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Editorials

Some recent works on diagnosis and treatment of
gastric cancer
ZHANG Xue-Yong
Subject headings
stomach neoplasms/
diagnosis; stomach neoplasms/therapy; antibody,
monoclonal; gene therapy

Aiming at earlier diagnosis and better result of
treatment of gastric cancer, we endeavored to do
some laboratory and clinical studies in recent years.
The following is a brief sketch of these works.
PREPARATION
ANTIBODIES

AND

USES

OF

MONOCLONAL

By means of cell fusion technic we established
several hybridoma cell lines capable of producing
antigastric cancer monoclonal antibodies[1]. These
antibodies were named MG series among which
MGa-7, MGa-9, MGa-11 an d MGb-2 were used
more widely[2]. The corresponding antigens of these
antibodies were different from the known cancer
related antigens such as CEA, AFP, X-hap ten, Tn
antigen, etc. Their chemical nature was proved to
be lipoprotein, glycop rotein, or glycolipid.
Immunoelectron microscopy demonstrated that
these antigens were chiefly distributed on the cell
membrances and/ or in the cytoplasm of the gastric
cancer cells, being especially abundant in the
microvilli, the foss ate surface of the cell
membrane, the coarse endoplasmic reticulum and
the micro cysts.
Diagnostic uses

Immunohistological and cytological diagnosis Owing
to the high specificity of these McAbs, they were
used to determine the source of some meta static
tumors by immunohistological examination when
ordinary histological staining gave ambiguous
results[3].
Dysplasia of gastric mucosa is quite common in
atrophic gastritis. Its outcome is highly variable. It
may remain stationary, retrogress or undergo
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malignant degeneration after a certain period.
Hence it is deemed as a precancerous lesion, causing
anxiety to the patients and their relatives and
leading to repeated gastroscopy with increased
economical burden and physical sufferings. So far
there has been no reliable method to predict the
relative risk of malignant degeneration. We found
that immunohistochemical staining of the gastric
mucosa with MGa-7 may serve as an important
parameter for judging the relative risk of malignant
degeneration. In 156 patients with dysplasia of
gastric mucosa, 84 gave positive reaction and 72
gave negative reaction. Patients of each group were
followed up for 2 - 4 years by repeated
gastroscopies. Among the positive reactors, gastric
cancer was detected in 17 cases, 7 of which were in
the early stage. Among the 72 negative reactors, no
one developed gastric cancer.
Serological diagnosis Detection of the MG series
McAb corresponding antigens (MG-Ags) in blood
either by ELISA[4] or by radioimmunoas say gave
positive result in 58.7% to 72.8% of gastric cancer
patients[5]. A follow-up study in a group of patients
undergoing gastrectomy showed that after the
excision of the tumor, MG-Ags in serum decreased
in titre or became und etectable, while in those with
unresectable gastric cancer or metastasis to remo te
sites, the serum titre did not change significantly.
Hence it could serve as a preliminary test in the
diagnosis for gastric cancer and could be used for
the surveillance of relapse after excision and for the
appraisal of treatment efficacy. Owing to the
simplicity and low cost of these serological tests,
they were used as a screening measure in the mass
survey for gastric cancer, many symptoml ess cases
being discovered and properly treated.
More recently a new method for determination
of serum MG-Ags was established through the
construction of mAb-pXJ19 chimera[6]. The mAb
possesses spe cific affinity for gastric cancer related
antigen, the pXJ19 is a recombinant te mplate DNA
and can be amplified by a pair of designed primers.
This method was much more sensitive for detection
of gastric cancer related antigen, yielding positive
reaction in 85.2% of gastric cancer patients.
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Targeting therapy

Immunoconjugates Since MG series monoclonal
antibodies possess specific affinity to gastric cancer
tissue, they may carry anticancer agents to the
targeted tumor cells. Various immunoconjugates
were produced by linking these McAbs ricin, ricin A
chain, methotrexate, daunorubicin, adriamycin,
epirubicin, mitomycin C, bleomycin, cisplatin and
radioactive iodine[7]. After conjugation, both the
immunological affinity of the antibodies for the
tumor cells and the pharmacological activity of the
cytotoxic agents were well preserved. These
immunoconjugates exhibited selective cytotoxicity to
gastric cancer cells. In vitro studies demonstrated
that they could inhibit the growth rate of cancer
cells. In vivo experiments showed that they could
inhibit the growth of transplan ted gastric cancer in
nude mice much more effectively than unconjugated
McAb or anticancer agents[8]. In order to
demonstrate the process of internalization of these
immunoconjugates, we carried out observations by
double dynamicel ectron microscopy labeling
technic, using strepoavidin-gold and sheep
antimouse IgG gold probes[9]. It was found that the
main entry fashion of the conjugates was through
non-coated microinvagination, followed by coated
pits and interiorizion of microvilli. Intracellularly,
the endocytosed conjugates were transported from
tubovesicular structures to multivesicular bodies and
finally to lysosomes, where they were degradated.
In the presence of verapamil, they stayed longer in
tubovesicular structures, therefore, increased
amount of them would remain in the cytosol. Thus
cytotoxic effect could be augmented.
Immunoliposomes Immunoliposomes are spherical
capsules with double-layered phospholipid coats,
40 nm - 120 nm in diameter, incorporating with
antigastric cancer monoclonal antibodies. It could
entrap a large number (6000 - 10000) of molecules
of anticancer agents. By virtue of the specific
affinity of the mAb to the gastric cancer related
antigen, the immunoliposomes carr ying the antitumor agents could be concentrated in the tumor
cells manifesting a selective cytotoxic effect on the
gastric cancer cells.
Boron neutron capture therapy Boron neutron
capture therapy (BNCT) is based on the nuclear
reaction (10B5 + 1n0-7Li3 + 4He2), yielding lithium
atom and alpha particles with high LET when 10B is
irradiated with thermal neutron[10]. The essential
factors for a successful BNCT are a large number of
10
B atoms concentrated in tumor cell and an
adequate fluence rate of thermal neutrons. We
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prepared immunoliposomes, 40nm in diameter,
conjugated with mAb MGb-2 and entraping a 10B
rich compound (Et-4N)2-10B10H10. There were 1.4×
104 atoms of 10B encapsulated and 20 molecules of
MGb-2 incorporated per liposome.
The
immunoliposomes showed specific affinity to the
gastric cancer cells and could deliver sufficient
amount of 10B to them. Thus when irradiated with
thermal neutrons, the gastric cancer cells were
selectively killed.
EXPERIMENTAL GENE THERAPY

The development of malignant tumors is believed to
be related with the overactiv ation of the oncogenes
and the inactivation of the tumor suppressor genes.
So it is a logical approach to treat malignant tumors
by inhibiting the oncogenes. The oncogenes related
with gastric cancer include c-myc, ras, c-erbB-2,
K-sam , hst , n-myc , met , p53 (mutant form),
etc. and telomerase, cyclin D1, PCNA, etc. are
also oncogenic for gastric cancer. In recent years we
used experi mental gene therapy in the following
ways.
Gene transfection of specific ribozyme of cerb B2

It was found that the amplification and over
expression of c-erb B2 bear a clos e relationship with
the occurrence, development and metastasis of
malignant tumo rs. A specific ribozyme RZ1 for cerb B2 mRNA, which can be splitted and
inactivated by it, was constructed and transplanted
into the gastric cancer cell line SGC 7901. The
transfected cell line SGC/RZ1 manifested
remarkable changes in growth rate, cell cycle,
morphology and tumorigenicity. In comparison with
the original SGC-7901 cells, the growth rate was
inhibited by 55%. Under flow cytome try, there was
a 44% decrease of cells in S phase. Electron
microscopy demonstrated vacuole degeneration,
karyopyknosis and apoptosis in many cells. In nude
mice, the transplanted SGC/RZ1 cells showed a
delayed tumor-formation time. The size of the
tumor was much smaller than that of the control.
Transfection of antisense RNA of PCNA

Proliferating cell nuclear antigen (PCNA) is a cofactor for DNA polymerase, playing a very
important role in the replication of DNA,
proliferation of cells and regulation of cell cycle.
Inhibition of PCNA expression would bring about
changes of malignant behavior of tumor cells. To
testify this, we transfected antisense RNA of PCNA
into SGC-7901 cells. The transfected cells
manifested
retardation
of
growth
rate,
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degeneration, necrosis and apoptosis.
tumorigenic power in nude mice was inhibited.

The

Tranfection of wild type p53 gene

Wild type p53 (wtp53) gene is a tumor suppressor
gene. When wtp53 cDNA was transplanted into
SGC-7901 cells, the transfected cells (SGC7901/
wtp53) manife sted decreased growth rate and
prolonged doubling time. Transmission electron
microscopy revealed shrinkage of the cells and
characteristic morphological features of apoptosis.
By flow cytometry, the percentage of cells in G1
phase increa sed while that in S phase decreased in
comparison with the parental SGC 7901 cells.
Tranfection of herpes simpex virus thymidine
kinase (HSV-TK) gene

HSV-TK can turn the nontoxic ganciclovir (GCV)
into phosphorylated GCV, which is a potent
inhibitor of DNA synthesis. When HSV-TK-mRNA
was transfected into gastric cancer cells and the
transfected cells were exposed to GCV in the culture
medium, they were killed in a dose-dependent
fashion.

Tranfection of telomerase antisense RNA

Recent studies indicated that the activation of
telomerase is a very important factor for the
uncontrolled proliferation of tumor cells. We found
that telomerase was detected in 84.2% of 38 cases
of gastric cancer, and only 5.2% of normal gastric
mucosa. After SGC-7901 cell was transfected with
human telomerase anti-sense RNA, its growth rate
slowed down in culture. Morphological changes of
necrosis and apoptosis occurred, and oncogenic
property was reduced.
The above-mentioned preliminary experiments
indicate that gene therapy might be a promising
approach to the treatment of gastric cancer.
REFERENCES
1

2
3
4
5

Transfection of cyclin D1 antisense RNA
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carcinogenesis. To testify the effect of inhibiting
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Relationship between DNA ploidy, expression of
ki-67 antigen and gastric cancer metastasis *
XU Lei, ZHANG Su-Min, WANG Yan-Ping, ZHAO Feng-Kai, WU Dong-Ying and XIN Yan
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Abstract
AIM To evaluate the relationship between the
expression of Ki-67 antigen and the pathobiological behaviours of gastric cancers especially their
distant metastases.
METHODS Fifty-six specimens of gastric cancer
routinely fixed in formalin and embedded in
paraffin (FFEP) were studied by immunohistochemical method.
RESULTS Expression of Ki-67 antigen was significantly related to the distant metastases to
liver, ovary and adrenal gland (P<0.01), but
not related to the histological type, growth pattern, depth of invasion, histological differentiation and the metastases to local lymph nodes (P
>0.05). Furthermore, the Ki-67 antigen expression was significantly related to the DNA aneuploidy pattern, which is closely related to poor
prognosis (P<0.05).
CONCLUSION Overexpression of Ki-67 can be
used as an objective marker of the proliferative
activity for predicting prognosis of gastric cancer and metastatic potential to distant organs.

INTRODUCTION

Ki-67 is a mouse monoclonal antibody which recognizes a nuclear antigen expressed in all phases of the
cell cycle except Go and early G1[1]. And Ki-67 immunoreactivity can thus be used as biomarker for
cell proliferation. Anothermethod to measure cell
proliferation is flow cytometry. In our study, we
detected 56 gastric cancer tissue specimens immunohistochemically by PcAb-Ki-67 (Dako, A047) and
compared with DNA ploidy pattern in order to evaluate the relationship between the proliferative activity of gastric cancer cell and pathobiological behavior of gastric cancer, especially the relationship with
the distant organ metastases.
MATERIALS AND METHODS
Materials

Fifty-six specimens of gastric cancer were collected
from Cancer Institute of China Medical University.
Among these 56 cases, no metastasis was found in 7
cases, 12 were accompanied with liver, 4 with ovarian, 1 with adrenal and 47 with lymph node metastasis. Tissue blocks from primary and metastatic tumours were chosen from each case.
Methods

PcAB to human Ki-67 antigen (A047) was used in
this study to identify the proliferative activity of
gastic cancer cell. The dilution for Ki-67 was 1:100.
Sections were immunostained using the avidin-biotin-peroxidase complex method and pressure cooking was used to unmask Ki-67 antigen[2].
Evaluation of immunostaining
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Four semi-quanti quantitative classes were used for
grading: negative(-), no positive cells; weak positive (+), positive cells < 10%; moder ately positive (+ +), the positive cells between 10%-50%;
strong positive (+ + +), the positive cells >50%.
DNA ploidy was measured by flow cytometry,
the detailed procedures and the stand ard of evaluation followed the method reported previously[3].
RESULTS

Expression of the Ki-67 antigen was not related to
WHO’s classification and Lauren’s classification (P
<0.05). It was not related to the depth of local invasion of gastric cancer (P > 0.05), growth pattern
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(P > 0.05) and local lymph nodes metastasis (P >
0.05). But the expression of Ki-67 was significantly
related to the distant organ metastases (P < 0.005,
Table 1) and also related to DNA aneuploidy pattern(Table 2).
Table 1 Relationship between expression of Ki-67 antigen and
metast asis of gastric cancer
Expression of Ki-67 antigen
Metastasis (Mets)

n

Non-Mets
LN Mets
Distant organ Mets
Total

7
32
17
56

+ +(%)
3(42.9)
23(71.9)
3(17.6)
29(51.8)

+

+ + +(%)
4(57.1)
9(28.1)
14(82.4) b
27(48.2)

b

P<0.01, vs LN (lymph node).

Table 2 Relationship between expression of Ki-67 antigen and
DNA ploidy
Expression of Ki-67 antigen
DNA ploidy

n

Di(Tetra)ploid
Aneuploid

35
21

a

+ + +(%)
22(62.9)
7(33.3)

+ + +(%)
13(37.1)
14(66.7) a

P<0.05.

gastric cancer cells and predict the potential of
metastasis to distant organs of gastric cancer. The
method was simple and quick. The detection of Ki67 antigen could be used as a useful marker to foretell the high risk of the metastases to distant organs
and predict the prognosis of gastric cancer.
DNA aneuploidy was one of the markers of
malignant tumour cells. Xin, et al had reported
that aneuploidy DNA pattern may be related to the
development of distant organ metastases, especially
through the blood vascular system[4]. The results of
this study showed that DNA aneuploidy was related
to the expression of Ki-67, the latter was also closely related to the distant met astases (P < 0.01).
These suggested that the expression of Ki-67 and aneuploidy DNA pattern are two objective markers
which may be valuable in predicting high potential
of metastases to the distant organs, and the combined detecti on of these two markers could be a
more useful method for predicting metastases to the
distant organs and prognosis.
REFERENCES
1

DISCUSSION
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In situ detection of tumor infiltrating lymphocytes
expressing perforin and fas ligand genes in human
HCC *
QIAN Qi-Jun, XUE Hui-Bin, QU Zeng-Qiang, FANG Shi-Gang, CAO Hui-Fang and WU Meng-Chao
Subject headings carcinoma, hepatocellular;
lymphocytes; fas ligand genes; perforin; in situ hybridization; liver neoplasms

Abstract
AIM To investigate the expression of perforin
and fas-ligand (fas-L) of tumor infiltrating lymphocytes (TILs) in human hepatocellular carcinoma (HCC).
METHODS By in situ hybridization and immunohistochemistry, the perforin and fas-L gene expression of TILs was studied in 20 HCC cases.
RESULTS Positive expression of perforin and
fas-L genes was detected in 16 HCC cases. One
patient had expression of perforin and fas-L
genes in the majority of TILs and survived 1.5
years after tumor resection without HCC relapse. This seems that the presence of a large
number of activated T cells might be beneficial
for the antitumor immunity. In other cases, less
than 10% o f TILs were able to express perforin
and fas-L genes.
CONCLUSION Although there were a number
of T cells in HCC, only few of them were immunoactive and able to kill tumor cells. It seems
important to promote further proliferation of
these activated T cells in vitro or in vivo.
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INTRODUCTION

Cytotoxic T lymphocytes (CTLs) play a major role
in killing tumor cells. Two pat hways have been described by which a cytotoxic cell may induce lysis
of its target[1,2]. The first pathway is called perforin
pathway. T cell receptors (TCRs) of CTLs binding
with MHC antigens on the tumor cells induce the release of granules filled with perforins and
granzymes, and perforins then attack the target cell
surface, followed by granzymes entering into the
cell and killing it. The second is fas-L pathway.
Fas-L from activated T cell binds with Fas antigen
on the tumor cell surface, directly causing cell apoptosis. Although we applied TILs to treat tumor several years ago[3], this is the first domestic report
studying whether activated T cells around the tumor
express the two killing genes, perforin gene and fasL gene. We studied the expression of perforin and
fas-L genes of TILs in the HCC specimens using in
situ hybridization and immunohistochemistry to find
out whether there are T cells with killing activities
in HCC tissues.
MATERIALS AND METHODS
Materials

Specimens were obtained from 20 HCC patients (16
men and 4 women; ranging in age from 25 to 64
years with a mean of 47 years) who underwent tumor resection from January to June, 1994 in our
hospital. Among these patients, 17 were associated
with liver cirrhosis. The control specimens were
from the normal liver tissues of 3 patients with hepatic angioma. The normal liver tissues and HCC tissues were quickly frozen in liquid nitrogen within
half an hour after removed from the bodies of the
patients, and stored at -70 . The specimens cut
from the marg in between tumor and paratumor
areas were embedded with O. C. T, fixed with
40mL/L-paraformaldehyde, gradiently dehydrated
with ethanol, and then stored at -70 . Human
fas-L cDNA was kindly presented as a gift by Dr.
Nagata of J apanese Bioscience Institute, and human
perforin cDNA by Dr. Kevin Y.T. Thia of Australia Austin Institute. Rabbit-anti-human fas-L
polyclonal antibodies were purchased from Santa
Cruz Biotech Company of USA. Rat-anti-human
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perforin monoclonal antibody was donated by Dr.
Eckhard. R. Padack of the Medical Academy of
Miami University, USA. Digoxin labeling and detection kit was purchased from Boehringer
Mannheim Company of Germany. The immunohistochemistry kit of streptavi din-biotin amplification
system was a-product of WAK Company of Ger
many.
Methods

HE staining
In situ hybridization Probe labeling proceeded according to the method of random primer labeling
presented by the digoxin labeling kit of Boehringe r
Mannheim Company. In situ- hybridization was performed following a previously published protocol[3].
The concentration of the probe was 1×103 µg/L
and cells with blue granules under microscope were
regarded as positive.
Immunohistochemistry The specimens were processed according to the ABC method, and visualized
with DAB. Cells with brown granules under microscope were regarded as positive.
RESULTS
HE staining and immunohistochemistry

A few lymphocytes with negative perforin and fas-L
expression were seen in the 3 normal liver tissues,
while in the 19 HCC specimens, there was a various
number of TILs, most in the mesenchyma of the tumor and a few in the parenchyma. Furt hermore, in
another HCC case (No.14) which had not-experienced relapse for 1.5 years after tumor resection,
there were a large number of TILs with positive expression of perforin and fas-L not only in the
mesenchyma of the tumor, but also extensively in
the parenchyma of the liver (Figures 1-3). TILs of
15 patients had positive perforin and fas-L expression with a positive rate below 10%. In the other
four cases, although there was a various number of
TILs infiltrating in the tumor mesenchyma, no TILs
expressed perforin and fas-L. There was no relationship between the number of TILs in the liver tissue and the positive rate of perforin and fas-L expression.

Figure 1 Most infiltrating TILs in the mesenchyma of the tumor, few in the parenchyma. HE×100
Figure 2 Strong positive signals of perforin in the TILs of hepatoma tissue. ABC×100
Figure 3 Strong positive signals of fas-L in the TILs of hepatoma
tissues. ABC×100

In situ hybridization

There were no perforin and fas-L positive-hybridization signals in the 3 normal liver specimens. In
HCC specimens, perforin and fas-L expression of
TILs showed strong positivity in one case (No.14),
mild positivity in 15 cases and negativity in 4 cases,
indicating that perforin and fas-L expression in
transcriptive level was parallel to that in protein
level in HCC.

DISCUSSION

TILs, a heterogeneous group of lymphocytes consisting largely of T lymphocytes, are located mainly
in the tumor mesenchyma. As early as 1907, TILs
were found in tumor tissues and the phenomenon
that lymphocytes infiltrated in tumor tissues was
supposed to be the result of the resistance of the
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host to the tumor. Later, it was found that the
greater the number of TILs in the tumor tissue, the
better outcome the patient would get[4].
Early studies on TILs focused on their phenotypes. Recent investigations showed that T lymphocytes killed the tumor cells mainly under the perforin and fas-L pathways. Perforin and fas-L expression in TILs of tumor tissues is directly related
to the killing activity of TILs in tumor tissues. In
1994, Leger-Ravet et al[5] found perforin and
granzyme B expression in TILs in 10 follicular
lymphoma cases. Of all 20 HCC cases we studied, TILs
expressed perforin a nd fas-L in varing degrees in 16
patients, and negatively in 4. This indicates that
cytotoxic T lymphocytes existed in most of the HCC
patients. Furthermore, in one case there was a large
number of TILs expressing fas-L and perforin in
both the mesenchyma and the parenchyma of the tumor tissues. This patient did not sustain relapse
within the 1.5 year follow-up period. This implies
that large quantities of T lymphocytes with killing
activities existing in the tumor tissues are beneficial
for the prognosis of HCC patients. Except the case
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presen ted above, TILs expressing perforin or fas-L
in the other 19 cases of HCC were below 10%,
showing that most of the TILs were in an immunosuppressive state. The mechanism of this phenomenon might be the HCC could not activate T
lymphocytes due to its deficient expression of the
T lymphocytes expressing high
second signal B7;
levels of fas and fas-L resulted in self-apoptosis[6,7].
Therefore, amplification of the T lymphocytes with
killing activities in vivo or in vitro may improve the
therapeutic effect for the patients with tumors.
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Expression and significance of proapoptotic gene
Bax in gastric carcinoma *
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Abstract
AIM To study the expression of proapoptotic
gene Bax in human gastric carcinoma and its significance.
METHODS Using immunohistochemistry methods, the Bax protein expression in 57
specimens of gastric carcinoma and its relationship with clinical status and pathomorphological
parameters were observed.
RESULTS Thirty-three (57.9%) cases were
positive for Bax pr otein staining which was
mainly located in the cytoplasm of tumor cells.
The rate of Bax protein expression was not correlated with the tumor size, lymph node metastasis, depth of invasion, clinical stages of tumors and age and sex of patie nts (P<0.05), but
strongly associated with the morphological type
and diff erentiation degree of tumors. It was significantly higher in intestinal type and well or
moderately differentiated gastric carcinoma than
in diffuse type and poorly differentiated gastric
carcinoma (P<0.05 and P<0.01).
CONCLUSION The proapoptotic gene Bax is differently expressed in most of gastric carcinoma
and may take part in the modulation of apoptosis
i n gastric carcinoma. The expression of Bax
might be associated with the occurrence of intestinal type gastric carcinoma and the differentiation of gastric carci noma.
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INTRODUCTION

Recent investigations have demonstrated that apoptosis plays a significant role in the pathogenesis of
tumors[1,2]. Emphasis has been laid on the mechanisms that regulate apoptosis pathways. Bcl-2 associated X protein (Bax), which has extensive amino
acid homology with Bcl-2, can form heterodimers
with Bcl-2 in vivo. Overexpressed Bax can counter
the death repressor activity of Bcl-2, and accelerate
apoptotic cell death [3]. To determine whether
proapoptotic gene Bax plays a role in the regulation
of apoptosis in gastric carcinoma , an immunohistochemical study of Bax protein expression in gastric
carcinoma an d its relation to clinical status, pathomorphological parameters were carried out.
MATERIALS AND METHODS
Histological specimens

Fifty-seven cases of surgically resected gastric carcinomas (male 39, female 16; mean age 58.6 years)
were collected from the files of the Department of
Pathology of our hospital. All blocks were fixed in
10% formalin and embedded in paraffin. Serial sections were cut from each block in 4µm, stained with
hematoxylin and eosin and confirmed pathologically.
Immunohistochemical methods

Immunohistochemical staining for Bax protein was
performed using SP technique wi th the following
slides were deparaffinized in xylene
procedure:
for 10 minutes each and then were hydrated in decreasing concentrations of ethanol and rinsed in
phosphate-buffered saline. Endogenous peroxidase
was blocked by 30 mL/L H2O2 in methanol for 5
minutes, and then incubated for 1 0 minutes at room
temperature in normal goat serum (1:20). Slides
were incubated with a 1:50 dilution of the primary
rabbit antihuman Bax polyclonal antibody (Santa
Cruz, USA) for 30 minutes at 37 . A biotin-streptavidin detection system was employed with diSlides were
aminobenzidine as the chromogen.
washed twice wit hphosphate-buffered saline and incubated with the linking reagent (biotinylate d antiimmunoglobulin) for 10 minutes at 37 . After rinsing in phosphate-buff ered saline, the slides were incubated with the peroxidase-conjugated streptavidin
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label for 10 minutes at37 ,and incubated with diaminobenzidine and H2O2 for 10 minutes in the
dark, the sections were then counterstained with
hematoxylin. With each batch of test samples, a
positive control consisting of a tissue section from
tonsil was evaluated. In addition, a negative control
was prepar ed for each sample using an irrelevant antibody of the same isotype as the prima ry antibody.
The immunostaining of Bax protein was visually
classified into negative and positive groups by observing 1000 tumor cells in the areas of the sections:
no staining present in any of tumor cells or less than
10% tumor cells with staining (-); more than 10%
tumor cells with positive staining. The classification
was done by two senior pathologists who did not
know the clinicopathological data.
Statistics

Analysis of data was accomplished using Chi-square
test. P values less than 0.05 were considered to be
statistically significant.
RESULTS
Expression of Bax protein in gastric carcinoma

Thirty-three (57.89%) of the fifty-seven gastric
carcinomas showed immunoreac tivity for Bax protein in gastric carcinoma cells. The Bax protein immunoreactivity appeared brown or dark brown,
which was mainly located in the cytoplasm
(Figure 1), and a few specimens simultaneously expressed Bax protein in the cell nuclear of tumor
cells. Some of the mature lymphocytes infiltrating
in the stroma of gastric carcinomas also had Bax
protein expression.
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Correlation between Bax protein expression and
clinicopathological parameters of gastric
carcinomas

Correlation between Bax protein expression and
clinical pathological data of gastric carcinoma is illustrated in Table 1. The rate of Bax protein expression was not correlated with patient age, sex, tumor
size, lymph node metastasis, depth of invasion and
clinical stages (P>0.05). The immunoreactivity of
Bax wa s significantly associated with morphologic
phenotype and grades of differentiation of gastric
carcinoma. 20 (73.3%) of 30 gastric carcinomas of
intestinal morphologic phenotype were immunoreactive versus 11 (40.7%) of 27 diffuse gastric carcinomas (P<0.05). 17 (81.0%) of 21 well and moderately differentiated gastric carcinomas were immunoreactive versus 10 (38.5%) of 26 poorly differentiated gastric carcinomas(P<0.01).
Table 1 Correlation between Bax protein expression and clinicopathological parameters of gastric carcinomas
Parameters
Age (year)
59
60
Sex
M
F
Type
Intestinal
Diffuse
Grade of differentiation
Well/moderate
Poor
Mucoid
Tumor size
<5cm
5cm
Lymph-node metastasis
Negative
Positive
Serosal invasion
Absent
Present
Clinical stages
I and II
III and IV

n

Bax protein expression Positive rate
+
(%)

39
18

22
11

17
7

56.41
61.11

39
18

24
9

15
9

61.54
50.00

30
27

22
11

8
16

73.33 a
40.74

21
26
10

17
10
6

4
16
4

80.95 b
38.46
60.00

35
22

21
12

14
10

60.00
54.55

23
34

13
20

10
14

56.52
58.82

27
30

14
19

13
11

51.85
56.67

34
23

20
13

14
10

58.82
56.52

P < 0.05, χ = 6.193, vs diffuse-type gastric carcinoma, bP <
0.01, χ = 8.580, vs poorly differentiated gastric carcinoma.

a

DISCUSSION

Figure 1 Bax immunoreactivity was detected in cytopl asm of gastric carcinoma cells. SP×200

Apoptosis is a highly regulated form of programmed
cell death defined by distinct morphological and biochemical features. Apoptosis plays a major role in
development, embryogenesis, regulation of the immune system, and carcinogenesis, as well as in the
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maintenance of tissue homeostasis. Various protein
molecules or oncogenes and suppressor genes are involved in the process of apoptosis, including p53,
myc, ras, Bcl-2, Bax and the Fas/Fas ligand system[4]. In recent studies, Bax protein expression has
been identified in various human malignant tissues,
including the prostate, colon, breast, testis and ovary[5-8]. But, little is known about Bax protein expression and its relationship with the biological behavior of human gastric carcinoma.
In this study, we found that the positive rate of
Bax protein staining in gastric carcinoma was
57.9%. The proapoptotic gene Bax can express to
various degrees in most kinds of the gastric carcinoma and may take part in the regulation of apoptosis
of gastric carcinoma. Our findings concerning the
relationship between Bax protein expression and the
pathological characteristics of gastric carcinoma
showed that Bax expression was associated with
morphologic phenotype and grades of differentiation of gastric carcinomas. The difference in the
Bax protein expression in the intestinal and diffuse
types demonstrated that aberrant Bax protein expression was preferentially associated with development of intestinal type gastric carcinoma, indicating
once more the different biologic mechanisms involved in the development of these two histologic
subtypes. The difference in the Bax protein expres-
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sion between poorly differentiated and well/ moderately-differentiated gastric carcinomas demonstrated
that aberrant Bax protein expression was associated
with differentiation or growth speed of gastric carcinomas. There was no significant relationship between Bax protein expression and tumor size, lymph
node metastasis, serosal invasion or clinical stages.
Therefore, Bax prote in expression might play an
important role in the early development and phenotypic differentiation of gastric carcinomas, but not
in tumor progression.
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Antisense to cyclin D1 reverses the transformed
phenotype of human gastric cancer cells *
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Abstract
AIM To further investigate the effect of cyclin
D1 on the bio logic behavior of cancer cells and
its potential role in gene therapy of tumor.
METHODS A cyclin D1 subcloning plasmid
termed BKSD1 was const ructed by subcloning
the human cyclin D1 cDNA into Bluescript-KS, a
plasmid vec tor with a pair of T7 and T3-promoters, with recombinant DNA technology of molecular biology. So, it is easy to generate digoxigenin (DIG)-labeled RNA probes of antisense and
sense to cyclin D1 using RKSD1 as a template
vector. PDORD1AS, an eukaryotic expression
vector containing the full-length human cyclin D1
cDNA in its antisense orientation cloned into the
retroviral vector pDOR-neo, was succ essfully
constructed with BKSD1 to change restriction
sites. A gastric cancer cell line, SGC7901/VCR,
was transfected with pDORD1AS by Lipofect
Amine-mediate d introduction and a subline
termed SGC7901/VCRD1AS, which had stable
overexpr ession of antisense RNA to cyclin D1,
was obtained by selection in G418. The sub line,
control subline transfected pDOR-neo and
SGC7901/VCR were evaluated by methods of immunohistochemistry, flow cytometry, molecular
hybridization, morpho logy and cell biology.
RESULTS Compared with control cell lines,
SGC7901/VCRD1AS had a reduced expression of
cyclin D1 (inhibition rate was about 36%), in1

Department of Gastroenterology, Southwest Hospital, Third Military
Medical University, Chongqing 400038, China
2
Institute of Digestive Diseases, Xijing Hospital, Fourth Military Medical University, Xian 710033, China
3
Columbia-Presbyterian Cancer Center, Columbia University, New
York 10032, USA
4
Department of Gastroenterology, Jiuxianqiao Hospital, Beijing
100016, China
CHEN Bing, male, born on 1960-11-27 in Nanjing City, China, associate professor of internal medicine, Ph.D. & MD in gastroenterology, post doctor of Third Military Medical University, China, having
24 papers published.
*Supported by the National Outstanding Youth Science Foundation of
China, No.3952520.
Correspondence to: Dr CHEN Bing, Department of Gastroenterology,
Southwest Hospital, Third Military Medical University, Chongqing
400038, China.
Tel. +86·23·68754259
E-mail.bingchen@cq.col.com.cn
Received 1998-07-30

creased ce ll size and cytoplasm to nucleus ratio,
increased doubling time (42.2 h to 26.8 h and
26.4 h), decreased saturation density (18.9×104
to 4.8×105 and 4.8×105), increased percentage
of cells in the G1/G0 phase (80.9%-64.6% and
63.8%), reacquired serum dependence, and a
loss of tumorigenici ty in nude mice (0/4 to 4/4
and 4/4).
CONCLUSION Stable overexpression of antisense RNA to cyclin D1 can reverse the transformed phenotype of human gastric cancer cells
and may provide an approach of gene therapy for
gastric cancer.

INTRODUCTION

Studies on the functions of cellular proto-oncogenes
and tumor suppressor genes indicate that most of
these genes mediate signal transduction pathways
that play a critical role in cell proliferation and differentiation as well as cell cycle control[1]. This has
led to the realization that cycle regulatory proteins
can also be directly involved in oncogenesis. Critical
transitions in the eukaryotic cell cycle are regulated
by the sequential activation of a series of cyclins and
cyclin-dependent kinases (CDKs)[2]. Since the major regulatory events leading to mammalian cell proliferation and differentiation occur in the G1 phase
of the cell cycle[3], the deregulated expression of G1
phase cyclins or their related CDKs might cause loss
of cell cycle control, thus enhancing oncogenesis.
Cyclin D1 has been strongly implicated in controlling the G1 phase of the cell cycle. So, cyclin D1
gene is regarded as one of the best oncogene candidates[4]. Indeed, rearrangement, amplification,
and overexpression of the cyclin D1 gene, which is
located on the human chromosome 11q13 region,
have been found in several types of human cancer[5]. Overexpression of cyclin D1 in rat fibroblasts
enhanced their growth and tumorigenicity and cyclin D1 collaborated with an activated ras oncogene[6] or a defective adenovirus E1A oncogene[7] to
increase the transformation of primary rodent fibroblast. The present study was undertaken to obtain more direct evidence th at cyclin D1 plays a critical role in establishing and maintaining the transformed phenotype of these tumor cells. To this end,
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an antisense cyclin D1 cDNA was stably expressed in
human gastric cancer cell line SGC7901/ VCR that
kept high expression of cyclin D1. This led to decreased levels of the endogenous cyclin D 1 protein,
marked inhibition of cell proliferation, and loss of
tumorigenicity. These findings provide direct evidence that the cyclin D1 gene plays an essential role
in the increased proliferation and oncogenesis of the
gastric cells.
MATERIALS AND METHODS
Cell culture

The human cell lines used in the study, SGC7901/
VCR gastric cancer cell line[8], T24 bladder carcinoma cell line and K562 leukemia cell line, were obtained from Digestive Diseases Institute and Stomatological Biology Center of the Fourth Military
Medical University, Xi’an, China. Cells were
maintained in RPMI 1640 medium plus 100mL/ L
fetal calf serum (FCS). The medium for the cell
lines contain ing the neo resistant gene was supplemented with G418.
Construction of antisense cyclin D1 expression
plasmids

The RKSD1 that contains the 1.1kb-human cyclin
D1 cDNA in Hind III site is a present of ColumbiaPresbyterian Cancer Center. A cyclin D1 subcloning
plasmid termed BKSD1 was constructed by subcloning the human cyclin D1 cDNA into a subcloning vector Bluescript KS with recombinant DNA
technology of molecular biology. pDORD1AS, an
eukaryotic expression vector containing the 1.1 kb
human cyclin D1 cDNA in its antisense orientation
cloned into the retroviral vector pDOR-neo, was
successfully constructed by the method as described
before[9].
Lipofectamine mediated transduction

The pDORD1AS and vector control pDOR-neo plasmids were transfected into SGC7901 /VCR gastric
cancer cells using standard lipofectamine transfection procedure. A stable expression of cyclin D1 antisense RNA subline termed SGC7901/VCRD1AS
was obtained by selection in G418.
Immunohistochemistry

Exponentially proliferating cells grown on glass
slides were subjected to immuno histochemical staining by using a monoclonal antibody DSC-6 against
cyclin D1. T24 and K562 cell lines were used as positive and negative controls of cyclin D1 overexpression, respectively[6,10].
In situ hybridization

Using BKSD1 containing a pair of promoters for T7
and T3 RNA polymerase as a tem plate vector, DIGlabeled, antisense and sense RNA probes of cyclin
D1 was made by in vitro transcription of DNA. Ex-
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ponentially proliferating cells grown on glass slides
were subjected to in situ hybridization by a standard
nonradioactive in situ hybridization procedure.
Control cell lines included T24, K5 62, SGC7901/
VCR and SGC7901/VCRneo which is a pDOR-neo
transfected subline of SGC7901/VCR.
Flow cytometric analysis

Cells were cultured in complete medium. When they
were exponentially dividing, the cells were collected
and analyzed for the cell cycle distribution (PI dyeing) and the expression level of cyclin D1 (immunofluorescence) by flow cytometry. All experiments were repeated three times.
Doubling times and saturation density

Cells were plated in triplicate at a density of 2.5×
104 per well in 24-well plates in 1mL of RPMI 1640
plus-100mL/L-FCS. The number of cells per well
was counted every day for 10 days. The doubling
times and saturation dens ities of each cell line were
calculated.
Assessment of serum dependence

The growth rates of the two control cell lines and
SGC7901/VCRD1AS cell line were measured at different concentrations of FCS. All cells were seeded
initially of 2.5 × 104 cells/ well. Growth of each of
the three cell lines was determi ned at three different
serum concentrations (10%, 2.5% and 0.5%).
Soft agar assay

Growth in 3g/L-Noble agar was assayed. In brief,
cells were suspended in RPMI1640 plus 200mL/LFCS containing 3g/ L-agar and plated in triplicate
in 24-well plates. After 2 weeks of growth, the cells
were counted by microscopy. All experiments were
repeated two times and similar results were obtained.
Tumorigenicity assays

Cells of 5×105 were injected subcutaneously into
multiple sites in athymic (nude) mice. The animals
were monitored for tumor formation every week
and sacrificed one month later.
RESULTS
Expression of antisense RNA of cyclin D1 in
SGC7901/VCR cells

We introduced an antisense cyclin D1 cDNA sequence into the SGC7901 cell line, whose cyclin D1
gene was overexpressed. Following G418 selection,
the drug resistant (neo+) cell SGC7901/VCRD1AS
was randomly collected from the cultures infected
with the pDORD1AS construct. As controls, neo+
clone SGC7901/ VCRneo was selected from
SGC7901/VCR culture infected with pDOR-neo
vector lacking the antisense cyclin D1 cDNA sequence.
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Figure2 Growth curve of SGC7901/VCRD1AS and control cell lines.

