GB
SP-N

N
LN

Figure 4 Peritumorous lymph node metastasis.

Figure 2 Endoscopic ultrasonography-T3 cancer. Endoscopic ultrasonography findings in linitis
plastica. Hypoechoic diffuse wall thickening is shown, with preservation of layers as distinctive
structures. Note invasion of all layers but absence of invasion of adjacent organs.

diameter. We found the size of imaged lymph nodes to be an
unreliable criterion of malignancy. Malignant nodes as small as 3 mm
can be imaged with EUS, and our error in overstaging nodes by EUS
occurred in nodes > 2 cm in diameter. The echo pattern and borders
of lymph nodes seen on EUS were found to be reliable features for
evaluating metastatic lymph node involvement. We have found that
malignant nodes (Figure 4) tend to be rounded, sharply defined and
hypoechoic compared to benign nodes that tend to be elongated,
hazier in outline and more echogenic. Inflammatory changes and
micrometastases were the most important causes of false positive
and false negative results. These shortcomings can probably be
resolved by using the echoendoscope equipped for EUS-guided
[5]
cytological aspiration .
EUS is limited in evaluation of distant metastasis (i.e. M staging).
Due to its limited depth of penetration, high frequency EUS can be
used to scan the left liver lobe but only a portion of the right lobe,
and it is unable to evaluate pulmonary metastases and distant
peritoneal metastases, such as retroperitoneal and mesenteric nodes
below the level of the superior mesenteric artery. CT is superior to
EUS in this regard. In our experience in staging gastric cancer, the
greatest accuracy for overall staging is achieved with combination of
CT and EUS, namely using CT for M, and EUS for T and N.
In summary, our study has shown that EUS is superior to CT in
staging T and n categories of gastric carcinoma. EUS is a reliable
method for the clinical evaluation of locoregional extension of
gastric cancer, and will be helpful in guiding management decisions,
selecting appropriate surgical procedures and facilitating research
aimed towards improving prognosis for this highly lethal disease.
Therefore, EUS should become an important, if not essential,
diagnostic procedure for clinical TNM staging.

gastrointestinal wall seen with EUS is a direct result of the relatively
high frequency transducers used (7.5 MHz and 12 MHz). The degree
of tumor penetration into each layer can be documented as a focal
disruption. Early gastric cancer (i.e. T1) is visualized as a lesion with
a hypoechoic echo pattern limited to the mucosa (i.e. M type) and/
or submucosa (i.e. SM type). Advanced cancer is visualized as a
structure with a hypoechoic pattern penetrating into (i.e. T2) (Figure
1) and/or through the muscularis propria (i.e. T3) (Figure 2) and/or
into the adjacent structures (i.e. T4) (Figure 3). Endosonographically,
early carcinoma can be distinguished from advanced carcinoma.
With respect to CT, the size and location of a gastric mass can be
documented as areas of gastric wall thickening, with the normal
thickness in a distended stomach defined as less than 8 mm.
Furthermore, a lack of the fat layer between the gastric mass and
an adjacent organ indicates direct invasion. On the other hand, CT
cannot differentiate between single layers of the gastrointestinal
wall. This limits the use of CT in separating early (i.e. T1) from
advanced tumor stages (i.e. T2/T3).
In our study, 16.1% carcinomas were mis-staged by EUS.
Whereas microscopic tumor invasion was the most common cause
of understaging, overstaging was mainly due to peritumorous
inflammation or scar tissue which could not be distinguished from
the tumor. In our experience, an association of the carcinoma
nd
with scar tissue should be suspected when a fusion of the 2
th
and 4 layer is seen on EUS. Sometimes, overstaging in gastric
T2 carcinoma is due to the fact that in patients without ascites,
differentiation between serosa (T3) and subserosal (T2) infiltration
is not possible. Furthermore, not all the parts of the stomach are
covered by serosa; it is absent in some areas, such as the lesser
curvature and the anterior wall of the antrum. On the other hand,
in T4 cancers, EUS did not detect organ invasion (especially in the
colon), leading to understaging. In addition, anatomic limitations
inhibit perfect endosonographic examinations of two regions of the
stomach: The prepyloric antral area and the proximal portion of the
lesser curvature distal to the cardia.
In staging nodal diseases, EUS is also superior to CT, with an
accuracy rate of 79.0% versus 50.0%. Lymph node metastases
were determined by CT as enlarged lymph nodes of > 8 mm in
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Radioimmunoassay-detected basal level of epidermal growth factor in
gastric juice of 86 healthy Chinese volunteers
Li Zhang, Ming-Liang Zhang, Yue-Qing Yan, Da-Xing Liang

Methods

Li Zhang, Ming-Liang Zhang, Yue-Qing Yan, Da-Xing Liang, Department of
Digestive Research, Second Affiliated Hospital of Hengyang Medical College,
Hengyang 421001, Hunan Province, China

Special capsules designed for collecting minute quantities of gastric juice were swallowed by each of the 86 subjects under basal
condition (i.e. before 8 am in the morning, representing the fasting
state). After 20 min in the stomach, the capsules were manually
extracted; the volume of gastric juice in each ranged from 0.3 mL
to 0.5 mL. Each specimen was preserved individually by freezing at
-40 ℃ until use. In preparation for measurement and analysis, the
specimen was centrifuged at 2000 r for 30 min at 4 ℃. A total of 0.1
mL of the resulting supernatant was used to measure EGF by RIA,
[2]
according to the method described by Lu et al .
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RESULTS
The average EGF concentration in the gastric juice of the 86 healthy
volunteers under basal condition was 0.62 ± 0.15 μg/L. The values
of EGF by age group were as follows: Children, 0.61 ± 0.14 μg/L;
young adults, 0.65 ± 0.14 μg/L; older adults, 0.59 ± 0.13 μg/L. The
EGF level among males in the study (n = 52) was 0.61 ± 0.14 μg/L
and among females was 0.62 ± 0.15 μg/L. No statistically significant
differences were noted between the different age and sex groups.

Received: October 10, 1996
Revised: November 10, 1996
Accepted: June 28, 1997
Published online: December 15, 1997

Key words: Gastric juice; Epidermal growth factor analysis; Radio
immunoassay
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

DISCUSSION
The primary sources of EGF are the submaxillary glands and Brunner’s glands of the duodenum. It is believed that EGF can inhibit
secretion of gastric acid and stimulate DNA synthesis, and that it
[3]
plays a role in protection of gastrointestinal mucosa . Although,
EGF is known to be of higher concentration in the gastric juice, the
exact concentration of EGF in normal gastric juice had not yet been
defined, partially due to the inconvenience of collecting specimens.
Conventional gastric tubing and gastroscopy causes discomfort, but
the newly developed capsule (taken orally) can more easily obtain
minute specimens of gastric juice from both children and adults.
These capsules are a promising innovation for research science since
EGF level might be an important variable in evaluating health status.
The study described herein indicates that the capsules will be useful
for future investigations into various benign and malignant diseases
of the gastrointestinal tract.

Zhang L, Zhang ML, Yan YQ, Liang DX. Radioimmunoassay-detected basal
level of epidermal growth factor in gastric juice of 86 healthy Chinese volunteers.
World J Gastroenterol 1997; 3(4): 245 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v3/i4/245.htm DOI: http://dx.doi.org/10.3748/wjg.v3.i4.245

INTRODUCTION
Epidermal growth factor (EGF) is a low molecular weight polypeptide
[1]
consisting of 53 amino acid residues . EGF is primarily produced by
the submaxillary glands and Brunner’s glands, but its distribution
pattern spans the gastrointestinal tract with a particularly high concentration in gastric juice. To date, however, the precise quantitative
value of EGF in gastric juice of healthy subjects has not been reported for a study cohort of Chinese. In the study presented herein, we
used radioimmunoassay (RIA) to measure the basal level of EGF in
86 healthy Chinese volunteers of various age.
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Treatment of cancerous ascites and radical gastrectomy with
intraperitoneal hyperthermic double-distilled water and cisdiaminodichloro-platinum perfusion
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2-year follow-up.
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CONCLUSION: The intraperitoneal hyperthermic double-distilled
water perfusion with DDP inhibited the occurrence of ascites in LACA
mice bearing cancer cells, and prolonged the lifetime of patients with
gastric cancer who had undergone radical gastrectomy.
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INTRODUCTION
The five-year survival rate of gastric carcinoma after radical gastrectomy is about 30%-40%. Among the various causes of death,
peritoneal metastasis recurrence accounts for about 50%. Recent
[1-4]
reports from abroad
have demonstrated the therapeutic efficacy
of intraperitoneal hyperthermic isotonic anticarcinogen fluid perfusion, but the long-term outcome has not yet been reported. In this
study, we investigated the treatment of intraperitoneal hyperthermic
double-distilled water and cis-diaminodichloro-platinum (DDP; the
cisplatin chemotherapy drug) perfusion to prevent peritoneal metastasis and treat cancerous ascites in a mouse model and in patients
with gastric cancer who had undergone radical gastrectomy.

Abstract
AIM: To study the therapeutic effect of intraperitoneal hyperthermic
double-distilled water and cis-diaminodichloro-platinum (DDP)
perfusion for cancerous ascites and radical gastrectomy.
METHODS: LACA mice were injected peritoneally with H22 cancer
7
cells (2 × 10 tumor cells). Five days later, the mice received
treatments with either intraperitoneal perfusion of 37 ℃ isotonic
fluid (group Ⅰ), or 43 ℃ simple hyperthermic double-distilled
water (group Ⅱ), isotonic fluid (group Ⅲ), DDP (group Ⅳ) or a
combination of the hyperthermic double-distilled water with DDP
(group Ⅴ). A clinical experiment with intraperitoneal hyperthermic
double-distilled water perfusion with DDP was carried out from
September 1991 through September 1993 with 32 advanced gastric
cancer patients who had undergone radical gastrectomy.

MATERIALS AND METHODS
Materials

LACA mice and ascites tumor cells (liver cancer cell ascites, H22)
were provided by the Cancer Institute of West-China University of
Medical Sciences. Double-distilled water (DDW) and physiological
saline were provided by our pharmaceutical department. DDP (2
mL/tube, containing 10 mg DDP) were procured from the manufacturer, Gejiu Biochemical Pharmaceutical Factory (Yunnan, China).

RESULTS: In comparison with the untreated control group of cancer
cell-bearing LACA mice, the mice in all treatment groups showed
near complete obliteration of cancer cells in the peritoneal cavity,
markedly reduced ascites, prolonged survival times, and reduced
growth of peritoneal cancerous nodes. In the clinical experiment,
all 32 patients with advanced carcinoma had achieved satisfactory
results at the 1-year follow-up, but had unsatisfactory results at the
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Seventy mice were given an intraperitoneal injection of 2 × 10
tumor cells; the male: female ratio was 35:35 and the range of
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Chen ZX et al . DDP perfusion in cancerous ascites
Table 1 Management strategies for ascites cancer cells in LACA mice

Table 2 Ascites, tumor cells and survival rate of tumor cells for all groups

Group Ⅰ

Group Ⅱ

Group Ⅲ

Group Ⅳ

Group Ⅴ

Injection of tumors cells

+

+

+

+

+

37 ℃

+

-

-

-

-

43 ℃

-

+

+

+

+

0.9% normal saline

+

-

+

+

-

DDW

-

+

-

-

-

DDP

-

-

-

+

+

Management

b

+: Management; -: Without management. DDP: double-distilled water and cisdiaminodichloro-platinum; DDW: Double-distilled water.

Group

n

Ascites (mL)

Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

14
14
14
14
14

22.13 ± 3.16
10.61 ± 2.85b
17.29 ± 2.93
10.86 ± 1.86b
5.36 ± 4.28bd

7

Tumor cells ( × 10 /mL) Survival rate of tumor cells (%)
21.43 ± 3.42
8.20 ± 3.41b
18.26 ± 3.12
6.54 ± 3.75b
4.57 ± 2.90bd

89.42 ± 3.21
69.21 ± 7.22b
87.86 ± 1.68
75.14 ± 6.89b
45.14 ± 22.64bd

P < 0.01 vs group Ⅰ, dP < 0.01 vs groups Ⅱ and Ⅲ.

Table 3 Detected peritoneal cancerous nodes for all groups
Group Ⅰ Group Ⅱ Group Ⅲ Group Ⅳ Group Ⅴ
Proportion of peritoneal cancerous nodes
Incidence of peritoneal cancerous nodes

bd

Survival days

30

b

20

7/14
50.00

3/14
21.43

5/14
35.71

4/14
28.57

1/14a
7.64a

a

P < 0.05 vs group Ⅰ.

b

lower in the former and the survival rate to be markedly improved
(Table 2).

Survival days of mice

10

0

With the exception of group Ⅲ, the management strategies were
associated with significantly improved survival (P < 0.05 vs control
group Ⅰ). When group V was compared with groups Ⅱ, Ⅲ and Ⅳ,
the former showed significantly greater prolonged survival (Figure 1).
The data for effects of the different management strategies on
growth of peritoneal cancerous nodes are presented in Table 3.

Ⅰ               Ⅱ                  Ⅲ                Ⅳ               Ⅴ

Figure 1 Survival days for all groups. bP < 0.01 vs group Ⅰ, dP < 0.01 vs groups Ⅱ, Ⅳ and Ⅴ.

body weight was 22-24 g. The injected mice were randomly divided
into the following 5 groups for treatment at day 5 post-injection:
[5]
Physiological saline at 1.5 mL (group Ⅰ, control group); hyperthermic double-distilled water (group Ⅱ); isotonic fluid (group Ⅲ);
[6]
DDP (2.5 mg/kg) (group Ⅳ); and hyperthermic double-distilled
water combined with DDP (group Ⅴ). All treatments were delivered
as intraperitoneal perfusion, and the various features of the perfusions are presented in Table 1.

Light and electron microscopy observation of ascites tumor cells

Under the light microscope, the tumor cells of group Ⅰ were found
to be larger in number, gathered in clots, and presenting with large
and deeply-stained nuclei. The tumor cells of group Ⅲ were found to
be reduced in number. The tumor cells of groups Ⅱ and Ⅳ showed
a portion with water-like degeneration and necrosis. The tumor cells
of group Ⅴ showed a sharp sharply reduction in number, with the
present cells showing necrotic pathological changes, cytoplasm dissolution and nucleus disappearance. Under the electron microscope,
the tumor cells of group Ⅴ showed no complete structures, while
those of groups Ⅱ and Ⅳ showed degeneration in various degrees,
with distension of mitochondria and nucleoplasm.

Observation and analysis of indexes

Average survival days of mice and quantity of ascites The
exact time of death was recorded, after which a small incision was
made in the abdominal wall in order to remove the ascitic fluid by
suction. The collected fluid was used in subsequent analysis as
described below.

CLINICAL APPLICATION
The clinical experiment was conducted from September 1991 to
September 1993 and involved 60 cases of advanced gastric cancer.
The patients, once enrolled, were divided randomly into the following two groups. The first group was a control (28 cases) and was
treated with operation only; the second group was experimental (32
cases) and was treated with an intraperitoneal perfusion of 43 ℃
double-distilled water combined with DDP.
For each patient, the abdominal cavity was opened for perfusion
and washing with 200 mL of 37 ℃ normal saline, which was then
sucked out in order to search for the detouched tumor cells. Patients
allocated to the second group received the following additional treatment: Before closure of the abdomen, an intraperitoneal perfusion
of hyperthermic (44-46 ℃) sterile double-distilled water (2500-3000
mL) was delivered by circulating perfusion for 30 min, after which
700-1000 mL of perfusate was allowed to remain in the abdomen,
2
[7]
and 300 mg of DDP (200 mg/m ) was added ; the abdomen was
then closed with a tube in place to facilitate post-operative drainage. After postoperative clamping for 4 h, the tube was opened for
drainage. At the same time of the perioperative perfusion, a rapid
(20 min) i.v. drip of 12 g of sodium thiosulfate was administered,
followed by a gradual (8 h) i.v. drip of 24 g of sodium thiosulfate in
[8]
1000 mL of 5% G.S. .
In the second group (prevention group), 13 (48.1%) of the 27
patients were positive for detouched tumor cells, and all 13 became
negative after treatment. In the first group (control group), 9
patients were positive and 6 remained positive after the operation.
The prevention group had a 1-year survival rate of 96.9%

Peritoneal cancer nodes examination An autopsy was performed to observe the distribution, number and size of the cancer
nodules. All data were recorded for subsequent statistical analysis.
Number of living tumor cells Samples of the collected ascitic fluid
from each mouse were diluted with physiological saline and stained
with TaiPan blue to distinguish the living tumor cells. The total number were counted and recorded.
Tumor cells under optical and electron microscopic observation A smear was made using the precipitate obtained by centrifugation. After ultra-thin sectioning and staining with hematoxylineosin and counterstaining with uranyl, acetate and lead citrate, the
sections were observed under both optical and electronic microscopy. F and Q tests were used for statistical comparison.

