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Abstract
AIM: To evaluate the effects of chronic alcohol abuse on the mucosal 
permeability to lipopolysaccharide in the colon in rats.

METHODS: Escherichia coli  lipopolysaccharide (LPS, 20 μg/mL) 
was injected into the colon of chronic alcoholic rats (n = 10) and 
the rats were supplied with Lieber diets every other day for 6 
weeks. Before LPS injection and 5, 10, 20, 30 min after injection, 
blood samples from the portal vein were obtained and contents 
of LPS in the blood were measured. The distribution of LPS in 
the colon tissues was observed with a confocal laser scanning 
microscope by immunofluorescent technique using a monoclonal 
antibody specific to the lipid A region of LPS. Normal rats were 
used as controls (n = 6).

RESULTS: Before LPS injection into the colon, LPS levels in the 
blood of portal vein of chronic alcoholic rats were significantly higher 
than those of normal controls (3.56 ± 0.67 pg/mLaa, vs  2.45 ± 
0.15 pg/mLaa, P < 0.01). At 5, 10, 20, 30 min after injection of 
LPS, LPS contents were significantly higher than those before LPS 
injection (173.56 ± 23.45 pg/mLaa, 154.78 ± 20.57 pg/mLaa, 43.89 
pg/mLaa ± 8.67 pg/mLaa, 45.38 ± 7.89 pg/mLaa vs  3.56 ± 0.67 
pg/mLaa, P < 0.01 respectively). Most mucosal cells showed strong 

positive reactions to LPS in the rats of chronic alcohol abuse, but 
no significant changes of LPS contents in blood from the portal vein 
and fluorescentreactions to LPS in mucosal cells of normal rats were 
found after LPS injection.

CONCLUSION: Chronic alcohol abuse resulted in a significant 
increase of permeability to LPS in colon mucosal cells in rats.

Key words: Colon; Alcohol; Ethyl polysaccharides; Bacterial; 
Escherichia coli
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INTRODUCTION
Endotoxins are potent biological moieties from the outer 
membrane of Gram-negative bacteria and mainly composed 
of lipopolysaccharides (LPS) and proteins[1]. LPS causes all the 
toxic actions endotoxin inflicts[2]. Endotoxemia is a common 
complication in patients with alcoholic hepatitis, and the liver injury 
was associated with the development of endotoxemia. Normally, 
a lot of endotoxins present in the gut and nonpathogenic amounts 
of this toxic macromolecule material are absorbed through the 
intestinal wall, reaching the liver[3]. The sinusoidal cell is the key 
to the uptake and detoxication of endotoxins in the liver[4] Under 
pathological conditions, such as alcoholic hepatitis, endotoxins 
in the portal vein may enter the peripheral blood (known as 
endogenous endotoxemia) as a result of depression of Kupffer cells, 
or portal systemic circulation[5,6]. However, there is little information 
concerning the permeability mechanism of LPS in the gut under 
those pathological conditions. In the present study, by using a 
monoclonal antibody specific to the lipid A region of endotoxin, the 
distribution and localization of endotoxins in the colon in rats of 
chronic alcohol abuse was observed with confocal laser scanning 
microscopy. LPS concentrations in the portal vein were measured.

MATERIALS AND METHODS
Animals
Thirty male Wistar rats were divided into two groups: chronic 
alcoholic group and control group. Rats were fed on a complete 
liquid diet with the Lieber protocol[7] in chronic alcoholic group. Diets 
were supplied every other day with homogenation and administered 
through Richter feeding tubes for 6 wk. Rats in control group (n = 6) 
were fed ad libitum with ordinary rat chow. Under the anaesthesia 
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Table 1  lipopolysaccharides contents in blood from the portal vein (pg/mL, x- ± s)

by intraperitoneal injection of sodium pentobarbital (50 mg/kg 
body weight), abdomens of rats of both groups were opened. The 
colons about 1.5 cm-2.0 cm long were ligated at two ends without 
interruption to their blood circulation. After being washed with sterile 
saline, the colon was injected Escherichia coli LPS. LPS was diluted 
with sterile saline to 20 μg/mL and the amount of the injected LPS 
corresponded to the pressure in the colon which was maintained 
to 10 cm/H2O. About 0.5 mL-1.0 mL of LPS was injected in to each 
rat. Before LPS injection and 5, 10, 20, 30 min after the injection 
of LPS into the colon, blood samples about 0.5 mL were obtained 
from the portal vein for the determination of LPS in the blood. At 
30 min after LPS injection, the colon was taken and washed. Tissue 
specimens were fixed in buffered formalin, embedded in paraffin 
and 4 μm sections were cut. The sections were then performed for 
immunofluorescent staining.

Immunofluorescence staining
As for location of LPS in tissues and cells, the indirect 
immunofluorescence staining technique was used. Briefly, sections 
(4 μm thick) were dewaxed with xylene and washed successively 
with 100%, 96%, 70% aqueous ethanol. After being washed 
with phosphate buffered saline (PBS), each section was treated 
with 1% normal goat serum (Vectastain, Vector Laboratories, 
Inc. Burlingame) for 30 min to cover possible nonspecific sites. 
Then, all the sections were washed and incubated with the 
monoclonal antibody against LPS (a gift from Dr. Noguchi) for 60 
min at 37 ℃. After washing with PBS for three times, fluorescein 
isocthiocyanate (FITC) conjugated goat anti mouse IgM (H&L) 
F(ab’)2 fragments (1:30, O.E.M. Concepts Inc.) was added for 
60 min at 37 ℃. Excess conjugate was removed by washing 
with PBS. Then the sections were mounted with VECTASHIEID 
mounting medium (Vector Laboratories, North Chicago) for 
fluorescence under coverslip and ready for observation with 
Confocal Laser Scanning Microscopy. For the sake of negative 
controls, sections were incubated with PBS omitting the first 
antibody or FITC conjugated secondary antibody. 

Confocal laser scanning microscopy
Sections were observed within 2 h after immunofluorescence 
staining. With a confocal laser scanning microscope (LSM-GB200, 
Olympus, Japan), cellular localization and distribution of LPS in the 
mucosal cells of the colon were observed.

Statistical analysis
All data were expressed as x- ± s, and were analyzed with the 
Stat View Statistical Program. Student’s t and Anoval F test were 

employed where appropriated. 

RESULTS
Changes of LPS concentration in portal vein blood
In rat of chronic alcohol abuse for 6 weeks, LPS concentration in 
portal vein blood was significantly higher than that of control even 
before LPS injection into the colon. At 5 min after the injection of 
LPS, LPS level in the portal vein blood increased markedly and 
reached the peak point. At 10 min after LPS injection, LPS level in 
the blood decreased a little but even at 30 min after LPS injection, 
the LPS level was still significantly higher than that of the normal 
control. For the rats of normal control, LPS levels in the portal 
vein blood increased a little after LPS injection, but no significant 
difference was found in comparison with that before LPS injection 
(Table 1). 

Observation by confocal laser scanning microscopy
In normal control rats after LPS injection, colon mucosal cells 
showed no obvious FITC fluorescence reaction to LPS except 
membrane cells on the cavity side of the mucosa which showed 
slight fluorescence. In the rats of chronic alcoholic abuse, nearly all 
the mucosal cells showed strong FITC fluorescent reactions to LPS 
30 min after LPS injection. The fluorescent reactions were found 
in the cytoplasm of mucosal cells, tissues under the basement 
membrane, but not found in the nuclei of the mucosal cells (Figure 
1). Fluorescent reactions did not significantly increase between the 
membrane of the mucosal cells (Figure 2). The positive fluorescent 
reactions to LPS were evenly scattered, not in spot or particulate 
form. No fluorescence was detected in negative control tissues using 
only the monoclonal antibody or FITC labelled secondary antibody. 

DISCUSSION
Confocal laser scanning microscopy can scan tissues or cells 
at thickness as thin as 1 μm, and can actually reflect the FITC 
fluorescent distribution in tissues and cells. For the location and 
distribution of LPS in tissues and cells, the monoclonal antibody 
specific to the lipid A region of LPS is more specific than antibody 
against the polysaccharide chain of LPS by the immunohistochemical 
technique, because the antigen is characterized by the fact that 
the polysaccharide chain of LPS might be changed or separated 
from lipid A part after LPS enter cells[8]. Most of the toxic effects of 
LPS, if not all, reside in the core lipid A part[9]. No fluorescence was 
detected in negative controls using only the monoclonal antibody or 
FITC labelled secondary antibody, and it was reasonable to estimate 
that the fluorescence reaction detected was specific for the location 
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n Before LPS injection Time points after LPS injection
5 10 20 30

Normal control 6 2.45 ± 0.15 3.04 ± 0.98 3.56 ± 1.65 3.05 ± 0.97 2.37 ± 0.56
Alcoholic group 10 3.56 ± 0.67b 173.56 ± 23.45b 154.78 ± 20.57b 43.89 ± 8.67b 45.38 ± 7.89b

bP < 0.01, vs normal control at the same time point.

Figure 1  Fluorescent reactions to LPS in the colon mucosa in chronic alcoholic rats 30 min 
after LPS injection. Those positive reactions were found in the cytoplasm of mucosal cells, tissues 
under the basement membrane, but not found in the neclei of the mucosal cells.

Figure 2  Fluorescent reactions to LPS in the colon mucosa in chronic alcoholic rats 30 min 
after LPS injection. No significant increases of fluorescent reactions were found between the 
membrane of those mucosal cells.
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0 21.1 um
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and distribution of LPS in tissues and cells.
Endotoxins are mainly composed of lipopolysaccharides and 

proteins[1]. There is good evidence that portal vein endotoxemia 
is in a normal state[3]. It is generally known that the liver, mainly 
by Kupffer cells and hepatocytes, is responsible for the clearance 
of endotoxins in the portal vein blood[4]. In patients with alcoholic 
hepatitis, endotoxemia is a common complication[5,6] and the 
endotoxins are affirmed primarily from the gut by the portal 
vei[10] and the lymphatic vessels[11] in intestine. The liver injury 
due to alcohol and its clinical manifestation were confirmed to be 
associated with the development of endotoxemia[12], suggesting that 
endotoxin might play a role in hepatic injury induced by alcohol. 
In the rats of chronic alcohol abuse with Lieber diets for 6 wk, we 
found that endotoxin concentration in the portal vein blood was 
markedly higher than that of the control, and the level increased 
progressively at various time point after LPS injection, suggesting 
that the permeability to LPS in the intestine increased after the 
stimulation by alcohol abuse, a phenomenon which might be critical 
to the development of endotoxemia in alcoholic hepatitis.

Two different mechanisms, namely specific and non-specific, are 
suggested to be involved in the initial interaction of LPS with cells[13]. 
Specific interactions result from the binding of LPS to a specific 
receptor on the plasma membrane, and, on the other hand, non-
specific interactions result from the binding of LPS macromolecule 
to any membrane constituents other than the receptors. Both 
mechanisms are involved in the uptake procedure of LPS by 
cells[14,15]. A number of receptors specific to different regions of 
LPS were recently reported. By using a LPS derivative as a probe 
to define LPS specific binding structures, Lei MG et al[16] identified 
a 73 kDa membrane-localized protein which existed in almost all 
the mammalian cell subpopulations and was lipid A specific. LPS 
was found in the cytoplasm of macrophages in spot and particulate 
form after phagocytized by those cells[17]. In the present study, the 
positive reactions to LPS were found in nearly all the mucosal cells in 
chronic alcoholic rats, indicating that there was no cellular specificity 
to the permeability of LPS in the colon. There were no positive 
reactions to LPS among those mucosal cells membranes also 
suggested that the permeability to LPS in the colon may be through 
the cells, not through the injection between cells. The positive 
fluorescent reactions to LPS in the cytoplasm of mucosal cells were 
evenly distributed, not in spot or particulate form. This phenomenon 
suggested that the uptake mechanism of LPS by those mucosal cells 
might not be through phagocytic procedure. 
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Abstract
AIM: The aim was to investigate the clinical significance of vascular 
endothelial growth factor (VEGF) expression in gastric carcinoma.

METHODS: The expression of VEGF in 128 gastric carcinomas was 
investigated by immunohistochemical staining with an anti-VEGF 
polyclonal antibody. Correlations between VEGF expression and 
various clinicopathological factors and prognosis were studied.

RESULTS: The overall VEGF-rich expression rate was 64.1% in 
gastric carcinoma tissue, and was significantly higher in patients 
with stage Ⅲ and Ⅳ disease than in those with stage Ⅰ disease (P 
< 0.05). Significant differences in expression rate were related to 
growth pattern, serosal invasion, and lymph node metastasis. VEGF-
rich expression was much higher in tumors with an expanding growth 
pattern (71.8%) or serosal invasion (73.5%) than in those with an 
infiltrative growth pattern (52.0%) or nonserosal invasion (53.3%) 
(P  < 0.025, respectively). Expression was also significantly higher in 
patients with lymph node metastases (75.0%) than in those without 
such metastases (50.0%, P  < 0.05). A postoperative survey of 86 
patients who had been followed for at least 5 years found that the 
5-year survival rate of patients with VEGF-rich tumors was significantly 
lower than that of patients with VEGF-poor tumors (P  < 0.05).

CONCLUSION: VEGF expression may be associated with invasion 
and metastasis and may also be a useful indicator of gastric 
carcinoma prognosis.

Key words: Stomach neoplasms/pathology; Endothelial growth 
factors; Prognosis
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INTRODUCTION
Solid tumors require neovascularization for growth and metastasis. 
Experimental evidence shows that endothelial growth factors, such 
as basic fibroblastic growth factor (bFGF), transforming growth 
factor (TGF), and vascular endothelial growth factor (VEGF) secreted 
by tumor cells play a crucial role in tumor angiogenesis[1]. VEGF 
regulates microvasculature permeability and is an endothelial cell-
specific mitogen[2,3], and is likely to play an important role in both 
tumor angiogenesis and generation of tumor stroma[4]. Results 
obtained with monoclonal neutralizing antibodies to VEGF have 
produced strong evidence that VEGF contributes to the progression 
and metastasis of solid tumors by promoting angiogenesis[5,6].We 
used immunohistochemical staining of gastric carcinoma tissue with 
an anti-VEGF polyclonal antibody to investigate the correlations 
between VEGF expression, various clinicopathological factors, and 
prognosis. 

MATERIALS AND METHODS
Clinical material
Resected specimens from 128 patients with gastric carcinoma 
who underwent gastrectomy at Ruijin Hospital were studied. 
The patients were 38 to 78 years of age (mean: 58.7 years), 
86 were men, and 42 were women. No patient had received 
chemotherapy or radiation therapy before surgery. The 
Guidelines of National Gastric Cancer Association were used 
for pathologic diagnosis and classification of variables, and 
histologic staging was determined according to the TNM 
criteria (Table 1). In this study, tumors were divided into two 
histologic subgroups, a differentiated type including of papillary 
and tubular adenocarcinomas, and an undifferentiated type 
including poorly differentiated adenocarcinomas, signet ring cell 
carcinomas, and mucinous adenocarcinomas. Curative resection 
was performed in 109 patients, 86 of whom were followed for at 
least 5 years after surgery; 19 patients underwent noncurative 
surgical procedures.

For pathological evaluation and immunohistochemistry, tissue 
specimens were fixed in a 10% formaldehyde solution, embedded in 
paraffin, sectioned at 4 μm, and mounted on glass slides.

Antibodies and reagents
Rabbit polyclonal antibody to VEGF was purchased from Santa Cruz 
Inc. Recombinant human VEGF was a kind gift from Genentech Ltd. 
(CA). Labeled streptavidin-biotin (LSAB) staining kits were produced 
by DAKO Inc.
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Immunohistochemical study
Immunohistochemical staining was performed by the immuno-
peroxidase technique following predigestion and trypsinization. 
Anti-VEGF polyclonal antibodies were used at a 1:20 dilution. 
Normal rabbit immunoglobulin G was substituted for primary 
antibody as the negative control. Immunoreactivity was graded as 
(-), (±), (+) and (++) by the staining intensity. Tumors graded as 
(+) or (++) were designated as VEGF-rich and those with (-) or 
(±) staining were VEGF-poor. Tumors including both VEGF-positive 
and VEGF-negative subpopulations were graded as (+). The 
evaluations were done by an observer completely blinded to the 
patient characteristics.

Statistical methods
The significance of relationships between VEGF expression and 
clinicopathological factors was tested by the chi-square method. 
Survival curves were calculated using the Kaplan–Meier method and 
analyzed by the log rank test. Statistical significance was defined as 
P < 0.05.

RESULTS
VEGF Expression
The expression of VEGF was observed mainly in the cytoplasm of 
tumor cells. A representative case of VEGF (++) staining is shown 
in Figure 1. VEGF staining was blocked by pretreatment with an 
antibody to recombinant human VEGF (data not shown). Weakly 
positive VEGF staining was seen in endothelial cells, no direct 
correlation was found between the staining intensity of tumor cells 
and that of endothelial cells. A heterogeneous distribution of VEGF-
stained tumor cells was seen in tissue from several of the tumors. 
Of 128 tumors, 82 (64.1%) were VEGF-rich; faint staining was seen 
in the cells of most VEGF-poor tumors. 

Correlation between VEGF expression and tumor histologic stage
Table 1 shows the correlation between VEGF expression and tumor 
histologic stage. The VEGF-rich expression rates in patients with 

stage Ⅲ and Ⅳ disease was significantly higher than that in patients 
with stage Ⅰ disease.

Relationship between VEGF expression and clinicopathological 
factors
Table 2 shows the relationships of VEGF expression with various 
clinicopathologic factors. There was a statistically significant 
association between VEGF-rich expression and growth pattern, 
depth of invasion, and lymph node metastasis. However, expression 
rate was not significantly correlated with histologic type.

Survival
Of the 86 patients who underwent curative resection and were 
followed for at least 5 years, 42 died following tumor recurrence. 
Postoperative analysis demonstrated that the 5-year survival rate 
of patients with VEGF-rich tumors (42.8%, 24/56) was significantly 
lower than that of patients with VEGF-poor tumors (66.7%, 20/30; 
(Figure 2, P < 0.05, log–rank test). 

DISCUSSION
VEGF is an endothelial cell-specific mitogen and an in vivo inducer 
of tumor angiogenesis. It has also been purified and shown to 
act independently as a tumor-derived vascular permeability 
factor promoting the extravasation of plasma proteins, including 
fibrinogen[2,3]. VEGF thus has important biological significance for 
the generation of vascularized tumor stroma. VEGF is known to be 
expressed in a variety of tumor cell types and in tumor tissues that 
have are characterized clinically by their neovascularization. In this 
study, we investigated the expression of VEGF in gastric cancer and 
observed a significant correlation between VEGF expression and 
tumor growth pattern, invasion depth, and lymph node metastasis. 
Melnyk et al[8] investigated the effect of VEGF inhibition on growth 
of primary tumors and on micrometastasis in experimental animals, 
and found that anti-VEGF antibodies not only inhibited growth of 
primary tumors but also suppressed metastasis to distant sites. This 
suggests that VEGF may have a clinically important effect on tumor 
growth and distant metastasis. We noted that the VEGF expression 
rate in patients with stage Ⅲ and stage Ⅳ gastric carcinoma was 
significantly higher than that in patients with stage Ⅰ disease, which 
supports the view that VEGF has a direct effect on tumor growth 
and metastasis. Many studies have suggested that VEGF contributes 
to tumor growth and invasion by promoting angiogenesis, which 
increases the tumor blood supply. Moreover, newly formed tumor 
capillaries have fragmented basement membranes and leak, making 
it easier for tumor cells to enter the circulation and form metastases. 
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Figure 1  Poorly differentiated adenocarcinoma tissue with VEGF++ staining. Cytoplasmic 
VEGF staining was seen in tumor cells and diffuse distribution of VEGF-positive tumor cells is 
apparent. (original magnification × 200) 

Figure 2  Survival rate after curative resection of VEGF-poor (n = 30) and VEGF-rich tumors (n 
= 56) 

TNM stage n VEGF-poor rate (%) VEGF-rich rate (%)
I 39 48.7 51.3
II 27 37.0 63.0
III 48 27.1  72.9a

IV 14 28.6  71.4a

aP < 0.05, compared with stage 1.

Table 1  Correlation between vascular endothelial growth factor expression 
and TNM stage

Table 2  Correlation between clinicopathologic factors and vascular 
endothelial growth factor expression

Variable Patients (n ) VEGF-poor rate (%) VEGF-rich rate (%) P  value
Histologic type
    Differentiated 50 36.0 64.0 > 0.05
    Undifferentiated 78 35.9 64.1
Serosal invasion
    Positive 68 26.5 73.5 < 0.025
    Negative 60 46.7 53.3
Growth pattern
    Expanding 50 48.0 52.0 < 0.025
    Infiltrative 78 28.2 71.8
Lymph node metastasis
    Negative 50 25.6 74.4 < 0.05
    Positive 78 52.0 48.0

100

80

60

40

20

0

0 10 20 30 40 50 60

Months after resection

P  < 0.05

Su
rv

iv
al

 r
at

e(
%

)



VEGF expression level may thus predict the biological behavior of 
gastric carcinoma.

Although angiogenesis is seen as in increase in blood vessel 
formation, some studies have found that it is also correlated with 
increased lymph node metastasis. Smith and Basu demonstrated 
that neovascularization of rabbit corneas following injection of India 
ink led to the the appearance of ink particles in ipsilateral lymph 
nodes. These findings indicate that lymphocapillary anastomoses 
are present and/or that angiogenesis correlates with the formation 
of new lymphatic vessels. Therefore, we consider that VEGF not 
only promotes angiogenesis but also induces the formation of new 
lymphatic vessels, increasing the opportunity for tumor cells to enter 
lymphatic vessels and form lymph node metastases.

With regard to prognosis, Toi et al[7] have shown that VEGF 
expression is closely associated with early relapse after surgery for 
primary breast cancer. The relapse-free survival rate of patients with 
VEGF-rich tumors was significantly lower than that of patients with 
VEGF-poor tumors, and VEGF status was found to be an independent 
prognostic indicator. Our study confirmed these findings in gastric 
carcinoma. We observed a significantly worse prognosis in patients 
with VEGF-rich compared with VEGF-poor tumors. This result 
suggests that VEGF expression status is a useful prognostic indicator 
in gastric carcinoma. Recently, it was reported that administration of 
a neutralizing monoclonal antibody against human VEGF inhibited the 
growth and metastasis of human tumor xenografts in nude mouse[5,6]. 
Millauer et al[9] reported that growth of C6 rat glioblastoma cells in 
nude mice was suppressed after local administration of retrovirus 
expressing a dominant negative mutant of flk-1, the receptor of VEGF. 
These results provided a scientific rationale for studying the effect 
of VEGF on human tumorigenesis, invasion and metastasis, and for 
adopting treatment strategies targeting VEGF.

Gastric carcinoma is one of the most common human malignant 
tumors. Our study showed that 64.1% of patients had tumors with 
VEGF-rich expression, and that the prognosis of patients with VEGF-
rich tumors was significantly worse than that of patients with VEGF-

poor tumors. We conclude that assay of VEGF expression in gastric 
carcinoma, and treating patients with VEGF-rich tumors with anti-
VEGF antibodies may help prevent postoperative recurrence and 
metastasis. If this proposed treatment is applied in combination with 
other adjuvant therapies, the postoperative overall survival rate of 
patients with gastric cancer would increase.
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Abstract
AIM: To investigate the structure-activity relationship of pituitary 
adenylate cyclase activating polypeptide (PACAP) in guinea pig 
gallbladder using a synthetic PACAP/vasoactive intestinal peptide 
(VIP) hybrid.

METHODS: We synthesized PACAP–VIP hybrid peptides using the 
Fmoc strategy and a simultaneous multiple solid-phase peptide 
synthesizer. The peptides were tested in isolated guinea pig 
gallbladders using an improved horizontal type organ bath.

RESULTS: VIP induced relaxation of gallbladder smooth muscle 
strips, while PACAP27 contracted them. Amino acids at positions 4, 
5, 9, and 24–26 were replaced without significant loss of activity. 
[Leu13]–PACAP27, a substitution in the α-helix domain, also had no 
significant loss in activity (P < 0.05). It was more potent than [Gly8]– 
and [DAsp8]–PACAP27 and could substitute peptides at position 21. 
Des–[His1] and [Ala6]–PACAP27 had no activity at 10–7 mol/L. [Gly8]–, 

[DAsp8]–, [Phe21]– and [Pro21]–PACAP27 at 10–7 mol/L had about 
25% of the activity of PACAP27 at 10–7 mol/L (P < 0.05).

CONCLUSION: The N-terminal disordered region is more important 
than other regions for determining the physiological activity of PACAP 
in the guinea pig gallbladder.

Key words: Gallbladder; Vasoactive intestinal peptide; Pituitary 
adenylate cyclase activating polypeptide; Amino acids
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INTRODUCTION
Pituitary adenylate cyclase activating polypeptide (PACAP) is a 
neuropeptide structurally related to vasoactive intestinal polypeptide 
(VIP)[1]. It exists in the ovine hypothalamus in two molecular forms, 
PACAP38 and PACAP27. The terminal amino acid 27 residue of 
PACAP38 (PACAP27) has high sequence homology (68%) with 
VIP. Many biological actions of PACAP are very similar to those of 
VIP[1–3]; but we recently found that PACAP contracts the guinea pig 
gallbladder, while VIP relaxes it[4]. The guinea pig gallbladder is a 
good animal model system to study the structure-activity relationship 
of PACAP and VIP. In this investigation, we synthesized PACAP–VIP 
hybrid peptides using the Fmoc strategy and a simultaneous multiple 
solid phase peptide synthesizer, and we compared the effects of the 
peptides on gallbladder smooth muscle in vitro. 

MATERIALS AND METHODS
Peptide Synthesis
Considering the sequence homology of VIP–PACAP, NMR data, 
and computer-aided molecular graphics[5], positions 4, 5, 6, 8, 9, 
10, 21 and 24–26 were selected as mutation points in this study 
(Figure 1). Peptides were synthesized using the Fmoc strategy and 
a simultaneous multiple solid phase peptide synthesizer (Model 
PSSM 8M, Shimadzu Corp.). After simultaneous cleavage with a 
trifluororacetic acid (TFA) cocktail, the desired crude peptides were 
easily purified by single step reversed phase-high performance liquid 
chromatography (RP-HPLC), and then characterized and shown to 
be homogeneous by HPLC, sequencing, amino acid analysis and 
liquid secondary ion mass spectrometry (LSIMS).

Biological Methods
The peptides were tested in isolated guinea pig gallbladders using 
an improved horizontal type organ bath. Thirty male Hartley 
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strain guinea pigs (450–580 g) were killed by exanguination. The 
gallbladders were excised and four 1.2 mm × 10 mm smooth 
muscle strips were prepared with the aid of a binocular microscope. 
The strips were suspended in an organ bath  containing (4 
mL) Krebs–Ringer solution (pH 7.4), maintained at 37 ± 5 ℃, 
aerated with 95% O2 and 5% CO2, and connected to an isotonic 
displacement transducer. After setting the initial tension at 500 mg, 
the muscle strips were allowed to equilibrate for 60 min. The length 
of the strips was recorded using a pen recorder and a computer-
controlled data acquisition system. An acetylcholine (Sigma, St. 
Louis.) control (10–8–10–4 mol/L), synthetic PACAP27, VIP, or the 
hybrid peptides were added to the organ bath at a concentration of 
10–8, 3 × 10–8, 10–7, or 3 × 10–7mol/L. The gallbladder response to 
the peptides and control solution were standardized to the PACAP27 
response. The maximal contraction induced by PACAP27 (10–7 mol/L) 
was taken as 100% contraction and the resting length as 0%.

Statistical analysis
The data (Figure 2) were expressed as means ± standard deviation (x- ± 

s). One way factorial analysis of variance (ANOVA) and Fisher’s protected 
least significant difference (PLSD) multiple comparison test were used 
to compare the peak responses after adding the peptides. P < 0.05 was 
taken as the level of significance with n equal to the number of animals.

RESULTS
VIP induced relaxation of gallbladder smooth muscle strips, while 
PACAP27 contracted them. Positions 4, 5, 9, and 24–26 could be 
replaced without significant loss in activity. [Leu13]–PACAP27, a 
substitution in the α-helix domain, also had no significant loss in 
activity (P > 0.05), was more potent than [Gly8]– or [DAsp8]–
PACAP27, and could substitute peptides at position 21. Des–[His1]– 
and [Ala6]–PACAP27 had no activity at 10–7 mol/L. [Gly8]– [DAsp8]–, 
[Phe21]–, and [Pro21]–PACAP27 at 10–7 mol/L had about 25% of the 
activity of PACAP27 at 10–7 mol/L (P < 0.05).