Figure1 The result of in situ hybridization of cyclin D1 mRNA.
A T24; B. SGC7901/ VCR; C. SGC7901/ VCRneo; D .
SGC7901/VCRD1AS; E. K562

Figure3 Serum dependence of SGC7901/VCRD1AS and control
cell lines.
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It turned out by immunohistochemistry, flow
cytometry and in situ hybridization that the expression levels of cyclin D1 protein and mRNA were
much lower (P < 0.01, inhibition rate of cyclin D1
protein expression level by flow cytometry assay was
36%) in SGC7901/ VCRD1AS than in SGC7901/
VCR and SGC7901/VCR n eo control cells.
Characterization of morphology, growth
properties and cell cycle progression of
antisense cyclin D1 expressing cells

The observation results of morphology. The
SGC7901/ VCR and SGC7901/ VCR neo control
cells displayed a loss of contact inhibition and
formed dense foci when they grew to a high saturation density. The SGC7901/ VCRD1AS cells grew at
monolayer and low cell density, manifested an increased cytoplasm to nucleus ratio, and wer e much
flatter and larger in cell size than the control cells
(Figure 1).
The analysis of cell biology. As Figures 2, 3
and Table 1 show, compared with control cells, the
SGC7901/ VCRD1AS cells displayed a much longer
doubling time (P < 0.01), an increased percentage
of cells in the G1/G0 phase, reac quired serum dependence to some extent, a much lower saturation
density (P < 0.01), and a marked inhibition on tumorigenicity in nude mice and soft agar clo ning efficiency (P < 0.01).

the G1 interval. The cells were prevented from entering the S phase. These results indicated that cyclin D1 is required for cells to undergo the G1-S
transition. However, because of the transient nature of these microin jection studies, they did not address the role of cyclin D1 overexpression in continuously dividing cells, in growth control and tumorigenesis. Overexpressi on of cyclin D1 in fibroblasts
shortened the G1 phase [6]. In our study, stable
overexpression of antisense RNA to cyclin D1 can
inhibit the cell growth and reverse the transformed
phenotype of gastric cancer cells besides a marked
decrease in the mRNA and protein level of cyclin
D1. For example, a much longer doubling time and
increased percentage of G1/G0 cells reveal G1
phase arrest, a much lower saturation density and
reacquired serum dependence announce restored adjustability by exogenous signals, a monolayer growth
feature in low density and increased cytoplasm to
nucleus ratio manifest reacquired anchorage depen
dent and somewhat epithelial feature. Our present
studies provide the evidence t hat inhibition of the
expression of cyclin D1 in tumor cells that overexpress this gene can reverse their transformed phenotype. It is of clinical significance because large numbers of human tumors display overexpression of cyclin D1. Our findings may provide a potential approach of gene therapy fo r gastric cancer[12].
REFERENCES
1

Table 1 Growth properties and tumorigenicity of SGC7901/
VCRD1AS and control cell lines
Cell line
SGC7901/VCR SGC7901/VCRneo SGC7901/VCRD1AS
Doubling time (h)
26.8
26.4
42.2
Saturation density (×105 )
4.8
4.8
1.9
Cell cycle distribution (%)
G1/G0
64.6
63.8
80.9
S
25.9
27.8
13.0
G2-M
9.4
8.3
6.1
Colony forming efficiency (%) 5.47
5.50
0.03
Tumor formation in nude mice 4/4
4/4
0/4

2
3
4
5
6
7
8
9
10

DISCUSSION

In previous studies, the anti-cyclin D1 antibodies or
cyclin D1 antisense plasmids were microinjected into
fibroblast[10] or B-cell lymphoma cell line s[11] during

21

11
12

Oliff A, Gills JB, Cormick FM. New molecular targets for cancer therapy. Sci
Am,1996;275:110-112
Sherr CJ. G1 phase progression: cycling on cue. Cell, 1994;79:551-555
Weinberg RA. How cancer arises. Sci Am,1996;275:32-34
Resnitzky D, Reed SI. Different roles for cyclin D1 and E in regulation of the
G1-S 5 transition. Mol Cell Biol,1995;15:3463-3469
Sherr CJ. Cancer cell cycle. Science,1996;274:1672-1677
Jiang W, Kahn SM, Zhou P, Zhang YJ, Cacace A, Infante SD. Overexpression
of cyclin D1 in rat fibroblasts causes abnormalities in growth control, cell
cycle progression and gene expression. Oncogene,1993;8:3447-3457
Hunter T. Cyclins and cancer. Cell,1991;66:1071-1074
Cai XI, Fan DM, Zhang XY. Establishment and phenotype of MDR
human gastric cancer cell lines. Chin Clin Tumor, 1995;21(Suppl):67-72
Chen B, Zhang XY, Wang CJ, Hui HX, Jing M, Fan DM. Construction and
appraisal of eukaryotic expression vector antisense to cyclin D1. J Cell Mol
Immunol, 1997;13:45-46
Kurzrock R, Ku S, Talpa Z. Abnormalities in the PRAD1 (CYCLIN D1/BCL1) oncogene are frequent in cervical and vulva squamous cell carcinoma cell
lines. Cancer,1995;75:584-590
Lukas J, Pngano Mi Staskova Z, Draetta G, Bartek J. Cyclin D1 protein
osecillates and is essential for cell cycle progression in human tumor cell
lines. Oncogene,1994;9:707-718
Xu CT, Pan BR. Current status of gene therapy in gastroenterology. WJG,
1998;4:85-88

Edited by MA Jing-Yun

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 February; 5(1):22-24
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Effect of cell fusion on metastatic ability of mouse
hepatocarcinoma cell lines *
JI Yan1, LING Mao-Ying1, LI Ying1 and XIE Hong2
Subject headings
carcinoma, hepatocellular;
cell lines; cell fusion; neoplasm metastasis; lymphatic metastasis

Abstract
AIM
To study the effect of cell fusion on
metastatic ability of mouse hepatocarcinoma
cells and the factors involved in the process of
metastasis.
METHODS By the method of successively increasing the conc entrations, cell fusion and limit
dilution, 8-Ag resistant cells were selected, and
HGPRT-Hca-P cells and eight cloned hybridoma
cells were obtained. To observe their metastatic
ability, they were inoculated into mice foodtaps
and the drainage lymph nodes were examined
under microscope.
RESULTS The end concentration of 8-Ag which
was used to select HGPRT deficient Hca-P cells
was 30mg/L. All the cells selected died in HAT
culture medium in one week. Fused cells appeared approximately 9 days later. They were
round, transparent and a little larger than their
parental cells. Eight clones of hybridoma cells
were obtained and named as PSH1-PSH8. The
metastatic rate of HGPRT-Hca-P cells and PSH7
cells was 28.6% and 71.4% respec tively, the
difference being significant (P < 0.05). The
metastatic rate of other clones was no more than
20% and there was no significant difference from
HGPRT-Hca-P cells (P>0.05).
CONCLUSION In normal mice splenic lymphocytes, there are some factors that could inhibit
tumor metastasis, however, there are some other factors accelerating tumor cells to metastasize. The e stablishment of PSH7 provides an experimental model which could be used to study
the factors involved in metastasis.
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INTRODUCTION

It was known during the 1970s that the malignancy
of hybridoma cells decreased when tumor cells were
fused with normal cells and the malignant phenotype was suppressed obviously or diminished. But
since 1980, in many laboratories, the increased invasive and metastatic abilities of hybridoma cells
have been found when tumor cells were fused with
lymphocytes or macrophages which had ambulant
ability[1-5]. These results implied that there were
some factors that could increase the metastatic ability of tumor cells and raised a hypothesis that tumor
cells used the ambulant mechanism of normal
cells[6]. In this study, cell fusion was used to study
the factors involved in the process of metastasis.
MATERIALS AND METHODS
Animals

A total of 615 inbred mice were provided by the Department of Pathology of Dalian Medical University.
Tumor cell lines

Mouse hepatocarcinomaceu lines Hca-P(P) with low
lymphatic metastatic ability were established and
stored as described previously[7].
Hypoxanthine-guanine phosphor ibosyltrasferase deficient (HGPRT-) cells

In order to select HGPRT- cells, P cells were converted into 8-Ag resistant by growing in successively
increased concentration of 8-Ag as described previously[8]. The initial concentration was 3mg/L. If
alive tumor cells had the dominant position, the
concentration was increased successively, from
3 mg/L
to
6 mg/L, 10 mg/L,
15 mg/L,
20 mg/L, 25 mg/L, and 30 mg/L. To test the sensitivity of selected cells to HAT, 8-Ag resistant cells
which had been cloned by limit dilution method
were inoculated into HAT culture medium. A week
later, Trypan blue repelling test was used to judge
the vitality of cells and the 100% dead cells which
kept alive in normal culture medium were proliferated. The cells were taken as parental cells in fusion.
To measure their metastatic ability, HGPRT - HcaP cells were inoculated into foodtaps of 615 mice[7].
The animals w ere sacrificed 28 days later, and original tumor, the ipsilateral popliteal, inguinal and axillary lymph nodes were removed, fix ed in 10% formalin, made into paraffin section, stained with HE
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and observed und er microscopy.

DISCUSSION

Fusion

Spleen lymphocytes of normal mice were prepared
routinely. HGPRT--Hca-P cells and normal spleen
lymphocytes were taken as parental cells of fusion.
Solution of fusion was 50% PEG-4000. The average
cell numbers of each well in 96 well plate used for
fusion were 3×105 and the ratio of lymphocytes to
tumor cells was 8:1. While fused cells appeared,
they were suspended in 2×HAT culture medium,
then were cultured at 37 in a humidified atmosphere (950 mL/L air, 50 mL/L CO2). The medium was changed every three days and two weeks later it was substituted by normal medium. Subsequently, the obtained hybridoma cells were cloned
by lim it dilution method. To measure the metastatic
ability of hybridoma cells, Hca-P cells and HGPRT-Hca-P cells were inoculated into foodtaps of
615 mice resp ectively as described above.
RESULTS

The end concentration of 8-Ag which was used to
select HGPRT deficient Hca-P cells was 30mg/L.
All of the cells proliferated after being cloned died
in HAT culture medium within one week, suggesting that they were HGPRT- cells.
Fused cells appeared approximately 9 days later. They were round, transparent and were a little
larger than their parental cells. Eight clones of hybridoma cells were obtained by using limit dilution
method and were named PSH1-PSH8. It was shown
by the histological examination that the metastatic
ability of PSH7 incre ased but the rest decreased.
The metastatic ability of PSH7 was significantly
higher than that of HGPRT--Hca-P cells, but there
was no significant difference between HGPRT-Hca-P and Hca-P which were not treated with 8-Ag
(P<0.05, Table 1). Because the sample size was
small, exact probabilities in 2×2 table of Chi-square
test was used to analyze the data.
Table 1
Cells

Metastatic rate of cells
Number of
experimental
animals

Number of
metastatic
animals

Metastatic
rate (%)

HGPRT--Hca-P

14

4

Hca-P

16

3

18.8

8

1

12.5

PSH1

23

P

28.6

PSH2

8

0

0

PSH3

8

1

12.5

PSH4

10

2

20

PSH5

8

0

0

PSH6

10

1

20

PSH7

14

10

71.4

PSH8

8

0

0

0.24>0.05

0.027<0.05

The method of successively increasing concentration
was often used to select resistant cells. In this study,
it was used to select 8-Ag resistant Hca-P cells. The
critical concentration was 30 mg/ L-under which
most cells died. As the concentration was increased,
the survived and proliferated cells were 8-Ag resistant cells. These cells could be transplanted into
normal culture medium. In order to prevent HGPRT- cells from turning into HGPRT+ cells, it was
necess ary to treat them with 8-Ag now and then or
always keep them growing in culture medium containing 8-Ag.
Cell fusion has been extensively used in the
study of phenotypic expression and regulation of
malignant cells. It has been known that the
metastatic ability of hybridoma cells could decrease
or increase while certain normal cells were fused
with nonmetastatic or low metastatic cells. In those
experiments, the metastatic ability of hybridoma
cells increased only when the parental cells were
ambulant cells, such as lymphocytes or macrophages
and the hybridoma cells obtained certain characters.
Both Hca-F and Hca-P cells isolated from
mouse hepatocarcinoma cells had diffe rent metastatic ability only to lymph nodes but not to other ogans. Because the meta static rate of P cell was
18.8% and metastatic phenotype was stable, it is of
great advantage to study the changes and related
mechanism of metastatic ability ?of hybridoma cells
which were obtained from the fusion of Hca-P and
spleen cells of mice.
The metastatic rate of HGPRT-Hca-P cells was
still lower than 30% and there was no significant
difference from that of Hca-P cells. The metastatic
ability of most hybridoma cells kept stable or decreased, in contrast, that of PSH7 increased up to
71.4%, being significantly different from that of
HGPRT--Hca-P cells. Because hybridoma cells had
the nature of their parental cells, it is umportant to
study the factors which affect tumor metastatic ability by cell fusion. Hca-P as one of the parental cells
had the character of stable metastatic ability to
lymph nodes. Therefore no matter how the
metastatic ability changed, it was caused by lymphocytes. The metastatic ability of seven hybridoma
cell lines decreased, while only one increased.
These results suggested that the lowering trend was
dominant, which was probably due to tumor suppressive gene existing in normal cells, furthermore,
there were some other factors that could enhance tumor metastatic ability.
There were many similar aspects between
metastasis of tumor cells and ambulance of lymphocytes. Both of them could enter circulation by passing endothelia of vessels, proliferate in drainage
lymph nodes, and enter peripheral tissue by immi-
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gration. Furthermore, organ preference of tumor
metastasis was similar to the homing of lymphocytes. The relationship between homing receptor
and tumor metastasis was discovered recently[9].
Here comes the question: do the hybridoma cells
with increased metastatic ability use some special
mechanism of lymphocytes or macrophages, such as
ambulant mechanism and homing receptor It is suspected that probably tumor cells metastasize to special organs by means of some structures like homing
receptor and a certain mechanism like the homing of
lymphocytes. The results of our study show that
there must be something existing in spleen lymphocytes that accelerates tumor cells to metastasize.
The establishment of PSH7 has provided an experimental model which could be used to study the factors involved in metastasis.
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Abstract
AIM To study hepatocarcinogenesis of hepatitis
C virus (HCV).
METHODS Expression of HCV antigens (CP10,
NS3 and NS5) and several cancer-associated
gene products (ras p21, c-myc,c-erbB-2, mutated p53 and p16 protein) in the tissues of hepatocellular carcinoma (HCC, n = 46) and its surrounding liver tissue were studied by the ABC
(avidin-biotin complex ) immu nohistochemical
method. The effect of HCV infection on expression of those gene products in HCC was analyzed
by comparing HCV antigen-positive group with
HCV antigen negative group.
RESULTS Positive immunostaining with one,
two or three HCV antigens was found in 20
(43.5%) cases, with either of two or three HCV
antigens in 16 (34.8%) cases, and with three
HCV antigens in 9 (19.6%) cases. Deletion rate
of p16 protein expression in HCC with positive
HCV antigen (80%, 16/20) was significantly
higher than that in HCC with negative HCV antigen. Where as no significant difference of the
other gene product expression was observed
between the two groups.
CONCLUSION HCV appears related to about onethird of cases of HCC in Chongqing, the southwest of China, and it may be involved in hepatocarcinogen esis by inhibiting the function of p16
gene, which acts as a negative regulator of cell
cycle.
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INTRODUCTION

Our previous studies by seroepidemiological, molecular epidemiological and immunopathological
methods have revealed that hepatitis C virus (HCV)
infection is closely linked to development of hepatocellular carcinoma (HCC) and HCV may be the second important factor in association with HCC- etiology in Chongqing, the southwest of China[1-5].
But the molecular mechanisms involved in hepatocarcinogenesis of HCV remain poorly understood.
Up to now, many authors believe that HCV can not
directly change the structure of the host genes like
hepatitis B virus by integration because HCV is a
RNA virus. Therefore, the effect of HCV on factors of controlling cell growth and development is
an important field in the hepatocarcinogenesis studies. In this study, expression of several oncogene
and tumor suppressor gene products in HCV-associated and non-HCV-associa ted HCC was investigated, so as to identify if HCV infection can affect
expression of these gene products.
MATERIALS AND METHODS
Specimens

HCC specimens of 46 cases were randomly selected
from partial hepatectomy in 1994 in this hospital.
Of them, 38 cases contained pericancerous liver tissues. All specimens were fixed in 100mL/L-formalin, embedded in paraffin and sequentially sectioned
with a thickness of 5 µm.
Reagents

Mouse monoclonal antibodies (mAb) to HCV NS3
and NS5 were kindly provided by Professor TAO QiMin (The Institute of Hepatology, Beijing Medical
University). Mouse mAb against HCV CP10 was
kindly presented by Professor LI Meng-Dong (Department of Infectious Diseases, the Southwest Hospital). Mouse mAbs to human ras p21, C-myc, CerbB-2 and mutated p53 protein were purchased
from Fuzhou Maxim Biotechnical Company. Mouse
McAb to human p16 protein was purchased from
Beijing Zhongshan Biotechinical Company. Avidinbiotin complex (ABC) kits were purchased from
Fuzhou Maxim Biotechnical Company and Vector
company.
Immunostaining

Immunostaining of HCV antigens CP10, NS3, NS5
and cancer-associated gene produc ts ras p21, c-myc,
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c-erbB-2, mutated p53 and p16 proteins was performed by the ABC method in each case. The procedures of ABC staining were taken according to the
manufacturer’s recommendations as previously
described[5]. The color was developed with diaminobenzidine and hematoxylin. Positive and negative
controls were simultaneously used to ensure specifity
and reliability of the staining.
RESULTS
Expression of HCV antigens

In the 46 cases of HCC, positive HCV antigen was
found in 20 (43.5%) cases, of which 4 cases with
one positive HCV antigen, 7 cases with two positive
HCV antig ens, and 9 cases with three positive HCV
antigens. The positive staining of HCV antigen
CP10, NS3 and NS5 in the cancer tissues was observed in 10 (21.7%), 10 (21.7%) and 7 (15.2%)
cases, respectively, while in its pericancerous liver
tissues in 14 (36.8%), 13 (34.2%) and 12 (31.6%)
cases. Although the expression rates were higher in
the pericancerous tissues than in the cancer tissues,
no statistical significance was obtained (P>0.05)
(Table 1). The immunostaining of each HCV antigen was mainly seen in HCC and hepatocyte cytoplasms, seldom in the cell membranes, none in the
nuclei. The positive-staining cells were distributed
mostly in scattered or focalized patterns, seldom in
diffused pattern.
Table 1 Expression of HCV antigens in HCC tissue and its surrounding liver tissue
(%, positive rate)
HCV antigens

Cancer

Non-cancer

CP10

21.7(10/46)

36.8(14/38)

NS3

21.7(10/46)

34.2(13/38)

NS5

15.2(7/46)

31.6(12/38)

The effect of HCV infection on expression of the
gene products

On the one hand, positive rates of ras p21 and mutated p53 in HCC (58.7%, 27/46; 28.3%, 13/46)
were significantly higher than in the pericancerous
tissues (34.2%, 13/38; 7.9%, 3/38, P < 0.05),
whereas the positive rate of p16 in HCC (41.3%,
19/46) was significantly lower than in the pericancerous tissues (63.2%, 24/38, P < 0.05). But
the expression rates of c-myc and c-erbB-2 did not
show significant difference between the cancer and
pericancerous groups (P > 0.05). On the other
hand, it attracted our attention that the positive
rate of P16 protein in HCV antigen-positive HCC
(20%, 4/20) significantly lower than in HCV antigen-negative HCC (57.7%, 15/ 26, P < 0.025),
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even though the expression rates of ras p21, C-myc,
C-erbB-2 and mutated p53 showed no significant
difference between HCV-associated and non HCVassociated HCC (Table 2).
Table 2 Relationship of HCV antigens with expression of cancerassociated gene products(CAGP)
(n, positive cases)
CAGP expression
HCV antigens

n
p21

C-myc

Positive

20

11

11

Negative

26

15

20

C-erbB-2
9
13

p53

p16

5

4

8

15

DISCUSSION

In the previous studies, we found that HCV RNA
could be detected in 36.6% (34/93) serum samples
of patients with primary hepatic carcinoma and
37.5% (21/56) cases of HCC tissues[1,3]. In this
study, using three McAbs to different HCV antigens
and immunohistochemical ABC method, we found
that the positive immunostaining with either one,
two or three HCV antigens was found in 20
(43.5%) cases, with either two or three HCV antigens in 16 (34.8%) cases and with three HCV antigens in 9 (19.6%) cases among the 46 cases of
HCC. The present data are consistent with our previous studies and further indicate that about onethird of HCC seems to be related to HCV infection
in Chongqing, the southwest of China. Up to now,
a lot of affirmative evidences in seroepidemiology,
molecular epidemiology and immunopathology have
been obtained concerning the association of HCV
infection with HCC development in this area.
Recent studies have shown that the molecular
mechanisms of hepatocarcinogenesis are involved in
oncogene activation and anti-oncogene inactivation
like many other tumors. The role of ras, c-myc, cerbB-2, p53 and p16 gene in the development and
progression of HCC have been noted by many workers. To understand the potential hepatocarcinogenesis of HCV, we studied the expression of
these gene products in HCV-associated and nonHCV associated HCC tissues. The results showed
that the expression of ras p21, c-myc, c-erbB-2 and
mutat ed p53 was not significantly different between
HCV antigen-positive and HCV antigen-negative
groups, but the deletion rate of p16 protein expression in HCV antigen-positive HCC (80%, 16/20)
was significantly higher than in HCV antigen-negative HCC (42.3%, 11/ 26, P < 0.025). It implicates that the molecular mechanisms involved in
HCV hepatocarcinogenesis seems to be connected
with the repression of p16 gene function.
The p16 gene is a new negative regulator of cell

YANG Jian-Min, et al. Effect of cell fusion on metastatic ability of mouse hepatocarcinoma cell lines

cycle and tumor supressor gene found recently,
which is located in chromosome 9p21 with 8.5kb
long and encoding for a nucleus phosphoprotein
with 16kD-P16 protein. P16 protein can bind to cycle-dependent kinase 4 (CDK4), preventing their
interaction with cyclin D and thereby preventing
cell cycle progression from G1 to S phase. Many authors proposed that when p16 gene function is repressed, the activity of cyclin D/ CDK4 complex
will increase because of the CDK4 being free from
the inhibition of P16 protein, thereafter cell proliferation will be out of control and tumor may develop at last[6,7]. Recently, Ray et al reported that
HCV core protein can act as an effector in the promotion of cell growth by repression trancription of
the another negative regulator of cell cycle and inhibitor of cyclin D/CDK4 complex p21 (WAF1/
Cip1/ Sid1) gene through unknown cellular factors[8]. Therefore, the role of p16 gene in molecular
mechanisms of HCV hepatocarcinogenesis deserves
further studies.
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of halothane on liver mitochondria
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Abstract
AIM To study the pathogenesis of hepatotoxicity of halothane.
METHODS The effect of different concentration
of halothane and sevoflurane on mitochondrial
membrane phospholipids composition of rat liver
were analyzed using high performance liquid
chromatography (HPLC) technology.
RESULTS Halothane at low concentration could
degrade mitochondr ial membrane major phospholipids and increase lysophosphatidylcholine.
CONCLUSION The pathogenesis of halothane
hepatotoxicity was the phospholipids variation
on liver mitochondria.

INTRODUCTION

The effect of traditionally inhalational anesthetic
halothane and new drug sevof lurane on mitochondrial membrane is reported below in an attempt to
study the pa thogenesis of halothane hepatotoxicity.
MATERIALS AND METHODS
Preparation of liver mitochondria and pretreatment of specimen

According to modified Estabook’s velocity gradient
method[1], the mitochondria of male rat weighing
150g-200g was separated. Seventy mmol sucrose
and 220mmol bovine serum albumin were used as
isolation medium. Albumin was assayed by biuret
reaction. The mitochondria concentration was adjusted to 10g/L-30g/L. Phospholipids except for
ganglioside and acetal phospholipid were extracted
using improved Higgins’ method[2]. The mito chondrial suspension was mixed well with the extraction
solvent (1:10, V/V ), and stood for 15min. The albumin was removed by centrifugation. CaCl 2
0.05mL/L was added to the supernatant, and
stood for centrifugation (3000 r/ min). The lower
layer was evaporated to dryness under nitrogen at
40 - 50 . After added with diluent accurately to
the residue, the solution was sealed to protect from
light and stored at -20 for HPLC analysis. The
whole procedure was carried out at 4 in the airtight ice-bath.
Preparation of solvent
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The standard control phospholipids of phosphatidylethanolamine (PE), phosphatidy linositol
(PI), phosphatidylserine (PS), phosphatidylcholine
(PC), cardiolipin (CL), sphingomyclin (SPH) and
lysophosphatidylcholine ( LPC ) were purchased
from Sigma Co.
Extracting solution: chloroform:methanol:hydrochloric acid (2:1:0.01,V/V/V).
Moving phase: n-hexane:isopropanol:ethanol:
potassium dihydrogen phosphate (25 mnol/ L) :
glacial acetic acid (370 : 485 : 100 : 562 : 0.1
V/V/V/V). The solution was evenly mixed and
stood overnight for separating phosphoric acid crystal. After ultrafiltration and deoxygenation the supernatant was used as moving phase.
Standard solution: the standard control phospholipids were dissolved in the mixture of n-hexane:
isopropanol (6 : 8, V/V). The concentration was
2g/L.
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HPLC analytical method
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change of phospholipids had no significant difference between sevofurane at low concentration and
the control while at high concentration the difference was marked. At high concentration, the
change of phospholipids in liver mitochondriacaused by halothane was much more obvious than
that caused by sevoflurane.

ISUZU LC-6A liquid chromatograph, ISUZU ShimPack CLC-SIC column (6 mm × 15 cm), Guarc
PAKTM prepared column were used. The detection
was performed at 206nm. After reaction of low
concentration and high concentration of halothane
or sevoflurane with mitochondrial membrane phospholipids, 10ml reaction solution was taken out for
repeated injection[3]. Each sample was repeated for
8 times, and linear velocity (mm/min) was recorded. Qualitative analysis was made by identification
of the retention time with standard control samples.
The eluting sequence referred to Patton sequence[4].
Quantitative ana lysis was made by calculating the
peak area and the relative content of phospholipids
was expressed by the ratio between peak area and
albumin.

Time-phase change

The effect on the liver mitochondrial phospholipid
principle started and went up rapidly as soon as
halothane contacted with mitochondria and reached
the peak at 4h. At low concentration it could recover to the level of the control group at 6h-8h while
at high concentration it could not even within 24h.
In each phase there had no significant difference between low concentration of sevoflurane and the control. At high concentration the effect caused by
sevoflurane reached the peak at 4h and recovered to
the control level at 8 h - 12 h. The time-phase
change on LPC by halothane and sevoflurane at
high concentration is demonstrated in Figure 1.

RESULTS
Qualitative analysis

By comparing the HPLC chromatograph peak of
phospholipids affected by halothane at low and high
concentration with that of the normal liver mitochondria phospholipids, it could be seen that the
main phospholipid peak decreased to some degree
and LPC peak increased, especially when at high
concentration. Sevoflurane at low concentration
had no influence on phospholipid peak, but at high
concentration it could decrease the main phospholipid peak and increase the LPC peak. However,
the effect was not so obvious as that caused by
halothane.
Quantitative analysis

The change of liver mitochondrial phospholipids
caused by halothane and sevoflur ance is shown in
Table 1. Halothane at both high and low concentration could decrease the main liver mitochondrial
phospholipids and increase LPC significantly. The

Figure 1 The time phase change on LPC affected by ha lothane
and sevoflurane in high concentration.

Table 1 The variation of phospholipid in liver mitochondrial membrane affected by halothane and sevoflurane
(phospholipid unit: × 10 9 peak area/g mitochondrial albumin x ± s)
Group
Control

PE

PI

PS

CL

PC

SPH

LPC

1.48 ±0.26

1.16±0.19

0.84 ± 0.09

1.02± 0.11

2.93 ±0.28

3.98±0.59

4.54±0.42

1.37 ±0.19

1.08±0.09

0.78 ± 0.07

0.95± 0.11

2.72 ±0.17

3.76±0.33

4.89±0.33

(-7.62%)

(-7.12%)

(-6.93%)

(-6.55%)

(-7.19%)

(-5.52%)

(+7.81%)

At low concentration
Sevoflurane

Halothane

1.19 ±0.12

0.96±0.06

0.70 ± 0.80

0.85± 0.16

2.50 ±0.26

3.37±0.29

5.90±0.12

(19.60%) a,b

(-17.24%)a,b

(-16.94%)a,b

(-16.25%)

(-14.38%)a,b

(15.43%)a,b

(+30.1%)a,b

1.30±0.12 a

1.02 ±0.04a

0.63± 0.04a

0.89 ±0.70a

0.64± 0.16a

3.57±0.22a

5.69±0.32 c

(11.89%)

(12.02%)

(-11.26%)

(-12.55%)

(-10.36%)

(-10.40%)

(+25.35%)

1.06 ±0.09 c

0.81±0.07c

0.78± 0.09c

0.75 ±0.09c

2.09± 0.16c

2.95±0.24c

7.81±0.67 c

(-28.38%)b

(-2.41%)b

(-25.24%)b

(-2867%)b

(-26.61%)b

(+41.87%) b

At high concentration
Sevoflurane

Halothane
a

P<0.05, cP<0.01 vs control; bP<0.05 vs sevoflurane.

(-26.59%) b
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DISCUSSION

This study indicated that halothane at low concentration could degrade mitochondrial membrane major phospholipids and increase LPC, at high concentration it could damage mitochondrial membrane irreversibly. Although sevothane had action on mitochondria, the effect was reversible. Probably due to
its molecular stru cture halothane soluble in liver mitochondria easily and destroy phospholipids obviously. Halothane had the similar result in the study on
the inhalational anesthetic effect on liver mitochondria intimal fluidity[5].
Phospholipase A (PLA1, PLA2) is universal in
liver membrane. Characterized by intramembranous
mode of action, PLA2 has a high activity in mitochondria and the highest catalytic speed toward PE
(twice that of PC, ten times of CL). PLA2 could be
excited by Ca equilibration of liver cell caused by
poison in vivo and in vitro. The phospholipid structure variation greatly influences biomembrane function and physical property including membrane
congugase and receptor kinetics[6]. Some other studies showed that lipid variation such as mitochondrial
phospholipids degradation and lipid peroxidation is
an important original cause of liver cell damage.
Destruction of the integration of mitochondria is the
result of mutual function of the above-mentioned
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two mechanisms while degradation of membrane
phospholipid caused by activation of mitochondria
probably plays a more important role in the early
damage of overall function of liver cells[7].
Besides hypoxia and low volume of blood flow
the study also showed that mitochondrial phospholipids variation in the unorganized test is the main
factor of halothane hepatotoxicity. Inhabition of
PLA2 activity and antilipid peroxidation may be the
important measure of antihalothane hepatotoxicity[8].
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Multifactorial analysis of recurrence of cholecystolithiasis in Shanghai area
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Abstract
AIM To explore the risk factors of gallbladder
stone recurrence.
METHODS A multifactorial analysis was made
for 1058 patients in Shanghai area whose gallbladder stones disappeared after different kinds
of nonsurgical therapy, including oral litholytic
therapy, extracorporeal shock wave lithotripsy
and percutaneous choledocholithotripsy. Serum
level of in sulin and total bile acid were determined in 122 patients.
RESULTS After 1-8.8 years of follow-up, the recurrence rate of gallbladder stone was 11.6%,
22.4%, 29.5%, 36.4%, 39.3% and 39.7% respectively within 1, 2, 3, 4, 5 and over 5 years.
The risk factors for the recurrence are: primary
multiple gallstones (P<0.05); family history of
cholecysto lithiasis (P<0.05); greasy food intake (P<0.01); low mean value of serum insulin
(P<0.01); and high mean value of total bile acid
(P<0.01).
CONCLUSION The recurrence of cholecystolithiasis is related to overintake of high fat and
high cholesterol food, and might also be related
to low level of serum insulin.
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INTRODUCTION

With the clinical application of different kinds of
nonsurgical therapy, such as oral dissolution of gallstone (ODG), extracorporeal shock wave lithotripsy
(ESWL), percutaneous transhepatic gallbladder
catheterization (PTGC) and contact dissolution,
and percutaneous choledocholithotripsy (PCCL),
the recurrence and anti-recurrence of cholecystolithiasis come as a problem now. The clinical value of these methods mostly depends on the recurrence rate of this desease. Discover y of the risk factors of the recurrence of cholecystolithiasis, and interference procedures make it possible to lower the
recurrence rate of gallstone. A multifactorial analysis of the recurrence of cholecystolithiasis in Shanghai area was carried out by the Shanghai Gallstone
Research Coordination Group.
MATERIALS AND METHODS
Research subjects

A total of 1058 patients whose gallbladder stones
had disappeared after different kinds of non-surgical
therapy in Shanghai area entered this study, including 454 cases after ESWL, 594 cases after PCCL and
10 cases after ODG.
Collection of follow-up materials

Formulation of follow-up table Let patients mark
the items in the table and put the database into computer. The table includes sex, age of gallstone incipient occurrence, height, weight, diet hobby, symptom and medical treatment, related diseases (such as
diabetes mellitus, coronary heart disease, liver disease), family history of gallstone, size and number
of gallstone, recurrence and recurrence time of
cholecystolithiasis.
Examination of patients One hundred and twentytwo patients were randomly selected from gallstone
patients. Stone recurrence was found in 48 patients
and non recurrence in 74. Venous blood of 5ml was
drawn before breakfast in the morning. After
standing still for half an hour, serum was sealed after centrifugation. Serum insulin level was determined with Coat-Acount insulin kit, and serum total
bile acid (TBA) level by Ausbile Auto kit at the
same time. Ultrasound examination was performed
to evaluate the condition of gallbladder (length,
width, height, stones), the degree of the liver lipid
infiltration and the condition of the common bile
duct (CBD), about 1 hour after greasy food. Ultra-
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som ography was repeated to reveal the width,
length and height of the constricted gallbladder.
With the formula V = (3.1416 × L × H × W)/ 6, the
volume of gallbladder when starve or after diet, and
the contraction ratio of the gallbladder volume were
calculated.
Statistical method

There were 792 pieces of subjective materials and
122 objective materials when database was set up.
The follow-up rate, recurrence rate and loss to
follow-up rate of patients after ESWL, PCCL and
To find out the statistical
ODG were calculated.
difference between the recurrence and nonrecurrence groups (Table 1). To find out the statistical difference between the multiple and solitary
With the help from
stones groups(Table 2).
Epidemiology Teaching and Research group of
Shanghai Medical University, the Epi-info Version
5.01a software was used to process the data.

Table 1 Difference between recurrence and non-recurrence
groups
Odds ratio M-H Chi square P value
Incipient stone
1.52
Sex proportion
0.91
Diet hobby
0.66
Related disease
0.85
Clinical symptom
12.51
Medical treatment
1.70
Family history
1.55
Mean thickness of gallbladder wall 1.95
Adipose infiltration of liver
1.01

6.43
0.31
6.02
0.87
190.97
9.03
4.54
2.75
0.00

<0.05
0.58
<0.05
0.35
<0.01
<0.01
<0.05
0.10
0.98

Recurrence Non-recurrence F test P value
Mean age
Mean weight/height
Mean contraction ratio of gallbladder
Mean value of serum insulin
Mean value of serum TBA

43.85±11.3
0.387±0.05
0.500±0.264
0.611±0.320
5.963±1.883

43.15±11.9
0.380±0.05
0.522±0.277
0.753±0.261
5.00±1.955

0.534
2.701
0.196
7.289
7.545

0.528
0.097
0.663
<0.01
<0.01

Table 2 Difference between multiple stones and solitary stone
groups
Odds ratio M-H Chi square P value
Recurrence
Sex proportion
Diet hobby
Related disease
Medical treatment
Clinical symptom
Family history
Mean thickness of \gallbladder wall
Adipose infiltration of liver

1.52
1.08
1.26
0.95
1.42
1.21
1.08
0.55
0.91

6.43
0.21
2.10
0.09
4.35
1.38
0.13
2.15
0.05

<0.05
0.65
0.15
0.76
<0.05
0.24
0.72
0.14
0.83

Multiple stones Solitary stone F test P value
Mean age
Mean weight/height
Mean contraction ratio of
gallbladder
Mean value of serum insulin*
Mean value of serum TBA

45.52±12.02
0.382±0.048
0.538±0.251

43.98±11.47
0.383±0.052
0.50±0.28

2.438 0.115
0.108 0.742
0.528 0.524

0.586±0.331
5.590±1.788

0.739±0.266 7.526 <0.01
5.349±2.063 0.391 0.540

*Because of abnormal distribution of the value of ser um insulin, all
data were changed into log value.
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RESULTS
Total follow-up rate and stone recurrence rate

From January 1988 to October 1995,there were 1058
patients whose gallbladder stones had disappeared
after different kinds of non-surgical therapy. Seven
hundred and ninety-two patients were followed up
for 1-8.8 years with a rate of 74.8%. The stone
recurrence rate was 11.6%, 22.4%, 29.5%,
36.4%, 39.3% and 39.7% respectively within 1, 2,
3, 4, 5 and over 5 years. The total recurrence rate
was 30.8%.
Follow-up rate and recurrence rate after EWSL

Among 454 patients treated with ESWL, 413 patients are followed up, with a rate of 91.0%. There
were 285 cases with non- recurrence and 128 with recurrence (17 were treated surgically, the others received conserrative treatment). Fourty-one patients
were lost to follow-up. The recurrence rate of gallstone was 11.9%, 20.2%, 34.8%, 35.7%, 37.2%
respectively within 1, 2, 4, 5 and over 5 years. The
total recurrence rate was 31.0%.
Follow-up and stone recurrence rate after PCCL

Among 594 patients treated with PCCL, 370 were
followed up, the follow-up rate being 62.3%.
There were 262 cases with non-recurrence and 108
with recurrence. Seven of them were treated surgically, the others received consecutive treatment,
and 224 patients were lost to follow-up. The recurrence rate of gallstone was 8.8%, 22.4%, 29.5%,
36.7%, 47.4% respectively within 1, 2, 3, 4 and 5
years. The total recurrence rate was 29.9%.
Follow-up and stone recurrence rate after ODG

Nine of 10 patients treated with ODG were followed
up. The stone recurrence occurred in 8 patients.
One case was lost to follow-up. Average follow-up
length was 5 years and 4 months. The stone recurrence rate was 88.9%.
DISCUSSION
Recurrence rate of gallbladder stone

According to the literature, the recurrence rate of
cholecystolithiasis is about 7%-11.8% after ODG,
ESWL, PTGC and PCCL treatment [1-3]. In this
study, the 1-year stone recurrence rate was 8.8%11.9%, similar to the literature. It has been reported that the stone recurrence rate increases by about
10% each year, and by the fifth year it reaches
50%. After 5 years, a plateau with no further recurrence is usually seen[4]. The recurrence rates after ESWL, PCCL and ODG in the fifth year were
35.7%, 47.7% and 88.9% in this study. The lower
gallstone recurrence rate after ESWL was probably
related to strict selection of cases and higher ratio of
solitary stone. More research should be done about
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the relatively high recurrence rate of gallstone, otherwise the non-surgical therapy of gallbladder stone
will lose their clinical application value.
Risk factors for recurrence of gallstone

The occurrence and the recurrence of the gallbladder stone probably have similar physiopathologic
mechanism. It is related to many factors such as
sex, age, weight index, diet hobby, labor strength,
endocrine and metabolism, the size, number and
character of the gallstone. In our study, no difference exists between recurrence and non-recurrence
groups on such items as sex, average age, average
weight/height, thickness of gallbladder wall, average ratio of gallbladder const riction, average degree
of liver lipid infiltration and related diseases (diabetes, coronary heart disease, etc). Some items
have significant difference between the two groups.
The following in the recurrence group were significantly different from the non-recurrence groups:
more clinical symptoms, more patients receiving
medical treatment, low mean value of serum insulin
and high mean value of serum TBA. The group with
multiple gallstones, family history of gallstone and
intake of greasy food has a higher recurrence rate.
All of these differences are sta tistically significant
(P<0.05).
Multiple gallstones seem to recur more often
than solitary stone probably because most of solitary stones are cholesterol caculus, and lithotripsy
and litholysis are effective treatment. The proportion of combined caculus is quiet higher in multiple
stones. The insoluble bile sludge after lithotripsy
and dissolution might become the nuclear of the recurrence stone.
Solitary stone is easier to be hit
during the lithotripsy. The treatment takes less time
and the broken stones are easier to be removed.
There were less fine stones left and less injury to the
gallbladder, while results were different for multiple stones.
Patients with family histories of gallstone had
higher recurrence rates probaly because of similar
component and hobby of the diet, and hereditary
factors.
Most literature reports that the serum insulin
level in patients with gallstone is high[5]. The mechanism might be that insulin activates the cholesterol
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synthesis reductase of liver, causing the increase of
cholesterol synthesis and accelerating gallstone formation. Some authors have found no statistical difference in serum insulin level between diabetes patients with or without gallstone. In our cases, the
mean serum insulin level in stone recurrence and
multiple stone groups is significantly lower than in
non-recurrence and solitary stone gro ups. When insulin is deficient, most glucose produced by glyconeogenesis was consumed, and the amount of pyruvate used to synthesize acetyl coenzyme A decreased. Most of acetyl coenzyme A is derived from
lipose. A great quantit y of acetyl coenzyme A provides the material for cholesterol synthesis. At the
mean time, the deficiency of insulin reduces the capability of cholesterol utilization of liver, resulting
in the hypercholesterolemia. This abnormal
metabolism of lipid is often related to the formation
of gallstone.
It has been proven that food is closely related to
gallbladder stone. Epidemiological investigation also indicated that the high morbidity of cholecystolithiasis is correlated with the intake of low fiber
and refined food in some developed countries. With
the changing of the food components and reduction
of the labor intensity, the morbidity of cholecystolithiasis is rising progressively.
Content and hobby of diet, over intake and low
consumption of high fat and cholesterol food, relative deficiency of serum insulin, abnormal
metabolism of glucose and lipose, liver disease and
dysfunction of gallbladder might be all related to the
formation of gallstone. Effective propaganda and education, reasonable diet structure, constant physical exercise and a certain amount of labor might
help control the occurrence and recurrence of cholecystothiasis.
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Abstract
AIM To investigate the effect of gastroenteric
reconstruction on the nutritional status of patients with gastric cancer after total gastrectomy.
METHODS From 1989-1994, nutritional status
was studied in 24 patients, including 12 patients
with the gastric reservoir and pyloric sphincter
reconstruction (GRPS), 7 with Braun’s esophago-jejunostomy (EJ) and 5 with Lawrance’s
Roux-en-Y reconstruction (RY). The ability of
these patients to ingest and absorb the amount
of nutrients was examined and compared, and
metabolic balance test was performed to compare the efficiency of those patients to accumulate and use the absorbed nutrients.
RESULTS In the controlled hospital situation,
the amount of food ingested by all the patients
was greater than that required for maintenance
of ideal body weight. In direct contrast, food intake in most patients with EJ or RY reconstruction significantly decreased when the patients
returned home and that in EJ patients it was the
lowest. The overgrowth of anaerobic bacteria
was found in the jejunum in the patients with EJ
and RY, due mainly to food stasis in the duodenum or in the Roux limb, caused by the operative
procedure itself. In patients with GRPS, because
of restoring of the alimentary continuity accord1
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ing to the normal digestive physiologic characters, all the nutritional parameters c ould fall in
the normal range.
CONCLUSION The most common mechanism responsible for postoperative malnutrition was inadequate food intake. Having solved the problem
of alkaline reflux esophagitis, it is imperative to
preserve the duodenal food passage to reduce
malabsorption and other complications after total gastrectomy.