RESULTS
Ascites tumor cells and survival rate of tumor cells

In the control group, ascites were obvious within 1 wk, while the
managed groups (groups Ⅱ-Ⅴ) presented a slower appearance of
ascites and a reduced amount of ascitic fluid. Four mice in group
Ⅴ developed no ascites. Managed groups Ⅱ, Ⅳ and Ⅴ, with the
exception of group Ⅲ, showed a significantly low number of tumor
cells (P < 0.01 vs control group I). When group Ⅴ was compared
with groups Ⅱ and Ⅳ, the tumor cells were found to be drastically
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(31/32), which was significantly higher than that of the control
group (46.1%, 13/28; P < 0.01), but a 2-year survival rate that was
similar to the control group (75.0%, 24/32 vs 42.9%, 12/28; P >
0.05).
The incidence of complications of intraperitoneal perfusion was
65.6% (21/32) and included nausea (43.8%, 14 patients) and vomiting (25.0%, 8 patients). These cases were mild, and easily relieved
by paspertin or ondansetron zofran. The levels of serum creatinine and urea nitrogen were higher after perfusion than before the
operation, but still within normal limits. Six patients showed a slight
decrease in white blood cell count after perfusion, but in all cases
9
the count was above 3.0 × 10 . All patients showed normal findings
from liver function tests; there were no instances of peritoneal nerve
injury, delayed healing of the incision, anastomotic leakage, or intestinal adhesion.

DDP was compared with perfusion of normal temperature hypotonic
fluid, isotonic fluid and DDP, the former showed the best effect,
probably due to the synergic action of the agents when used as a
combination therapy.
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CASE REPORT

Pancreatitis associated with herpes zoster: A case report
Hong-Guang Wang, Gui-Zhi Yang, Heng-Yan Li
Hong-Guang Wang, Gui-Zhi Yang, Heng-Yan Li, Department of Gastroenterology, Railway Central Hospital of Jilin, Jilin Province 132001, China

an erythematous base at the right hypogastric region and extending dorsally along the right ribs. There was marked tenderness in
the epigastric region, and auscultation revealed diminished bowel
sounds. No abnormal mass or enlargement of the liver or spleen
was detected by palpation. Both the Grey-Turner’s sign and Cullen’
s signs were absent. Pelvic examination revealed no tenderness
of the cervix or cul-de-sac. Initial laboratory tests included a white
9
blood cell count of 7.7 × 10 /L, hemoglobin level of 123 g/L, serum
amylase of 603 U/L (normal, < 180 U/L), urine amylase of 3864 U/L
(normal, < 1200 U/L), serum lipase of 2780 U/L (normal, < 100 U/L)
and positive serum HZV (by PCR).
Abdominal ultrasound showed a normal liver, gallbladder, and
pancreas. Bile ducts were not dilated. There was a small amount of
fluid detected in the peritoneal cavity. The serum potassium level
was 2.3 mmol/L, but the serum levels of calcium, cholesterol and
triglycerides were normal. The diagnostic impression was acute pancreatitis and HZV. Treatment included intravenous fluids, electrolyte
replacement, interferon and nasogastric suction. A week later, the
patient’s abdominal pain disappeared gradually and she resumed
eating. Repeated abdominal B-ultrasonography showed no fluid in
the peritoneal cavity. The vesicles presence resolved.
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DISCUSSION
Acute pancreatitis is a process of autodigestion of the pancreas
caused by premature activation of zymogens, leading them to
become active proteolytic enzymes. The etiology of acute pancreatitis is diverse and reported causes include the mumps virus, rubella
virus, Coxsackie B virus, Epstein Barr virus and hepatitis A virus;
however, the association between HZV and pancreatitis has rarely
been reported.
The pathogenic mechanism underlying HZV-related pancreatitis
remains unknown. One plausible mechanism for virus-associated
acute pancreatitis is inflammation and destruction of pancreatic acinar cells directly induced by the virus. In the case described herein,
HZV was detected in the serum by PCR and other coincidental etiologies, such as alcohol abuse, gallstone disease, drug-induced pancreatitis, trauma, hyperlipidemia, and ulcer diseases, were excluded
by clinical examination and history taking.

INTRODUCTION
The etiology of acute pancreatitis has been well studied and is
known to be diverse, but pancreatitis caused by herpes zoster (HZV)
has rarely been reported. We encountered a case of pancreatitis
associated with HZV in our hospital and report it below.

CASE REPORT
A 28-year-old woman was admitted to our hospital with complaints
of anorexia, nausea and epigastric pain that had lasted for 6 d.
The patient denied recent alcohol ingestion, previous food intolerance, jaundice or abdominal pain, and she had no history of peptic
ulcer disease, hyperlipidemia, abdominal trauma or recent use of
medication. Physical examination revealed umbilicated vesicles on
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Pharmacokinetics of four 5-FU preparations administered rectally to rats
and rabbits
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INTRODUCTION
Fluorouracil (5-FU) is one of the most effective medicines for chemotherapy of large bowel cancer; unfortunately, intravenous administration does not allow for a sufficiently high concentration to reach
the cancer tissues and is associated with frequent serious toxic reac[1]
tions and side effects . However, a higher 5-FU concentration in
cancer tissues accompanied by a relative lower level in plasma could
[2]
be obtained if the drug is administered rectally ; as such, this strategy would also reduce the risk of adverse reactions, such as arrest
of bone marrow functions.
We generated four different preparations of 5-FU for rectal
administration, and compared their pharmacokinetic characteristics
in the rat and rabbit whole animal systems.
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Abstract
AIM: To compare the pharmacokinetic characteristics of four
preparations of fluorouracil (5-FU) administered rectally using a rat
model.
METHODS: Concentrations of 5-FU were measured in plasma, the
rectal wall and mesentery lymph tissues of rats and rabbits by high
performance liquid chromatography. Differences between the main
pharmacokinetic parameters were compared by statistical analysis.

MATERIALS AND METHODS
Animals

Female and male rats (weight range: 150-200 g) and rabbits (weight
range: 2-3 kg) were provided by the animal facility of North Sichuan
Medical College.

RESULTS: The 5-FU concentrations in the rectal wall and mesenteric
lymph tissues were significantly higher than the concentration in
blood following rectal administration for all four of the preparations (P
< 0.01). The drug level in the rectal wall was higher in the animals
received delivery of an emulsion, compared to those who received
delivery as a suppository (P < 0.05). Moreover, the animals who
received a lipophil-based suppository had lower plasma level of drug
than those who received a hydrophil-based suppository, and the
animals who received the simple (o/w) emulsion had lower plasma
level than those who received the complex (w/o/w) emulsion. The
differences found in the rat model were confirmed in rabbits (P <
0.01).

Compounds

5-FU raw drug (lot number: 910732) was procured from the manuth
facturer, Shanghai 12 Pharmaceutical Factory. All reagents used in
the study were of AR grade.

Preparations

Crystalline grain (o.d. 10 μm) was generated by the solvent-transformation method. The hydrophil-based (polyethylene glycols) suppositories (HBS) and lipophil-based (semi-synthetic fatty glyceride)
suppositories (LBS), each containing 250 mg 5-FU (for rabbits) or
25 mg (for rats), were generated by the heating-melt method. Two
kinds of emulsions containing 5-FU (5%) (wt/vol)) were generated
using an aqueous solution, namely the simple (o/w) emulsion (SE)

CONCLUSION: The lipophil-based suppository and the simple
emulsion of 5-FU might be more suitable for rectal administration for
treatment of rectal cancers.
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Zhang X et al . Four 5-FU preparations administered rectally to rats and rabbits
Table 1 Comparison of tissue concentrations in rats among the four 5-FU
preparations (¯x ± s, n = 5)

Table 2 Main pharmacokinetic parameters in rabbits after rectal
administration of four 5-FU preparations (¯x ± s, n = 3)

Group

Group

T1/2 (h)

Vd (L)

AUC [(mg·g)/L]

Cmax (mg/L)

Tmax (h)

HBS
LBS
SE
CE

1.19 ± 0.52
1.92 ± 0.80
4.54 ± 1.75
2.10 ± 0.98

2.25 ± 1.01
16.90 ± 7.44
22.98 ± 10.51
3.00 ± 1.42

95.41 ± 45.21b
20.44 ± 9.82
35.60 ± 15.03
126.19 ± 73.35b

39.56 ± 19.02
8.56 ± 3.70
9.95 ± 3.97
30.48 ± 15.24

0.84 ± 0.41
0.55 ± 0.29
0.40 ± 0.17
0.99 ± 0.49

Concentration
Plasma (mg/L)
27.10 ± 15.06c
16.60 ± 15.03
14.39 ± 9.40
19.47 ± 8.71c

HBS
LBS
SE
CE

Rectal wall (mg/g)

Mesenteric lymph nodes (mg/g)

71.97 ± 21.64b
46.82 ± 20.84b
154.11 ± 46.54a,b
156.60 ± 42.31a,b

75.92 ± 21.81b
41.93 ± 17.22b
41.29 ± 15.30b
46.45 ± 13.41b
b

b

a

c

P < 0.01 vs plasma level; P < 0.05 SE group vs HBS group, CE group vs LBS group; P > 0.05
HBS group vs LBS group, CE group vs SE group. HBS: hydrophil-based (polyethylene glycols)

P < 0.01 HBS group vs LBS group, CE group vs SE group. HBS: hydrophil-based (polyethylene

glycols) suppositories; LBS: Lipophil-based (semi-synthetic fatty glyceride) suppositories SE: Simple
(o/w) emulsion; CE: Complex (w/o/w) emulsion.

suppositories; LBS: Lipophil-based (semi-synthetic fatty glyceride) suppositories SE: Simple (o/w)
emulsion; CE: Complex (w/o/w) emulsion.

well recognized. Specifically, 5-FU damages proliferating cells,
thereby reducing the tumor mass in size and preventing tumor cells
from spreading and undergoing metastasis. However, if the drug
is administered intravenously, its curative effects are inadequate
because it achieves a lower concentration in the rectal wall and mesenteric lymph nodes and instead has a relatively higher concentra[4]
tion in blood . High blood concentrations lead to serious side effects
that preclude the patients’ ability to tolerate the treatment.
In this study, the 5-FU concentrations in the rectal wall and mesenteric lymph nodes were significantly higher than that in blood at
1 h after administration to rats, for all four of the different preparation types (P < 0.01). Comparison of the four types of preparations
showed that the emulsions provided higher levels of 5-FU in the
rectal wall than did the suppositories (P < 0.05). The drug concentrations in the blood was higher in the rats given HBS than in those
given LBS, and higher for CE than for SE (P > 0.05). The differences
were confirmed in the rabbit system as well (P < 0.01).
Thus, LBS and SE provided higher 5-FU concentrations in the
rectal wall and mesenteric lymph nodes, and a lower concentration
in blood. Rectal administration can reduce toxic and side effects and
increase anticancer effects; therefore, the two preparations, LBS
and SE, are more suitable for clinical application.

and the complex (w/o/w) emulsion (CE).

Instruments and requirements of assay

High performance liquid chromatography (HPLC) was carried out
with the chromatographic column-Zorbax ODS (Gilson Corporation,
France) using the following parameters: 4.6 mm × 150 mm; graininess 5 μm; mobile phase, phosphate buffer solution (0.025 mol/L,
pH 3.0); and flow rate, 1 mL/min.

Experiments

Twenty rats were randomly divided into four groups, with total
weight balanced in each. The rats in the four groups were rectally
administered 5-FU as HBS, LBS, SE or CE at a dose of 25 mg. In
order to prevent leakage of the drug solution from the anus, the orifice was clipped closed after the drug delivery. At 1 h post-delivery,
blood samples (2 mL each) were drawn from the tail vein and the
rats were sacrificed for immediate tissue harvesting (rectal and
mesenteric lymph nodes). The rectal tissues were first cleaned by
distilled water and blotted on filter paper, then 30 mg were weighed
out for the subsequent analyses. The blood samples (containing heparin) were centrifuged and 1 mL plasma was collected for
analysis. The 5-FU concentrations in the tissues and plasma were
determined by HPLC assay as previously described but with slight
[3]
modification .
Twelve rabbits were randomly divided into four groups and rectally administered 5-FU as HBS, LBS, SE or CE at a dose of 250 mg.
At 0.5, 1, 1.5, 2, 4 and 6 h post-delivery, blood samples (1.5 mL)
were drawn from the posterior auricular arteries and processed for
analysis as described above.

ACKNOWLEDGEMENTS
We thank You-Zhi Zhen and Zhi-Li Tong of Central Hospital of Nanchong City for their help with performing the HPLC assay.

REFERENCES
1

RESULTS

2

Data for the main pharmacokinetic parameters are presented in
Tables 1 and 2.

3
4

DISCUSSION
5-FU is one of the most common anticancer drugs used in clinical practice today, and its strong killing effects on cancer cells are

Woley PV. Chemotherapy of colorectol carcinoma. Zhonghua Zongliu Zazhi 1976; 3:
415-418
Luo JM. Observation under electronic microscope on the effects of 5-FU suppository
on rectal cancers. Hunan Yiyao Zazhi 1990; 7: 215-217
Zhang HF, Yan BX, Zhang ZS, Lu SM, Zhang TL. The investigation of disposition of
5-fluorouracil in vivo after three routes of administration. Zhongguo Linchuang Yaolixue Zazhi 1990; 6: 92-99
Zhou XG, Wang YC, Yu BM, Shen YX, Jiang JT, Zhang DS, Ding QG, Xia ZQ, Xie
GP, Liu Y. [Route and preparation of 5-Fu administration as preoperative adjuvant
chemotherapy in rectal cancer. I. Concentration and distribution of 5-Fu in tissues
monitored by 14C-isotopically tagged 5-Fu]. Zhonghua Zongliu Zazhi 1988; 10: 81-84
[PMID: 3208659]
L- Editor: Filipodia

WJG|www.wjgnet.com

250

E- Editor: Liu WX

December 15, 1997|Volume 3|Issue 4|

World J Gastroenterol 1997 December 15; 3(4): 250
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i4.250

© 1997 Baishideng Publishing Group Inc. All rights reserved.

BRIEF REPORT

Influence of diet intake on liver function test
Shu-Quan Cheng, Ji-Fang Zhang, Zi-Fu Zhang, Mei-Yan Qian, Xiao-Ling Guo, Wen-Zhang Shang, Duo-Jing Li
Shu-Quan Cheng, Ji-Fang Zhang, Zi-Fu Zhang, Mei-Yan Qian, Xiao-Ling
Guo, Wen-Zhang Shang, Duo-Jing Li, Department of Medical Laboratory,
Central Hospital of Jiaozuo Coal-Mine Administration, Jiaozuo 454150, Henan
Province, China

aminotransferase, alkaline phosphatase, lactate dehydrogenase,
gamma glutamyl transferase, SP, A and G. Statistical significance of
differences between inter-group values was determined using SAS
software.
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RESULTS: None of the indexes showed statistically significant
differences between the fasting state and the fed state (P =
0.476-0.978).
CONCLUSION: Liver function test can be performed after a meal.