DISCUSSION
The N-terminus of PACAP has a high sequence homology with VIP. 
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VIP:  HSDAVFTDNY TRLRKQMAVK KYLNSILN-NH2
PACAO27:  HSDGIFTDSY SRYRKQMAVK KYLAACL-NH2
Des–[H is 1]  PACAO27:  SDGIFTDSY SRYRKQMAVK KYLAACL-NH2
[A la 4]–PACAP27:  HSDAIFTDSY SRYRKQMAVK KYLAACL-NH2
[Va l 5]–PACAP27:  HSDGVFTDSY SRYRKQMAVK KYLAACL-NH2
[A la 6]–PACAP27:  HSDGIATDSY SRYRKQMAVK KYLAACL-NH2
[Gly 6]–PACAP27:  HSDGIFTGSY SRYRKQMAVK KYLAACL-NH2
[DAsp8]–PACAP27:  HSDGIFTDSY SRYRKQMAVK KYLAACL-NH2
[Asn9]–PACAP27:  HSDGIFTDNY SRYRKQMAVK KYLAACL-NH2
[Leu13]–PACAP27:  HSDGIFTDSY SRYRKQMAVK KYLAACL-NH2
[A la 21]–PACAP27:  HSDGIFTDSY SRYRKQMAVK AYLAACL-NH2
[Phe21]–PACAP27:  HSDGIFTDSY SRYRKQMAVK FYLAACL-NH2
[Pro21]–PACAP27:  HSDGIFTDSY SRYRKQMAVK PYLAACL-NH2
[Asn24,  Ser 25,  I le 26]–PACAP27:  HSDGIFTDSY SRYRKQMAVK KYLNSIL-NH2

Figure 1  Amino acid sequences of the synthetic PACAP–VIP peptides

-50 0 50 100 150 200 250

VIP

[Asn24Ser25lle26] - PACAP27

[Pro21] - PACAP27

[Pre21] - PACAP27

[Ala] - PACAP27
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[Asn9] - PACAP27

[Gly8] - PACAP27
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a
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a
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Figure 2  The effect of PACAP–VIP analogues on isolated guinea pig gallbladder. Data are shown as x- ± s (n = 5). aP < 0.05 vs PACAP27 at 10–7 mol/L.



At least two types of PACAP binding sites have been demonstrated 
in rat tissues. One is a type 1 site that is the dominant site in the 
hypothalamus, and is highly specific for PACAP. The other is a type 2 
site that is the dominant site in the lungs and liver, and has almost 
equal affinities for both PACAP and VIP[6,7]. The action of PACAP on 
guinea pig gallbladder smooth muscle seemed to be directly via the 
activation of type 1 PACAP receptors because tetrodotoxin, atropine, 
and CCK antagonists failed to block it.

In our previous studies, the C-terminus (positions 9–26) of 
PACAP27, similar to VIP, had a propensity for α-helix formation in a 
hydrophobic environment, but the N-terminus from positions 1 to 
8 did not have a well defined helical or strand structure[5]. PACAP 
substitutions in this region had a greater loss in activity than was 
seen with substitutions in other regions. These data suggest that 
the disordered region from positions 1 to 8 is very important for the 
recognition of PACAP by its receptor. Position 21 is also important, 
although it showed no significant loss in activity at a higher dose (3 
× 10–7 mol/L).

In conclusion, the N-terminal disordered region is more 
important than other regions for the physiological activity of PACAP 
in guinea pig gallbladder. 
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Abstract
AIM: To prevent hepatic metastasis by regional adjuvant 
chemotherapy after radical surgery for colon cancer.

METHODS: A nude mouse model of human colon cancer (HCC) was 
used to evaluate the prevention of metastasis of HCC cells following 
the application of early postoperative intraperitoneal (IP) high-dose 
5-fluorouracil chemotherapy. 

RESULTS: The incidence of liver metastasis was decreased by 40%, 
and the mean number of metastatic liver nodules was reduced by 
50.89%. Compared with controls, 5-FU 40 mg in NS 40 mL/kg IP for 
2 consecutive days prolonged mean survival by 48.21%.

CONCLUSION: IP is a promising and effective novel regional 
adjuvant chemotherapy for the prevention of liver metastasis of HCC 
cells after radical surgery for colon cancer.

Key words: Colonic neoplasms/surgery; Liver neoplasms/
drug therapy; Fluorouracil/therapeutic use; Liver neoplasms/
secondary
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INTRODUCTION
The incidence of liver metastasis after radical surgery for colon 
cancer is very high and and significantly shortens the survival of 
patients. Intravenous (IV) 5-FU chemotherapy is often not effective 
for the prevention of liver metastasis. Therefore, early postoperative 
intraperitoneal (IP) chemotherapy with high-dose 5-FU was 
evaluated for prevention of liver metastasis by human colonic cancer 
(HCC) cells in a nude mouse model. HCC cells were inoculated via 
the spleen.

MATERIALS AND METHODS
Animals
Thirty athymic BALB/c nude mice 5–6 wk of age were provided 
by the Shanghai Cancer Institute. During the conduct of the study 
procedures, mice were maintained in a laminar flow cabinet under 
specific pathogen free conditions. 

Cell lines
Colon cancer cell lines derived from human colonic adenocarcinoma 
were provided by Shanghai Immunology Institute[1]. The cells were 
cultured and maintained with more than 95% viability in RPMI 
1640 medium with 10% fetal calf serum, penicillin (100 μg/mL), 
and streptomycin (100 μg/mL) at 37 ℃ in a 5% CO2 atmosphere. 
Aliquots of 1 × 106 cells were suspended in 0.03 mL in normal saline 
(NS) prior to use. 

Splenic injection
Mice were anesthetized by intraperitoneal (IP) injection of 
phenobarbital and the spleen was exposed under sterile conditions 
by an incision in the left side of the animal. A 0.03 mL volume of 
NS containing 1 × 106 cells was slowly injected into the splenic pulp 
over 1 min, then the spleen was replaced in position and the incision 
was closed[2]. The mice were randomly assigned to three groups of 
10 each. Group A was given 5-Fu 40 mg in NS 40 mL-1·kg-1, for 2 
consecutive days, group B was given 5-Fu 20 mg in NS 40 mL-1·kg-1, 
for 5 consecutive days, and group C (controls) was given NS 40 mL/
kg, Animals were treated 24 h after tumor inoculation and followed-
up to determine survival time. The animals were killed 60 days after 
tumor inoculation, the liver was removed and the tumor nodules 
were counted. 

Statistics
Results were expressed as means ± standard deviation (x- ± s). 
Data were analyzed by analysis of variance (ANOVA) and the chi-
square test . P ≤ 0.05 was considered statistically significant. 

RESULTS
The incidence of metastasis in groups A, B and C was 60% (6/10), 
70% (7/10), and 100% (10/10), respectively. The 40% difference 
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Table 2  Survival of mice in experimental and control groups

Table 1  Metastatic nodules in the livers of experimental and control groups 
and controls ( x- ± sx-, nodule)

between group A and 30% difference between group B and controls 
were not statistically significant (P > 0.05).The mean number of 
metastatic liver nodules was 24.80 ± 8.64 in group A, 31.50 ± 8.68 
in group B, and 50.50 ± 7.32 in group C. The differences of 50.89% 
between group A and controls and 37.62% between group B and 
controls were both significant (P < 0.05, Table 1). 

The mean survival times were 45.50 ± 5.12 days in group A, 
43.90 ± 4.77 days in group B, and 30.70 ± 2.59 days in the control 
mice. Survival was prolonged by 48.21% and 43% in groups A and B, 
respectively (P < 0.05, Table 2). surgery

DISCUSSION
Previous studies reported high concentrations of antineoplastic 
agents in the abdominal cavity, portal vein, and liver after 

IP administration, but low concentrations in the systemic 
circulation, indicating a pharmacokinetic advantage of IP over 
IV chemotherapy[3–6]. We reported in our previous studies that 
HCC cells survived, grew, and disseminated following IP injection, 
and that chemically induced peritonitis, peritoneal adhesion, 
and nephrotoxicity were not induced by early postoperative IP 
chemotherapy with 5-Fu 40 mg in NS, 40 mL-1·kg-1 for 2 consecutive 
days[7]. We used a nude mouse model of HCC cell metastasis to 
evaluate the effects of early postoperative IP chemotherapy with 
high-dose, large-volume 5-FU chemotherapy. We found a 40% 
reduction in the incidence of liver metastasis and a decrease in 
50.89% in the mean number metastatic liver nodules. The mean 
survival time was prolonged by 48.21% compared with control mice. 
The results obtained in this experimental animal model suggest that 
IP chemotherapy has potential as an effective adjuvant approach in 
prevention of hepatic metastases in colon cancer .
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Group Liver metastatic nodules (n ) liver nodules (x- ± s)

0 1-20 21-40 41-60 61-80
5-FU 40 mga 4 2 1 1 2 24.80 ± 8.64
5-FU 20 mg 3 1 2 1 3 31.50 ± 8.68
Controls 0 2 1 3 4 50.50 ± 7.32

aP < 0.05, vs controls

Group Survival time (d) Mean survival (d)
21-30 31-40 41-50 51-60

5-FU 40 mg 3 1 0 6 45.50 ± 5.12a

5-FU 20 mg 3 1 2 4 43.90 ± 4.77a

Controls 6 2 2 0 30.70 ± 2.59

aP < 0.05, vs controls
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Abstract
AIM: To screen the enzyme-inhibition and observe the pharmacologic 
effects of circulation-improving Chinese medicines on intestinal and 
pancreatic hemodynamics. 

METHODS: In vitro  screening of the amylase-and lipase-inhibiting 
effects of nine Chinese traditional medicines was carried out. Each 
extract was prepared following methods described by LIN Qi-Shou. 
Tests of the inhibition of trypsin and elastase activity were carried 
out by following methods described by ZHANG Tian-Min s and JIANG 
Chuan-Kui. A Modified Leslie method was used determine the effects 
of the best circulation-improving Chinese herb, Tao-Ren (Semen 
Persicae), and its extract (HHI-I), on intestinal hemodynamics. An 
electromagnetic flowmeter was used to measure intestinal blood 
flow and and a blood oxygen meter was used to measure oxygen 
consumption. A laser Doppler microcirculation dynamic analyzer 
was used for to measurement the effect of HHI-I on pancreatic 
microcirculation, and a tissue oxygen meter was used to measure 
changes of pancreatic oxygen partial pressure.

RESULTS: Of the nine Chinese traditional medicines, Yuan-Hu 
(Rhizome Corydalis) had the most potent inhibitory activity on both 
amylase and lipase activity, followed by Da Huang, Zhi Zi, Huang 
Qin, and Hang Shao. Canine experiments found that Huoxue Huayu 
(HHI-I) improved intestinal hemodynamics. Intestinal blood flow 20 
min after infusion of HHI-I, was 225.0 ± 68.51 mL/min, which was 
significantly higher than that before infusion (201.34 ± 70.21 mL/

min, P  < 0.05). Blood flow increased to 245.40 ± 82.78 mL/min (P  < 
0.05) at 40 min and 252.20 ± 82.41 mL/min (P  < 0.01). 60 min after 
infusion.  Intestinal oxygen consumption also increased significantly, 
to 5.33 ± 2.57 mL/min at 60 min after infusion, compared with (2.72 
± 1.09 mL/min (P < 0.05) at baseline. HHI-I improved pancreatic 
microcirculation and tissue oxygen partial pressure. The basal 
microcirculatory blood flow of 20.4 ± 5.0 mL/min/100 g body weight 
increased to 49.0 ± 9.0 mL/min/100g body weight 20 min after 
administration (P  < 0.05). Blood flow increase further to 51.0 ± 7.97  
mL/min/100 g body weight (P  < 0.01) at 40 min and 54.8 ± 15.51 
mL/min/100 g body weight (P  < 0.01) at 60 min. Pancreatic oxygen 
partial pressure was 6.21 ± 0.94 kPa at baseline, rose to 7.55 ± 1.40 
kPa at 20 min (P  < 0.01), 7.65 ± 1.76 kPa (P  < 0.05) at 40 min, and 
7.67 ± 1.64 kPa (P  < 0.01) at 60 min after HHI-I administration. In 
the control group, saline administration had no significant effect of 
the indices.

CONCLUSION: Yuan-Hu and Tao-Ren used together have the 
potential to become novel, effective medicines

Key words: Pancreatitis treatment; Yuan hu; Tao ren
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INTRODUCTION
The mortality of severe acute pancreatitis (SAP) is high, and there 
are no specific treatments. The development of effective SAP 
therapy is a worldwide priority. Inhibition of pancreatic enzymes and 
improving pancreatic blood circulation are are potential treatment 
approach. There have been many reports of successful treatment of 
SAP with Chinese medicines. Treating SAP with the most effective 
enzyme-inhibiting and circulation-improving herbs may result in 
decreased in SAP mortality. In this study, we screened nine enzyme-
inhibiting herbs and evaluated the hemodynamic effects of the most 
effective circulation-improving Chinese medicinal herbs.

MATERIALS AND METHODS
Inhibitory effect on trypsin activity
Method Extracts of each herb were prepared following methods 
previously described by Lin Qi-Shou[1]. The anti-trypsin inhibitory 
activity of 300 μL samples of each extract were tested and compared 
with control reactions that proceeded without inhibitors[2].

Results All nine herbal extracts inhibited trypsin activity, but they 
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differed in effectiveness (Table 1), which may have been related to 
differences in the concentrations of active substance in each herb. 
Yuan Hu was the most effective followed by Da Huang (Radix et 
Rhizoma Rhei), and Zhi Zi ( Fructus Gardeniae ) (Table 1). 

Inhibitory effect on elastase activity
Method The in vitro test followed a method previously described 
by Chuan-Rui Jiang[3]. Anti-elastase activity was tested in 200 μL 
sample of each extract.

Results Most of the nine extracts inhibited elastase activity, but 
a few had an activating effect (Table 2). Yuan Hu was the most 
effective inhibitor, followed by Huang Qin and Hang Shao. 

Effect of HHI I on intestinal hemodynamics in dogs
Method Intestinal hemodynamics were evaluated following a 
method previously described by Leslie[5]. Blood fl ow was measured 
in the superior mesenteric artery with an electromagnetic fl owmeter. 
Blood samples were obtained from femoral artery and superior 
mesenteric vein, and the oxygen consumption of intestine was 
calculated. Five dogs with mean body weight of 19.2 ± 3.96 kg were 
used. A solution of Huoxue Huayu (HHI-I) was infused intravenously 
at a dose of 2.0 mL/kg of body weight.

Results HHI-I increased intestinal blood flow and oxygen 
consumption (Table 3, Figure 1). It also increased oxygen extraction 
(A–V)O2 and decreased vascular resistance. No effect of HHI-I on 
hematocrit was observed. No effects were observed in a control 
group given an intravenous infusion of saline.

Effect of HHI I on microcirculation and pancreatic tissue oxygenation 
in dogs 
Experimental methods Five healthy male and female dogs 
weighing 18.9 ± 2.61 kg were anesthetized, and the pancreas 
was exposed. An oxygen meter (POG-5000, Japan) electrode was 
inserted into the pancreatic tissue to measure tissue oxygen tension, 

and pancreatic microcirculation was measured by a dynamic laser 
Doppler microcirculation analyzer (JI-200, Tianjin). The dose of HHI 
I used in this experiment was the same as that used to evaluate the 
effect on intestinal hemodynamics.

Results Blood microcirculation in pancreatic tissue significantly 
increased 10 min after HHI-I infusion, and the increase was 
maintained during the whole period of infusion. The oxygen tension 
of pancreas increased at the same time. The two indices did not 
change in control animals (Table 4, Figures 2 and 3).

DISCUSSION
Even though aprotinin has shown disappointing results in experimental 
and clinical treatment of SAP, inhibition of pancreatic enzymes 
should not be ignored as a possible treatment. In addition to trypsin, 
gabexate mesilate (417 Daltons) also inhibits phospholipase A2 and 
has shown satisfactory therapeutic effects in the preclinical studies 
and clinical trials. Camostate (FOY-305, 494.5 Daltons) having a more 
extensive spectrum of enzyme inhibition, and has markedly increased 
SAP survival rates in animal models[6,7]. Because it contains agglutinin 
and native antiproteases, human plasma can significantly improve 
survival time in rats with SAP caused by 5% sodium taurocholate 
compared with control animals. In a rat SAP model caused by 
caerulein infusion (5 μg/kg of body weight per hour), urinastatin, 
a protease inhibitor extracted from human urine, had protective 
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Herbs 1 2 3 4 5 6 7 8 9
Activity change (± %) -0.3 -6 -26 -12 -25 -17 -11 -5.1 -77

Table 1  Effect of nine of Chinese herbal extracts on trypsin activity

1: Chai Hu (Radix Bupleuri), 2: Bin Lang (Semen Arecae), 3: Da Huang, 4: Hu Lian (Rhizoma 
Picrorhizae), 5: Zhi Zi, 6:Huang Qin (Radix Scutellariae), 7: Hang Shao (Radix paeoniae 
Alba), 8: Mu Xiang (Radix Auxklandiae), 9: Yuan Hu 

Table 2  Effect of nine of Chinese herbal extracts on elastase activity

Herbs 1 2 3 4 5 6 7 8 9
Activity change (± %) -6 -6 13 5 -19 -26 -25 19 -90

Table 3  Effect of HHI-I on intestinal hymodynamics

Before infusion After infusion (min)
20 40 60

BF (mL/min) 201.34 ± 70.21 225.00 ± 68.51a 245.40 ± 82.78b 252.20 ± 82.41b

OC (mL/min) 2.72 ± 1.09 4.92 ± 3.39 5.03 ± 2.55 5.33 ± 2.57a

(A-V)O2 (mL/100 mL) 1.47 ± 0.68 1.21 ± 1.34 2.16 ± 1.11a 2.29 ± 1.31
VR (kPa/mL/min) 0.10 ± 0.04 0.09 ± 0.04 0.08 ± 0.03a 0.08 ± 0.03a
HCT (%) 46.85 ± 10.58 47.73 ± 11.10 46.25 ± 10.47 45.20 ± 12.30

Five animals were tested. Data are expressed as (x- ± sx-); aP < 0.05,  bP ≤ 0.01 vs. controls.

Table 4  Effect of HHI-I on pancreatic oxygen tension and microcirculation

Group Before HHI-I After HHI-I (min)
20 40 60

Microcirculation HHI-I 20.4 ± 5.0 49.0 ± 9.0a 51.0 ± 7.97b 54.8 ± 15.51b

 (mL/min/100 g) Control 32.4 ± 6.35 34.6 ± 3.65 34.2 ± 4.02 31.2 ± 5.71
Oxygen tension HHI-I 6.21 ± 0.94 7.55 ± 1.40b 7.65 ± 1.76a 7.67 ± 1.64b

 (kPa) Control 5.60 ± 0.97 5.76 ± 1.07 5.49 ± 0.93 5.52 ± 0.79

Data are expressed as (x- ± sx-); aP < 0.05;  bP < 0.01 vs controls

Figure 1  Effect of HHI-I on intestinal hymodynamics
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Figure 2  Effect of HHI-I on pancreatic microcirculation before administration
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effects on serum amylase, pancreatic water content, amylase content 
of pancreatic tissue, lysosome distribution, and fragility of acinar 
cells and lysosomes[8]. ON03307, a synthetic antiprotease with low 
molecular weight and high activity, was effective against SAP when 
administered with allopurinol[9]. Combination treatment increased 
release of amylase and cathepsin by pancreatic juice and increased 
the proportion of zymogen-containing lysosomes. Combined 
administration of a protease inhibitor and a xanthine oxygenase 
inhibitor thus improved SAP treatment. In the pathogenesis of 
SAP, elastase digests elastin in blood vessel walls playing a pivotal 
role in the conversion of mild into severe hemorrhagic and necrotic 
pancreatitis. A synthetic, low molecular weight inhibitor of pancreatic 
elastase would be of great value, and glutaryl-trialanin-ethylamide a 
competitive inhibitor of pancreatic elastase, has been shown to slow 
the progress of SAP in a rat model[10].

There have been many reports of the enzyme inhibitory activity 
of Chinese herbs, including Ban Xia (Rhizoma Pinelliae), Da Huang, 
Huang Qin, Hu Lian, and Bai Shao[11]. This study found Yuan Hu 
to be the strongest inhibitor of trypsin and elastase; and in our 
laboratory, the injectable form is called YHI. It has also been found 
that combined treatment with YHI and HHI-I reduces the severity of 
experimental SAP rabbits (unpublished data).

Many experiment al studies and clinical trials have found that 
pancreatic ischemia in the early stage of AP is an important step in the 
development of necrosis[12,13]. In dogs, occlusion of small pancreatic 
arterioles by 8–20 μm microsphere induced hemorrhagic and necrotic 
pancreatitis; pancreatic edema superimposed on pancreatic ischemia 
can lead to necrotic pancreatitis. The effectiveness of low molecular 
weight dextran for prevention and treatment of pancreatic ischemia 
has been reported in experimental animal models of AP. Dextran 
has specific effects on pancreatic microcirculation, and isovolemic 
hemodilution with dextran 60 at a dose of 10 ± 1.3 mL/kg body 
weight reduced vacuolization of acinar cells and parenchymal edema 
compared with controls[14]. In a clinical trial including 13 SAP patients 
(mean Ranson score of 4.6). The average time from symptom 
appearance to dextran hemodilution was 38 h (range 19–90 h). 
Hematocrit decreased from 50% ± 6% to 34% ± 3% in the first 
hour an 31% ± 4% in the second hour. The volume exchanged was 
750–1700 mL, and the mortality rate was only 7.7%[15]. HHI-I, Tao 
Ren injection, is the most effective herb selected from the HuoXue 
HuaYu decoction used in our hospital for improving blood circulation 
and increasing oxygen consumption[4]. This study provides additional 
evidence of the positive effect of HHI-I on intestinal hemodynamics 

and pancreatic oxygen supply, and microcirculation in this dog model. 
HHI-I has potential as an effective medicine to improving blood 
circulation and to treat SAP.

REFERENCES
1	 Lien	QS. Constituent chemistry of Chinese traditional herbs. Scientific Press 

1977: 343-346
2	 Zhang	TM. Biochemical pharmaceutics for animals. People’s Health Press 

1982: 138-169
3	 Jiang	CK. Activity measurement of instrument enzymes. Shanghai Scientific 

and Technologic Press 1982: 107-110
4	 Wu	XX, Zhao LG. Research for constituents of Huoxue Huayu injection 

with optimized experiment. Zhongguo Zhongxiyi Jiehe Zazhi 1991; 11(suppl): 
335-337

5	 Zhao	LG, Zhang H, Meng QZ. [Effect of injections of huoxue huayu on 
hemodynamics of the canine small intestine]. Zhongxiyi Jiehe Zazhi 1989; 9: 
731-733 [PMID: 2624989]

6	 Zhao	LG. [The clinical and experimental research on acute pancreatitis]. 
Zhonghua Waike Zazhi 1992; 30: 58-60 [PMID: 1499431]

7	 Büchler	M, Malfertheiner P, Uhl W, Schölmerich J, Stöckmann F, Adler G, 
Gaus W, Rolle K, Beger HG. Gabexate mesilate in human acute pancreatitis. 
German Pancreatitis Study Group. Gastroenterology 1993; 104: 1165-1170 
[PMID: 8462805]

8	 Hirano	T, Manabe T, Tobe T. Effect of urinary trypsin inhibitor on pancre-
atic cellular and lysosomal fragility in cerulein-induced acute pancreatitis in 
rats. Dig Dis Sci 1993; 38: 660-664 [PMID: 7681748 DOI: 10.1007/BF01316797]

9	 Hirano	T, Manabe T, Steer M, Printz H, Calne R, Tobe T. Protective effects 
of therapy with a protease and xanthine oxidase inhibitor in short form 
pancreatic biliary obstruction and ischemia in rats. Surg Gynecol Obstet 1993; 
176: 371-381 [PMID: 8460415]

10	 Fric	P, Slabý J, Kasafírek E, Kocna P, Marek J. Effective peritoneal therapy 
of acute pancreatitis in the rat with glutaryl-trialanin-ethylamide: a novel 
inhibitor of pancreatic elastase. Gut 1992; 33: 701-706 [PMID: 1377154 DOI: 
10.1136/gut.33.5.701]

11	 Yao	GQ. Progress of treatment in acute pancreatitis with integrated Chinese 
and western medicine. Zhongguo Zhongxiyi Jiehe Waike Zazhi 1995; 1: 190-192

12	 Klar	E, Messmer K, Warshaw AL, Herfarth C. Pancreatic ischaemia in ex-
perimental acute pancreatitis: mechanism, significance and therapy. Br J 
Surg 1990; 77: 1205-1210 [PMID: 2252994 DOI: 10.1002/bjs.1800771104]

13	 Printz	 H, Saluja A, Leli U, Sengupta A, Steer M. Effects of hemorrhagic 
shock, aspirin, and ethanol on secretagogue-induced experimental pancre-
atitis. Int J Pancreatol 1990; 6: 207-217 [PMID: 1697883]

14	 Klar	E, Mall G, Messmer K, Herfarth C, Rattner DW, Warshaw AL. Im-
provement of impaired pancreatic microcirculation by isovolemic hemo-
dilution protects pancreatic morphology in acute biliary pancreatitis. Surg 
Gynecol Obstet 1993; 176: 144-150 [PMID: 8421802]

15	 Klar	 E, Foitzik T, Buhr H, Messmer K, Herfarth C. Isovolemic hemodilu-
tion with dextran 60 as treatment of pancreatic ischemia in acute pancreati-
tis. Clinical practicability of an experimental concept. Ann Surg 1993; 217: 
369-374 [PMID: 7682053 DOI: 10.1097/00000658-199304000-00008]

S- Editor: Cao LB    L- Editor: Filipodia    E- Editor: Li RF

138 September 15, 1996|Volume 2|Issue 3|WJG|www.wjgnet.com



Xiao-Bing Fu, Zhi-Yong Sheng, Ya-Ping Wang, Yi-Xiu Ye, Tong-Zhu Sun, Nuo- 
Shan Ma, Guo-You Chang, Ming-Huo Xu, Bao-Tong Zhou, Trauma Center, 
Postgraduate Military Medical College, 304th Hospital, Beijing 100037, China

Xiao-Bing Fu, has published 85 papers and 7 books; is associate professor and 
deputy director of the research department.

Author contributions: All authors contributed equally to the work.

Supported by the National Natural Science Foundation of China, No.39470706.

Original title: China National Journal of New Gastroenterology (1995-1997) 
renamed World Journal of Gastroenterology (1998-).

Correspondence to: Dr. Xiao-Bing Fu, Trauma Center of Postgraduate Military 
Medical College, 304th Hospital, Beijing 100037, China
Telephone: +86-10-66843129-41396
Fax: +86-10-68429998

Received: July 15, 1996
Revised: August 6, 1996
Accepted: August 26, 1996
Published online: September 15, 1996

Abstract
AIM: To explore the effects of basic fibroblast growth factor (bFGF) 
on ischemic gut and liver injuries following trauma.

METHODS: An animal model of superior mesenteric artery (SMA) 
occlusion was used. Seventy-two male Wistar rats were randomized 
equally to three treatment groups of 24 each. Group 1 was injected 
with 4 μg of bFGF in 0.15 mL of normal saline solution containing 
0.1% (w/v) heparin through the jugular vein at the onset of 
reperfusion. Group 2 received normal saline without bFGF. Group 3 
was treated was given a sham operation without SMA occlusion. Liver 
function, serum tumor necrosis factor (TNF)α, bacterial cultures, and 
pathological evaluations were carried out.

RESULTS: In group 1, alanine transaminase (ALT), aspartate 
transaminase (AST), and serum TNFα were significantly reduced at 6, 
24 and 48 h compared with group 2. Bacterial cultures showed that 
the bacterial translocation from gut to liver, spleen, and mesenteric 
lymph nodes (MLN) was significantly lower in group 1 than in group 
2. Pathological evaluation was consistent with a significant protective 
effect of bFGF.

CONCLUSION: Venous administration of bFGF may help reduce 
gut and liver ischemia/reperfusion injury through its mitogenic and 
nonmitogenic hormone-like effects.

Key words: Intestine; Liver; Fibroblast growth factor; Mesenteric 
arteries
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INTRODUCTION
Gut ischemia/reperfusion injury after serious trauma is an important 
problem in the clinic. Damage to gut barrier function may lead to 
translocation of bacteria from the gut to internal organs, resulting in 
organ impairment. Preservation of the gut barrier is thus a key step in 
preventing multiple organ failure after trauma[1]. The involvement of 
growth factors and their effects on ischemic injury to internal organs 
is an area of active research[2]. We evaluated systemic administration 
of basic fibroblast growth factor (bFGF) for prevention of serious gut 
and liver injury after occlusion of the superior mesenteric artery (SMA) 
and investigated its mechanism of action. 

MATERIALS AND METHODS
Animal model
Seventy-two male Wistar rats weighing 200–250 grams were housed 
in the laboratory for 1 wk prior to use in the study, and had free 
access to food and water. Occlusion of the superior mesenteric artery 
(SMA) was done under intravenous anesthesia with sodium pentothal 
(40 mg/kg). A midabdominal incision was made, and the SMA was 
identified and isolated by blunt dissection. Blood flow was completely 
blocked by a microvascular clamp placed on the root of SMA. The 
clamp was removed after 45 min, and return of blood flow to the gut 
was confirmed visually. The incision was then closed in two layers, 
animals were allowed to recover spontaneously and were observed 
for 3 d. All operations were performed under aseptic conditions.

Animals were randomly allocated to three groups of 24 each. 
At the onset of reperfusion, rats in Group 1 were given 4 μg of 
bFGF in 0.15 mL of normal saline containing 0.1% (w/v) heparin 
intravenously through the jugular vein. Animals in Group 2 were 
given the same volume of normal saline plus heparin, but not bFGF. 
Animals in Group 3 were given sham-operation consisting of a 
laparotomy without SMA occlusion and reperfusion. 

Liver function tests and cytokine measurement
Serum alanine transaminase (ALT) and aspartate aminotransferase 
(AST) were assayed with an automatic biochemistry analyzer 
(Monarch, United States) before ischemia and 6, 24 and 48 h 
respectively after ischemia. Serum tumor necrosis factor α (TNFα) 
was determined with a radioassay kit (Hun Qun Co., Beijing) following 
the same schedule. 