INTRODUCTION

To investigate the nutritional consequences of gastroenteric reconstruction in patients with gastric
cancer after total gastrectomy, nutritional status
was studied among patients undergoing the gastric
reservoir and pyloric sphincter reconstruction
(GRPS), Braun’s esophago-jejunostomy (EJ) and
Lawrance’s Roux-en-Y reconstruction (RY) from
1989 to 1994, and the metabolic balance test was
performed to compare the patients’ efficiency to accumulate and use the absorbed nut rients.
MATERIALS AND METHODS
Subjects

All the patients studied were free from malignant
recurrence or metastasis confirmed by CT for more
than 6 months after the study. They were divided
into 3 groups: (I) those with GRPS (12 patients, 9
men and 3 women, mean age, 47 years, range, 32
-61 years); (II) those with EJ (7 patients, 5 men
and 2 women, mean age, 51 years, range 42-60
years); and (III) those with RY (5 patients, 3 men
and 2 women, mean age, 48 years, range 35-57
years).
Methods

Each patient stayed in hospital for 18 days which
were divided into 4 periods.
The smorgasbord period From 1-3 days, according
to “the Table of the Nutrition amount Supplied in
Meals per Day” (published in “Food Elem ents
Table” by the China Nutrition Research Institute in
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1997), the standard diet was supplied to patients
based on each one’s dietary habits, and total caloric
intake and the proportion of calories from protein,
fat and carbohydrate were recorded accurately and
calculated.
The equilibration period From 4 - 6 days, all patients were sup plied the balance diet of 80g protein,
and 100g fat, except the fat amount for those with
steatorrhea reduced to 50g in the last 3 days.
The metabolic balance period From 6-12 days, the
intake-ou tput balance test period consisted of two
consecutive 3-day periods, stool and 24h urine
samples were collected for fat, nitrogen, Na+, K+,
Cl-, P2+, Ca2+ and Mg2+ analyses.
The special tests period From 13-18 days, the
Schilling test, D-xylose absorption test, glucose tolerance test and barium small intestinal transit time
were made respectively. On the day of admission,
while no treatment applied, serum specimens were
drawn for various biochemistry examinations, and
gastroscopy was performed to examine the esophagus carefully to discover if reflux esophagitis occurred. On the morning of the forth day, via the
guidance of fluoroscopy, a sterile tube was inserted
through nose to jejunum to collect jejunal aspirate
for culture and identification of anaerobes under
sterile and anaerobic conditions. The aspirate was
cultured and the anaerobic organisms were further
classified according to procedures stipulated by
“Bergey’s Manual of Determin ation Bacteriology”.
Follow-up Upon leaving the hospital, the patients
were given the format designed according to “Nutritional Manual for Hospita lized Patients”[1], and
food intake was recorded accurately for 7 consecutive days at home environment for analysis later.
Statistical analysis The results were expressed as
x±s, and statistical analyses were made using Student’s t test.
RESULTS
Clinical data

Body weight The average preoperative body weight
of 3 groups all reached their ideal body weight
(IBW). On the day of admission, group I patients
achieved IBW, groups II and III weighted 10% and
20% less than their IBW respectively. The individual body weight of group I patients exceeded more
than 5% - 10% of their pre-operative weight with
one exception, in group III only 2 patients achieved
their pre-operative weight, the others weighed 5%
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- 15% less than their pre-operative weight, in
group II all the patients weighted 10% - 20% less
than their pre-operative weight.
Dietary history In the controlled hospital situation,
the average caloric intake by all the patients reached
or exceeded the Recommended Dietary Allowance
(RDA). After returning to the home environment,
the average daily caloric intake in group I was
100% of the RDA for the maintenance of IBW, and
75% in group II and 85% in group III, the largest
decrease was noted in one patient of group II, only
63% of the RDA.
Absorption studies

Glucose tolerance and D-xylose absorption tests Early
hyperglycemia (> 11.01 mmol/L at 30min) and delayed hypoglycemia (< 3.92 mmol/L) were found
by glucose tolerance test in 7 patients of group III
and 4 patients of group III. Low D-xylose value in
urine specimen was lowered in 2 patients of group II
and 1 patient of group III.
Fecal nitrogen examination The nitrogen intake-output balance tests showed that the average value for
fecal nitrogen in group I was less than
0.14mmol/d, and more than 0.14mmol/d in 4 patients of group II and 3 patients of group III, the
most serious nitrogen wasting was noted in the azotorrhea patients of group II, whose average value
was more than 0.16mmol/d. The loss rate for fecal
nitrogen was 18.5% ± 3.2% in 4 patients of group
II, and 17.4% ± 4.1% in 3 patients of group III.
Low values of serum albumin were noted in 3 patients of group II and 2 patients of group III whose
fecal nitrogen exceeded 0.15mmol/d.
Fecal fat examination Steatorrhea occurred in 6 patients of group II and 4 patients of group III. In
those patients, the fecal fat loss rates averaged
16.1%±4.5% in 6 of group II and 17.5%±3.8% in
4 of group III. When the fat intake was reduced
to 50g, the steatorrhea condition showed no alleviation. Fecal fat excretion of group I was less than
6g/d, while that in steatorrhea patients of group II
and group III was more than 6g/ d (range 8g/ d 21g/ d). Serum carotene was low in steatorrhea patients (< 0.711 mmol/L), and serum cholesterol
was low (< 2.84mmol/L) in 5 of group III steatorrhea patients and 3 of group III. Low values of
serum albumin, serum carotene, serum cholesterol
and D-xylose occurred only in the patients suffering
from malabsorption of fat or protein.
Caloric loss

In the patients with malabsorption of
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protein and fat, the caloric loss was 351KJ on a
standard diet due to fat and protein malabsorption.
The highest caloric loss of 1966KJ occur red in one
patient of group II.
Water soluble vitamins Normal serum values of Na,
K, Cl, Mg, Ca, alkaline phosphatase, and prothrombin time, hemorrhagic phenomena and tetany
and osteomalacia were not noted, all these serve as
indirect evidence of adequate levels of vitamins D
and K. Shelling test showed declined B12 absorpti on
in all the patients.
Gastroscopic examination and small intestinal transit
time Gastroscopic evidence of reflux esophagitis
was noted in 7 patients of group II, and none in
groups I and III. Barium small bowel transit time
in group I was 3.2 h ± 1.22 h (normal time 3.4 h ±
2.3 h). There was no significant difference, while
there were significant differences between 1.6 h ±
1.2 h of group II, and 2.3 h ± 1.3 h of group III and
the normal time.
Bacterial culture Anaerobes presented in the jejunal
aspirate of one patient in group I, its count being
107/L. Anaerobes were also found in the jejunal aspirate of 6 patients in group II and 4 patients in
group III. Those were identified mainly as lactobacilli, yeasts, bacteroides, veillonella and clostrida.
Balance studies In the controlled hospital period,
the data collected from the intake-output tests and
repeated tests of serum samples showed that each element of N, P, Cl-, Ca2+, Mg2+, Na+, and K+
was in positive average daily balance, and there
were no significant differences among the 3 groups.
DISCUSSION

Protein, fat, carbohydrate, vitamins and minerals
are the 5 major food elements required for proper
nutrition. So it is important to ingest and absorb
these 5 elements to keep good nutritional state of
the post-operative patients.
Effect of reconstruction on body weight

The major clinical manifestation of malnutrition is
weight loss. Previous studies reported that the average postoperative weight loss was 24% as compared
with preoperative one and only one-third patients
achieved IBW[2]. Some studies indicated that a major contributing factor to weight loss and failure to
gain weight was inadequate caloric intake of
food[3]. The most serious complication leading to
such state was alkaline reflux esophagitis[4]. The
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most serious cli nical symptoms caused by reflux
esophagitis were found in group II patients in this
study, and caloric intake was the lowest among the
three groups after returning to home environment.
In group III patients, although the Roux-en-Y reconstruction has solved the problem of esophagitis,
the Roux-en-Y syndrome occurring in most post-operative patients also affects normal intake of food.
Caloric lo ss is another factor contributing to malnutrition in groups II and III patients suffering from
malabsorption of fat and protein.
Effect of reconstruction on digestion and absorption

Besides adequate intake of the 5 food elements,
good digestion and absorption are important as
well. The duodenum plays an important role in the
process of food digestion and absorption, and in
controlling chyme emptying through a mechanism of
immediate brake[5], being the main site of cholecystokinin and gastric secretion stimulated by food after total gastrectomy. When the duodenum passage
of digested food was excluded, secretion of bile and
pancreatic enzymes could not coordinate and syn-chronize
with emptying of chyme, therefore proper mixing of them
could not precede within the time necessary for
physiologic digestion. Without emulsi-fication and
specific hydrolysis of pancreatic pepti-dase and lipase,
and without adequate biological re-action of conjugated
bile salts, malabsorption of fat and protein would
occur, and azotorrhea and steat-orrhea ensued. In II
and group III patients whose reconstruction excluded
the passage of food through the duodenum, the
barium small intestinal transit time was faster than
that of normal control group, the glucose tolerance
tests were abnormal in 7 pa-tients of group II and
4 patients of group III, 6 pa-tients of group II and 4
patients of group III experi-enced steatorrhea, and
azotorrhea occurred in 4 and 3 patients of the two
groups respectively. Because malabsorption of fat
would result in malabsorpti on of some fat-soluble
vitamins, the serum carotene level was low in those
patients with steatorrhea. In group I patients, those
parameters mentioned above could fall within normal
biological range due to the maintenance of duodenal
passage of food.
Effect of reconstruction on bacterial overgrowth

The results of this study showed that anaerobes were
cultured out of the jejunal aspirate in one patient of
group I, 6 of group II and 4 of group III. Six hours
after barium examination, barium residue was found
in the jejunal loop and Roux limb in the corresponding patients of groups II and III respectively, imply-
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ing that the ingested food would stay in the segment
of reconstruction for rather a long time after intake
of food stuff by those patients. The residual food
would be anideal place for microorganism overgrowth without sterilization of gastric acid after total gastric resection. Based on the results of this
study, there is direct correlation between the reconstruction and bacterial overgrowth in the small bowels. Anaerobes proliferating in the small intestine,
especially bacteroides, areable to change the structures of bile salts, to reduce water-soluble fat absorption impaired with inadequate concentration of
conjugated bile salts. Anaerobes are also able to diversify ingested protein nitrogen to urea by deamination, resulting in impaired protein a bsorption.
Meanwhile, bacterial consumption and toxins produced by bacterial met abolism would aggravate B12
deficiency of the postoperative patients.
Effect of reconstruction on nutritional balance
and dietary habits.

Patients in the controlled period of hospitalization,
the food caloric intake by groups II and III could exceed RDA. The results of balance studies showed
that all these patients could maintain positive balance of N, P and electrolytes. It was observed in
this study that the abnormal nutritional status was
mainly caused by gastrointestinal continuity altered
by reconstruction after total gastrectomy for gastric
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cancer, inducing abnormal changes of gastro intestinal dynamics and digestive environment, but the reconstruction exerted little influence on the absorption capacity of the small intestine, and the nutritional status could be improved by strict control.
But in the home environment, especially for those
with financial difficulties, it would not be easy,
thus leading to malnutrition. However, the patients
of group I could achieve normal nutritional state in
daily life without any dietary control. Therefore,
for maintenance of good nutritional status of postoperative patients, it is imperative to preserve the
duodenal food passage, on the basis of having solved
the problem of alkali ne reflux esophagitis.
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α ,IFN-γγ ,IL-6 and IL-8 in
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Abstract
AIM To assess the possible roles of cytokines
(TNF-α, IFN-γ, IL-6 and IL-8) in liver damage of
hepatitis B.
METHODS The serum TNF-α, IFN-γ, IL-6 and IL8 were detected by ELISA in 66 patients with
hepatitis B and 20 healthy blood donors.
RESULTS TNF-α and IL-6 in all types of clinical
hepatitis B were significantly higher than those
in healthy blood donors (P <0.05 ); meanwhile
the levels of TNF-α, IFN-γ, IL-6 and IL-8 in the
patients with fulminant hepatitis B were much
higher than those in the patients with acute hepatitis B(P<0.05); the level of TNF-α was positively correlated with the levels of IFN-γ, Il-6
and IL-8 in all types of hepatitis B (r IFN = 0.24,
rIL-6 = 0.35, r IL-8=0.44) and the TNF-α, IFN-γ, IL6 and IL-8 were positively correlated with serum
bilirubin (P<0.05). Dynamic changes of these
cytokines were observed in the course of acute
and fulminant hepatitis. The level of IFN-γ
peaked in the initial period of acute hepatitis and
early stage of hepatic coma in fulminant hepatitis; TNFα, IL-6 and IL-8 increased with exacerbation, and reached a peak when the liver damage was most serious, then decreased when
patient conditions were improved.
CONCLUSION The increased cytokines were related to the inflamm ation of liver cells and multiple factors may play certain roles in liver damage.

INTRODUCTION

Since Muto[1] reported that TNF-α and IL-1 were related to fulminant hepatitis, the studies on the relationship between cytokines and liver damage have
been paid more and more attention especially in recent years. Most scholars now agree that TNF and
IFN are related to liver damage, so are IL- 6 and IL8. We detected the serum TNF-α, IFN-γ, IL-6 and
IL-8 in the patients with different clinical types of
hepatitis B by ELISA for asse ssing the relationship
between the cytokines and the liver damage.

MATERIALS AND METHODS
Samples

A total of 66 patients with HBV infection and 20
healthy blood donors were studied. They were admitted to this college between 1993 and 1997. The
patients (48 men and 18 women) ranged in age from
21 to 56 years. There were 22 cases of acute hepatitis (AH), 25 cases of chronic hepatitis (CH) and 19
cases of fulminant hepatitis (FH). The serological
markers of HAV, HCV, HEV, CMV and EBV
were negative, and HBsAg and other markers of
HBV were positive in all the patients.
Healthy blood donors

Healthy blood donors, aged from 25 to 43 years, included 16 men and 4 women. They had no serological markers of HAV-HEV, CMV, EBV infection
and liver functions were normal.
Detection of cytokines

Department of Infectious Diseases, The Second Clinical College, China
Medical University, Shenyang 110003, China
Dr. WANG Jing-Yan, female, born on 1963-11-20 in Kaiyuan city,
Liaoning Province, graduated from China Medical University as a
postgraduate in 1992, now associate professor of infectious diseases,
majoring in hepatitis, having 15 papers published.
*Project supported by the National Natural Science Foundation of
China, No.3920117.
Correspondence to: Dr. WANG Jing-Yan, Department of Infectious
Diseases, The Second Clinical College, China Medical University,
No.36 Shanhao Street, Heping District, Shenyang 110003, China
Tel. +86·24·23893501 Ext. 926, Fax. +86·24·23892617
Received 1998-11-09

The kits of the four cytokines were produced by the
Genzyme Company, U. S. A. No. 1 9970214. The
four cytokins were detected by ELISA according to
the manufacturer’s instructions. The first antibody
was biotin-labelled and the second one was connected with horse radish peroxidase.

RESULTS

The serum TNF-α, IFN-γ, IL-6 and IL-8 in patients
with different types of hepatitis B are shown in
Table 1.

WANG Jing-Yan, et al. Detection of serum TNF-α, IFN-γ, IL-6 and IL-8 in patients with hepatitis B
α , IL-6 and IL-8 in various types of hepatitis B
Table 1 TNF-α
α , TNF-α
FH
AH
CH
CI

39
(x±s, ng/L)

n

TNF-α

IFN-γ

IL-6

IL-8

19
22
25
20

359.0±17.2 ab
220.6±8.9 c
322.1±13.0c
146.7±9.4

234.7±16.5ab
174.9±12.0
200.0±15.7 c
165.0±7.7

347.5±31.3 ab
285.8±16.5 c
329.5±25.2 c
231.1±16.4

181.1±19.6 ad
118.4±5.1
133.1±6.7 c
110.2±2.9

CI: healthy blood donor. aP<0.01, vs CI; cP<0.05, vs CI; bP<0.01, vs AH;dP<0.05, vs AH.

sults suggested that bilirubin was positively related
to the levels of four cytokines (P<0.05).
Dynamic changes of four cytokines in AH and FH

Figure 1 Dynamic changes of four cytokines in the course of AH.

The dynamic changes of four cytokines in the course
of AH and FH are shown in Figures 1, 2. At the
early stage of AH, IFN-α peaked and decreased
rapidly. TNF-α and IL-6 increased with exacerbation, reached a highest level when jaundice became
most severe, and then decreased gradually. IL-8
level did not change during the course.
On the first day of hepatic encephalopathy of
FH, IFN-γ reached a peak, then decreased rapidly.
TNF-α, IL-6 and IL-8 increased when condition of
the patients worsened. They reached the highest
level during the peak of jaudice, then decreased
gradually, and maintained abnormal for a long
time.
DISCUSSION

Figure 2 Dynamic changes of four cytokines in the co urse of FH.

The TNF-α and IL-6 in various clinical types of
hepatitis B were significantly higher than those in
healthy blood donors (P<0. 05). Except acute hepatitis B, the levels of IFN-γ and IL-8 were obviously
higher in other types than those in healthy blood
donors. The levels of four cytokines of patients with
FH were much higher than those of patients with
AH (P<0.05).
Correlation between TNF-α and IFN-γ, IL-6 and IL-8

The correlations between TNF-α and IFN-γ, IL-6
and IL-8 in HBV infections were analyzed. The results suggested that TNF-α and the other cytokines
were positively correlated (rIFN = 0.24, rIL-6 = 0.35,
rIL-8 = 0.44).
Correlation between serum bilirubin and four
cytokines

The correlation between serum billirubin and four
cytokines was analyzed in HBV infections. The re-

Since it was reported that TNF and IL-1 in supernatant of cultured monocytes of peripheral blood in
patients with FH were obviously higher than those
with AH, the studies on cytokines related to liver
damage advanced rapidly. Pei Liu[ 2] proved that
TNF could cause liver necrosis in corynebacterium
sensitized animals and the necrosis could be blocked
by anti-TNF monoclonal antibody[3]. At present,
the studies of hepatitis focused on the roles of cytokines in cell-mediated injury of tissues. Ferluga et
al[4] reported that the liver injury of animal model
induced by corynebacterium-endotoxin could be
caused by the soluble factors produced by monocytes
gathering at the hepatic lobules. Luca[5] proved that
activation of CTL induced by IFN-γ resulted in
CTL-mediated hepatocytic injury in the study of
HBV transgenic mouse. IL-6 may induce the activation, differentiation and maturation of NK cells[6]
and expression of monocytic IL-8 gene[7]. The IL-8
may cause degranulation of nutrophile granulocyte,
leading to DIC within the l iver[8].
The serum levels of TNF-α, IFN-γ, IL-6 and
IL-8 in patients with HBV infection were higher
than those in healthy blood donors. The difference
was obvious between the levels of cytokines in FH
and those in AH. TNF- α and IFN-γ, IL-6 and IL-8
were positively correlated in various types of hepatitis B. The bilirubin was also positively related to the
four cytokines. In the course of AH and FH, IFN-γ
peaked in the early stage of AH and the 1st day of
hepatic coma of FH. TNF-α, IL-6 and IL-8 in-
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creased with exacerbation of condition of the patients with AH and FH except for IL-8 in AH.
These suggested that the four cytokines were related
to liver injury.
The roles of cytokines in the liver damage are
complex. They affect each other to form a cytokine
network, in which IFN-γ may be the chief cytokine
and induce the immune cells to release other cytokines and improve cytotoxic activities mediated by
immune cells.
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Gastroesophageal reflux disease is uncommon in
Asia: evidence and possible explanations
HO Khek-Yu
Subject
headings
gastroesophageal reflux;
esophagitis; Barrett’s esophagus; hiatus hernia; Helicobacter pylori; gastric acid
DEFINITIONS

Gastroesophageal reflux that predisposes an individual to the risk of physical complications, or
produces symptoms leading to significantly impaired
quality of life, is termed gastroesophageal reflux
disease (GERD)[1]. Clinically, GERD encompasses
a broad spectrum of separate, though related conditions that are sometimes conveniently grouped under
two broad categories: endoscopic esophag itis and
endoscopy negative reflux disease. Endoscopic
esophagitis is considered to be present when there is
endoscopically visible breakage of the mucosa[2], regardless of whether the patient has symptoms. The
term “endoscopic negative reflux disease” refers to
GERD that is not associated with Barrett’s esophagus or esophageal mucosal breaks. It includes such
conditions as esoph ageal mucosal acid sensitivity,
which is symptomatic reflux induced by acid reflux
and proven by objective means; abnormal
esophageal acid exposure, which is excessive acid
reflux confirmed by objective measures; and refluxtype symptoms (heartburn and/or acid regurgitation) that clearly dominate the patient’s complaints[3]. Barrett’s esophagus is the eponym applied
to the columnar epithelium-lined lower esophagus
that is acquired as a consequence of chronic gas troesophageal reflux[4]. Hiatus hernia, on the other
hand, has been defined as a displacement of the gastric mucosa 1.5cm or more above the diaph ragmatic
hiatus[5].
EVIDENCE FOR A LOW PREVALENCE OF GERD IN ASIA
Prevalence of reflux-type symptoms in general
population

Until recently, there has been no systematic study
on the prevalence of reflux type symptoms in the
general population of Asia. A cross-sectional survey
of a race-stratified sample of adults in a Singaporean
town provides some of the first evidences, that reDepartment of Medicine, National University of Singapore, Singapore
Correspondence to: Dr HO Khek-Yu, MBBS (Syd Hons 1) FRACP
FAMS, Department of Medicine, National University Hospital, Lower Kent Ridge Road, Singapore 119074
Tel. +65·7724353, Fax. +65·7794112
Email. mdchoky@nus.edu.sg
Received 1998-12-30

flux-type symptoms are uncommon in the East[6].
Of 696 persons evaluated, only 2% had heartburn
and/ or acid regurgitation for more than once a
month. This prevalence is much lower than those
(29%-44%) of Wester n populations[7,8].
Prevalence of GERD in pregnant women

The individuals with the highest prevalence of
heartburn are often said to be pregnant women. A
prospective study, using a reliable questionnaire, on
a consecutive series of pregnant women in Singapore, provides the second piece of evidence that
reflux-type symptoms are uncommon among Asians[9].
Of the 35 pregnant women evaluated, 23% had
heartburn some time during their pregnancy. This
percentage is lower than those (48% - 96%)reported previously in the West[10,11].
Frequency of GERD in outpatient clinics

In a large clinical series from Singapore, Kang et al
from Singapore noted a 2% frequency of GERD among 2141 consecutive patients investigated[12]. The
diagnosis of GERD was established on the basis of
an abnormal endoscopy, a positive acid perfusion
test and/ or an abnormal 24-hour pH monitoring.
The frequency was lower as compared with a similar
series from the West[13].
Prevalence of endoscopic esophagitis

Very few epidemiological data on reflux esophagitis
in Asians are available in the literature. However,
Chang et al found 5% with reflux esophagitis[14] in
an endoscopic series of 2044 patients who underwent
self-paid medical check-ups. Esophagitis, when present, was often mild. The prevalence of endoscopic
esophagitis among symptomatic subjects has not
been well studied and the available data are conflicting. In a study from Taiwan, a 15% prevalence of erosive
esophagitis was found in 455 consecutive patients evaluated for various upper gastrointestinal
tract symptoms[15]. Most of the patients presented
with mild esophagitis. The expected high frequency
of erosive esophagitis is not supported by other endoscopic series from Asia. Erosive esophagitis was
uncommon in both indigenous Fijians and Indians,
being detected in only 2% of a total of 693 endoscopic examinations[16]. This contrasts with the
higher prevalence (11%) of reflux esophagitis noted
by the same author among New Zealanders[17].
Esophagitis is likewise uncommon in Japan; a
preva-lence rate of 3% was recorded among 240 consecutive outpatients with dyspepsia[18]. Our own retro-
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spective series from Singapore showed that of 11943
patients undergoing diagnostic upper endoscopy for
various complaints, 4% had esophagitis[19]. This
frequency was lower than those reported from Western centers[20,21]. Thus, with the exception of the
Taiwanese series, the proportion of patients with
endoscopic esophagitis in Asian series appears lower
than that in reports from Western countries. The
severity of esophagitis also appears mild, unlike that
in Western populations[20,21].
Prevalence of hiatus hernia

Hiatus hernia, as seen on barium studies, appears
rare in the Far East with a < 1% prevalence[22].
Recent endoscopic series from Asia confirm this impression. Chang et al from Taiwan found hiatus
hernia in 2% of patients endoscoped as part of an
annual medical examination[14]. In another Taiwanese study in patients endoscoped for gastrointestinal complaints, hiatus hernia was found in 7%
of the cases[15]. In our retrospective series from Singapore, the proportion of hiatus hernia among patients seen for gastrointestinal complaints was
3%[19]. Thus, the available data show that the
prevalence of hiatus hernia is lower than that in
Western series (17%-22%)[20,21].
Prevalence of GERD complications

The prevalence of Barrett’s esophagus varies, depending on the population being studied. In a series
from Taiwan, 2% of patients endoscoped for a variety of upper gastrointestinal symptoms were found
to have Barrett’s esophagus[15]. When evaluating
only those with erosive esophagitis, this rate increased to 14%. The corresponding figures from the
West are 4%-20%[23,24] and 36%, respectively[23].
Reports from a Taiwanese center, and our own center showed a frequency of benign (presumably
reflux-related) esophageal stricture of only 0.4% and
0.2% respectively, among patients endoscoped for
various gastrointestinal indications[16,19]. These frequencies are lower in comparison with those in reports from the West[25].
POSSIBLE REASONS FOR THE LOW FREQUENCY OF
GERD IN THE EAST

The pathogenesis of reflux esophagitis can be considered in terms of excessive acid load overwhelming
mucosal defense. The degree of acid load is in turn
determined by the anti-reflux barrier of the gastroesophageal junction[26], the quantity of acid refluxed[27], and the ability of the esophagus to clear
any refluxate back into the stomach[28]. The latter
depends on the integrity of peristaltic function[29]
and the neutralizing ability of swallowed saliva[28].
More recently, an inverse relationship between Helicobacter pylori (H. pylori) and GERD has been
suggested[30]. By examining the potential pathogenetic factors, it is hoped that the lower frequency
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of GERD in the East than in the West could be
explained.
Anti-reflux barrier

An increase in intra-abdominal and intragastric
pressure overcomes the gastroes ophageal pressure
gradient maintained by the lower esophageal sphincter (LES). Such an increase may occur through obesity[31] and delayed gastric emptying by fatty
meals[32]. Alcohol, smoking and fat can lower the
LES pressure and esophageal peristalsis, thus favoring the occurrence of gastroesophageal reflux[33-35].
A large hiatus hernia traps gastric contents in its
pouch above the diaphragm. This leads to free
retrograde flow of acid into the esopha gus.
Increased body mass index and presence of hiatus hernia were found to be the most important factors associated with the occurrence of esophagitis in
a recent study from Taiwan[14]. The authors suggested that the lower prevalence of hiatus hernia
and smaller body mass index in the Chinese population might account for the lower prevalence of reflux esophagitis in Taiwan. The low prevalence of
hiatus hernia in the East has previously been attributed to the consumption of high residue diets in
the developing world[22]. Another report from Taiwan found erosive esophagitis to be associated with
smoking, and alcohol consumption[15]. The authors
suggested that the recent increase in smoking, alcohol use, and fat consumption among Taiwanese
were contributed to the observed rise in the prevalence of GERD in Taiwan.
Gastric acid output

Since acid secretion correlates with body surface
area, Asians in general are ch aracterized by a smaller parietal cell mass and a lower acid output as compared with Caucasians[36]. Except for the striking
example of Zollinger-Ellis on syndrome, however,
the association between the amount of acid output
and the occurrence or severity of reflux disease has
remained unproven[37].
Acid clearance

While evaluating the consecutive Singaporean patients who underwent esophageal manometry, we
found that poor esophageal clearnance was more
common among those with esophagitis than among
those without. The results were identical to Western
studies[38]. It is possible that this clearance mechanism has an inherited basis, and is more efficient in
Asians than in Caucasians. Data to support this is,
however, lacking.
Mucosal defence

Presently, there is no risk factor known to disrupt
tissue resistance, except for nonsteroidal anti-inflammatory drugs[39]. Such drugs cannot be an important factor underlying the geographical variation
in the prevalence of GERD, because they are con-
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sumed by Asians no more than by Westerners. However, it is possible that inborn differences in tissue
resistance, due to yet unrecognized factors, may account for some of the geographical differences.
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H. pylori infection

There is circumstantial evidence to suggest that H.
pylori infection is rela tively protective for the occurrence of GERD[30]. It has been suggested that
Hong Kong Chinese are protected against reflux
esophagitis by their high prevalence of H. pylori
associated gastritis[40]. Such gastritis, when becoming chronic, can lead to gastric atrophy and
hypochlorhydria, thereby reducing the likelihood of
GERD. If this hypothesis is correct, the effects of
H. pylori induced gastritis may be an important
factor determining the lower prevalence of reflux
esophagitis in this part of the world, in which H.
pylori infection is especially common. No data,
however, exists to support this hypot hesis.
Genetic factors

It is unlikely that the lower frequency of GERD in
Asian populations can be explained simply by the
known extrinsic risk factors, such as obesity, smoking habits, and alcohol consumption, being less
frequent in Asians as compared with Caucasians. It
is likely that genetic factors are involved. If that
was the case, the mechanisms through which they
confer protection against GERD are poorly understood. It may be that LES function is truly more
competent in Asians compared with Westerners. Alternatively, the esophageal mucosa in Asians is inherently more acid resistant. Differences in gastric
acid output and esophageal clearance ability between Asian and Western patients are further possibilities. Comparative studies into these parameters
in Eastern and Western populations may shed more
light on this question, and may lead to formulation
of appropriate- therapeutic strategies.
In summary, most reports from Asia have suggested that GERD is an uncommon condition in this
part of the world. The reasons for the lower frequency compared with the West are not known, and
further studies are required.
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Protective effects of polydatin against CCl4induced injury to primarily cultured rat
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Abstract
AIM To investigate the protective effects of
polydatin (PD) against injury to primarily cultured rat hepatocytes induced by CCl4.
METHODS Rat hepatocytes were separated by
methods of liver infusion in vivo and cultured
medium (7.5×105 cells/mL). Two mL or 0.2mL
was added into 24-well or 96-well plates respectively. Twenty-four hours after cell preculture,
PD at concentrations of 10-7 mol/L-10-4 mol/L
was added into each plate. At the same time injury to hepatocytes was induced by adding
10mmol/L-CCl4. Then, 0.1mL or 1mL-culture
solution was removed from the 96-well or 24-well
plates at 6h, 12h, 2 4h and 48h after CCl14 intoxication respectively for the determination of
GPT, GSH and MDA. At 48h, the survivability of
rat hepatocytes was assayed by the MTT
colormetric method.
RESULTS After CCl4 challenge, the release of
GPT and the form ation of MDA in rat hepatocytes
markedly increased and maintained at a high level in 48h, whereas PD with different concentrations could markedly inhibit this elevation with
10-5mol/L PD having the strongest effects and
inhibiting rate was over 50%. PD could also improve the decreased content of GSH caused by
CCl4 in accordance with the doses used. CCl4 evidently decreased the he patocyte survivability
from 91.0%±7.9% to 35.4%±3.8%. On the other hand, PD at 10-7mol/L-10-4mol/L could reGuangzhou University of Traditional Chinese Medicine (TCM), College
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verse this change and improve t he cell survival
rates to 56.1%±5.2%, 65.8%±5.0%, 88.7%±
6.8% and 75.2%±7.3%, respectively.
CONCLUSION PD at 10-7 mol/L-10-4 mol/L
could protect primarily cultured rat hepatocytes
against CCl4 induced injury.

INTRODUCTION

Polygonum cuspidatum Sieb. et Zucc. (Polygonaceae) is a traditional Chinese herbal drug, with
bitter taste and cold nature. It mainly acts upon the
liver, gallbladder and lung meridians. It is well
known that P. cuspidatum has various activities
such as promoting blood circulation, relieving
swelling and pain, eliminating phlegm, alleviating
cough, clearing away heat, and removing dampness
and toxin. The drug has been widely used for cardiovascular and liver diseases. Its active compounds
mainly consist of free anthraquinones which include
emodin, physcion and chrysophanol. Another important compound is resveratrol[1].
Polydatin (PD), 3, 4’, 5-trihydroxystibene-3-βmono-D-gluc oside, also named piceid, is the glycoside of resveratrol[1]. Some previous studies demonstrated that PD could lower the level of blood lipid,
inhibit the platelet aggregation, dilate blood vessels, protect cardiocytes, reduce cerebral ischemic
damage and inhibit lipid peroxidation[2-6]. However, the effects of PD on hepatocytes and its mechanisms have not been reported up to date. In this paper we report the details of protective effects of
polydatin against injury to primarily cultured rat
hepatocytes induced by CCl4.

MATERIALS AND METHODS
Materials

Collagenase (type IV), 3-[4,5-dimethylthiazol-2yl]-2, 5-diphenyltetrazolium bromide (MTT), dexamethasone,
N-2-hydroxyethyl-piperazine-N’-2’ethane sulfonic acid (HEPES), insulin, penicillin
and streptomycin were purchased from Sigma
Chemical Corp (St. Louis, USA). RPMI 1640 was
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a product of Gibco Life T echnologies INC (Grand
Island, NY). Fetal calf serum was obtained from
Institute of Hemopathy, Chinese Academy of Medical Sciences (Tianjin). PD (Purity>90%), which
was isolated from the root and rhizome of P. cuspidatum[7], provided by the Department of Chemistry, the First Military Medical University.

Determination of reduced glutathione (GSH) and
malondialdehyde (MDA)

Animals

Cell survivability assay

Wistar rats, male, 6 weeks old, weighing 160 g180 g, were used for hepatocyte isolation. They
were provided by Laboratory Animal Center,
Guangzhou Un iversity of TCM.

The survivability of rat hepatocytes was assayed by
the MTT colormetric method[10]. At 48h after CCl4
challenge, 20 µL/well- MTT stock solution (5 g/L)
was added into each well of 96-well plates. The cells
were continuously incubated for another 4 h before
0.1 mL/well dimethyl sulfoxide was added to all
wells and mixed thoroughly to dissolve the brownblack crystals. The plates were read on microplate
reader, using a test wavelength of 570 nm with a
reference wavelength of 655 nm.

Isolation and culture of rat hepatocytes

Rats were anesthetized with sodium pentobarbital
(50 mg/kg, i.p.). Then the liver parenchymal cells
of rat were isolated by the collagenase perfusion
method following the procedure of Seglen and Koji[8,9]. Simply, the portal vein of rat liver was exposed and cannulated with a teflon catheter. The
liver was perfused with Ca2+ free solution containing NaCl 142, KCl 6.7, HEPES 10, NaOH 5.5
(mmol/L), pH 7.4, at 37 , with a flow rate of
40 mL/min. Twelve minutes later, recirculation
started with collagenase solution composed of NaCl
67, KCl 6-7, CaCl2·2H2O5, HEPES 100, NaOH
66, collagenase 0.2 g/L, pH 7.6. Isolated cells
were cultured in RPMI 1640 containing 100mL/Lfetal calf serum, 10mmol/L-HEPES, 100kU/Lpenicillin and streptomycin, 10mmol/L insulin and
10mmol/L- dexamethasone. The content of hepatocytes was adjusted to 7.5 × 108 cells/ L with the
above medium. Cultured medium 2mL and 0.2mL
were added into 24-well and 96-well plates respectively. The cells were incubated for 4h at 37 under 50mL/L CO2 in air. Non-adherent hepatocytes
were eliminated by replac ing the medium, and adherent hepatocytes continued to be incubated, and
the medium was changed every 24 h.

Utilizing the kits of GSH analysis and the kits of
MDA analysis, all purchased from Nanjing
Jiancheng Bio-engineering Institute, the content of
GSH in 1mL culture medium and the level of MDA
in 0.1mL culture medium we re measured.

Statistical analysis

The results were expressed as x±s and significant
difference was a ssessed by Student’s t test.
RESULTS
Effects of PD on GPT activity in culture medium

The concentration of GPT in culture medium significantly increased after CCl4 challenge, and maintained at a high level in 8 h (Table 1). Furthermore, a progressively elevated trend existed with
time-dependence. PD could significantly inhibit the
level of GPT in accordance with the doses used. Especially, PD 10 µmol/L had the strongest effects
and the inhibiting rate was over 50%.
Table 1

Effect of PD on GPT activity in culture medium
(x±s,n = 8)
GPT(U)

Group c/(mol/L)
6h

12 h
b

24 h
b

48 h

Normal

13.5±2.5

13.7±5.6b

14.1±3.3b

CCl4-induced hepatocytes injury

Control

72.3±14.1

79.7±10.3

85.4±9.2

88.3±19.6

After pre-culture for 24 h, the hepatocytes were exposed to fresh medium containing 10mmol/L-CCl4
and various concentrations of PD. At 6, 12, 24 and
48 h after CCl4 intoxication, 0.1 mL and 1 mL culture solution were removed from 96-well and 24-well
plates respectively for determination.

PD

10 -7

60.3±17.1 a

62.0±15.6 a

68.8±17.5 a

71.4±20.5 a

PD

10 -6

55.0±10.3 a

58.3±16.7 a

64.1±13.6 a

69.1±19.2 a

PD

10

-5

b

10

-4

Measurement of glutamic pyruvic transaminase (GPT)

Effects of PD on GSH content in culture medium
(Table 2).

The kits of GPT analysis, provided by the Shanghai
Institute of Biological Products of Ministry of
Health, were used to measure the activity of GPT in
0.1 mL- culture medium.

The content of GSH in culture medium decreased
obviously as compared with that in normal hepatocytes after 6 h incubation with CCl4 (Table 2). On
the other hand, PD of various concentrations could

PD
a

30.6±10.6
42.1±7.8

a

13.8±3.1

38.3±5.5

b

47.5±9.8

a

42.5±7.0

b

56.8±11.3

45.0±7.6 b
a

59.2±10.7 a

P<0.05, bP<0.01, vs CCl4-treated control group.
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improve GSH in a dose-dependence manner, and
10 µmol/L PD showed a most signifi cant activity.
Table 2

Effects of PD on GSH content in culture supernatant
(x±s, n = 8)
GSH (ng/L) after CCl4 challenge

Group c/(mol/L)
6h
Normal
Control
PD
PD
PD
PD

10-7
10-6
10-5
10-4

9.8±0.8 b
4.2±0.6
5.0±0.3
5.3±0.8
8.4±1.2 b
6.7±0.4 a

12 h

24 h

48 h

10.1±0.8 b
4.1±0.7
5.4±0.5
5.6±0.9
5.9±1.3 a
6.1±1.0 a

10.4±0.7 b
4.1±0.3
5.6±0.9
6.4±0.6 a
7.7±0.8 a
6.8±0.7 a

10.6±1.2 b
3.8±0.6
6.1±1.0 a
6.8±1.1 a
9.0±1.2 b
7.6±0.9 a

a

P<0.05, bP<0.01, vs CCl4 treated control group.

Effects of PD on MDA formation in rat hepatocytes

CCl4 challenge obviously elevated the MDA formation in rat hepatocytes, with a marked rise in timedependence manner, whereas MDA formation of
rat hepatocytes decreased significantly at various
concentrations of PD as compared with that in CCl4
control group, and it reached minimum value at
10-5 mol/L and slightly elevated when PD concentration was up to 10-4-mol/L (Table 3).
Table 3

Effects of PD on MDA formation in rat hepatocytes
(x±s, n = 8)
GSH (ng/L) after CCl4 challenge

Group c/(mol/L)
Normal
Control
PD
PD
PD
PD

10 -7
10 -6
10 -5
10 -4

6h

12 h

24 h

48 h

4.0±0.4 b
15.5±1.8
13.1±2.0
11.4±1.7 a
6.5±1.2 b
8.7±3.5 b

4.5±0.6 b
16.0±2.7
13.8±3.3
12.0±1.8 a
6.7±1.2 b
8.9±2.8 b

4.8±0.4b
17.5±2.1
13.0±4.3a
12.1±3.1 a
7.5±2.3 b
9.8±2.6 b

4.6±0.7 b
19.0±2.4
14.5±1.8 a
12.5±2.0 a
8.2±2.7 b
10.3±3.0 b

a

P<0.05, bP<0.01, vs CCl4 treated control group.

Effects of PD on cell survivability in primary
culture rat hepatocytes

The results of MTT assay showed that normal hepatocytes had high level of cell viability (91.0% ±
7.9%) and CCl4 induced marked decrease of hepatoc ytes survivability (35.4% ± 3.8%, P < 0.01 vs
normal group), whereas the level of cell survivability could be significantly enhanced by PD at the concentrations of 10-7 mol/L - 10-4 mol/L to 56.1% ±
5.2% (P < 0.05, vs CCl4-treated control group),
65.8% ± 5.0% (P < 0.05), 88.7% ± 6 .8% (P <
0.001) and 75.2% ± 7.3% (P < 0.01) respectively.
It reached a maximum value at 10-5 mol/L and
slightly declined when the concentration of PD was
up to 10-4 mol/L (Figure 1).

Figure 1 Effects of PD on cell survivability in primary culture rat
hepatocytes.
1. CCl4-treated control group; 2. normal hepatocytes; 3. PD
10-7 mol/ L; 4. PD 10-6 mol/ L; 5. PD 10-5 mol/ L; 6. PD
10-4 mol/ L.