Abstract

Key words: Dietary proteins; Dietary fats; Liver function tests

AIM: To study whether dietary intake influences liver function test.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Blood samples were obtained from patients liver
diseases (n = 100) and controls (without liver diseases; n = 100)
first at 07: 00 in the morning (fasting state) and then 2 h after a
meal (fed state). The Hitachi-7150 automatic biochemistry analyzer
was used to assess the following liver function indexes: Serum
bilirubin, thymol turbidity test, alanine aminotransferase, aspartate
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INTRODUCTION
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The major cause of death in patients with malignant neoplasms is
metastasis. The spread of tumor cells from the primary site to other
organs involves a sequence of complex biologic events. Improving
our knowledge about the mechanisms of metastasis, at a biologic
level, may enable us to detect the pre-metastatic state and inhibit
tumor invasion. The following multistep cascade contributes to the
initiation of tumor metastasis: (1) tumor cells attach to the extracellular matrix by means of cell-surface receptors; (2) tumor cells
degrade the matrix by secreting specific degradative enzymes; and
(3) tumor cells migrate through the degraded matrix, facilitating
[1]
metastasis . Matrix degradative enzymes, such as urokinase, type
Ⅳ collagenase, β-glucuronidase and Cathepsin B, play important
roles in this process.
β-glucuronidase, a lysosomal acid enzyme that acts to degrade
proteoglycan, the major component of basement membrane, participates in the processes of tumor invasion and metastasis. In
this study, an attempt has been made to establish a relationship
between β-glucuronidase secretion and the primitive nature of in
vitro colorectal carcinoma. Accordingly, the β-glucuronidase secretory capacities of six colorectal carcinoma cell lines, representing varying degrees of differentiation and invasiveness, were compared. The
results indicated that the poorly and highly invasive cells could be
separated on the basis of β-glucuronidase secretion. This biochemical marker may prove useful in assessing the primitive characteristics of cultured colorectal carcinoma cells.
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Abstract
AIM: To study the relationship between β-glucuronidase and the
invasiveness of human colorectal carcinoma cell lines.
METHODS: Six colorectal carcinoma cell lines, including three
well-differentiated (CX1, CCL187, and CCL229) and three poorly
differentiated ones (CCL227, CCL228, and Clone A), were analyzed by
Fischman’s method to determine the concentration of β-glucuronidase
in the medium.
RESULTS: Low levels of β-glucuronidase (activity range: 1.29
to 1.96 μg/106 cells·h) were associated with poor invasiveness.
This finding was in contrast to the elevated levels of the enzyme
(2.46-3.37 μg/106·h) detected in the medium derived from the more
aggressively invasive cells (CCL 227, CCL 228, Clone A, and CCL
229).

MATERIALS AND METHODS
Materials

Human colorectal carcinoma cell lines that had originated from
tumor tissues and were well established in serial subcultures were
used in this study. The cell lines CX1, CCL187, CCL227, CCL228,
CCL229, and Clone A were generous gifts from the Dana Farber
Cancer Institute of Harvard Medical School, USA.

CONCLUSION: Highly invasive colorectal carcinoma cells secreted
higher levels of β-glucuronidase than the poorly invasive cells.
Determination of secreted β-glucuronidase might represent a useful
in vitro measurement tool to assess the invasiveness of colorectal
carcinoma.

Methods

The cell lines were maintained in Dulbecco’s modified Eagle’s medium (GIBCO, BRL) supplemented with 10% calf serum and 2 U/mL
gentamycin. Cell cultures were incubated at 37 ℃ in a humidified
atmosphere of 95% air and 5% carbon dioxide.
The culture medium was collected as follows. Colorectal carci-

Key words: Colorectal neoplasms; β-glucuronidase invasiveness; Cell
lines
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Table 1 Conditions for measuring β-glucuronidase in culture medium
Medium (mL)

Water (mL) Acetate buffer (mL) pH Substrate final Molarity (mL) Incubation time at 37 ℃ (h) Alkalinizing reagent (mL)

0.2

0.4

0.2

4.5

0.2

0.006

18

21 + 3 mL H2O

Final pH Coloremeter wavelength (nm)
10.2

540

1

Glycine-Duponal reagent: 15.01 g of glycine dissolved in 900 mL of H2O and brought to pH 11.7 by addition of 50% NaOH solution. Duponal (sodium lauryl sulfate) was added to produce a
final concentration of 0.2% and water was added to achieve a final volume of 1 L.

β-glucuronidase, a lysosomal acid enzyme that can degrade proteoglycan, the major component of basement membrane, is known to
[7]
participate in the process of tumor invasion and metastasis. Poole
reported that β-glucuronidase activity was high in experimental rat
tumors and that the enzyme was present in the matrix ahead of the
[8]
invading tumor. Dai et al reported that the β-glucuronidase activity level in stomach cancer was higher than that in non-cancerous
[9]
tissues. Nicolson et al confirmed that highly metastatic melanoma
cells secreted higher levels of β-glucuronidase and degraded subendothelial basement membrane at a higher rate than poorly metastatic melanoma cells. All these findings have supported the hypothesis that β-glucuronidase is closely related to tumor metastasis.
In order to illustrate the relationship between β-glucuronidase
secretion and invasiveness of human colorectal carcinoma, we analyzed the culture medium from six cell lines to determine the activity of β-glucuronidase within. The results indicated that the highly
invasive cell lines secreted higher levels of β-glucuronidase than the
poorly invasive ones, supporting the notion that β-glucuronidase
might contribute to colorectal carcinoma invasion and metastasis.
Moreover, determination of secreted β-glucuronidase might represent a useful measurement tool for the invasiveness of in vitro
colorectal carcinoma.

Table 2 Activity of secreted β-glucuronidase in culture medium of six
colorectal carcinoma cell lines
Cell line

b

Differentiation degree

[3]

[3,4]

Invasiveness

n

β-glucuronidase activity, ¯x ± s

CX1

Good

Low

6

1.29 ± 0.17

CCL187

Good

Low

6

1.96 ± 0.28

CCL229

Good

High

6

3.37 ± 0.34b

CCL227

Poor

High

6

2.46 ± 0.18b

CCL228

Poor

High

6

2.73 ± 0.19b

Clone A

Poor

High

6

3.22 ± 0.38

P < 0.001 vs CX1, CCL187.
5

noma cells were seeded in 100 mL flasks (2.5 × 10 cells/mL). After
3 d of culture, the medium was refreshed completely. After an additional day of culturing, the medium was harvested and the cells enu6
merated. The collected medium was condensed (mL/5 × 10 cells)
and stored at 4 ℃ for future use. β-glucuronidase activity levels in
[2]
the collected medium was determined by Fischman’s method .
Phenolphthalein standard curve was set up in a range of 0 mg/L to
40 mg/L. The substrate was phenolphthalein mono-β-D glucosiduronic acid sodium salt. The conditions for measuring medium levels
of β-glucuronidase are shown in Table 1. One enzyme activity unit
6
equated to 1 μg of released phenolphalein/10 cells·h. The results
were analyzed by Student’s t-test.
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AgNOR and rasp21 expression in gastric mucosal lesions caused by
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patients were Hp-positive and 132 were Hp-negative.
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of Gastroenterology, First Affiliated Hospital, Nanjing Medical University, Nanjing 210029, Jiangsu Province, China

RESULTS: The Hp-positive group of patients showed significantly
greater AgNOR in the gastric mucosal lesions than the Hp-negative
group, with the exception of the CSG sub-group (P < 0.05 or P <
0.01). The positive rate of rasp21 expression in gastric mucosal
lesions in the Hp-positive group was also significantly higher than
that in the Hp-negative group, with the exception of the CSG and
CAG sub-groups (P < 0.05).
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CONCLUSION: Hp-positive gastric mucosal lesions show biological
behaviour of tumors. Hp may act as a promoter to activate the ras
gene and to stimulate cell over-proliferation.

Abstract
AIM: To investigate AgNOR and rasp21 expression levels in gastric
mucosal lesions caused by Helicobacter pylori (Hp) infection in order
to gain insight into the related biological processes (i.e. tumorlike behavior) and possible underlying mechanism supporting Hp
pathogenesis.

Key words: Helicobacter pylori /pathogenicity; Gastric mucosal/
pathology; Stomach diseases/microbiology; Stomach neoplasms/
microbiology; Nucleoproteins/metabolism; Proto-oncogene protein
P21/ (RAS)

METHODS: Hp infection was diagnosed in using the standard
Campylobacter-like organism test along with Wathin-Starry staining.
The expression of AgNOR was detected by the silver colloid staining
technique. The expression of rasp21 was detected by monoclonal
antibody and immunohistochemical staining using the ABC method.
The study included a total of 278 patients with endoscopically- and
pathologically-confirmed gastric mucosal lesions, representing chronic
superficial gastritis (CSG), chronic atrophic gastritis (CAG), intestinal
metaplasia, dysplasia, and gastric cancer. Among these, 146 of the

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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INTRODUCTION
[1]

The CA19-9 antigen isolated by Koprowski and colleagues in 1979
is a lacto-N-fucopentaose Ⅱ-like substance and one of the tumorassociated antigens present in serum in the mucin fraction. Close
attention has been paid to the role of CA19-9 in the diagnosis of
[2,3]
digestive tract tumors . After strictly inspecting the quality of a
commercially available CA19-9 antigen kit, we assayed serum CA19-9
levels in 207 patients with gastrointestinal diseases and in 111 normal adults (for comparative analysis as healthy controls). These
data was used to evaluate the clinical significance of CA19-9 in diagnosis of digestive tract tumors.
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Abstract
AIM: To evaluate the clinical value of CA19-9 in diagnosing and
differentiating gastrointestinal tumors and in monitoring patients
treated surgically.

MATERIALS AND METHODS
Experimental equipment

METHODS: Patients with gastric cancer (n = 70), colorectal cancer
(n = 90), pancreatic cancer (n = 7), esophageal cancer (n = 10)
and benign disorders (n = 30), and normal adults (n = 111; used as
healthy controls), were studied. Fasting blood samples were obtained
from each study participant. The serum CA19-9 concentration was
measured with radioimmunoassay.

The CA19-9 McAb solid phase IRMA kit (Tianjin SYTRON Biotech Inc.)
125
and the FT-613 automatic counter of I radioimmunoassay (Beijing)
were used.

Normal CA19-9 value

CA19-9 concentration was determined in the sera of 111 normal
adults from the Guangzhou area (55 males, 50 females; mean age
of 47.7 years) and used as the normal referential values for the
study.

RESULTS: The mean CA19-9 level was significantly higher in
patients with gastric cancer (170.69 ± 91.45 kU/L) and patients
with colorectal cancer (87.21 ± 39.55 kU/L) than in the healthy
controls (11.254 ± 6.00 kU/L). Compared with the healthy controls,
the CA19-9 level was also much higher in patients with pancreatic
cancer (1266.58 ± 521.31 kU/L) (P < 0.01). However, the CA19-9
concentrations in patients with non-recurrent gastric cancer (12.63
± 3.62 kU/L), colorectal cancer (14.14 ± 3.26 kU/L) and benign
disorders (14.23 ± 2.60 kU/L) were statistically similar to those in
the healthy controls (P > 0.05). The demarcation value of CA19-9
between negative and positive was < 31.0 kU/L. The sensitivity of
CA19-9 for gastric, colorectal, pancreatic and esophageal cancers
and for gastrointestinal benign disorders was 47.3%, 50.0%, 83.3%,
20.0% and 0%, respectively. The specificity of CA19-9 for digestive
system malignant diseases was 100% for all.

Patients

Serum samples were obtained from 207 patients with malignant
and benign diseases of the digestive system. All diagnoses were
confirmed by clinical, laboratory and pathological examinations. Of
the 207 cases, 70 were gastric cancer, 90 were colorectal cancer, 7
were pancreatic cancer and 10 were esophageal cancer; a total of
30 of the cases were benign disorders, including 6 cases of chronic
superficial gastritis, 7 of antral gastritis, 5 of gastric ulcers, 10 of
duodenal ulcers, and 2 of acute appendicitis. The patients consisted
of 148 males and 59 females, with age range of 22 years to 85
years (average age: 52.9 years).

Key words: Digestive system neoplasms; CA19-9; Tumor-related
antigen; Stomach neoplasms; Colorectal neoplasms; Pancreatic
neoplasms; Esophageal neoplasms

RESULTS
The mean serum CA19-9 concentration in the 111 healthy controls
from the Guangzhou area was 11.254 ± 6.006 kU/L. The differ-
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Table 1 Serum CA19-9 concentration in patients and healthy controls
n

¯x ± s

Range

Gastric cancer
Preoperation
46
170.69 ± 91.45a 10.3-3220.0
Postoperative stability
15
12.62 ± 3.26
0.2-22.8
Postoperative recurrence
9
393.17 ± 3.804
9.0-2843.8
Colorectal cancer
a
Preoperation
50
152.69 ± 76.39
0.2-3261.0
Postoperative stability
24
14.15 ± 2.25
0.0-31.0
Postoperative recurrence 16
87.21 ± 39.55a
0.5-657.8
Pancreatic cancer
7 1266.58 ± 521.31b 11.0-3220.0
Esophageal cancer
10
19.94 ± 6.31
0.0-53.0
Benign disorders
30
14.23 ± 2.60
0.0-27.2
Healthy controls
111
11.25 ± 0.57
0.0-27.5

Table 2 Evaluational indexes for CA19-9-based diagnosis of gastrointestinal
benign and malignant diseases

> 31.0 kU/L

PR, %

19
0
7

41.3
0.0
77.8

20
0
11
6
2
0
0

40.0
0.0
68.7
83.3
20.0
0.0
0.0

Disease
Gastric cancer
Preoperation and recurrence
Colorectal cancer
Preoperation and recurrence
Esophageal cancer
Pancreatic cancer
GI benign disorders

n

Positive

Se, %

Sp, %

55

26

47.3

100.0

65.9

100.0

50.8

66
10
7
30

33
2
6
0

50.0
20.0
83.3
0.0

100.0
100.0
100.0
100.0

65.6
80.0
97.3
78.7

100.0
100.0
100.0

47.6
78.9
96.8
787

Ac, % +PV, % -PV, %

Se, Sensitivity; Sp, Specificity; Ac, Accuracy; +PV, Positive predictive value; -PV, Negative
predictive value.

a

P < 0.05 vs healthy controls, bP < 0.01 vs healthy controls; PR, positive rate.

Elevated serum CA19-9 levels have been observed in many different malignant diseases. The test seems especially promising for
detection of pancreatic cancer, as more than 80% of these patients
have been reported to show increased serum CA19-9 concentra[4,5]
tion ; therefore, CA19-9 may be a good tumor marker for diagnos[6]
ing pancreatic cancer and monitoring patients treated surgically .
Here, we assayed the CA19-9 levels in patients with pancreatic cancer,
and the serum CA19-9 concentration was found to be > 85 kU/L in 6
of the patients, > 110 kU/L in 5, > 1900 kU/L in 3, and 3200 kU/L
in 1. The sensitivity, specificity, accuracy, positive predictive value
and negative predictive value were 83.3%, 100%, 97.3%, 100%
and 96.8%, respectively.
The incidence of pancreatic cancer is increasing worldwide. In
1987, the Japanese Cancer Registries reported the 5-year survival
rates for 177 resected cases of T1 stage, 783 resected cases of T2
stage, 463 resected cases of T3 stage and 304 resected cases of T4
stage cancer as being 39.8%, 21.7%, 14.3% and 13.4%, respec[7]
tively . These results indicate that it is important to diagnose early
stage pancreatic cancer, so as to improve prognosis. However, using
the current diagnostic methods, it is difficult to diagnose pancreatic
cancer in the early stage and to distinguish it from benign conditions
that resemble pancreatic cancer in many aspects. Although only 7
patients with pancreatic cancer received the CA19-9 test in the current study, the results still showed that the CA19-9 test seems to be a
useful additional tool in the diagnosis of pancreatic cancer.

ence of CA19-9 value among the healthy controls was not statistically
significant among groups divided by age or sex (P > 0.05). The
demarcation value of CA19-9 between the negative and positive was
< 31.0 kU/L in our laboratory. The serum CA19-9 concentrations in
patients with malignant and benign diseases are listed in Table 1.
Table 2 shows the evaluational indexes of CA19-9 for diagnosing some
of the gastrointestinal tumors.