Bacterial cultures
A midabdominal incision was made under sterile conditions at 6, 
24, and 48 h after ischemia, and swabs of the peritoneal cavity 
were obtained for aerobic culture. The mesenteric lymph nodes 

Effects of basic fibroblast growth factor on ischemic gut and liver 
injuries

Xiao-Bing Fu, Zhi-Yong Sheng, Ya-Ping Wang, Yi-Xiu Ye, Tong-Zhu Sun, Nuo- Shan Ma, Guo-You Chang, Ming-Huo Xu, Bao-Tong Zhou

EXPERIMENTAL PAPERS

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v2.i3.139

World J Gastroenterol  1996 September 15; 2(3): 139-140
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 1996 Baishideng Publishing Group Inc. All rights reserved.

139 September 15, 1996|Volume 2|Issue 3|WJG|www.wjgnet.com



Table 2  Changes of aspartate transaminase in the three study groups

Group ALT (nmol/L)
0 h 6 h 24 h 48 h

1 2130.9 ± 217.9  3453.5 ± 1532.1b 2155.9 ± 946.0a 2125.4 ± 437.6
2 2352.6 ± 281.2 7988.3 ± 1087.6  5845.7 ± 1274.8 3627.4 ± 695.3
3 3386.3 ± 587.5 3717.4 ± 1147.9  6079.0 ± 1464.0 2353.8 ± 242.9

Data are expressed as (x- ± s). aP < 0.05, bP < 0.01 , vs Group 2.

(MLN), liver, and spleen were removed, weighed, and homogenized 
in sterile grinding tubes. The samples were plated for quantitative 
culture and incubated at 37 ℃ for 48 h before reading.

Histopathological examination
Specimens of gut and liver tissue were taken for examination by 
light microscopy at 6, 24 and 48 h after ischemia. 

Statistical analysis
Student’s-t test was used to determine the significance of changes 
before and after ischemia and the significance of between-group 
differences. Statistical significance was defined as P < 0.05. Data 
were expressed as means ± standard deviation (x- ± s). 

RESULTS
Organ function and serum TNFα
In group 2, serum ALT and AST were increased at 6, 24, and 48 
h, both were significantly higher than before injury (P < 0.05) and 
were higher than in group 1 (P < 0.01). In group 1, all values were 
increased at 6 h, but were not significantly different than preinjury 
values or the group 3 values (Tables 1 and 2). 

In groups 1 and 2, serum TNFα concentrations rose and fell, with 
a peak at 6 h, but declined at 24 and 48 h. No significant changes in 
serum TN were found at all times (Figure 1). 

Bacterial study and pathologic examination
At 6 h after ischemia, MLN, liver, and spleen tissue samples in groups 
1 and 2 had positive bacterial cultures, but the proportion of positive 
cultures was lower in group 1 than in group 2. In group 3, positive 
bacterial cultures were obtained only from MLN. The calculated bacteria 
per gram of tissue in the three groups differed (Tables 3 and 4). 

Pathologic examination found that the proportion of intestine 
and liver tissue samples with subepithelial edema, hemorrhage, 
erosion, or neutrophilic and lymphocytic infiltration was much larger 
in saline-treated than in bFGF-treated rats. No changes in tissue 
structure were observed in sham operated rats. 

DISCUSSION
Mucosal injuries that lead to translocation of bacteria or endotoxins 
from the gut to other tissues and organs are the primary factor in the 
pathogenesis of multiple organ injury or failure after serious trauma[1,2]. 

Resuscitation and anti-oxidation treatment are effective in reducing 
multiple organ injury and mortality[3], but the traditional methods 
can only block the cycle of tissue injury. They do not accelerate the 
repair of damaged tissues. From what is known of the pathogenesis 
of multiple organ failure, we considered that the mitogenic effects 
and nonmitogenic hormone-like activity of bFGF, might be protective 
against ischemic organ injuries[4–6]. The study data showed that 
systemic administration of bFGF at the onset of reperfusion reduced the 
functional and morphological changes of the gut and liver and reduced 
bacterial translocation from the gut to the liver and spleen. Moreover, 
inflammatory factors such as TNFα were reduced by bFGF treatment. 
In a model of stomach ischemia, Ishikawa et al[7] observed that the 
administration of epidermal growth factor (EGF) reduced mucosal 
edema and necrosis. It follows that growth factors may be useful in 
promoting internal organ repair after trauma.

Possible mechanisms of bFGF’s protection against ischemic injury 
may its vasodilator activity, which may help open microvascular 
beds and ameliorate the “no reflow” phenomenon that occurs after 
ischemia[8]. It has been found that the longer ischemia persists, the 
more serious the gut and liver damage and the higher the mortality. 
Increased intracellular calcium and redistribution of intracellular 
calcium pools may result in cell injury and contribute to cell death. 
Because bFGF can trigger the influx and intracellular release of 
Ca2+, it may have a role in regulating extracellular and intracellular 
Ca2+ balance and modulate transduction of transmembrane signals 
to inhibit Ca2+-dependent ATPase and other mitochondrial enzyme 
activity associated with ischemia/reperfusion[9] Finally, signal 
transduction by bFGF and its interactions with other enzymes 
might also be involved in the protective effect of bFGF on ischemia/
reperfusion injury. Further study is needed. 
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Table 1  Changes in alanine transaminase in the three study groups

Group ALT (nmol/L)
0 h 6 h 24 h 48 h

1 792.7 ± 97.0    850.2 ± 498.1b   786.3 ± 308.6a 622.3 ± 134.9
2 925.2 ± 68.8 4777.6 ± 710.6 2771.2 ± 646.6 969.0 ± 105.7
3 1100.2 ± 148.5   858.5 ± 257.4   919.4 ± 170.0 923.5 ± 116.0

Data are expressed as (x- ± s). aP < 0.05;  bP < 0.01 vs Group 2

Table 3  Positive bacterial cultures from organs in the three study groups

Group Positive bacterial cultures (%)
Liver Spleen MLN

1  12.5a (1/8)  12.5a (1/8) 75.0 (6/8)
2 62.5 (5/8) v57.1 (4/7) 62.5 (5/8)
3   0.0 (0/8)   0.0 (0/8) 50.0 (4/8)

aP < 0.05 vs Group 2.

Table 4  Bacteria cultured from organ samples

Group Organs sampled (n) Positive (n ) Bacteria1 (log CFU/g tissue)
1 33 30 3.70 ± 0.91
2 9 8 4.06 ± 1.19
3 18 7 3.42 ± 0.50

1Data expressed as x- ± s. CFU, colony forming unit
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Figure 1  Changes of plasma TNFα after ischemia.
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Abstract
AIM: To study the relationship between the modern clinical and 
pathohistological classification and the traditional Chinese Medicine 
(TCM) Syndrome-typing of chronic ulcerative colitis (CUC).

METHODS: In total, 452 patients with CUC were classified 
according to the standards of the TCM Syndrome-typing set up by 
the Conference of the Combination of the Chinese-Western Medicine 
on Digestive Diseases in Linfen. The relevant changes between 
both classifications were analyzed and compared through the 
colonofiberscopic and pathohistological examination.

RESULTS: The type of retention of interior damp-heat is more 
commonly seen at the initial onset of disease (P  < 0.01). No 
significant differences among other TCM Syndrome-typing groups in 
patients with persistent disease and with recurrent disease (P  > 0.05) 
were observed. The congestion, edema, reduction of goblet cells and 
the infiltration of neutrophils are pathologically common to all TCM 
Syndrome-typing groups. Mucosal ulcers were dominant in damp-
heat syndrome while crypt ulcers were dominant in spleen-stomach 
asthenia and spleen-kidney Yang deficiency (P  < 0.01).

CONCLUSION: There appeared to be a certain relationship between 
the TCM syndrome-typing and pathohistological changes of the colon 
mucosa of CUC.

Key words: Ulcerative colitis/pathology; Zheng differentiation 
classification
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INTRODUCTION
In recent years, both Chinese and Western specialists have been 
studied the pathogenesis and treatment methods of chronic 
ulcerative colitis (CUC). However, the relationships between 
traditional Chinese Medicine (TCM) Syndrome-typing and 
pathohistological changes of western medicine have not yet been 
extensively reported. In this study of 452 patients with CUC, we 
analyzed this relationship and report the results. 

MATERIALS AND METHODS
Clinical materials
In total, 452 patients, including 263 males and 189 females were 
observed in our study. The age range was from 17 years to 65 
years, with an average age of 37.8 ± 9.1. The duration of illness 
varied between 5 months to 23 years, with an average time of 5.6 
± 4.1 years. The rectum and sigmoid were affected in 215 patients. 
The left half of the colon was affected in 179 patients. The right 
half of the colon was affected in 17 patients. The whole colon was 
affected in 41 patients. The number of patients with mild, moderate 
and severe disease was 179, 205 and 68, respectively.

Diagnosis
All patients were diagnosed in accordance with the criteria set up 
in the 1987 Conference of Digestive Diseases in Hangzhou[1]. The 
standards of the TCM Syndrome-typing were the same as those 
set up in the 1992 Conference of Combination of Chinese Western 
Medicine on Digestive Diseases in Linfen[2].

Methods
Colonofiberscope, biopsy and the relevant pathohistological 
observations were carried out in all patients. Two doctors classified 
the TCM Syndrome-typing. The χ2 test was used to analyze the data 
statistically. 

RESULTS
The relationship between the TCM Syndrome-typing and the 
duration of CUC is shown in Table 1. Patients who have had CUC 
for less than a year were more likely to have damp-heat syndrome. 
Patients who have had CUC for one year to ten years were more 
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likely to have the spleen-stomach asthenia syndrome. Patients who 
have had CUC for more than ten years were more likely to have the 
spleen-kidney Yang deficiency. The other three TCM types (asthenia 
of Yin, asthenia of blood, liver stagnation and spleen deficiency, 
and stagnation of vital energy and blood stasis) had no definite 
relationship with the duration of the disease.

The relationship between the TCM Syndrome-typing and the 
clinical classification of CUC is shown in Table 2. The occurrence of 
damp-heat was more common in the initially affected patients (p < 
0.01) and less common in the persistent and recurrent cases. There 
is no significant difference among the other TCM Syndrome-typing 
groups in the persistent and recurrent patients (p > 0.05).

The relationship between the TCM Syndrome-typing and the 
changes of the colon mucosa is shown in Table 3. The congestion 
and edema found in all of the TCM Syndrome-typing groups had 
different severity levels in the different groups. Damp-heat, spleen-
kidney Yang deficiency, and spleen-stomach asthenia syndrome 
were characterized by erosion, ulcers and bleeding. Stagnation of 
vital energy and blood stasis were characterized by granulation and 

polyp proliferation. Both Yin and blood deficiency were characterized 
by atrophy. 

The relationship between the TCM Syndrome-typing and the 
pathohistological changes of the colon mucosa is shown in Table 4. The 
reduction of goblet cells and the infiltration of neutrophils are pathological 
features common to all groups. However, neutrophil infiltration was 
prevalent in damp-heat syndrome, while lymphocyte infiltration was 
prevalent in spleen-stomach asthenia, spleen-kidney Yang deficiency, 
and stagnation of liver and deficiency of spleen. Mucosal ulcers were 
prevalent in damp-heat, while crypt ulcers were prevalent in spleen-
stomach asthenia and spleen-kidney Yang deficiency. Abnormal 
epithelial proliferation was prevalent both in stagnation of vital energy 
and blood, and in spleen-kidney Yang deficiency.

DISCUSSION
Chronic and non-specific ulcerative colitis has been under 
investigation for more than 100 years. The etiology and 
pathogenesis, according to modern medicine are associated with 
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TCM Syndrome-typing   Number Duration (yr)
< 1 1-5 6-10 > 10

Spleen-stomach asthenia 185   23 (12.4)1 81 (43.8)  46 (24.9) 35 (18.9)
Spleen-kidney Yang deficiency   81  3 (3.7) 19 (23.4)  26 (32.1) 33 (40.7)
Yin and blood asthenia   46    9 (19.6) 13 (28.3)  14 (30.4) 10 (21.7)
Liver stagnation and spleen deficiency   55  15 (27.3) 17 (30.9)  18 (32.7) 5 (9.1)
Vital energy stagnation and blood stasis   33   6 (18.2)  8 (24.2)  10 (30.3) 9 (27.3)
Damp-heat   52 27 (51.9) 18 (34.6) 5 (9.6) 2 (3.8)

1Data in parentheses denotes the percentage.

Table 1  The relationship between the traditional Chinese Medicine Syndrome-typing and the duration of chronic ulcerative colitis n  (%)

Table 2  Relationship between the traditional Chinese Medicine Syndrome-typing and clinical types n  (%)

TCM Syndrome-typing   Number Clinical types
Initial Persistent Recurrent Onset

Spleen-stomach asthenia 185  12 (6.5)1 59 (31.9) 114 (61.6)  
Spleen-kidney Yang deficiency   81  2 (2.5) 37 (45.7)   41 (50.6) 1 (1.2)
Yin and blood asthenia   46 1 (2.2) 25 (54.3)   20 (43.5)  
Liver stagnation and spleen deficiency   55   8 (14.5) 17 (30.9)   30 (54.5)
Vital energy stagnation and blood stasis   33 2 (6.1) 15 (45.5)   16 (48.5)
Damp-heat retention   52 39 (75.0) 3 (5.8)     8 (15.4) 2 (3.8)

1Data in parentheses denotes the percentage.

Table 3  Relationship between the traditional Chinese Medicine Syndrome-typing and mucosal changes n  (%)

Mucosal changes Number Spleen stomach 
deficiency 
(n  = 185)

Spleen-kidney 
deficiency 
(n  = 81)

Yin-blood 
deficiency 
(n  = 46)

Liver stagnation 
spleen deficiency  

(n  = 55)

Vital energy stagnation 
and blood stasis 

(n  = 33)

Damp-heat 
ratention 
(n  = 52)

p  value

Mild congestion and edema 166    71 (38.4)1 12 (14.8) 35 (76.1) 37 (67.3)   9 (27.3) 2 (3.8) < 0.01
Moderate congestion and edema 184   83 (44.9) 30 (37.0) 11 (23.9) 18 (32.7) 21 (63.6)  21 (40.4) < 0.01
Severe congestion and edema 102   31 (16.7) 39 (48.1)  3 (9.1)  29 (55.8) < 0.01
Erosion 304 152 (82.2) 75 (92.6)  7 (15.2)  9 (16.4) 12 (36.4)  49 (94.2) < 0.01
Ulcer 383 163 (88.1) 79 (97.5) 31 (67.4) 36 (65.5) 23 (69.7)  51 (98.1) < 0.01
Bleeding 147   61 (33.0) 45 (55.6) 2 (4.3) 3 (5.5)   7 (21.2)  29 (55.8) < 0.01
Granulation 179   77 (41.6) 47 (58.0) 19 (41.3) 5 (9.1) 29 (87.8) 2 (3.8) < 0.01
Atrophy  55 11 (5.9)   9 (11.1) 27 (58.7) 1 (1.8)   7 (21.2)  < 0.01
Polyp proliferation  67   27 (14.6) 19 (23.5) 1 (2.2) 2 (3.6) 17 (51.5) 1 (1.9) < 0.01

1Data in parentheses denotes the percentage.

Table 4  Relationship between the traditional Chinese Medicine Syndrome-typing and pathohistological changes n  (%)

Pathological change Number Spleen stomach 
deficiency  
(n  = 185)

Spleen kidney Yang 
deficiency 
(n  = 81)

Yin blood 
deficiency 
(n  = 46)

Liver stagnation 
spleen deficiency 

(n  = 55)

Vital energy 
stagnation, blood 
stasis  (n  = 33)

Damp-heat 
retention 
(n  = 52)

p  value 

Goblet cell reduction 444 182 (98.4)1   81 (100.0) 44 (95.6) 53 (96.4) 32 (97.0)   52 (100.0) > 0.05
Neutrophil infiltration 421 171 (92.4) 79 (97.5) 41 (89.1) 47 (85.5) 31 (93.9)   52 (100.0) < 0.05
Lymphocyte infiltration 248 127 (68.6) 52 (64.2) 15 (32.6) 41 (74.5) 10 (30.0) 3 (5.7) < 0.01
Angiitis of small vessels 295 121 (65.4) 54 (66.7) 23 (50.0) 36 (65.5) 24 (72.7) 37 (71.2) > 0.05
Crypt abscess 395 161 (87.0) 72 (88.9) 40 (87.0) 44 (80.0) 29 (87.9) 49 (94.2) > 0.05
Mucosal ulcer 188  68 (38.8) 32 (39.5) 11 (23.9) 13 (23.6) 10 (30.0) 34 (65.4) < 0.01
Crypt ulcer 311 142 (76.8) 59 (72.8) 24 (52.2) 28 (50.9) 21 (63.6) 37 (71.2) < 0.01
Abnormal epitheliosis  63  27 (14.6) 19 (23.5) 3 (6.5) 4 (7.3)   9 (27.3) 1 (1.9) < 0.01

1Data in parentheses denotes the percentage.



many factors such as the immune system, heredity, intestinal 
infection, mental stress, food sensitivity, and intestinal bacteriolysis. 
The etiology and pathogenesis, according to TCM, are associated 
with many factors including mental injury, disorder of diet rhythms, 
invasion of outside pathogenic evils, and spleen-kidney asthenia. 
In this series of 452 patients, 40.9% of cases were spleen-stomach 
asthenia, 17.9% of cases were spleen kidney Yang deficiency, 
12.1% of cases were stagnation of liver and deficiency of spleen, 
11.5% of cases were for damp-heat retention, 10.1% of cases were 
deficiency of both Yin and blood, and 7.3% of cases were stagnation 
of vital energy and blood. The cases involving spleen-kidney 
asthenia account for more than 50% and the cases involving sthenia 
syndromes (damp-heat and stagnation of vital energy and blood 
stasis) account for less than 20%. We theorized that the spleen 
kidney asthenia could be the prevalent syndromes in CUC, while the 
damp-heat is superficial. Though the lesion is located in the large 
intestine, the effects of the lesion could extend to the spleen, kidney 
and liver.

In order to investigate some objective rules of the TCM 
Syndrome-typing, we carried out systematic observations through 
clinical, pathological and laboratory examinations. After analysis of 
the data from 452 patients, there is a clear relationship between 
the TCM Syndrome-typing and the duration of CUC. The sequence 
of progression tended to begin with damp-heat, then to spleen 
asthenia, and further to kidney asthenia. This indicated that 
damp-heat was more common in cases with a shorter duration. 
The pathogenic damp may stay in the spleen as the duration of 
illness was prolonged. This can lead to injury of the organ and its 
vital energy. The disease may further progress to spleen-stomach 
asthenia syndrome. Moreover, the kidney could be affected by the 
spleen distress. Therefore, the spleen kidney Yang asthenia results.

Currently, there are no studies investigating the relationship 
between the TCM Syndrome-typing and the pathological change 
of the colon mucosa. Dai et al[3] hypothesized that the body of the 
tongue had significant influence on an endoscopy diagnosis. This 
alludes to a relationship between Chinese glossoscopy and intestinal 
diseases. Our study elucidated the relationship between the TCM 
Syndrome-typing and pathological changes of the colon mucosa, 
as observed by the naked eye or by micro-pathohistological 

examination. For example, mild congestion and edema are prevalent 
in cases of asthenia of both Yin and blood, and the stagnation of 
liver and deficiency of spleen. Moderate congestion and edema are 
prevalent in cases of spleen-stomach asthenia, and stagnation of 
vital energy and stasis of blood. Severe congestion and edema are 
prevalent in cases of damp-heat retention and spleen-kidney Yang 
deficiency. 

Although cellular infiltration and ulcerative changes of the colon 
mucosa are features common to all of the TCM Syndrome-typings, 
the types of infiltrating cells and the sites of the ulcers are different. 
The nature of spleen-kidney Yang deficiency is opposite to that of 
damp-heat. The former belongs to the syndrome of Yin, deficiency 
and cold, while the latter belongs to the syndrome of Yang, sthenic 
and heat. All of the TCM Syndrome-typings have the same notable 
congestion, edema, and ulcers. Therefore, further studies are 
required to investigate the pathogenesis. Notably, we observed 
several differences. In the cases of spleen-kidney Yang deficiency, 
the mucosal edema was more apparent than congestion, there was 
no marked swelling around the ulcer, and a white secretion covered 
the surface. In the cases of damp-heat, the mucosal edema was 
more apparent than congestion, there was marked swelling around 
the ulcer, and a yellow purulent secretion covered the surface. 
Taken together, there are internal relationships between the TCM 
Syndrome-typing and pathological changes in CUC.

Our study is only a preliminary investigation of the relationships 
between the TCM Syndrome-typing and the pathological, 
pathohistological, and clinical classification of modern medicine. 
Further study is required for understanding the pathogenesis of CUC 
and establishing objective parameters of the TCM Syndrome-typing. 
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Abstract
AIM: To analyze the radiological features of ulcerative diseases of 
the small bowel.

METHODS: Thirty-five patients (20 men and 15 women) with 
inflammatory ulcerative bowel diseases were studied by radiography 
(barium meal and/or double contrast study). Patient diseases 
included eleven cases of tuberculosis (TB), thirteen cases of Crohn’
s disease, seven cases of bowel Behcet disease, two cases of simple 
ulcers, and two cases of ischemic bowel disease. Diagnosis was 
established pathologically in 33 cases and by clinical observation 
after therapy in two cases.

RESULTS: The lesions were located in the ileum of 82% of TB cases, 
77% of Crohn’s disease cases, 71% of bowel Behcet disease cases, 
50% of simple ulcer cases, and 100% of ischemic bowel disease cases. 
Ulceration was always present with variable appearances. Longitudinal 
ulcers, and fissures were noted in Crohn’s disease only. There were 
five cases of large and deep ulcers, three of which were bowel Behcet 
disease. Superficial and irregular ulcers were present in ten TB cases, 
and , and transverse ulcers were identified in two TB cases. 

CONCLUSION: The morphological appearances of the ulcer, 
surrounding mucosal alterations, and bowel deformation were the 
basis for the radiological diagnosis. Correct diagnosis was dependent 
on optimal X-ray examination techniques and proper interpretation of 
the morphological changes.

Key words: Small intestine; Gastrointestinal tuberculosis; Crohn’s 
disease/radiography
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INTRODUCTION
Intestinal ulcers are often found in cases of small intestine 
inflammatory disease. They are accompanied by a high mortality 
rate.

It is difficult to make differential diagnoses by radiographic 
examination[1,2]. In this study, we reviewed 35 cases of small 
intestine disease, and analyzed the radiographic characteristics 
of the disease. Serial changes in radiographic examination were 
observed.

MATERIALS AND METHODS
We performed radiography (barium meal and/or double contrast 
study) in 35 patients (20 men and 15 women). All patients were 
diagnosed with small intestine inflammation with an intestinal 
ulcer. Diagnosis was established by pathology in 33 cases and by 
clinical observation after therapy in two cases. The age range of the 
patients was 14 years to 78 years. Most patients had gastrointestinal 
symptoms such as abdominal pain, diarrhea, and bloody stool. The 
inflammatory ulcerative bowel diseases included eleven cases of 
tuberculosis (TB), thirteen cases of Crohn’s disease, seven cases of 
bowel Behcet disease, two cases of simple ulcers, and two cases of 
ischemic bowel disease.

RESULT
The lesions were located in the ileum of 82% of TB cases, of 77% 
of Crohn’s disease cases, of 71% of bowel Behcet disease cases, of 
50% of simple ulcer cases, and of 100% of ischemic bowel disease 
cases. Ulceration was always present with variable appearances. 
Longitudinal ulcers and fissures were noted in Crohn’s disease 
only. There were 5 cases of large and deep ulcers, three of which 
occurred in bowel Behcet disease. Superficial and irregular ulcers 
were present in ten TB cases, and transverse ulcers were observed 
in two TB cases (Figures 1 and 2). 

DISCUSSION
Ulceration is present in the majority of small bowel inflammatory 
diseases including TB, Crohn’s disease, bowel Behcet disease, simple 
ulcers, and ischemic bowel disease. The morphological appearances 
of the ulcer, surrounding mucosal alterations and bowel deformation 
were the basis for radiological diagnosis[3-9]. TB was located in 
the terminal ileum. Ulcerations had variable appearances, but no 
longitudinal ulcers and fissures were noted. In Crohn’s disease, the 
above characteristics were noted. In addition, cobblestone and fistulas 
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occurred frequently (Figures 3 and 4). The radiographic findings of 
bowel Behcet disease and simple ulcer were similar. However, the 
ulcers in bowel Behcet disease tended to be larger and deeper with 
surrounding mucosal edema (Figures 5 and 6). All patients had 
mucocutaneous ocular symptoms. Ulcers in ischemic bowel disease 
had no characteristics (Figure 7). Correct diagnosis was dependent 
on optimal X-ray examination techniques and proper interpretation of 
the morphological changes. Enteroclysis, a controlled infusion method 
offering a double contrast and highly detailed examination of the 
small bowel, is relatively easy to perform. Despite the introduction 
of enteroclysis, the peroral small bowel examination remains the 
predominant radiographic method of imaging the small intestine. This 

report emphasizes the technical factors needed to produce excellent 
peroral small bowel examinations.
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Figure 1   The mucosa is irregular and superficial ulcers (arrows) were present in several 
segments of the terminal ileum of TB cases.

Figure 2  After compression, a transverse ulcer (arrow) is observed in a TB case.

Figure 3  Triangular ulcers measuring 4 cm2 in size at the terminal ileum (arrow) were 
present Crohn’s disease cases. The surrounding mucosal pattern exhibited a cobblestone 
appearance.

Figure 4  A round ulcer (arrow), with surrounding mild mucosal edema in the ileocecal 
region was present in a Crohn’s disease case.

Figure 5  A large and deep irregular ulcer (4 × 3 cm2 in size) at the terminal ileum near the 
ileocecal valve (double arrow) was present in a bowel Behcet disease case. The surrounding 
mucosal edema (arrow) is shown.

Figure 6  A small ulcer (0.3 × 0.4 cm2 in size) at the ileum (arrow) was present in a bowel 
Behcet disease case. The surrounding mucosal edema (arrow) is shown.

Figure 7  A and B: Several long, segmented, contracted, narrow, and rigid loops of the bowel 
in the ileum (arrow), with superficial ulcers were present in ischemic bowel disease. No 
mucosal abnormalities were observed.
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Abstract
AIM: To study the relationship between the Helicobacter pylori  (Hp) 
infection rate and the incidence and mortality of gastric cancer.

METHODS: The Hp infection rates of the natural population in three 
areas were detected by measuring the specific IgG antibody to Hp 
using the indirect ELISA method.

RESULTS: The Hp positive rates were 59.4%, 55.9% and 34.5% 
in the areas with high, moderate and low incidences of gastric 
carcinoma, respectively. The differences in incidence among the 
areas were significant (χ2 = 25.029, P  < 0.05). The Hp infection rate 
was the highest in the high incidence area of gastric cancer in people 
younger than 40 years. The Hp infection rate was 50% in children 
younger than 5 years in the high incidence area. The Hp infection 
rates were not different among the three areas in the people 
older than 40 years. The average levels of anti-Hp IgG in the high, 
moderate and low incidence areas were 2.3 ± 0.49, 2.04 ± 0.47 and 
1.84 ± 0.46, respectively. Multivariate regression analysis showed 
that the Hp infection was related to bad hygienic habits, low income, 
frequent use of antibiotics, and mental depression. Univariate 
analysis showed that Hp infection might also be associated with 
raising animals in the home.

CONCLUSION: Gastric cancer is closely related to the incidence of 
Hp infection.

Key words: Stomach neoplasms/etiology; Helicobacter  infections/
epidemiology
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INTRODUCTION
Gastric carcinoma is the most common malignant tumor in China. 
However, the cause of the disease remains unclear. Many studies 
have proved that environmental factors may play a very important 
role in the pathogenesis of gastric cancer. Hp infection is an 
environmental risk factor for gastric carcinoma. In this study, we 
determined the Hp infection rates in areas with high, moderate or 
low incidences of gastric cancer using an indirect ELISA method. We 
then investigated the relationship of the Hp infection with the gastric 
cancer incidence. 

MATERIALS AND METHODS
From December 1992 to February 1993, we collected samples from 
people in Changle County, a high incidence area of gastric cancer 
of Fujian Province, Huaiyuan County, a moderate incidence area 
of gastric cancer of Anhui Province, and Conghua County, a low 
incidence area of gastric cancer of Guangzhou City. A total of 639 
subjects from 68 families in the high incidence area, 64 families in 
the moderate incidence area, and 63 families in the low incidence 
area participated. There were 358 males and 281 females, with ages 
ranging from 1 year old to 65 years old. Two milliliters of blood was 
drawn from each subject. Serum was separated and stored at -20 
℃ until the samples were processed for the anti-Hp IgG antibody 
by an indirect ELISA method. If the ratio of the OD of the subject 
to the OD of the Hp-negative control was ≥ 2.0, then the sample 
was considered Hp-positive. If the ratio of the OD of the subject to 
the OD of the Hp-negative control was < 2.0, then the sample was 
considered Hp-negative. The sensitivity of this method was 93.9%, 
and the specificity was 86.8%. Statistical analysis and multivariate 
regression analysis of all the data obtained were done with the SAS 
software on an AST-486 computer. 