DISCUSSION

P. cuspidatum has been used to treat some chronic
liver diseases such as hepatitis and hepatocirrhosis.
We have been trying to search for hepatoprotective
compounds of P. cuspidatum. Our previous in vitro studies showed that emodin, another active compound, had a hepatoprotective effect[11]. The present in vitro study also indicated that PD had a protective effect against CCl4 induced injury to primarily cultured rat hepatocytes. Since the extraction and
isolation of PD are relatively simple and have a high
content of 1.23% in the root of P. cuspidatum[7],
we may take these advantages to further study its
mechanisms of hepatoprotective effect and develop
a new drug from it.
CCl4 is a well-known example of a chemical
that produces free radical-mediated liver injury. It
generates CCl4 by the activation of liver cytochrome
P-450, initiating lipid peroxidation of bio-membranes[12]. In the presente xperiment, it was found
that CCl4 induced both the increase of GPT in supernat ant and the elevation of MDA in rat hepatocytes. However, administration of 10-7 mol/ L 10-4 mol/L PD could partly reduce GPT and MDA.
Therefore, there may be two possible mechanisms
contributing to the hepatoprotective actions of PD.
One is that PD inhibits further production of lipid
peroxidation in rat hepatocytes, and the other is
that it inhibits the destructive action of lipid peroxidation on liver cells.
GSH is an important endogenous anti-oxidant
substance. The decrease of GSH content may be due
to increased GSH consumption as it participates in
the detoxifica tion system for the metabolism of
CCl4, and results in an enhanced susceptibility of
hepatocytes to CCl4 toxicity[13]. Our results showed
that CCl4 obviously decreased GSH content in the
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hepatocytes, but PD could partly reverse it. This
suggested that the nature of PD protecting-SH compounds (such as GSH ) from CCl4 injury may be the
third mechanism of its hepatoprotection.
It is interesting that PD of 10-5 mol/L was more effective than that of 10-4 mol/L, at the same time,
the hepatoprotective action of PD was in dose dependence at concentrations of 10-7 mol/ L - 10-5
mol/ L. Its mechanisms of action need to be further
studied.
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Abstract
AIM To investigate hepatocarcinogenesis by
detecting the effect of HCV NS3 protein on p53
protein expression in hepatocellular carcinoma
(HCC) and pericarcinomatous liver tissue
(PCLT).
METHODS The expression of HCV NS3 and p53
protein was det ected with immunohistochemical
technique (SP method) in specimens of HCC and
PCLT from 47 patients with negative HBV.
RESULTS The positive rate of HCV NS3 protein
was lower in HCC (62%) than in PCLT (83%) (P
< 0.025). The better differentiaton of cancer
cells, the stronger expression of HCV NS3 protein (P < 0.025). The positive rate of p53 protein
in HCC (81%) was higher than in PCLT (47%) (P
< 0.025). The worse differentiaton of cancer
cells, the stronger expression of p53 protein (P
< 0.05). The p53 protein expression was not
correlated with the HCV NS3 protein expression
in HCC (P > 0.5), whereas their expression was
closely related to PCLT (P<0.01), and the expression rate of p53 protein in the cases of positive HCV NS3 protein was higher than that in
the cases of negative HCV NS-3 protein.
CONCLUSION HCV NS3 protein may exert its
hepatocarcinogenic effect in early stage on host
cells by endogenous pathway which may bring
about mutation of p53 gene and transformation
of hepatocytes.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common human cancers in the world. Recently, the
HCV infection was found to be an etiological factor
to HCC. HCV is a RNA virus bearing no reverse
transcriptase activity. Therefore, in stead of “promoter insertion”, or “insertion mutagenesis”, the
HCV NS3 expression of HCV gene may play an essential role in transfomation of hepatocytes[1]. p53
gene, an oncogene, has been intensively investigated recently. Mutation of this gene was found to be
related to HCC in a variety of studies. Inorder to
understand the relationship among p53 protein,
HCV NS3 protein and HCC, we studied the effect of
HCV NS3 protein on expression of p53 protein in
HCC and pericarcinomatous liver tissue (PCLT).
MATERIALS AND METHODS
Tissue samples

HCC and PCLT were obtained by surgical resection
from 47 patients in Xiangya Hospital and the Second Affiliated Hospital of Hunan Medical University, China. Forty patients were males and 7 females. Their age ranged 33 to 67 years (mean, 52
years), and all patients were negative for HBsAg
serological marks. The tissues were fixed in 10%
formalin and embedded in paraffin.
Reagents

Anti-HCV NS3 protein MAb was purchased from
GIB Comp. (Beijing, China), anti-p53 protein
MAb and SP detection kit from Maixing Comp.
(Fuzhou, China).
Immunohistochemistry
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China
Received 1998-09-10

Five µm tissue sections were deparaffinized and
washed in 0. 05mol/L PBS, handled with 20g/L
H2O2 and treated with microwave. According to SP
method, the tissues were detected with immunohistochemical technique. HCV RNA(+) biopsy liver
tissues and breast cancer tissues were used as positive
control of HCV NS3 protein and p53 protein respectively. PBS was used as substitutes of Mabs for negative control groups.
Histological assessment

Semi-quantity analysis was performed as Formonitz[2] described.
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Statistical analysis

The difference between each group was analyzed by
Chi-square test.
RESULTS
Expression and distribution of HCV NS3 protein
in HCC and PCLT

Among 47 cases, the positive rate of HCV NS3 protein in HCC was 62% (29/47), and the positive
cells were clustered or diffused in HCC. The positive signal was localized in cytoplasm. The expression strength of HCV NS3 protein in HCC was related to the degree of carcinoma cell differentiation
(P < 0.05). The better differentiaton of cancer
cells, the stronger expression of HCV NS3 protein
(P < 0.05). The positive rate (83%) and the expression strength of HCV NS3 protein in HCC were
higher than those in PCLT. The distribution of positive cells in PCLT appeared large patchy or diffused.
Expression and distribution of p53 protein in
HCC and PCLT

Of the 47 cases, the positive rate of p53 protein in
HCC was 81% (38/47), and the positive cells appeared focal or patchy in HCC. The positive signal
was in the nuclei. The expression strength of p53
protein in HCC was correlated with the degree of
carcinomatous cell differentiation (P < 0.05). The
worse differe ntiaton of cancer cells, the stronger
expression of p53 protein (P < 0.05). The positive
rate (47%) and the expression strength of p53 protein in HCC were lower than those in PCLT. The
positive cells in PCLT was scattering in distribution.
Table 1 The expression strength of HCV NS protein and p53
protei n in HCC and PCLT
HCV NS 3 protein

p53 protein

n
-

+ ++ +++ Positive rate(%)

+ ++ +++ Positive
rate(%)

8
10
18
11

2
2
8
6

0
1
3
3

3
2
6
2

3
5
1
0

6/8
8/10
56
46

4
2
2
1

2
3
0
1

P C LT
Normal
3
Hepatitis 23
Cirrhosis 21

2
4
2

1
2
2

0
5
6

0
12
11

1/3
83
91

3
13
9

HCC
I
II
III
IV

2
4
6
3

0
1
10
6

4/8
8/10
89
91

0 0
8 2
7 5

0
0
0

0
44
57

Relationship between p53 protein expression
and HCV NS3 protein

In HCC, the expression rate of p53 protein in 29
cases of positive HCV NS3 protein was 83% (24/
29), and in 18 cases of negative HCV NS3 prote in
was 78% (14/18), the difference between the former and the latter being not significant (P>0.1).
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In PCLT, the expression rate of p53 protein in 39
cases of positive HCV NS3 protein was 54% (21/
39), and in 8 cases of negative HCV NS3 protein
was only 13% (1/8), the difference between the
former and the latter being significant (P<0.05).
DISCUSSION

Chronic infection with HCV is strongly associated
with the development of HCC. HCV causes HCC by
expressing protein, especially HCV NS3 protein[1,3].
Nevertheless, the exact molecular mechanism remains quite unknown. Our results showed that the
positive rate and expression strength of HCV NS3
protein in PCLT were higher than those in HCC,
and the expression strength of HCV NS3 protein in
HCC was related to the degree of carcinoma cell differentiation. The better differentiaton of cancer
cells, the stronger expression of HCV NS3 protein.
It is indicated that the cellular internal environment
for HCV replication is disturbed with cancer
growth. HCV may be eliminated at the final stage
of hepato cytes transformation because the virus
without reverse transcriptase is unable to integrate
into the host hepatocytes genome. On the other
hand, the positive rate and expression strength of
p53 protein in PCLT were lower than those in
HCC. The expression strength of p53 protein in
HCC was related to the degree of carcinoma cell differentiation. The worse differentiaton of cancer
cells, the stronger expression of p53 protein. It is
suggested that p53 protein may play a role in the
morphological change and the differentiated degree
of cancer cells in HCC, thus detecting p53 protein
expression is of benefit to HCC prognosis.
Effect of HCV NS3 protein on mutation of p53
gene was not confirmed, although HCV infection
may result in mutation of p53 gene[4]. This study
revealed that there was no relationship between p53
protein and HCV NS3 prote in in HCC. In PCLT,
p53 protein expression was positive in 21 of 39 cases
of pos itive HCV NS3 protein while only one case of
p53 protein expression in 8 cases of negative HCV
NS3 protein was positive. HCV NS3 protein may exert its hepatocarcinogenic effect in early stage on
host cells by endogenous pathway which may bring
about mutation of p53 gene and transformation of
hepatocytes.
REFERENCES
1
2
3
4

Hino, Kajino K. Hepatitis virus-related hepatocarcinogenesis. Intervirology,
1994;37:133-135
Fromowitz FB, Viola WV, Chao S. ras p21 expression in the progression of
breast cancer. Hum Pathol,1987;18:1268-1275
Sakamuro D, Furukawa T, Takefami T. Hepatitis C virus nonstructural
protein NS 3 transforms NIH3T3 cells. J Virol, 1995;69:3893-3896
Teramoto T, Satonaka K, Kitazawa S. p53 gene abnormalities are closely related
to hepatoviral infections and occur at a late stage of hepatocarcinogenesis. Cancer
Res,1994;54:231-235

Edited by MA Jing-Yun

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 February; 5(1):47-49
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Expression of Cx genes in liver and stomach of
different embryonic stages *
ZHANG Jian-Xiang1, SHEN Shou-Rong2, ZHANG Xiao-Hui1 and CHEN Xiang3
Subject headings liver/embryology; liver/cytology; stomach/embryology; stomach/cytology; Cx
genes; gene expression

Abstract
AIM To explore the relationship between the
rules of Cx gene expression and cellular differentiation in organs of different embryonic
stages.
METHODS A series of Cx gene serving as
molecular probes and the Northern blot hybrydization were employed to study the Cx gene expression.
RESULTS Cx31, Cx31.1, Cx46 did not express
while other Cx genes expressed in the embryonic liver and stomach. The Cx gene expression in
the liver and stomach showed different state at
different embryonic stages. The Cx gene expression had organic diversity. The expression
of Cx26 gene was overlapping in the above organs. Cx43 did not express in the human liver after birth, but it expressed in the embryonic
stage.
CONCLUSION The expression state of Cx genes
is concordant with cellular differentiation. It
might be a key candidate gene to regulate some
differentiational events associated with cellular
differentiation, proliferation, and morphogenesis in the early embryo.

INTRODUCTION

Cellular connexin genes are a multigene family consisting of more than 10 members[1-4] which encode
the gap junctional channel assembled protein, connexin (Cx). The latter is the key composite of gap
junctional intercellular commun ication (GJIC). The
expression of Cx genes determines the formation,
pattern, amount and the degradation of GJIC channel. The specific connexin proteins transcribed and
translated by different members of Cx gene family
contribute to the diversity of gap junctional channel
within different tissue cells or the same type of cells
but in different functional states, leading to the differences in patterns and structures of gap junction.
The members of connexin gene are related to the
type and size of communication channel and communication ways of gap junction[5]. Gap junction is
present in the early stage of embryonic de velopment. The morphological study has verified that gap
junction is detected within morula and blastocyst,
and dense GJICs appear in cells of embryonic ectoderm at 20 h - 30 h of developing chicks[5]. In order
to investigate the relationship between the expression law of Cx genes and cellular diffe rentiation in
the liver and stomach during embryonic development, the Cx gene expression state was studied using Cx26, Cx31, Cx31.1, Cx32, Cx37, Cx40,
Cx43 and Cx46 as molecular probes and the Northern blot hybridization.
MATERIALS AND METHODS
Materials
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The liver and stomach derived from the fetals of
mothers receiving natural abortion with conceptional age of 5 weeks, 2, 3, 4 and 5 mouths.The tissues
or organs were stored in fluid nitrogen.
Methods

Preparation of plasmids containing Cx cDNA A small
amount of bacteria containing 8 kinds of pCx plasmids and inner control pGAPDH plasmid was recovered. An inoculum of bacteria was streaked on an agar plate and incubated overnight at 37 . The next
day single bacterial colonies were picked for amplification; plasmids were extracted with alkaline lysis
procedure and digested and identified with appropriate restrictive endonuclease. The termini were
then isolated by electrophoresis in 10g/L agarose gel
and retried and purified with Glass Max kit (Table 1).
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Table 1 A list of plasmids containing Cx cDNA
Plasmids

Vectors

Restriction enzymes

pCx26
pCx31.1
pCx32
pCx33
pCx37
pCx40
pCx43
pCx46
pGAPDH

pSG5
SP63T
pGEM3
SP64T
SP64T
pGEM4z
pSG5
BSK+

BamH I
Bgl II
EcoR I
Bgl II
Hind III/Xba I
EcoR I/Xba I
BamH I
EcoR I
EcoR I/Hind III

Inserts (kb)

Species

0.68
0.85
1.5
0.9
1.25
1.1
1.11
1.6
0.6

human
mouse
rat
rat
mouse
mouse
human
human
human

Table 2 Expression of Cx genes in different organs at different fetal ages
2 month
Connexin
genes

3 month

4 month

5 month

Liver

Stomach

Liver

Stomach

Liver

Stomach

Liver

Stomach

Cx26

++

+

+++

+

++

+

+

+

Cx31

-

-

-

-

-

-

-

-

Cx31.1

-

-

-

-

-

-

-

-

Cx32

+++

-

+++

+

+++

++

+++

+++

Cx37

-

++

-

+++

-

-

-

++

Cx40

-

+

-

++

-

-

-

+++

Cx43

++

-

+++

-

++

++

+

++

Cx46

-

-

-

-

-

-

-

-

+++: high, ++: moderate, +: low, -: no or weak

Preparation and purification of total RNA

Total RNA was extracted by acid guanidinium-phenol chloroform procedure from the liver and stomach in different stages of embryo respectively.
Northern blot

Total RNA (20µg in each well) was separated by
electrophoresis through formal dehyde denaturing
gels and transferred onto nylon membranes by capillary transfer for 24 h in 20 × SSC. The RNA was
cross-linked to the membranes by exposure to UV
light.
Northern hybrydization between Cx gene
probes and RNA

Connexin-specific cDNA probes were random-prime
labeled with [α- 32P] dCTP. The membranes were
prehybridized at 42 for 4h in Northern hybridization solution (500 g/L-formamide, 5 × SSPE, 5 ×
Denhardt’ s reagent, 1 g/ L-SDS solution and
100 mg/L salmon sperm DNA) and then hybridized
with the labeled probe for 16 h - 24 h in the same
solution.
Autoradiograph (ARG)

The membranes were washed twice at 37

in

2×SSC/ (1 g/L)-SDS for 40 min and three times at
65
in 0.1 × SSC/ (1 g/L) SDS for 1 h. Exposure
of X-ray film to the blots was conducted at -70
with intensifying screens. To remove probes from
the membranes, the membranes were immersed in
1 g/L- SDS solution in rotating platform from boiling to RT. The process was repeated. Then the
membranes were rehybridized with GAPDH probe.
RESULTS

Cx31, Cx31.1 and Cx46 did not express while other
Cx genes expressed in the liver and stomach of embryonic stage. The expression of Cx genes showed
different states in the liver and stomach at different
embryonic stages. The expression of Cx genes was
of organic diversity, e. g. , the expression of Cx32
in the liver and Cx37 in the stomach. The Cx gene
expression was overlapping in the above organs, and
Cx26 presented different states of expression. Cx32
gene had high expression from the 5th week to the
5th month in the liver and the 4th to 5th month in
the stomach. Cx43 did not express in human liver
after birth, but it expresse d in the fetal stage. Cx37
gene in the stomach of fetals highly expressed from
the 3rd month to the 5th month (Table 2).
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DISCUSSION

Cx genes showed different expression states, e.g.,
Cx26, Cx32, Cx43 in the liver, and Cx26, Cx32,
Cx37 and Cx43 in the stomach. The diversity of expression indicated that the various gap junctional
channels between different cells or the same cells in
different functional state was due to the expression
of different members of Cx gene family[6].
Cx26 gene in the fetal liver had weak expression in the 5th week, and high expression in the 3rd
month, which lowerd gradually during the 4th to
5th month. The expression and nonexpression of
Cx26 gene are believed to be relevant to morphogenesis of hepatic lobule, central vein and portal
area. There was no structure of hepatic lobule, central vein and portal area in the liver in the 5th week
of embryo. The structures formed gradually during
the 2nd month, and hepatic lobule was recognized
in the 3rd month. Cx26 was in its high expression
state during this stage. The structure of portal area
became clear in the 4th month. Up to this stage, the
Cx26 expression gradually reduced when the basal
morphological structure of liver was established.
The Cx26 gene expression was overlapping in the
stomach, which might be related to the morphogenesis of stomach. It is suggested that the Cx26 expression plays an important role in the morphogenesis and structural building of the liver and stomach
during embryogenesis.
The expression state of Cx genes is conformed
to the cellular differentiation. It may be related to
its own differentiation and proliferation of liver
cells. This is compatible with Zeng’s report in
which the cells of primeval region will acquire further differentiative capacity, which is closely related to a high level of expression of Cx genes among
the same cells[7]. Cx32 gene expression in the stomach is related to development of gastric gland, it
was low during gastric gland bud stage in the 3rd
month, and increased gradually during the developing stage of primordial gastric gland in the 4th
month, and reac hed a peak in the 5th month when
the gastric gland grew completely.
Eghbali[8] transfected cDNA of whole length
Cx32 gene into the hepat ocellular cancer lacking
Cx32, and found mRNA expression level, and gap
junction were increased markedly, and ion coupling
and metabolite coupling reappeared in the tests of
dye transfer and electric current of intercellular
communicati on, meanwhile the growth rate of car-
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cinoma cells transfected with Cx32 decreased rapidly, and cellular structure of neoplastic cells differentiated towards normal cells. It is indicated that the
expression of Cx32 gene plays a significant role in
the cellular differentiation.
Cx43 does not express in the human liver after
birth[9], but it expresses in the fetal stage. It may
be related to hematopoietic function of the liver
during the fetal stage. Hematopoietic stem cells migrate to liver from yolk sac at early embryonic
stage; at this time, Cx43 expression is low and turns
high when the weight of hematopoietic tissues
amounts to 30%-40% of the liver by the 3rd to 4th
month of embryonic development. With the formation of the spleen, thymus and bone marrow, most
of the hematopoietic stem cells in the liver migrate
to the above organs, and the Cx43 gene expression
lowers distinctly in the 5th month of the fetal liver,
indicating the lowered hematopoietic function of the
liver. It may be related to the smooth muscle development in stomach[4].
Wang SQ[10] held that gap junction appeared in
the early embryonic stage made it possible the intercellular transfer of substances which regulated cellular differentiation, morphological formation and
growth control. For example, in archiga-strula and
nuerula, gap junctions made notochord-induced ecoderm develop into neural tubes. During embryonic
development, the expression state of Cx genes is basically concordant with the formation and degradation of gap junctional communication channel. It is
suggested that Connexin gene may be a key candidate gene to regulate some differentiational events
associated with cellular differentiation, proliferation and morphogenesis and organ devolopment.
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Abstract
β-convertAIM To study the role of interleukin 1β
ing enzyme (ICE) in antitumor drug-induced
apoptosis in tumor cells.
METHODS Morphological changes in human
esophageal carcinoma Eca-109 cells after treated
with 5-fluorouracil (5-FU) were observed under
light and electron microscope. Expression of ICE
in the tumor cells exposed to 5-FU was examined
by the immunocytochemical method.
RESULTS The cells treated with 5-FU displayed
disappearance of nucleoli, chromatin gathering
under nuclear envelope, karyorrhexis, budding
and the formation of apoptotic bodies. The expression of ICE was negative in control cells,
and 5-FU could induce the ICE expression in Eca109 cells undergoing apoptosis. The number and
the staining intensity of positive cells increased
with the extension of action time.
CONCLUSION 5-FU may induce apoptosis in human esophageal carcinoma Eca-109 cells; ICE
gene may be involved in the regulation of 5-FUinduced apoptosis; and ICE protein may mediate
apoptosis induced by 5-FU.

INTRODUCTION

Apoptosis is an important physiological form of cell
death. It is strictly controlled by genes. It has been
shown in experiments that external and internal signals of cells may start the process of apoptosis, e.
g., anticancer drugs[1]. The genes involved in apoptosis include the family of bc1-2, p53, c-myc and
so on. Recent studies showed that interleukin-1βconverting enzyme (ICE) gene was a mammalian
homologue of the C. elegans cell death gene ced-3[2]
ant that overexpression of ICE gene could induce
apoptosis in Rat-l fibroblast[3]. Thus, the expression of ICE protein in human esophageal carcinoma
Eca-109 cells treated with 5-fluorouracil (5-FU) was
examined to investigate the role of ICE in anticancer drug induced apoptosis.
MATERIALS AND METHODS
Tumor cell culture

Human esophageal carcinoma Eca-109 cells were
cultured in RPMI 1640 (Gibco) medium supplemented with 10% heat-inactivated new-born calf
serum 100U/mL penicilin, and 100µg/mL streptomycin, and kept in a controlled atmosphere (5%
CO2) incubator at 37 .
Drug treatment

Exponentially growing cells were seeded in plates
for 24 h and treated with 5-FU (10, 50 and
100mg/L) for 48 h, 72 h and 96 h, respectively.
The cells not treated with the drug served as control
cells.
Preparation of specimens for light and electron
microscopy
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The tumor cells of experimental and control groups
were collected, made into smears and fixed. Some
smears were HE stained and observed for morphological features under light microscope. some smears
were stained by the immunocytochemical method in
order to examine the expression of ICE protein.
The cells were fixed in 25 g/L-glutaraldehyde for
1h at room temperature, and postfixed for 1 h in
10g/L osmium tetroxide, and dehydrated through
gradient ethanol, stained and observed under electron microscopy (EM) (Hitachi 600A model).
Immunocytochemical staining

Rabbit anti-human ICE (p20) multiclonal antibody
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(Santa Cruze) was used at 1:100. The immunocytochemical staining was performed using the LSAB
(Dako) method. The enzyme was developed with
DAB in conjuntion with hydrogen peroxide. A negative control for non-specific Ig binding was employed in which the first antibody was substituted
with PBS. Results were judged from the number of
positive cells, i. e. , (-) was positive cells<25%;
(+): positive cells 25% - 50%; (+ +): positive
cells 51%-70%; and (+++): posi tive cells>70%.
RESULTS
Morphological changes

Most of the floating cells were presented with nuclear fragmentation, nuclear disappearance, budding
and the formation of apoptotic bodies. Many cells
detached with trypsin-EDTA from the plates showed
that chromatin was gathered under the nuclear
membrane in mass or ring-shape with the disappearance of nucleoli. Under EM, these changes were
observed more apparently. In addition, some of the
tumor cells displayed budding with several circular
or semicircular protrusive vesicles, some of which
were detached from the main body (Figure 1).
Apoptotic cells were not easily observed in the group
of low co ncentration (10 mg/L), and they increased with higher concentration (>50 mg/L) and
longer action time (>48 h).
ICE protein expression

ICE protein was expressed negatively in control tumor cells, but positively in the tumor cells treated
with 5-FU. The number of positive cells increased
with the 5-FU exposure-time (Table 1).
Table 1

ICE expression in Eca-109 cells treated with 5-FU
Degrees of ICE expression

Doses
(mg/L)
0

48 h

72 h

96 h

-

-

-

50

+

++

+++

100

++

++

•+++

Although individual control cells were sometimes stained brown, they were small in number and
positive granules existed only near the cellular membrane. Brown granules in the cells treated with 5FU were distributed all over the cytoplasm and cellular membrane. Most of apoptotic cells expressed
ICE protein, however, a few cells with obvious features of apoptosis did not expresse ICE. In addition,
some cells without features of apoptosis expressed
ICE protein (Figure 2).

Figure 1 An apoptotic cell with feature of budding. Nuclear fragments were shown by arrows. ×6000
Figure 2 ICE protein expression in esophageal carcinoma cells after exposure to 5-FU. LSAB ×400

DISCUSSION

5-FU may induce apoptosis in human esophageal
carcinoma Eca-109 cells. 5-FU is one of the commonly used antitumor drugs. One of the principal
mechanisms of action of 5-FU is inhibition of the
enzyme thymidylate synthase (TS) and affecting
DNA synthase. In recent years, it has been shown
that 5-FU may induce apopt osis in fibroblast and acute leukaemic T-lymphocytes[4,5]. The present
study indicated that 5-FU may induce apoptosis in
human esophageal carcinoma Eca-109 cells. Chromatin gathering under nuclear, the disappearance of
nucleoli and the formation of ring-shaped nucleus
may be the early changes of apoptosis. Apoptotic
cells became visible late at 24h and apparent by
48h. It may be related to the characteristic action
of time-dependence.
ICE may mediate apoptosis induced by 5-FU.
Ced-3 is known as one of the essential genes for cells
to undergo apoptosis in C. elegans. ICE gene, a homologue of the ced-3, was recently identified as inducer of apoptosis in Rat-1 fibroblasts[3]. Kondo et
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al reported that cisplatin increased the mRNA expression of ICE and induced apoptosis in malignant
glioma cells[6]. In our study 5-FU increased the expression of ICE protein in Eca-109 cells undergoing
apoptosis, suggesting that ICE protein may play a
role in apoptosis induced by 5-FU. The expression
of ICE protein was also detectable in some cells
without features of apoptosis. From the phenomenon that the expression of ICE protein appeared at the early stage of apoptosis even before
development of apoptosis, we inferred that ICE
protein may be involved in the development of
apoptosis. T he induction of ICE does not necessarily
trigger cell death, but the manifestation of cells
which were seriously injured. If the injury can not
be repaired, ICE may activate its downstream target
molecules such as apopain, one member of the ICE
family, and in the end, target proteins necessary for
the existence of cells are cleaved and apoptosis becomes irreversible. The reason why negative expression of ICE protein was observed in some cells with
typical features of apoptosis is not clear. The antibody used in this study was specific to ICEp20 subunit. There is no cross-reaction between ICEp20 and

WJG

February 1999

Volume 5

Number 1

ICEp10 subunits. Other member(s) of ICE family
may be also involved in apoptosis. It is known that
at least six members of the ICE family are expressed
in mammalian cells. However, whether ICE acts directly or through its action product interleukin-1β is
not fully understood. The recent studies found that
ICE may directly cleave actin which makes up cytoskelet on and that alteration in actin was implicated in the formation of plasma membrane budding
and disintegration of cells[7].
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Abstract
AIM To detect the congenital expression patterns of mdr-1 gene in commonly encountered
malignant tumors in clinic, and the relationship
between the expression of mdr-1 gene and the
prognostic morphology in esophageal carcinomas.
METHODS A total of 151 resected samples of
malignant tumors without preoperative treatment
were taken from Anyang City Tumor Hospital.
The congenital expression of their mdr-1 gene
was detected with reverse transcripti on polymerase chain reaction (RT-PCR) and was compared with each other. The positive incidence of
mdr-1 gene in 46 samples of esophageal carcinoma was compared with their differentiated
grades, TNM stages and macroscopic types, and
the precautions and advantages of RT-PCR were
evaluated.
RESULTS All the 151 samples were confirmed
to be malignant histopathologically, including
cancers of stomach and gastric cardia (n = 51),
esophagus (n = 46), colorectum (n = 16), breast
(n = 15), thyroid (n = 10), lung (n = 9) and uterine cervix (n = 24). The positive expression rate
of their mdr-1 gene was 33.3%, 37%, 31.3%,
13.2%, 40%, 55%, and 0% respectively. All the
46 samples of esophageal carcinoma were pathologically confirmed to be squamous cell carcinoma. The total expression rate of their mdr-1
gene was 37% (17/46), 35% (6/17), 40% (8/
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20), and 33% (3/9) for differentiation grade I,
II and III respectively. The expression rate of
TNM classification was 33% (6/18), 40% (5/12)
and 37% (6/16) in stage IIa, IIb and III. The
expression rate was 33% (3/9) in ulcerous type,
37% (3/8) in constrictive types, 33% (5/15) in
fungoid types, and 40% (6/14) in medullary
types. No statistically significant difference was
found.
CONCLUSION Compared with other methods,
RT-PCR is more simple, reliable and accurate in
detecting mdr-1 gene expression in tissues of tumor. The overexpression of mdr-1 gene in these
neoplasms suggested that cases should be handled differently for chemotherapy with rational
use of drugs. Excision is the chief treatment for
carcinoma of esophagus. The expression of
mdr-1 gene in tissues of esophageal cancer is
correlated with the parameters of tumor molecular biology which are independent of
histopathological mor phology.

INTRODUCTION

Multidrug resistance (MDR) of malignant tumor
cell has aroused widespread interest. It has been
shown that MDR is present in many malignant tumors. One of its molecular bases is mdr-1 gene amplification and its expression product. Failure of
chemotherapy was chiefly due to drug resistance of
tumor cells[1-9]. It is very important to detect-MDR
in choosing reasonable treatment, espec ially in using
effective chemotherapeutic drugs for a specific patient. Others[10] believe that mdr-1 gene expression
in cancer tissue is a malignant biological indicator
for neoplasms. Few research reports have been
found in the literature on mdr-1 gene expression in
tissues of esophageal carcinoma, and on its relation
with the morphological parameters of esophageal
carcinoma. For these reasons, a primary study was
made.
MATERIALS AND METHODS
Specimens and clinical data

One hundred and fifty-one specimens were taken
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from the Surgical Department of Anyang City Tumor Hospital, Henan Province soon after they were
excised. Of the 151 cases, 78 were male and 73 female. They were aged from 21 to 80 years, averaging 52.1. All the cases were confirmed to be malignant tumors without preoperative treatment. Of
them, 51 were cancers of stomach and gastric cardia, 46 cancers of esophagus, 16 cancers of colorectum, 15 cancers of breast, 10 cancers of thyroid, 9
cancers of lung and 4 cancers of uterine cervix. The
46 patients of esophageal carcinoma were all permanent residents of Anyang citizenship, 26 male and
20 female. The site of cancer was found in the upper, middle and lower thor acic segment in 8, 30,
and 8 cases respectively according to 1987 UICC criteria. Eighteen cases were in stage IIa, 12 in stage
IIb, and 16 in stage III according to TNM classification. All the cases were squamous cell carcinomas.
Of them, 17 were in grade I, 20 in grade II, and 9
in grade III according to SUN Shao-Qian’s grading
system for squamous cell carcinoma. Nine were
found to be ulcerous type, 6 constrictive type, 15
fungoid type, and 16 medullary type according to
WU Ying-Kai’s gross pathological typing method.
Main instrument and reagents

Reverse Transcription Polymerase Chain Reaction
(TT-PCR) Reagent Kit was supplied by Beijing
Jinghai Biological Engineering Company. Bio-RAD
Gene CyclerTM (Gene Amplifier) was made in
Japan. LG15-w high-speed centrifuge was made by
Beijing Medical Centrifuge Factory. SA-U94.11 ultraviolet transilluminator was made by Shanghai
Zhongya Biological Institute.
The sequences of mdr-1 gene primers
5’ACCCATCATTGCAATAGCAG3’
5’TGTTCAAACTTCTGCTCCTG3’
The sequences of inner control β2-microglobulin gene
primers
5’ATGGCTCGCTCGGTGACCCTAC3’
5’TCATGATGCTTGATCACATGTCTCG3’
METHODS
Methods for determining mdr-1 gene expression

Methods for determining mdr-1 gene expression[1]
was used with minor modifications. Major steps
were extraction of total tumor RNA by guanidine
isothiocyanate, synthesis and amplification of complementary DNA (cDNA) to mdr-1 gene by RTPCR. The products were separated by electrophoresis on agarose gel containing EB. DNA bands were
made visible by transillumination with ultraviolet.
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sults. Inner control band and mdr-1 gene 170 bp
band were found in the positive results. Gene expression was calculated on a concentration scanner
by the relative yield of the mdr-1 gene to the β2 inner control gene. Its formula is expressed as:
Mdr-1 expression ratio=

mdr-1 band absorption
Inner control band absorption

The ratio < 0.1 means negative expression, > 0.4
high expression, 0.1 - 0.4 moderate expression.
The observed parameters included mdr-1 gene expression positively in macro- and micro-scopicmorphology of the specimens, and comparison mdr-1
expression in various groups.
Statistical analysis

Chi-square test was used, and P value less than 0.05
stands for statistica l significance.
RESULTS

The expression of mdr-1 gene in the studied samples
was over 30%, except that in cancer of uterine
cervix and breast (Table 1).
The total expression rate of mdr-1 gene was
37% (17/46) in the 46 cases of esophageal carcinoma with no relation to the morphological parameters
of the tumor. It was an independent molecular biological characteristic of the tumor (Tables 2-4).
Table 1 mdr-1 gene expression in 151 specimens

(%)

Site of tumors

n

H

M

L/N

H&M

Esophagus
Gastric cardia
Stomach
Colorectum
Lung
Breast
Thyroid
Uterine cervix

46
35
16
16
9
15
10
4

10.9
17.1
25.0
18.8
22.0
6.6
20.0
0.0

26.1
11.9
12.5
12.5
33.0
6.6
20.0
0.0

63.0
71.0
72.5
68.7
45.0
86.8
60.0
100.0

37.0
29.0
27.5
31.3
55.0
13.2
40.0
0.0

151

15.2

18.6

66.2

33.8

Total

H: high expression, M: middle expression, L(N): lower/no expression

Table 2 mdr-1 gene expression in TNM stages of esophageal
carcinoma
TNM stage
IIa
IIb
III

n

No. of positive cases

Positive rate (%)

18
12
16

6
5
6

33
40
37

P>0.05, among the three stages.

Table 3 mdr-1 gene expression in SUN Shao-Qian’s grading system of squamous cell carcinoma of esophagus
(n = 17)
Grade

No. of positive cases

Assessment criteria

II
II
III

6
8
3

Only one 300bp band was found in the negative re-

P>0.05, among the three grades.

Positive rate (%)
35
40
33

ZHANG Li-Jian, et al. Expression of mdr-1 gene in malignant fumor fissues
Table 4 mdr-1 gene expression in WU Ying-Kai’s macroscopical
typing system of esophageal carcinoma
Types

n

No. of positive cases

Positive rate (%)

Ulcerative

9

3

33

Constrictive

8

3

37

Fungoid

15

5

33

Medullary

14

6

40

P>0.05, among the four types.

DISCUSSION

It is believed that mdr-1 gene is one of the normal
sequences of human genome. Nevertheless, its expression and expressive level are decided by different cell type and environmental factors. The mdr-1
gene expression can be investigated with several
molecular methods including evaluation of protein
expression and mRNA. Protein may be detected by
Western blot analysis and immunohistochemical
techniques. Immunohistochemical staining is commonly used, but it is not suitable for quantitative determination of protein due to its complicacy and influence of experimental conditions. Since all organisms store their genetic information in nucleic acid,
methods of direct detection of mdr-1 at mRNA level
have advantages of high efficiency, sensitivity, and
specificity. Traditional methods for mRNA such as
S1 nuclease test, RNA slot blots, RNA protection
assays, in situ hybridization and Northern blot
analysis are greatly limited due to their overlaborate
procedure and poor sensitivity. RT-PCR was used in
present study. After cDNA of mdr-1 gene was synthesized according to the transcribed mRNA of mdr1, it was detected by PCR in vitro. Compared with
other gene measure ments, RT-PCR is one of the
most sensitive, specific, reproducible, effective,
simple, and time-saving methods[2]. We believe that
the prospects of its application in clinic are quite
broad.
One of the mechanisms of drug resistance to
cancer cells is called MDR which is known as the resistance to lipophilic drugs such as daunorubicin,
adriamycin, vincristin, and colchicin. It is very unfavourable to chemotherapy, because once tumor
cells develop resistance to one of the these drugs,
they will develop resistance to all lipophilic
drugs[5-7]. How to evaluate multidrug- resistant tumor cells is a problem demanding prompt solution.
Recently, there were several papers on the mechanism, evaluation and reversion of MDR[5-8]. Most
of them focused on mdr-1 and its products, p170[2-6]. p-170 (P-gp) was considered as an ATPdependent drug molecular pump, which would lead
to failure of chemotherapy as a result of drugs being
pumped out from cells. This fact has been proved in
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many researches of diseases such as leukocythemia,
breast can cer and melanoma. These recearches were
of no significance in clinical practice because they
were usually focused on a certain kind of tumors and
their results were obtained from malignant cell line
with different methods. In the present study, the
expression of mdr-1 gene in commonly encountered
malignant tumors was synchronically studied by the
same technicians with same instruments, experi mental methods and reagents. The results showed that
all the detected neoplasms except cervical carcinoma, expressed mdr-1 gene in different degrees
(Table 1). Breast cancer also had a low expression
of mdr-1. The positive number of mdr-1 gene in the
other tumor tissues was more than 1/3 except that
in breast and cervical cancers. This kind of expression was congenital because these tumors had not received chemotherapy when they were detected. It
indicated tumor carried mdr-1 gene and its productPgp from the development of tumor. Clinicians
should pay great attention to the mechanisms of its
drug resistance if they are tenable. They should differentiate the subgroups of malignant tumors from
molecular level in addition to taking other clinical
indexes such as tissue differentiation, TNM staging
system, and tissue type into consideration, in order
to avoid unsuitable chemotherapy and use of MDRdrugs especially lipophilics. Combined treatment
with reverser of mdr-1 gene and supressor of P-gp
should be used to improve curative effect if it has
been proved to be effective. Some researchers held
that MDR of tumors could not be completely explained by mdr-1 gene and its P-gp system[10], and
further research should be made. In our phase II
study, a control study will be made on the difference of mdr-1 gene expression in cancer and normal
tissues as well as in those before and after
chemotherapy. We believe that the theory of MDR
will be an important reference index for chemotherapy of tumors as a result of our better understanding
of it.
Surgical treatment is the commonly used treatment for esophageal carcinoma. Its curative effect is
chiefly decided by TNM stages, histological differentiation and types. Generally speaking, it is better
for the early and well differentiated squamous cell
carcinoma than the late and poorly differentiated
adenocarcinoma or the undifferentiated one. However, exceptions in clinic suggest that further research at the molecular level of gene is needed in
esophageal carcinoma which has its unique biological characteristics independent of its morphological
parameters as other malignant tumors.
Since the finding of mdr-1 gene and its product
P-gp (P-glycoprotein, p17 0), they have been ap-
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plied to researches on their relations to cytotoxic
chemotherapeutic drugs, especially to the lipophilic
drugs. Many of these researches were in the field of
hematic malignancies, and new ways were explored
to reverse MDR. However, attention was seldom
paid to the congenital expression of mdr-1 gene in
tissues of esophageal carcinoma and its relation with
morphological parameters. It was found in this
study that the congenital expression of mdr-1 gene
was 37% in tissues of the 46 cases of esophageal carcinoma without chemoth erapy before operation. It
was much higher than that reported in leukemia[4,9-13], melanoma[6], and breast cancer[1,3,5,7].
This is one of the possible reasons why no progress
has been achieved in the curative effect of
chemotherapy for esophageal carcinoma in the past
years. It indicates that only by attaching importance
to the selection of chemotherapeutic drugs and suitable chemotherapy for esophageal carcinoma, can
its curative effect be achieved. It also suggests that
surgical treatment for it at present should be
stressed. Many researches have demonstrated that
cancer is a genetic disease. Besides traditional morphological indexes, the following factors were
found to be related with the prognosis of esophageal
carcinoma such as antioncogene, oncogene and their
abnormal products as well as others at the level of
gene molecules, and have been taken into account in
clinic. Overexpression of mdr-1 gene was believed
to be an index of drug resistance and further malignization of the histogical behavior of cancer
cells[10]. The theory of drug resistance of tumors
was advanced by Goldie and Codman[8] in 1979 in
the light of gene change. It held that drug resistance
was resulted from gene mutation of tumor cells produced in frequency of the tumor, and that the larger
the tumor, the more the frequency of proliferation
and the stronger the drug resistance. This theory also indicates that drug resistance of tumors has a positive correlation with the stage of tumors. No significant difference was found in the expression of mdr1 gene in tissues of esophageal carcinoma on the basis of its morphology, differentiati on and TNM. It
was suggested that expression of mdr-1 gene is a
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molecular parameter independent of surgical pathomorphological indexes. This results show that surgical treatment is the first choice for esophageal carcinoma at present due to its drug resistance.
It was held that expression of mdr-1 gene was a
protective mechanism of cells, which was found in
some normal tissue cells in addition to cancer
cells[10]. The results in our study seemed to support
it. Long follow-up study is needed to decide
whether overexpression of mdr-1 gene in esophageal
carcinoma is an index of its further malignization,
because no comparison was made for its difference
in cancer and normal tissues as well as before and
after its chemotherapy.
Although surgical treatment of esophageal carcinoma is destructive and will exert some influence
on the quality of life of the patients, it remains the
first choice before a breakthrough is made in
chemotherapy. In order to improve the curative
effect of chemotherapy, the reverse mechanism of
MDR should be further studied while the drug-resistant mechanism is comprehensively researched.
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Preparation and distribution of 5-fluorouracil
sodium alginate-bovine serum albumin
nanoparticles

125

I
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Subject headings 5-fluorouracil (5-FU); sodium alginate-al bumin; preparation of nanoparticle
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Abstract
AIM To prepare 5-FU sodium alginate 125I bovine
serum albumin nanoparticles (BSA NP), to determine the radioactive count in different organs
of rats at different time points after oral administration of 5-FU 125I sodium alginate-BSA NP and to
calculate the kinetic parameters of its
metabolism.
METHODS Emulsion solidification method was
used to prepare 5-FU 125I sodium alginate-BSA
NP, and to determine its diameter under transmission electronic microscope (TEM). Then the
rate of NP and external drug releasing velocity
were measured. Radioactive counting in different organs of rats wa s made after oral administration of the NP by GAMA Counter, and the kinetic para meters of drug metabolism were calculated by handling the data with the two-department model.
RESULTS The average arithmatic diameter of
the NP was 166nm±34nm, the rate of 5-FU was
32.8% and the cumulative external releasing ratio amounted to 84.0% within 72 hours. The NP
was mainly distributed in the liver, spleen,
lungs and kidneys after NP oral administration to
rats. The mic ro-radioautographic experiment
showed that NP was distributed in the Kupffers
cells of liver, liver parenchymal cells and the
1
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phagocytes of spleen and lungs. The kinetic parameters of matabolism were: T1/2 = 9.42h, Cmax
=2.45×107Bq, Tmax=2.18h, AUC=148×109Bq.
CONCLUSION NP is difficult to pass through the
blood-cerebral barrier,and 125I sodium alginate
-BSA NP enters the body circulation by gastroin
testinal passage.