DISCUSSION
We have determined the normal referential value of CA19-9 (11.254
± 6.006 kU/L) in 111 healthy controls from the Guangzhou area
using the solid phase IRMA kit. This result was similar to the results
obtained by testing with solid phase radioimmunoassay kits manufactured by the Abbott Company and ORIS Company (France). The
demarcation value of CA19-9 between the negative and positive was
< 31.0 kU/L. This value was slightly lower than that reported in the
kit’s accompanying documentation ( < 34.0 kU/L).
The results of our study showed that serum CA19-9 levels in
patients with gastric cancer, colorectal cancer and some postoperatively recurrent cancers were significantly higher than those
detected in the healthy controls. The sensitivity of CA19-9 in diagnosing gastric and colorectal cancers was 47.7% and 50.0%, and
the specificity and positive predictive value were both 100% for all.
None of the 30 patients with benign disorders of the gastrointestinal
tract had a higher serum CA19-9 level than the normal referential value. The sensitivity and specificity of CA19-9for benign disorders were
0% and 100%, respectively, indicating that CA19-9 is a highly specific
tumor marker for diagnosing gastric and colorectal cancers and suggesting its potential to play an important role in the differentiation of
benign and malignant diseases of digestive tract.
It is worth noting here that of the 39 patients with gastric cancer or colorectal cancer in this study who had no recurrent tumor
postoperatively, none had a higher CA19-9 level than the normal
referential value. The mean value of CA19-9 of the 39 patients was
similar to the normal referential value. However, the serum levels
of CA19-9 in the 9 patients with recurrent gastric cancer and in the
16 patients with recurrent colorectal cancer postoperatively were
significantly higher than the normal referential value. The positive
rate of CA19-9 in recurrent gastric and colorectal cancers was 77.8%
and 68.7%, respectively. The CA19-9 level reached 2500 kU/L in a
few of the patients with recurrent tumors. These collective results
suggest that CA19-9 is a good index for evaluating the effect of treatment and predicting the prognosis of gastric and colorectal cancers
postoperatively.

REFERENCES
1
2

3
4
5

6
7

Koprowski H, Steplewski Z, Mitchell K, Herlyn M, Herlyn D, Fuhrer P. Colorectal
carcinoma antigens detected by hybridoma antibodies. Somatic Cell Genet 1979; 5:
957-971 [PMID: 94699 DOI: 10.1007/BF01542654]
Gupta MK, Arciaga R, Bocci L, Tubbs R, Bukowski R, Deodhar SD. Measurement of
a monoclonal-antibody-defined antigen (CA19-9) in the sera of patients with malignant
and nonmalignant diseases. Comparison with carcinoembryonic antigen. Cancer 1985;
56: 277-283 [PMID: 2408729 DOI: 10.1002/1097-0142 (19850715)56: 2 < 277: :
AID-CNCR2820560213 > 3.0.CO; 2-M]
Atkinson BF, Ernst CS, Herlyn M, Steplewski Z, Sears HF, Koprowski H. Gastrointestinal cancer-associated antigen in immunoperoxidase assay. Cancer Res 1982; 42:
4820-4823 [PMID: 6751528]
Haglund C, Roberts PJ, Kuusela P, Scheinin TM, Mäkelä O, Jalanko H. Evaluation
of CA 19-9 as a serum tumour marker in pancreatic cancer. Br J Cancer 1986; 53:
197-202 [PMID: 3456787 DOI: 10.1038/bjc.1986.35]
Steinberg WM, Gelfand R, Anderson KK, Glenn J, Kurtzman SH, Sindelar WF,
Toskes PP. Comparison of the sensitivity and specificity of the CA19-9 and carcinoembryonic antigen assays in detecting cancer of the pancreas. Gastroenterology 1986; 90:
343-349 [PMID: 2416628]
Tian F, Appert HE, Myles J, Howard JM. Prognostic value of serum CA 19-9 levels
in pancreatic adenocarcinoma. Ann Surg 1992; 215: 350-355 [PMID: 1348409 DOI:
10.1097/00000658-199204000-00008]
Japanese Pancreas Society. Report of Japanese pancrcatic cancer register. Sendai:
Japanese Pancreas Society, 1987
L- Editor: Filipodia

WJG|www.wjgnet.com

254

E- Editor: Liu WX

December 15, 1997|Volume 3|Issue 4|

World J Gastroenterol 1997 December 15; 3(4): 255-256
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v3.i4.255

© 1997 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL RESEARCH

Analysis of amino acid constituents of gallstones
Ying Chen, Lian-Lian Wang, Yu-Xia Xiao, Jing-Hua Ni, Yan Yu
Ying Chen, Lian-Lian Wang, Department of Gastroenterology, Beijing Hospital,
Beijing 100730, China

rights reserved.

Chen Y, Wang LL, Xiao YX, Ni JH, Yu Y. Analysis of amino acid constituents
of gallstones. World J Gastroenterol 1997; 3(4): 255-256 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v3/i4/255.htm DOI: http://dx.doi.
org/10.3748/wjg.v3.i4.255

Yu-Xia Xiao, Jing-Hua Ni, Yan Yu, Institute of Materia Medica, Chinese Academy of Medical Sciences, Beijing 100730, China
Dr. Ying Chen, female, born on 1942-12-14 in Shanghai, graduated from Nanjing Medical University in 1966, and having 33 papers published.
This project won The third-class award by the Beijing Hospital for research
achievements.

INTRODUCTION
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Dissolution of cholesterol stones can be achieved by oral ursodeoxycholic acid or chenodehydrocholic acid, and by perfusion with methyl
tertiary butyl ether as well. However, no effective means of dissolving bilirubin, glycoprotein and black stones has been reported. In
order to identify better lithotriptic agents, the contents of amino
acids in gallstones needs to be studied.

Correspondence to: Dr. Ying Chen, Institute of Materia Medica, Chinese
Academy of Medical Sciences, Beijing 100730, China
Telephone: +86-10-65132266-3135
Received: October 26, 1996
Revised: December 15, 1996
Accepted: April 28, 1997
Published online: December 15, 1997

MATERIALS AND METHODS
Sample selection

Gallstones were obtained from 148 patients who were treated by
surgery in our hospital during the years of 1988 to 1992. The specimens were subjected to qualitative assessment by infrared spectroscopy, and 48 cases were also subjected to semi-quantitative chemical analysis. According to the characteristics corresponding to the
infrared spectrum and the constituents of bilirubin, 30 cases were
selected and divided into the following 5 groups: Pure cholesterol
stones (n = 10), mixed cholesterol stones (n = 7), mixed bilirubin
gallstones (n = 10), glycoprotein stones (n = 2), and black stone (n
= 1).

Abstract
AIM: To seek drugs that will efficaciously dissolve bilirubin,
glycoprotein and black stones and that will represent improved
lithotriptic agents to resolve cholesterol stones, and to study the
amino acid constituents of gallstones.
METHODS: According to characteristics determined by infrared
spectroscopy and to the contents of bilirubin determined by semiquantitative chemical analysis, 30 of 148 cases of gallstones were
selected and divided into 5 groups. Amino acids of the 30 cases were
detected by high-speed chromatography.

Sample treatment[1]

After pulverizing by agate mortar and drying, 20 mg of powder
from each gallstone was added to 6 mL of HCl (6 mol), nitrogen
sealed and baked at 110 ℃ for 24 h. The volume was brought to
25 mL with distilled water. After filtration, 4 mL was collected, dried
in a rotary evaporator, and washed twice with distilled water. The
remaining sample was dissolved in 2 mL distilled water, of which 50
μL or 100 μL was used to measure the 17 amino acids, and taurine
and ammonia concentrations. A trace of tryptophane was detected
in 2 cases.

RESULTS: The quantity of amino acids was highest in black stones
(226.9 mg/g) and lowest in pure cholesterol stones (1.4 mg/g). In
the 5 groups of gallstones, the quantity of amino acids followed the
hierarchy of black stone > mixed bilirubin stone and glucoprotein
stone > mixed cholesterol stone > pure cholesterol stone. The
proportions were: 95.95:29.02 and 28.05:5.78:1. Aliphatic amino
acids accounted for ~ 50% of the total amino acids in the gallstones,
with glycine accounting for 15.3% of the total amount of the 17
kinds of amino acids.

Analytical methods

Amino acids were detected by high-speed chromatography (L-8500;
Hitachi Corp, Japan). The column was 4.6 mm × 60 mm, and 5 buffer solutions were used for the stepwise wash-off, with resin of 2622
s.c. (Hitachi ion exchange resin was used). The standard amino acid
samples were provided by Sodium Glutamate Corp. (Japan). The
quantitative analysis was conducted with extensional calculation.
The coefficient of variation (c.v.) was 1.5% in this experiment.

CONCLUSION: For mixed stones, the higher level of bilirubin, the
higher content of amino acids. Acidic amino acids were relatively
higher in bilirubin stones than in cholesterol stones.
Key words: Gallstones; Amino acids/analysis; Bilirubin; Glycine
© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
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Table 1 Content of various amino acids in 5 groups (30 cases) of gallstones (¯x ± s, mg/g)
Pure cholesterol
Gly.
Ala.
Val.
Ile.
Leu.
Thr.
Ser.
Pro.
Sys.
Met.
Phe.
Thr.
Asp.
Glu.
Lys.
His.
Arg.
Tau.
Ammon.

Mixed cholesterol

Mixed bilirubin

Glycoprotein

n

¯x ± s

n

¯x ± s

n

¯x ± s

n

¯x ± s

10
8
9
5
9
10
10
4
2
4
10
8
10
10
9
9
9
5
10

0.635 ± 0.498
0.109 ± 0.084
0.133 ± 0.089
0.080 ± 0.044
0.150 ± 0.093
0.112 ± 0.077
0.117 ± 0.077
0.116 ± 0.054
0.060 ± 0.014
0.038 ± 0.013
0.160 ± 0.089
0.108 ± 0.055
0.220 ± 0.162
0.293 ± 0.194
0.126 ± 0.076
0.071 ± 0.039
0.012 ± 0.078
0.052 ± 0.028
0.662 ± 0.232

7
7
7
7
7
7
7
5
6
4
7
7
7
7
7
7
7
9
10

2.333 ± 2.890
0.794 ± 0.622
1.043 ± 0.674
0.496 ± 0.330
1.113 ± 0.671
0.743 ± 0.499
0.790 ± 0.565
0.621 ± 0.203
0.422 ± 0.211
0.398 ± 0.479
0.797 ± 0.451
0.596 ± 0.351
1.374 ± 0.869
1.723 ± 1.088
0.680 ± 0.405
0.401 ± 0.258
0.716 ± 0.418
1.695 ± 1.697
5.332 ± 1.590

10
10
10
10
10
10
10
10
10
10
10
10
9
10
10
10
10
9
10

10.459 ± 4.451
4.048 ± 2.409
4.202 ± 2.709
2.407 ± 1.374
5.914 ± 3.983
3.784 ± 2.874
2.836 ± 1.799
2.953 ± 2.167
2.018 ± 1.199
1.080 ± 0.670
3.499 ± 2.397
2.483 ± 1.713
6.066 ± 4.039
8.595 ± 5.468
4.058 ± 3.195
2.041 ± 1.983
4.012 ± 2.492
1.695 ± 1.697
5.332 ± 1.590

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2

19.185 ± 0.955
1.925 ± 2.298
3.500 ± 0.948
1.590 ± 0.523
4.510 ± 0.410
3.080 ± 0.820
3.085 ± 0.870
2.560 ± 0.968
2.235 ± 0.813
0.800 ± 0.070
3.060 ± 0.509
1.710 ± 0.453
5.250 ± 1.796
7.460 ± 1.950
2.405 ± 1.124
0.945 ± 0.247
3.010 ± 1.923
1.540
6.130 ± 1.174

16.552
13.551
15.383
4.921
16.834
11.642
11.643
12.421
9.943
3.309
9.928
6.907
24.103
34.358
17.582
4.316
13.517
1.608
6.435

histidine, lysine, arginine, asparagine and glutamine. Of the 20 living
proteinic amino acids, 17 kinds were detected in this study; asparagine and glutamine were not detected because during this experi[3]
ment they would be completely hydrolyzed to free aspartic acid
and glutamic acid, leading to artifactually higher amounts. Moreover,
the proteins in this study were heated and hydrolyzed with 6 mol
HCl, and tryptophan was damaged; additionally, cystine, methionine, threonine and serine were also influenced by the method, so
the results for each were expected to be low. It has been reported
that cysteine only exists in bilirubin gallstones, but in our experiment cysteine was not detected and only a small amount of the
bisulfide compound of cysteine cystine and taurine produced during
the conversion of cysteine in liver was detected.
Our results indicate that protein amino acids generally exist in
gallstones. The components of amino acids detected in the gallstones were: Aliphatic amino acid > Acidic amino acid > Alkaline
amino acid > Aromatic amino acid > Sulfur amino acid. In the 5
groups of gallstones of this study, the contents of amino acids were:
Black gallstone > Mixed bilirubin stones and glucoprotein stone >
Mixed cholesterol stone > Pure cholesterol stone. Their proportions
were: 95.95:29.02 and 28.05:5.78:1. Glycine was the most abundant among the 8 kinds of aliphatic amino acids or the 17 kinds of
amino acids in gallstones. For mixed stones, the higher the content
of bilirubin, the higher the content of amino acids. With the exception of the black gallstones, all gallstones showed higher amount of
glycine than that of aspartic acid and glutamic acid. However, in the
pure cholesterol stones, glycine content was higher than aspartic
acid and glutamic acid content (P < 0.005); thus, it was clear that
proportion of acidic amino acids in bilirubin stones was relatively
higher than that in cholesterol gallstones. In 30 cases of gallstones,
the components of acidic amino acids were higher than those of
alkaline amino acids, except for the bilirubin mixed stones from a
patient with malignant changes in the gallbladder and liver metastasis that was determined by postoperative pathologic examination. It
is likely that the metabolic product of malignant tissue is not favorable for the stable existence of acidic amino acids. The mechanism
underlying this observation, however, remains unknown.

RESULTS
The various contents of amino acids for the 30 gallstone cases in the
5 groups are presented in Table 1. All 30 had glycine, glutamic acid,
threonine, phenylalanine and ammonia; among these, glycine content was the highest, accounting for 15.34% of the total amount,
followed by glutamic acid, accounting for 13.01%. Asparagine,
serine, valine, leucine, lysine, histidine and arginine were detected
in 29 of the gallstone cases. There was a strong correlation (P <
0.01) between the above-mentioned amino acids. In 29 gallstone
cases, there were more acidic amino acids than alkaline amino acids
(1.39-2.73:1), except for a single bilirubin mixed stone (1:1.77)
which had the appearance of black mud and came from a patient
with malignant changes in the gallbladder and liver metastasis
detected in postoperative pathologic examinations. The content of
amino acids in one sample of pure cholesterol stones was the lowest for the 30 cases of gallstones examined (1.37 mg/g). Six amino
acids (glycine, glutamic acid, aspartic acid, serine, threonine, and
phenylalanine), taurine and ammonia were detected in this case.
In the 5 groups of gallstones, the constituents of amino acids of
one case of black gallstone were the most complete and the total
amount of amino acids also was the highest (226.93 mg/g), only
the content of glycine was slightly lower than that of glycoprotein.
In 10 cases of pure cholesterol stones, the content of glycine was
higher than that of glutamic acid and aspartic acid, and that of glutamic acid was higher than that of aspartic acid, with the differences
being statistically significant (P < 0.005).
In 7 cases of mixed cholesterol stone cases, the content of glutamic acid was significantly higher than that of aspartic acid (P <
0.01), but the content of glycine was higher, but not significantly,
than that of glutamic acid and aspartic acid (P > 0.05).
In 10 cases of mixed bilirubin stones, although the content of
glycine was higher than that of glutamic acid and aspartic acid, and
that of glutamic acid was higher than that of aspartic acid, there was
no significant differences (P > 0.05).