RESULTS
The overall positive rate of the anti-Hp IgG antibody was 50.5% 
(329/639) in these subjects. The Hp infection rates of the 
populations in the high, moderate and low incidence areas are 
shown in Table 1. The Hp infection rate in the high incidence area 
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was higher than that in the moderate incidence area, and much 
higher than that in the low incidence area in people younger than 
40 years. Also, the Hp infection rate in children under 5 years of 
age in the high incidence area was 50%, which was significantly 
higher than those in the other two areas (P < 0.05). However, 
the Hp infection rates were not different among the three areas 
in the subjects older than 40 years. The Anti-Hp IgG level in 
the subjects of the high incidence area was significantly higher 
than that of the other two areas (P < 0.01) (Table 2). A Mantel-
Haenszel analysis showed that X1, X25, X29, X32, X39 and X51 
were highly associated with an Hp infection (Table 3). Multivariate 
regression analysis and logistic regression analysis showed that 
X3, X11, X18, X25, X39 and X51 were risk factors for an Hp 
infection (Table 4).

DISCUSSION
Gastric cancer is the most common malignant tumor in China. 
The average yearly mortality from gastric cancer between 1975 
and 1978 was 15.41 people out of 1000000 people. Interestingly, 
mortality rates varied by geographic location[1]. Changle County 
is located on the southeast coast and has the highest incidence 
and mortality rates from gastric carcinoma (120.47 people out of 
1000000 people) in China. Conghua County of Guangzhou City 
has a low incidence rate of gastric carcinoma in China, with a 
mortality rate of one person out of 100000. Huaiyuan County of 
Anhui Province has a moderate incidence of gastric cancer. The 
mortality rate of gastric cancer approaches the average level in 
China[2-4].

In the present study, each family was taken as an observation 
unit for determining the Hp infection rates in Changle (high 
incidence), Huaiyuan (moderate incidence) and Conghua (low 
incidence) counties. The overall Hp infection rate was 50.55%. The 
Hp infection rate and anti-Hp IgG antibody levels in the subjects 
of the high incidence area were higher than those of the other two 
areas, especially in children younger than 5 years. However, the Hp 
infection rates were not different among the three areas in subjects 
older than 40 years.

Many studies have shown that atrophic gastritis incidence is 

associated with an Hp infection. The Hp infection rate was 60% to 
90% in patients with atrophic gastritis and 92% in patients with active 
atrophic gastritis in China[5]. In other countries the Hp infection rate 
was 43.5% to 89.5% in patients with atrophic gastritis[6]. Atrophic 
gastritis is considered to be a risk factor for gastric cancer. The 
incidence of gastric cancer in high incidence areas is seven times 
higher than in low incidence areas of gastric cancer, and atrophic 
gastritis is usually more severe in high incidence areas of gastric 
cancer[7]. Notably, the majority of atrophic gastritis cases and Hp 
infections affect the gastric antrum. Anti-Hp IgG antibody levels 
were related to the number of Hp and the reaction of the gastric 
mucosa to Hp[8]. The Hp infection rates and anti-Hp IgG levels 
were higher, and the average age of the infected patients were 
younger in the high incidence areas of gastric cancer than in the low 
incidence areas[9,10]. This data suggests that gastric cancer might be 
associated with an Hp infection, and thus an Hp infection may be 
one of the risk factors for gastric cancer.

Multivariate regression analysis showed that drinking natural 
water, poor dietary habits, low income and mental depression were 
all risk factors for an Hp infection. Ling et al[8] proved that Hp can 
live in natural river water for approximately 10 days, indicating 
that Hp infection may be transmitted by water. Inhabitants of 
Changle County (high incidence area) usually drink natural water. 
The nitrate and nitrosamine levels are higher there than the nitrate 
and nitrosamine in water of other areas. Hp infection or long time 
exposure to high levels of nitrate and nitrosamine may destroy 
gastric mucosa and result in gastric cancer. It is hypothesized that 
an Hp infection and high levels of nitrate and nitrosamine in the 
drinking water may be the cause of the high incidence rate of gastric 
cancer in Changle County.

Graham et al[11] observed that the Hp infection rate was 70% in 
black people and 34% in white people in the United States. They 
also found that the Hp infection rate was higher in low-income 
families, which coincides with our results. Univariate analysis 
showed that an Hp infection was also associated with raising animals 
in the home. Some studies have shown that both humans and 
animals can be infected with Hp. Experimental Hp infection of the 
stomachs of newborn pigs, newborn dogs, and nude mice has been 
successful[12]. In addition, Euler isolated an Hp-like organism from 
the monkey, suggesting that humans and animals may transmit Hp 
to one another.

In summary, we observed an association between gastric cancer 
and Hp infections. Hp infection rates were higher and the age of the 
infected patents were younger in the high incidence area compared 
to the rates and ages in the low incidence area. The risk factors 
related to gastric cancer included low income, mental depression, 
and poor dietary habits. Our results also suggested that the gastric 
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Table 1  Helicobacter pylori  infection rates of subjects from areas with low, moderate, and high incidence rates of gastric cancer

Age (yr) Low (Conghua County) Moderate (Huaiyuan County) High (Changle County)
 n Positive rate (%)  n Positive rate (%)  n Positive rate (%)

1-4   13 15.4   14 35.7   14 50.0
5-9   43 30.2   17 41.2   42 54.8
10-19   32 37.5   23 43.5   32 53.1
20-29   27 33.3   66 63.6   44 72.7
30-39   30 33.3   34 64.7   40 67.5
40-49   23 43.5   28 53.6   19 47.4
50 +   29 41.4   31 58.7   38 55.3
Total 197 34.5 213  55.9a 229  59.4a

χ 2 = 25.029, aP < 0.05, compared with the area of low incidence rate (Conghua County)

Table 2  Anti-Helicobacter pylori  IgG levels in subjects from areas with low, 
moderate, and high incidence rates of gastric cancer

 n  (S/N)
Low (Conghua County) 197  1.84 ± 0.46b

Moderate (Huaiyuan County) 213  2.04 ± 0.47b

High (Changle County) 229 2.30 ± 0.49

bP < 0.01, compared with the area of high incidence rate (Changle County)

Table 3  Multivariate regression analysis of Helicobacter pylori  related 
variables

N (Xi) Variable r  F P  value 
X3 Drinking natural water  0.052   4.34 0.038
X11 Eating red pepper  0.079   8.57 0.003
X18 Poor dietary habits -0.110 11.98 0.001
X25 Frequent use of antibiotics -0.110 12.79 0.000
X39 Low income  0.087 21.14 0.000
X51 Mental depression -0.108   4.23 0.040

Table 4  Univariate analysis of Helicobacter pylori  related factors

N (Xi) Variable  x2M-H P value 
X11 Eating red pepper 10.53 0.001
X25 Frequent use of antibiotics  6.39 0.011
X29 Raising animals in the home  3.86 0.049
X32 Abdominal symptoms  5.82 0.016
X39 Low income  9.99 0.002
X51 Mental depression  5.26 0.022



cancer incidence and mortality have positive correlations with Hp 
infection. In other words, Hp infection may be a risk factor for 
gastric cancer.
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Abstract
AIM: To report the first experience in China in the treatment of 
malignant biliary obstruction with expandable metal stent, which 
allows the insertion of an endoprosthesis as large as 1 cm in 
diameter.

METHODS: Between April 1994 and May 1996, we implanted 
expandable metal stents in 57 patients with incurable malignant 
biliary obstruction. Fifty-four patients underwent endoscopic 
procedure, and the other three patients received percutaneous 
transhepatic placement.

RESULTS: Insertion of the stent following guide wire positioning was 
successful in 95% of the patients. Two patients developed cholangitis 
after stent insertion and were successfully treated with conservative 
treatment. The jaundice was eliminated completely in 21 cases and 
markedly decreased in 23 cases within 2 wk after stent placement. 
However, nine patients had late cholangitis due to stent failure after 
a median interval of 147 d. Twenty-three cases underwent nasobiliary 
transient drainage, and three underwent plastic stent transient 
drainage prior to metal stent insertion. The advantages of transient 
drainage were drainage pre-assessment and infection control.

CONCLUSION: Our results show that an expandable metal stent is 
suitable for the unresectable malignant choledochal stenosis. It can 
eliminate jaundice and improve the patient’s quality of life. To get the 
highest benefit, however, the indication should be strictly selected. 

To get long-term patency, the proximal and distal end of the stent 
preceding the tumor should be no shorter than 2 cm. In the case of 
hilar cancer, Bismuth classification is helpful for the selection of the 
drainage site.

Key words: Biliary tract obstruction/surgery; Biliary tract, neoplasms/surgery; 
Stents
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INTRODUCTION
Endoscopic biliary drainage with polyethylene endoprosthesis 
has become a well-established palliative treatment for patients 
with inoperable, malignant, and obstructive jaundice. The main 
drawback of this method is rapid incrustation or occlusion as a result 
of bacterial biofilm formation on the stent, and biliary sludge[1]. 
Drainage occlusion of the commonly used 7-12 Fr gauge plastic 
prosthesis occurs in 20% to 30% of cases within the first three 
mo and in up to 60% of cases within 6 mo[2]. Though larger stents 
may perform better, stents over 14 Fr have not been used in the 
biliary tract up to now because the maximum diameter of the 
stent depends upon the diameter of the working channel of the 
endoscope. The development of expandable metal stents allows the 
insertion of an endoprosthesis as large as 1 cm in diameter. Such 
an endoprosthesis, previously employed for vascular and urethral 
stricture, recently became available for biliary use.

In this paper, we report our first experience in China in the 
treatment of 57 patients with malignant bile duct stenosis using 
metal stents during the period from April 1994 to May 1996.

MATERIALS AND METHODS
Fifty-seven patients (40 male and 17 female) with a median age of 
56.1 years (range: 25 years to 85 years) were treated with a total 
of 60 expandable stents. In all patients, the malignant diseases led 
to invasive or compressive occlusion of the hepatocholedochal duct 
(Table 1). None were operable due to advanced stage, metastasis, 
post-operative recurrence of the disease, old age, or accompanying 
disease. 

Two types (several kinds) of metal stents, self-expandable stents 
(Wallstent, Instent and Angiomed) and balloon-mounted stents 
(Strecker) were used.

General diagnostic endoscopic retrograde cholangiopancreato-
graphy was first made using a side-view duodenoscope (TJF-30, 
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Type No. of 
patients

Drainage site
H L R RA RP

I   8 2   3 2 0   1
II   3 0   1 1 0   1
IIIa   5 0   2 0 1   2
IIIb   4 0   0 0 0   4
IV 24 0   6 2 4 12
Total 44 2 12 5 5 20

H: Common hepatic duct; L: Left hepatic duct; R: Right hepatic duct; RA: Right anterior 
intrahepatic duct; RP: Right posterior intrahepatic duct.

Table 2  Relation between the Bismuth classification and drainage sites in 
patients with hilar malignancy

4.2 mm working channel, or JF-1T30, 3.2 mm working channel). 
When biliary stenosis was found, a 4 m long, 0.035 inch standard 
guide was inserted into papilla passing the strictured segment. No 
papillotomy was performed, but a simple dilation was made with 
a 10 Fr or 8.5 Fr Teflon dilator (Wilson-Cook) instead. Afterward, 
the delivery catheter with the constrained stent was inserted 
over the guide wire. The stent was released under continuous 
fluoroscopic and endoscopic control. If we were uncertain of the 
drainage effect in the patients with extensive stenosis or severe 
infection, a transient nasobiliary drainage was performed first. After 
a satisfactory drainage was achieved, or the bile duct inflammation 
was successfully controlled, another endoscopic procedure for the 
metal stent implantation was given.

In three patients, endoscopic transpapillary implantation was 
impossible because of previous Billroth Ⅱ gastrectomy, cannulation 
failure of the ampulla of Vater, or duodenal stricture. Percutaneous 
transhepatic route was therefore chosen. One week after an ordinary 
percutaneous transhepatic biliary drainage (PTBD), the drainage 
tract was dilated to 10 Fr. A passage through biliary stenosis was 
made using a guide wire, and then the metallic stent was delivered 
into the biliary tree and released under fluoroscopy.

All patients were followed up as long as possible. Their general 
condition, laboratory findings, as well as recurrence of jaundice and 
fever were recorded.

RESULTS
Fifty-seven patients were implanted with a total of 60 metal stents. 
The success rate for metal endoprosthesis insertion was 95%. In 
three cases, there were technical problems during implantation 
of the first stent. In one of the patients, a Strecker stent failed 
to cannulate into papilla because its distal end had already been 
released. In another patient, a Wallstent could not be placed due 
to the breakage of its outer membrane. In the final patient, a 
Wallstent was released by mistake inside the working channel of 
the duodenoscope. However, in all three cases, another stent was 
successfully implanted the second time.

A transient rise in cholestasis parameters and fever indicating 
cholangitis as an early complication were seen in two (3.5%) 
patients. They were rapidly and effectively treated with antibiotics. 
No other complications related to stent insertion were found.

During the first two weeks after the placement of the stent, 
cholestasis parameters returned to normal in 21 cases, decreased 
significantly in 23 cases, and were unchanged or even elevated 
in two cases. Follow-up was unavailable for the remaining nine 

patients. However, during the long-term follow-up, nine patients had 
late cholangitis due to stent failure after a median interval of 146.7 
d. The causes of stent failure were distal tumor overgrowth in four 
patients after a median interval of 127.5 d, tumor ingrowth through 
the meshes of the stent in four cases after a median of 150 d, and 
biliary sludge obstruction in one case after 210 d. The cholangitis 
was treated with a 9 Fr polyethylene stent through the metal stent 
in four patients, with a nasobiliary drainage in one patient, PTBD 
in one patient, and biliary lavage and balloon pull-through in one 
patient.

During the follow-up, four patients died due to non-stent related 
causes (renal failure in two cases 12 d and 210 d, respectively post 
stent insertion, esophageal variceal bleeding in one patient at 51 d 
post stent insertion, and ileus bleeding in one patient at 63 d post 
stent insertion). Two patients died of stent failure and cholangitis 90 
d and 153 d after endoprosthesis, respectively. To our knowledge, 
eight patients with a successful stent insertion have been alive 
for more than 6 mo after stent implantation. The patient with the 
longest survival (over 18 mo) has been free from jaundice as of this 
publication. 

DISCUSSION
Expandable intraluminal stents were initially developed to prevent 
early reocclusion or delayed restenosis after percutaneous 
transluminal coronary angioplasty (PTCA). The first biliary 
expandable stent was inserted in an animal study in 1985[3]. The 
expandable diameters of the metal stents of up to 7-10 mm, the 
reduced surface area for bacterial attachment, and the capacity of 
being epithelialized by biliary mucosal cells are the major advantages 
in preventing bacterial colonization and biofilm formation. Figure 1 
shows the results of current comparative or randomized studies by 
several specialists on wire mesh endoprostheses versus conventional 
plastic prostheses[4-6]. Hoepffner et al[2] reported a long term study 
on Wallstent therapy for 118 malignant choledochal stenosis 
patients, and found the survival rate at 6 mo, 12 mo, and 24 mo 
was 40%, 20% and 10% respectively, with the longest survival of 
1295 d, which was similar to that after palliation bypass surgery in a 
previous report.

There were 44 (77.2%) patients with malignant biliary 
obstruction due to proximal bile duct stenosis in our study. It is 
attributable to the high incidence of hilar tumor (Klatskin’s tumor) 
and extraordinarily low resection rates of the cancer. According to 
the Bismuth classification[7], our patients were classified into type 
Ⅰ (8 cases, 18.2%), type Ⅱ (3 cases, 6.8%), type Ⅲa (5 cases, 
11.4%), type IIIb (4 cases, 9.1%) and type Ⅳ (24 cases, 54.5%). 
The relationship between the typing and drainage sites is shown 
in Table 2. Generally, type Ⅰ patients can get satisfactory drainage, 
followed by type Ⅱ and type Ⅲ. Type Ⅳ patients can only achieve 
poor drainage. We emphasize the importance of total revelation of 
intrahepatic duct, upon which it is possible to select a suitable site 
for drainage. Normally, the wider the range of the intrahepatic tree, 
the better the drainage. If the drained region can reach a little more 
than half a liver, it is still hopeful to eliminate jaundice completely. 
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Table 1  Causes of bile duct obstruction in 57 patients

Cause of bile duct obstruction Location of stenosis No. of patients
P M D

Cholangiocarcinoma 30 3 1 34
Gallbladder carcinoma   3 1 0   4
Hepatocellular carcinoma   7 0 0   7
Pancreatic carcinoma   1 0 6   7
Ampullary tumor   0 0 2   2
Metastasis   3 0 0   3
Total 44 4 9 57

P: Proximal part of the common bile duct; M: Middle part of the common bile duct; D: Distal 
part of the common bile duct. Neuhaus1
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Figure 1  Overview of current comparative or randomized studies of patency rate on metal 
stents versus conventional plastic stents.



Sharp angles should be avoided when selecting a drainage site in 
order to get full expansion of the stent.

The length of the stent should also be determined carefully. In 
our group, there were four patients with late stent failure due to 
tumor overgrowth after a median interval of 127.5 d. Therefore, 
we recommend that the two ends of the stent preceding the tumor 
should not be shorter than 2 cm after full expansion in order to get 
long-term stenting.

We also attach importance to the use of transient nasobiliary 
drainage prior to the stenting. Because the metal stent is very 
expensive, we should be more prudent in choosing cases. 
Nasobiliary drainage is a simple and cheap way to know the 
quantity of the drain, and is very effective in controlling bile duct 
infection. It also gives the surgeon time to discuss if the patient has 
any opportunity to undergo a radical operation. In our group, 23 
patients had undergone nasobiliary drainage, and three patients 
had undergone plastic stent drainage for a mean period of 15 d 
before metal endoprosthesis insertion. When the bile fluid was less 
than 300 mL per day and the cholestasis parameters decreased 
significantly, another endoscopic procedure for metal stent 
implantation can be performed.

Though expandable metal stents provide a longer median 
period of patency over conventional plastic prosthesis, they are 
not without problems. Tumor ingrowth through the metal mesh, 
or overgrowth at the ends of the stents may occur several weeks 
to several mo later, causing occlusion of bile flow (Table 3). Many 
stent occlusions can be successfully treated by implantation of a 
second metal stent or a conventional plastic one through the metal 
stent. Some endoscopists also reported the method of coagulation 
using a unipolar electrohydral probe or bipolar electrohydrothermal 
probe[2,8]. In recent studies, a “coating” stent or “electrolytic” stent 
may solve the above-mentioned disadvantages of metal stents[10,11].

The indications of metal stent implantation remain controversial. 
Though some doctors have tried to use metal stents to treat 
benign biliary stricture, most specialists are reluctant to use this 
unremovable stent in patients with benign disease because the 
recurrent ulceration caused by sharp filaments of the metal stent 

can give rise to restricture proximal to the stent. The high cost of 
this treatment is also under discussion. Although several authors 
have argued that when the costs of retreatment due to plastic 
stent failure are included, the metal stents are cost-effective, 
considering the limited life span of these patients with terminal 
malignancies, the price of the metal stent is still a concern. “Is the 
expanse worth the expense?” is an interesting question raised by 
Cotton[12]. In our opinion, metal stent implantation is the treatment 
of choice for palliating jaundice in patients (1) with inoperable 
pancreatobiliary malignancies, (2) with adequate biliary tree to 
drainage, (3) without major organic exhausting, (4) who may 
survive for more than 3 mo, and (5) whose financial condition 
allows. 
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Table 3  Common complications of metal biliary stenting[2,9]

Huibregtse et al , 
1992 (103 cases)

Hoepffner et al , 
1994 (118 cases)

Our group, 
1996 (57 cases)

Early cholangitis  2 5 2
Late cholangitis               18 (125 d)1             17 (148 d)              9 (147 d)
Tumor ingrowth 10              4 (150 d)              4 (150 d)
Tumor overgrowth  4 5              4 (128 d)
Sludge clogging               5 (175 d) N/A              1 (210 d)

1Numbers in parentheses are median days
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Abstract
AIM: The relationship between Helicobacter pylori  (Hp) and gastric 
epithelia in chronic gastritis and in peptic ulcers was studied by 
transmission electron microscopy (TEM).

METHODS: Seventy-five patients were screened for Hp. Gastric 
antral biopsy specimens were fixed in glutaraldehyde and treated 
with tannic acid before OsO4 staining. Samples were routinely 
processed for TEM studies (at least four semi-thin sections oriented 
for ultrathin sections in each sample).

RESULTS: The bacilli were detected by TEM within the gastric 
mucosa in 53 of 55 patients infected with Hp. Ultrathin sections 
revealed clear glycocalyx by which the bacillus was connected to 
the epithelium. As the bacilli colonized, the adjacent mucous cells 
degenerated. They were characterized by erosion of the juxtaluminal 
cytoplasm, vacuolation or blebbing, and desquamation of the cell 
membrane. The bacilli located in the lumen attracted neutrophils, 
which migrated into intercellular space of the epithelia or into the 
lumen to begin phagocytosis of Hp.

CONCLUSION: The sensitivity and specificity of TEM diagnosis 
is 96% and 95%, respectively. Tannic acid is suitable for the 
preservation of the glycocalyx of a cell. The colonized bacilli, 
usually with the wide periplasm, contributed to the degeneration 
of epithelia, including mucous neck cells. If Hp infection persists, 
the degeneration and regeneration of mucous neck cells occurs 
alternatively. Ultimately the generative stem cells were damaged, 
and as a result chronic atrophic gastritis could occur.

Key words: Gastritis; Peptic ulcer; Helicobacter pylori
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INTRODUCTION
Ultrastructural studies have demonstrated a loss of apical microvilli 
and depletion of mucin granules in Helicobacter pylori (Hp) infected 
cells[1,2]. Further investigation of Hp adherence, cell penetration, and 
immune response of the gastric epithelia is needed to delineate the 
relationship between the bacilli and the epithelia or the monocytes. 

MATERIALS AND METHODS
Biopsies of the gastric antrum (four biopsies), the body (one 
biopsy), and serum from 75 patients with chronic gastritis or peptic 
ulcers were individually tested for Hp by culture, histopathology, 
cytology of smear, Hp rapid analytical chemistry urease kit (Hp-
RACU), Hp enzyme linked immunosorbent analysis kit (Hp-EIA), 
and Hp polymerase chain reaction kit (Hp-PCR) (Cancer Research 
Center, Xiamen University). Positivity in more than three methods 
was considered the standard for detection of Hp infection. One of 
antral biopsies was also examined by a JEM 100CX/II transmission 
electron microscope (TEM). Biopsies were prefixed in 2.5% 
glutaraldehyde, treated for 4 h in 1% tannic acid (except for ten 
samples), then post-fixed and stained in a 1% osmium tetroxide 
and a 1% potassium ferricyanide mixture. Ultrathin sections (90 
nm) were selected from the oriented semi-thin sections (at least 
four blocks/sample), and were examined by TEM for the relationship 
between the bacilli and the gastric epithelia. 

RESULTS
Hp appeared dense and opaque under the microscope. An 
electron-lucent zone in the mucin pool usually surrounded curved 
or spiral bodies. They were also located near the microvilli of 
epithelial cells, typically in the gastric neck region or adjacent to 
a depression in the plasma membrane that resulted from a lost 
microvillus (Figure 1) or apocrine secretion. Hp bacilli were found 
disrupting the cellular junction of rolled microvilli and fragmentated 
cells, and were found to be insinuated deep in between the 
epithelial cells (Figure 2). Hp infection was confirmed in 55 (30 
chronic gastritis and 25 peptic ulcer) patients out of 75 patients. 
Curved or spiral organisms were detected in 53 patients (with one 
false positive) by TEM in the gastric mucosa (96%). Specificity of 
TEM was 95%, with 19 true negative and one false negative. After 
tannic acid staining, the glycocalyx was observed at the surface 
of the organisms, especially on the tip of the microvilli (Figure 3). 

Ultrastructural observation of Helicobacter pylori  to the gastric epithelia 
in chronic gastritis and peptic ulcers

Shan-Min Yang, Bing-Zhen Lin, Ying Fang, Yun Zheng

CLINICAL ARTICLES

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v2.i3.152

World J Gastroenterol  1996 September 15; 2(3): 152-154
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 1996 Baishideng Publishing Group Inc. All rights reserved.

152 September 15, 1996|Volume 2|Issue 3|WJG|www.wjgnet.com



Where the bacilli colonized, the adjacent mucous cells degenerated 
and were characterized by vacuolation (Figure 4), accumulation 
of lysosomes, and the appearance of mucous apocrine or blebs 
displaying a myeline figure. The bacilli located in the lumen 
attracted polymorphonuclear leukocytes (PMNL) that migrated into 
the intercellular space of the epithelia (Figure 5), or into the lumen 
to exert the effect of Hp phagocytosis (Figure 6).

DISCUSSION
In order to preserve delicate structures typically destroyed by 
osmium tetroxide, we fixed biopsies in a tannic acid solution. We 
found that some fragile glycocalyx on the bacilli and the epithelia 
remained intact (Figure 3). Based on our observation, where the 
bacilli colonized, mitotic figures and vacuolation of adjacent epithelial 
cells were present. A similar observation was noted by Caselli et al[3]. 
The bacilli firmly attached to the epithelium or hiding in the niche of 
injured cells may have released cytotoxins or vacuolotoxin to impair 
the cells[4]. As the organisms colonized, ammonia was released in 
order for the bacilli to escape the microbicidal effect for a long period 
of time.

Hp can be cleared by neutrophils from the site of infection most 
effectively through the opsonophagocytotic process in vivo and 
in vitro. Caselli et al[5] demonstrated the specific IgG antibody-
promoted complement-dependent phagocytosis and killing of Hp by 

PMNL in vitro. Until now, the evidence of Hp phagocytosis by PMNL 
in antrum in vivo was scant. It is known that a certain protein or 
chemotactic factor of Hp[6] can attract neutrophils to migrate into 
the epithelia or the gland and begin phagocytosis. Degranulation of 
proteolytic enzymes from neutrophils may also contribute to gastric 
mucosa damage, especially in the cells of the generative mucous 
neck region. As a result of persistent Hp infection, the degeneration 
and regeneration of the mucous neck region alternatively occurs 
and gives rise to atrophic gastritis. Regeneration of the stem cells of 
the mucous neck region would ultimately promote gene instability, 
which accounts for genetic mutation in neoplastic transformation in 
gastric stem cells. 
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Figure 1  The bacillus abuts upon the depression of the plasma membrane (*) of the 
vacuolated cell. ( × 21000)

Figure 2  The bacilli (*) penetrating deep in between the mucous cells. The tight junction was 
broken and the intercellular space was dilated. ( × 21000)

Figure 3  The bacillus shows the first step of adherence initiated by the direct contact of the 
organism to the microvilla glycocalyx. ( × 28500)

Figure 4  A great number of bacteria grouped in a colony shown with periplasmic pools 
(s). The bacilli abutting upon the depression of the plasma membrane of mucous neck cells lost 
microvilli and vacuolated. ( × 8700)

Figure 5  Neutrophils (*) penetrated into the epithelia and migrated to the bacilli located in 
the apical region of mucous neck cells. ( × 10800)

Figure 6  The bacillus is phagocytized by neutrophils located in the lumen. In the phagosome, two 
lysosomes approach the bacillus, of which the cell wall was lysed and discontinuous. ( × 43500)
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Abstract
AIM: To study the quantitative ultrastructure of neuroendocrine 
cells of the gastric mucosa in normal and pathological conditions, 
including the duodenal ulcer (DU) and Zollinger-Ellison syndrome 
(ZES).

METHODS: The neuroendocrine cells of the gastric mucosa of eight 
normal subjects, six patients with DU, and five patients with ZES 
were quantitatively investigated with by electron microscopy and 
ultrastructure image analysis.

RESULTS: The volume density of neuroendocrine (NE) cells in the 
DU was 1.3% and 0.8% (vs  1.6% and 0.9%, P  < 0.05) in gastric 
antrum and corpus, respectively. In the antrum, G cells were 65% 
(P  < 0.05), D cells decreased in cell density (3% vs  9.5%) and in 
number per unit area (P  < 0.01). In the corpus, the cell density of 
enterochromaffin-like (ECL) cells increased (49% vs  30%, P  < 0.05); 
D cells and enterochromaffin (EC) cells decreased (2%, P < 0.01 and 
4%, P < 0.05, respectively), and the number of D cells per unit area 
markedly decreased. In ZES, D cells in the corpus decreased in cell 
density (4% vs  22%, P < 0.01), and P cells also decreased (11% vs 
24%, P  < 0.05). The density of ECL cells increased (65% vs  30%, P  
< 0.01).

CONCLUSION: In DU and ZES, both the number and type of NE 
cells presented some changes. Increased gastrin in DU and ZES 
patients may be caused by the decrease of D cells and somatostatin 
secretion.

Key words: Gastric mucosa/pathology; Neuroendocrine cells; 
Duodenal ulcer; Zollinger-Ellison syndrome
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INTRODUCTION
Quantitation has increasingly become a fundamental supplement 
of investigations on gastric endocrine cells[1]. In humans, up to six 
cell types [enterochromaffin-like (ECL), enterochromaffin (EC), D, 
P, D1 and X] in oxyntic mucosa and four endocrine cell types (G, 
D, P and EC)[2] in antrum mucosa have been identified. However, 
the secretory product of some cell types is either unknown or 
requires non-conventional tissue processing, thus preventing the 
use of immunohistochemistry. We have developed an ultrastructural 
morphometric procedure for quantitative assessment of endocrine 
cells of human gastric mucosa in normal and pathological conditions. 