INTRODUCTION

Nanoparticle (NP) is an colloidal dispersion system,
with diameters ranging from 10nm to 1000nm. The
particles exist mainly in the organs rich in phagocytes after absorption, such as liver, spleen and
lymph system. Since its introduction in the 1980s,
scientists have done a lot of researches on its preparation, stability and targeting[1,2]. Now most materials used to prepare NP are synthetic substances,
e.g. cyanoacrylate, methylacrylate and polylactic
acid. However, we selected natural substancessodi-um alginate and bovine serum albumin as carriers,
and 5-fluorouracil (5-FU) as model drug to prepare
NP by emulsion solidification, and studied its distribution after oral administration.
MATERIALS AND METHODS
Animal

The Kunming rats weighing 20 g±2 g, were provided by the Experimental Animal Centre of Tongji
Medical University.
Reagent

Sodium alginate (chemical reagent), bovine serum
albumin (Sigma), pentane dialdehyde (biochemical
reagent, Merck), Na 125 I (speific activity 7.78
TBq/L, Chinese Atomic Energy Institution), IV
liquid nuclear emulsion (Physics Institute of Chinese
Atomic Energy Research Institution).
Preparation of 125I bovine serum albumin (BSA)

The BAS (10mg) was dissolved in 10mL distilled
water and marked with I125 according to the chloroamine-T method. After the reation was completed,
the mixture was separated by column chromatography (10 mm×340 mm), using Sephadex G-50 as
column material and Na2S2O3 as eluant. Then the
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radio-chemical purity of eluate was determined by
dichloroacetic acid method.

to get its A value and cumulative rate of drug release.

Preparation of 125I sodium alginate-BAS NP

The distribution of 125I sodium alginate-BSA in
rats

125

According to the literature, 1 mL-above I -BAS
(1g/L, SpA 107 Bq) was added into sodium alginate solution to prepare sodium alginate- BSA NP.
Determination of the diameter of nanoparticles

The NP size in the suspension was detected on
TEM.
Determination of the encapsulation efficiency

The standard curve of 5-FU was drawn first. One
hundred and five mg of 5-FU was weighed precisely, dissolved in thin HCL solution (9-1000) and
adjusted to given volume. This solution was diluted
to its half concentration. After 3.0, 6.0, 9.0, 12.0
and 15.0 mL-diluted solution were taken into
100mL-volumetric flasks and adjusted to given volume respectively, their absorbance (A) values were
detected on ultraviolet-visible spectrophotometer at
265 nm. The following regression equation was obtained: C = 16.72A±0.0416 (r = 0.9998).
A total of 1.0 mL 5-FU NP suspension was
added accurately to a test tube with 9 mL
6mol/HCl. The mixture was hydrolyzed for 20h at
100 water bath. The hydrolyzate was adjusted to
given volume with distilled water to detect its A value as standard curve item, the hydrolyzate of bland
NP suspe nsion served as control. The result showed
that the control group had no obvious absorption at
265nm (A=0.01). By putting the A value into the
regression equation we worked out the concentration of 5-FU in the hydrolyzate and got the encapsulation efficiency consequently.

Fourty-five Kunming rats were divided into 15
groups (3 rats per group). After starvation for
16h, the rats were given the 5-FU NP orally 148×
108Bq per rat. Right after its blood was taken from
the eye at different time points (heparin was added
to prevent coagulation), the rats were sacrificed by
breaking its spine. The relevant tissues and organs
were taken. When the water had been absorbed
with filter paper after washing, they were weighed.
The amounts of the NP in unit weight in different
tissues were measured by GAMA Counter. In accordance with the counting result, we calculated the
tissue blood ratio at different time points and used
two-department model to process the data in order
to get pertinent kinetic parameters.
Radioautography

While carrying out the histological experiment, we
chose the tissues of liver, spleen, lungs, and kidneys
at some time points (the 4th, 8th and 12th hour),
and frozen sections and paraffin wax sections about
6µm-thick were made. IV liquid emulsion was used
for microradioautography.
RESULTS
Diameter of NP

On the 5-time enlarged photograph (diagram 1) of
TEM, the average arithmetic mean diameter of 300
detected NPs was 166 nm±33 nm, 8% < 130 nm,
36% 130 nm - 150 nm, 42% 150 nm - 170 nm and
14% >180nm.

Determination of recovery rate

Encapsulation efficiency

The same quantities of albumin, sodium alginate
and pentane dialdehyde as “Prep aration of NP”
items were mixed with 5-FU weighed precisely, the
mixture was dissolved in distilled water. Its A value
was detected according to the standard curve and
the content of 5-FU was calculated.

After two batches of 5-FU NPs were hydrolyzed in
acid medium, their encapsulation efficiency was
calculated (Table 1).

Determination of drug release

Appropriate quantity of 5-FU NP suspension was
taken precisely, washed for three times with distilled water, and suspended in 200mL-thin HCL solution (9-1000). The drug release state of the suspension was measured at 37 by paddle method
(100r/min). The samples were taken at the beginning, the 2nd, 4th, 8th, 12th, 24th, 48th and 72nd
hour, and filtered through 0.2µm microporous
membrane. The filter liquor was detected at 265nm

Table 1

Encapsulation efficiency of 5-FU in NP

Weight of
drug added (g)

A value

Weight of drug
encapsulated (g)

Encapsulation
efficiency (%)

0.6162

0.679

0.208

33.8

0.6113

0.625

0.193

31.6

0.5917

0.676

0.195

32.9

Rate of recovery

The rate of recovery of three batches of samples is
shown in Table 2.

YI Yi-Mu, et al. Preparation and distribution of Serum albumin nanoparticles
Table 2

tration, the radioactivity of their liver, spleen and
lungs was 2.08 times, 2.32 times and 1.60 times, as
much as that of blood, while 24 hours after the administration, they decreased to 1.18, 1.22 and 0.87
times respectively (Table 3).
The data in the parentheses show the ratio of
radioactivity of the relative organ to that of blood.
The data in Table 3 were put into computer, and
processed according to the two-department model to
calculate the relevant pharmacokinetical parameters. The results are shown in Table 4.

Rate of recovery of 5-FU

Weight of
5-FU added (g)
0.1348
0.1463
0.1429

Weight of 5-FU
determined (g)

Rate of
recovery (%)

0.1326
0.1449
0.1395

98.4
99.1
97.6

Varitation of drug releasing ratio of 5-FU NP before and after storage

The cumulative ratio of drug release within 72 h decreased from 84.8% before storage to 80.6% after
storage under 40 ±1 for three months.

Radioautography

The microradioautographical experiment indicated
that the 125I sodium alginate-BSA NP were mainly
distributed in the Kupffer cells of liver and liver
parenchymal cells (Figure 2) after oral administration to rats. And there were Ag particles in the
phagocytes of spleen (Figure 3) and also in the pulmonary cells (Figure 4).

The pharmacokinetics of 125I sodium alginateBAS NP in rats

Thirty min after the rats administrated 125I sodium
alginate-BSA NP orally, obvious radioactivity was
shown in its blood. Eight hours after the adminis-

Table 3 Distribution of 125I sodium alginate-BSA NP in rats
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(n = 3, dosage 148×108Bq per rat, po.)

Value of radioactive counting of 100mg tissue in 30s at different time points
Organ
1h

Blood
Heart
Liver
Spleen
Lungs
Kidneys
Brain
Stomach
Intestine
Bowel

502±100
436±110(0.86)
436±110(0.86)
663±140(1.32)
717±314(1.42)
526±139(1.05)
105±31(0.21)
89654±7143
765±137
1256±664

4h

601±135
801±66(0.33)
908±100(1.51)
1029±168(1.71)
818±172(1.36)
185±39(0.14)
112±49(0.19)
28674±3647
5573±891
639±1023

8h

16h

373±22
265±23(0.71)
777±69(2.08)
834±272(2.32)
597±121(1.60)
401±71(1.08)
111±47(0.30)
8362±1902
30±599
30±599

298±19
230±23(0.77)
405±97(1.36)
436±195(1.46)
443±31(1.49)
387±105(1.30)
96±27(0.32)
4641±1400
403±118
3221±863

24h

191±17
190±10(0.99)
226±16(1.18)
233±25(1.22)
166±4(0.87)
133±13(0.69)
50±5(0.26)
698±34
115±64
125±60

Table 4 Pharmacolinetical parameters of 125I sodium alginateBSA NP in rats
Unit

Value

A

Parameter

Bq

3022×10 2

α

1/h

B

Bq

β

1/h

Ka

1/h

V/F

Bq

0.07
3.03×10 3
-0.11
1.46
1428×10 3

T 1/2 α

h

9.42

T 1/2β

h

-6.07

T 1/2 Ka
K21

h

0.47

1/h

-0.11

K10

1/h

0.07

K12

1/h

-0.00035

AUC

Bq×h

3.9×109

CL(s)

Bq×h/Bq

105×10 3

T(peak)
Cmax

h

2.18

Bq

2.45×10 7

Figure 1

Releasing of 5-FU from NP.

36h

129±23
87±35(0.67)
153±21(1.19)
169±27(0.95)
119±27(0.92)
123±14(0.95)
39±11(0.30)
527±114
204±46
256±102
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DISCUSSION

Since the introduction of NP in the early 80s, scientists have done a lot of researches in its preparation,
stability, distribution and targeting. It is suggested
that the stability of NP is better than that of liposome and it can carry more drug than liposome.
At present, the materials, which are reported
to prepare NP in literature abroad, are all manmade synthetic materials. While NP is mostly administrated in travenously, we chose natural polysaccharide and protein to compose the carrier, and observed its distribution and metabolism after oral administration to rats.
Thirty minutes after the rats administrated 125I
sodium alginate-BSA NP orally, the radioactive substances in their blood were detected.
The results indicate that NP is mainly distributed in the liver, spleen and lungs, quantitatively in
heart and slightly in brain. This shows NP is difficult in passing through the blook-cerebral barrier.
The experiments also display that the 125I sodium alginate-BSA NP enters the body-circulation by gastrointestinal passage and is chiefly distributed in the
tissues rich in phagocytes, such as in the liver and
spleen.
In the study of its distribution, we discovered
that there is still a large amount of radioactivity in
the gastrointestinal passage 12 hours after the administration. This illustrates that the absorption of
NP is not complete because NP exists in the suspension as cloudy polymer but not mono-dispersion, and
the large diameter of the polymer makes it difficult
for the NP to be absorbed by the gastrointestinal
passage.
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Plasma L-ENK, AVP, ANP and serum gastrin in
patients with syndrome of Liver-Qi-stagnation *
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Abstract
AIM To investigate the pathophysiologic basis
of syndrome of Liver-Qi stagnation and parameters for clinical differentiation.
METHODS Plasma L-ENK, AVP, ANP and serum
gastrin were determined by RIA in 84 patients
with neurasthenia, mastodynia, chronic gastritis, and chronic cholecystitis presenting the
same syndrome of Liver-Qi stagnation in tr aditional Chinese medicine (TCM). Healthy subjects
served as controls in comparison with patients
having the same syndrome but with different diseases.
RESULTS Among the patients with Liver-Qi
stagnation, the plasma L-ENK, ANP and gastrin
levels
were 38.83 ng/L ± 6.32 ng/L,
104.11 ng/L ± 29.01 ng/L and 32.20 ng/L ±
6.68ng/L, being significantly lower than those
in the healthy controls (P<0.01, t = 3.34, 6.17,
4.48). The plasma AVP of the patient group
(52.82ng/L ± 19.09ng/L) was significantly
higher than that of the healthy contr ols (P<
0.01, t = 5.79). The above changes in patients
having the same symptom complex but different
diseases entities showed no significant differences, P>0.05.
CONCLUSION The syndrome of Liver-Qi stagnation is closely related to the emotional modulatory abnormality of the brain, with decrease of
plasma L-ENK, ANP and gastrin, and increase of
plasma AVP as the important pathophysiologic
basis.
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INTRODUCTION

Liver-Qi stagnation syndrome is common in liver
disease. The predominant clinical manifestations
were characterized by emotional alterations and digestive disturbances. In order to explore the pathophysiological basis and indexes of differentiation,
we investigated the alterations of neurohumoral parameters in association with modulating emotional
and digestive function.
MATERIALS AND METHODS
Subjects

Fifty-four patients with Liver-Qi stagnation syndrome selected from Xiangya Hospital and several
general hospitals of Hunan Province from May 1995
to October 1996 were examined for plasma L-ENK,
AVP and ANP. Seven were males and 47 females.
Age ranged from 14-60 years, averaging 39±11.2
years. The diagnoses were mastod ynia (19), neurasthenia (17), chronic gastritis (10), and chronic
cholecystitis (8). Another 30 patients selected from
Xiangya Hospital through March 1997 to October
1997 were added, they were all females, aged 2053 years, averaging 34.7±12.7 years. Mastodynia
was diagnosed in eleven cases, neurasthenia in nine
cases, chronic gastritis in seven, and chronic cholecystitis in three.
The healthy controls were selected from the
blood donors and employees in our hospital, all of
them were negative in physical examination, blood
routine, liver function test and chest fluoroscopy to
rule out organic disease of heart, liver, lung, kidney, and nervous system diseases. L-ENK, ANP
and AVP were detected in 30 cases, whereas serum
gastrin was examined in 33 cases.
Differentiation and diagnosis by TCM

Based on previous criteria derived by our department[1], they were modified according to the clinical epidemiological survey as: hypochondrial, breast
and lower abdominal pain; depression; restless and
easily irritated; obstruction sensation at the pharynx; dysmenorrhea, amenorrhea, or irregular menstrual cycle; and the tense pulse. The patients presented with 3 or more of the above six items were
considered to have Liver-Qi stagnation syndrome.
(The disease entities selected including mastodynia,
neurathenia, chronic gastritis, chronic cholecystitis
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were diagnosed according to the textbook listed criteria and diagnosed by the departments of breast
disease, neurology, general surgery, and digestive
medicine).

0.998, CV = 7.15%, RER = 0.035; for AVP, r =
0.998, CV = 3.15%, RER 0.039; and for gastrin,
r = 1.000, CV = 3.18%, RER 0.038; all fitted the
quality control criteria.

Laboratory methods

Statistical analysis

All the 4 parameters were determined by radioimmunoassay. The apparatus used was FJ-2008 P-type
gamma immunocounter. Venous blood samples were
collected during fasting in the morning and determined subsequently. Radioimmunoassay kits for LENK and AVP were provided by the Department of
Neurobiology of the 2nd Military Medical University, and the ANP and gastrin immunoassay kits were
provided by Northern Institute of Immunoreagents,
Beijing. The standard curve for L-ENK was r =
0.998, CV = 3.07%, RER 0.039; for ANP, r =

All data were expressed as x±s. Student’s t test
and F tes t were used for comparison between groups
2 and 3.
RESULTS

Table 1 lists the results of measurement of plasma LENK, AVP, ANP and serum gastrin of the Liver-Qi
stagnant patients group (LQSP) and of the normal
controls and Table 2 shows the results of mesurements in patients with different diseas e entities.

Table 1 The plasma L-ENK, AVP, ANP and serum gastrin levels in Liver Qi stagnation patients
Group
LQSP
Control

L-ENK

AVP

38.83 ±6.32(40) b
45.19 ± 9.58(30)

ANP

52.82 ±19.09(30) b
29.88± 10.35(30)

104.11±29.01(32) b
149.50 ±28.89(30)

Gastrin
32.20±6.68(30)b
47.02 ± 15.64(30)

In brackets are the number of cases; bP<0.01, vs control.

Table 2 The plasma and serum neurohumeral parameters of patients with Liver Qi stagnantion syndrome of different disease entities
Group
Neurathenia
Mastodynia
Gas-Chole*
F value
P

L-ENK

AVP

ANP

Gastrin

40.72 ± 17.18(14)
36.40 ± 21.12(10)
40.87 ± 26.02(16)

42.95± 1078(8)
61.31 ± 23.57(13)
49.32 ± 12.85(9)

110.24 ± 39.40(10)
104.73 ± 34.43(13)
99.83 ±20.15(9)

31.03 ± 7.79(9)
33.49 ±7.08(11)
31.24 ±4.52(10)

0.15
>0.05

2.28
>0.05

0.24
>0.05

0.40
>0.05

Note: in the blackets are the number of cases; *Gas-Chole stands for chronic gastritis and chronic cholecystitis.

DISCUSSION

In TCM, the function of liver is mainly dredging
and storing of blood. The dredging function of the
liver is extremely important in regulating the flow of
Qi and blood in the body, the psychoemotion, digestion and absorption, water and fluid metabolism,
menstruation and reproductive function. Psycho-emotional disturbance is the main cause of Liver-Qi
stagnation, and in turn, psychoemotional change is
the clinical feature of Liver-Qi stagnation, such as
easily irritated and arousal of angry, depression and
sighing, insomnia with nightmares, even suspicious
and indifferent and grieving. RIA of the psychoemotional and digestive function related neurohumoral parameters in this series showed that among
the Liver-Qi stagnantion patients, plasma L-ENK,
ANP and serum gastrin were significant ly decreased
and the plasma AVP increased as compared with

those of the normal controls. However, between
the different disease entities of various organ systems in modern Western medicine observed no significant difference. It strongly indicates that these
alterations are the pathophysiological basis of LiverQi stagnation in common. These parameters are the
indexes of syndrome, rather than the indexes of the
disease entity. This study preliminarily explored the
relationship between Liver-Qi stagnation syndrome
and the modulatory neurohumeral factors associated
with psychoemotional changes.
L-ENK is an active neuropeptide, its secretory
neurons are distributed in thes triatal body thalamus, periaqua duct gray matter, and dorsal glial region of spinal cord, and are the modulators of emotional activity within the central nervo us system[2].
Gastrin is a gastrointestinal hormone secreted by G
cells distributed in pylorus and upper duodenum.
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Recent study reveals that some of the gastrointestinal peptide is also situated in CNS, the dual distribution of these peptides were called as brain enteric
peptide[3]. Immunohistochemical studies demonstrated that gastrin and leucine enkephalin are also
presented in the brain, stomach, intestine and
pancreas[4]. Enkephalin is extensively distributed in the
central nervous system and the digestive tract, and
its secr etory cells coincided with gastrin secretory
cells[5]. In this study, both plasma L-ENK and
serum gastrin were sigificantly decreased in the patients with Liver-Qi stagnant syndrome, which
might play an important role in the pathogenesis of
psychoemotional modulation disorder and result in
unstable emotional activity. Since the brain-enteric
peptide secretion and release are closely related with
the functional status of CNS and the vegetable nervous system, decreased brain-enteric peptide during
Liver-Qi stagnation would certainly affect the gastric acid secretion, the intestinal, pancreatic juice,
bile secretion and motility of the digestive tract, ultimately leading to digestive disturbance.
Vasopression, the antidiuretic hormone
(ADH), is synthesized by the neurons of supraoptic
nucleus of hypothalamus. Release of ADH is normally modulated by plasma osmotic pressure, blood
volume and blood pressure; but pain, vomiting and
emotional tension may promote ADH release, and
antagonize the diuresis[4].
Atrial natriuretic polypeptide is mainly distributed in the brain, which is high in the hypothalamus and the diaphragmatic sellae region. Its secre-
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tion is influenced by physical, humoral and neural
factors. Its functions include natiuresis, vasodilation, and decrease of blood pressiure[6]. It was reported that ANP significantly inhibited the release
of AVP via hypothalamus neuropituitary axis, the
antagonistic effect of ANP and renin-angiotensin
not only existed peripherally, but also in the CNS,
particularly in regulating the blood volume, electrolyte balance and maintenance of blood pressure[7]. Decrease of plasma ANP and elevation of
AVP might be one of the pathophysiologic basis of
the CNS regulatory dysfunction resulting in increased vascular tension, sodium and water retention, and hypertension in Liver-Qi stagnation syndrome. But the cause-effect relationship, the precise mechanism of the elevated AVP and decreased
ANP, as well as the validity of the four neurohumeral parameters in this study as reference indexes in differentiation of the Liver-Qi stagnant syndrome await further clarification.
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Current medical therapy for ulcerative colitis
XU Chang-Tai and PAN Bo-Rong
Subjects heading colitis, ulcerative/drug therapy; inflammat ory bowel diseases/drug therapy; cyclosporin; glucocorticosteroids; sulphasalazine 5aminosalicylic acids
INTRODUCTION

In recent years, the advances in therapy of ulcerative colitis (UC) have been characterized mainly by
the more extensive use of immunosuppression. Cyclosporin (CSA) may become a drug of choice to
treat severe UC, but its long-term effect is insufficient. Topically, glucocorticosteroids (GCS) are
hopeful in right ileocolonic UC, but no action for
maintenance therapy[1-3]. The most significant development in recent years is the introduction of immunomodulatory treatments using cytokines and anticytokines. Immunomodulation therapy creates
great expectations since early reset of the immunostat might be able to control inflammation in a long
term. Current treatment strategies are anti-inflammatory and to modulate the immune response. Standard therapies with sulphasalazine (SAS) or 5aminosalicylic acids ( 5-ASA, mesalazine or
mesalamine), GCS and antibiotics yield a fair immediate success, but long-term response to these
therapies is poor. The greatest advance has been the
introduction of immunosuppressive strategies. The
indexes like the clinical activity index (CAI) proposed by Rachmilewitz[1], although useful, have not
received general acknowledgement.
Patients with an inflammatory bowel disease
(IBD), such as UC or Crohn’s disease, have recurrent symptoms with high morbidity. Mild disease requires only sympt omatic relief and dietary manipulation. Mild to moderate disease can be managed
with 5-ASA, including olsalazine and mesalamine.
Mesalamine enemas and suppositories are useful in
treating proctosigmoiditis. Corticosteroids are beneficial in patients with more severe symptoms, but
side effects limit their use, particularly for chronic
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therapy. Immunosuppressant therapy may be considered in patients with refractory disease that is not
amenable to surgery. IBD in pregnant women can
be managed with 5-ASA and corticosteroids[2].
Since longstanding IBD is associated with an increased risk of colon cancer, periodic colonoscopy is
warranted.
Since lesions in UC are quite diffuse and uniform endoscopic indexes used are quite straightforward, clinical activity, endoscopic activity and histology show a reasonable correlation and it is useful
to monitor disease activity also with flexible proctosigmoidoscopy. The persistence of active inflammatory lesions at histology in the presence of endoscopic remission predicts relapse. Bresci G et al[3]
reported that the activity of the disease was evaluated by a Clinical Activity Index and an Endoscopic
Index. Of 112 cases of UC observed, 95 showed no
change in extent and were studied as examples of
non-progressive UC, and in this group the extension
of the disease was: pancolitis in 19%, left sided colitis in 39%, proctosigmoiditis in 17% and proctitis
in 25%. A colectomy had to be performed in 5%.
None of the enrolled cases developed a cancer during the follow up. The patients with ulcerative pancolitis or left-sided colitis were treated with 5-ASA1.6g/d in a delayed-release formulation, while the
patients with proctosigmoiditis or proctitis were
treated with 5-ASA enem as 4g/d. The patients
with more than one relapse/ year accounted for
39%. The proportion of patients with only one
relapse/ year was 53%. The patients with steady remission for all the seven years of the trial were only
8%, but with a statistically significant difference
between the groups with initial diagnosis of proctosigmoiditis or proctitis and the group with initial
diagnosis of pancolitis or left-sided colitis (12% vs
5%). Among the patients with continuous remission, 37% showed colonic alterations, with an endoscopic score higher than 4 but a clinical score less
than 6. Side effects were observed in 6% of patients
but without treatment withdrawal. Non-progressive
UC throughout the colon has a relatively good prognosis, which seems to be independent of the location
of the disease, even if Bresci G et al[3] have found a
statistically significant higher percentage of patients
with steady remission among the patients with more
distal diseases.
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CURRENT TREATMENT OF ULCERATIVE COLITIS

Ulcerative colitis is a mucosal disease and therefore
well suited for treatment in most instances with topically acting drugs at the level of the colonic mucosa. UC is controlled mainly using GCS and 5ASA.
Ardizzone et al[4] had reviewed the role of corticosteroids, ASA and mesalazine ( 5-ASA,
mesalamine), immunosuppressive agents and alternative nove l drugs for the treatment of distal UC.
Short cycles of traditional, rectally administered
corticosteroids ( methylprednisolone, betamethasone, and hydrocortisone) are effective for the
treatment of mild to moderately active distal UC. In
this context, their systemic administration is limited
to patients who are refractory to either oral 5-ASA,
topical mesalazine or topical corticosteroids. Of no
value in maintaining remission, the long-term use of
either systemic or topical corticosteroids may be
hazardous. A new class of topically acting corticosteroids [budesonide, fluticasone, beclomethasone
dipropionate, prednisolone -21- methasulphobenzoate, tixocortol (tixocortol pivalate)] represents a valid alternative for the treatment of active
UC, and may be useful for refractory distal UC. Although there is controversy concerning dosage or
duration of therapy, oral and topical mesalazine is
effective in the treatment of mild to moderately active distal UC. Sulfasalazine and mesalazine remain
the first-choice drugs for the maintenance therapy
of distal UC. Evidence shows a trend to a higher remission rate with higher doses of oral mesalazine.
Topical mesalazine (suppositories or enemas) is also
effective in maintenance treatment. For patients
with chronically active or corticosteroid-dependent
disease, azathioprine and mercap topurine are effective in reducing either the need for corticosteroids
or clinical relapses. Moreover, they are effective
for long-term maintenance remission. CSA may be
useful in inducing remission in patients with acutely
severe disease that does not achieve remission with
an intensive intravenous regimen. Existing data suggest that azathioprine and mercaptopurine may be
effective in prolonging remission in these patients.
The role of alternative drugs in the treatment of distal UC and its different forms are reviewed. In particular data are reported concerning the effectiveness of 5-lipoxygenase inhibitors, topical use of
short chain fatty acids, nicotine, local anesthetics,
bismuth subsalicylate enema, sucralfate, clonidine,
free radical scavengers, heparin and hydroxychloroquine. The management of patients with acute severe UC requires careful in-hospital assessment of the patient and the coordinated treatment
of a team of experienced gast roenterologists and
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surgeons. Complete understanding of the potential
complications and their management, especially
toxic megacolon, is essential.
The current medical arsenal advocates a standardized approach to management that includes continuous, high dose iv hydrocortisone, more aggressive use of topical steroids as well as feeding the patients and continuing (but not initiating) oral 5-ASA
agents was reviewed[5]. For those patients whose
disease proves refractory to iv steroids, iv. CSA
(with an acute response rate of 82%) is an essential
component in the medical management of these patients. Antibiotics should be used only when specifically indicated. Total parental nutrition has not
been shown to be helpful in the acute setting. Air
contrast barium enema and colonoscopy have been
used to predict response but may be dangerous diagnostic modalities in these acutely ill patients and are
not better than good clinical judgement. Marion et
al[5] review and advocate long-term management of
acute response using 6-mercaptopurine or azathioprine. The surgical experience and the postoperative
complications of the ileal pouch anal anastomosis,
which include acute pouchitis in 50% - 60%, chronic pouchitis in 5%-10% and recent reports of dysphasia among patients with chronic pouchitis, must
be considered before colectomy is advised. Over
80% of patients with acute severe colitis can be
spared colectomy using the current arsenal of medical therapies.
The inhibited release of 5-lipoxygenase products
may account for some of the anti-inflammatory effects of ropivacaine seen in the treatment of UC[6].
Prompt diagnosis and exclusion of infection require
a minimum of rigid sigmoido scopy, rectal mucosal
biopsy and stool culture. Admission to hospital is
mandatory for patients with features of severe disease, or who are in their first attack of UC and have
bloody diarrhea, even if the criteria for severe disease are not met. Once admitted, plain abdominal
X-ray, full blood count, and serum albumin and C
reactive protein should be used to monitor the patients on alternate days; temperature and pulse rate
should be recorded four times per day. Treatment
should be instituted as soon as the diagnosis is made
with an intravenous corticosteroid (hydrocortisone
100mg iv. four times daily or equivalent). Antibiotics may be included if infection cannot be confidently excluded. Free diet is allowed but attention
should be given to nutritional, fluid and electrolyte
status with intravenous replacement if necessary.
Any evidence of colonic dilatation occurring despite
maximal therapy should be regarded as an absolute
indication for colectomy. The patient should be
kept fully informed from an early stage about the
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likely natural history of the condition and about the
possible therapeutic options including surgery. CSA
therapy should be reserved for patients who have a
poor response to the first 3d-4d of corticosteroid
therapy, particularly those with serum C reactive
protein >45mg/L and who do not yet have absolute indications for colectomy. Most patients who
have not convincingly responded within 10 days of
starting medical therapy should undergo colectomy,
although some responders who are febrile may reasonably continue for up to 14 days before a final decision. Approximately 30%-40% of patients with
severe colitis will need colectomy within the first 6
months. With optimal management, mortality can
be zero, but better medical therapies are urgently
needed to reduce the colectomy rate[7].
Finnie et al[8] speculated that corticosteroids
might cause beneficial stimulation of mucus synthesis, since this is a known action of carbenoxolone, a
corticosteroid itself, and has also been proposed as a
possible mechanism for the protective effect of
smoking on UC. We have therefore compared the
effects of corticosteroids including carbenoxolone,
and nicotine on mucin synthesis, assessed by incorporation of N-[3H] acetylglucosamine into mucin by
colonic epithelial biopsies in culture. In histological ly normal biopsies from the left colon, hydrocortisone and prednisolone caused a very marked concentration-dependent increase in mucin synthesis, with
maximal effect at 6 nmol/L (P < 0.001) and
1.5 nmol/L (P<0.001) respectively. The maximal
effect of hydrocortisone was significantly greater
than that of prednisolone (P < 0. 05). Carbenoxolone, 0.17 mmol/ L, also increased mucin synthesis in the left colon [P < 0.05, n = 15 (three patients)]. In contrast, these corticosteroids caused
only a small, non-significant increase in mucin synthesis in the histologically normal right colon; fludrocortisone, 2 nmol/L and 20 nmol/L, and aldosterone, 0.1 nmol/L - 10 nmol/L had no effect.
Nicotine significantly increased mucin synthesis between 62.5 nmol/L and 6.25 nmol/L (P < 0.05 at
all concentrations) in both the right and left colon.
In biopsies from the relatively uninvolved right
colon of patients with UC, corticosteroids and nicotine caused relatively smaller increases in mucin synthesis. The marked stimulation of mucin synthesis
by corticosteroids suggests that this may account, at
least in part, for their therapeutic effect in UC.
GCS act by binding to the GCS-R (glucocorticosteroid receptor). The activated receptor assembles to a dimmer that is transported in the nucleus of
the cell where it binds to DNA and acts via enhanced or reduced transcription, reduced translation
and breakdown of DNA. GCS have a very extensive
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anti-inflammatory and immunosuppressive action.
Since the receptor is the same for all body cells,
GCS in the circulation have many systemic effects.
Many actions have been described for the aminosalicylates[9]. SAS and 5-ASA inhibit the production of
cycloxygenase, thromboxane synthetase, plateletactivating-factor synthetase, and IL-1 by
macrophages and can decrease immunoglobulin production by plasma cells. Both SAS and 5-ASA inhibit the production of reactive oxygen species and
scavenge reactive oxygen metabolites. 5-ASA lacks
the antibacterial effect of SAS.
TREATMENT OF ACTIVE ULCERATIVE COLITIS

The two variables determining the therapeutic approach in UC are disease extent and disease severity
(Table 1).
Effective medical treatment of UC is available.
However, 20% - 40% of patients remains refractory and become steroid dependent or chronic active.
Azathioprine and its metabolite 6-mercaptopurine
have been found effective in this setting, although
duration of treatment and doses are not entirely
clear. Methotrexate has no definitive part in the
treatment of refractory colitis. Iv. CSA induces remission in a considerable number of patients; follow-up treatment is, however, not defined. This
approach may be useful for elective surgery. A number of other treatments have been proposed including chloroquine, interferons and anti-cytokines.
None of these can currently be recommended for
clinical practice. Anti-inflammatory cytokines such
as IL-10 may be good candidates[5,10].
In the presence of proctitis or distal colitis, a
topical approach should always be the first choice.
To control active distal disease rectal 5-ASA is at
least as effective as rectal GCS[11]. In patients with
left-sided colitis, enemas are the best choice because
of the retrograde spread up to the splenicflexure.
GCS enemas have been used for a long time in the
treatment of distal UC. Prednisolone (20 mg 30 mg), hydrocortisone (100 mg-125 mg ), and betamethasone (5 mg) have all been shown to be effective. To minimize side effects, poorly absorbable
GCS have been used for enema therapy including
hydrocortisone foam and prednisolone metasulphobenzoate or molecules with increased first-pass
metabolisation in the liver, e.g., betamethasone
dipropionate and tixocortol pivalate. Budesonide
enemas carry almost no systemic effects because of a
very high first-pass effect. Doses of 2 mg are as effective as 20 mg - 30 mg of prednisone. Repeated
therapy courses with budesonide enemas have been
found safe without suppression of the HPA axis[5,12].
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CSA has been proposed in the management of
patients with acute UC in whom standard therapy
failed and who were candidates for colectomy[13].
Seven academic hospitals contributed to this retrospective study which included 29 patients (median
age: 33 years, 12 females and 17 males). The median duration of the disease was 4 years. For the responders, maintenance therapy included tapering
dose of steroids (n = 12), azathioprine (n = 12), 5ASA or salazopyrine (n = 10), methotrexate (n =
1) or oral CSA (n = 11). The median duration of
follow-up was 12 months (4 to 48 months). Among
the 20 responders, 7 were subsequently referred for
colectomy either selectively (n = 3) or because of
recurrence o f the disease (n = 4). Among the 12 patients treated by azathioprine as a maintenance therapy, only 3 (25%) had to be referred for surgery.
Among the 8 patients who did not receive azathioprine, 4 (50%) were subsequently subject to a
colectomy (NS). In patients with acute refractory
UC who received CSA, the short-term efficacy
(avoidance of immediate colectomy) was obtained
in 20 (69%) out of 29 patients. However, after a
median follow-up of 12 months, only 13 (45%) patients were colectomy free.
Refractory distal colitis is a difficult medical
problem and is defined as active distal inflammation
unresponsive within 4 wk - 6 wk to a topical treat
ment with 5-ASA or corticosteroids associated with
oral salicylates or sulphasa lazine[6,7]. Although
there is little controlled evidence, it is logical to increase the dose of the topically administered drug or
to continue the drug for a longer time. A further
step is to switch drugs. All clinicians have experi
ence with patients in whom proctitis not responsive
to 5-ASA responded to GCS enemas and vice versa.
Another valuable approach seems to combine 5-ASA
and GCS in one enema. Frequently, patients with
refractory distal disease do not respond even to oral
therapy with GCS and a rectal drip of GCS over several hours together with administration of antidiarrheals in hospital may be necessary or iv administration of high doses of GCS. Active disease extending
beyond the rectum necessitates oral therapy. In
mild-to-moderate disease oral SAS or 5-ASA formulations in high doses can be used or a combined approach of oral 5-ASA and topical 5-ASA. Many
physicians prefer this approach because of the low
incidence of side effects and the reluctance of the
patients to take GCS[4-6].
Oral salicylates at doses of over 2g have been
shown to be more effective than placebo to control
mild-to-moderate attacks of UC[14]. There prob ably
is a dose-response effect with doses up to 3.8g being
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increasingly more effective, but this was not
demonstrated in all studies. 5-ASA was not more effective than SAS and was beneficial especially to the
SAS-sensitive patient. Recent data[15] have shown
that balsalazide is more effective and better tolerated than mesalamine in the treatment of active UC.
Patients taking balsalazide not only experienced
more asymptomatic days and achieved the first
asymptomatic day more rapidly but with side effects. Differences were highly significant.
Improvement of symptoms of UC with 5-ASA
may be slow and overall 5-ASA or sulphasalazine are
certainly less effective to control active UC than
GCS. There is a dose effect for oral GCS, 40 mg
prednisolone daily being more effective than 20 mg;
while 60 mg offers little extra benefit but is associated with a considerable increase in side effects[3,4].
Severe UC is defined using the criteria of
Tnielove and Witts[16] as six or more bloody stools in
a patient with fever, tachycardia, hypoalbuminemia
and raised ESR. These patients will mostly be admitted to hospital to receive a continuous iv infusion
of GCS. In severe left-sided or extensive disease
GCS are mandatory and combined therapy with 5ASA is probably not more efficaci ous than GCS
alone. As soon as symptoms are controlled, tapering
of the GCS can be started but proctoscopic monitoring of disease activity is valuable.
Recently parameters predictive of outcome of
severe colitis under 3 days of intravenous glucocorticosteroids have been revised[17]. The need for colectomy was predicted in 85% of the patients on the
basis of the presence of eight or more stools per 24 h
or 4-5 stools per 24 h together with C-reactive protein >45mg/L. Based on these criteria one could
make the decision to introduce intravenous CSA or
to decide for colectomy. In patients who deteri orate
or are admitted with toxic colonic dilatation, immediate colectomy has to be performed. If a pouchanal anastomosis is constructed, a temporary diversion ileostomy is indicated. Many surgeons’ threestep procedures, i.e . first colectomy with closure of
a short rectal stump, subsequent construction of an
ileoanal pouch with temporary ileostomy and finally
closure of the stoma. The side effects of CSA are
multiple (Table 2) and opportunistic infections by
pneumocystis and cytomegalovirus may be lifethreatening. These complications were encountered
especially in elderly patients treated with long-term
CSA and GCS. Anoth er serious side effect is epileptiform fits due to the CSA hydrophobic vehicle. Patients with lowered serum cholesterol or magnesium
should not receive CSA.
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Treatment of active ulcerative colitis
Extent

Severity
Distal

Left-sided

Extensive

Mild

Topical GCS or 5-ASA

Topical GCS or 5-ASA +oral 5-ASA

Oral 5-ASA (+topical therapy)

Moderate/severe

Topical GCS or 5-ASA (+oral 5-ASA?)