DISCUSSION

REFERENCES
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INTRODUCTION
Protein in bile has been considered for more than 3 decades as a
[1]
contributing factor to the pathogenesis of gallstone formation .
But the essential progress in our understanding of this process was
[2]
made just only 10 years ago, when Groen and colleagues used
lectin affinity chromatography to isolate and purify a potent pronucleating glycoprotein which has since been recognized as the bileform aminopeptidase N. Since then, numerous nucleation promoting
and inhibiting biliary proteins have been characterized[3-5]. But, as of
yet, nearly nothing has been done in the research field of the most
important or key nucleating proteins.
Concanavalin A-binding proteins (CPs), a group of biliary proteins containing almost all the well known pronucleating proteins,
provided an opportunity to study the nucleation-effecting proteins
systematically. Vesicular proteins are functionally location-specific
pronuncleating proteins, their concanavalin A-binding regions may
exert important actions in gallstone formation. In this article, the
authors determined the concentrations and nucleation activities of
total biliary proteins, biliary CPs and vesicles related to CPs, so as to
elucidate the relationship between changes in quantity and quality
of biliary CPs and gallstones formation and study systematically the
importance of CPs in pathogenesis of gallstone formation.

Abstract
AIM: To elucidate the importance and the changing patterns of
biliary concanavalin A-binding proteins (CPs) in the early stage of
cholesterol gallstone formation.
METHODS: CP concentration and nucleation activity were measured
by lectin affinity chromatography in bile samples of patients with
cholesterol gallstones, pigment gallstones, gallbladder cholesterosis
and non-biliary diseases.
RESULTS: The concentrations of CPs were much higher in patients
with cholesterol gallstones (0.39 ± 0.11 g/L, n = 36, P < 0.01) or
gallbladder cholesterosis (0.40 ± 0.09 g/L, n = 9, P < 0.01) than in
those with pigment gallstones (0.2 ± 0.12 g/L, n = 7) and/or nonbiliary diseases (0.27 ± 0.09 g/L, n = 10). Pronucleating activities
were much stronger in patients with cholesterol gallstones (nucleation
time ratio: 0.57 ± 0.21, n = 5, P < 0.01 vs pigment gallstones and/
or non biliary diseases) and gallbladder cholesterosis (nucleation time
ratio: 0.44 ± 0.23, n = 5, P < 0.01 vs pigment gallstones or nonbiliary diseases). The binding percentages of CPs to model biliary
vesicles were also higher for patients with cholesterol gallstones (n =
6) than those with pigment gallstones (n = 6) (2.4% ± 0.9% vs 0.9%
± 0.5%, P < 0.01).

MATERIALS AND METHODS
Patients

Sixty-six patients were enrolled in this study, including 43 with cholelithiasis (36 with cholesterol gallstones, 7 with pigment gallstones),
9 with gallbladder cholesterosis, 2 each with gallbladder adenomyomatosis and adenoma, and 10 with non-biliary diseases (5 with

CONCLUSION: Hypersecretion of CPs, especially those in vesicular
phase, may be an important change in the early stage of cholesterol
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Table 1 Concentrations of proteins in human gallbladder bile (g/L, ¯x ± s)
Patient group

n

Total protein

CP concentration

Cholesterol gallstones
Pigment stones
Gallbladder cholesterosis
Gallbladder adenomyomatosis
Gallbladder adenoma
Non-biliary diseases

36
7
9
2
2
10

4.1 ± 1.5
3.2 ± 1.8
4.4 ± 1.6
3.8 ± 1.2
3.9 ± 1.1
4.5 ± 1.6

0.39 ± 0.11
0.26 ± 0.12
0.40 ± 0.09
0.29 ± 0.19
0.26 ± 0.14
0.27 ± 0.09

Table 3 Cholesterol crystals and biliary proteins (¯x ± s)

P < 0.05 vs other groups: bP < 0.01 vs pigment gallstones and non-biliary diseases. CP:
Concanavalin A-binding protein

Patient group

n

Gallstones
With crystal
Without crystal
Gallstone-free
With crystal
Without crystal

36
29
7
30
14
16

Total protein (g/L)

CPs (g/L)

4.9 ± 2.7
3.4 ± 2.1

0.43 ± 0.14
0.29 ± 0.16

4.1 ± 1.9
3.2 ± 2.1

0.40 ± 0.17
0.31 ± 0.17

a

Table 4 Influence of Concanavalin A-binding proteins on nucleating
activities of model bile (¯x ± s)

Table 2 Nucleation time of human gallbladder bile (¯x ± s)
Patient group

n

Nucleation time (d)

Cholesterol gallstones
Solitary
Multiple
Pigment gallstones
Gallbladder cholesterosis
Stone-free diseases

36
20
16
7
9
14

7.8 ± 4.2
5.3 ± 2.7
10.1 ± 5.6
14.7 ± 6.01
6.1 ± 3.7
16.3 ± 3.22

n Nucleation time ratio Final cholesterol crystal concentration

Cholesterol gallstones

5

0.57 ± 0.21

143.4 ± 12.6

Pigment gallstones

percentage

Notes: Those (13 cases, 28 cases) without nucleation after 21 d were recorded as 21 d.

5

0.71 ± 0.19

121.3 ± 27.4

Gallbladder cholesterosis 5

0.44 ± 0.23

152.7 ± 18.4

Non-biliary diseases

0.73 ± 0.11

130.4 ± 15.7

5

patients with cholesterol gallstones and 6 with pigment gallstones.
The samples were processed to harvest CPs as described above;
after 20 min of ultracentrifugation at 10000 rpm, the CPs were then
added into model bile to a final concentration of 0.2 g/L. After incubation at 37 ℃ for 2 wk, the contents of vesicular and micellar protein in these solutions were analyzed.

colon cancer, 2 with gastric cancer, 1 each with peptic ulcer perforation and pancreatic pseudocyst). All the patients met the following
criteria: No acute inflammation of the gallbladder, and no obstruction at the cystic duct or common bile duct; no abnormality in liver
biochemistry, and negative bile culture; total lipid concentration in
bile of > 50 g/L; serum protein concentration within normal range.
[6]
Bile was sampled by aspiration according to the standard method
during operation and then stored at -20 ℃. Observation of cholesterol monohydrate crystal in bile was carried out immediately after
sample obtainment.
Stone classification was based on gross inspection and cholesterol content. Cholesterol gallstone was identified by cholesterol dry
weight percentage > 70%; pigment gallstone was identified if the
cholesterol dry weight percentage was < 30%.

Preparation of model bile

[11]

According to the method described by Kibe et al , this model bile
has a CSI of 1.2, total lipid concentration of 100 g/L and cholesterol/
lecithin molar ratio of 4. The concentration of biliary protein was
[12]
determined following the method described by Gallinger et al .
Dunnett’s t-test was used to compare the mean values between test
groups and control group, and the U test was used to compare the
mean values between two groups. A probability of < 0.05 was considered significant.

Isolation of biliary vesicles and quantitation of vesicular protein

RESULTS

Biliary vesicles were isolated from 10 mL bile of each patient accord[7]
ing to the method described by Amigo et al , and further purified
[8]
according to the method described by Stone et al . Vesicular protein concentrations were determined using a pooled concentrated
eluent that had undergone ultrafiltration.

Concentration of total biliary protein and nucleating activities in
human gallbladder bile

Table 1 presents our observations of no significant differences in
total biliary protein concentration for the patients with cholesterol
gallstones and/or gallbladder cholesterosis as compared to other
groups. But, a significantly higher concentration of biliary CPs was
found in patients with cholesterol gallstones and/or gallbladder cholesterosis (P < 0.05). A very significant difference in biliary CPs was
also found between patients with gallbladder cholesterosis and pigment gallstone as well as those with non-biliary diseases (P < 0.01).
Gallbladder bile from patients with cholesterol gallstones and/or gallbladder cholesterosis nucleated more rapidly than those with pigment gallstone and/or other stone-free diseases (P < 0.001, Table 2).

Quantitative and nucleating activity analysis of CPs

CPs isolated from 1 mL bile were the bound fractions for concanavalin A affinity chromatography, and determined quantitatively
using the Coomassie bright blue method. Nucleation activities were
determined as follows: Lyophilized CPs prepared from 1 mL gallbladder bile as stated above were put into 1 mL artificial bile, and then
incubated at 37 ℃. Nucleation time (NT) was determined according
[9]
to Holan’s method , and the NT ratio was calculated as the relative value to the blank control; final cholesterol crystal concentration
(FCCC) was that after 3 wk at 37 ℃, and its relative percentage to
the blank control was the FCCC percentage.

Relationship between cholesterol crystals and biliary protein

As shown in Table 3, both the gallstone and stone-free patients with
crystals have a higher concentration of total biliary protein than
those without crystals, but significant differences were only found
between gallstone patients with crystals and stone-free patients
without crystals (P < 0.05). Biliary CP concentrations, however,
were significantly higher in all patient groups with crystals than in
the crystal-free patients (P < 0.05).

Preliminary study of the distribution of CPs in vesicles

To determine the distribution of CPs in the vesicular phase of native
bile, concanavalin A was first linked to horseradish peroxidase (HRP)
[10]
(con A-HRP, 1:1 molar ratio) according to Guo’s report . One drop
of the con A-HRP solution was added into one drop of bile on a
200-mesh zinc grid that was covered with carbon film, and stored
overnight in moist saturation at 37 ℃. The excess liquid was soaked
out the next morning and dyed with 0.01% diaminobenzidine (DAB)
solution (with dropwise addition of H2O to bring the volume up to 20
mL) for 15 min. The prepared zinc grids were then gently washed
3 times with buffer solution, dried and examined by a JEM-1200EX
electronic microscope at a magnification of 30000 and using an
accelerating voltage of 80 KV.
The binding characteristics of CPs to vesicles and micelles in
model bile were determined using gallbladder bile samples from 6

WJG|www.wjgnet.com

Patient group

Nucleation activities of biliary CPs

The nucleation time induced by CPs from patients with cholesterol
gallstones and gallbladder cholesterosis was significantly shorter
than that from patients with non-biliary diseases and pigment gallstones (P < 0.05). An even more significant difference was found
between patients with gallbladder cholesterosis and pigment gallstone as well as those with non-biliary diseases (P < 0.01). CPs
from patients with cholesterol gallstones or gallbladder cholesterosis
caused a significantly higher FCCC ratio than those with pigment
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gallstones and non-biliary diseases (P < 0.01, Table 4).

it was predicted that CPs, which include almost all the pronucleating
proteins, also exist in the vesicular phase. We confirmed this prediction by an affinity staining method devised to display the presence
of CPs in the vesicular phase. This investigation of CPs bound to
artificial vesicles also demonstrated that only a small part of the CPs
could bind to vesicles and the binding percentage was much higher
for CPs from patients with cholesterol gallstones than that from
patients with pigment gallstones. These results imply that vesiclebinding CPs may exert some special effects on cholesterol nucleation
in human bile.

Distribution of CPs in vesicle phase

Using a concanavalin A-affinity staining method, we observed many
dark brown spherical vesicles of varied size in native bile. After incubation of artificial bile with CPs for 2 wk, the binding percentage of
CPs to vesicles was 2.4% ± 0.9% in patients with cholesterol gallstones, which was significantly higher than that in patients with pigment gallstones (0.9% ± 0.5%, P < 0.01).

DISCUSSION
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Wilson’s disease (WD) is an autosomal recessive disorder of copper transport, first described by Kinnear Wilson in 1992 as hepatolenticular degeneration. The disorder has a worldwide frequency
of between 1/35000 and 1/100000 and a corresponding carrier
frequency of 1/90. Its symptoms develop from the toxic build up
of copper primarily in the liver, and subsequently in the brain, kidney, cornea and other tissues. The resulting liver cirrhosis and/or
neurological damage are fatal if not treated with copper chelating
[1,2]
agents .
The gene responsible for WD was independently identified by
[3-5]
three research teams in 1993 , and is located on chromosome
13q14.3. The gene codes for a putative intracellular copper transport protein (ATP7B, a member of the cation-transporting P-type
ATPase family), spans > 80 kb of genomic DNA and consists of 22
[6]
exons . Because of a defective ATP7B, the patients with WD have
two fundamental disturbances of copper metabolism: A reduction in
the rate of incorporation of copper into ceruloplasmin and a reduction in biliary excretion of copper. Although the role of copper in its
pathogenesis has been known for several decades, few studies have
been carried out to investigate the exact etiological mechanism of
copper retention. Our study was designed to further explore the
etiological mechanism of WD by observing the biliary trace element
content of WD patients and non-WD patients in combination with its
clinical phenotype.
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Abstract
AIM: To further explore the etiological mechanism of Wilson’s
disease (WD) by comparing the changes of biliary trace elements
and its clinical phenotype.
METHODS: WD patients with different types and conditions (n
= 20), non-WD patients with chronic liver damage (n = 22), and
healthy volunteers (n = 10; used as controls) were studied. Biliary
samples were taken by duodenal drainage. Atom absorption
spectrophotometer was used to assay the copper and zinc content of
each sample.
RESULTS: In WD, the copper content and copper/zinc ratio of
biliary juice were evidently lower than those of non-WD patients
with chronic liver damage and of healthy controls (F = 14.76, 25.4;
14.92, 26.2 respectively; P < 0.01), while the biliary zinc level had no
significant difference from the two non-WD control groups (P > 0.05).
There were significant differences in biliary copper excretion among
patients with different types and conditions (F = 3.75, P < 0.05; F =
6.20, P < 0.01).

MATERIALS AND METHODS
Subjects
Twenty in-patients with WD were chosen for this study, consisting of 13 men and 7 women with a mean age of 25-year-old. Their
[7]
diagnoses all met the criteria proposed by Houwen et al . Control
subjects were chosen from among patients in the Department of
Internal Medicine and healthy volunteers, all of who were carefully
screened by clinical and copper metabolism examination for the

CONCLUSION: Copper excretion by liver and the biliary system
decreases obviously in WD, which plays a key role in the phenotypic
copper retention, and the biliary copper retention is closely related
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elements.

Table 1 Values of biliary trace elements of the Wilson’s disease group and
control groups (¯x ± s, μmol/L)
Group

n

Copper

Zinc

Copper/Zinc

Wilson’s disease
1st control
2nd control

20
22
10

4.42 ± 0.44
41.70 ± 1.97a
42.01 ± 2.63a

55.94 ± 3.14
34.46 ± 1.85
34.30 ± 2.84

0.13 ± 0.02
1.54 ± 0.27a
1.56 ± 0.24a

RESULTS
The biliary copper content and copper/zinc ratio of WD patients
were notably lower than those of the first and second control groups
and the differences were significant (F = 14.76, 25.4; 14.92, 26.2;
P < 0.01). The comparison of biliary zinc content among the three
groups showed no statistical significance (F = 1.76, 1.98, P > 0.05),
indicating that the internal copper deposit of WD is directly related
with the decrease of copper excretion by the liver and biliary system
(Table 1).
The biliary trace elements of WD patients with different types are
shown in Table 2. The biliary copper content in cases of neurological
or psychiatric types was significantly higher than that in the hepatic
type (F = 3.75, P < 0.05). In contrast, the biliary zinc content and
copper/zinc ratio were similar among the three types (F = 0.246,
0.855, P > 0.05), showing that biliary copper excretion is consistent
with the severity of hepatic injury of WD (Table 2).
The relationship between biliary trace elements and the severity
of WD is shown in Table 3. The severity of the disease was classified
into three groups (Grade Ⅰ, Grade Ⅱ and Grade Ⅲ-Ⅳ). The biliary
copper content of Grade Ⅲ-Ⅳ WD patients was significantly lower
than that of Grade Ⅰ-Ⅱ patients (F = 6.20, P < 0.01), but the biliary zinc content and copper/zinc ratio showed no significant differences (F = 1.171, 1.081, P > 0.05) among the 3 groups, illustrating that the severity of WD had a direct influence on biliary copper
excretion but had no effect on biliary zinc excretion (Table 3).

a

P < 0.01 vs Wilson’s disease group.