MATERIALS AND METHODS
The material was obtained from eight healthy volunteers equally 
divided by sex, aged 19 years to 34 years, on whom the study of 
normal gastric endocrine cells was performed. Endoscopic biopsies 
were performed in the central area of the posterior wall of the 
gastric corpus and antrum on six patients with duodenal ulcer (DU) 
aged 31 years to 57 years, and five patients with Zollinger-Ellison 
syndrome (ZES) aged 36 years to 62 years. The samples were fixed 
in a glutaraldehyde-paraformaldehyde mixture and cut with a razor 
blade to obtain slices of mucosa sections perpendicular to the gastric 
surface. These fragments were post fixed in osmium tetroxide, 
dehydrated in acetone and embedded in Araldite. Four to five blocks 
from different biopsy specimens including the whole thickness of 
the mucosa were selected at random. The blocks were trimmed 
to examine the entire thickness of the mucosa. Thin sections were 
collected with formvar-coated Robertson multiple slot grids, stained 
and examined with the electron microscope. Measurements were 
made under low power (× 760) electron micrographs mounted 
to cover the entire thickness of the mucosa between two bars of 
the grid, and under high power (× 13700) electron micrographs 
to cover all endocrine cell profiles in the same area. By using an 
ultrastructural quantitative analysis (GmbH German Str), the 
relative volumes of the epithelial component and the lamina propria 
were estimated with low power micrographs whereas morphometric 
analysis of endocrine cells was performed with high power 
micrographs.

RESULTS
The volume densities of different endocrine cells depended on the 
amount of the measured lamina propria, which was 26% in our 
estimation in normal subjects, but 33% in the patients with ZES 
(p < 0.01) and 32% in the patients with DU (p < 0.05). Such 
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differences, which were statistically significant, were related to 
inflammatory changes in the upper region of the lamina propria 
occurring in pathological conditions. For this reason, the epithelial 
compartment alone has to be kept as the reference volume for 
endocrine cell densities in comparative studies. Ultrastructural 
characteristics[3] of secretory granules in different types of gastric 
endocrine cells including G, D, P, EC and ECL cells are shown in 
Figures 1-5.

Table 1 shows the quantitative ultrastructural data of the mucosa 
in the antrum and corpus from normal male subjects. The volume 
density of endocrine cells in corpus mucosa in patients with ZES 
was 3.2% of the mucosal epithelial component, a 168% increase 
(p < 0.01) over the value found in normal subjects (Table 2). This 
result is evidence for a net increase in the total volume of endocrine 
cells of corpus mucosa augmented in ZES. In all the cases, the ECL 
cells composed more than 50% of the whole endocrine cell mass. 
As shown in Table 2, the mean volume fraction of this cell type was 
65%, a 119% increase over the normal value. In contrast, other cell 
types of endocrine cells showed a mean volume fraction lower than 
that found in normal subjects, a difference statistically significant in 
the case of D and P cells.

In this series of DU patients (Table 3), the mean volume density 

of the whole endocrine cell population was 1.6% and 0.8% in 
the gastric antrum and corpus, respectively, which did not differ 
significantly from that of healthy subjects. In the antrum, D cells 
decreased in cell density and in number per unit area, as well as in 
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Table 1  Quantitative ultrastructure analysis of neuroendocrine cells of gastric 
mucosa in normal subjects

Cell type Volume
fraction (%)

Profiles/unit 
area (n/m2)

Cytoplasm 
composition (%)

Granule
 constituents (%) 

Antrum  
  NE   1.6 ± 0.5  
  G 65.0 ± 2.0 2.4 ± 0.8 75.0 ± 3.0 16.0 ± 9.0
  D   9.5 ± 0.6 0.3 ± 0.8 81.0 ± 4.0 35.0 ± 6.0
  EC   8.6 ± 2.9 0.3 ± 0.7   76.0 ± 12.0 18.0 ± 7.0
  Remaining cells 16.9 ± 3.2 0.6 ± 0.6 77.0 ± 8.0   3.8 ± 2.9
Corpus  
  NE   0.9 ± 0.4  
  ECL 30.0 ± 9.0 1.6 ± 0.7 70.0 ± 2.0   8.0 ± 2.0
  EC   7.0 ± 5.0 0.3 ± 0.2   72.0 ± 13.0 16.0 ± 8.0
  D 22.0 ± 4.0 1.5 ± 0.8 81.0 ± 7.0 31.0 ± 5.0
  P 24.0 ± 7.0 0.8 ± 0.3 72.0 ± 7.0   6.0 ± 2.0
  Remaining cells 17.6 ± 8.0 0.9 ± 0.5   68.0 ± 19.0   3.2 ± 2.6

Table 2  Quantitative ultrastructure analysis of neuroendocrine cells of the 
corpus mucosa in Zollinger-Ellison syndrome patients

Cell type Volume 
fraction (%)

Profiles/unit 
area (n/m2)

Cytoplasm 
composition (%)

Granule 
constituents (%) 

Antrum  
  NE   3.2 ± 1.1  
  ECL     65.0 ± 15.0d  5.2 ± 2.4c  82.0 ± 2.0d   5.0 ± 2.0c

  EC   5.0 ± 2.0 0.7 ± 0.5   80.0 ± 13.0   6.0 ± 9.0a

  D    4.0 ± 4.0d 0.6 ± 0.4   75.0 ± 14.0 18.0 ± 5.0d

  P  11.0 ± 8.0a 1.1 ± 0.4 76.0 ± 7.0   3.0 ± 0.5b

  Remaining cells 10.0 ± 3.0 2.8 ± 1.5 78.0 ± 9.0  1.6 ± 0.8

aP < 0.05; bP < 0.01;  cP < 0.05;  dP < 0.01

Table 3  Quantitative ultrastructure analysis of neuroendocrine cells of gastric 
mucosa in duodenal ulcer patients

Cell type Volume 
fraction (%)

Profiles/unit 
area (n/m2)

Cytoplasm 
composition (%)

Granule 
constituents (%) 

Antrum  
  NE   1.3 ± 0.2  
  G 46.0 ± 2.0 1.8 ± 0.7 71.0 ± 3.0 16.0 ± 9.0
  D    3.0 ± 1.6a  0.1 ± 0.8b  87.0 ± 4.0a   28.0 ± 12.0
  EC 16.0 ± 6.5  0.6 ± 0.7b   77.0 ± 12.0 12.0 ± 5.0
  Remaining cells   35.0 ± 13.0 1.2 ± 1.5 81.0 ± 8.0   3.8 ± 2.9
Corpus  
  NE   0.8 ± 0.3  
  ECL    49.0 ± 16.0a 1.7 ± 1.0 70.0 ± 5.0    5.0 ± 2.0a

  EC   4.0 ± 2.0 0.3 ± 0.2   72.0 ± 24.0   8.0 ± 8.0
  D    2.0 ± 4.0a  0.3 ± 0.3c  93.0 ± 6.0a 33.0 ± 4.0
  P 25.0 ± 4.0 1.7 ± 1.0 67.0 ± 5.0   3.0 ± 1.0
  Remaining cells   20.0 ± 12.0 1.9 ± 1.5 81.0 ± 9.0   3.2 ± 2.8

aP < 0.05; bP < 0.01;  cP < 0.05

Figure 1  G cell of the antrum containing both vesicular and compact granules with a 
floccular content.

Figure 2  D cell granules are usually rounded, homogeneous, of low electron density and 
with closely applied membranes.

Figure 3  EC cell granules appear to be pleomorphic, such as being oblong, ovoid, round, 
etc., with high density.

Figure 4  ECL cells show the characteristic of vesicular-type granules and thin haloed 
granules with an irregular argyrophilic core eccentrically located in wide space.

Figure 5  Electron micrograph of contiguous gastric glands shows cross sections belonging 
to different endocrine cells.



the corpus. The mean volume fraction of ECL cells was found to be 
increased 49%.

DISCUSSION
From the morphometric point of view, absolute counts of cells, 
usually restricted to nucleated sections, have commonly been used. 
The frames of reference for these counts, however, include visual 
fields, unit length of mucosa, unit area of tissue section, unit area 
of mucosa surface, gland crypt, nucleus-containing gland cells, 
and whole antrum or whole stomach. Such heterogeneity makes 
comparisons between different studies difficult, and occasionally 
opposite results would be achieved. Direct counts of endocrine 
cells from pelleted cell suspensions of gastric mucosa have also 
been proposed[4]. With this background in our laboratory, we 
have developed an ultrastructural morphometric procedure for 
quantitative assessment of endocrine cells of human gastric mucosa 
in normal and pathological conditions. In ECL cells of ZES patients, 
the number of cell profiles per unit area, the cross section area 
and the cytoplasmic values were tested. These data supported 
the previous observations that both hyperplasia and hypertrophy 
occurred in the oxyntic endocrine cells in the pathological condition. 
Secretory granules were not restricted to ECL cells, but were shared 
by the other cell types, which were significant in the case of P, D, 
and EC cells[5]. On the basis of experimental evidence obtained from 
the rat, reduction of the granule volume density in corpus endocrine 
cells could be regarded as a sign of gastrin induction increase in 
functional activity, which was associated with activation of the 
specific enzyme, histidine decarboxylase[6]. Therefore, our studies 
supported a similar result about the functional activity of gastrin in 
humans involving cell types that were not influenced by the stimulus 
of gastrin.

In this series of DU patients, the mean volume density of the 
endocrine cells of gastric mucosa did not differ significantly from 
that of normal subjects. In contrast, the mean volume fraction of 
ECL cells was increased. The volume fraction of D cells markedly 
decreased. Although age influences cannot be ruled out, such 
changes are possibly relevant to the pathophysiology of the DU 
disease[7]. In this regard, it is pertinent to note that the gastric 

mucosa of DU patients releases significantly lower amounts of 
somatostatin[8]. Our results, therefore, provide a cellular basis for 
this functional deficiency and suggest a reduced paracrine control of 
gastric secretion in this pathological condition.

From the above discussions, it can be concluded that 
ultrastructural morphometry is a useful tool for investigating 
endocrine cells of human gastric mucosa. Indeed, it allows 
identification of all cell types composing the gastric endocrine cell 
population. Recently developed stereological procedures, such 
as the selector or the nucleator, may efficiently supplement the 
data provided here with unbiased estimates of absolute structural 
quantities, including cell volume, thus opening new dimensions to 
the ultrastructural morphometry of gastric endocrine cells. 
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Abstract
AIM: To study the safety and efficacy of hepatic arterial embolization 
(HAE) with Bletilla striata powders containing traditional Chinese 
herbs in the treatment of primary hepatic carcinoma (PHC).

METHODS: From May 1990 to September 1993, 106 patients with 
PHC were treated by HAE with different types of Bletilla striata 
powders (n  = 56) or Gelfoam powders (n  = 50) under clearly 
specified conditions. We analyzed the effects and complications 
associated with these two types of treatment. 

RESULTS: The Bletilla striata  powders produced extensive and 
permanent proximal embolization of the hepatic artery, and stimulated 
the formation of collateral circulation. Treatment could be stopped 
for as long as 6-12 mo, and there was obvious evidence of tumor 
necrosis and shrinkage. The patient survival rates at 1, 2, and 3 
years were 81.9%, 44.9%, and 33.6%, respectively, and the mean 
survival time without a serious complication was 19.8 mo. Patients 
in the Bletilla striata  group displayed better clinical effects from their 
treatment when compared with patients in the Gelfoam group.

CONCLUSION: Bletilla striata  powders are superior to Gelfoam 
powders when used for angioembolus in patients with hepatic 
carcinoma.

Key words: Liver neoplasms/therapy; Embolization; Therapeutic 
Bletilla striata
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INTRODUCTION
From May 1990 to September 1993, 106 patients with primary 
hepatic carcinoma (PHC) were treated by hepatic arterial 
embolization (HAE). We objectively compared the effects of 
permanent HAE produced with Bletilla striata with the effects of 
temporary HAE produced with Gelfoam.

MATERIALS AND METHODS
This study enrolled 166 patients (93 males and 13 females; mean 
age = 46 years) who were clinically diagnosed as PHC. The patients 
were randomly assigned to a Bletill striata group (BS group) and 
a Gelfoam group (GF group). The general medical conditions 
of the patients and their respective methods of treatment are 
shown in Table 1. Both groups of patients received hepatic arterial 
chemotherapy with Adriamycin (ADM; 50 mg) and carboplatin (CAP; 
500 mg). A peripheral angioembolus was created by administering 
an emulsion consisting of 40% Lipiodol (LP) and 10 mg mitomycin 
C (MMC). The femoral artery was percutaneously punctured using 
Seldinger’s method, and a catheter was inserted into the segmental 
or lobar artery of the hepatic tumor. Following transcatheter intra-
arterial infusion of the chemotherapeutic agents and the LP-MMC 
emulsion, 2-3 mL of mixed Bletilla striata powders (300 mg) and 5 
mL of 76% meglumini diatrizoatis composita were slowly infused to 
produce proximal HAE. If the normal hepatic segmental and lobar 
arteries were not available for catheterization, proximal HAE was 
performed using Gelfoam powder.

RESULTS
Vascular recanalization and revascularization of the tumor
At three mo after HAE, 92% of patients in the Gelfoam group 
showed recanalization of the embolized artery and formation of 
collateral circulation (Figures 1 and 2). In contrast, none of the 
patients in the Bletilla striata group showed recanalization, even at 
3 yr after embolization. Collateral circulation was rarely formed, and 
when it did, it required > 6 mo to develop. Additionally, there was 
no collateral blood supply to the tumor in ~ 50% of the patients at 
one year after their embolization procedure (Figures 3 and 4). 

Changes in tumor size and pathohistological characteristics
In the Bletilla striata group, 36.2%, 55.8%, and 71.4% of patients 
showed signs of tumor shrinkage at 3, 6, and 12 mo, respectively, 
after embolization. The corresponding rates in the Gelform group 
were 25.0%, 46.4%, and 64.3%, respectively. In the Bletilla striata 
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group, tumor necrosis was most obvious at 3 mo; at which time, the 
hepatic tumor tissue had sunken due to obvious fibrosis and lipiodol 
retention in the sites (Figures 5 and 6). In some patients, the tumor 
became calcified one year later.

Specimens obtained during second surgical resections showed 
no surviving tumor cells in 2 of 3 cases in the Bletilla striata group, 
while 2 cases in the Gelform group had surviving tumor cells.

Syndrome after HAE and changes in hepatic function
After HAE, hepatic pain, fever, and damage to hepatic function were 
all more severe in the Blatilla striata group when compared to the 
Gelfoam group. In both groups, pain lasted for 2-5 d and fever for 3-20 
d, and the differences between groups were not statistically significant.

Survival rate and time
The survival rates and survival times in the two groups of patients 

are shown in Table 2.

DISCUSSION
The use of HAE in treatment of PHC has attracted a great deal 
of attention as a novel methodology[1,2]. Bletilla striata powders 
display the following characteristics when used in treatment of 
PHC: (1) They produce permanent proximal embolization of the 
hepatic artery. Besides mechanically blocking blood vessels, they 
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Table 1  General conditions and methods of treatment

Subjects GF group BS group
Number 50 56
Clinical stage; cases (%)  
  Ⅰ 3 (6.0) 4 (7.1)
  Ⅱ 42 (84.0) 46 (82.2)
  Ⅲ 5 (10.0) 6 (10.7)
Pathologic type; cases (%)  
  Massive 38 (76.0) 43 (76.8)
  Multinodular 12 (24.0) 13 (23.2)
Proximal angioembolus GF powders BS powders
Total number of treatments 203 151
Mean number of treatments 4.06 2.7
Mean intermission between treatments (mo) 3-6 6-12

Table 2  Survival rates and survival times for patients in the two groups  
(Life-table method: U -test

Group  n Survival rates (%) Mean survival time (mo)
6 m 12 m 24 m 36 m

BS 56 92.9 81.9 44.9 33.6 19.8
GF 50  80.0a  48.9b  31.1c  16.0d 15.7

aP > 0.05; b, dP < 0.01; cP < 0.05.

Figure 1  PHC treated by HAE with Lp MMC and GF powders.

Figure 2  Three months after HAE, angiography of this patient showed tumor staining and 
slight shrinkage.

Figure 3  The right lobar massive PHC treated by HAE with Lp-MMC and BS powders.

Figure 4  Ten months after HAE, angiography of this patient showed obvious tumor 
shrinkage, and no tumor vessels or collateral circulation.

Figure 5  Prior to HAE with Lp MMC and BS powders, a CT scan of the massive PHC showed 
local low density in the right hepatic lobe.

Figure 6  Nine months after HAE, a CT scan of this patient showed obvious tumor shrinkage 
and Lipiodol retention in the tumor area.
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also induce extensive coagulation[3]. Embolization occurs several 
seconds after the powder’s application, and a vascular cast 
appears. (2) Bletilla striata powders can be custom produced at an 
appropriate concentration for use in combination with a contrast 
medium, and to meet the requirements of a particular embolization 
procedure. Bletilla striata powders not only embolize the main 
trunk of an artery, but also block tumor vessel beds that are not 
completely filled with Lipiodol. As a result, they effectively prevent 
the establishment of collateral circulation. However, this viewpoint 
is not consistent with some research conclusions which state that 
extensive embolization of a hepatic carcinoma artery may induce 
the formation of collateral circulation[4,5]. The reason that tumors 
become revascularized and develop collateral circulation after 
HAE with Gelfoam powders may be that Lipiodol and Gelfoam 
powders only block small tumor vessels and blood supply arteries 
respectively, while mid-sized vessels that are not embolized allow 
the tumor to establish collateral circulation with surrounding 
hepatic segmental or lobar arteries. As a result, HAE with Gelfoam 
does not produce complete necrosis of the tumor, and these 
patients need to be re-embolized after a short time period[6]. (3) 
Both the retention and elimination times of Lipiodol in the tumor 
area were better in the Bletilla striata group when compared with 
those parameters in the Gelfoam group. This may be because the 
arterial blood flow washes out the intratumor Lipiodol as intra-
arterial Gelfoam powders are being absorbed[7]. And (4) When 
performing HAE with Bletilla striata powders, the catheter must 
be inserted into the peripheral branch of the hepatic artery to 
avoid penetrating the normal hepatic parenchyma. If this is not 
possible, Gelfoam powders must be used when creating a proximal 

angioembolus. Additionally, any backflow of the angioembolus 
must be avoided in order to prevent a misembolization.

In view of the characteristics of Bletilla striata, we believe that a 
permanent HAE produced with Bletilla strata powders in treatment 
of PHC not only produces a better clinical effect, but also reduces 
the economic burden and psychological pressure experienced by 
patients.
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Abstract
AIM: To examine the prevalence of p53 mutations in cases of 
hepatocellular carcinoma (HCC) in the Chongqing area of China, and 
the relationship between p53  mutations and the clinicopathological 
features of HCC, as well as its risk factors.

METHODS: The overexpression and point mutations of tumor 
suppressor gene p53  in 38 cases of HCC were detected by a 
sensitive antigen retrieval fluid (ARF) immunohistochemical method, 
polymerase chain reaction (PCR) a2 restriction fragment length 
polymorphism (RFLP) analysis, and a single strand conformation 
polymorphism (SSCP) a2silver staining analysis.

RESULTS: The results showed that 16 of 38 HCCs were positive for 
P53 protein (42.1%). Seven HCCs (18.4%) had a p53  mutation at 
codon 249, and 2 other HCCs had point a mutation within exon 7 
but not at codon 249. Among 9 cases of HCC which showed genetic 
mutations, 8 cases (88.9%) were positive for p53 protein. Both 
p53  overexpression and mutation were significantly related to the 
degree of HCC tissue differentiation and the presence or absence of 
metastases. The frequency of p53  mutations was consistent with the 
high prevalence of HBV infection and moderate aflatoxin B1 (AFB1) 
exposure in the Chongqing area.

CONCLUSION: Our results suggest that AFB1 acts synergistically 
with HBV in the generation of p53  mutations. Furthermore, dietary 
exposure to AFB1 may mainly contribute to the tumor specific 
mutation at codon 249, while HBV may account for other scattered 
mutations found in cases of HCC.

Key words: Liver neoplasms; Genes; Suppressor; Tumor protein p53 
point mutation
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common cancers 
in China. A striking correlation exists between the development 
of HCC and infection with the hepatitis B virus (HBV), as well 
as exposure to aflatoxin B1 (AFB1). However, the molecular 
mechanisms underlying these correlations are largely unknown. 
Tumor suppressor gene p53, located on the short arm of human 
chromosome 17 (17 p 13.1), is one of the most important and broad 
spectrum anti-oncogenes, and researchers have documented > 51 
types of human tumors that have p53 mutations. Since Bressac[1] 
and Hsu et al[2] first reported in 1991 that ~ 50% of resected HCCs 
in China and South Africa had p53 mutations, increasing numbers 
of similar reports have been published by researchers in various 
areas of the world. It is very interesting that the presence of p53 
mutations in HCC appears to vary geographically[3]. The city of 
Chongqing is located in southwestern China, an area with a high 
prevalence of HBV infections, and a moderate exposure to dietary 
AFB1. However, to date, there has been no report concerning the 
HCC incidence in that geographic region.

In this study, we used antigen retrieval fluid (ARF) immunohisto
chemistry, PCR, and PCRSSCP silver staining methods to detect 
the gene overexpressions and mutations that existed in 38 cases 
of HCC. Our goal was to demonstrate the prevalence of p53 
mutations in cases of HCC in the Chongqing region of China, and 
investigate the relationship between the p53 alterations and the 
clinicopathological features of HCC, as well as HCC risk factors.

MATERIALS AND METHODS
Tissue samples
Between 1992 and 1993, 38 samples of resected HCC tissue (one 
sample per case) were obtained from the Southwest Hospital 
affiliated with our college. Thirty-six of the samples were fresh 
tissue. The tissue specimens were fixed in 10% formalin and 
embedded in paraffin; after which, 5 μm thick sections were cut for 
use in our study. When based on their WHO classification, the tissue 
specimens represented the following types of HCC: trabecular (n = 
15), pseudoglandular (n = 16), and compact (n = 7). Histological 
grading of the specimens based on Edmondson and Steiner’s 
standard showed: grade Ⅰ, 3 cases; grade , 7 cases; grade Ⅲ, 15 
cases; grade Ⅳ, 13 cases. The tumors could be divided into the 
following three groups depending on their diameter: 3 cases, ≤ 3 
cm; 5 cases, 3 cm5 cm; 30 cases, ≥ 5 cm. Fourteen cases had 
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intrahepatic metastases at the time of operation.

DNA extraction
High-molecular weight DNA was prepared from 36 fresh tissue 
samples, 2 paraffin-embedded blocks, and 2 samples of normal 
lymphocytes using promase K and phenol-chloroform methods as 
described in “Molecular Cloning: A laboratory Manual.” 

ARF-immunohistochemical staining
Monoclonal antibody Pab1801 donated by Dr. L. Crawford of ICRF, 
United Kingdom, and polyclonal antiserum CM-1, donated by Dr. D.P. 
Lane, Dundee, United Kingdom, were used to detect p53 protein 
expression. An ABC kit was purchased from the Dako Company 
(Demark). Immunohistochemical staining with enhancement was 
performed using the method described by Vendenberg et al[4,5].

Detection of mutated codon 249
The DNA sequence of p53 exon 7 was amplified by PCR (Figure  1) 
using primers with the following nucleotide sequences:

Primer 1: 5’CCCAAGGCGCACTGACCTCA3’;
Primer 2: 5’GCTCCTGACCTGGAGTCTTC3’.
PCR was performed according to a standard protocol. Briefly, 

each PCR reaction was performed in a final volume of 40 μL, 
which contained 1.8 μL of target DNA, 28 μL ddH2O, 3.2 μL of 2.5 
mmol/L dNTP, 2 μL of 20 pmol/L primers, and 4 μL of 10 × Taq 
DNA polymerase buffer. The samples and reagents were heated 
for 8 min at 93 ℃ to denature the DNA. Next, 1 μL (2.2 U) of 
Taq DNA polymerase was added to each sample, which was then 
heated for 35 s at 94 ℃ for denaturation, followed by 40 s at 54 ℃
for annealing, and 60 s at 72 ℃ for extension. After a total of 35 
rounds, each sample was maintained at 72 ℃ for 10 min. The final 
DNA product was purified with phenol/chloroform, precipitated with 
ethanol, dissolved with TE buffer, and then digested with Hae Ⅲ for 
1224 h. The digests were separated by electrophoresis on an 8% 
polyacrylamide gel. 

Single-strand conformation polymorphism-silver staining
A 5 μL sample DNA was mixed with a loading solution containing 
950 mM deionized formamide, 10 mmol/L EDTA, 0.05% 
bromophenol blue, and xylene cyanol. After denaturation at 
85 ℃ for 5 min, 20 μL of the mixture was applied to a 12% 
polyacrylamide gel (39:1 acrylamide:bisacrylamide ratio) 
containing 1 × TBE buffer and 50 mL/L glycerol. The size of the gel 
was 10 cm × 9 cm × 0.1 cm (thickness). Electrophoresis was then 
performed for 4.5 h at 200 V using a buffer system containing 
25 mM Tris and 192 mM glycine. The buffer temperature was 

maintained in a range of 16 ℃-23 ℃.
After electrophoresis, the gel was fixed for 30 min in 100 mL of 

a mixture consisting of 100 mL/L ethanol and 50 mL/L acetic acid, 
and then washed twice in distilled water. The gel was stained in 1 
mL/L AgNO3 for 30 min, and then washed three times in distilled 
water. After washing, the gel was submerged in a mixture of 25 
g/L Na2CO3 and 0.4 mL/L formalin, and then allowed to develop 
for 20 min30 min until bands became visible. The reaction was 
stopped by transferring the stained gel into 100 mL/L acetic acid 
solution.

RESULTS
P53 Protein expression in HCC specimens
Sixteen of 38 HCC specimens were positive for P53 protein (42.1%), 
while the corresponding noncancerous tissues were all negative. 
The majority of malignant cells in all of the P53-positive specimens 
displayed a stained nucleus, and some also showed cytoplasmic 
staining. The distribution of p53-positive cells showed a single, focal 
or diffuse pattern (Figures 2 and 3). 

Mutations of p53 exon 7
After digesting the PCR product with Hae Ⅲ, seven (18.4%) of 
the 38 tissue samples were identified as mutant-types (136 bp 
and 27 bp fragments) (Figure 4). No mutations were found in 38 
corresponding noncancerous tissue samples and 22 samples of 
normal lymphocytes. When the remaining 31 pairs of wild type 
HCC specimens  were analyzed by PCRSSCPsilver staining, two 
showed a mobility shift (Figure 5), indicating the presence of 
mutations in exon 7, rather than codon 249. Thus the mutation 
incidence in p53 exon 7 was 23.7% (9/38 samples). Among 9 
mutanttype HCC specimens 8 specimens (88.9%) tested positive 
for P53 protein.

Correlation of p53 overexpression with the clinicopathological 
features of HCCs (Table 1).
Our results showed that overexpression of p53 was more frequent 
in cases of metastasized grade Ⅳ HCC. No significant relationship 
was found between p53 overexpression and either tumor size or 
histological classification.

Wang D et al . Overexpression and mutations of p53 in HCC

162 September 15, 1996|Volume 2|Issue 3|WJG|www.wjgnet.com

A B Primer   1

Primer   2 PCR

164 bp

27      46 90 bp

Amplified fragment

Wild-type

27 136 bp
Mutant-type

Figure 1  Schematic diagram of the p53 codon 249. A: control cleavage site of the restriction 
endonuclease, Hae Ⅲ. B: Hae Ⅲ cleavage site in codon 249.

Figure 2  A well differentiated HCC with nuclear staining in carcinomatous cells in a single 
pattern. Some cells also show cytoplasmic staining. Immunohistochemistry with Pab1801. ABC, × 400

Figure 3  Moderately differentiated HCC with nuclear staining in carcinomatous cells in a 
diffuse pattern. Immunohistochemistry with CM-1; ABC, × 400.



Correlation of p53 mutations with the clinicopathological features of 
HCCs (Table 2).
In this study, p53 mutations were found more frequently in HCCs having 
a large size, a grade Ⅳ classification,  and which had metastasized. 

DISCUSSION
P53 protein has a very short half life in normal cells, and is thus 
undetectable by standard immunocytochemical methods. In 
contrast, p53 gene mutations in tumor cells usually result in the 
stabilization and accumulation of p53 protein in the nuclei, at levels 
which can be detected by immunohistochemistry techniques. 
Therefore, p53 overexpression detected by immunohistochemistry 
strongly suggests the presence of a p53 gene mutation[6]. Among 
the 9 mutanttype HCC specimens in this study, 8 specimens 
(88.9%) were positive for P53 protein, which confirms the above 
hypothesis. Because the location of a p53 point mutation can vary, 
DNA sequencing is essential to reveal this alteration of the gene. 
However, immunohistochemical techniques are more simple to 
perform, and especially useful when screening large numbers of 
specimens for the presence of mutations.

The presence of p53 mutations in HCC appears to vary with 
geographic location. In regions with a high risk for exposure to HBV 
and aflatoxins, (e.g., China[2] and South Africa[1]), p53 mutations 
have been reported in ~ 50% of HCC cases, and the majority of 
those mutations were found at codon 249. In Japan[7], where HBV 
infections are relatively common, but dietary aflatoxin intake is 
low, p53 mutations have been reported in 29% of HCC cases. In 
countries where neither HBV nor dietary aflatoxin are prevalent 
(e.g., France[8], Germany[9], and Great Britain[10]), mutated p53 is 
rarely found in HCCs, and there have been few or no mutations 
reported at codon 249 in the latter two countries[3,11]. While the 
results of molecular epidemiological studies have suggested that 
HBV may act synergistically with aflatoxin in the generation of 
p53 mutations in HCC, its mechanism of action remains obscure. 