Oral GCS

Oral or GCS iv

Refractory

Increase dose and duration

GCS iv+CSA

GCS iv+CSA

Switch enemas

Surgery

Surgery

Combine topical GCS and 5-ASA
Oral GCS
Others

Table 2

Adverse events reported with use of cyclosporin (iv+oral) in IBD[18]

Type of side effect

%

Type of side effect

%

Paresthesias

26

Headache

5

Miscellaneous

13

Infection

3

Hypertrichosis

13

Hepatotoxicity

3

Hypertension

11

Gingival hyperplasia

2

Tremor

7

Seizure

1

Nausea/vomiting

6

Anaphylaxis

0.3

Renal insufficiency

6

Side effects/patient

0.94

Table 3

Major side effects of glucocorticosteroids
Short-term and long-term therapy

CNS

Long-term therapy

Pseudotumor cerebri
Psychosis
Myopathy
Aseptic necrosis
Graucoma
Ulcer-pancreatitis
Hypertension
Fluid retention

Musculoskeletal
Ocular
Gastrointestinal
Cardiovascular

Osteoporosis
Cataracts

Endocrinological
Metabolic

Hyperglycemia
Hyperosmolar state
Hyperlipidemia
Acne, ecchymosis

Skin

Table 4

Permanent suppression of HPA-axis
Growth failure
Fatty liver
Hypokalemia
Striae, atrophy, wound
Infection
Cushingoid fat
Distribution

Immunosuppressives used in inflammatory bowel diseases

Drug

Mode of action

Mechanism of action

AZT/6-MP
Methotrexate

Inhibition of ribonucleotide sysnthesis
Folic acid inhibitor

Cyclosporin (CsA
Tacolimua (FK 506)
Mycophenolate

Inhibition of T-cell-receptor-stimulated
Transcription of lymphokine genes
Inhibition of guanosin nucleotide synthesis

Inhibition of proliferation of T-cell clones
Inhibition of T and B-cell
Function decrease of IL-1 and IL-6
Inhibition of IL-2 production and
IL-2 receptors; inhibition of cytokines(TNFα,IFNγ)

Table 5

Immunomodulation therapy in inflammatory bowel disease
Cytokines

Current studies
Future studies

rhu IL-10, rhu IL-11

Anticytokines
TNF antibodies, inhibitors
IL-1 antibodies IL-1 ra
IFN-γ antibodies
IL-12 antibodies

Antisense nucleotides
ICAM-1
NFκB

XU Chang-Tai, et al. Current medical therapy for ulcerative colitis

Side effects of drug therapy in patients with
refractory colitis result from cumulative toxicity of
high-dose iv CSA and GCS. The exact role of CSA
in the trea tment of severe colitis needs to be defined
and will greatly depend on the long-term outcome of
patients treated with this drug. The side effects associated with GCS therapy are important (Table 3).
Short-term treatment carries mild side effects in the
majority of patients but long-term therapy are sinetunes a ssociated with irreversible complications. In
the past years, therefore, attempts have been made
to develop GCS with high topical activity lacking
the systemic activity of the drug and hence carrying
fewer side effects.
Other approaches to therapy of UC are currently under investigation. Transdermal nicotine in doses of 15 mg - 25 mg daily added to conventional
therapy was effective against placebo to control active disease[19]. The rationale to use this therapy is
clear. Most UC patients are nonsmokers, and patients with a history of smoking usually acquire their
disease within a few years after they have stopped
smoking[20]. Among patients who continue to
smoke, symptoms may improve, suggesting that
smoking may have a beneficial effect. Another recent trial confirmed the moderate efficacy of nicotine in the treatment of UC. The use of nicotine as a
treatment, however, remains highly controversial.
The use of oral ridogrel, a thromboxane synthase
inhibitor in UC is currently investigated. A study
suggests that there is no benefit of adding azathioprine in patients with chronic stable colitis, whereas
the drug is efficacious to maintain UC in remission.
The evidence for the use of methotrexate in the
treatment of chronic active UC is largely negative.
It should be emphasized that UC is a curable disease. Colectomy with ileo-anal pouch anastomosis is
a valuable treatment alternative in chronically active
or intractable disease.
Rectal treatment with mesalazine enemas is the
first-line therapy for distal UC. In order to improve
the benefits of rectal therapy, a new 60 mL- 5-ASA
rectal gel enema preparation has been developed using a device that excludes direct contact of the inert
propellant gas with the active drug[21]. Twelve patients with active UC administered 4 g of the
mesalazine rectal enema labelled with 100MBq technetium sulfur colloid (99mTc-SC). Anterior scans of
the abdomen were acquired at intervals of 4 hours.
Scans were analyzed to evaluate the extent of retrograde flow and homogeneity of distribution of the
radiolabe lled enema in the rectum, sigmoid, descending and transverse colon. In addition, plasma
levels of 5-ASA and Ac-5-ASA were measured for 6
hours. All patients retained the entire rectal gel
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throughout the course of the study without adverse
events. In 11 (92%) out of 12 patients, the gel had
spread homogeneously beyond the sigmoid colon and
had reached the upper limit of disease in all cases.
The maximum spread (splenic flexure) was observed
in 6 (50%) out of 12 patients within the first 2
hours. The systemic absorption of mesalazine and
its metabolite Ac-5-ASA were low. The new
mesalazine enema represents an adequate alternative
and a further technological improvement in the topical treatment of distal UC[20,21].
The choice between sulfasalazine and 5-aminosalicylate (5-ASA) drugs in the management of UC
patients often depends on idiosyncrasies of drug tolerance and control of the disease in individual patients. Walker et al[22] sought to evaluate whether
there were population differences in the effect of 5ASA and SAS on the occurrence of clinically recognized adverse events. We also attempted to determine whether there were differences in the use of
concomitant steroids and in the rates of hospitalization. A large computerized database drawn from
general practices in the United Kingdom was reviewed. The 2894 patients who were diagnosed having UC were receiving ongoing medical therapy specific to UC. The period of data availability ran from
early 1990 to late 1993. The average duration of observation was 2.1 years per patient. Patient histories were categorized into distinct periods according
to the dose of 5-ASA and SAS, steroids, and immunosuppressants, and were further divided based
on the UC activity. Within these categories, they
examined the initiation and discontinuation of
steroids, rate of new hospitalizations for UC, and
clinical complaint of adverse events. The results
show new clinical mentions of hepatic, pancreatic,
renal, and hematological events other than anemia
were similar among the 5-ASAs and were very infrequent generally. Hospitalizations for UC occurred
with similar frequency (about 15 hospitalizations
per 100 patients per year) among users of those
drugs. Patients receiving SAS had lower rates of initiation of prednisolone than patients receiving 5ASA, but SAS was used proportionately less often in
patients who had been recently hospitalized, and it
may be that SAS patients were somewhat less sick
than patients using 5-ASA. The choice of drug did
not affect discontinuation rates for prednisolone among established users. In the United Kingdom ,
during the period of this study, serious adverse reactions to drugs were not an important aspect of the
management of patients with UC. Renal and pancreatic complications of SAS and 5-ASA therapy
were extremely rare. SAS and 5-ASA drugs have
similar steroid-sparing properties. Disease-specific
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hospitalizations are approximately 100 times more
common in UC patients than serious adverse drug
effects. Considerations of drug efficacy should
therefore dominate the choice between the rapeutic
agents.
The efficacy and safety of 5-ASA suspension
enema were compared with oral SAS in patients
with active mild to moderate distal UC[23]. Thirtyseven patients were randomly assigned to treatment
with either rectal mesalamine, 4 g at night (n = 19)
or oral SAS, 1 g four times a day (n = 18) in a 6
week, double blind, double-dummy, parallel-group,
multicenter study. A physician-rated Disease Activity Index (DAI), which included symptom evaluations and sigmoidoscopic findings, assessed efficacy,
by physician-rated Clinical Global Improvement
(CGI) scores, and by Patient Global Improvement
(PGI) scores. Adverse event reports, clinical laboratory tests, and physical examination assessed safety. Mean DAI scores indicated significant improvement from baseline in both treatment groups. CGI
scores indicated that 94% of the 5-ASA patients
were either “very much improved” or “much improved” at wk 6 vs 77% of the SAS patients. PGI
ratings showed more improvement in the 5-ASA
treatment group than in the SAS group at week 2 (P
= 0.02) and at 4 week (P = 0.04). Adverse events,
primarily headache and nausea, occurred significantly more frequently (P = 0.02) in the SAS than
in the 5-ASA group (83% vs 42%). Three patients
were withdrawn from SAS treatment because of adverse events. Rectally administered 5-ASA is as effective as oral SAS in treatment of active distal UC
but is associated with fewer and milder adverse
events. Patients treated with 5-ASA reported improvement earlier than those treated with SAS.
Since transdermal nicotine is of value in the
treatment of active UC but is often associated with
side effects, an alternative in the form of topical
therapy with nicotine enemas has been developed.
In an open study[24], 22 patients with active colitis,
all non-smokers, were asked to take a 100mL enema containing 6mg of nicotine every night for 4
weeks. Pre-trial treatment using mesalazine (n =
16), oral prednisolone (8), cyclosporin (1) and
azathioprine (1) was kept constant for the month
prior to assessment and during the study period.
Symptoms, with stool frequency, were recorded on
a diary card and an endoscopy was performed with
rectal biopsy at the beginning of the study and after
4 weeks. Seventeen of the 22 patients completed 1
month of treatment. Mean duration of relapse was
29 weeks. Sixteen of 17 improved their St Mark’s
score. Urgency and stool frequency improved in 12
patients, sigmoidoscopic and histological scores in
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10. Three patients had a full remission of symptoms
with normal sigmoidoscopy. Six of 10 patients with
a partial response continued with the enemas for the
second month, and five showed further improvement with full remission in two. The enema appeared effective when added to conventional treatment and produced few side effects. Topical nicotine therapy for UC may have a place in future management, but case control studies are needed[25].
Immunosup pressives used in IBD (Table 4), and
immunomodulation therapy in IBD are directed toward
suppressing the action of proinflammatory cytokines
for enhancing the effects of antiinfl ammatory mediators (Table 5).

MAINTENANCE THERAPY IN ULCERATIVE COLITIS

Aminosalicylates are used as standard treatment for
maintaining remission in UC[26]. As yet, there is no
other existing alternative with proven efficacy. In
the light of the hypothesis that the intestinal environment may contribute to the pathophysiology of
UC, a trial was conducted to test the effects of probioti c treatment with an oral preparation of nonpathogenic E. coli. A total of 120 patients with inactive UC were included in a double blind, doubledummy study comparing mesalazine 500mg three
times daily. An oral preparation of viable E. coli
strain Nissle (Serotype 06:K5:H1) for 12 weeks was
studied with regard to their efficacy in preventing a
relapse of the disease. Study objectives were to assess the equivalence of the clinical activity index
(CAI) under the two treatment modalities and to
compare relapse rates, relapse free times and global
assessment. The start and end scores of the CAI
demonstrated no significant difference between the
two treatment groups. Relapse rates were 11.3%
under mesalazine and 16.0% under E. coli Nissle
1917 (NS). Life table analysis showed a relapse-free
time of 103 d±4 d for mesalazine and 106 d±5 d for
E. coli Nissle 1917 (N.S.). Global assessment was
similar for both groups. Tolerability to the treatment was excellent. No serious adverse events were
reported. From the results of this preliminary
study, probiotic treatment appears to offer another
option for maintenance therapy of UC. Additional
support is provided for the hypothesis of a pathophysiological role for the intestinal environment in
UC.
Distal UC can be maintained with a topical approach. Regimens such as alternate-day enema administration has been shown to be effective, while
for maintenance, the use of suppositories may be
feasible as far as compliance is concerned, and the
long-term use of enemas is difficult. The benefit of
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maintenance treatment with oral 5-ASA of extensive
UC is well established. SAS reduces the relapse rate
by fourfold and all 5-ASA formulations have comparable efficacy with fewer side effects. The rate of
GI side effects is especially decreased with 5-ASA.
The optimal 5-ASA dose may be 2 g. A dose effect
was not demonstrated for most 5-ASA formulations
and SAS, except for olsalazine[27].

PROSPECTS

There is overwhelming evidence that genetic factors
play a role in the predisposition to develop the
chronic IBD[28-30]. The genetic analysis of complex
diseases, such as UC, is difficult. The presence of
disease heterogeneity, the relative low frequency in
the population, the degree to which first-degree rel
atives are affected (approximately 10%), the presence of genes with minor genetic effects, and ethnic
differences are some of the difficulties encountered
in identifying disease susceptibility loci. Two major
approaches to identify these genes are being followed at present. The first, family-based, consists
of studying linkage analysis in sibling pairs and
parental transmission in genome-wide screening using microsatellite markers. These studies are appropriate and helpful for finding genes of major or
moderate effects but may be difficult in identifying
genes with minor effects; and can be considered in
the future in genome-wide screens with technologic
advances. The second approach is based on conventional epidemiological designs, population-based
studies, using candidate genes in the framework of a
biologic hypothesis. Recent data using both approaches in both Crohn’s disease and UC are reviewed. The results of genome-wide linkage studies
have not reached consensus, but suggest that these
diseases are different and polygenic in nature. We
have started our studies with the hypothesis that an
abnormal immune disbalance contributes to the biologic basis of the disease. Therefore, polymorphisms in genes encoding proinflammatory and regulatory cytokines were studied. Preliminary data of
these association studies suggest the importance of
several genes with small effects in determining the
severity and prognosis of these diseases. If the
promised breakthrough of immunomodulation therapy is achieved in IBD, one may anticipate quite dramatic changes in the treatment of IBD. GCS still are
the mainstay of therapy of UC within 5-10 years.
This review[29] focuses on current developments
in the major categories of the therapy used in the
management of IBD. Conventional corticosteroids,
although a mainstay of the acute treatment of IBD
for many years, have many drawbacks, including a
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variety of side effects,particularly with chronic use.
Budesonide appears to be relatively safe and at least
moderately effective in inducing remission in active
distal UC. Aminosalicylates, both oral and topical,
have been proved useful in managing mild to moderate active UC, as well as in maintaining remission.
Data from recent trials suggest that higher doses of
mesalamine are generally more efficacious than lower doses. In addition, a combination of oral and
rectal formulations is successful, but is not so when
single route is used.The immunomodulatory agents
azathioprine, 6-mercaptopurine, and methotrexate
have been shown to be effective in the treatment of
IBD and are now widely accepted as valuable parts
of the therapeutic armamentarium. CSA, although
effective, is associated with much toxicity, and patients must be monitored closely in centers experienced with this agent. Clinical trials of IL-10, IL11, and anti-TNF-α have also shown promise. Antibiotics have been used empirically for many years
in the treatment of IBD. Larger clinical trials are
warranted to explore the potential efficacy of antibiotic therapy. The acemannan, heparin, and
transdermal nicotine have also shown variable degrees of promise as possible therapies for IBD. Despite the variety of agents available for the treatment of IBD, none is ideal or universally accepted.
Ongoing research into the well-established therapeutic agents, as well as novel drugs with more precise
targets, may contribute to the design of a more optimal regimen for IBDin the not too distant future.
Both UC and Crohn’s disease are considered to
be the result of an unrestrained inflammatory reaction, but an explanation for the aetiopathogenesis
has still not emerged[30]. Until the predisposing and
trigger factors are clearly defined, therapeutic and
preventive strategies for these disorders must,
therefore, rely on interrupting or inhibiting the immunopathogenic mechanisms involved. Current
therapies, such as glucocorticoids and 5-ASA, inhibit raised concentrations of interdependent, soluble
mediators of inflammation, which may amplify one
another or have parallel effects. Future medical options for treatment of UC aim at removing perpetuating antigens, blocking entry of inflammatory cells
by manipulating adhesion molecules, targeting soluble mediators of inflamm ation by blocking proinflammatory molecules or by preserving endogenous
suppressive molecules, or correcting genetic defects.
It remains, however, to be determi ned whether targeting multi-inflammatory actions or a single key
pivotal process is the better therapeutic strategy and
whether subgroups of UC with different clinical
courses will require different treatment approaches[24,31].
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Species differentiation and identification in the
genus of Helicobacter
HUA Jie-Song, ZHENG Peng-Yuan and HO Bow
Subject Headings Helicobacter; genus; species;
biological features; biochemical tests; identification;
differentiation

As early as nineteen century, incidental presence of spiral organisms was noted in the stomachs
of dogs[1], rats and cats[2]. In the early years of this
century, spiral organisms were also found in the
gastric contents of patients with ulcerative carcinoma[3]. During the ensuing 30 years, there were scattered reports of these organisms being found in the
stomach of patients with benign peptic ulcers. Doenges[4] showed a prevalence of 43% of spiral organisms in a comprehensive autopsy study in 242 human stomach specimens. However, he did not associate the presence of the spiral organism with various gastric diseases.
Controversy existed over the possible role of
these spiral organisms in human gastric disease. It
was suggested that the bacteria observed in gastric
biopsies might represent bacterial contaminants introduced from mouth. This hypothesis gained support with the publication of an extensive histologic
study of gastric biopsies from 1000 subjects by
Palmer[5]. After the publication of the report the
interest in gastric bacteria waned.
Interest in the role of gastric bacteria in the
pathogenesis of peptic ulcer disease was rekindled
when Steer and Colin Jones[6] reported the presence
of bacteria deep in the mucus layer of gastric mucosa
in patients with gastric ulceration. It was suggested
that the bacteria might cause a reduction in gastric
mucosal resistance via predisposal to ulceration. Attempts to culture this bact erium yielded growth of
Pseudomonas aeruginosa. Retrospectively, careful
examination of the figures in this publication[6] suggests that the organism seen on the mucosa is a spiral
bacterium, a morphological form not associated
with P. aeruginosa. It is now assumed that the culture of P. aeruginosa by these authors represents a
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contaminant cultured from the endoscope. With the
discovery of Helicobacter pylori by Warren and
Marshall[7], it has been shown that H. pylori is associated with gastroduodenal disease[8,9].
The spiral organism was first named Campylobacter pyloridis in 1984[10]. However, the rules of
Latin grammar changed the name to Campylobacter
pylori[11]. Ribosomal ribonucleic acid sequences
showed that the bacterium did not belong to the
Campylobacter genus[12-14]. In 1989, Goodw in et
al[15] proposed a new genus called Helicobacter on
the bases of 5 major taxonomic features: ultrastructure and morphology, cellular fatty acid profiles,
menaquinones, growth characteristics and enzyme
capabilities. C . pylori was, therefore, transferred
to the new genus and renamed as Helicobacter pylori. The major features[15,29] of Helicobacter genus
consist of
Helical, curved or straight unbranched
morphology.
Gram negative.
Endospores are
not produced.
Rapid, darting motility by means
of multiple sheathed flagella that are unipolar or
bipolar and lateral, with terminal bulbs.
Optimal
growth at 37 ; growth at 30 but not at 25 ;
variable growth at 42 .
Microaerophilic, variable growth in air enriched with 100mL/L -CO2 and
anaerobically.
External glycocalyx produced in
broth cultures.
Susceptible to penicillin, ampicillin, amoxicillin, erythromycin, gentamicin,
kanamycin, rifampin and tetracycline. Resistance
to nalidixic acid, cephalothin, metronidazole and
polymysin.
G+C content of chromosomal DNA
of 200mol/L-440 mol/L.
It has been a decade since the genus of Helicobacter was created. This genus expands rapidly
from at first only two species,viz. H. pylori and
Helicobacter mustelae, to 20 species[15-35] and one
associated species[36] with a wide variety of sources
isolated from either human beings and/or different
animals. The characteristic details of the Helicobacter genus, which might be useful in the differentiation and identification of different Helicobacter
species in microbiological laboratory, are listed in
Table 1, 2, 3 a nd 4. The genus of Helicobacter will
surely continue to enlarge as more data of Helicobacter features are available and more animal
hosts are investigated. Molecular methods, such as
PCR, will provide the most accurate tests in diff
erentiation and identification in future with the
publi-cation of the genomic library of H. pylori[37].
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Table 1 Locations, key morphological features and growth characteristics of Helicobacter species colonizing either humans and/or
animals
Charastistic
Host

H. pylori
Human

Location
Stomach
Cell size (µm)
0.5×3.0-5.0
Flagella
Number
4-8
Distribution
Polar
Sheath
+
Periplasmic fibers
Growth at:
25
37
+
42
Growth on:
10g/Lglycine
15g/L NaCl
Tolerance to:
10g/L bile
Safrain ‘O’
Methyl orange
Growth under:
Aerobic conditions
Microaerobic conditions +
Anaerobic
Weak+
Susceptibility to:
Nalidixic acid
R
Cephalothin
S
Cefoperazone
S
Metronidazole
S

H. canis
Dog, human

H. cinaedi
Human

Intestine
4.0

Blood, rectum
0.3-0.5×1.5-5.0

2
Biopolar
+
-

H.felis
Cat,dog,
human
Stomach
0.4×5-7.5

Intestine
0.3-0.5×1.5-5.0

14-20
Biopolar
+
+

1-2
Polar
+
-

1-2
Polar
+
-

+
+

H. fennelliae
Human

H. pullorum
Poultry,
human
Intestine
3×4

H. westmeadii
Human
Blood
0.5×1.5-2.0

1
Monopolar
-

+
-

+
+

+
-

+
-

-

+
-

+
-

Vary
+

-

+
-

+
-

+
+

+
-

+
-

S
S
S
S

S
I
S

R
S
S
S

S
S
S

S
R
R

1
Monopolar
+

+
+

+
Vary

+
-

+
+
Weak+
+
S
R

Table 2 Locations, key morphological features and growth characteristics of Helicobacter species colonizing animals
Charastistic

H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
acinonyx bilis bizzozeronii cholecystus hepaticus nuridarum mustelae nemestrinae pametensis rodentium salomonis trogontum
Host
Cheetah
Mice
Dog
Hamster
Mice
Rat, mice
Ferret
Macaque Bird, swine
Mice
Dog
Rat
Location
Stomach Bile,live, Stomach Gallbladder
live,
Intestine Stomach
Stomach
Intestine
Intestine Stomach
Intestine
intestine
intestine
Cell size ( µm) 0.3×1.5 0.5 ×4.0
0.3× 5
0.5-0.6×
0.2-0.3 ×
0.5 ×3.5 0.5-2.5×
0.2 ×2.0
0.4-1.5
0.3 ×1.5
0.8-1.2×
0.6-0.7×
-2.0
-5.0
-10
3.0-5.0
1.5-5.0
-5.0
5.0
-5.0
-5.0
5.0-7.0
4.0-6.0
Flagella
Number
2-5
3-14
10-20
1
2
10-14
4-8
4-8
2
2
10-23
3-7
Distribution Monopolar Biopolar Biopolar
Polar
Biopolar
Biopolar Peritrich
Polar
Biopolar
Biopolar Biopolar Biopolar
ous
Sheath
+
+
+
+
+
+
+
+
+
+
+
Periplasmic fibers
+
+
+
Growth at:
25
37
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
42
Growth on:
10g/Lglycine
+
+
+
+
+
15g/L NaCl
+
+
Toleranceto:
10g/L bile
+
+
Safrain ‘O’
Methyl orange
Growth under:
Aerobic conditions
Microaerobic conditions +
+
+
+
+
+
+
+
+
+
+
+
Anaerobic
+
+
+
Weak+
Weak+
+
Susceptibility to:
Nalidixic acid
R
R
R
I
R
R
S
R
S
R
R
R
Cephalothin
S
R
S
R
R
R
R
S
S
R
S
R
Cefoperazone
S
S
R
S
S
Metronidazole
S
S
S
S
S
S
S
S

Table 3 Key and differential biochemical characteristics of Helicobacter species colonizing either humans and/or animals
Characteristic
H. pylori
Catalase activity
+
Urease activity
+
Oxidase activity
+
Alkaline phosphatase activity
+
γ-Glutamyl transpeptidase activity +
H2S production
Indoxyl acetate hydrolysis
Hippurate hydrolysis
Nitrate reduction
C4 esterase
+
C8 esterase lipase
+
Leucine arylamidase
+
Acid phosphatase
+
Naphthol-AS-B1-phosphohydrolase +
DNase activity
+
G+C content (mol%)
35-37

H. canis
+
+
+
-

48

H. cinaedi
+
+
+
+
+
+
+
37-38

H. felis
+
+
+
+
+
+
+
+
43

H. fennelliae
+
+
+
+
+
+
+
+
37-38

H. pullorum
+
+
+

34-35

H. westmeadii
+
+
+
+
+
+
+
+
+
+

HUA Jie-Song, et al. Species differentiation and identification in genus of Helicobacter
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Table 4 Key and differential biochemical characteristics of Helicobacter species colonizing animalsCharacteristic
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
acinonyx bilis bizzozeronii cholecystus hepaticus muridarum mustelae nemestrinae pametensis rodentium salomonis trogontum
Catalase activity
+
+
+
+
+
+
+
+
+
+
+
+
Urease activity
+
+
+
+
+
+
+
+
+
Oxidase activity
+
+
+
+
+
+
+
+
Weak+
+
+
Alkaline phosphatase activity
+
+
+
+
+
+
+
+
γ-Glutamyl transpeptidase activity +
+
+
+
+
+
H2Sproduction
+
+
Indoxyl acetate hydrolysis
+
+
+
+
+
Hippurate hydrolysis
Nitrate reduction
+
+
+
+
+
+
+
+
+
DNase activity
+
+
G+C content (mol%)
30
35
36
24
38
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Transient expression and antigenic characterization
of HBsAg of HBV nt551 A to G mutant *
FANG De-Xing1, LI Fa-Qing1, TAN Wei-Guo1, CHEN Hua-Biao1, JIN Hui-Ying1, LI Su-Qin1, LIN Hou-Ji2 and
ZHOU Zhen-Xian2
Subject headings hepatitis B virus;HbsAg;point
mutation;antibodies.monoclonal
INTRODUCTION

From the late 80s, there have been increasing number of reports on hepatitis B (HB) patients with
atypical HBV serological markers, some of them
even lack any HBV immunological markers. Analysis of the HBV in those patients demonstrated mutants. Mutations could be found within the C, S, P
and X genes[1]. The most important S gene mutants
are those which affect the antigenicity of HBsAg α
determinant (HBsAg amino acid residue 124 to
147). There are several reports on HBV S gene mutants affecting amino acid position 126, 144 and 145
of HBsAg[1-3]. We have described another HBV
mutant with a point mutation at nt551 (A to G) of
HBV genome, leading to a substitution of Met to
Val at amino acid re sidue 133 of HBsAg[4]. In this
study, we investigated the antigenicity of the mutant HBsAg by different mAb.
MATERIALS AND METHODS

The recombinant bacteriophage pM13T was constructed and the mutant HBsAg coding region was
sequenced (GenBank accession number
AF052576)[4]. Construction of the mutant HBsAg
expression plasmid pSHBsT and transfection of
COS7 cell followed the reference[1]. The reactivity
of the expressed HBsAg protein to mAb was detected by using a solid RIA kit (Beijing Atomic Energy
Institute, China).

HBsAg d determinant (anti-d), S4 (Shanghai Institute of Biological Products, China), was used for
the quantitation of the expressed HBsAg proteins.
After a series of dilution and detection, both HBsAg
preparations were adjusted to a concentration of
2.1 µg/L.
Three different mAb against HBsAg-α determinant (anti-α), A6, A11 and S17, from different
manufacturers were selected to characterize the
binding activity of the expressed HBsAgs. Under
the condition of the same concentration of HBsAg
proteins determined by anti-d, the reactivity of the
mutant HBsAg to three anti-α mAb was weaker
than that of the wild HBsAg, as shown in Table 1.
The result implied that the Met to Val s ubstitution
at amino acid position 133 of HBsAg resulted in the
alteration of the antigenicity.

Table 1 Detection of the reactivity of the expressed HBsAg to
α mAb by radioimmunoassay*
anti-α
Anti-a mAb

pSHBs(133Met)

pSHBsT(133Val)

A6

1118(5.82)

774(3.93)

A11

932(4.80)

744(3.76)

S17

945(4.87)

630(3.14)

*Counter per minute (cpm), the number in the parentheses is
P/N-value. According to the solid RIA kit producer’s instructions, P/N = (sample cmp-background)/(negative control cpmbackground). Untrans fected cells were used as negative control,
average cpm was 240. Blank polystyrene beads were used as background, average cpm 58. P/N 2.10 is cons id ered to be positive reactivity. The more the P/N value, the stronger the r eactivity.

RESULTS

The wild HBsAg[1] and mutant HBsAg were expressed under the regulation of SV40 early promoter
in COS7 cell in a transient fashion. A mAb against
1
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DISCUSSION

Since Carman et al[3] described the HBV immune
escape mutant in 1990, many researchers have reported that HBV DNA mutations are related to immune escape, but most of which are limited to the
detection by PCR amplification and direct nucleotide sequencing. So far, only the mutant HBsAg
with substitution of Ile to Ser at aa126[1], HBsAg
with substitution of Asp to Ala at aa144[2], and HBsAg with substitution of Gly to Arg at aa145[3] were
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characterized in detail. Because the mutation of A
to G at nt551 affect the HBsAg α determinant, it
was likely that the mutation could cause immune escape[4]. This study showed that the mutation resulted in decreased reactivity of the HBsAg to anti-α
monoclonal antibodies, confirming the hypothesis
that the HBV is a new immune escape mutant.
The finding of HBV immune escape mutant has
caused attention from scientists all over the world.
Some experts recommended that it is worth considering to add mutant immunogen (HBsAg) into the
future hepatitis B vaccine. But it is very important
to know what mutants are immune escape ones and
prevalent ones. A mutation specific PCR (msPCR)
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method for detecting the mutation at nt551 of HBV
genome was established and the investigation and
survey of the mutant among child and adult patients
is in progress.
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Experimental study of cholagogic cream for
refractory jaundice
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INTRODUCTION

“The refractory jaundice” in this paper implies the
benign icteric disease which was repeatedly treated
with either western or traditional Chinese medicine
but gave no evidence of improvement, mainly including primary sclerosing cholangitis, intrahepatic
sand-like calculi, bile duct stenosis and cholestatic
hepatitis etc[1,2]. Such diseases are difficult to treat
by both traditional C hinese and wes tern medicine.
In this study, the cholagogic and anti-inflammatory
effects of cholagogic cream, and the combined effects with trepibutone on refractory jaundice were
observed and evaluated by experimental pathologic
and biochemical examination.
MATERIALS AND METHODS
Ingredients of cholagogic cream

Dandelion herb 20 g, curcuma root 15 g, Fructus
Aurantii 10 g, Sichuan chinaberry 10 g, oriental
wormwood 20g, lysimachia 20g, gentian root 10g,
Chicken’s gizzard-skin-15 g, root bark of the tree
peony 15 g, red peony root 15 g, red sage root 20 g,
burreed tuber 15 g, zedoary 15 g, rhubarb 10 g,
mirabilite 10 g, Herba Lycopi 15 g, earthworm
15 g.

trahepatic bile duct wall with a small needle. The
volume depended on appearance of white on the bile
duct wall. A mushroom like catheter (a catheter
with a mushroom tip) was placed into the gallbladder, fixed on the abdominal wall, and the abdomen
was closed after gastrostomy. The appearance of
jaundice after one month indicated the success in
model preparation.[2] The 32 dogs were randomly
divided into control group, cholagogic cream group,
trepibutone group, and cholagogic cream plus
trepibutone group, 8 for each.
Route of drug administration

The medicine was administered through the gastrostomy tube, followed by 1/2 hour observation to
make sure that no vomiting occurred.
The administration regimens (1 week) were:
Cholagogic cream plus trepibutone group: cholagogic cream 0.3 g/kg, twice a day; and trepibutone 0.75g/kg,three times a day.
Cholagogic cream group: cholagogic cream
0.3 g/kg, twice a day.
Trepibutone group: trepibutone 0.75 mg/kg,
Three times a day.
Control group: normal saline 100 mL, twice a
day.

Animal experiment

Observation methods

Thirty-two healthy adult hybrid dogs of either sex
(mean weight, 18.1 kg) were selected. The animals
were anesthetized intravenously with 2% pentobarbital sodium (30 mg/ kg). Epigastric median incision was performed to reveal the common bile duct
and hepatic porta. One percent formaldehyde solution was evenly and carefully infiltrated into the ex-

The bile flow from the cholecystostomy tube in 24
hours was recorded at 08:00 every day, and 5 mL
bile was taken for viscosity measurement. The remaining bile was trasfused bach to duodenum via the
gastrostomy tube. The bile in the gallbladder was
also collected regularly before and after operation
for viscosity measur ement.
Changes of the serum total bilirubin, direct
bilirubin and glutamic-pyruvic transminase were
routinely detected.
The preparation and observation of the scanning electron microscopic sections were carried out
in the Center for Computation and Test, Nankai University, Ti anjin. Hitachi-650 scanning electron
microscope was used, the maximal resolving power
was 60A. The paraffin-embedded sections by routine HE staining were obse rved under optical microscope.
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After therapy, the bile flow showed no significant
change in the control group, but dramatically increased in trepibutone group and cholagogic cream
group, especially in cholagogic cream plus trepibutone group.
The bile viscosity displayed no significant
change in the control group, but dropped significantly in trepibutone group and cholagogic cream
group, especially in cholagogic cream plus trepibutone group.
Serum total bilirubin and direct bilirubin were
apparently decreased in all the groups except the
control group.
Glutamic-pyruvic transaminase (GPT) was significantly decreased in all the groups, especially in
cholagogic cream plus trepibutone group, except the
control group.
Seven days later, the sections were observed
under optical microscope. In the control group, inflammatory cell infiltration occurred in the bile duct
wall, especially in the mucous submucous layers. In
trepibutone group, inflammatory cell infiltration reduced, but the mucosal exfoliation was obvious. In
cholagogic cream group, the inflammatory cells
were decreased, and the endoscopic appearance of
the gallbladder mucosa returned to normal. In cholagogic cream plus trepibutone group, the inflammatory cells were markedly decreased, and many new
mucous membranes were observed.
The mucous membrane of the bile duct was observed under scanning electron microscope for 7
days. It was found that the mucosal membrane was
swollen, and the microvilli were exfoliated from the
surface of the mucosa in the control group. The
edema was markedly alleviated, and the microvilli
were quite rare in trepibutone group. A part of the
microvilli appeared, and the edema was markedly
reduced in cholagogic cream group. The edema was
completely resolved and many neoformative microvilli were seen in cholagogic cream plus trepibutone group.

the liver and normalizing the function of the gallbladder, eliminating blood stasis and removing obstruction in the meridians, and relieving jaundice),
which results mainly from its ingredients such as
dandelion herb, lysimachia, oriental wormwood,
curcuma root, gentian root and rhubarb. The mechanism might be explained in two aspects. Cholagogic cream, on one hand, can promote the bile secretion from liver cells and bile capillaries, resulting in
marked increase of bile flow, and sharp decrease of
bile viscosity and serum total bilirubin; and on the
other hand, it can also resolve mucosal edema in the
bile duct and relax the sphincter, which can be explained by the observation under the scanning electron microscope and change of the serum direct
bilirubin. Therefore, it is extremely beneficial to
patients with refractory jaundice.
This experiment also proves that cholagogic
cream has a strong anti-inflammatory effect (clearing away heat and toxic materials or expelling toxin
by cooling, and promoting Qi flow and blood circulation). It could increase the phagocytos is of inflammatory cells by regulating the immunologic
function, leading to the elimination of the inflammations in the liver cells and the bile duct wall,
which can be proved by the sharp decrease of serum
GPT level and the rapid resolution of the inflammation in bile duct wall observed under the optical microscope. The clinical experiences indicated that
many refractory jaundices were mutually affected
with other hepatic diseases, such as liver dysfunction, hepatic interstitial cells, the bile duct stenosis,
edema and inflammation. So, we believe that the
cholagogic cream possesses a unique advantage of
overall regulation, which is absent in western
medicine.
Besides, the combination of cholagogic cream
and trepibutone can enhance the effects, the mechanism, beyond profound discussion here, might be
complex, but it is certain that the combination of
the traditional Chinese and western medicine for refractory jaundice is undoubtedly practicable.

DISCUSSION
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Application of BRV-R mAbs to detection of
corresponding receptors
ZI Zi-Qiang, XU Yan, SUN Wen-Min and REN Zhong-Yuan
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INTRODUCTION

Rotavirus is a major pathogen of acute gastroenteritis in human infants and young animals. It has been
the second cause of infant death especially in developing countries. The infections sometimes occur in
adults too. We have used the BRV-R mAb to study
the BRV and the BRV-R on MA104 cell surface in
three aspects:
the conjugation test of the BRV-R
mAb and rabbit anti-BRV IgG;
the a nti-infectious action of the BRV-R mAb; and
the immuno-spot test of the BRV-R mAb.
MATERIALS AND METHODS
Conjugation test of BRV-R mAb and anti-BRV
IgG

Preparation of rabbit anti-BRV IgG Virosomes were
extracted from the BRV (NCDV strain) suspension
concentrated by PEG using ultracentrifugation and
observed under electron microscope. Using the virus
(107/ mL), we prepared the rabbit anti-BRV immune serum. Antibody titre was determined by the
complement fixation test. The rabbit anti-BRV IgG
was extracted by salting-out method and DE52 chromatographic analysis. Antibody protein was
7.2 g/L measured by Lowry method and was preserved at -20 .
Preparation of ascities BRV-R mAb The concentional procedure adopted in our lab was used.
Conjugation test of BRV-R mAb and rabbit anti-HBV
IgG ELISA was employed for the detection. The
main procedures were: The 96-pore polythylene
plate (America Costor) coated with rabbit antiBRV IGG (130 mg/ L) was incubated for 24 h at
4 , washed and enclosed. Its horizontal rows were
added with doubling diluted a scitic type BRVRmAb. The first spot of each row was added with diluted fluid as blank control, and the SP2/0 ascities
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was used as a negative control. After that, the plate
was incubated, washed and added with goat antimouse IgG-HRP. It was then put in substrate fluid
for color reaction Bio-RAD (America) 2550 type
enzyme linked immune measurer was used to detect
A (the OD value, λ = 492). The titre of BRV-R
mAb was determined and the IgG of BRV-R mAb
was extracted by DE52.
Anti-infectious action of BRV-R mAb

MA104 strain culture and BRV (NCDV strain) suspension preparation were completed using our own
procedure. We set up five control groups:
the
normal MA104 strain; BRV; rabbit anti-BRV
BRV-R mAb;
fluid combined with the
IgG;
rabbit anti-BRV IgG and BRV. Test groups:
MA104 strain tube was first incubated with BRV-R
mAb for 30min at 37 and then added with BRV
(NCDV strain) suspension. It was supplemented
with maintenance media after 30min at 37 ;
The rabbit anti-BRV IgG and BRV-R mAb were
quantitatively mixed, incubated for 30min at 37 ,
and then put in the MA104 strain tube. After another 30min at 37 , it was added to BRV (NCDV
strain) suspension. Maintenance media was added in
the tube after the third 30min at 37 . The cells of
the control and test groups were cultured at 37
and CPE was observed.
Immuno-spot test of BRV-R

Preparation for BRV-R After routinely cultured,
amplified, digested, collected and washed with
PBS, the MA104 strain cells were suspended in the
0.01 mol/ L PB (pH 7.0), swollen thoroughly at
4 and mechanically splitted. Supernatant was collected after centrifugation 1000×g for 5 min and
discarded after immersing cell membrane-via-centrifugation 20 0000×g for 1 h. Add 3g/L sodium
deoxycholate-Tris chlorhydric acid and incubate for
40min at 4 . After centrifugation 100000×g for
45min, supernatant was taken, which is BRV-R,
and preserved at -20 .
Immuno-spot test After drying at room temperature, BRV-R was dropped on the pyroxylin membrane (British product) with a total dose of 30µm,
and then put in the 10% ovi albumin-0.1 mol/ L
glucine-Tris chlorhydric acid buffer solution for 1h
at 37 for enclosing. After washing, it was placed
into the BRV-R mAb preparation for 1h at 37 ,
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rewashed and added with the goat anti-mouse IgGHRP conjugate for 1h at 37 . Substrate solution
was added for color reaction and observed with
naked eye.
RESULTS
The conjugation test of BRV-R mAb and rabbit
anti-BRV IgG

The positive result was judged if the OD value of the
sample was 0.1 higher than that of the negative
control determined by ELISA. The conjugation titre
of the ascitic type BRV-R mAb and rabbit anti-BRV
IgG was 1:5120 and when the BRV-R mAb was extracted by DE52 chromatographic analysis it was 1:
2560.
Anti-infectious action of BRV-R mAb

The BRV was inoculated into the MA104 strain
cells. The CPE of each group was observed at different time points every day. The result is shown in
Table 1.
Immuno-spot test

The result indicated that the BRV-RmAb can combine with the BRV-R, and colored brown, while
the control groups showed no color.
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Table 1 The anti-infectious action of the BRV-R mAb
CPE at different time point (h)
Groups
Control group
Control group
Control group
Control group
Control group
Test group 1
Test group 2

1
2
3
4
5

24

48

72

96

+
+

++
++

+++
+++

++++
+/++++

DISCUSSION

The conjugation reaction was produced by the rabbit
anti-BRV IgG and BRV-R mAb when detecting the
plate coated with rabbit anti-BRV IgG using
ELISA. The cytoprotection test indicated that the
BRV-R mAb was able to prevent the corresponding
sensitive cell strain MA104 from being infected by
the BRV. We inferred that the BRV-R mAb and
BRV shared the correlative antigen determinants,
which were related to the BRV-R on the cell surface. The immuno-spot test demonstrated that the
antigenicity of the BRV-R on the bovine enteric
mucosal cell surface was correlated with that of the
BRV-R on the MA104 strain cell surface. To a certain extent, it has laid a basis for purifying the
BRV-R on the MA104 strain cells by affinity chromatography, studing its property, and searching the
correlative receptors on different tissues and cell
surface in vivo utilizing labelled BRV-R mAb.
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A successful case of combined liver and kidney
transplantation for autosomal dominant polycystic
liver and kidney disease *
HE Xiao-Shun, HUANG Jie-Fu, CHEN Gui-Hua, ZHENG Ke-Li and YE Xiao-Ming
Subject headings liver; transplantation; kidney
transplantation; kidney disease; liver disease

ceived combined liver and kidney transplantation.
Procurement of donor organs

With advances in transplantation, multiorgan transplantation has become a treatment of choice for
end-stage organ failure which can not be reversed
with other modalities. In 1984, the first case of
combined liver and kidney transplantation was introduced by Witts at Innsbruck University Hospital
in a 30-year-old man with HBsAg positive cirrhosis.
He survived more than 9 years[1]. Since then, an increasing number of such combined transplantation
has been performed. But in Asia, this technique has
not been put into clinical practice yet. We report
such a case below.
CASE REPORT
Physical examination

A 52-year-old woman was admitted to our hospital
with fatigue, jaundice and severe abdominal pain.
She suffered from congenital polycystic liver and
kidney disease at 40 years of age. Two weeks before
her admission, she underwent laporatory in a local
hospital for unbearable abdominal pain. She was
found to have anemia and jaundice in physical examination. She had an enormous liver extending to
pelvic cavity with an enlarged spleen. Biochemical
tests showed hemoglobin 103 g/ L, WBC 3.2×109/
L, platelet 7.4×109/ L, serum total bilirubin
42.7 µmol/L,
albumin
30 g/L,
creatine
62 µmol/L, BUN-8.5 µmol/L and prothrombin
time 18 seconds (control 12 seconds). The renogram
indicated that her renal function had been slightly
damaged. Two weeks after her admission, she reOrgan Transplantation Centre, First Affiliated Hospital of Sun Yet-Sen
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The donated liver and kidney were harvested using
the rapid multiple organs harvesting technique[2].
Both organs were flushed in situ and then cold preserved in the Winsconson University solution. Lymphocyte cross-matching was negative and the panel
reactive antibody (PRA) was 8%.
Operative and postoperative course

The liver was transplanted orthotopically using venovenous bypass during anhep atic phase. Following implantation of the liver, the kidney was placed
intrapert ioneally into the right iliac fossa after
12.5h of cold ischemia. Bile was produced promptly, indicating immediate graft function. The kidney
assumed normal color and consistency after revascularization and produced copious amounts of urine.
The total operative blood loss was 3500mL, and
2800mL blood products were infused. Immunosuppressive regimen including cyclosporine A, 2mg/kg
per day intravenously, and methylpredisolone
(starting with 1 g per day and tapering to 10 mg daily) was given.
Results

The early postopertive course was uneventful. The
patient was discharged two months after combined
liver and kidney transplantation. Six months after
transplantation, however, she developed jaundice
though her general condition was good. Following
the jaundice period, liver function began to show
signs of deterioration. The biliary sludge was diagnosed. She was reoperated due to biliary obstruction. The biliary sludge which was 2.0 cm × 0.5 cm
in size located in the middle portion of common bile
duct. The patient was soon recovered from the second operation and discharged on the 20th day with
nearly normal liverfunction. She is doing well and
is in good health.
DISCUSSION

The high success rate achieved with single organ
transplantation has stimulated the assumption of
double organ transplantation for patients with complex multiorgan failure. The development of new
immunosuppressive agents and improved surgical ap-

80

ISSN 1007-9327

CN 14-1219/ R

proaches as well as sophisticated postoperative management make assumption become clinical practice.
The main concern in combined liver and kidney
transplantation is the selection of candidates. According to Margreiter[3], the indications for combined liver-kidney transplantation are divided into
Disease affecting both organs,
three categories:
such as autosomal dominant polycystic disease.
Renald isorders with liver involvement or liver disorders with renal involvement, inclu ding primary
type I hyperoxaluria, type I glycogen storage disease, cholesterol acyltransferase deficiency, etc.
Separate diseases of both organs. This category consisting of patients on hemodialysis with liver disease
and patients with end-stage liver disease and renal
function impairment other than hepatorenal syndrome is the main indication for combined liver and
kidney transplantation.
Autosomal dominant polycystic kidney disease
is often present in newborns, but dose not become
clinically evident until adulthood. It is often associated with liver cysts which may reach enormous size
(in our case, it weighs 5.0kg) and can therefore be
extremely disabling considering both the rigors of
renal ischemia during transplantation and nephrotoxic effects of cyclosporine A, and some necessitating antibiotics may worsen the previously impaired
renal function and lead to postoperative renal failure. We treated the patient with combined liverkidney transplantation.
The surgical technique of combined liver-kidney
transplantation was exactly the same as for transplantation of the liver or the kidney alone. For the
reason that liver is more subject to cold ischemia
damage than kidney, the liver is gener ally implanted prior to the kidney. In case a venovenous bypass
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should be needed, the axilla and thigh, preferentially on the left side, must be prepared. Because of the
poor coagulation status of the recipient, heparin
may not be required for prevention of clotting.
A protective role of the liver allografts in the
survival of other solid organ transplants has been
noted, but the exact mechanism of this phenomenon
has not been elucidated. The liver has the potential
to protect the other organs immunologically. The
efficacy of simultaneous liver-kidney transplantation
in the prevention of hyperacute renal rejection in
patients with reformed anti-HLA lymphocytotoxic
antibodies is also demonstrated in clinical practice.
However, these observations have been challanged
by reports documenting hyperacute rejection of kid
ney or/and liver allografts when the roles of ABO
matching and donor/recipient crossmatching have
been violated[4-5]. Although our patient did not experience any rejection and showed some protection
of the transplanted kidney by the liver graft, we believe that careful selection of suitable donor with
HLA typing crossmatching and PRA test are essential to success in combined liver-kidney transplantation.
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Resection of gastric carcinoma with preservation
of pancreas and clearance of lymph nodes along
splenic artery: theory, technique and results
LIN Chao-Hong
Subject headings stomach neoplasms / surgery;
lymph nodes; panc reas / blood supply; splenic artery
INTRODUCTION