Table 2 Comparison of biliary trace elements for different types of Wilson’s
disease (¯x ± s, μmol/L)

b

Type

n

Copper

Neurological
Psychiatric
Hepatic

11
5
4

5.02 ± 0.61
4.78 ± 0.80b
2.31 ± 0.17
b

Zinc

Copper/Zinc

62.58 ± 22.84
57.41 ± 26.36
35.85 ± 11.51

0.13 ± 0.06
0.17 ± 0.14
0.10 ± 0.07

P < 0.05 vs hepatic type.

Table 3 Variations of biliary trace elements in different severity of Wilson’s
disease (¯x ± s, μmol/L)
Grade

n
7
7
6

Ⅰ
Ⅱ
Ⅲ-Ⅳ

Copper
c

5.67 ± 0.86
4.72 ± 0.55c
2.61 ± 0.22

Zinc

Copper/Zinc

82.31 ± 33.71
51.99 ± 19.57
29.76 ± 8.26

0.10 ± 0.05
0.17 ± 0.12
0.12 ± 0.07

c

P < 0.01 vs Ⅲ-Ⅳ grades.

absence of clinical evidence of WD and then divided into two groups.
The first control group consisted of 14 males and 8 females with
mean age of 34-year-old, including 12 cases of chronic hepatitis,
6 of cirrhosis and 4 of primary biliary cirrhosis; the second control
group of 10 healthy volunteers consisted of 5 men and 5 women
with a mean age of 30-year-old.

DISCUSSION
Wilson’s disease has various clinical manifestations caused by large
amounts of deposition of internal copper resulting from abnormal
copper metabolism. Patients with untreated WD are in positive
copper balance. At present, there are many hypotheses to explain
the etiological mechanism of copper retention, and the biliary copper excretion disturbance is considered as one of the main intrinsic
[9]
mechanisms leading to the copper retention of WD ; however, the
evidence for this remains deficient and there are few published studies of biliary copper excretion for WD. Many assumptions have failed
to further explain its relations with the observed clinical conditions
of the WD patients. An actual demonstration of its involvement in
abnormal copper metabolism of WD remains to be further explored.
The biliary copper excretion speed for normal individuals averages 500-1300 μg/d, basically counteracting the copper absorption
in gastrointestinal tract, while the excretion rate in urine and sweat
is very small. Copper balance is maintained mainly through biliary
copper excretion. In view of this, considerable emphases have been
laid on the fact that biliary copper excretion abnormality may underlie the disorder. Indeed, many investigators have been trying to elucidate the exact point of breakdown in the copper metabolic chain of
[10]
WD. Gibbs and Walshe used 64-Cu to observe directly the excretion process of the biliary tracts of two WD patients with biliary tract
fistula and non-WD patients, and found that the biliary copper content of the common bile duct and the copper excretion of the biliary
tract for the former were much lower than those for the latter.
[11]
Courtoy et al found that intravenously administered polymeric
IgA in rats was bound to a receptor in the liver parenchymal cells
and then transported via the endosomes to the bile canaliculus
[12]
where it was excreted. Lyengar et al
further provided evidence
that a high molecular weight copper-binding substance existing in
the hepatic cells of normal subjects was absent in patients with WD
by studying the cholecystokinin-stimulated biliary secretions. After[13]
wards, Hoof et al pointed out that there was a similar mechanism
for the transport of a copper protein to the human bile and that the
genetic defect of this metabolic pathway in WD will lead to insufficient copper excretion.
Our results demonstrate that the biliary copper content and copper/zinc ratio of the patients with WD are significantly lower than
those of non-WD patients with chronic liver damage and of healthy
volunteers (P < 0.01, respectively). Additionally, we observed that
the severity of liver lesions and patient conditions correlate well

Laboratory studies

All subjects maintained their regular diet throughout the study and
underwent duodenal drainage to obtain a biliary sample after admission to the hospital. Eight of 20 patients with WD had no medicinal
treatment before hospitalization, and the remaining 12 had histories
of treatment with penicillamine, zinc sulfate, dimercaprol (BAL) and
sodium dimercaptosuccinate (DMS); all of the patients with treatment histories were asked to stop taking the above-mentioned
medicines for 4 wk prior to the sampling. None of the control subjects had taken any agents that may affect the metabolism of
internal trace elements during the 4 wk before sampling. The biliary samples were all collected at 09:00 am. The Hitachi-208 atom
absorption spectrophotometer was used to assay the copper and
zinc content of each sample. All values are presented as ¯x ± s. The
F-test for variation analysis was employed to determine the statistical significance of differences between the means. P values of < 0.05
were considered significant.

Typing and grading

As WD patients have genetic heterogeneity, they were classified
according to the following clinical symptoms: Neurological type, 11
cases with predominantly neurological symptoms; psychiatric type,
5 cases with mental symptoms; and hepatic type, 4 cases with liver
[8]
symptoms . The severity of disease was graded using the modified
Goldstein method: Grade Ⅰ, 7 cases with mild extrapyramidal system symptoms, no liver symptoms or obstacles to daily life; Grade
Ⅲ, 7 cases with obvious extrapyramidal system symptoms, no liver
symptom or mild hepatosplenomegaly with normal liver function,
and no hypersplenia; Grade Ⅲ, 4 cases with serious extrapyramidal
system symptoms, obvious hepatosplenomegaly and/or liver function injury; and Grade Ⅳ, 2 cases with serious extrapyramidal system symptoms, bedridden, obvious hepatosplenomegaly or complicated with ascites and liver function injury. Typing and grading were
accomplished independently by two experienced neurologists in our
department, neither of who were aware of the results of biliary trace

WJG|www.wjgnet.com

261

December 15, 1997|Volume 3|Issue 4|

Ren MS et al . biliary trace elements Wilson’s disease
2

with the decrease of biliary copper excretion, while the biliary zinc
excretion has nothing to do with WD (P > 0.05). All these findings
strongly suggest that liver and biliary pathways play important roles
in the copper excretion dysfunction of WD and could, therefore,
participate directly in the pathophysiology of copper retention. We
think that due to a non-functional gene, the patients with WD lack
a copper-transporting P-type ATPase (ATP7B) that would otherwise
control endosome-mediated copper excretion to the bile canaliculus
in the hepatic cells. Consequently, the copper will be routed to the
lysosomes, where it will accumulate and fail to be discharged into
the bile, leading to obvious decrease of biliary copper excretion and
internal copper accumulation. The copper trapped in the hepatic
cells further damages the endosomes, resulting in the vicious circle
[14]
of disruption in copper transport and obvious hepatic damage .
This vicious circle may be the reason why healthy individuals and
non-WD patients with chronic liver damage and other forms of biliary retention, such as chronic hepatitis or primary biliary cirrhosis,
do not have the same outcome, and why the severity of hepatic
damage in WD correlates well with the decrease of biliary copper
excretion. Therefore, our findings, on one hand, have provided the
experimental basis for our final understanding of WD pathogenesis, and, on the other hand, have indicated that if the biliary copper excretion can be promoted therapeutically, satisfactory results
will be yielded both in maintaining the negative balance of copper
metabolism and alleviating pathological damage to organs.
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4
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Altered expression of tumor suppressors p16 and Rb in gastric
carcinogenesis
Qi Zhou, Jian-Xiang Zou, Yu-Long Chen, Hui-Zhen Yu, Li-Dong Wang, Yong-Xin Li, Hua-Qin Guo, Shan-Shan Gao, Song-Lian Qiu
(ABC method).

Qi Zhou, Jian-Xiang Zou, Yu-Long Chen, Hui-Zhen Yu, Li-Dong Wang,
Yong-Xin Li, Hua-Qin Guo, Shan-Shan Gao, Song-Lian Qiu, Laboratory
for Cancer Research, Medical Experimental Center, Zhengzhou 450052, Henan
Province, China

RESULTS: The gastric epithelium samples showed various degrees
of nuclear immunostaining for p16 and Rb according to the different
stage of lesion. Progressive pathology of the lesions was associated
with a decreasing trend in positive immunostaining for p16 protein
(83.3% > 73.3% > 30.0% > 27.5%) but an increasing trend for Rb
protein (25.0% > 46.7% > 60.0% > 67.5%). A negative correlation
was found between these two parameters and gastric cancer.
Correlation analysis of the 40 cases of gastric cancer identified a
negative correlation for 20 of the cases. When positive (n = 9) and
negative tissues (n = 11) were compared, a statistically significant
difference was found (50.0%, 22.5%, 27.5%) (P < 0.05).
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CONCLUSION: Abnormal expression of p16 and Rb may play an
important role in gastric carcinogenesis.
Key words: Genes, suppressor, tumor; Gene expression; Retino
blastoma protein/metabolism; Stomach neoplasms/metabolism;
Carcinoma/metabolism

Abstract
AIM: To determine whether expression of the tumor suppressors p16
and Rb is altered in gastric carcinoma.
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METHODS: Mucosal biopsies were endoscopically obtained from
patients with superficial gastritis (n = 12), atrophic gastritis (n =
15), atypical hyperplasia (n = 20) and gastric cancer (n = 40). Upon
obtainment, all samples were immediately fixed with 10% buffered
formalin, embedded in paraffin, and sectioned serially. Protein
expression of p16 and Rb was detected by immunohistochemistry
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Ito cells (also known as hepatic stellate cells, fat-storing cells or
hepatic lipocytes) play a key role in liver fibrosis, the main hallmark
of chronic liver diseases. In the chronic liver disease condition, Ito
cells are activated, proliferative and synthesize large amounts of
various components of the extracellular matrix, which may lead to
[1]
liver fibrosis . When cultured on uncoated plastic plates, Ito cells
undergo activation and share the similar features of cell activation
[2]
[3]
that are observed in the in vivo condition . Our previous study
demonstrated that Fuzheng Huayu (FZHY) decoction, which acts
to strengthen the body’s resistance and promote blood circulation,
exerts a protective effect on the liver in CCl4-induced fibrotic rats,
suggesting its potential for improving liver status and function in
patients with cirrhosis. In order to investigate the actions of FZHY
decoction on liver cells, the seropharmalogical method was applied
to an in vitro (culture) system with rat Ito cells to determine the
effects on cell morphology and function (i.e. cell viability, proliferation and collagen synthesis).
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Abstract
AIM: To investigate the mechanisms of anti-liver fibrosis actions of
Fuzheng Huayu (FZHY) decoction, which acts to strengthen the body’
s resistance and promote blood circulation.
METHODS: Ito cells were isolated from rats and cultured.
Serum samples were collected from healthy (normal) rats after
administration of FZHY decoction and added to the subcultured cells.
The effects of FZHY decoction on the Ito cells were investigated
3
by contrast microscopy (to observe cell morphology), [ H]Pro
3
incorporation assay (cell viability), [ H]TdR incorporation and MTT
3
colorimetric assay (cell proliferation), and [ H]Pro incorporation and
collagenase digestion (collagen synthesis rate).

MATERIALS AND METHODS
Animals

Wistar male rats, weighing 350-500 g, were purchased from the
Shanghai Science Academy.

Reagents

Minimum essential medium (MEM; developed by Eagle), 199 medium (M199) and Dulbecco’s modified Eagle’s medium (DMEM) were
purchased from Gibco, USA. Pronase E, type Ⅳ collagenase, metrizimide and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro3
mide (MTT) were purchased from Sigma Co., USA. L- [5- H] proline
3
([ H]Pro) was purchased from Amersham Co., England.

RESULTS: The rat sera samples from rats treated with FZHY
decoction had no influence on Ito cell morphology, but improved
cell viability and markedly inhibited cell proliferation and collagen
synthesis. The magnitude of these effects showed dependence on
treatment dosage and drug concentration in serum.
CONCLUSION: The seropharmalogical method can be efficiently
used to investigate the pharmacological mechanism of antifibrotic traditional Chinese herbs and formulae. Inhibition of Ito
cell proliferation and collagen synthesis may be two of the major
mechanisms underlying the anti-fibrosis actions of the FZHY
decoction.
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Drug

The primary components of FZHY decoction are Cerdeceps, semen
Persiciae and Radix Salviae Miltiorr hizae. The decoction fluid extract,
containing 2.703 g of each of the above raw herbs per g of fluid,
was supplied by the Shanghai Zhonghua Pharmaceutical Factory.

263

December 15, 1997|Volume 3|Issue 4|

Liu CH et al . Fuzheng Huayu decoction on Ito cell morphology
Table 1 Effect of drug sera on Ito cell viability (¯x ± s)

Table 3 Effect of sera in different proportions to medium on Ito cell
proliferation (¯x ± s)

Group

n

[3H]Pro (cpm/well)

Controls
G
G
13.8 g

4
4
4
4

3610.18 ± 99.47
6578.13 ± 1690.95a
9606.33 ± 950.85a
4560.26 ± 2026.83

P < 0.05 vs controls.

a

b

Table 2 Effect of drug sera on Ito cell proliferation (¯x ± s)
Group

n

[3H]TdR (cpm/well)

Controls
G
G
13.8g

4
4
4
4

2864.50 ± 239.15
1979.65 ± 76.76a
1882.05 ± 112.08a
1781.93 ± 49.69a

Concentration

n

Controls

Drug sera

Inhibitive rate (%)

5%
10%
20%

4
4
4

1481.90 ± 168.03
2013.88 ± 628.87
2709.88 ± 788.19

703.03 ± 138.37b
637.33 ± 214.53b
480.20 ± 264.31b

52.56 ± 9.34
68.35 ± 10.68
82.27 ± 9.75

P < 0.01 vs controls.

Table 4 Influence of drug sera on Ito cell collagen synthesis (%, ¯x ± s)

MTT (OD570)

Concentration

0.4206 ± 0.016
0.4625 ± 0.06
0.3475 ± 0.040a
0.3268 ± 0.081a

5%
10%
20%

n
6
6
6

Intracellular

Extracellular

Controls

Drug sera

Controls

Drug sera

0.42 ± 0.18
0.48 ± 0.16
0.58 ± 0.26

0.26 ± 0.10
0.25 ± 0.06a
0.24 ± 0.08a

4.02 ± 1.63
4.49 ± 1.28
4.80 ± 1.47

3.12 ± 30.33
2.71 ± 1.04a
2.59 ± 1.06a

a

a

Preparation of drug serum

incubated with M199 containing the drug sera. After 48 h, the cul3
ture medium was replaced with DMEM containing 5 μCi/mL [ H]Pro,
100 mg/L β-aminopropionitrile, and 50 mg/mL ascorbic acid. After
24 h, the new culture medium and cells were collected respectively.
The cells were processed for whole cell extract. The samples were
dialyzed thoroughly and reacted with collagenase. Measurement of
the total radioactivity in the samples (cpm-t), and the radioactivity
in the samples treated with collagenase (cpm-c) and without collagenase (cpm-b), was made by liquid scintillation spectrometry. The
amount of collagen produced (i.e. the fraction of collagenous protein) was expressed as percentage of total radiolabeled protein and
calculated using the formula:
% collagen = 100/[5.4 × (cpmt-cpmc)/(cpmc - cpmb) + 1]

P < 0.05 vs controls.

P < 0.05, vs controls. MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide.

The FZHY fluid extract was diluted to concentrations of 2.3%, 4.6%
and 13.8% (w/v) with distilled water. Healthy (normal) rats were
administered one of the dilutions orally at 10 mL/kg wt, twice, at an
interval of 2 h. Control rats were given normal saline. One hour after
the last administration, blood was collected from the inferior vena
cava of the rats under sterile conditions. The samples were centrifuged at 1700 × g for 30 min at 4 ℃. The separated sera were then
combined from rats that had received the same dosage of drug. The
combined samples were mixed thoroughly, inactivated by incubating
in a 56 ℃ water bath for 30 min, and stored in -70 ℃ freezer.

Cell isolation and culture

Ito cells were isolated from livers of Wistar rats and cultured accord[4]
ing to the modified Friedman method as previously described .
Briefly, the cells were identified by immunofluorescent staining with
desmin antibody and according to typical appearance under light
7
microscopy. The recovery rate was 2.5 × 10 per liver, purity >
95%, and viability > 98%, as determined by the trypan blue exclusion assay. The primary Ito cells were expanded in culture, with
passaging using 0.25% trypsin 0.02% EDTA; upon reaching confluence, the cells were subcultured with M199 containing 10% fetal calf
serum in a humid CO2 incubator with 5% CO2 and 95% air.