In this study, we divided p53 mutations into two groups: (1) a 
tumorspecific mutation at codon 249, and (2) various scattered 
mutations at codons other than codon 249. Among 38 cases of 
HCC, 7 cases (18.4%) were found to have specific mutations by 
PCRRFLP analysis. This 18.4% mutation rate was much lower than 
the 50% rate reported in Qidong[12], an area with a high exposure to 
aflatoxin, and much higher than the 2.2%rate reported in northern 
China[13], an area with low exposure to aflatoxin. Meanwhile, 
immunohistochemistry and PCRSSCP analyses indentified 10 cases 
of HCC (26.3%) which showed scattered mutations. The overall 
frequency of p53 mutations in our geographic area was 44.7% 
(17/38 HCC cases), and these results are in agreement with the 
high prevalence of HBV and moderate exposure to aflatoxin in 
our area. We therefore conclude that HBV acts in conjunction with 
aflatoxin to generate p53 gene mutations in HCCs. Furthermore, 
dietary exposure to AFB1 may mainly contribute to the tumor-
specific mutation, while HBV infection may account for other p53 
gene mutations. As the most common tumor suppressor gene, p53 
contributes to malignant transformation and the aggressiveness 
shown by several types of cancers. It was previously reported 
that p53 overexpression is correlated with the aggressiveness 
and metastasis of HCC[14]. Because P53 protein is not abnormally 
expressed in peri-cancerous liver tissue, the p53 gene probably 
becomes mutated after the hepatocellular carcinogenesis process 
has already been initiated. Both p53 overexpression and p53 
mutations were more frequent in poorly-differentiated HCCs and 
cases of metastasized HCC, suggesting that the number of p53 
alterations had increased as the HCC progressed. These findings 
indicate that p53 mutations represent one of the most important 
genetic changes in the development of HCC, and can serve as a 
molecular marker for high grade and metastatic HCC.
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Figure 4  PCR analysis of p53 codon 249 in hepatocellular carcinoma. M: DNA size marker 
(PBR322 digest of Hae Ⅲ); P: Product of PCR (164 bp); N: Surrounding noncancerous tissue; T: 
HCC tumor tissue; T1: Mutation of codon 249; L: Normal lymphocyte.

Figure 5  Analysis of p53 exon 7 by PCR-SSCP-silver staining in hepatocellular carcinoma. C: 
Negative control; L: Normal lymphocyte; N: Surrounding noncancerous tissue; T: HCC tumor tissue; 
T2: Mobility shift; S1 S3: Single strand DNA; D: Double strand DNA
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Table 1  Correlations between p53 overexpression and clinicopathological 
features of Hepatocellular carcinoma

Clinicopathological features Number of 
cases

p53 expression 
(+)

p53 expression
 (-)

Significance

Tumor size (cm)     
   < 3   3   1   2  
   3-5   5   2   3 a
   > 5 30 13 17  
Classification     
   Trabecular 15   5 10  
   Pseudoglandular 16   8   8 b
   Compact   7   3   4  
Grade     
   Ⅰ   3   1   2  
   Ⅱ   7   2   5 c
   Ⅲ 15   5 10  
   Ⅳ 13   8   5  
Metastasis     
   Positive 14 10   4  
   Negative 24   6   8 d

a and b: Significant; c and d: P < 0.05.

Table 2  Correlations between p53 mutations and the clinicopathological 
features of Hepatocellular carcinoma

Clinicopathological features Number of 
cases

p53 expression 
(+)

p53 expression 
(-)

Significance

Tumor size (cm)     
   < 5   8 0   8  
   > 5 30 9 21  
Classification     
   Trabecular 15 4 11  
   Pseudoglandular 16 3 13 b
   Compact   7 2   7  
Grade     
   Ⅰ   3 0   3  
   Ⅱ   7 1   6 c
   Ⅲ 15 2 13  
   Ⅳ 13 6   7  
Metastasis     
   Positive 14 6   8  
   Negative 24 6 21 d

b: Not significant; a, c and d: P < 0.05.
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Abstract
AIM: To evaluate the sensitivity, specificity, and clinical value of 
hepatic carcinoma associated membrane protein antigen (HAg18a21) 
as a reagent in a serum quick enzyme linked immunosorbent assay 
(ELISA) for detection of primary hepatocellular carcinoma (PHCC).

METHODS: A serum quick enzyme linked immunosorbent 
assay (ELISA) which uses HAg18a21 as a reagent, was prepared 
from monoclonal antibodies against human hepatic carcinoma. 
We assayed blood serum obtained from 100 cases of primary 
hepatocellular carcinoma (PHCC), 5 cases of hepatic biliary 
carcinoma (HBC), 10 cases of metastatic hepatic carcinoma (MHC), 
20 cases of hepatitis B (HB), 20 cases of liver cirrhosis (LC), 20 cases 
of malignant gastrointestinal tumors, and 20 cases of inflammatory 
gastrointestinal diseases (including ulcers). Alpha 2 fetoprotein (AFP) 
was concurrently detected for each case. Twenty samples of blood 
bank serum were tested as controls.

RESULTS: The respective positive rates for the HAg18a21 ELISA 
assay and AFP detection assay were 81% and 68% in PHCC, 20% 
and 40% in HBC, 19% and 20% in MHC, 10% and 20% in BH, 10% 
and 20% in LC, 10% and 15% in malignant gastrointestinal tumors, 
and 5% and 10% in inflammatory gastrointestinal diseases. Neither 
assay showed a positive result for any tested blood bank sample. 

CONCLUSION: The HAg18a21 ELISA demonstrated high sensitivity 
and specificity in the detection of PHCC. HAg18a21 ELISA and 
AFP detection, if used together, may compliment each other in the 
diagnosis of PHCC.

Key words: Liver neoplasms/diagnosis; Carcinoma; Hepatocellular 

diagnosis; Antigens; Neoplasm
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INTRODUCTION
Hepatic carcinoma is the third leading cause of death in China, 
and accounts for 15.08% of all cancer-related deaths[1]. Currently, 
hepatocellular carcinoma (PHCC) is primarily diagnosed by imaging 
studies and serological tests. While alpha-fetoprotein (AFP) is an 
internationally accepted specific biological marker for PHCC, and 
can be detected in 68.5%-76.5% of all cases[2], serum AFP levels 
can vary with the degree of tumor differentiation and the size of 
the tumor mass[3]. Also, AFP may be absent or present at only 
low concentrations in a certain proportion of PHCC cases, whereas 
cases of metastatic hepatic carcinoma and benign hepatic diseases 
may have elevated AFP levels[4]. Therefore, there is an urgent 
need to identify more sensitive and specific markers of hepatic 
carcinoma.

MATERIALS AND METHODS
Source of materials
All 195 serum samples used in this study were collected from January 
1990 to December 1993 from patients at the Chinese PLA 165th 
Hospital, The First Affiliated Hospital of Hengyang Medical University, 
Hengyang Municipal Central Hospital, and The 415th Hospital of the 
Ministry of Nuclear Industry. The samples were obtained from 100 
patients with PHCC, 5 patients with HBC, 10 patients with MHC, 20 
patients with HB, 20 patients with LC, 20 patients with gastrointestinal 
malignant tumors, and 20 patients with various inflammatory 
gastrointestinal diseases (including ulcers). Twenty samples of blood 
bank serum served as control samples.

Methods
HAg18-1 qualitative assays were performed using a HAg18-1 
serum quick ELISA Kit (Chinese PLA Fourth Medical University 
and Zhengzhou Bo-sai Biological Reagent Laboratory, China), and 
methods described in the kit’s instructions. Quantitative HAg18-1 
assays were performed as follows: a known Hag18-1-positive 
sample (blue in color) was diluted with 1 mL of 0.5 N H2SO4 to 
terminate the reaction; after which, the sample’s OD at 450 nm 
was measured using a STAT FAX 303 plus photometer system 
(Awareness Technology; Technology, Palm City, FL, United States). 
A positive assay sample was defined as one having an OD > 0.15. 
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AFP was detected with an AFP radioimmunoassay (RIA) Kit (Shanghai 
Biological Product Institute; Shanghai, China), using the procedure 
described in the instruction manual. AFP antibody was supplied by 
Fuzhou MaiXin Biological Technique Development Co. (China), and 
the “SP” method was adopted.

RESULTS
Relationship between HAg18- 1 serum assay results and AFP 
detection in 100 cases of PHCC (Table 1)
HAg18-1 serum assays and AFP detection assays both showed 
positive results for 61% (61/100) of all the cases. AFP detection 
assays showed positive results for 86.4% (70/81) of the HAg18-1 
positive cases, and among the 19 HAg18-1 negative cases, 7 cases 
(36.8%) were AFP positive. The HAg18-1 serum assay showed 
positive results for 88.23% (62/68) of the AFP positive (> 400 ng/
mL) cases, and among the 32 AFP negative cases (< 400 ng/mL), 
24 cases (75%) were positive with the HAg18-1 serum assay. 
Four HAg18-1 serum assay positive cases (2 clinically diagnosed 
cases of HB and 2 cases of LC) had been followed up for 3 years. 
One of the LC cases was later proven to be PHCC by autopsy after 
death.

The AFP test showed 100% positive results when the “SP” 
method was used to test sections of paraffin-embedded liver tissue 
from all 100 patients with PHCC.

DISCUSSION
There are numerous biological markers for human hepatic 
carcinoma, and substantial advances have been made in both the 
theories and technology involved in this area of research. Several 
new techniques that were previously used only in experimental 
studies are now used in the clinic. In summary, four types of assays 
are now used to detect PHCC, and these involve detecting proteins, 
enzymes, hormones, and metabolites, respectively[5]. Because these 
assays vary greatly in their sensitivity and specificity, there remains 
an urgent need to identify new a biological marker for hepatic 
carcinoma. 

Practical value of the HAg18-1 assay
In this study, the HAg18-1 assay was able to detect 81% of 
the PHCC cases, which was markedly or slightly higher than 
the detection rates reported from studies conducted in Nanjing 
(65.9%)[6], Xi’an (74%)[4], Chengdu (79.63%)[7], and Lanzhou 
(80%)[8]. The assay showed a < 10% positive rate when used to 
detect other types of malignant tumors or inflammatory diseases. 
The reasons that HAg18-1 is present at certain concentrations 
in different diseases remain unclear. In our study, the HAg18-1 

assay was 90% specific when used to detect PHCC. This result was 
comparable to the 89.52% specificity the same assay showed in a 
study conducted in Chengdu. In that study, HAg18-1 was shown 
to be a tumor-associated antigen (TAA) closely linked with hepatic 
carcinoma. In our study, the HAg18-1 assay displayed higher 
sensitivity for detecting PHCC, when compared with the AFP assay 
(68% detection rate). The HAg18-1 assay showed positive results 
in 75% (24/32) of the 32 PHCC cases with a serum AFP level < 400 
ng/mL, suggesting that it may be especially useful for detecting 
PHCC cases which are AFP negative or in which the patient has a low 
serum AFP concentration. On the other hand, among the 19 PHCC 
cases that tested negative with the HAg18-1 assay, 36.8% (7/19) 
were detected by the AFP assay. These results indicate that the two 
assays are complementary to each other in their clinical use. Four 
HAg18-1 assay positive cases (2 clinically diagnosed HB cases and 
2 LC cases) had been followed up for 3 years. Among them, one 
clinically diagnosed LC case was proven to be PHCC by autopsy after 
death. Therefore, it is reasonable to believe that the HAg18-1 assay 
might be helpful in the early diagnosis of PHCC. While the HAg18-1 
assay showed positive results in a certain proportion of non-PHCC 
tumors and inflammatory diseases, these types of results occurred 
far less often than when using the AFP assay, and had little influence 
on the final diagnosis of PHCC.

In recent years, researchers have suggested that a combined 
detection protocol with multiple markers would be superior to 
detecting only a single marker in the diagnosis of PHCC, and 
especially when attempting to diagnose patients who are AFP 
negative or have a low serum AFP concentration. The serum 
quick enzyme-linked immunosorbent assay with HAg18-1 is easy 
to perform, provides consistent results, and requires no special 
instruments. It is a simple technique that is especially suitable for 
surveying high-risk populations, and can be used in general practice. 
If combined with AFP detection, it should greatly increase the PHCC 
detection rate, and thus has great potential for widespread clinical 
use. 
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Table 1  The results of HAg18-1 Eenzyme linked immunosorbent assays and 
alpha-fetoprotein radioimmunoassays

Disease No. of cases No. of positive cases Positive rate (%)
HAg18-1 AFP HAg18-1 AFP

PHCC 100 81 68 81 68
HBC     5   1   2 20 40
MHC   10   1   2 10 20
HB   20   2   4 10 20
LC   20   2   4 10 20
GI malignant tumor   20   2   3 10 15
GI inflammatory diseases   20   1   2   5 10
Bank blood1   20   0   0   0   0

1Controls
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Abstract
AIM: To pre-operatively assess tumor thromboses associated with 
hepatocellular carcinoma in the portal vein.

METHODS: Twenty-five patients diagnosed with a thrombus due to 
hepatocellular carcinoma were included in the study. MR imaging was 
performed with a 1.0T superconducting magnetic imaging system. 
Both T1 and T2 weighed images as well as FLASH sequences were 
obtained in the transverse plane, and additional FLASH images were 
obtained in the coronal plane.

RESULTS: Thromboses located in the portal vein had signal 
intensities similar to those of the main tumor. An intrinsic portal 
vein thrombus was found in 16 patients, and six thromboses were 
occlusive. Thromboses were found in the diffuse narrow portal 
branches of 3 patients. The portal venous thromboses displayed an 
area of signal intensity that replaced the normal flow void of the 
portal vein. The affected portal veins displayed a stumpy appearance, 
had irregular areas of stenosis, and showed formation of a vascular 
net.

CONCLUSION: MRI was more sensitive, specific, and noninvasive 
for detecting a portal tumor thrombus, and can be used jointly with 
spin echo (SE) and gradient echo (GRE) imaging techniques.

Key words: Magnetic resonance imaging; Liver neoplasms/diagnosis
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INTRODUCTION
Primary hepatocellular carcinoma (HCC) is pathologically 
characterized by its propensity to invade the portal venous system. 
A pre-operative assessment should be preformed when a tumor 
thrombus is present in the main portal vein. If the results confirm 
that the tumor has invaded the portal branches of one lobe, 
resection may be indicated. MRI is the least invasive method by 
which the scanning plane can be easily changed to allow the use 
of angiography for examining the vascular structure. Here, we 
summarized the results of pre-operative MR assessments of portal 
venous thromboses that had been confirmed by sonography, 
enhanced CT or arterial portography in 25 patients with HCC. 

MATERIALS AND METHODS
Materials
Twenty-five male patients (age range 33-64 years, mean age = 
54 years) with HCC were enrolled in this study. The patients had 
tumors that ranged from 3 cm to 10 cm in diameter. Fifteen of the 
patients had been diagnosed as HCC by a histologic examination 
of tissue biopsy, and ten were diagnosed based on having a serum 
alpha fetoprotein (AFP) level that was persistently > 500 μg/L. 

Methods
A Magneton Impact 1.0T superconducting magnetic resonance 
system (Siemens; Munich, Germany) was used to obtain T1 and 
T2 weighed images with a TR of 500 ms and an echo time (TE) 
of 15 ms (TR/TE = 500.660/15). Additionally, long TR/short TE 
and long TR/TE (1800-2150/22-120) images, as well as spin echo 
(SE) images in the transverse plane were obtained by using a 
multisection imaging technique [10 mm section thickness; 200 × 
256 matrix; 380 mm × 400 mm field of view (FOV)]. Gradient echo 
(GRE) sequences were obtained for all patients using the sequential 
section technique with the following parameters: TR of 100 ms, TE 
of 6 ms, flip angle of 30 degrees, an 8 mm section thickness, a 128 
× 256 matrix, and a 400 mm × 400 mm field of view. Additional 
FLASH images were obtained in the coronal plane so as to observe 
possible tumor thromboses located in the main portal vein or 
its branches, as well as the inferior vena cava (IVC). All patients 
were asked to momentarily suspend their respiration during GRE 
measurements.

RESULTS
A thrombosis was diagnosed in 25 patients enrolled in one or more 
studies which used contrast material enhanced CT alone, n = 5; 
color sonography alone, n = 9; contrast material enhanced CT plus 
color sonography, n = 6; angiography alone, n = 5, respectively. 
Tumor thromboses displayed signal intensities similar to those of the 
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main tumor masses. An intrinsic portal venous thrombus (PVT) was 
found in 16 patients, and appeared as an area of iso-signal intensity 
that replaced the normal flow void in the portal vein on SE images 
(Figure 1). On GRE images, the intrinsic thromboses appeared as 
areas of decreased signal intensity in bright blood vessels. In six 
cases with complete postal vein occlusion, the thrombus was located 
either laterally or in the surrounding portal branches. SE images 
showed a stumpy portal vein with dilated proximal branches; the 
main section of the portal vein and its peripheral branches could not 
be identified. On long TR images, the signal intensity was slightly 
higher than that of the hepatic parenchyma, and similar to that of 
the main tumor; additionally, occluded portal branches could be 
seen in the tumor (Figure 2). In the GRE images, the bright portal 
vein appeared to end abruptly due to poor contrast between the 
thrombus and adjacent stationary tissue. In 3 cases with diffuse 
narrow portal branches, T1 weighted images showed the portal 
branches had irregular stenoses with a flowing void area. T2 images 
showed some slight hyperintensity along the vascular wall caused by 
invasion of the tumor (Figure 3). Collateral vessels had developed 
in 3 cases. Numerous periportal collateral voids were seen on T1 
weighed images. GRE images displayed features similar to those 

shown on SE images, but with stronger signal intensities. GRE 
images conclusively demonstrated the presence of collateral vessels 
and showed more extensive collateralization than the standard SE 
images. Ten patients showed evidence of extrinsic compression of 
the main or proximal right or left portal vein or IVC by the tumor. 
The SE and GRE images showed similar findings; however, when 
compared with the SE images, the GRE images less clearly showed 
that the tumor was responsible for venous compression. This was 
due to poor contrast between the tumor and surrounding normal 
tissue on the GRE images. 

DISCUSSION
Direct portography is the most accurate pre-operative method 
for assessing portal venous invasion by HCC[1]. While arterial 
portography is the standard pre-operative method used in many 
hospitals, these examinations increase the risk of bleeding in 
patients with impaired clotting function. Noninvasive imaging of 
the portal venous system has been successfully accomplished 
with a variety of imaging techniques, including US, CT, and MRI. 
Color sonography has proved to be highly accurate in determining 
the presence, direction, and velocity of portal blood flow, but it 
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Figure 1  Patient with HCC. T1 weighed (500/15) MR images of the upper abdomen showed the portal tumor thrombus as a clot of iso-signal intensity (arrow).

Figure 2  Patient with HCC enclosing the right branch. A: T2 weighed (2000/80) images showed 
the tumor (H) having a higher signal intensity than the parenchyma. The right branch of the portal 
vein in the tumor ended abruptly, and appeared as a stump (arrow). Some irregular hyperintensity 
was seen in the dilated main and left portal vein (arrowhead). B: FLASH (100/6) imaging showed 
main and left portal vein dilation with heterogeneous intensity more clearly than did SE imaging. 
The IVP was compressed by the tumor.

Figure 3  Patient with HCC. A: T1 weighed (500/15) images showed diffuse, irregular narrow right 
branches with numerous nodules (arrow); the distal portal vein was poorly delineated (arrowhead). 
Several small flowing voids representing collateral vessels were seen. B: T2 weighed (2000/80) MR 
images showed the left portal venous wall as slightly hyperintense, indicating invasion by the tumor 
(arrow).
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is operatively dependent[2]. Although contrast-enhanced CT with 
dynamic scanning is highly sensitive for identifying a thrombus 
in the main portal vein or its large branches, the suboptimal 
opacity of portal vessels and allergic reactions limit the use of this 
technique. 

Identification of a normal portal vein
The spin-echo (SE) technique provided anatomic information 
similar to that provided by CT, but did not require the IV injection 
of a liver contrast agent. Our standard assessment of the portal 
venous system (PVS) by use of SE imaging produced a typical signal 
void, “black blood” phenomenon, and the hepatic venous signal 
intensity was similar to that of the portal vein. While the portal and 
hepatic veins could be distinguished based on their direction, they 
were difficult to distinguish on the peripheral parenchyma without 
adding an additional plane. FLASH techniques[3] generally offer two 
advantages that improve depiction of the hepatic vasculature: (1) 
high signal intensity within blood vessels due to flow enhancement; 
and (2) a reduction in motion artifacts, because the patients must 
hold their breath. The portal vein and its branches appeared to be 
clear when examined by FLASH with presaturation in additional 
coronal or sagittal planes. The high intensity signal produced by 
flowing blood clearly distinguished the intra-abdominal vasculature 
from the surrounding tissue. Additionally, the image acquisition 
time was significantly reduced when using GRE imaging rather than 
conventional SE imaging.  

Appearance of PVT on MR images
Thrombus of the portal vein is usually clinically associated with 
hepatocellular carcinoma, and pathologically associated with its 
intra-hepatic metastasis. A tumor thrombus may extend into 
the portal trunk, even when a hepatocellular carcinoma is still 
small[4]. There is a poor correlation between tumor size and 
the presence of a tumor thrombus in the portal vein. The MR 
findings of PVT were classified based on their location in the 
portal vein. 

Intrinsic clot
An intra-luminal thrombus could be present at any location in the 
portal vein. On spin-echo MR images, a PVT usually appeared as 
an area with an abnormal signal within the lumen of the portal 
vein. Intrinsic PVTs appeared as an isointense signal that replaced 
the normal portal flow void on T1 weighed images (Figure 1). 
Additionally, intrinsic PVTs typically showed high signal intensities 
on T2 weighed images, and which were similar to that of the main 
tumor. Some spurious signals were difficult to distinguish from a 
thrombus on SE images; while, GRE images showed the portal vein 
as an area with a high signal and a reduced number of respiratory 
artifacts. A PVT usually appeared as an area having a diminished 
intravascular signal with an intensity similar to that shown by 
adjacent stationary soft tissue on GRE imaging. While GRE more 
clearly showed the PVT, it provided less anatomic resolution and 
live-lesion contrast. 

Portal stump
Occlusion usually occurred at the base of the narrow portal vein. 
The stenosed portal vein was occluded by compression caused by 
the extrinsic tumor. This was also true for the tumor enclosed portal 
vein. In SE images, the portal vein or its branches were completely 
replaced by tumor tissue. T1 weighed images showed the branches 
as stumps, the flow void of the distal segment of the portal vein 
as being obliterated, and the proximal branches being dilated. A 
stumpy appearing portal vein could be seen in the tumor, which 
grew around the invaded branches (Figure 2). Secondary ischemic 
changes caused by the PVT in the HCC could be readily distinguished 
from the tumor. The use of MRI was advantageous in that it showed 
the patchy perfusion of the occluded vein. Dynamic MR imaging 
showed a fan-shaped area, and also high signal intensity areas with 
early and prolonged enhancement in segments that were affected 
by the portal vein thrombus[5].GRE images only showed a high signal 
portal stump, because the intensity of the thrombus was similar to 
that of the adjacent stationary tissues. Collateral veins and varices 

were also visible. 

Diffusely narrow portal vein
The portal vein was diffusely stenosed in one or more of its 
branches. Extensive stenosis is usually associated with cirrhosis. 
Sections of venous wall that had been penetrated by a growing 
tumor had an irregular appearance and displayed several small 
nodules. While the signal void of the portal vein was present, the 
small vessels were poorly delineated on the T1 weighed images. 
T2 weighted images showed hyperintense regions along portal 
branches which had been invaded by the tumor (Figure 3). The 
bright portal vein was poorly delineated on GRE images.

Cavernous changes
Collateral vessels developed and effectively replaced the obliterated 
portal vein. These vessels formed a major hepatoportal venous 
conduit when the portal vein was severely stenosed or occluded. 
The collateral vessels usually appeared in the same area as the 
affected vessels, and a severely stenosed or occluded portal vein 
showed evidence of collateralization. Small dilated and expanded 
collateral veins near the edge of the portal vein showed numerous 
areas of periportal hypointensity on SE images. GRE images showed 
findings similar to those on SE images, but with hyperintensity. 
Collateral vessels and varices were seen clearly, and appeared to be 
more extensive on MR images. 

Comparison of the different imaging sequences
SE images were slightly more specific. Motion or flow-related 
artifacts can sometimes produce a spurious signal in the portal 
vein that mimics the signal produced by a thrombus. This is due to 
the markedly variable signal intensity of flowing blood. Therefore, 
SE and GRE should be used in combination when attempting to 
diagnosis a thrombus. GRE images are more sensitive than SE 
images, because a thrombus is usually well differentiated from 
flowing blood. Also, GRE images can be obtained more rapidly due 
to the shorter examination time. The accuracy of a thrombosis 
diagnosis can be significantly improved by using a combination of 
SE and GRE imaging techniques[6].

In our study, transverse plane images were obtained with both 
SE and GRE sequences for all patients, and additional corneal plane 
images were obtained with GRE sequences. The coronal plane 
provided wide coverage and was particularly useful when imaging 
tortuous vessels. Coronal GRE images acquired immediately after 
injection of Gd DTPA were similar to those acquired by X-ray 
angiography[7]. MR angiography was used as a non-invasive method 
for displaying vasculature. The MIP algorithm provided extremely 
high levels of contrast between blood vessels and the surrounding 
tissues, and was particularly useful for displaying tortuous vessels. 
Johnson et al[8] showed that MR angiography was more sensitive 
than conventional angiography in detecting varices. However, the 
joint use of SE and GRE images still had some disadvantages. 
The major limitations are suboptimal spatial resolution and the 
production of artifacts. Also, the presence of a thrombus in small 
vessels can be extremely difficult to delineate by MR.

REFERENCES
1 Igawa S, Sakai K, Kinoshita H, Hirohashi K, Inoue T. Comparison of sonog-

raphy, computed tomography, angiography, and percutaneous transhepatic 
portography in detection of portal tumor thrombus in hepatoma. World J 
Surg 1986; 10: 876-883 [PMID: 3022490 DOI: 10.1007/BF01655264]

2 Ralls PW. Color Doppler sonography of the hepatic artery and portal ve-
nous system. AJR Am J Roentgenol 1990; 155: 517-525 [PMID: 2117348 DOI: 
10.2214/ajr.155.3.2117348]

3 Haase A, Frahm J, Mattaei D, Hanicke W, Merboldt KD. FLASH imaging. 
Rapid NMR imaging using low flip-angle pulse. J Magn Reson 1986; 67: 
258-266 [DOI: 10.1016/0022-2364(86)90433-6]

4 Imaeda T, Yamawaki Y, Hirota K, Suzuki M, Seki M, Doi H. Tumor throm-
bus in the branches of the distal portal vein: CT demonstration. J Comput 
Assist Tomogr 1989; 13: 262-268 [PMID: 2538494 DOI: 10.1097/00004728-1989
03000-00015]

5 Mitani T, Nakamura H, Murakami T, Nishikawa M, Maeshima S, Nakani-
shi K, Marukawa T, Harada K, Hori S, Kozuka T. Dynamic MR studies of 
hepatocellular carcinoma with portal vein tumor thrombosis. Radiat Med 
1992; 10: 232-234 [PMID: 1337618]

6 Arrivé L, Menu Y, Dessarts I, Dubray B, Vullierme MP, Vilgrain V, Najmark 

169 September 15, 1996|Volume 2|Issue 3|WJG|www.wjgnet.com

Zhu XX et al . MRI of portal vein invasion in HCC



170 September 15, 1996|Volume 2|Issue 3|WJG|www.wjgnet.com

Zhu XX et al . MRI of portal vein invasion in HCC

D, Nahum H. Diagnosis of abdominal venous thrombosis by means of spin-
echo and gradient-echo MR imaging: analysis with receiver operating char-
acteristic curves. Radiology 1991; 181: 661-668 [PMID: 1947078 DOI: 10.1148/
radiology.181.3.1947078]

7 Rodgers PM, Ward J, Baudouin CJ, Ridgway JP, Robinson PJ. Dynamic 
contrast-enhanced MR imaging of the portal venous system: comparison 

with x-ray angiography. Radiology 1994; 191: 741-745 [PMID: 8184055 DOI: 
10.1148/radiology.191.3.8184055]

8 Johnson CD, Ehman RL, Rakela J, Ilstrup DM. MR angiography in portal 
hypertension: detection of varices and imaging techniques. J Comput Assist 
Tomogr 1991; 15: 578-584 [PMID: 2061471 DOI: 10.1097/00004728-199107000-0
0010]

S- Editor: Yang RC    L- Editor: Filipodia    E- Editor: Li RF



Xiao-Zhong Wang, Gu-Zhen Lin, Department of Gastroenterology; Union 
Hospital of Fujian Medical University, Fuzhou 350001, Fujian Province, China

Author contributions: All authors contributed equally to the work.
 
Supported by the Fujian Provincial Health Bureau 91A047.

Original title: China National Journal of New Gastroenterology (1995-1997) 
renamed World Journal of Gastroenterology (1998-).