Cancers of whole gastric stomach, cardia, and gastric corpus often metastasize to splenic hylus and
lymph nodes along the splenic artery[1]. There is
ample statistical evidence to support the routine
clearance of the lymph nodes along the splenic
artery in cases of cancers in whole stomach, gastric
corpus, cardia, and in certain invasive cancers in
gastric antrum. Beginning from the mid 1940s,
many surgeons adopted the procedure of resection of
the spleen together with pancreatic body and tail in
order to clear the lymph nodes of splenic hylus and
along the splenic artery (pancreatic resection procedure). However, combined resection procedure carries the disadvantage of increased operative complication and mortality, and reduction of pancreatic
function, especially in insulin output, hence increasing the incidence or aggravating diabetes mellitus. Based on the data and rationale of all those
mentioned above, we began in 1968 our research on
the operative procedure for gastric cancer, with
preservation of pancreatic parenchyma with clearance of lymph nodes along the splenic artery (pancreatic preservation procedure)[2].
MATERIALS AND METHODS
Theoretical grounds of pancreatic preservation

The lymph flow from the stomach does not enter into the pancreas. By injecting 2ml of methylene blue
into the gastric cardia or corpus subserous space during operation, we observed the direction of gastric
lymph flow in 54 cases. The direction of cardia
lymph flow could be judged from the flow direction
during operation and from anatomic examination of
The direction of the
lymph nodes specimens.
lymph flow from the gastric cardia is ascending toward mediastinal lymph nodes along the esophageal
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Lymph from the lesser curvature flows towall.
ward the left gastric artery and then into lymph
nodes along the celiac artery.
Lymph flowing along the short gastric arteries is running away from
the greater curvature, and drains into lymph nodes
of splenic hylus, then out along the splenic artery
and finally to lymph nodes along the celiac artery.
Lymph from the posterior gastric wall along the
post-gastric artery flows to retroperitoneal space
and then into the lymph nodes along the splenic
artery at the upper border of pancreas.
Lymph
flowing along esophagocardiac branch of left subdiaphragmatic artery comes from the left side of gastric cardia, and drains to the para-aortic lymph
nodes. The direction of lymph flow from the upper
gastric corpus, besides being the same as that from
cardia, may enter into lymph nodes of the splenic
hylus and along the splenic artery via the left gastroepiploic artery and its lymph nodes, and finally
accumulate into lymph nodes along the celiac
artery. Not a single case was found with lymphatic
flow entering into pancreatic parenchyma.
It is infrequent for cancers from gastric cardia,
gastric corpus, and whole stomach to invade pancreas itself. During the period from 1968 to 1986, in
our hospital 439 cases of cancers in gastric cardia,
gastric corpus, and whole stomach could be resected, of which 25 (5.7%) cases were found invading
into the pancreas. From examination of the resected
specimens of pancreatic body and tail in 22 cases,
we found that direct invasion of gastric cancer to
pancreatic parenchyma and capsule occurred in only
6 cases, with no metastasis to lymph nodes. This result is in agreement with the conclusion of the research on gastric lymphatic flow.
No necrosis of pancreatic body and tail occurred after resection of splenic artery and vein.
The pancreatic body and tail is vascularized by pancreatic transverse artery, splenic artery, great pancreatic artery and pancreatic tail artery. The pancreatic transverse artery is the left branch of pancreatic dorsal artery. The splenic artery arises from the
celiac artery and gives off 2-10 arterioles supplying
the pancreas, one of which is called greater pancreatic artery, located between the middle and distal
thirds of the pancreas. The right branch anastomose
with branches from pancreatic transverse artery and
the splenic artery and a left branch anastomoses
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with artery of the pancreatic tail. The artery of the
pancreatic tail arises from the distant 1/3 of splenic
artery or from the left gastroepiploic artery. The
pancreas has an abundant venous anastomosis, with
the veins mainly accompanying synonymous arteries. There are 3-13 veins from the pancreatic body
and tails (average 7). They drain into the splenic
vein, more often into the upper mesenteric vein and
upper part of the inferior mesenteric vein or left
gastroepiploic vein. There is usually a vein which
accompanies the inferior pancreatic artery and
drains into the upper mesenteric vein, someti mes into the inferior mesenteric vein or the splenic
vein[3]. Since about 40% of the pancreatic dorsal
artery arises from the first part of the splenic
artery, it is enough to resect the splenic artery at
the distal end of the pancreatic dorsal artery. The
pancreatic body and tail may be supplied by the left
branch of the dorsal pancreatic artery, i.e., the
transverse pancreatic artery. After resection of
splenic vein, the pancreatic body and tail can be
drained by transverse pancreatic vein and collateral
vein with surrounding tissues several days after operation, therefore necrosis of pancreatic body and
tail will not occur.
Procedure for preservation of pancreatic
parenchyma with resection of the splenic
artery and vein and pancreatic capsule with
surrounding lymphatic and neural connective
tissues

We first resected the omentum with concomitant
freeing of the transverse mesocolon to the lower
border of pancreas. After clearance of the capsule
in front of the pancreas from the lower pancreatic
border, the spleno-renal ligment was then resected
up to gastric fundus and the left side of the cardia.
After lifting up the spleen, we freed the pancreatic
body and tail along the retroperitoneal space, and
cleared the lymph nodes along the common hepatic
artery, celaic artery and the root of left gastric
artery together with the attached fatty and connective tissues. After the roots of the left gastric artery
and the splenic artery were exposed, these arteries
were separated and ligated. If the pancreatic dorsal
artery arised from the first part of the splenic
artery, one should ligate the splenic artery to the
left of the dorsal artery, or when it arised from other arteries at the root of the splenic artery. After
the operator changed his position to the left side of
the patient, the assistant lifted the spleen and pancreatic body and tail out of the incision and turned
them to the right side. After incising the splenic
vein sheath, the splenic vein was exposed and resected at the left of the entrance of the inferior
mesenteric vein. With slight traction of the severed
ends of the splenic artery and vein, the vascular
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branches which arose from the splenic artery and
entered into the pancreatic parenchyma, the most
important of which were the great pancreatic artery
and artery of the pancreatic tail, should be freed
and ligated. Concomitantly, we resected several venous tributaries arising from the pancreatic
parenchyma and draining into the splenic vein. In
the end, we freed completely the pancreatic body
and tail, the splenic artery and vein, the pancreatic
capsule and surrounding lymphatic, fatty, nerve and
connective tissues.
By adopting the procedure described above, we
found the operation expedient and with less possibility of injuring the pancreatic dorsal artery and inferior mesenteric vein. The lymph nodes and connective tissue were cleared in front of distal splenic vessels and at the periphery from the branch of the distal splenic artery and vein to the root of splenic vessels and finally the pancreatic capusle and splenic
artery and vein surrounding lymphatic, fatty, neural and connective tissues were freed from the pancreatic body and tail. The other operative procedure
was the same as the radical operation for gastric
cancer.
RESULTS
Comparison of lymph node metastasis between two different operation groups

From 1968 to 1992, we performed radical resection
of gastric carcinoma by two different techniques, on
216 cases with preservation of pancreas and clearance of lymph nodes along the trunk of splenic
artery and 30 cases with resection of pancreas. The
metastasis rates of lymph nodes in splenic hylus and
those along the trunk of splenic artery were 20.8%
(45/216) and 25% (54/216) in the first group, and
20% (6/ 30) and 23.3% (7/ 30) in the second
group. There was no sig nificant difference statistically (P>0.05).
Comparison of postoperative complication,
mortality and survival rates

In the first operation group (preservation of pancreas), the postoperative complications occurred in
9 (4.2%), diabetes mellitus in 2 (0.9%) and death
in 2 (0.9%); and in the second operation group in
12 (40%) diabetes mellitus in 3 (10%) and death in
1 (3.3%). The 5-year survival rates were 57% and
36% and 10-year survival rates were 47% and 30%,
respectively. There was significant statis tical difference (P<0.05) between the two in the incidence of
complication, but no marked difference in the mortality rate.
DISCUSSION

The severe organic deficiency caused by expanded
resection of gastric cancer has been of great concern

LIN Chao-Hong. Resection of gastric carcinoma: theory, fechnique and results

in recent years. It is a subject of dispute among surgeons that after clearance of lymph nodes along the
splenic artery, whether one should adopt the procedure of pancreatic body and tail preservation or resection. After 20 years’ research on this subject, we
think that pancreatic preservation conforms better
to the rationale of radical gastric cancer resection.
The reasons are:
The results of our research on
lymphatic flow of gastric cardia and corpus indicated that the direction of the lymphatic flow from
those area is along the upper border of the pancreas
and the splenic artery, draining to relevant lymph
nodes, but not into pancreatic parenchyma.
Maruyama[4] found no case with gastric lymphatic
flow entering into pancreatic parenchyma with preoperative gastroscopic photography after injection
of opaque medium into inferior posterior wall of
gastric cardia and upper part of gastric corpus and
photography of specimens 1 to 5 days later and by
injecting dye into gastric subserous space during operation.
By serial sections of autopsy material of
gastric cancer and pancreatic body and tail resected
together with gastric cancer, Maruyama[5] found
that only a small part of gastric cancer lesion invaded pancreas directly from the serous surface without
any intrapancreatic lymphatic metastasis. We got
the same conclusion from pathologic examination of
resected pancreatic body and tail.
Maruyama[5]
adopted the procedure of pancreatic preservation
with clearance of lymph nodes along the splenic
artery in 76 cases after 1976, with an operative mortality of 1.1%. Various common complications occurred in 25% cases, and pancreatic complication in
6.5%, but not a single case of diabetes mellitus occurred postoperatively. During the same period,
Maruyama adopted pancreatic resection procedure
in 58 cases and common complications occurred in
59.2% and pancreatic complications in 25%, and
postoperative diabetes mellitus in 9.2%, and the
operative mortality was 2.6%. In our group of 216
cases, postoperative complication occurred in
4.2%, the mortality rate being 0.9%, and the postoperative diabetes mellitus was found in 0.9%. In
30 cases with resection of pancreas, the postoperative complication occurred in 40%, and the postoperative mortality being 3.3%, postoperative diabetes mellitus in 10%. The incidence of postopera-
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tive complications and diabetes mellitus of pancreatic preservation adopted by our group and Maruyama
were lower than those applying procedures with
pancreatic resection (P<0.05-0.001). The postoperative survival rates after pancreatic preservation
operation by our group and Kinoshita, Maruyama[6]
were higher than those applying pancreatic resection
procedure . The lymph nodes of splenic hylus and
along the splenic artery can be completely removed
by pancreatic preservation procedure with resection
of spleen, splenic artery and vein, pancreatic capsule, and surrounding lymphatic tissues to gether
with the fatty, nerve and connective tissues.
Maruyama[5] first cleared the lymph nodes along the
splenic artery with preservation of pancreatic
parenchyma, then resected the pancreas and the
specimens were examined histologically. The result
showed that on lymph nodes were left. In summary,
the procedure with pancreatic preservation has advantages of easy performance, complete clearance
of lymph nodes along the splenic artery, and low incidence of common postoperative complications and
diabetes mellitus, and the 5-year survival rates being
higher than that with pancreatic resection.
The indications for pancreatic preservation procedure are cancers from gastric cardia, corpus,
whole stomach and certain cases with cancer from
gastric antrum requiring clearance of lymph nodes
along the splenic artery. Patients with preoperative
diabetes mellitus or diabetic tendency are indicated
absolutely for this procedure. If, however, the cancerous lesion or metastatic lymph nodes have invaded the pancreas parenchyma and Borrmann 4 type
carcinoma, the combined resection procedure
should be adopted.
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middle and low incidence areas of gastric cancer of
Fujian Province *
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Table 1 Sample number of different groups among the three areas
Area of
incidence
High

INTRODUCTION

To find out the difference of Zn, Cu and Se contents in the sera between healthy group in high gastric cancer incidence area and in low incidence area,
and the difference among healthy, gastric cancer or
other tumor groups, we collected 453 serum samples
from healthy, gastric cancer or other tumor groups
in high gastric cancer incidence areas of Changle
and Putian, middle incidence area of Shaxian, and
low incidence area of Fuan between 1992 and 1995,
and measured and compared the serum contents of
Zn, Cu and Se. The results are presented as follows.

Middle
Low
Total

County

Healthy
(group I)

Gastric cancer
(group II)

Other tumor
(group III)

Changle
Putian
Shaxian

100
52
95

41
39
14

3
14
15

Fuan

49
296

15
109

16
48

Sampling method

All appliances and recipients were washed carefully
and disinfected to avoid contamination during sampling. Blood was collected from veins. Sera were
separated by centrifugation of samples and transferred into plastic tubes, sealed up, frozen, then
stored at low temperature.
Sample analysis and measurement

MATERIALS AND METHODS
Sampling objects

According to the gastric cancer mortality from the
data of resident retrospective survey on death causes
in 1986-1988, we selected high gastric cancer incidence area Changle with a gastric cancer mortality
of 92.26/105 and Putian with a mortality of 58.61/
105, middle incidence area Shaxian with a mortality
of 18.86/105 and low incidence area Fuan with a
mortality of 7.76/105. Samples were collected in
terms of sex and age proportion from healthy checkup people in the three areas, and from patients with
gastric cancer and other tumors diagnosed by hospitals. Table 1 shows the number of samples collected.
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Cu and Zn The samples were diluted and contents
of Cu and Zn were measured by flame spectroscopy
in Pekin-Elmer 5000 atomic absorption spectr ophotometer.
Se The samples were digested and content of Se
was determined by hydride generating method in
Pekin-Elmer 5000 atomic absortion spectrophotometer.
Quality control

To assure the accuracy of analysis, we adopted the
strict quality-control measures, i. e. analyzed each
batch of samples while analyzing national stair standard referential material GBW-09 cattle serum.
Data analysis and statistics

SYSTAM software was used to manage and analyze
the data of this survey.
RESULTS AND DISCUSSION
Difference of serum microelement contents of
healthy group in high, middle and low gastric
cancer incidence areas

Results of serum Zn, Cu and Se in healthy people of
different areas were analyzed (Table 2).
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Table 2 Serum contents of trace elements in healthy group in high, middle and low gastric cancer incidence areas
High (I)
Middle (II)
Low (III)

(x±s)

n

Zn(mg/L)

Cu(mg/L)

Se(µg/L)

Cu/Zn

152

0.886±0.015

0.911±0.015

84.82±2.18

1.065±0.025

95

0.885±0.015

0.942±0.019

84.57±1.23

1.099±0.035

152

1.002±0.019

0.867±0.032

76.87±3.22

0.867±0.033

Analysis of variance

F = 9.326

F = 2.479

F = 2.297

F = 9.939

P = 0.00012

P = 0.086

P = 0.102

P = 0.000066

Newmen-Keul test in

I:III

q = 5.782 a

comparison of different

I:II

q = 0.0303

q = 0.955

areas

II:III

q = 5.456 a

q = 6.105 a

a

q = 6.827 a

P<0.01.

Table 3 Contents of Zn, Cu and Se in sera of healthy, gastric cancer and other tumor groups
Healthy (I)

(x±s)

n

Zn(mg/L)

Cu(mg/L)

Se(µg/L)

Cu/Zn

294

0.905±0.010

0.914±0.011

83.22±1.32

1.044±0.018

Gastric cancer (II)

109

0.843±0.019

1.045±0.023

73.58±1.68

1.308±0.035

Other tumor (III)

48

0.858±0.028

1.127±0.040

75.29±2.33

1.404±0.078

F = 5.137

F = 29.168

F = 9.278

F = 35.220

P = 0.006

P<0.00001

P = 0.000073

P<0.000001

Analysis of variance

Newmen-Keul test in

I:III

q = 4.305a

q = 7.660 b

q = 5.852 b

q = 9.423 b

comparison of different

I:II

q = 2.362 b

q = 8.949 b

q = 3.426 a

q = 9.113 b

II:III

q = 0.673

q = 3.094

q = 0.664

q = 2.673

groups

The serum Zn content of healthy group had no
difference as compared with that in high incidence
area and that in middle incidence area, but was obviously lower than in low incidence area. The ratio
of Cu/Zn in high incidence was incon siderably different from that in middle incidence area, but significantly higher than in low incidence area, the
difference being statistically significant. However,
no obvious difference was found in serum Cu and Se
contents among these areas.
The correlation between contents of Cu and Se
in healthy human serums and gastric cancer mortality among different areas was insignificant, but in
high incidence area the content of Zn was much
lower than in low incidence area and the ratio of
Cu/Zn was higher. The result indicated that contents of microelement had a certain relationship
with gastric cancer incidence although we could not
conclude the contents affected gastric cancer incidence. Because of limited inves tigation scope, the
conclusion was uncertain in a way, nevertheless it
provides a clue to further study the causes of gastric
cancer.
Comparision of microelement contents in human serum between healthy and gastric cancer
groups

Zn, Cu and Se in the samples collected from
healthy, gastric cancer and other tumor groups in

the three areas were measured and the ratio of
Cu/Zn was calculated. The results of statistics and
analysis are presented in Table 3.
According to Table 3, the serum levels of Zn,
Cu and Se and the ratio of Cu/Zn are significantly
different statistically between the healthy group and
gastric cancer group, however the difference between the gastric cancer group and other tumor
group was not significant. Newmen-Keuls test was
used in compar ison of all groups.
Zn content

The Zn content in the serum of gastric cancer
and ot her tumor patients was lower than in healthy
group, and the difference being statistically significant. However this difference did not exist between
gastric cancer group and other tumor groups. Zn
was considered one of the necessary compositions of
many enzymes in human body, involved in the synthesis of DNA and RNA polymeric enzymes, took
part in the nucleic acid metabolism and immunosurveillance prolection, affecting the process of cancerization directly or indirectly. Epid emiological
studies also indicated that content of Zn in serum of
tumor patients was lower than in healthy persons.
The results of this study showed that the serum content of Zn was closely related to gastric cancer.
Though it was uncertain that there existed a cause
and effect relationship. Zn was proved to play an
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important role in physiological and biochemical process, disease production and c ancerization.
Cu content

The Cu content in serums in gastric cancer and
other tumor patients was obviously higher than in
healthy group, the difference being statis tically significant. Though the relationship between Cu and
cancer are controversial and the mechanism remained ambiguous, most clinical and experimental
studies showed that a large variety of cancers are
connected with considerably higher Cu content in
serum and enhanced activity of cuprein in plasma.
Our results were similar to theirs.
Ratio of Cu/Zn

It was reported that contents of Cu and Zn in
human serum existed proportionally and affected
each other. The determination of ratio of Cu/Zn
was helpful for diagnosing many diseases, observing
their transformations, preventing recrudescence,
and reflected the nutritive status of Zn in human
body more effectively than Zn content in serum. It
was said that if the ratio was above 2, it would lead
to cancerization. The ratio of Cu/Zn in healthy
group was markedly lower than in gastric cancer and
other tumor groups, with statistically significant
difference. In many gastric cancer cases, the ratio
exceeded 2, indicating its implication in observing,
diagnosing and distinguishing gastric cancer cases. It
also provided references on etiology.
Se content

Researches on relationship between Se and cancer were popular. Though they did not come to an
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agreement in etiology, many epidemiolo gical reports supported that Se content in serum decreased
in cancer cases, especially those who suffered from
tumors of alimentary canal. Measurement of Se con
tent in serum is of some value in diagnosing and distinguishing the kinds of cancers. Se was one of the
necessary composites of glutathione peroxidase
(GSH-Px), thus can prevent lipid peroxidation from
producing free radicals. Most clinical and experimental studies showed that the activity of GSH-Px
in consumptive chronic and cancer patients decreased obviously. Our results indicated the content
of Se in serum of gastric cancer and other tumor patients was much lower than in healthy population,
with statistically significant difference. Most researches supported such a hypothesis.
CONCLUSION

A great deal of investigations have demonstrated
that contents of Zn, Cu and Se are connected with
tumor. Our study indicated that in healthy population, Zn con tents in serum and ratio of Cu/Zn had
significant differences between high incidence area
and low incidence area while contents of serum Se
and Cu were si milar, and Zn and Cu in sera of gastric cancer patients were found much higher than in
healthy population by determining contents of Zn,
Cu and Se in 453 serum samples collected from
healthy, gastric cancer and other tumor population
in high, middle and low incidence areas. Such results were identical to those presented in most epidemiological surveys. The result is of reference value for diagnosing and differentiating tumors, and
has provided fundamental data for further investi gation on etiology of tumors.
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nm23 expression in gastric carcinoma and its
relationship with lymphoproliferation
WANG Yang-Kun1, JI Xiao-Long2 and MA Nai-Xu1
Subject headings
stomach neoplasms; nm23
protein; gene expression; lymphoproliferation; lymphocytes
INTRODUCTION

Tumor spread is a complex biological process closely
related to tumor growth, which is regulated by
many genes within the cell. Recent studies have revealed that nm23 is intimately related to tumor
metastasis in its biochemical nature, structure and
function and its regulating role of the gene itself[1].
In this study, gene product nm23 expression was
performed in 97 cases of gastric cancer and observations were made on its relationship to hyperplasia of
lymphatic tissue.
MATERIALS AND METHOD

Specimens were collected from 97 cases of gastric
cancer treated by radical surgery together with 482
enlarged regional lymph nodes (including 214 with
reactive hyperplasia and 268 showing cancer metastases). Specimens were fixed in 100mL/L-formalin
solution and embedded in paraffin wax. Sections of
4µm in thickness were made and routinely stained
with HE stain. In accordance with the literature[2],
gastric carcinoma was divided into: stage T1, where
cancer tissue invades the mucosa or submucosa;
stage T2, with invasion of muscular layer; stage T3,
with invasion of serosa; stage T4, with invasion of
tissue outside the serosa or of adjacent organs.
Observation of lymphocytes surrounding the
cancer

Lymphocytes in the advancing aspect of cancerous
invasion were observed but excl uding lymphocytes in
between cancer nests and the submucosal lymphocytic reaction.
Observations were made separately for each
type and each stage of gastric ca rcinoma.
1
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Observation of lymph node metastasis

Changes were observed in lymph node metastasis,
which were into 4 stages[3]: Stage 1, structure of
lymph nodes is undamaged. Peripheral sinuses or
elsewhere show invasion by solitary or multiple cancer cells which may be scattered or form cancerous
foci comprised of 3 - 5 cells each; Stage 2,
metastatic cancer cells comprise < 1/3 of surface
area of section of lymph gland and usually with intact lymph follicles, dilated lymph sinuses filled
with cancer cells and an intact lymph node capsule;
stage 3, metastatic cancer cells comprise > 2/3 of
cross sectional area with intact lymph node capsule;
and stage 4, the lymph node and its capsule are both
invaded by metastatic cancer cells, or there is invasion of surrounding fibrofatty tissue, muscle fibres,
glands etc. with li ttle residual lymphatic tissue.
Antibody and staining methods

One section was randomly selected from the sections
made from the 4 pieces of tissue obtained from
around the cancer and tested for expression of nm23
gene product using the streptomyces antibiotin
peroxidase linkage method (S-P). DAB was used
coloration, and haematoxylin for background staining.
RESULT

Expression of nm23 of gastric carcinoma and results
of examination for lymphocytes around the cancer
are shown in Table 1.
Relationship between expression of nm23 and
reactive hyperplasia in lymph nodes

In each type of gastric cancer showing enhanced expression of nm23, reactive hyperplasia of regional
lymph nodes was active, whereas this was diminished in those cases showing negative or weak expression of nm23. High expressivity of nm23 shows
positive correlation with the amount of reactive hyperplasia of lymph nodes in the drainage area of the
cancer, and the latter was related somewhat with
the histological type of tumor. In papillary adenocarcima and tubular adenocarcinoma there was a
greater amount of reactive hyperplasia, while the
hyperplasia was low in adenocarcinoma, with low
grade differentiation, mucinous adenocarcinoma
and signet ring cell carcinoma.
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Table 1 Results of positive expression of nm23, hyperplasia of lymphatic tissue and metastasis in various types of gastric carcinoma
Number
of
cases

Type of cancer

Positive
expression
of nm23
cases (%)

Enlarged
lymph
nodes
(nodes)

Reactive
Cancer metastasis of
hyperplasia
lymph nodes (nodes)
of lymph
nodes (nodes) I
II
III IV

Papillary adenocarcinoma
8
Tubular adenocarcinoma
17
Poorly differentiated adenocarcinoma 37
Mucinous adenocarcinoma
23
Signet ring cell carcinoma
12

7(87.5)
14(82.4)
30(81.1)
16(69.6)
9(75.0)

34
105
163
89
91

26
38
97
35
18

2
4
2
1
2

4
28
16
14
24

Total

76(78.4)

482

214

1

86 118

Table 2

97

2
0
29
6
29 19
26 13
32 15
53

Lymphocytes around cancer
(cases)
-

+

++

+++

1(12.5) 3(37.5) 3(37.5) 1(12.5)
0(0.0) 3(17.6) 8(47.1) 6(35.3)
4(10.8) 7(45.9) 11(29.7) 5(13.5)
3(13.0) 12(52.2) 6(26.1) 2(8.7)
1(12.5) 6(50.0) 5(41.7) 0(0.0)
9(9.3) 41(42.3) 33(34.0) 14(14.4)

Relationship between stage of gastric cancer and expression of nm23 and hyperplasia of lymphatic tissue

Group

No. of cases

Positive nm23
expression No.
(%)

T1
T2
T3
T4
Total

6
15
27
49
97

6(100.0)
14(93.3)
24(85.2)
33(67.3)
76(78.4)

Lymphocytes around
cancer cases
(%)
6(100.0)
14(93.3)
25(92.6)
43(97.8)
88(90.7)

Relationship between expression of nm23 and
lymph node metastasis

In all types of gastric cancer when positive expression of nm23 protein was enhanced there was generally no spread to the lymph nodes in the drainage
area of the cancer. When expression was negative,
there was usually metastasis to regional nodes.
There was a negative correlation between high expressivity of nm23 and the number and degree of regional lymph node involvement (Table 2).
Relationship between expression of nm23 and
histological type and depth of infiltration in
gastric carcinoma

There was some relationship between expression of
nm23 protein and the histological type of gastric
cancer and the depth of invasion. A high positive
rate was seen in papillary adenocarcinoma, tubular
adenocarcinoma and poorly differentiated adenocarcinoma as compared with mucinous adenocarcinoma
and signet ring cell carcinoma, but the difference
was not marked (P>0.05). Positive rate of nm23
expression decreased as depth of invasion increased.
Stages T1 and T2 show marked difference as compared with Stage T4 (P<0.01).
DISCUSSION

The appearance of large numbers of lymphocytes
around a cancer is the morphological expression of
the body’s immunological reaction to the tumor.

Reactive hyperplasia
of lymph nodes
(nodes)

Metastatic
lymph nodes
(nodes)

48
52
63
51
214

0
4
19
245
268

Tumors can indirectly inhibit the antineoplastic cellular immunity of the host by means of lymphocytes. The degree of inhibition shows a parallel relationship with the degree of malignancy of the tumor[4]. A considerable portion of these lymphocytes
are immunoresponsive and having lethal activity on
tumor cells. They directly prevent tumor growth by
releasing lymphokines or through the lethal action
of cytotoxins[5,6]. Our results are basically the same
with those reported in literature. The degree of
lymphocytic infiltration around a cancer is related
to the stage of the tumor. The covatation degree in
the early stage of adenocarcinoma is more serious,
and the lymph nodes with reactive hyperplasia are
higher in number than those in the late stage. The
degree of lymphatic tissue hyperplasia was not significantly related to the age and sex of the patient.
Gene nm23 is a type identified through the CDNA archives for low grade metas tasing melanoma
cell line K-1735 of mice using different hybridization technics. In this gene, the levels of mRNA and
the encoded protein are markedly lowered in many
experimental tumors of high matastatic phenotype,
hence it is considered as a matastasis-inhibiting
gene. Human nm23 gene has two subtypes: nm23H1 and nm23-H2[7,8], located in human chromosome number 17 in its long arm in the vicinity of the
centromere, its encoded product being a 17kD protein composed of 152 aminoacids[9]. The relationship between human nm23 genetic protein and nu-
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cleoside diphosphate kinase (N DP K) expression universally present inside cells and tumor spread and
prognosis, is still contraversial in the
literature[10,11]. In this group of 97 cases, positive
expression is seen in 78.4% which is intimately related to the degree of lymphatic tissue hyperplasia.
Lymphocytic infiltration was found around the cancer in 88 cases accounting for 90.7% of the total.
Marked surrounding infiltration was seen with positive expression of nm23 in 79% of 14 such cases,
while in 9 cases with absence of lymphocytic infiltration, nm23 expression was found in 32.5%, difference being significant between the two groups (P
<0.01).
Lymph nodes in the area of drainage of the
cancer were presented with a stage of reactive hyperplasia and a stage of metastasis, each showing
corresponding characterisitic changes in histological
structure, and difference in quantity and in degree[12]. In this study, the degree of reactive hyperplasia of the regional lymph nodes and lymph node
metastasis is related closely to nm23 gene expression. In this group, of the 482 enlarged lymph
nodes, 21 had reactive hyperplasia and 268 had
metastasis. When reactive hyperplasia is large in
number and severe in degree, the positive expression rate of nm23 is increased, if opposite, the rate
decreased. When the number of metastatic lymph
nodes is large and the degree of involvement is severe, the positive expression of nm23 is reduced,
and increased if opposite. This shows that level of
exptession of nm23 is intima tely related to enlargement of lymph nodes in the drainage area. This
means specifically, that expressivity of nm23 is in
direct ratio to the amount and degree of reactive hy-

89

perplasia in lymph nodes, but inverse ratio to the
number and degree of lymph node involvement in
metastasis. It is likely that nm23 gene inhibits the
metastatic action of the tumor after cell malignancy
transformation. Such close relationship of nm23
with inhibition of tumor spread and the reduction of
lymphatic tissue hyperplasia in gastric carcinoma
awaits further investigations. Expression of nm23
gene which helps understand hyperplasia and metastasis of lymphatic tissue, and evaluate the depth of
invasion of gastric carcinoma provides a useful
method in radiotherapy and chemotherapy.
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Clinical significance of Fas antigen expression in
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clinicopathologic parameters were examined using
Chi-square test. Survival data was analyzed by a logrank test. P<0.05 was considered to be statistically
significant.

INTRODUCTION

In order to determine whether Fas antigen plays a
role in the gastric carcinogenic sequence, an immunohistochemical study of Fas antigen expression
in gastric carcinoma and its relation to clinical status, pathomorphological parameters and prognosis
was carried out and reported below.
MATERIALS AND METHODS
Histological specimens

Fifty-nine cases of surgically resected gastric carcinomas (male 37, female 22; mean age 55.6 years)
were selected from the files of the Department of
Pathol ogy of our hospital. All blocks were fixed in
10% formalin and embedded in paraffin. Serial sections were cut from each block in 4µm, HE stained
and confirmed pathologically. All patients underwent curative resection, and followed up for 2.7 to
52 months.

RESULTS
Expression of Fas antigen in gastric carcinoma

Twenty-seven (45.8%) of the 50 gastric carcinomas
showed immunoreactivity for Fas antigen in gastric
carcinoma cells. The Fas antigen immunoreactivity
appeared brown or dark brown, which was mainly
located in the cytoplasm (Figure 1), a few specimens simultaneously expressed Fas antigen on the
cell membrane of tumor cells. Some of the mature
lymphocytes infiltrating in the stroma of gastric carcinoma had Fas antigen expression with a strong
staining intensity.

Immunohistochemical methods

Immunohistochemical staining for Fas antigen was
performed using SP technique. S lides were deparaffinized and then were hydrated and detected with
immunotist chencal kit according to the mannal of
the mountecturer. The sections were then counterstained with hematoxylin. With each batch of test
samples, a positive control consisting of a tissue section from liver was evaluated. A negative control
was prepared for each sample using an irrelevant antibody of the same isotype as the primary antibody.
The immunostaining of Fas antigen was visually
classified into negative and positive groups.
Statistics

Correlations between Fas antigen expression and
1
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Figure 1 Immunoreactivity of Fas antigen detected in the cytoplasm of gastric carcinoma cells. SP×200

Correlation between Fas antigen expression
and clinico-pathological parameters of gastric
carcinomas

Fas antigen expression was related to clinical pathological staging of gastric carcinoma. The rate of Fas
antigen expression was not correlated with patient
age, sex, tumor size, grades of differentiation and
depth of invasion (P>0.05 ). The immunoreactivity of Fas antigen was significantly associated with
lymph node status and clinical stages of gastric carcinoma. Sixteen (61.5%) of 26 gastric carcinomas
without lymph node metastasis were immunoreactive

LIU Hai-Fang, et al. Clinical significance of Fas antigen expression in gastric carcinoma

versus 11 (33.3%) of 33 cases with lymph node
metastasis (P<0.05). Twenty-one (58.3%) of 36
gastric carcinomas in clinical stages I and II were
immunoreactive versus 6 (26.1%) of 23 gastric carcinomas in clinical stages III and IV (P<0.05).
Relationship between Fas antigen expression
and prognosis

The survival rate of patients with Fas antigen expression was compared with that of those without
Fas antigen expression. Patients with Fas antigen
expression in gastric carcinomas showed a significantly longer survival period as compared with those
without Fas antigen expression (P<0.05).
DISCUSSION

Fas antigen is a type I transmembrane protein, its
molecular weight is 45 000, and it belongs to the tumor necrosis factor/ nerve growth factor receptor
family[1]. Fas antigen as a receptor exists in the
body and can induce a poptosis in target cells. In recent studies, Fas antigen expression has been ide ntified in various human organs, e. g. , heart, liver,
lung, kidney, and ovary[2,3]. But, little is known
about Fas antigen expression and its relationship
with the biological behavior and prognosis of human
gastric carcinoma.
In this study, we found that Fas antigen also
expressed in gastric carcinoma tissues. Since Fas
antigen is a transmembrane protein, it should appear both on the surface and in the cytoplasm of
gastric carcinoma cells. But, in our study, most of
the specimens expressed Fas antigen only in the cytoplasm of tumor cells, a few specimens expressed
Fas antigen both on the surface and in the cytoplasm
of tumor cells. There are several possible explanations for this. First, under pathological conditions,
normal Fas antigen expression may be down-regulat-

91

ed, but expressi on of soluble Fas antigen is up
regulated[4]. Second, Fas antigen may be affected
by mutation on its DNA, or certain abnormalities
may occur in the maturation process of this protein.
Third, the structure of Fas antigen, which originally expressed on the surface, may be destroyed
through a certain mechanism, e . g. , its binding site
on the membrane undergoes proteolysis, and only
cytoplasmic Fas antigen expression remains. However, the mechanism remains to be elucidated in future in vitro studies.
Our findings concerning the relationship between Fas antigen expression and the pathological
characteristics of gastric carcinoma showed that Fas
antigen expression could relate to lymph node status
and clinical stages. The rate of Fas antigen expression was significantly higher in gastric carcinomas
without lymph node metastasis than in those with
lymph node metastasis, and in clinical stages I and
II than in clinical stages III and IV gastric carcinomas. This indicated that aberrant Fas antigen expression may be involved in lymph node metastasis
of gastric carcinoma. In addition, the survival period of patients with Fas antigen expression was
longer than those without Fas antigen expression.
The results demonstrated that Fas antigen expression may be of some value in predicting prognosis in
patients with gastric carcinoma.
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INTRODUCTION

It has been shown that neuronal nicotinamide
adenene dinucleotide phosphate-diaphorase
(NADPH-d) may correspond to the neuronal nitric
oxide synthase (NOS), and may be used as a marker
for NOS in the central and peripheral nervous system. Thus, NADPH-d histochemistry provides us
with a mean to specifically identify neurons producing nitric oxide (NO)[1,2].
Recent pharmacological and physiological-studies demonstrated that NO is a neurotransmitter in
the non-adrenergic non-cholinergic (NANC) inhibitory nerves in the mammalian gastrointestinal
tract. It may play a very important role in then euronal regulation of gut. NOS activity is present in
neurons and fibers of the major enteric nerve layer
in intestine[3]. However, there have been far fewer
studies of NOS activity in stomach wall. If NO is a
transmitter of NANC in hibitory nerves, it should be
present in neurons innervating the muscularis. What
proportion of nerves produce NO? What is the pattern of innervation of these neurons? To answer
these questions, we examined the distribution and
morphological feature of NOS positive neurons in
the stomach wall with improved whole mount
preparation technique.
MATERIALS AND METHODS

Adult male Wistar rats weighing 210g-250g were
provided by the Center of Laboratory Animals of
our university. The experimental rats were fasted
overnight prior to the experiment, and anaesthetized with sodium pentobarbitone (50 mg·kg-1,
ip). Stomach was excised and rinsed with PBS and
dipped in 40 mL/L paraformaldehyde for 4 h, then
stored in 200 g/L sucr ose in PBS for 48 h at 4 .
Thereafter, whole mount preparations were made,
and histochemistry staining of NADPH-d and control test were performed as previously reported[4].
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Statistical analysis

All results were expressed as the x±s, and data
were analyzed by S tudent’s t test. P values <0.05
were considered statistically signifi cant.
RESULTS

Our study showed that NOS was widely distributed
in the gastric wall, and most of them were located
in the myenteric plexus, and distributed in submucosal plexus, gastric mucosal epithelium and gastric
gland. In the myenteric plexus, the cytoplasm of the
NOS positive neurons completely labelled except
for the nucleus. The cell body shape was basically
similar, most of them shaped round, oval or
fusiform while their density, size and staining intensity varied greatly in the different parts of stomach.
The density was (62 ± 38) cells/mm2, (43 ± 32)
cells/mm2 and (32 ± 28) cells/mm2 respectively in
the antrum, body and fundus (P<0.01). Tow subtypes of NOS positive neurons could be distinguished
on the basis of size, staining intensity and number
of progresses. In fundus, about 75% neurons were
large, and dark-stained. Neurons of the second subtype were sligh tly smaller, with only one or two
processes and were mainly located in the antrum
(approximately 65%). In the body of stomach, the
character of NOS positive neu rons was an intermediate state from fundus to antrum.
DISCUSSION

The results of our experiment provide the first morphological evidence for the presence of NOS positive
neurons in the stomach myenteric plexus. Nerve
bundles also contained a large number of reactive
fibers. Many bead-like structures strung together by
NOS positive varicosities in nerve fibers, some were
closely adherent to the outer walls of blood vessels
and smooth muscle fibers. This finding has provided
morphological evidence of NO involved in the modulation of motility and blood circulation of gastrointestinal tract. The significant difference of the
distribution of NOS positive neurons among the
myenteric plexus in different parts of the stomach
may be related to the physiological function of the
stomach.
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Appearance of an inhibitory cell nuclear antigen in
rat and human serum during variable degrees of hepatic regenerative activity
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Abstract
AIM To determine whether proliferating cell
nuclear antigen (PCNA) is present in the
peripheral circulation and whether PCNA levels
correlate with enhanced regenerative activity.
METHODS In animal studies, adult male
Sprague-Dawley rats (n = 3-4/group) were
sacrificed at 0, 12, 24, 36, 48, 72 and 96 hours
following 70% partial hepatectomy. At each
interval, sera were analyzed by Western blot
for PCNA by two monoclonal antibodies (PC10 and 19F-4). In human studies, sera from 4
patients with liver cirrhosis and 4 healthy
controls were tested in a similar manner.
RESULTS The PC-10 monoclonal antibody
identified a protein with a molecular mass
of 120 KD which remained stable in rat sera
for 24 hours fol lowing partial hepatectomy,
then increased 1.5-fold at 48 hours prior to
retur ning to baseline at 96 hours after
partial hepatectomy. However, it was not
dete cted in the sera of patients with or
without liver disease. In the 1 9F-4
monoclonal antibody, a protein with a
molecular mass of approximately 46 KD
was found. which was present in rat
sera prior to partial hepatectomy and
for 12 hours after surgery. Thereafter,
levels fell by approximately 5 0 % at 2 4
hours, 6 5 % at 3 6 hours and 7 5 % at 4 8
hours where they remained until
9 6 hours after partial hepat ectomy. The de1
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crease in levels correlated with the extent
of partial hepatectomy. In human sera, the
appearance of this inhibitory cell nuclear
antigen (ICNA) was higher in the sera of
patients with cirrhosis than in healthy
controls.
CONCLUSION T h e P C - 1 0 m o n o c l o n a l
antibody can detect a protein in the
circulation when active hepatic regenerative
activity is taking place. The 19F-4 monoclonal
antibody, however, identifies a protein in
both rat and human sera that inversely
correlates with hepatic regenerative
activity. This prote in which is tentatively
referred to as inhibitory cell nuclear antigen
(ICNA) may be used in documenting the
extent of suppression of hepatic
regeneration.