Cell proliferation assay
3

RESULTS
Effects of drug serum on Ito cell morphology

Both normal rat and drug serum could sustain cell survival and
growth, and there was no significant difference in cell shape. Compared with the fetal calf serum control treatment, normal rat serum
and drug serum also showed no different influence on cell shape.

Effects of drug serum on Ito cell viability

The drug serum from the rats treated with 2.3 g and 4.6 g doses
3
improved cell [ H]Pro incorporation, while the latter producing a
greater improvement (Table 1).

[5]

The [ H]TdR incorporation method was used to assess cell proliferation. Confluent subcultured Ito cells in 24-well plates were
incubated with M199 containing 5%, 10% or 20% (v/v) drug sera
3
respectively. After 48 h, [ H]TdR was pulsed in at 2.5 μCi/well and
the cells were incubated for an additional 24 h, after which the cells
were harvested for measurement of cpm by a Wallac 1410 Scintillator (Beckman, USA).

Effects of drug serum on Ito cell proliferation

Effects of sera from rats treated with different drug doses All
sera from the different dose groups were added to Ito cells in 10%
(v/v) proportion of culture medium. The drug sera inhibited cell
3
[ H]TdR incorporation and transformation of MTT to formazan, and
this inhibitive effect was dose-dependent (Table 2).

Colorimetric MTT[6]

Confluently subcultured Ito cells in 96-well plates were incubated
with 100 μL M199 containing drug serum. After 68 h, MTT solution
(5 g/L in PBS) was added to each well at 10 μL per 100 μL medium
and the cells were incubated for an additional 4 h. Next, acid-isopropanol (100 μL of 0.04 n HCI in isopropanol) was added, mixed
thoroughly and allowed to incubate for a few minutes at room temperature to dissolve the dark blue crystals. The plates were read on
an ELISA reader at wavelength of 570 nm.

Cell viability assay

Effects of sera concentration on Ito cell proliferation The
drug sera derived from the 4.6% (w/v) group were prepared in 5%,
10% and 20% (v/v) proportion to M199 and added to the Ito cells,
respectively. The results showed that the inhibitive effect on cell proliferation was enhanced as the drug concentration in M199 increased
(Table 3).

Effect of drug serum on Ito cell collagen synthesis

The drug sera derived from the 4.6% (w/v) group were added to
cells in 5%, 10% and 20% (v/v) proportion to M199. The 10% and
20% proportions inhibited both intracellular and extracellular collagen synthesis, and showed a greater tendency of dose dependence
(Table 4).

[7]

Cell viability was indicated by intracellular protein synthesis . Spe3
cifically, the cells were processed as described above for the [ H]TdR
3
incorporation method, but with use of the [ H]Pro (2.5 μCi/well)
3
instead of [ H]TdR.

DISCUSSION

Cell collagen synthesis rate assay
[8]

It is well known that Ito cells play a central role in liver fibrogenesis,
and inhibition of Ito cell activation is one of the main targets for

Greets’ method was used to assess the collagen synthesis rate.
Specifically, confluently subcultured Ito cells in 6-well plates were
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[9]

3

anti-fibrosis therapy . Although the optimal anti-fibrosis drug has
not been found yet, some herbal decoctions have been reported to
prevent fibrogenesis effectively. Traditional Chinese Medicine (TCM)
has shown a brilliant future in its application, in particular. FZHY
decoction has been shown to prevent extracellular matrix production
and deposits in CCl4- or DMN-induced fibrotic rats, with potential to
improve fibrotic liver structure and function in patients with chronic
[3]
hepatitis or cirrhosis .
Chinese herbs have very complicated components, and their
pharmacokinetics remain unclear. Therefore, it is difficult to investigate their pharmacological actions in vitro by direct addition of
herbs or their rough extracts to cultured cells, because the direct
addition method could change the in vitro environment (such as
medium osmotic pressure and pH value, etc.) or cause loss of
effective metabolites of the herbs or exert an action of unabsorbed
substances. In clinical practice, most herbs are administered orally
and absorbed into the blood circulation where they exert their functions. Therefore, the serum pharmacological method of indirect
addition of a drug serum to culture systems in vitro could overcome
the above shortcomings; in this way, when the drug is applied the
herbal actions can be studied and their real pharmacological effects
[5]
determined .
We found that drug serum collected 1 h after two administrations
of FZHY decoction in rats could be applied to perform convenient
[10]
and efficient investigations . In this study, the drug serum showed
no obvious influence on Ito cell morphology, but could improve cell
viability. Thus, the drug serum had no cytotoxicity, but produced
an effect of “strengthening sufficiency”. This also indicated that the
seropharmalogical method could reflect the practical effect of Chinese herbs.
Ito cell activation was characterized in this study by increased
total cell number (proliferation) and enhanced per cell fibrogenesis.
3
[ H]TdR incorporation represents the cellular DNA synthesis rate
and the cleavage of MTT represents the activity of dehydrogenase
[6]
enzymes in active mitochondria , both of which reflect cell proliferation. Cell collagen synthesis consists of two processes: Intracellular translation and hydroxization, followed by extracellular excretion

and processing. The [ H]Pro incorporation and collagenase digestion
methods reflect both the intracellular and extracellular collagen production processes for individual cells. In this study, the drug serum
3
decreased the Ito cells’ [ H]TdR incorporation and MTT cleavage,
and inhibited both intracellular and extracellular collagen synthesis
per cell. These effects were related to the drug dose and drug serum
concentration. Thus, FZHY decoction could inhibit Ito cell proliferation and collagen synthesis, and prevent cell activation. This may
be one of the major mechanisms of the anti-fibrotic actions of FZHY
decoction.
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Influence of fever on biliary elements of guinea pigs
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mL/kg, once a week for 4 wk). After 45 d, all the animals were
euthanized for analysis; however, 36 h prior to euthanasia, the
guinea pigs in the fever subgroups were injected subcutaneously with
turpentine (1 mL/kg) to maintain the fever condition. Gallbladder
lumens were examined and bile samples were analyzed.
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RESULTS: Gallstone incidence was highest (40%, 6/15) in the group
of animals that were fed the lithogenic diet and had fever. Compared
to the non-fever subgroups, the fever subgroups had significantly
higher total bile protein and bilirubin.
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CONCLUSION: Fever influences biliary elements and may contribute
to gallstone formation in guinea pigs.
Key words: Fever; Bile/metabolism; Bilirubin/metabolism; Cholelit
hiasis/etiology; Proteins/metabolism

Abstract
AIM: To study the influence of fever on biliary elements and
gallstone formation in guinea pigs.

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.

METHODS: Sixty guinea pigs were randomly divided and fed either
a lithogenic diet (to induce gallstone formation) or a normal diet
(for use as the non-gallstone controls), and each group was then
subdivided into fever or non-fever subgroups. The fever condition
was induced by subcutaneous injection of boiled non-fat milk (1
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Clinical and experimental studies on stomach carcinoma treated with
Yangwei Kangliu granules
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CD8 was much higher (P < 0.01) than that in the control group. The
RRTR rate was positively correlated with the ratio of CD4 to CD8.
In mice, on day 9 of bearing cancer, the tumor weight in the group
treated with YWKL granules alone was much lower than that of the
tumors in the control mice groups; in addition, the YWKL treated
mice showed higher RBC immune function than the mice of the two
control groups. On day 13 of bearing cancer, however, the differences
in both tumor weight and RBC immune function had disappeared.
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CONCLUSION: The anti-cancer mechanism of YWKL granules may
involve enhancement of RBC immunity and of T lymphocyte immune
function, which is supported by the finding of RBC immune function
being correlated with T lymphocyte immune function.
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Abstract
AIM: To study the anti-cancer mechanism of Yangwei Kangliu (YWKL)
granules from the view point of red blood cell (RBC) immunity and to
investigate the relationship between RBC immunity and T lymphocyte
immunity.

INTRODUCTION
Several studies have provided experimental and clinical data demonstrating that the immune system plays a key role in controlling
the occurrence and development of tumors. As a result, red blood
cell (RBC) immunity has emerged as a new subdiscipline in the
[1]
modern field of immunology . Since then, studies have identified
a close correlated between RBC immunity and prognosis of tumors,
and have characterized the functions as involving clearance of the
immune complex in circulation, controlling and regulating other
immune cells and effector-like actions.
The current study was designed to investigate the anti-cancer
effects of Yangwei Kangliu (YWKL) granules and its function of
strengthening body resistance by supporting a healthy qi and dissipating blood stasis and toxic material; specifically, its effects on
RBC immune activity were studied in humans and a mouse model
system.

METHODS: Fifty patients with advanced gastric carcinoma were
treated with a combination of YWKL granules and chemotherapy.
Venous blood samples were obtained before treatment and after one
course of treatment. The rosette rate of c-3b-receptor (RBC-C-3bRR),
tumor and red cell (RRTR) and RBC immune complex (RBC-ICR)
were measured under microscopy by counting the rosettes formed
by sensitized or unsensitized yeast adherence. The T lymphocyte
subset was observed by the method of APAAP. Control patients were
treated with chemotherapy alone (n = 20). In addition, mouse tumor
studies were performed to investigate the dynamic changes of RBCC-3bRR, RRTR and RBC-ICR in response to treatment with YWKL
granules (n = 30). Mice treated with chemotherapy alone (n = 30) or
water alone (n = 30) were used as controls.
RESULTS: The clinical therapeutic effect of combination treatment
with YWKL granules and chemotherapy (i.e. the treatment group)
was markedly superior to that of chemotherapy alone (i.e. the
control group) (P < 0.01). In the treatment group, the rosette rates
of RBC-C-3bRR and of RRTR were significantly increased (P < 0.01)
after treatment, the rate of RBC-ICR was markedly decreased (P <
0.01), and the ratio of CD4 to CD8 was obviously elevated (P < 0.01).
Moreover, CD8 was much lower (P < 0.01) and the ratio of CD4 to

WJG|www.wjgnet.com

MATERIALS AND METHODS
Subjects
A total of 70 patients with pathology-confirmed gastric cancer who
were admitted to our hospital or to the China-Japan Friendship Hospital for treatment were enrolled in our study and randomly divided
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Table 1 Change of red blood cell immune function in the Yangwei Kangliu
treatment group (%, ¯x ± s)

b

n

C-3b-RR

Immune complex

Tumor and red cell

Normal

30

17.3 ± 5.04

9.6 ± 1.72

40.6 ± 6.17

Pre-treatment

50

8.8 ± 2.37

13.2 ± 2.88

29.1 ± 6.32

Post-treatment

50

15.0 ± 2.71b

8.9 ± 1.87b

Table 2 Change in T lymphocyte subset between the Yangwei Kangliu +
chemotherapy (treatment) and chemotherapy only (control) group
Group
Treatment group
Pre-treatment
Post-treatment
Control group
Pre-treatment
Post-treatment

39.2 ± 1.96b

P < 0.01 vs pre-treatment.

n

CD3

CD4

CD8

CD4/CD8

50
50

66.00 ± 6.81
66.27 ± 5.55

38.00 ± 4.52
39.00 ± 4.15

32.36 ± 2.91
26.45 ± 2.84b

11.23 ± 0.166
1.48 ± 0.156b

20
20

63.59 ± 8.32
62.18 ± 9.03

38.18 ± 6.7
36.37 ± 3.39

31.56 ± 2.82
32.47 ± 4.89d

1.26 ± 0.22
1.21 ± 0.2d

Compared with the treatment group in pre-treatment P < 0.01; dCompared with the
treatment group in post-treatment, P < 0.01.
b

into the YWKL treatment group (for receipt of a combination therapy
with YWKL granules plus chemotherapy) and the standard treatment control group (for receipt of chemotherapy alone). The YWKL
treatment group consisted of 50 patients, including 41 males and
9 females ranging in age from 35 to 70-year-old, with a median
age of 55-year-old. The treatment control group consisted of 20
patients, including 18 males and 2 females ranging in age from 30
to 60-year-old, with a median age of 51 years-old.
The Karnofsky performance status (KPS) ranged from 60 to 70
for 13 cases in the YWKL treatment group and for 6 cases in the
control group, from 71 to 80 for 33 cases in the YWKL treatment
group and for 12 cases in the control group, and > 80 for 12 cases
in the YWKL treatment group and for 4 cases in the control group.
According to the TCM differentiation, 33 cases were classified as
stomach and spleen deficiency type, 7 as functional incoordination
of liver and stomach type, and 2 as preponderance of pathogenic
heat.

and RRTR were both significantly enhanced, and the RBC-ICR was
decreased as compared with those observed at the pretreatment
stage (P < 0.01).
The changes in T lymphocyte immune function are presented
in Table 2. After treatment, although the CD3 and CD4 levels were
elevated, there were no difference from the pretreatment stage (P
> 0.05). However, the level of CD8 was significantly lower (P < 0.01)
and the ratio of CD4 to CD8 was significantly greater (P < 0.01) than
the pretreatment levels. The control group showed no differences
of these indices from the pretreatment levels to the post-treatment
levels. Comparison of the post-treatment indices of the treatment
group and the control group showed no differences for the levels of
CD3 and CD4 (P > 0.05). However, compared to the control group,
the level of CD8 in the treatment group was significantly lower (P <
0.01) and the ratio of CD4 to CD8 was also significantly higher (P <
0.01). The RRTR was positively correlated to the ratio of CD4 to CD8 (Y
= 1.14 + 0.005x, P < 0.01).

Therapeutic method

The YWKL granules used in therapy were composed of Rhizoma
atractylodis, Radix astragali, Lignum sappan, Rhizoma paridis,
Cordyceps, etc. (manufactured by the Great Wall Pharmaceutical
Factory, Beijing). The YWKL drug was administered orally, three
times a day, 1 packet each time (equivalent to 30 g of raw herbs).
Chemotherapy was administered simultaneous to the CMF regimen,
and delivered as an intravenous infusion of carboplation 400 mg on
day 1, mitomycin 6 mg on days 7 and 14, and 5-fluorouracil 500
mg on days 7, 10, 14 and 17, for a total of 2-3 cycles (each cycle
consisting of 4 wk, and one course consisting of 2-3 cycles).
The control group received the chemotherapy as described
above, but without any YWKL.

EXPERIMENTAL STUDIES
Materials and methods

Tumor model and transplantation The fore-stomach carcinoma
cell, which is a model of high pulmonary metastasis, were retrieved
from storage in liquid nitrogen were thawed at 37-40 ℃ and inoculated subcutaneously into the right back of inbred 615-strain. When
the resultant tumor had grown to 1.0-1.5 cm in diameter, the mice
were sacrificed and the tumor tissues were resected and made into
a single cell suspension. Then, this suspension was brought up to
6
0.2 mL with normal saline consisting of 1 × 10 tumor cells and was
injected subcutaneously into the right back of a fresh mouse.

Determination indices

Grouping The transplanted mice were randomly divided into three
groups of 30 for treatment with either TCM (administered 0.8 mL
YWKL liquid, once daily, starting at 24 h after transplantation, with
daily dose was equivalent to 1.4 g of raw drugs), chemotherapy
(administered 25 mg/kg 5-fluorouracil, once every other day,
intragastric), or control (administered 0.8 mL water, once daily,
intragastric).

The rate of c-3b-receptor (RBC-C-3bRR), tumor and red cell (RRTR)
and RBC immune complex (RBC-ICR) were determined by the
[2]
method described by Guo et al . The T lymphocyte subset was
observed by the method of APAAP.

Criteria for assessment of efficacy

Efficacy of the treatments was assessed according to the short-term
effectiveness criteria set forth by the World Health Organization. For
complete response (CR), the foci completely disappear, and no new
foci are present. For partial response (PR), the foci size decreases by
50% or more, and no new foci are present. For stable disease (SD),
the foci size decreases by < 25% or increases by < 25%. For progressive disease (PD), a single focus size or the total size of multifocal lesions increases by 25% or more, or new foci are present.

Determination index The inhibitory rates for tumor, RBC-C3bRR
and RBC-ICR were determined as described above.