Correspondence to: Dr. Xiao-Zhong Wang, Department of Gastroenterology,  
Union Hospital of Fujian Medical University, Fuzhou 350001, Fujian Province, 
China
Telephone: +86-591-3357896-8482

Received: July 27, 1996
Revised: August 3, 1996
Accepted: August 21, 1996
Published online: September 15, 1996 

Abstract
AIM: To evaluate the interleukin-2/interleukin-2 receptor (IL-2/IL-
2R) system in patients with liver cirrhosis or carcinoma, and compare 
the immune function in those patients. The clinical significance of our 
results is also discussed.

METHODS: Fifty patients with liver cirrhosis (LC), 50 patients with 
hepatocellular carcinoma (HCC), and 30 normal control subjects were 
studied. Cellular expression of the interleukin-2 receptor (mIL-2R) 
was examined by immunofluorescence, and the serum levels of IL-2 
and soluble interleukin-2 receptor (sIL-2R) were measured by ELISA. 

RESULTS: The levels of IL-2 and mIL-2R expression in carcinoma 
patients were significantly lower than those in both patients with 
cirrhosis (P  < 0.01) and control subjects (P  < 0.01). The serum levels 
of IL-2 and the expression of mIL-2R in patients with cirrhosis were 
also lower than those in normal control subjects (P  < 0.05). The 
serum levels of sIL-2R in carcinoma patients were significantly higher 
than those in both cirrhosis patients (P  < 0.05) and control subjects (P  
< 0.01), and the sIL-2R levels in cirrhosis patients were higher than 
those in control subjects (P  < 0.05).

CONCLUSION: Patients with liver cirrhosis or carcinoma both 
have decreased immune function; however, this decrease is more 
pronounced in carcinoma patients. Such similarities in immune 
disturbances may be an important factor affecting the development 
of carcinoma in a cirrhotic liver.

Key words: Liver cirrhosis; Liver neoplasms; Interleukin-2/analysis; 
Receptors interleukin/analysis
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INTRODUCTION
Both liver cirrhosis (LC) and hepatocellular carcinoma (HCC) are 
common diseases in China. HCC and LC are closely associated with 
each other in the majority of carcinoma patients (60%-80%), and 
10%-30% of patients with cirrhosis will eventually develop HCC. 
While the various etiologies of HCC are complicated, LC appears to 
be a major risk factor for the eventual development of carcinoma. In 
the present study, we determined the serum levels of interleukin-2 
(IL-2) and soluble interleukin-2 receptor (sIL-2R), as well as the 
expression of mIL-2R in patients with liver cirrhosis or carcinoma. 
The clinical significance of our findings is also discussed.

MATERIALS AND METHODS
Patients and controls
This study enrolled 50 patients with LC, 50 patients with HCC, and 
30 normal control subjects. HCC and LC had been diagnosed either 
clinically or based on a histologic evaluation. None of the patients 
were taking any medication or had a history of immunotherapy. All 
of the LC cases were Child’s grade B or C. 

Assays for IL-2 and sIL-2R
Serum levels of IL-2 and sIL-2R were measured using 
commercially available ELISA kits. Both assays were performed 
on the same day and in a single batch to avoid variability. The 
assay methods are described in detail in a previous publication[1]. 

Briefly, quadruplicate samples of peripheral blood mononuclear 
cells (PBMCs) which had been separated by density gradient 
centrifugation were cultured with phytohemagglutinin (PHA) for 72 
h. Following culture, the cells were washed, placed in microtubes, 
and then incubated with fluorescein-labelled anti-IL-2R monoclonal 
antibodies. After incubation, the cells were washed 3 times with 
Hank’s balanced salt solution, and then gently resuspended with a 
Pasteur pipette. One drop of liquid with cells was examined using a 
fluorescence microscope equipped with a barrier filter. The number 
of lymphocytes that displayed immunofluorescence staining for IL-
2R was recorded, and expressed as a percentage of total cultured 
PBMCs.

Statistical analysis
The data were analyzed using the t-test, and results are expressed 
as the mean ± SD

RESULTS
The serum levels of IL-2 and sIL-2R and the levels of mIL-2R 
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Table 1  Serum levels of IL-2 and sIL-2R, and expression of mIL-2R in 
patients with liver cirrhosis or hepatocellular carcinoma

 IL-2 (μ/mL) sIL-2R (μ/mL) mIL-2R (%)
LC 80.1 ± 15.2 264.2 ± 51.3 39.9 ± 7.2
HCC 42.5 ± 11.7 340.7 ± 63.9 33.1 ± 6.4

expression are shown in Table 1. The results showed that IL-2 levels 
and mIL-2R expression were both significantly lower in patients 
with HCC, when compared to those parameters in patients with LC 
(P< 0.01) as well as control subjects (P < 0.01). Furthermore, IL-2 
levels and mIL-2R expression in LC patients were also lower when 
compared with those parameters in normal subjects (both P-values 
< 0.05). In contrast, the serum levels of sIL-2R in HCC patients 
were significantly higher when compared with those in both LC 
patients, (P ＜ 0.05) and control subjects (P < 0.01), and the serum 
levels of sIL-2R in LC patients were also higher than those in control 
subjects (P < 0.05). 

DISCUSSION
IL-2 secreted by activated T-lymphocytes interacts with specific 
membrane receptors (mIL-2R) to upregulate immune reactions in 
an autocrine manner[2]. In addition to mIL-2R, both in vivo and in 
vitro studies have identified a soluble form of IL-2R (sIL-2R) in the 
supernatant fractions of activated mononuclear cells[3]. This molecule 
apparently represents the Tac chain of the heterodimeric high affinity 
IL-2R complex found on the surface of activated T-lymphocytes. sIL-
2R displays a lower binding affinity for supernatant IL-2 than it does 
for mIL-2R. The release of sIL-2R from activated T-lymphocytes 
may occur due to either proteolysis of mIL-2R or as the result of an 
alternative mRNA-related process[4].

The decreased IL-2 levels and higher sIL-2R levels in the 
PBMCs of some individuals may result from several types of liver 
diseases, including acute and chronic viral hepatitis[5]. High levels 
of sIL-2R in cases of acute or chronic HBV infection appear to be 

directly related to the activity of liver diseases, and therefore may 
reflect the activation of effector cells which help kill the infected 
hepatocytes. One possible explanation for the reduced IL-2 activity 
might be that if reflects the compartmentalization of active cells in 
the liver, and the down-regulated or inhibited production of soluble 
factors by PBMCs. Similar to hepatitis patients, patients with LC 
or HCC also show reduced IL-2 activity and mIL-2R expression, 
accompanied by higher serum levels of sIL-2R. When considering 
the etiologic and morphologic characteristics of cirrhosis, LC 
appears to be the most important risk factor for HCC, and HBsAg 
positivity is one of several factors that increase the risk for HCC in 
patients with cirrhosis. Our results suggest that patients with LC 
or HCC have a similar type of immune dysfunction; however, HCC 
patients have a higher degree of the dysfunction. This similarity 
in immune disturbances may be an important factor affecting 
the progression of liver cirrhosis to liver cancer. Our results 
also indicate that an evaluation of the IL-2/IL-2R system can 
provide reliable information when selecting an immunotherapy or 
evaluating the effects of immunotherapy.
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Abstract
AIM: To determine whether the production of lower interferon 
gamma (IFNλ) by lymphocytes in patients with liver diseases is due 
to defects of the lymphocytes themselves or to other cofactors, such 
as interleukin-2 (IL-2).

METHODS: Peripheral blood mononuclear cells (PBMCs) from 
patients with various liver diseases were cultured with or without 
phytohemagglutinin (PHA) and IL-2. The cells were harvested 
and counted, and the supernatants were tested for IFNλ by a 
sensitive and quantitative ABC-enzyme-linked immunosorbent 
assay (ELISA).

RESULTS: IFNλ was not found in serum samples from patients or 
normal individuals. However, IFNλ  was detectable in supernatants 
of non-induced and induced PBMCs by ABC-ELISA. In non-induced 
PBMCs (group 1), the content of IFNλ in supernatants from control, 
chronic active hepatitis (CAH), chronic persistent hepatitis (CPH), 
and hepatocellular carcinoma (HCC) was 8.72/L, 5.03/L, 6.02/L, and 
4.91/L, respectively. The production of IFNλ in liver disease was 
significantly decreased compared to control. In PBMCs stimulated 
with PHA (group 2), the content of IFNλ was 22.71/L, 17.12/L, 
14.54/L, and 17.63/L, respectively. In PBMCs induced by IL-2 (group 
3), the amount of IFNλ in supernatant from control (60.67/L) was 
much larger than those from CAH (21.70/L), CPH (24.00/L), and HCC 
(19.15/L) (p  < 0.01). When comparing the amount of IFNλ in group 
3 with that in group 1, we found that IFNλ production was enhanced 
by nearly 4-folds in liver diseases and by over 7-fold in control. In 

contrast, the number of PBMCs, whether from liver diseases or from 
control, was increased by only approximately 3-fold.

CONCLUSION: The decreased production of IFNλ in liver diseases, 
including HCC, is mainly due to endogenous defects of lymphocytes 
but may also involve a decrease in stimulating cofactors, such as IL-2.

Key words: Liver disease; Interleukin-2; Interferon type Ⅱ
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INTRODUCTION
Abnormal immune function is an important mechanism of hepatitis 
B virus (HBV) infection-related liver diseases and hepatocellular 
carcinoma (HCC)[1]. It was previously shown that disruption 
of cellular-mediated immune function, including defects in the 
production of lymphokines, is involved in HBV infection and HCC[2,3]. 
Interferon-gamma (IFNγ), one of the most important cytokines with 
various activities, plays a key role in immunoregulation. It has been 
suggested that IFNγ production by lymphocytes is correlated with 
the cause, development, and prognosis of chronic liver diseases[4]. 
However, it is not clear whether the decrease of IFNγ production is 
caused by defective secretion of IFNγ producing lymphocytes, by 
decreased levels of inducing cofactors, such as interleukin-2 (IL-2), 
or both. In the present study, we measured IL-2-induced IFNγ 
production in peripheral blood mononuclear cells (PBMCs) in order to 
evaluate the relationship between IFNγ production and liver diseases.

MATERIALS AND METHODS
Subjects
Twenty-one patients with chronic HBV infection (19 males and 
two females, 15-63 years old), including 12 cases of chronic 
persistent hepatitis (CPH) (three cases with cirrhosis) and nine 
cases of chronic active hepatitis (CAH), and nine patients with HCC 
(eight males and one female, 15-57 years old) were studied. The 
diagnoses were confirmed by clinical characteristics, laboratory 
analyses, and imaging examinations. Ten healthy blood donors 
served as controls. 

Preparation of PBMCs
Five milliliters of venous blood were collected and heparinized. 
PBMCs were isolated from whole heparinized blood by centrifugation 
over Ficoll, washed three times with Roswell Park Memorial Institute 
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(RPMI)-1640 medium (Gibco, Carlsbad, CA, United States), 
and then suspended at 2 × 106 cells/mL in RPMI-1640 medium 
containing 10% fetal calf serum. The viability of cells was higher 
than 95% by the trypan blue exclusive test. 

Induction of IFNγ from PBMCs
Each PBMC sample was placed in a 96-well plate (2 × 105 
cells/100 μL per well) in three groups. For each group, double 
wells were designed. In group 1, 100 μL of medium was added 
and cultured without any inducers. In group 2, 100 μL of 1:100 
diluted phytohemagglutinin (PHA) (type M. Sigma, St Louis, MO, 
United States) was added. In group 3, 100 μL of IL-2 (gift from the 
Department of Microbiology, SMMC) with the activity of 2 × 103 U/
mL was added. The cells were incubated at 37 ℃ in 5% CO2 for 72 h, 
and the culture supernatants were removed and tested for IFNγ. The 
cells were counted under a light microscope. 

Detection of IFNγ
IFNγ in supernatants was detected by a quantitative ABC-enzyme 
linked immune sorbent assay (ELISA), as we previously described[5]. 

Statistical analysis
Data were analyzed by Student’s t test and F test. 

RESULTS
IFNγ in serum samples
IFNγ was not detected in the sera of 21 patients with chronic HBV 
infection, the nine patients with HCC, or any of the controls.

IFNγ production by PBMCs in normal individuals
The amount of IFNγ produced in non-induced supernatants was 8.72 
± 0.65 μg/L (n = 10). Stimulation with PHA and IL-2 with increasing 
time durations and dosages significantly enhanced the production of 
IFNγ (p < 0.01). The relationships between course and effectiveness 
and between dosage and effectiveness are indicated in Figures 1 
and 2.

Comparison of IFNγ production in various liver diseases
IFNγ production in either PHA-induced or non-induced PBMCs in 
liver diseases was significantly lower than that in normal individuals 
(P < 0.01). Although the production of IFNγ was the lowest in HCC 
patients, there was no significant difference in IFNγ production 
among various liver diseases (P > 0.05). The level of IFNγ was 
increased in the supernatants of IL-2 induced PBMCs from patients 
with CPH, CAH, and HCC, respectively, compared with non-induced 
PBMCs (Figure 3).

The number of IL-2 induced PBMCs
The number of IL-2 induced PBMCs was increased approximately 
3 times compared to non-induced PBMCs in liver diseases and in 
control. When comparing the increase of IFNγ production (by 6.9 
times in control, 4.3 times in CAH, 4.0 times in CPH and 3.9 times 
in HCC) with the increase in the number of PBMCs, we found that 
there was a difference between them.

DISCUSSION
Recently, the importance of cytokines in immunoregulation has 
been recognized, and the correlation between cytokines and 
body disorders is continuing to be elucidated[6]. The dysfunction 
of cellular immunity is an important mechanism of HBV infection-
related chronic liver diseases and is associated with persistent HBV 
infection[7].

Some new therapies for HBV infection, such as the 
application of IFNs and lymphokine activated killer (LAK) cells, 
are partially effective for the clearance of HBV[8]. More recently, 
cytokine gene transfer therapy for HBV infection and HCC has 
also been reported[9]. All these therapies are based on findings 
that the production of cytokines is decreased in hepatitis B 
and that the replacement of cytokines is an effective way to 
maintain balance of the immune system. In this study, we 
found that IFNγ production by non-induced and lymphoblastized 
PBMCs from patients with various chronic liver diseases and 
HCC was significantly lower than that in normal individuals, with 
the lowest in patients with cirrhosis. These findings suggest 
that IFNγ producing cells, i.e., T helper and natural killer (NK) 
cells, may be defective in the production of IFNγ. Among the 
factors that stimulate the production of IFNγ, IL-2 is the most 
important[10]. In this study, when PBMCs were cultured with 
IL-2, the secretion of IFNγ was enhanced 3.9 (in HCC) to 6.8 
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Figure 1  Interferon gamma (IFNγ) production by normal peripheral blood mononuclear cells 
(PBMCs) over time.
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Figure 2  IFNγ production by normal PBMCs induced by various dosages of interleukin (IL)-2.
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Figure 3  IFNγ production by PBMCs from patients with liver diseases and from normal individuals.



(in control) fold, whereas the number of PBMCs was increased 
by only 3 times, suggesting that the enhancement of IFNγ 
production was related not only to the increase in PBMC number 
but also to the enhancement in the IFNγ producing ability 
of PBMCs. It was reported that LAK cell therapy was shortly 
effective for suppression of HBV duplication. These authors 
suggested that the increase in cytokine production of LAK cells 
was involved in the anti-HBV mechanism[7]. Our results are 
consistent with these findings.

However, the inducing effects of IL-2 on IFNγ production are not 
the same in patients with liver diseases and normal controls. In 
patients with liver diseases, the amount of IFNγ produced by IL-2 
induction in PBMCs was nearly 7 times greater than that in non-
induced PBMCs; whereas in normal controls, the former is about 
4 times greater than the latter. We conclude that the decreased 
production of IFNγ in patients with liver diseases is mainly due 
to endogenous defects of lymphocytes but may also be due to a 
decrease in some stimulating cofactors.

Notably, we failed to detect IFNγ directly from the sera of 
patients or normal individuals by a sensitive and quantitative 
ABC-ELISA established in our laboratory. Some other authors 
reported similar results by CPE. It may be concluded that the 
level of IFNγ secreted in serum is too small to be detected by the 
present methods. Moreover, the amount of IFNγ in serum may 
be influenced by many factors, such as the half-life of IFNγ, liver 
and renal function, and the time of collecting blood. Therefore, we 
recommend for future studies on cytokines, including IFNγ, the 
preparation of lymphocytes or PBMCs rather than serum.
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Abstract
AIM: To investigate the relationship between liver functional 
impairment and sodium and water retention.

METHODS: An animal model of acute liver damage model 
was established by administering carbon tetrachloride (CCl4) 
to male Sprague-Dawley rats. Twenty-four and 48 h after CCl4 
administration, the excretion of acute sodium and water load was 
measured. In controls, the excretion of acute sodium and water 
load was measured 24 h after administration of normal saline. In 
addition, the concentration of plasma caffeine was analyzed using 
high pressure liquid chromatography (HPLC). The half-life of plasma 
caffeine (Caf t1/2) served as a quantitative index of hepatic function. 
Plasma alanine aminotransferase (ALT) was measured using the 
Reitman method. Hepatic tissue sections from the same site were 
used for water content measurement and pathological observation. 
The serum and urinary sodium levels were measured with flame 
photometry.

RESULTS: Twenty-four hours after CCl4 administration, plasma ALT 
level (n  = 6, 37.5 ± 12.6 → 189.4 ± 34.4 U, P  < 0.01) and water 
content of hepatic tissue (n  = 6, 70.0% ± 0.11% → 73.0% ± 1.0%, 
P  < 0.01) were significantly increased, and Caf t1/2 was prolonged 
significantly (94.9 ± 18.9 → 326.4 ± 85.8 min, P  < 0.01) compared 
to saline treated control. Renal function, as assessed by excretion of 
acute salt and water load, was significantly decreased (n = 6, Na+: 
92.4% ± 14.1% → 50.1% ± 13.1%, P  < 0.01; H2O: 86.3% ± 14.3% 
→ 42.1% ± 8.8%, P  < 0.01). The above indices had recovered 

somewhat 48 h later but were still markedly different from those of 
control. In addition, the relationships between Caf t1/2 and ALT (r  = 
0.752, P  < 0.01) and between Caf t1/2 and excretory rate of sodium 
(r  = 0.634, P  < 0.05) and water remained significant (r  = 0.612, P  < 
0.01) at 48 h.

CONCLUSION: Caf t1/2 is a good index to assess the degree of 
hepatic damage. Hepatic dysfunction may contribute to impairments 
in renal excretion following acute sodium and water load.

Key words: Liver disease; Water-electrolyte imbalance; Kidney/
Metabolism
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INTRODUCTION
Most data to date have shown that there is a significant relationship 
between hepatic functional damage and sodium retention, but it 
remains unclear whether acute liver dysfunction results in sodium 
and water retention. To understand further the relationship between 
liver function per se and sodium retention, we investigated renal 
excretion following acute salt and water load in a rat model of acute 
hepatic damage.

MATERIALS AND METHODS
Acute hepatic damage model
Eighteen male Sprague Dawley rats weighing 270-320 g were 
divided into three groups: control (n = 6), experimental group 1 (n 
= 6), and experimental group 2 (n = 6). Reduced salt chow (12.74 
mmol/kg) and re-distilled water were available ad libitum. Three 
days later, carbon tetrachloride (CCl4) (0.02 mL/100 g body wt) was 
administered intraperitoneally to experimental groups, and normal 
saline (0.02 mL/100 g body wt) was administered to the control 
group. Acute normal saline loading was conducted in experimental 
groups 2 and 3 24 and 48 h after CCl4 administration, respectively, 
and 24 h after saline administration in the control.

Acute sodium and water loading experiment
Twelve hours after removing water and food, the animals received 
under urethane anesthesia normal saline (4 mL/100 g body wt) 
through the femoral vein. Urine was collected for 4 h and stored in 
an Eppendorf tube at -20 ℃ until analysis. One percent caffeine, 
0.1 mL (1 mg/rat), was then administered to the femoral vein for 
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Group serum Na+ (mmol/L) Na+ excretory rate (%) H2O excretory rate (%)
Control 145.7 ± 5.7 92.4 ± 14.1  86.3 ± 14.3
CCl4 24 h 143.0 ± 5.6  50.1 ± 13.1b 42.1 ± 8.8b

CCl4 48 h 139.8 ± 2.1  64.3 ± 14.1a   56.6 ± 12.4a

Group Water content (%) ALT (Reitman U) Caf t1/2 (min)
Control 70.1 ± 1.1  37.5 ± 12.6 94.8 ± 18.9
CCl4 24 h  73.0 ± 1.0b 189.4 ± 34.4b 326.4 ± 85.8b

CCl4 48 h   72.0 ±  0.8b 126.1 ± 59.1a 169.5 ± 37.9b

3 h. Four milliliters of blood were taken from the inferior vena cava 
and anti-agglutinated with heparin. The plasma was separated to 
measure caffeine, ALT, and sodium. At this time, liver tissues were 
taken for pathologic examination and water content calculation.

Examination method
The plasma caffeine concentration was analyzed with high pressure 
liquid chromatography (HPLC). Plasma ALT was examined with 
Reitman method, and serum and urinary sodium levels were 
measured with flame photometry. 

Calculation and statistics
The Caf t1/2 was calculated using the following formula: 

Caf t1/2 = ln2 × (t / ln (D / (avd × body wt) ln Ccaft)
where D = the dosage of caffeine (1 mg in this experiment); 

t = time from caffeine injection to blood collection (180 min); 
Ccaft = caffeine concentration when blood was taken (mg/L); adv 
= apparent distribution volume (0.64 mL/kg). Data for each 
parameter were compared between two groups with a t test and 
among the three groups with an F test. Regression analysis was 
used to correlate Caf t1/2 and water content in hepatic tissue, sodium 
excretory rate, water excretory rate, and plasma ALT. p values less 
than 0.05 were considered to be statistically significant.

RESULTS
The changes of hepatic tissue
In the control group, the hepatic cells were arranged regularly, and 
the plates radiated from the central vein to the portal canals. Twenty 
four hours after CCl4 administration, the hepatic tissue exhibited 
extensive necrosis, hepatocyte swelling, and vacuolization under 
light microscopy. In the 48 h group, hepatocyte necrosis, swelling, 
and vacuolization were still clearly seen but to a lesser extent 
than the 24 h group. Consistent with the histological changes in 
the hepatic tissue, water content was significantly higher in both 
experimental groups than the control group. 

Liver function decline
Following structural damage to the liver tissue, the capability of the 
liver to metabolize caffeine was impaired. The Caf t1/2 was prolonged 
significantly in the 24 h and 48 h groups compared to that in the 
control group (Table 1). Caf t1/2 and water content in hepatic tissue 
were significantly correlated (r = 0.701, P < 0.01, Figure 1).

Consistent with our findings on water content in hepatic 
tissue and Caf t1/2 , plasma levels of ALT rose significantly in both 
experimental groups. There was a significant positive correlation 
between ALT levels and Caf t1/2  (r = 0.753, P < 0.01).

Relationship between liver dysfunction and sodium and water 
excretion
Following the impairment in liver function, the capability of the 
kidney to excrete acute water and sodium load declined significantly. 
Although this decline recovered somewhat in the 48 h group, it 
remained significantly different from that of the control (Table 2). 
The relationship between Caf t1/2  and renal excretory rate of sodium 
(Figure 2) and water was significantly correlated (r = -0.612, P <  
0.01). There was no significant difference among the three groups 
in serum sodium level (F = 2.34, P > 0.05, Table 2). 

DISCUSSION
Recently, different models of hepatic damage[1-3] have demonstrated 
that the decline in liver function is an important cause of salt and 
water retention. Caffeine is metabolized by hepatic cytochrome 
P-450, and the ability of the body to clear caffeine reflects metabolic 
function of the liver. Jost et al[4] showed that the clearance rate of 
plasma caffeine is in significant agreement with the aminopyrine 
breath test (r = 0.80, P < 0.01), prothrombin time (r = 0.59, P < 
0.01), indo cyanogreen test (r = 0.51, P < 0.01), and galactose 
clearance rate (r = 0.46, P < 0.01). Therefore, use of Caf t1/2  to 
quantitate liver function is reliable; HPLC is an efficient and stable 
means to measure caffeine. Our results found that 24 and 48 h after 
CCl4 administration, Caf t1/2  was prolonged significantly. Changes in 
ALT levels and hepatic tissue water content paralleled Caf t1/2 . There 
was a significant relationship between Caf t1/2 and ALT and between 
Caf t1/2  and water content of hepatic tissue. These results illustrate 
that the decrease in liver function is linked to the degree of hepatic 
tissue damage. Thus, Caf t1/2 may be considered a sensitive index 
that reflects the degree of acute hepatic tissue damage.

Importantly, following pathological damage of the liver, the 
plasma Caf t1/2  was prolonged significantly and the ability of the 
kidney to excrete acute water and sodium load was declined 
significantly. Caf t1/2  and renal excretory rate of sodium and water 
were negatively correlated. These results are consistent with the 
report by Wong et al[5] and identity hepatic tissue damage and 
liver function decline as important contributors to salt and water 
retention.
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Abstract
AIM: To probe the effect of interferon in combination with ribavirin 
on the plus and minus strands of hepatitis C virus RNA (HCV RNA).

METHODS: Twenty-three cases diagnosed as chronic hepatitis C 
(CHC), according to positive HCV RNA/anti-HCV, fluctuating levels 
of aminotransferase activities (< 1 year), and absence of other 
hepatitis virus marker, were studied. Among them, 13 patients 
received combined antiviral therapy (subcutaneous injection of 3 MU 
of interferon-α three times per week for 3 months and intravenous 
drip of 1 g of ribavirin per day during the first month of treatment 
with interferon), and 10 patients received single interferon therapy, 
as described above, as control. The plus and minus strands of HCV 
RNA in sera and peripheral blood mononuclear cells (PBMCs) of these 
patients were tested by nested reverse transcription-polymerase 
chain reaction (nested RT-PCR).

RESULTS: At the end of therapy, the abnormal alanine amino-
transferase (ALT) levels decreased to normal range in nine (69.23%) 
cases in the combined antiviral group. Of them, five (55.56%) 
experienced post-therapy relapse, and four (44.44%) were complete 
responders. In the interferon group, ALT decreased to normal in 
six (60%) cases, of which, four (66.67%) had post-therapy relapse 
and two (33.33%) were complete responders. The differences 
between the two groups were not significant (P < 0.05). At the end 
of therapy, the positive rate of the plus strand in sera decreased from 
92.30% to 38.46% (P < 0.05) and that of the minus strand in PBMCs 

from 76.92% to 38.46% (P  < 0.05) in the combined antiviral group. 
In the interferon only group, the former decreased from 100% to 
50% (P  < 0.05) and the latter, from 90% to 40% (P  < 0.05). Again, 
no significant differences were found between groups (P  < 0.05). 
Relapse occurred in patients whose plus strand HCV RNA in PBMCs 
remained after treatment.

CONCLUSION: Ribavirin did not enhance the antiviral effect of 
interferon when the plus and minus strands of HCV RNA were 
measured. The absence of HCV RNA in serum does not mean 
complete clearance of HCV, and its value for evaluating antiviral 
effects and prognosis is limited. Therefore, it is essential to 
measure the plus and minus strands of HCV RNA in sera and PBMCs 
simultaneously.

Key words: hepatitis C; RNA, viral; interferon-alpha; antiviral agents
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INTRODUCTION
Recently, interferon has been used to treat chronic hepatitis C 
(CHC). Abnormal alanine aminotransferase (ALT) levels become 
normal in 50%-70% of treated patients, and replication of 
hepatitis C virus (HCV) RNA in these patients is suppressed to 
various degrees[1]. However, approximately 50% of CHC patients 
experienced post-therapy relapse after interferon withdrawal[2]. 
Whether the therapeutic effect of combination of antiviral drugs 
is superior to monotherapy is rarely reported. In this study, we 
used interferon in combination with ribavirin to treat patients with 
CHC and investigated the effect of the combined antiviral therapy 
on the plus and minus strands of HCV RNA in sera and peripheral 
blood mononuclear cells (PBMCs) using nested reverse transcription 
polymerase chain reaction (RT-PCR) and serum ALT. 

MATERIALS AND METHODS
Subjects
Twenty-three patients with CHC (29 to 55 years old, nine male 
and 14 female) were studied. All patients had positive HCV RNA/
anti-HCV and fluctuating levels of aminotransferase activities 
(> 1 year) and did not have any hepatitis B virus (HBV) related 
markers, positive anti-hepatitis E virus (HEV), and anti-hepatitis A 
virus (HAV) immunoglobulin (Ig)M. Chronic active hepatitis (CAH) 
was confirmed in eight of the HCV patients by biopsy. Thirteen of 
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Table 1  The results of alanine aminotransferase (ALT) and hepatitis C virus (HCV) RNA before and after treatment

Cases Type Biopsy Therapeutic 
effect

Before therapy End of therapy 24 wk after therapy
HCV RNA ALT HCV RNA ALT HCV RNA ALT
Serum PBMC U/L Serum PBMC U/L Serum PBMC U/L

1 IFN CHC NT NR + (-) + (+) 230 + (-) + (+)   77 + (-) + (+) 112
2 IFN CHC NT NR + (-) + (+) 146 + (-) + (+)   68 + (-) + (+)   57
3 IFN CHC CAH NR + (-) + (+)   60 + (-) + (+)   50 + (-) + (+)   88
4 IFN CHC NT NR + (-) + (+) 126 + (-) + (-)   46 + (-) + (+)   97
5 IFN CHC CAH SR + (-) + (+) 175 - (-) + (-)   25 + (-) + (+)   92
6 IFN CHC NT SR + (-) - (-) 108 - (-) + (-)   38 + (-) + (-)   66
7 IFN CHC NT SR + (-) + (+)   88 + (-) + (-)   30 + (-) + (+) 120
8 IFN CHC CAH SR + (-) + (+) 105 - (-) - (+)   40 + (-) + (+)   68
9 IFN CHC NT CR + (-) + (+) 200 - (-) - (-)   28 - (-) - (-)   27
10 IFN CHC CAH CR + (-) + (+) 220 - (-) - (-)   30 - (-) - (-)   40
11 I+R CHC NT NR + (-) + (+) 166 + (-) + (+) 188 + (-) + (+) 100
12 I+R CHC NT NR + (-) + (+) 250 + (-) + (+) 142 + (-) + (+) 320
13 I+R CHC CAH NR + (-) + (+)   98 + (-) + (+)   66 + (-) + (+) 146
14 I+R CHC CAH NR + (-) + (+) 125 - (-) - (+)   55 - (-) - (+)   70
15 I+R CHC NT SR + (-) + (+) 241 - (-) + (-)   26 - (-) - (-)   67
16 I+R CHC NT SR + (-) + (+) 225 + (-) - (+)   31 + (-) + (-) 560
17 I+R CHC CAH SR + (-) - (-) 290 - (-) + (-)   20 + (-) + (-)   50
18 I+R CHC NT SR + (-) + (+)   90 + (-) + (-)   34 + (-) + (+)   60
19 I+R CHC NT SR + (-) + (+) 110 - (-) + (-)   32 + (-) + (+)   72
20 I+R CHC NT CR + (-) - (-) 450 - (-) - (-)   16 - (-) - (-)   34
21 I+R CHC NT CR + (-) + (+) 140 - (-) - (-)   36 - (-) - (-)   40
22 I+R CHC NT CR + (-) + (+) 204 - (-) - (-)   30 - (-) - (-)   28
23 I+R CHC CAH CR + (-) - (-) 200 - (-) - (-)   28 - (-) - (-)   28

them received the combined antiviral therapy, i.e., interferon plus 
ribavirin (I + R group), which consisted of subcutaneous injection 
of 3 MU of interferon-α (α-2b interferon, Schering Corporation, 
Kenilworth, NJ, United States) three times per week for 3 mo and 
intravenous drip of 1 g of ribavirin (Wuhan Second Pharmaceutical 
Factory, Wuhan, China) per day during the first month of interferon 
therapy. The remaining 10 patients received single interferon 
therapy, as described, as control (IFN group). Serum ALT and plus 
and minus strands of HCV RNA in sera and PBMCs in all patients 
were detected before therapy, at the end of therapy, and 24 wk 
after therapy. 

Primers
Primer sequences were selected from the highly conserved 5’ 
noncoding region of the HCV RNA and were synthesized by the 
Institute of Immunology, Essen University, Germany. Two outer 
primers were sense: r-kf-10, 5’GGCGACACTCCACCATAGAT and 
antisense: r-kf-11c, 5’GGTGCACGGTCTACGAGACC. The inner sense 
primer was r-kf-15: 5’GGAGGATCCACTCCCCTGT, and the antisense 
primer was r-kf-16a: 5’ GGAAAGCTTGAATTCACCCTATCAGGCAGT. 
The size of the expected amplification product was 295 bp.

Nested RT-PCR
PBMCs were separated by density gradient centrifugation on ficoll 
hypaque from 4 mL EDTA blood samples and then washed three 
times in 10 mL of 0.9% NaCl. The extraction of HCV RNA in sera 
and PBMCs and the synthesis of complementary DNA (cDNA) 
of the plus and minus strands of HCV RNA were performed, as 
described previously[3]. Three microliters of cDNA were added to 
25 μL of PCR reaction mixture and amplified for 40 cycles. Next, 
3 μL of the first PCR products were added to 25 μL of the second 
PCR reaction mixture, with inner primer instead of outer primers, 
and nested RT-PCR was performed in the same way as described 
above. 

Judgement of antiviral effect
The patients were divided into three groups based on changes of 
HCV RNA and ALT levels before and after antiviral therapy. Patients 
whose sera ALT level and status of HCV RNA had not changed after 
antiviral therapy were named nonresponders (NR). Patients whose 
ALT level decreased to within the normal range, whose plus and/
or minus strands of HCV RNA became negative at the end of the 
treatment, and who experienced post therapy relapse 24 wk after 
therapy were named short-term responders (SR). The third group 
consisted of complete responders (CR), who had sustained normal 

ALT levels and had undetectable plus and/or minus strands not only 
at the end of therapy but also 24 wk after cessation of the therapy.

Statistics
Chi-square test was used to statistically analyze the percentages. P 
< 0.05 was considered significant. 

RESULTS
Dynamics of ALT levels before and after antiviral therapy
A 295 bp fragment was found in the positive blood samples from the 
cases and the positive control serum but not in the negative control 
serum, which was an aliquot from the last wash of PBMCs and PCR 
reaction mixture without cDNA or primer.

The results (Table 1) showed that by the end of treatment, the 
increase in ALT levels in nine (69.23%) cases in the I+R group were 
restored to within the normal range, which took an average of 23.8 
days. Of the nine cases, five (55.56%) were SR and four were CR. 
In the IFN group, the ALT level of six (60.00%) cases decreased 
to normal, taking an average of 29.6 days. Four (66.67%) of the 
six cases were SR and two (33.33%) were CR. There were no 
significant differences between the two groups (P > 0.05). 

The effect of antiviral therapy on the plus and minus strands of HCV 
RNA
The minus strand of HCV RNA in sera was negative in all patients. 
At the end of therapy in the I+R group, the positive rate of the plus 
strand in sera (92.31%) decreased to 38.46% (P < 0.05) and that 
of the minus strand in PBMCs (76.92%) decreased to 38.46% (P < 
0.05). In the IFN group, the former decreased from 100% to 50% (P 
< 0.05) and the latter from 90% to 40% (P < 0.05). Although the 
results indicated that antiviral therapy suppressed the reproduction 
of HCV, the differences between the two groups were not significant 
(P > 0.05). Regarding the percentage of HCV RNA turned negative 
at the end of the therapy in the I + R group (Table), we found that 
if the plus strand of HCV RNA in sera alone was tested, HCV RNA of 
seven (58.33%) cases turned negative; and if the plus and minus 
strands of HCV RNA in sera and PBMCs were simultaneously tested, 
HCV RNA of only four (30.77%) cases became negative. Regarding 
the relationship between HCV RNA and relapse, we found that if the 
plus strand of HCV RNA in sera alone was tested, HCV RNA of three 
out of five patients who had relapsed turned negative. When the 
plus and minus strands of HCV RNA in PBMCs were simultaneously 
detected, the plus strand of HCV RNA of four out of five and the 
minus strand of HCV RNA of one out of the five patients remained 
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positive. These data indicate that the plus strand of HCV RNA in the 
sera of the three cases turned negative and that HCV was actually 
not cleared. In contrast, the four cases whose plus and minus 
strands of HCV RNA in sera and PBMCs remained negative 24 wk 
after the treatment, no post-therapy relapse occurred. 

DISCUSSION
It is now clear that when HCV is replicated, a minus strand of HCV 
RNA, i.e., the replicative form of HCV RNA, can be detected[4,5]. Here, 
we showed that interferon in combination with ribavirin made the 
replicative form of HCV RNA negative in more than 50% of patients 
with CHC, confirming that combined antiviral therapy suppressed 
the replication of HCV. About half of the responders, as defined as 
those in whom the plus strand of HCV RNA in sera became negative, 
had relapse after interruption of the treatment. In these patients, 
however, the plus strand in PBMCs remained positive during and 
after treatment. Importantly, in the cases that did not have relapse, 
the plus and minus strands of HCV RNA in sera and PBMCs were 
both negative, indicating that (1) the absence of HCV RNA in serum 
did not mean complete clearance of HCV, and its lack of detection 
was due primarily to the low serum concentration of HCV following 
antiviral therapy that suppressed the replication of HCV; and (2) 
HCV in extrahepatic sites, such as PBMC,s is difficult to eliminate, 
which might serve as a source of reinfection of the liver[6] and might 
be one of the causes of relapse. It has been suggested that the 
value of the plus strand of HCV RNA in sera alone for evaluating the 
antiviral effect and prognosis is limited. Therefore, it is essential to 
measure the plus and minus strands of HCV RNA in sera and PBMCs 
simultaneously to identify complete clearance of HCV.

Falling serum ALT levels means a reduction of hepatocellular 
damage, which might be related to the ability of antiviral therapy to 
suppress the replication of HCV or to eliminate HCV. Thus, diminishing 
or eradicating the viral load of the liver may improve liver disease[2].

Although the percentage of and average time for restoring ALT 

levels to the normal range and the percentage of HCV RNA turned 
negative in the I + R group were slightly better than those in the 
IFN group, the differences were not statistically significant. The 
reasons for this lack of significance might be that (1) the course of 
treatment with ribavirin was too short or the dosage of ribavirin was 
too small; and (2) ribavirin could not enhance the antiviral effect of 
interferon.
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INTRODUCTION
Over the past 3 decades, various experimental liver support 
systems have been studied. Early artificial liver support systems 
included hemodialysis, extracorporeal liver perfusion, human cross 
circulation, charcoal hemoperfusion, hepatodialysis, fresh blood, 
and plasma exchange transfusion. These systems were developed 
to remove toxic substances from the blood. Clinical trials showed 
that these detoxification systems could promote the recovery of 
consciousness in patients with deep coma, although the survival 
of patients was not improved. Recently, advances in biotechnology 
and tissue engineering have brought into focus the importance of 
biological components for a hybrid artificial liver support system 
(HALSs). Biological components may include isolated enzymes, 
cellular components, slices of liver, or cultured hepatocytes. 
Hepatocyte systems have shown the greatest promise for HALSs. 
The advantages of hepatocyte systems may be summarized as 
follows: (1) supplying crucial liver specific metabolic functions; 
(2) being easily scaled up; (3) having immunoisolation from 
the host defenses by semipermeable membrane; and (4) being 
cryopreserved for later use. The disadvantage of hepatocyte 
systems is the problem of maintaining normal hepatocyte viability 
and function at high cell density necessary for clinical application. 
With the development of cell culturing technology and cell 
engineering technology, great progress has been made in the 

research of using cultured hepatocytes as a bioreactor to provide 
hepatic support. 

Current situation of cultured hepatocytes system research
Cultured hepatocytes must maintain good viability and function to 
be used in HALSs. However, when they are cultured on a plastic 
surface with standard cell-culture medium, they flatten and become 
agranular; tissue specific functions are lost in 3 to 5 d, followed by 
hepatocyte death within 1 to 2 wk[1]. Therefore, the techniques of cell 
culture should be improved. The approaches include: (1) addition of 
growth factors and hormones to culture medium; (2) co-culturing of 
hepatocytes with nonparenchymal liver cells; (3) using biologic gel or 
matrix; and (4) cultivation of cells in hollow fiber. 

Addition of growth factors and hormones to culture medium
It has been reported that hormones and growth factors, such as 
insulin, glucagon, dexamethasone, epithelial growth factor (EGF), 
and hepatocytes growth factor (HGF), may play an important 
role in modulating the differentiation and proliferation of cultured 
hepatocytes as well as maintaining tissue-specific functions.

According to Hamad’s results, EGF can prolong the survival of 
cultured hepatocytes and stimulate hepatocyte proliferation[2]. The 
DNA contents of hepatocytes were reported to be well preserved in 
media supplemented with insulin and EGF by Hamad[2] and Dich et 
al[3] respectively.

It has also been reported that glucagon is necessary for 
maintaining the synthesis of urea by cultured hepatocytes for 
about 2 wk. Moreover, Takahashi et al[4] reported in 1993 that 
the growth and differentiation functions of hepatocytes cultured 
at different densities were modulated by EGF and insulin when 
hepatocytes were cultured at a low cell density of 2.5 × 104 cells/
cm2. Conversely, cellular functions were induced by hormones at a 
high cell density of 12.5 × 104 cells/cm2, whereas the hepatocyte 
proliferation was suppressed. 

Co-culture with nonparenchymal liver cells (NPC)
Co-culturing is a technique in which two more cell types are 
cultured together, resulting in cell behavior and physiological 
responses that would not occur if the cell types were cultured 
alone. It was first reported by Puck and Marcus in 1955 in studies 
with Hela cells. One of the most successful methods of co-culturing 
is using mito-mycin-C-treated “feeder layers” of another cell type 
(often fibroblasts), which are thought to supply the primary cells 
with nutrients or factors. Begue et al[5] found that the cytochrome 
P-450 content in adult rat hepatocytes was maintained over a 10-d 
period when these cells were co-cultured with another rat liver 
epithelial cell type. 

Use of biologic gel and cell engineering techniques
Hepatocytes are anchorage dependent. Currently, biologic gel, 
microcarriers, micro-encapsules, and Poly-N-P-Vinybenzyl-D-
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Lactomide (PVLA) are used to culture hepatocytes with high density 
and slight differentiation.

Immobilized hepatocytes in hydrogel or microencapsule
Miura et al[6] demonstrated the long term maintenance of the 
capacity to synthesize urea, albumin, and glucose as well as the 
ability to detoxify hepatic toxins like phenols and fatty acids when 
isolated hepatocytes were encapsuled within calcium alginate gel. 
The encapsulating technique can avoid immunological hazards 
and maintain the cellular function of isolated hepatocytes. Micro-
encapsulated hepatocytes are mainly used in hepatocytes 
transplantation, and HALSs produced using such cells would be large 
and, therefore, inconvenient for clinical use. 

Microcarrier hepatocytes
Van Wezel reported the microcarrier technique in 1967. It has 
the advantage of increasing the adhesive area of culturing cells 
(the surface area of 1 g dextran is 0.6 m2), thus facilitating 
transplantation of large quantities of hepatocytes in very small 
volumes of microcarrier suspension. Being cultured on the collagen-
covered microcarriers, hepatocytes can maintain long-term 
cellular function and growth. Kasai et al[7] found that the metabolic 
activity of rat hepatocytes attached to collagen-coated multiporous 
cellulose microcarriers can be preserved for at least 1 week. Nezuil 
et al[8] developed a HALSs using porcine hepatocytes attached to 
microcarriers and placed on the outer surface of hollow fibers. The 
HALSs was used to treat a 33-year-old male patient with alcohol 
induced cirrhosis. The patient’s mental status greatly improved 2 h 
after initiation of HALSs treatment. Three weeks later, the patient’
s liver function improved gradually and steadily. He underwent 
orthotopic liver transplantation 6 months later.

PVLA hepatocytes
Recently, rapid progress has been made in research on using 
PVLA to culture hepatocytes. In hepatocytes cultured on the PVLA 
coated dishes, growth and functional activity was regulated by the 
simulated three-dimensional environment in vivo[9]. Hepatocytes 
cultured on PVLA coated dishes are able to maintain a high level of 
differentiation functions and longevity because PVLA has the ligand, 
β-galactose for asialogly protein receptors on hepatocytes[10,11]. 
Kobayashi et al[12] found that the regulation of differentiation 
function and proliferation of hepatocytes is low for cells cultured 
on dishes coated with high level PVLA (200 μg/mL) and is high for 
those with low level PVLA (1 μg/mL). Moreover, bile acid release 
was maintained at higher levels in hepatocytes attached on dishes 
coated with a high level of PVLA.

Toke et al[13] found that the hepatocytes initially attached onto 
PVLA substratum and then migrated together to form multilayer 
aggregations by the stimulation of growth factors, such as EGF 
and insulin. They observed many orifices of tube-like structures 
on the surface of the multilayer aggregation by scanning electron 
microscopic analysis. Transmission electron microscopic analysis of 
the aggregation revealed the maintenance of endoplasmic reticulum 
and the appearance of bile canalicular-like structure. This tissue-
reconstruction of primary cultured rat hepatocytes exhibited long-
term maintenance of specific cellular functions, such as the secretion 
of albumin and bile acid, and retained mitochondrial enzyme activity. 
These data showed that PVLA could potentiate the differentiation 
and proliferation of hepatocytes. However, hepatocytes cultured with 
high proliferation and high maintenance of differentiation function 
could not be achieved with the same coating concentration. Further 
refinement of the PVLA hepatocytes systems is expected to assist in 
the development of HALSs.

Hollow fiber hepatocytes
Hollow fiber hepatocyte bioreactors consists of two compartments: 
(1) an intraluminal compartment within the fibers and (2) an 
extraluminal compartment outside the fibers and within the 
rigid housing. Hepatocytes are cultured within the extraluminal 
compartment, and the patient’s blood is circulated within 
the capillaries. Through pores in the walls of the hollow fiber, 
communication between the compartments occurs. Toxic substance 

in the patient’s blood permeates through the pores and is acted on 
by the hepatocytes attached on the hollow fibers.

Hollow fiber systems have several advantages, such as 
immunological separation between the patient and the support 
hepatocytes and providing a large membranous area for hepatocytes 
to attach. Recently, several versions of hollow fiber membrane based 
systems have been reported in the literature[14-16]. Sussman et al[15] 
cultured a CAS cell line on the fibers, and Nyberg et al[16] proposed 
a novel hollow fiber based HALSs. The primary hepatocytes were 
entrapped in cylindrical gels inside the lumen of the hollow fibers.

Recent experimental studies with these devices have 
demonstrated their efficacy in animal models of acute liver failure. 
Rozga et al[17] treated seven patients with acute liver failure with a 
HALSs based on hollow fiber bioreactor. These patients recovered 
gradually and underwent liver transplantation. However, randomized 
clinical trials are still needed to evaluate these forms of HALSs.

Problems and future aspects of the cultured hepatocytes systems
In the last 5 years, research on cultured hepatocytes in bioartificial 
liver has made rapid progress with the aid of recent advances in 
cryobiology and tissue culture. Isolated hepatocytes or differentiated 
cell lines can be cultured at a density of 107/mL. However, for 
clinically applicable HALSs, the cell density needs to be increased 
to 108/mL. Therefore, much effort should be made to obtain the 
effective HALSs.

As mentioned above, only hepatocytes have been used in HALSs 
to date. Nonparenchymal liver cells were confined to co-culturing. 
Some experts proposed that the ideal HALSs may be developed with 
co-cultured hepatocytes systems. Thus, further studies are needed 
to ascertain its feasibility.

The development of HALSs is still in its infancy. Some of the 
HALSs designs using cultured hepatocytes have satisfied the rigors 
of animal testing and now are being studied in phase I clinical trials. 
We expect that the randomized clinical trials will establish the value 
of bioartificial liver therapy for patients with hepatic failure.
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INTRODUCTION
In general, hepatic solid space occupying lesions (HSSOL) can be 
found by both ultrasonoscopy (US) and computed tomography (CT). 
If the customary alpha-fetoprotein (AFP) standard for diagnosis of 
primary hepatic carcinoma is used, those cancers with lower AFP 
concentration may go undiagnosed[1]. On the other hand, using the 
standard AFP-positive (≥ 20 μg/L) + HSSOL to diagnose primary 
hepatocellular carcinoma (PHCC) may yield false positive results[2, 3]. 
In order to elevate both the preoperative and differential diagnosis 
levels for hepatic carcinoma, we assayed the preoperative levels of 
serum AFP, carbohydrate antibody (CA) 19-9, and carcinoembryonic 
antigen (CEA) in patients with HSSOL.

SUBJECTS AND METHODS
Subjects
Four groups of patients (30 patients in each group) with benign 
HSSOL (BHSSOL group; including 17 cases of hepatic cyst, 10 of 
benign hepatic tumor, and three of hepatic tuberculosis), secondary 
hepatic carcinoma (SHC group; the cancer stemmed from the 

stomach in 12 cases; the pancreas in eight cases; the colon in seven 
cases; the bile duct in  two cases; and the uterus in one case), 
primary non-hepatocellular carcinoma (PNHCC group; including 
29 cases of intrahepatic duct cell carcinoma and one case of mixed 
type cancer), and primary hepatocellular carcinoma (PHCC group) 
were verified by percutaneoustranshepatic biopsy and/or hepatic 
postoperative pathology. All patients met the following criteria: (1)  
HSSOL was confirmed by US or CT. (2) The peripheral venous blood 
samples were collected before the operation. The concentrations of 
serum AFP, CA19-9, and CEA were assayed. Patients with serum 
AFP levels between 20 μg/L and 200 μg/L were reexamined by 
the same method 1 mo later. And s(3) The main organs, including 
stomach, pancreas, biliary tree, colon, lung, kidney, uterus, etc. 
were examined by endoscopy, X-ray, or CT combined with biopsy to 
check for the existence of tumor lesions. In this series, 74 patients 
were male and 46 were female, and they were between 17 and 76 
years old, with a mean age of 53.5. 

Methods
CA19-9 radioimmunoassay (RIA) kit was purchased from Symtron 
(USA), and other kits were provided by the Institute of Chinese 
Atomy (China). Serum AFP, CA19-9, and CEA levels were measured 
according to the manufacturer’s protocols.

Judging
Serum AFP ≥ 200 μg/L or between 20 μg/L and 200 μg/L, which 
was enhanced or unchanged after 1 month, was defined as AFP 
positive. Antigen levels higher than the cutoff value (serum CA19-9 
≥ 37 KU/L and CEA ≥ 15 μg/L) or a single item two times higher 
than the cutoff value were considered positive. 

Statistical analysis
Analysis of variance was used for the multivariant measurement 
data, and a t test was used to make comparisons between two 
groups.

RESULTS
Serum AFP
Using a cutoff value of 20 μg/L, the sensitivity of AFP to PHCC was 
100% (30/30 cases, Table 1), and the specificity was 85.7% (78/90 
cases). With a cutoff of 200 μg/L, the sensitivity was 76.7% (23/30 
cases), and the specificity was 100% (90/90 cases). 

Serum CA19-9
With a cutoff value of 37 KU/L for CA19-9, the sensitivity in 
detecting PNHCC was 93.3% (28/30 cases, Table 1), and the 
specificity was 65.6% (59/90 cases). In SHC, the sensitivity and 
specificity of CA19-9 were 90.0% (27/30 cases) and 63.3% (57/90 
cases), respectively. At a cutoff value of 74 KU/L, the sensitivity and 
specificity of CA 19-9 were 43.3% (13/30 cases) and 77.8% (70/90 
cases), respectively, in detecting PNHCC, and 13.3% (18/30 cases) 
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Grouping No. of cases AFP CA19-9 + CEA
Positive Negative Positive Negative

BHSSOL 30   0 30   0 30
SHC 30   3 27 30   0
PNHCC 30  
Biliary cell cancer 29   0 29 29   0
Mixed cancer   1   1   0   1   0
PNCC 30 30   0   0 30

Grouping n AFP (μg/L) CA19-9 (KU/L) CEA (μg/L)
1 BHSSOL 30 11.07 ± 4.30 28.43 ± 15.76 10.49 ± 6.93
2 SHC 30   15.23 ± 13.13 231.20 ± 196.64   27.08 ± 13.35
3 PNHCC 30 14.03 ± 8.13 169.67 ± 140.08 19.27 ± 8.67
4 PHCC 30   320.65 ± 180.12 23.73 ± 12.91 10.73 ± 3.94 

and 81.1% (73/90 cases), respectively, in detecting SHC. 

Serum CEA
At a cutoff of 15 μg/L, the sensitivity of CEA in detecting PNHCC was 
73.3% (22/30 cases, Table 1), and the specificity was 63.3% (58/90 
cases). In SHC, the sensitivity and specificity were 80.0% (24/30 cases) 
and 66.7% (53/90 cases), respectively. At a cutoff of 30 μg/L, the 
sensitivity and specificity of CEA were 16.7% (5/30 cases) and 84.4% 
(76/90 cases), respectively, in detecting PNHCC; and 13.3% (18/30 
cases) and 83.3% (75/90 cases), respectively, in detecting SHC.

Combined assay
The results from the combined assay are shown in Table 2. 
With US, X-ray, CT, and endoscopy in combination with biopsy, 
29 cases (96.7%) of extrahepatic primary cancer nests were 
clinically discovered in the SHC group; and four cases (13.3%) of 
extrahepatic transition cancer nests were discovered in the PNHCC 
group. The difference between the two groups was significant (P <  
0.05, Table 2). 

DISCUSSION
There are four types of HSSOL, namely, PHCC, PNHCC, SHC, and 
BHSSOL. We found that serum AFP level was much higher in PHCC 
than in the other three types (P < 0.01, Table 1), while there was 
no statistically significant difference among the other three groups 
(P > 0.05). By raising the cutoff value of AFP, the specificity for 
detecting cancer was improved, but the sensitivity was reduced. 
Using the standard in our study (serum AFP ≥ 200 μg/L or between 
20 μg/L and 200 μg/L, which was elevated 1 mo later), specificity 
and sensitivity for diagnosing PHCC were the highest. Therefore, 
we recommend that this standard be adopted as the diagnosis 
standard of PHCC. Assaying serum AFP level helps to differentiate 
PNHCC and SHC from BHSSOL and PHCC. Serum CA19-9 levels 
were much higher in the SHC and PNHCC groups than in PHCC 
and BHSSOL groups (P < 0.01). CA19-9 is a gastrointestinal tumor 
marker, and its content is the highest in tumor epithelial cells of the 
digestive tract[4,5]. Since PNHCC is an abdominal adenocarcinoma, 
the serum CA19-9 level in PNHCC is elevated, which is normal in 
PHCC and BHSSOL. Therefore, these diseases can be differentiated 
by assaying serum CA19-9 levels. Serum CEA levels were higher in 
the PNHCC and SHC groups than in the PHCC and BHSOL groups 
(P < 0.01). It has been reported that serum levels of CEA might be 
elevated significantly in patients with digestive tract tumors 2-18 

mo before the lesions were found clinically by X-ray examination[6,7]. 
CEA is an important marker for the diagnosis of liver metastasis. 
Sometimes the level of CEA is elevated by 100% in patients with 
hepatic metastasis. CEA may also be a marker of intestinal tumors. 
Therefore, we can assay serum CEA levels to differentiate between 
SHC and PNHCC, and BHSSOL and PHCC.

As shown in Table 2, negative-AFP and positive CA 19-9 + CEA 
occurred in 90% of SHC and primary biliary cell cancer (96.7%) 
among PNHCC. Both positive AFP and CA19-9 + CEA occurred in 
10% of SHC and mixed cancer (3.3%) among PNHCC. SHC usually 
originated from the tumors of lower organs, i.e., stomach, colon, 
pancreas, biliary tree, etc. As some of the tumors of the digestive 
system belong to hepatoid adenocarcinomas in SHC, AFP levels 
were positive[8]. Nagai et al[9] reported that serum AFP was elevated 
in 5.4% of gastric carcinoma, and liver metastasis occurred in 72% 
of these patients. The appearances of SHC and PNHCC intersect, 
making differentiation between the two difficult. Our study indicates 
that extrahepatic cancer nests (OTCN) are more common in SHC 
than in PNHCC (P < 0.01). In general, patients with OTCN discovered 
by US, CT, X-ray, and endoscopy may be considered to have SHC, 
while those without OTCN may be considered to have PNHCC. 
Strictly speaking, however, OTCH transferred from primary hepatic 
cancer should be differentiated from primary OTCN by pathologic 
examination alone. Based on the above results, the procedure of early 
diagnosis and differential diagnosis of hepatic carcinoma is shown by 
the Figure 1. By detecting serum levels of AFP, CA19-9, and CEA in 
patients with BHSOL, preoperative and differential diagnosis of PHCC, 
PNHCC, SHC, and BHSSOL might be improved.
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Table 1 Comparison serum alpha-fetoprotein, carbohydrate antibody19-9 
and carcinoembryonic antigen in patients with hepatic solid space occupying 
lesions (x- ± s)

Notes: The comparison of AFP levels between group 4 and groups 1, 2, and 3: P < 0.01; 
among groups 1, 2, and 3: P > 0.05. CA 19-9 levels in groups 2 and 3 were higher than those 
in groups 1 and 4: P < 0.01; between group 2 and 3 and between group 1 and 4: P > 0.05. CEA 
levels in groups 2 and 3 were higher than those in groups 1 and 4 (P < 0.01); between group 2 
and 3 and between group 1 and 4: P > 0.05. AFP, alpha-fetoprotein; BHSSOL, benign HSSOL; 
CA19-9, carbohydrate antibody 19-9; CEA, carcinoembryonic antigen; HSSOL, hepatic solid 
space occupying lesion; PHCC, primary hepatocellular carcinoma; PNHCC, primary non-
hepatocellular carcinoma; SHC, secondary hepatic carcinoma

Table 2  Serum alpha-fetoprotein and carbohydrate antibody19-9 + 
carcinoembryonic antigen in patients with hepatic solid space occupying 
lesions

PHCC    Primary mixed cancer  Primary biliari-cell cancer  BHSOL

US, CT examination

HSOL

← AFP → 

CA19-9+ CEA → CA19-9+ CEA ( - )

SHC↔SHC

(-) ←

(-)

US, CT, and Endoscopy

    Primary hepatic cancer←yes←Extrahepatic→no→
Primary hepatic cancer with Extrahepatic    cancer nest
                          cancer nest

(+)

(+) (+) ←

↓

↓

↓↓

↓ ↓ ↓ ↓

↑

↑

Figure 1  A flow chart for preoperative and differential diagnosis of hepatic carcinoma.
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