Methods

A batch of mice were sacrificed respectively on post-inoculation
day 3, 9 and 11; ten mice were sacrificed for each time point. The
tumors were resected and weighed, and the inhibitory rate was calculated. Blood was collected by retro-orbital puncture and used to
test the RBC-C3bRR and RBC-ICR.

Clinical outcome

For the purposes of this study, short-term effectiveness was summarized as follows. In the YWKL treatment group, 8 cases achieved
PR, 40 achieved SD, and 2 achieved PD. In the control group, 0
cases achieved PR, 16 cases achieved SD, and 4 cases achieved PD.
The differences for each outcome between the two groups were statistically significant (P < 0.05).
The changes of RBC immune function are presented in Table
1. Thirty healthy persons served as normal controls. Before treatment, the RBC-C3bRR and RRTR in patients with advanced gastric
carcinoma were markedly lower than those in the normal controls
(P < 0.01), while the RBC-ICR was much higher; after receipt of the
combined treatment of YWKL and chemotherapy, the RBC-C3bRR
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RESULT
Data for the dynamic changes of tumors in mice are shown in Table
3. After the latent stage (3-5 d of bearing tumors), the tumors grew
rapidly; mice began to die on day 13 in all three groups. On day
3 post-inoculation, when the first batch of mice was sacrificed, no
tumors were apparent. On day 9, the tumor weight was markedly
lower in the TCM group than in the control or the chemotherapy
group (P < 0.01 or P < 0.05). On day 13, there were no differences
in tumor weights among the three groups (P > 0.05).
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Table 3 Dynamic changes in tumor weight between experimental groups

b

Group

n

Control
TCM
Chemotherapy

10
10
10

Day 9 post-inoculation
1.27 ± 0.47
0.74 ± 0.43ab
1.196 ± 0.23

Table 4 Dynamic changes in red blood cell-c-3b-receptor and red blood cellimmune complex

Day 13 post-inoculation
Group

2.07 ± 0.42
2.04 ± 0.21
1.98 ± 0.35

Red blood cell-c-3b-receptor
D3

D9

D13

Red blood cell-immune complex
D3

Compared with the control, P < 0.01; aCompared with chemotherapy, P < 0.05.

D13

Compared with the control, P < 0.05; cCompared with chemotherapy, P < 0.05; D: Day.

a

Data for the dynamic changes of RBC immune function in mice
are shown in Table 4. With the development of tumor, the rate of
RBC-C3bRR decreased and that of RBC-ICR increased. On post-inoculation days 3 and 9, the RBC-C3bRR of the TCM group was higher
and the RBC-ICR was lower than that of the chemotherapy and
control groups (P < 0.01); however, on day 13 there were no differences between the RBC-C3bRR and RBC-ICR for the three groups (P
> 0.05). At no time did the chemotherapy and control group show
differences in RBC-C3bRR and RBC-ICR.

YWKL combined with chemotherapy was superior to that of chemotherapy alone and that the post-treatment RBC immunity was
higher than that of the pre-treatment samples from the patients
who were treated with the combination of YWKL granules and che[4]
motherapy. According to the amount concept , the fewer the tumor
cells the better the effect of the chemotherapy regimen, and of the
immune therapy that is administered in conjunction or afterwards;
6
moreover, when the number of tumor cells is below 10 , the immune
system may be able to eliminate it. Therefore, we believe that the
anti-cancer mechanism of YWKL granules involves its improvement
of immune activity, especially of the RBC immune activity, and this
6
7-8
can make the treatment level effective in cases with 10 and 10
tumor cells or even higher. This is also the theoretical basis that supports effectiveness of YWKL granules combined with chemotherapy
is better than that of chemotherapy alone. Of course, whether YWKL
granules can directly kill tumor cells as chemotherapy awaits further
study. As to the cause underlying the observation that the inhibitory
rate in the chemotherapy group was lower than that in the YWKL
group, we speculate that 5-FU was not sensitive to Fc cells and it
inhibited the immune function of the organism.
The anti-cancer effect of RBC immunity is due to its ability to not
only clear the immune complex in circulation but also to control and
regulate other immune cells, which is supported by the observed
correlation between the RBC and T-lymphocyte subset.

DISCUSSION
Malignancy is closely correlated with RBC immunity. At present, RBC
immune activity is often assessed by means of determination of
RBC immune adhesion and the execution of RBC immune adhesion
[2,3]
via the C3b receptor .
Assuming that patients with advanced gastric carcinoma are
always in a state of deficiency of healthy qi and stagnation of exogenous factor, YWKL granules would then function to support healthy
qi, dissipating blood stasis and clearing away toxic materials. The
prescription of YWKL used in this study included Rhizoma atractylodis and Radixs scutellariae, both of which can strengthen body
resistance, Lignum sappan, which can activate blood circulation to
dissipate blood stasis in the stomach and spleen, and Rhizoma paridis, which can clear away heat and toxic material. Our clinical and
experimental study of this prescription showed that, in both patients
with gastric cancer and mice bearing tumors, the RBC -C3bRR and
RRTR were low and the RBC-ICR was high before treatment. The
experiment on mice further demonstrated that as the tumors grew,
the red blood cell immunity gradually declined. On the ninth day
of bearing tumor, the tumor weight in the YWKL treatment group
was lower than that of the other groups; correspondingly, the RBC
immunity was higher than that of the other two groups. On the
thirteenth day of bearing tumor, there was no obvious difference of
tumor weight, and no difference of RBC immunity existed among
the three groups.
Clinical data had shown that the short-term effectiveness of
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D9

Control
5.27 ± 2.96 3.57 ± 1.04 2.88 ± 1.10 7.14 ± 1.93 9.80 ± 2.55 12.29 ± 4.83
TCM
13.40 ± 5.70av 7.20 ± 1.27ac 4.37 ± 1.12 3.96 ± 1.51ac 6.45 ± 1.03ac 11.52 ± 2.81
Chemotherapy 3.53 ± 1.17 2.94 ± 1.18 3.15 ± 1.16 7.89 ± 2.76 9.05 ± 2.85 14.30 ± 5.09
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BRIEF REPORT

Effect of esophageal cancer- and stomach cancer-preventing vinegar on
N-nitrosoproline formation in the human body
Xian-Ke Guo, Ti-Jun Wang, Jing-Fan Gu
th
Xian-Ke Guo, 150 Central Hospital of PLA, Luoyang 471031, Henan Province,
China

tion in the human body. Therefore, in this study, we tested whether
esophageal cancer- and stomach cancer-preventing vinegar (OSCPV,
China-produced patent vinegar [Patent No. ZL90102404], which is
rich in vitamins) exerts it protective effect by blocking the synthesis
of NPRO in the human body.

Ti-Jun Wang, Luoyang Anle Cancer-Prevention Vinegar Factory, Luoyang
471022, Henan Province, China
Jing-Fan Gu, Chinese Nutritional Society, Tianjin 300050, China

MATERIALS AND METHODS
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Sodium nitrate AR was purchased from Xi’an Chemical Reagent
Factory (Batch No. 83091). L-Pro chromatography depurant was
purchased from Shanghai Biochemical Research Institute of the Chinese Academy of Sciences (Batch No. 8507169). NPRO and N-nitrosopipecolic acid (NPIC) (experimental quality) were purchased from
IARC. Nitroso-methylurea, and OSCPV were also obtained.
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Methods

Key words: Esophageal neoplasms; Stomach neoplasms; Vinegar;
N-nitrosoproline; Gas chromatography

All the subjects underwent gastroscopy. During the 2 d prior to the
start of the experiment and during the experimental period, the
subjects’ food intake was restricted to rice and steamed buns. On
the day when a urine sample was taken, the subjects were given a
cooked wheat pastry for breakfast. The dietary rules strictly followed
the requirements of the experiment. During the experiment, the
subjects did not eat meat products or any other food that may contain NPRO, and they took no cigarettes, tea, beer, fruits, or medicines; only water was allowed for drinking.
The experiment course encompassed the following three stages.
Stage A: On day 3 of the experiment, we tested the output of NPRO
in the 24 h urine sample, which represented the background level.
Stage B: At 7:00 a.m., the subjects drank 10 mL of water containing 300 mg NaNO3 and another 10 mL of water containing 500 mg
L-Pro as well as 15 mL of OSCPV, after which the counting time for
urine collection was initiated. Twenty minutes later, the subjects
ate breakfast. Stage C: At 48 h after stage B (this timing was used
to ensure that the subjects had been able to completely discharge
the NPRO gained in stage B), urine was collected. All urine samples
were collected into individual polythene pails containing 10 mL of
a solution of 3.6 n sulfosol in 20% ammonia sulfonate (AS solution). Each sample was tested respectively to measure output of
NPRO corresponding to each stage of the experiment. To determine
whether the urine collection was complete, we also tested the 24 h
output of creatinine.
[2]
We used the methods of Ohshima et al for extracting and testing NPRO in the urine. The main procedure is as follows: 25 mL
urine is added to 400 mg NPIC (the internal standard) and 2 mL AS
is added, after which the sample is extracted a total of 3 times using
mixing with 30 mL, 20 mL and 20 mL ethyl acetate respectively. The
final extract is dehydrated with anhydrous sulfate and placed into a
rotary evaporator (inside temperature of 60 ℃). After evaporation,

© The Author(s) 1997. Published by Baishideng Publishing Group Inc. All
rights reserved.
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INTRODUCTION
N-nitroso-compound (NNC) exposure can induce formation of many
kinds of tumors in the human body, and as such represents a potential environmental cause of some human cancers. Many of the precursors of NNC are abundant in the modern environment, such as
nitrate, mitrite and amino acid compounds, all of which can synthesize into corresponding NNCs, and the occurrence of stomach cancer
has been associated with the ingestion of these precursors. Indeed,
the gastric juice of patients with stomach cancer have been shown
to have higher concentrations of both nitrates and compounds that
[1]
can form introso compounds, compared to healthy individuals .
[2]
Ohshima et al measured the concentration of N-nitrosoproline
(NPRO) and of nitroso-L-proline (L-Pro) in urine following ingestion
of nitrates with the aim of monitoring NNC synthesis in the human
body and of studying the various kinds of factors influencing synthesis. Moreover, it has been suggested that blocking the synthesis of
NNC in the human body may have important theoretical and practical significance in preventing cancers.
Vitamin C is well known for its efficacy in blocking NNC forma-
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Table 1 Effect of esophageal cancer- and stomach cancer-preventing vinegar in blocking synthesis of N-nitrosoproline in 76 patients
Content of N-nitrosoproline (nmol/24 h urine)
x
s

Stage A

Stage B

Stage C

P

26.18
5.78

66.84
17.29

23.91
4.37

< 0.001

Table 2 Effect of esophageal cancer- and stomach cancer-preventing vinegar in blocking synthesis of N-nitrosoproline in 76 patients according to disease
subgrouping
Group

Average age, years

Sex, male/female

Content of N-nitrosoproline

Blockage rate, %

Stage A

Stage B

Stage C

Esophagus

40

9/3

21.30

60.17

28.21

82.22

Esophageal + cardia

46

9/6

30.15

81.42

23.98

122.03

Esophageal + non-typical hyperplasia

48

6/6

26.22

46.60

20.86

126.30

Superficial gastritis

46

9/6

28.63

73.10

25.11

107.91

Atrophic gastritis

54

9/3

32.86

89.63

28.37

107.90

Intestinal metaplasia + non-typical hyperplasia

54

6/5

17.90

50.13

16.90

103.10

Blockage rate, % = [(Stage B-Stage C)/(Stage B-Stage A)] × 100%

the solute is mixed with 2 mL ether and dissolved in diazomethane
methyl methyl ester for 5 min. The methods of preparing diazomethane methane and dissolving with methyl ester involved putting
about 1 g nitroso urea (synthesized in-house) into a 250 mL flask
and then adding 60 mL ether, 20 mL methanol and 10 mL 60% KOH
solution, and shaking the flask. In order to dissolve with methyl
ester, the ether solution (which is filled with diazomethane methane) was placed into a 2-mouth flask. The diazomethane methane
was combined with mitogen into the solution of ether containing
dissolved NPRO and NPIC. The methyl ester dissolution was terminated when the solution of ether turned yellow. The procedure was
conducted in a hood. Next, the solution was condensed to 10 mL
with nitrogen and 0.5 mL of GC-TEA was added to test the content
of methyl ester of NPRO. The content of methyl ester of standard
NPRO, which was taken through the same treatment, was used as
a quantitative reference. The chromatographic column used in the
next step was a 2 mm × 3 mm stainless steel column with filling
material of 60-80 order chromosorb WAW-DMCS and 10% Carbowax 20 M spread. The carrier was argon and the speed of the flow
was 20 mL/min. The temperature of the column was 185 ℃, of the
evaporator was 257 ℃, of the TEA pyrolysis was 500 ℃, and of the
interface was 200 ℃. Under these conditions, the NPRO and NPIC
were able to be well dissociated, with no other interfering peak produced. The lowest detection limit was < 0.5 ppb, and the recovery
rate was 85%.
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RESULTS
In the experiment, we took the output of NPRO—the level of endogenous nitrosification—as an index. After the 76 patients took 55
mg L-Pro, the output of NPRO in the 24 h urine sample rose from
26.18 nmol to 66.84 nmol, for an increase of 2.5 times. In contrast,
after taking OSCPV and L-Pro, the NPRO in urine was reduced, to
a concentration lower than the background level, which shows that
OSCPV can block the synthesis of NPRO in the human body completely and suggests OSCPV as an ideal blockage agent for prevention of cancer (Tables 1, 2).

CONCLUSION
OSCPV is an effective agent that can block the synthesis of NNC.
It is effective in blocking the synthesis of NPRO, which can induce
cancer in the human body, making this agent capable of preventing
human cancers in an effective manner.
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BRIEF REPORT

Gastric emptying and plasma levels of gastrointestinal hormones in
patients with peptic ulcer
Jian Chen, Jun-Man Li, Xue-Hui Li, Hong-Sheng Hao, Shu-Hua Fu
No significant differences were found in SS and SP levels when GU
patients were compared with healthy controls (P > 0.05). GET 1/2 was
markedly shorter in the DU patients than in the healthy controls (41.7
± 10.2 min vs 53.3 ± 4.3 min, P < 0.01) and plasma SS levels were
significantly lower (6.4 ± 2.5 ng/L vs 11.9 ± 3.4 ng/L, P < 0.01).
There was a significant positive correlation between GET 1/2 and SS
levels (r = 0.56, P < 0.01). Plasma SP levels in the DU patients were
significantly higher than those in the healthy controls (54.4 ± 12.7
ng/L vs 41.6 ± 5.8 ng/L, P < 0.01). There was a significant negative
correlation between GET 1/2 and SP levels (r = -0.68, P < 0.01). No
significant differences were found in the plasma VIP levels when DU
patient were compared to healthy controls (P > 0.05).
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Abstract
AIM: To study the plasma level of gastrointestinal hormones and the
time of gastric emptying in patients with peptic ulcer.

CONCLUSION: Elevation in VIP may contribute to occurrence of GU
and its associated delay in GET 1/2. Increased SP and reduced SS may
play important roles in GET 1/2 acceleration and in the pathogensis of
DU.

METHODS: Thirty patients with gastric ulcer (GU), 29 patients with
duodenal ulcer (DU), and 12 healthy controls were studied. Plasma
levels of somatostatin (SS), vasoactive intestinal peptide (VIP) and
substance P (SP) were measured by radioimmunoassay. Gastric
m
emptying half-time (GET 1/2) was measured by the TC-99 resin/solid
meal method.

Key words: Peptic ulcer/physiopathology; Gastric emptying; Gastroin
testinal hormones/blood
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RESULTS: GET 1/2 was significantly longer in the GU patients than
that in the healthy controls (65.9 ± 14.8 min vs 53.3 ± 4.3 min, P <
0.01) and plasma VIP levels were significantly higher (37.5 ± 10.7
ng/L vs 18.4 ± 5.9 ng/L, P < 0.05).There was a significant positive
correlation between GET 1/2 and plasma VIP levels (r = 0.55, P < 0.01).
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