INTRODUCTION

Serologic markers of hepatic regenerative activity
are lacking. Those that are available (ornithine
decarboxylase, thymidine kinase and alphafetoprotein levels) correlate with enhanced
regenerative activity and only appear when the stimul
us to regeneration is significant (large partial
hepatectomies) [1]. To date, serologic markers of
attenuated hepatic regenerative activity has yet been
identified. In this study, we set out to determine
whether proliferating cell nu clear antigen (PCNA)
might serve as a more sensitive marker of enhanced
hepatic regenerative activity than presently
available enzymatic assays.
PCNA is a 261 amino acid nuclear protein that
has been identified as an auxiliary protein of DNA
polymerase delta and is involved in the progression of
cell cycle and DNA synthesis [2,3]. Monoclonal
antibodies to PCNA are increasingly used for
evaluation of cell proliferation in situ [4,5]. Of the 17
known monoclonal antibodies to PCNA, PC-10 and
19F-4 are two of the most commonly used ones[6,7].
Recently, using the PC-10 and the 19F-4 monoclonal
antibodies, we demonstrated that tissue levels of
PCNA correlate well with hepatic regenerative
activity when compared with PCNA immunostain-
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ing, [3H] thymidine incorporation into DNA and other
markers of hepatic regenerative activity[8].
In the present study, we employed both the PC10 and 19F-4 monoclonal antibodi es in an
attempt to determine whether circulating
PCNA levels correlate with regenerative
activity in rats following partial hepatectomy
and in humans with various forms of liver
diseases.
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blots were washed twice with TBS containing 0.
1% Tween-20 for 10 minutes. Immunoreactive
bands were visualized using an enhanced
chemiluminescence kit (ECL, Amersham,
Quebec). Films were scanned by a PC scanner
and the optical densities (OD) determined by an
NIH.IMAGE program (NIH, Bethesday,
Maryland).
Statistics

MATERIAL AND METHODS
Animals and surgery

Adult male Sprague-Dawley rats (250 g/body300 g/body weight) were mainta ined on Purina
rat chow and water ad libitum until the day prior
to surgery. All animals were kept in similar
housing units on a 12 h light and 12 h dary cycle.
Thirty and 70% partial hepatectomies were
performed under light ether anesthesia between
9:00 a.m. and noon each day according to the
methods of Hi ggins and Anderson [9] . Sham
operations in which appropriate portions of the
liver were exteriorized for the same length of
time as rats undergoing partial hepatectomy
were also carried out. Blood samples (1 mL-2
mL) were taken from groups of rats (n = 3-4/
group) at the time of death by exsanguination at
0, 12, 24, 48, 72 and 96 hours after surgery. Sera
from the samples were stored at -20
until
batch tested. Sera were also collected from 4
patients with histologic evidence of liver
cirrhosis (2 HBV, and 2 HCV related) and from
4 healthy laboratory volunteers.
Immunoblotting

Equal amounts of serum protein (100 µg/lane) as
quantified by the Lowry method [10], were passed
through a 10% SDS-PAGE at 100V for two hours
at room temperature. Resolved proteins were
transferred electrophoreticall y to nitrocellulose
(Bio-Rad, Hercules, CA) at room temperature for
one hour at 100V in a buffer containing 25mMglycine,192mM Tris, and 20% m ethanol.
Nonspecific binding of the antibodies to the
membranes was dim i nished by preincubating
the blots in TBS (50mM-Tris-HCl and 150mMNaCl, pH 7.4) in the presence of 3% dry milk
for one hour at room temperature. Blots were
incubated with PC10 monoclonal antibody (1:500,
DAKO Corporation, Carpintena, CA) and 19F4
monoclonal antibody (1:500, Boehringer
Mannheim, Germany) in TBS containing 0.5% dry
milk and 0.1% Tween-20 ( Bio-Rad, Hercules,
CA) at 4 for 16 hours followed by peroxidaselabeled ant i-mouse antibody (1:500 dilution,
Amersham, Quebec) in the same buffer at room
temperature for one hour. After each incubation,

Data were presented as means ± SD. Differences between
groups and differences over time were analyzed using
the Man-Whitney test, repeated measure analysis of
variance and Kruskal-Wallis analysis where appropriate.
P values less than 0.05 were considered significant.
RESULTS

Figure 1 provides the results of 19F-4 protein
determinations in rat sera follo wing partial
h e p a t e c t o m y. A s r e p o r t e d e l s e w h e r e , t h e
molecular mass of the 19F- 4 protein was
46KD. In sham operated rats, 19F-4 levels
remained unchanged throughout the study.
However, in partial hepatectomized rats, 19F-4
levels fell si gnificantly to a nadir of
approximately 50% baseline values at 24 hours
after pa rtial hepatectomy (P<0.001).
Thereafter, levels remained low until 96 hours
when they returned to baseline. Figure 2a shows
the results of serum 19F -4 levels following
various degrees of partial hepatectomy at 48
hours after surgery. Levels were lowest in rats
having undergone 70% partial hepatectomy,
highest in sham operated controls and
intermediate in the 30% partial hepatectomy
group (P<0.05). Finally, in the human sera, 19F4 was again identified at 46KB, but levels were
significantly higher in cirrhotic patients than in
healthy controls (Figure 2b, P<0.05).
The results of sera PC-10 protein determinations
are shown in Figure 3. The molecular mass of
PC-10 was 120KD. Serum levels remained
relatively constant for 24 hours prior to a
gradual increase of approximately 1.5 times
baseline at 48 hours following partial
hepatectomy (P<0.05). Serum levels of PC-10
were not detected in either cirrhotic patients
or healthy controls.
DISCUSSION

Two proteins were described in rat sera that
crossreact with monoclonal antibodies to proliferating
cell nuclear antigens. The results also indicate that
the levels of these crossreacting proteins changes
significantly following partial hepatectomy and in the
case of 19F4.4, they change inversely in proportion
to the extent of partial hepatectomy. They are also
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higher in sera of cirrhotic patients as compared with
healthy controls.
The cross reactivity reported here does not represent
an isolated phenomenon with such antibodies.
Waseem et al reported that PC-10 reacted
with a faint band at 120KD besides reacting
with 36KD protein HeLa cell [6] . However, no
investigation of the functional role of this
crossreacting protein was given in a model of
liver regeneration, neither was this protein
documented in the blood previously. The fact
that PC-10 protein increased significantly at
48 hours after partial hepatectomy stresses its
possible role as a marker of liver regeneration
in the blood. Whether the crossreactivity is due
to direct binding to the immunogenic peptide
of new proteins or involve secondary changes
of the PCNA mole cule (degradation product)
with difference in the amino acid sequences of
the im munogenic protein is unknown.
A similar crossreactivity has been shown with other
monoclonal antibodies especially when used with
different concentrations [11-13] . However, the
concentration of the monoclonal antibodies used
here were the same as used previously in the
liver tissues and in which no crossreacting
proteins were seen [8] . Thus, differences in
concentration are unlikely responsible for the
crossreactivity observed here. Another
possibility is that the crossreactivity is due to
the binding of the secondary antibody (antimouse IgG) with the protein, however
incubation of the membrane with secondary
antibody alone did not reveal the above
crossreacting protein suggesting that the
crossreactivity is due to the presence of
monoclonal antibodies.
It must be appreciated that identical or closely
related similar epitopes may occur on otherwise
unrelated protein[11]. The 19F-4 protein expression
shown here may reflect a profile of an inhibitory
protein during liver regeneration.
Three explanations are in favor of the above
hypothesis. First, it decreased sharply to reach a
nadir level at 24-36 hours after partial hepatectomy,
a period that corresponded to the peak of DNA
synthesis [14] . Second, the 19F-4 protein was
expressed more in the sera of patients with cirrhosis
than in the sera of normal persons. Finally, and most
importantly, the fact that 19F-4 protein expression
decreased significantly with the extent of hepatic
resection may reflect its possible role as an
inhibitory protein which is synthesized by the liver.
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Figure 1 Expression of 19F-4 protein (ICNA) in ratsera at different
time intervals following 70% partial hepatectomy and in sham
operated rats. The molecular mass of the 19F-4 protein was 46KD.
P<0.001 between both groups at 24, 36, 48 and 72 hours post PHx.

Figure 2a Serum 19F-4 protein levels following various degrees of
partial hepatectomy at 48 hours post surgery. aP<0.05.

Figure 2b 19F-4 levels in the human sera of 4 cirrhotic patients as
compared to 4 healthy controls. aP<0.05.

Figure 3 Expression of PC-10 protein in rat sera following 70%
partial hepatectomy and in sham operated rats. The molecular
mass of PC-10 was 120KD. aP<0.05 at 48 hours post PHx.
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It has been established that the 19F-4 and PC-10
reacts with a protein region of 14 at length[15]. The
reasons why both monoclonal antibodies detect the same
PCNA protein at a molecular mass of 36KD in the liver
tissue while each detect or immunoreact with different
molecular mass protein in the blood, is unknown (PC10-120KD and 19F-4-46KD). Theoretically, the
unsophisticated epitopes recognized by these monoclonal
antibodies might be present in another protein in the blood.
One explanation for the inability of PC-10 to recognize
the peptide recognized by 19F-4 in the blood is the length
of the protein. In a recent mini-review, Laver et al
stressed that conformational epitopes on native proteins
are comprised of 15-22aa residues[16].
One could suggest that the early appearance of
19F-4 protein followed by a decrease at 24 hours after
partial hepatectomy reflect a parameter of injury or repr
esent an acute phase reactant protein rather than being
related to the process of growth after partial
hepatectomy. However, the appearance of the protein
in t he serum of sham rats argues against this possibility,
moreover, the presence of such a protein in the serum
of normal persons, also argue against this hypothesis.

WJG

PC-10 crossreacting protein (120KD) correlates
positively with the regenerative rate after 70% partial
hepatectomy whereas 19F-4 protein correlates
negatively. The 19F-4 (46KD) protein is clearly of
interest in that it is a cell cycle d ependent protein,
being undetectable in the serum during rapidly dividing
cells, prominent in the serum of intact normal liver
and more prominent in the serum of patients with
liver cirrhosis. Crossreacting proteins detected by
monoclonal antibodies are not always non-specific
and fortuitous but may have an important role in
clinical biology. Ongoing studies to isolate and se-
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quence the corresponding protein are under investigation.
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A comparison between previous and present histologic assessments of chronic hepatitis C viral infections in humans
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Subject headings hepatitis C/pathology; hepatitis/patholo
gy; liver/pathology; hepatitis/chronic active

Abstract
AIM To compare the previously employed
classification of liver histology (minimal,
chronic persistent hepatitis, chronic active
hepatitis and cirrhosis) with a new
classification recently described by Sheuer
et al (activity grade and fibrosis stage) in
percutaneous liver biopsies from patients
with chronic hepatitis C viral infections.
METHODS Liver biopsies from 79 untreated
patients were reviewed. Anti-HCV testing
had been performed by ELISA and confirmed
by a recombinant immunoblot assay. With
respect to the new classification, all the
specimens were evaluated using the Knodell
score for activity.
RESULTS A good correlation was revealed
between the previous and more recent
histologic classifications in patients with
abnormal liver enzyme tests. However, in 13/
15 (87%) of patients with normal
aminotransferase values, changes were
consistent with chronic persistent hepatitis
whereas normal activity and no fibrosis
were demonstrated by the Sheuer
classification.
CONCLUSION The old classification is more often
misleading but correlates well with the new
classification and thereby permits comparisons
between historically clinical studies.
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INTRODUCTION

Despite recent advances in biochemical, serologic
and radiologic techniques, liver biopsies remain an
essential component of diagnostic and management
decisions in patients with chronic viral hepatitis. The
importance of liver biopsies in this patient population has been emphasized by the International
Hepat ology Informatics Group, the METAVIR
group in France, and a working group of the
International Congress of Gastroenterology who
address the terminology, grading, staging and related
histologic aspects of chronic viral hepatitis[1-3]. Liver
biopsy provides information about the extent and
distribution of inflammation and allows grading and
staging of the disease (the amount of fibrosis).
Furthermore, the liver biopsy enables some
assessment of the rate of disease progression
whenever the date of onset of infection is known.
The presence of diffuse fibrosis or cirrhosis
correlates with a lower likelihood of response to
antiviral therapy, and the finding of severe
necroinflammatory and fibrotic changes is helpful
in determining the relative importance of early
treatment rather than deferring therapy[4].
Recently, Desmetts and colleagues proposed a
new classification for chronic hepatitis which
incorporates the first three components of the
Knodell score for grading activity and a description
of sta-ging the extent of fibrosis as none, mild,
moderate, severe, or cirrhosis [3,5] . This new
classification is intended to replace the longstanding
descriptions of chronic hepatitis as nonspecific
hepatitis, chronic persistent hepatitis, chronic active
hepatitis, and cirrhosis. Such a change in
nomenclature is advantageous, in that the previous
classification is largely confined to a system of
grading rather than staging and is thus less
complete. Nonetheless, as the previous
classification has been widely employ ed for many
decades, it is important for comparative purposes
to determine whether there is a reasonable
correlation between the two forms of classification.
Thus, in the present study, we classified percutane
ous liver biopsies from 79 patients with chronic hepatitis C viral infections by both classifications and
compared the results using a Speerman rank test and
crosstabulation method for correlation.
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PATIENTS AND METHODS

Liver biopsies from 79 untreated patients (47 males,
32 females) were reviewed for the purpose of this
study. The mean age of the study population was
44±11 years. A total of 49 patients were believed to
have acquired their infections from needle sharing,
25 from previous blood transfusions, and 10 were
considered sporadic infections. Anti-HCV testing had
been performed by a second or third generation
ELISA test and confirmed by a recombinant
immunoblot assay (Ortho Diagnostic System,
Raritan, NJ).
Paraffin-embedded sections of specimens were
stained with hematoxyline and eosine, masson
tricome, reticulin, and periodic acid-shiff after
diastasde digestion. Descriptions of normal,
nonspecific, chronic persistent hepatitis, chronic
ac tive hepatitis and cirrhosis were as described
o r i g i n a l l y [6]. Wi t h r e s p e c t t o t h e n e w
classification, all specimens were evaluated
using the first three components of the Knodell
s c o r e f o r a c t i v i t y [5] : p e r i p o r t a l ± b r i d g i n g
necrosis (range of score 0-10), intralobular
degeneration and focal necrosis (score 0-4),
portal inflammation (score 0-4). Thus, the total
score for activity could range from 0-18. Total
scores of 1-3 indicate minimal chronic hepatitis,
4-8 mild chronic hepatitis, 9-12 moderate chronic
hepatitis, and 13-18 severe chronic hepatitis.
The scoring system for staging fibrosis included:
no fibrosis, 0; periportal fibrous expansion (mild)
without septa formation, 1; portal portal septa
(>1 septum) with intact architecture (moderate),
2; portal-cent ral septa (>1 septum) with
architectural distortion (severe), 3; and
c i r r h o s i s , 4 . To e l i m i n a t e i n t e r - o b s e r v e r
variability, biopsies were interpreted by one
observer (NA.) unaware of the clinical or
laboratory status of the patients.
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tion, had chronic persisten t hepatitis by the old
classification and twenty-seven patients (27/29, 9
3%) with mild activity according to the new
classification had chronic active hepatitis by the old
classification system, suggesting that the old
classification was more often misleading than the
new classification system.
Table 1 The frequency of histologic features of chronic HCV
viral infection in 79 adults classified by the new and the old
classification *
New classification
Old classification

Normal

Normal(minimal)
CPH
CAH
Cirrhosis
Total

Mild Moderate Total

7
34
0
0
41

0
4
27
4
35

0
0
2
1
3

7
38
29
5
79

* Number of patients, Chi-square = 66.9, P<0.001.

Table 2 provides the results of comparisons between
the old and new histologic classifications. In general, the
grading of activity and staging of fibrosis in the new
classification tended to correlate with the histologic
classifications employed with the old classification
system. Not surprisingly, correlation coefficients were
stronger when activity was graded rather than fibrosis
staged (r = 0.6 and r = 0.48 respectively).
Table 2 Correlation of traditional histologic diagnosis with
aminotr ansferases, activity grade, and fibrosis stage in 79
patients with chronic HCV viral infection *
ALT

AST

Activity
score

Fibrosis
score

Normal

57.6±31.4

39.0±0.0

1.0±0.0

0.0±0.0

CPH

94.0±67.5

59.7±31.8

2.0±1.1

0.2±0.5

Statistics

CAH

153.8±67.8

112.9±42.0

5.4±1.4

1.8±1.2

A Spearman rank test and crosstabulation method for
correlation were used. Discriminative analyses were
made to relate serum AST and ALT values
(independent variables) to histologic features
(dependent nominal variables with more than two
values). Differences were considered significant when
P va-lues were <0.05.All statistical analyses were
performed with Statisca and Winstat computer
programs (Statsoft Inc, Tulsa, OK and Kalmia Co,
Cambridge, MA respectively).

Cirrhosis

144.3±49.2

142.0±52.7

5.5±1.7

4.0±0.0

RESULTS

Table 1 shows the frequency of different histologic
features in both the traditi onal and the new
classification system. Thirty-four pat ients (34/41, 83%)
with normal activity according to the new classifica-

Old classification

Values are presented as mean ± SD. Activity grade; 1-3 normal, 4
- 8 mild, 9 - 12 moderate, 12 - 18 severe. Fibrosis stage; 0 non, 1
mild, 2 moderate, 3 severe, and 4 cirrhosis.

As shown in Table 3, in patients with persistently
normal aminotransferase values, the old classification
was more often misleading than the new classification.
Specifically, 13/15 patients with normal AST values were
found to have ch ronic persistent hepatitis on liver biopsy
whereas according to the new classification, the overall
activity in these patients (1.8 ± 0.8) was still within the
normal range (0-3).
By descriminative regression analysis, serum
AST values correctly classified the grade of activity
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in 59/79 (75%) patients and the stage of fibrosis in 50/
79 (63%) patients when employing the Desmet etal
classification. How ever, when the ‘traditional’
classification was employed, serum AST values
predicted the histology in only 34/79 (43%) of cases.
Serum ALT values correc tly classified the grade of
activity in 53/79 (67%) patients and the stage of
fibrosis in 43/79 (54%) patients by the Desmet et al
classification as compared with 41/79 (52%) patients
by the traditional classification. Serum ALT values
did not add to the predictive value of AST
determinations using either histological
classifications.
Table 3 Histologic distribution of chronic HCV viral infection
according to aminotransferases levels
Normal AST
n = 15

Abnormal AST
n = 64

Old classification*
Normal

2

0

CPH

13

30

CAH

0

29

Cirrhosis

0

5

Overall activity

1.8±0.8

3.7±2.2

Fibrosis

0.06±0.2

1.2±1.4

New classification

* Number of patients.

DISCUSSION

The new recommendations for nomenclature,
grading, and staging of chronic hepatitis and related
biliary and other disorders are attempts to
standardize the criteria and simplify the terminology
used in making these diagnoses. The inclusion of a
system of grading and staging, whether it is numerical
or descriptive, simple or complex, matters less than
the need for it to communicate important information
about the degree of necroinflammatory activity
(grade) and the extent of the disease (stage of
fibrosis) that are likely factors of prognostic and
therapeutic significance[7].
To our knowledge, this study represents the first
attempt to determine whether the previously
employed classification of histologic disease in
patients with chronic viral hepatitis correlates with
the proposed classification by Desmet and colleagues.
The fact that a good correlation does exist between
these two methods indicates that comparison
between natural history and treatment studies
performed hereafter with studies reported using the
old classification system are likely to be valid. The
results also indicate that in general, nonspecific
histologic disease correlates with Desmett activity
scores of 1, chronic persistent hepatitis with 2,chronic active hepatitis with 5, and cirrhosis with 5.5. Simi
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larly, by the old classification, normal or nonspeci fic
findings are associ ated with a Desmett fibrosis score
of 0, chronic persistent hepatitis with 0.2, chronic active
hepatitis with 2 and cirrhosis with 4.
The reason(s) why AST but not ALT values
correlated better with certain histolog ic findings
is unclear. One possible explanation is that coexisting non-viral related fatty infiltration of the
liver disproportionately contributes to the ALT
elevations in some of these patients. Another
possible explanation concerns the intracellular
trophism of HCV. Because AST is a mitochondrial
enzyme whereas ALT is predominantly cytosolic,
a stronger correlation would be expected with AST
values if HCV-induced liver injury was more
extensive in the mitochondrial fr action of
hepatocytes. The recent detection of HCV
antigens in the microsomal but not mitochondrial
fraction of hepatocytes argues against that
possibility[8]. Nonetheless, isoenzyme analyses of
the AST elevations would be of interest. Finally,
ALT activity may be less stable than AST activity
and therefore the findings may be artifactual in
origin[9].
Numerous previous studies have documented that
serum ALT levels are increased in the majority of
patients with chronic hepatitis C viral infections
and decline to the normal range with spontaneous
or treatment-induced remissions [10,11]. However,
these and other studies failed to demonstrate that
ALT values reliably reflect the histologic severity
of the disease as graded by more traditional
histologic classifications [12,13] , and the degree of
viremia based on HCV-RNA quantitation [14,15].
Only changes in ALT values over time appear to
reflect changes in the severity of disease [16]. Our
findings that ALT values do not predict efficiently
the histologic activity according to the new
classification is in accordance with these previous
studies.
In conclusion, these results show a good correlation
between the old and new histologic classifications
of liver disease in patients with chronic hepatitis
C viral infections. Aminotransferases correlates
better with the necroinflammatory activity
according to new classification than the traditional
classification.
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Abstract
AIM To certify the relationship between
AFP-mRNA and some pathological
parameters of he patocellular carcinoma
(HCC).
METHOD We detected the expression of AFP
in mRNA level in tissue samples from 52
patients suffering from HCC by RT-PCR
method.
RESULTS The positive rate of AFP mRNA was
76.9% in the HCC tumor tissues, and 69.4%
in the paratumor tissues from the HCC
patients with severe cirrhosis. However, in
HCC patients without cirrhosis, the positive
rate reached 50% in tumor tissues, but no
AFP mRNA expression was found in the
related paratumor tissues.
CONCLUSION The AFP protein was specially
expressed by HCC cells and mutated
hepatocytes. The AFP mRNA was positively
related with cirrhosis, but no significant
relationship was found between AFP mRNA
and tumor size, capsule status and tumor
metastasis.
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INTRODUCTION

The value of α-fetoprotein (AFP) as a useful
marker for hepatocellular carcinoma (HCC) has
been widely accepted since its discovery in 1956
and detection in serum of patients with HCC
(reviewed by Abelev 1971) [1]. Further evaluation
of AFP, particularly for much earlier detection of
HCC and early detection of subclinical recurrence
or metastasis, remains an important approach to
improving the overall 5-year survival rate of HCC
before breakthroughs are made in basic researches.
Recent progress in the development of PCR
amplification of AFP from HCC tissues, will assist
the clinical evaluation of AFP.
Serum AFP concentrations are increased in the
majority of patients with HCC. In China, the serum
AFP level of 60%-70% of the HCC patients was
higher than normal values. Histochemical studies
have shown the presence of AFP in malignant
hepatocytes[2], and serum AFP concentrations rapidly
return to normal after radical resection of HCC,
indicating that malignant hepatocytes are responsible
for production of AFP. Possible explanations for the
reinitiating of AFP synthesis by neoplastic
hepatocytes include either increased transcription of
the AFP gene or post-translational modifications
affecting AFP production.
In the present study, we have developed the
competitive reverse transcription followed by polymerase
chain reaction (RT-PCR) assays to evaluate messenger
RNA(mRNA) level of AFP in tissue specimens obtained
by biopsy. In addition, AFP mRNA levels in human HCC
were quantitated in comparison with those of nonneoplastic portion to elucidate the relationship of AFP
gene expression in human HCC and some pathological
parameters.
MATERIALS AND METHODS
Human HCC and paratumor tissues

Surgical specimens of 52 patients with HCC were
obtained in Liver Cancer Institu te of Shanghai
Medical University from February 1996 to March
1998. Thirty-two cases (61.5%) had abnormal serum
AFP (>20 µg/L). The controls were operative
specimens of patients with liver cyst (3 cases) and
hepatic hemangioma (2 cases). Surgical specimens were
immediately frozen in liquid nitrogen and stored at
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until use.

Primers for PCR

The primers for amplifying AFP and β-actin gene
were synthesized by Shanghai Biochemistry
Institute, Chinese Academy of Sciences. The
sequences of primers for AFP were 5’-ATT CAG
ACT GCT GCA GCC AA-3’(sense, 272 bp-291 bp)
and 5’-GTG CTC ATG TAC ATG GGC CA-3’
(antisense, 728 bp-747 bp). The sequences of the
sense and antisense primers for the β-actin gene
were 5’-CTA TTG GCA ACG AGC GGT TC-3’
and 5’-CTT AGG AGT GGG GGT GGC TT-3’,
respectively.
Isolation of mRNA

Total cellular RNA was isolated by the guanidinium
isothiocyanate extraction method of Chomezynski
and Sacchi [3]. Approximately 0.5 g-1.0 g of each
tumor and corresponding non-tumorous liver tissues
were minced and homogenized with 1mL denaturing
solution (4 mol/L guanidinium isothiocy anate, 25
mmol/L-sodium citrate at pH 7.0, 0.5% sarkosyl,
0.1 mol/L mercaptoethanol). Sodium acetate 0.1
mL-2 mol/L (pH 4.0 ), 1 mL- phenol (water sa
turated) and 0.2 mL- chloroform/isoamyl alcohol
mixture (49:1) were sequentially added to the
homogenate. The final suspension was shaken
vigorously for 10s and cooled in ice-water for 15
min. After centrifugation at 10 000×g for 20 min at
4 , the aqueous phase, in whi ch RNA was
present, was taken and mixed with 1 mL isopropanol,
and then placed at -20 for 1 h to precipitate RNA.
Sedimentation at 10 000×g for 20 min was
performed again and the resulting RNA pellet was
dissolved in 0.3 mL denaturing solution, transferred
into a 1.5 mL Eppendorf tube, and precipitated with
0.3 mL- isopropanol at -20 for 1 h. After
centrifugation for 10 min at 4 , the RNA pellet
was dissolved in diethyl-pyrocarbonate (DEPC)treated water.
RT-PCR

A 5 µL sample of total RNA, 20IU RNasin, 5 µL
-oligo (dT) (100 mg/L), 5 µL- dNTP (20 mM),
30IU avian myeloblastosis virus reverse
transcriptase (Promega), 10 µL- 5×reaction
buffer and 13 µL- DEPC-treated water were
added to a 0.5 mL-tube and incubated at 42
for 1h. The PCR system for amplifying AFP and
β-actin gene each contained equal amounts of RT
products (10 µL), sense and antisense primers
(50 pmol each), Taq DNA polymerase (3IU), PCR
reaction buffer and double-distilled H 2 O.
Samples were amplified through 35 consecutive
cycles, each amplification cycle consisting
of a denaturation at 94 for 1 min, primer anneal-
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ing at 55 for 1 min, and extension at 72 for 2 min.
Cycles were preceded by incubation at 95 for 5
min to ensure full denaturation of the target DNA,
and were followed by an extra 7 min of incubation at
72 after the final cycle to ensure full extension of
the product. The PCR reactions were performed on
a DNA thermal cycler (Perkin Elmer/Cetus
Instruments, Norwalk, Conn.). The amplified
fragments of AFP and β-actin gene were analyzed by
2% agarose gel.
Analysis of AFP gene expression

The PCR products from HCC and paratumor tissues
were separated by 2% agarose, the electrophoresis
results were printed. The absorbance (A) and the
areas of fragment were read by ImageMaster VDS
(Pharmacia Biotech). The ex pression level of the
AFP gene was calculated as follows:AFP gene
expression (%) = [AFP fragment area × (A fragmentA background )] / [ β-actin fragment area × (A fragmentA background)].
Relationship of AFP mRNA and some clinical
parameters

The clinical parameters of patients with HCC were
cirrhosis, HBsAg, differentiation, tumor size,
metastasis and tumor capsule. The differences
among the groups were analyzed by Chi-square
test.
RESULTS
Transcriptional level of AFP mRNA in HCC and
paratumor tissues

The total RNAs from samples were analyzed by
electrophoresis (Figure 1). The RNAs containing 28s,
18s and 5s were not contaminated by DNA and
degraded.
Analysis of RT-PCR products

Th e e x p e c t e d s i z e s o f t h e a m p l i f i e d A F P
fragment and β-actin fragment were 475 bp
and 759 bp respectively (Figure 2). In 52
patients, the AFP positive rates in HCC
tissues were 76.9% (40/52). Among these
patients, 25 (69.4%) of 36 cases
accompanied with serious cirrhosis had
positive AFP mRNA in paratumor tissues, but
no AFP mRNA expression was found in
normal liver tissues of patients with liver cyst
or hepatic hemangioma.
The expression level of AFP in HCC samples
(58.4%±6.4%) was higher than that in paratumor
tissues (30.2%±6.1%, P<0.01). The expression
level of AFP in different HCC groups is shown
in Table 1. AFP expression in HCC with cirrhosis
(65.6%±5.4%) was higher than that in HCC with
out cirrhosis (48.2%±4.3%, P<0.01). Nosigni-
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ficant differences in AFP expression were found
between HCCs with and without metastasis (57.
1%±6.4% vs 55.2%±7.8%, P>0.05), as well as
between HCCs with different capsule status or
between large HCCs (>5 cm) and small HCCs
( 5 cm).

113
Table 1 The correlation of AFP mRNA in hepatoma tissues
and some cli nical parameters
Histological
parameter

Cirrhosis a
Yes
No
HBsAg b
(+)
(-)
Differentiation
Well
Poor
Tumor size
5 cm
>5 cm
Metastasis
Yes
No
Capsule
Yes
No
a

Figure 1 The denaturing gel electrophoresis of RNA in HCC,
paratumor and normal tissues. L:paratumor tissues, T:hepatoma
tissues, N:normal liver tissues.

Relationship between AFP mRNA and some
clinical parameters

The HCC patients with severe cirrhosis had
highest AFP positive rates in HCC tissues (88.
8%) and in paratumor tissues (69.4%) among
these patients. But the HCC patients without
cirrhosis had lower AFP positive rates in HCC
tissues (50%) and were negative in all of
paratumor tissues. A significant difference in
AFP mR NA expression was found between the
HCC patients with serum HBsAg (HCC tissues
was 82.6%, paratumor was 52.2%) and without
serum HBsAg. But, no significant di fference
was found between the HCC with different
differentiation, metastasis, or different capsule
status (Table 2).

Positive tumor Positive paratumor
AFP mRNA
AFP mRNA

36
16

88.8 (32/36)
50.0 (8/16)

69.4 (25/36)
0.0 (0/16)

46
6

82.6 (38/46)
33.3 (2/6)

52.2 (24/46)
16.7 (1/6)

18
34

77.8 (14/18)
76.5 (26/34)

33.3(6/18)
55.9 (19/34)

20
32

75.0 (15/20)
78.1 (25/32)

25.0 (5/20)
62.5(20/32)

11
41

81.8(9/11)
75.6 (31/41)

45.5(5/11)
48.5(20/41)

20
32

85.0 (17/20)
71.9 (23/32)

40.0 (8/20)
53.1 (17/32)

P<0.01, bP<0.05.

Table 2 The expression levels of AFP gene in HCC
Group

Figure 2 The expression of AFP mRNA in hepatoma, paratumor
tissues by RT-PCR. L:paratumor tissues, T:hepatoma tissues, M:
markers (bp): 657, 458, 434, 328, 289.

Cases

Total
HCC
Paratumor
Cirrhosis
Yes
No
Metastasis
Yes
No
Capsule
Complete
Incomplete
Tumor
5 cm
>5 cm

No. of cases AFP gene expression
x±sx(%)

P

52
52

58.4±6.4
30.2±6.1

<0.01

36
16

65.5±5.4
48.2±4.3

<0.01

11
41

57.1±6.4
55.2±7.8

>0.05

20
32

53.1±8.2
51.8±6.5

>0.05

20
32

48.5±5.3
53.6±8.3

S>0.05

Relationship between AFP mRNA levels in HCC
tissues and serum AFP levels

AFP cDNA fragments were amplified from all HCC
tissues of 32 patients with serum AFP > 20 µg/L, while
from paratumor tissues of 14 HCC patients. Among 20
HCC patients with serum AFP
20 µg/L, there were 8
patients with AFP mRNA in HCC tissues. In other words,
the positive rates of AFP mRNA had a significant difference
between HCC patients with serum AFP > 20 µg/L (100%)
and those with serum AFP 20 µg/L (40%, P<0.01).
DISCUSSION

Human AFP gene is present on chromosome 4q1121 and consists of 15 exons [4]. AFP is an oncofetal
protein, and its gene expression is shown mainly by
hepatocytes and endoderm cells of the visceral yolk
sac in the early stages of fetal liver development,
but repressed soon after birth. Reactivation of AFP
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gene expression is shown during massive liver
necrosis and in hepatocarcinogenesis. Many
experiments demonstrated that the major control of
AFP production is probably at the level of gene
transcription[5].
In the current study, RNA was extracted from the
tissues by acid guanidinium thiocyanate-phenolchloroform extraction method according to
Chomczynski and Sacchi[3]. Because the amount of
RNA was small when extracted from biopsy samples,
we adopted this procedure for better yield of RNA
in comparison with the CsCl gradient extraction of
Chirgwin[6]. The portions of extracted RNA from
surgically resected samples were electrophoresed
through formaldehyde agarose gel, stained with
ethidium bromide, and clear bands of 18S and 28S
ribosomal R NA were observed. In this method, an
amount of contaminating DNA in the prepared RNA
was less than detectable level (Figure 1).
The results showed that the total positive rate of
AFP mRNA in hepatoma tissues was 76.9%. It
demonstrated that AFP gene was activated in HCC
cells of most HCC patients. Among them, the positive
rate of HCC patients with severe cirrhosis was
highest (88.8%), while 69.4% in their paratumor
tissues. But the HCC patien ts without cirrhosis had
lower AFP mRNA levels: 50% in HCC tissues and
negative in paratumor tissues. These results showed
that the transcription levels of AFP mRNA were
correlated to cirrhosis [7]. Koa and his colleagues
found that the tumorgenesis rate of HCC patients
with cirrhosis and serum AFP < 20 µg/L was 26%,
but the patients with cirrhosis and AFP
20 µg/L
was 46% in a five-year observation [8] . This
suggested that the cells of paratumor tissues
secreting AFP protein may be precarcinomatous
cells. They were of some characteristics of
embryonic hepatocytes or HCC cells, and expressed
this embryonic antigen before genesis of HCC,
Therefore, it aids earlier detection of HCC by
assaying AFP mRNA in biopsy of HCC patients with
cirrhosis[8]. We conclude that the expression levels
of AFP mRNA in HCC tissues were higher than that
in paratumor tissues. The activation of AFP gene in
paratumor tissues may be related to precarcinomatous
changes.
Muguti, et al reported that the serum AFP le-vel
of HCC patients with serum HBsAg was higher
than that of patients without HBsAg. They
suggested that serum AFP levels had
significant differences among different HBsAg
titers [9] .Lee also found that most of patients
with serum HBsAg had high serum AFP levels
and demonstrated that the motivate
observation of AFP had great value for early
diagnosis of HCC [10]. Our study suggested that
the transcriptional activation of AFP in HCC tissues
may be related to HBV infection[11-13].
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In our experiment, the positive rate of AFP mRNA
of patients with serum AFP 20 mg/L-was 40% in
HCC tissues, and 15% in paratumor tissues. But,
the posi tive rate of AFP mRNA of patients with
serum AFP > 20 mg/L- was 100% in HCC tissues,
and 68.8% in paratumor tissues. These results were
supported by the reported paper[14]. Total po-sitive
rate of HCC tissues was 76.9%, but that of serum
AFP was 61.5%. These suggested that the activated
AFP gene in transcription level was higher than that
in translation level. Therefore, the activation of AFP
gene included both gene transcription and translation
levels.
On the other hand, our experiments certified that
AFP gene re-expression had no relationship with
tumor capsule status, differentiation and tumor
mass size. Thus, although the motion of serum
AFP level can predict the recurrence and
metastasis of HCC patients after resection or
treatment, there is no relationship between AFP
mRNA expression in HCC tissues and
recurrence and metastasis of HCC. In other
words, AFP expression is not one of the reasons
that result in the recurrence and metastasis of
HCC.
Finally, gene therapy for HCC using retrovirus or
adenovirus vectors carrying human AFP promoter
for tissue specific expression of suicide genes or
cytokines are now under investigation in some
laboratories[15,16], including ours[17]. Quantitation of
AFP transcripts in HCC shown in this study could
provide a clue for selection of patients for such a
targeted gene therapy, since expression of
transduced genes could be expected in AFPproducing HCCs only.
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Abstract
AIM To study the angiogenesis induced by
liver cancer with different metastatic
potentials using corneal micropocket model
in nude mice.
METHODS Corneal micropockets were
created in nude mice. Tumor tissues and
liver tissues were implanted into the corneal
micropockets. Angiogenesis was observed
using a digital camera under slit-lamp
biomicroscope, and compared among
different grafts and incision alone. Vascular
responses were recorded in regard to the
range, number and length of new blood
vessels toward the grafts or incisions.
RESULTS Vascular responses induced by
tumor tissues were grea ter than those by
incision alone and liver tissue grafts. LCID20 induced more intensive angiogenesis
than LCI-D35.
CONCLUSION Highly metastatic liver cancer
LCI D20 was more angiogenic than low
metastatic cancer LCI D35 and liver tissue.
Micropocket was a useful model to study
dynamic process of angiogenesis in vivo.

INTRODUCTION

Angiogenesis is a tumor growth and metastasis
dependent process. It has been proved that subtype of
tumor with metastatic potential is more angiogenic than
non-metastatic one[1]. Corneal micropocket is an ideal
model to observe the dynamic change in angiogenesis in
vivo[2]. Therefore, this model was created in nude mice
to study the angiogenesis induced by different grafts.
MATERIALS AND METHODS
Materials

Animals: Six-week-old male BALB/c nu/nu mice
were provided by Shanghai Pharmaceutical Institute.
The eyes of each mouse were treated with
aureomycin ointment everyday for one week before
operation to prevent any potential infection. A slitlight biomicroscope (Wuxi Optical Instrument
Factory, Jiangsu Province, China) was used to
oberve the eyes of mice. Highly metastatic LCI D20
and lowly metastatic LCI D35 human hepatoma
models were established by orthotopic implantation
of surgical specimens of liver cancer patients in nude
mice [3]. In LCI D20 model, metastasis to the lung,
peripheral liver and celiac lym phnodes was found
20 days after transplantation to the liver. Rapid
deterioration and death occurred in nude mice. On
the contrary, in LCI D35 model, 35 days af ter
orthotopic transplantation, no metastatic lesion
appeared, the nude mice sur vived for more than
two months without distant metastasis[4].
Methods
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Operations were performed in aseptic condition
under anesthesia with 0.06 mL 3% pentobarbital and
0.9% natural solution was used to wash the eyes.
Under an anatomic microscope, the eyes were fixed
and moved forward by two sutures through the
conjunctiva near cornea. With a modified blade
(Gillette Limited, Shanghai, China), a superficial
incision about 1.5 mm long not through the cornea
was made on the corneal dome near the pupil. A
modified spa tula made from a sterilized 27gauge
needle was used to make a 1.5 mm × 0.8mmmicropocket in the corneal stroma from incision
toward the cornea-sc leral junction. A graft, about
0.1 mm × 0.1 mm × 0.5mm, was put into the bottom of
the micropocket using the modified spatula. The inci-
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sion could be self-closed (Figure 1). Aureomycin
ointment was applied to the operated eyes to
prevent postoperative infection for 3 days. On the
3rd, 5th, 7th, 10 th, 15th and 20th days after
operation, the operated eyes were observed under
slit-lamp biomicroscope with their images recorded in
computer via a digital camera (Figures 2, 3).
Angiogenesis induced by the implanted tissues was defi
ned as those blood vessels originating at the adjacent
limbal plexus toward the implants. The methods of
quantitative study followed those reported in the
literature[5]. Briefly, the circle of the cornea was evenly
divided into 24 p arts to present the range of
angiogenesis. For example, if the range of angiogenesis
was one-fourth of circle, it was 6. The distance from
the cornea-scleral junction to the pupil was divided
evenly into 5 parts. The length of blood vessels could
be calculated from one to five. The number of blood
vessels was counted from the pictures.

117

Figure 1 Schematic description of the establishment of corneal
micropocket.

RESULTS

The angiogenesis on the cornea of nude mice could
be separated into two phases. In the first phase, the
blood vessels originating from the limbal plexus at the
cornea-scleral junction and pointing to the incision in the
operated areas were caused by the surgical manipulations.
If there was no graft, the blood vessels disappeared 3
days after operation. However, the angiogenesis on the
fourth day after operation was different in case of different
grafts (Table 1). Vascular response was described in detail
as follows.
Table 1 Comparison of angiogenesis among different grafts
and incisi on alone (t test)
Angiogenesis

LCI D20
(n = 4)

LCI D35 Liver tissues Incision alone P value
(n = 4)
(n = 4)
(n = 4)

Range (x±s)

24.00±0.00 11.50±1.29

Number(x±s)

24.75±2.63 16.50±2.98 12.50±1.29

Length (x)

5.1

Figure 2 Angiogenesis induced by LCI D35 in corneal micropocket
in nude mice.
A: 4th day; B: 7th day; C: 10th day; D: 13th day.

4.4

7.25±0.96
4.3

4.50±0.58

<0.01
<0.01
>0.05

Incision alone

On the 1st day after operation, the new blood vessels
developed from the limbal plexus and pointed to the
operating site. But on the 2nd day, the number of blood
vessels decreased, and no blood vessel was found on
the cornea on the 3rd day.
Liver tissues

On the 7th day after operation, the blood vessels
reached the implants, which were the peak of
angiogenesis induced by liver tissues. Its range was
7.25. Its average length and number were 4.4 and 12.
5 respectively. On the following days, the size of
grafts was decreased, with the length and number
of new blood vessels reduced as well.

Figure 3 Angiogenesis induced by LCI D20 in corneal ?micropocket
in nude mice.
A: 4th day; B: 7th day; C: 10th day; D: 13th day.

LCI D35 tumor tissues

On the 7th day after operation, the blood vessels
reached the tumor implants. The tumor was larger
than that when it was implanted. The range of angiogenesis was 11.5, and the average length and
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number of new blood vessels were 4.4 and 16.5
respectively.
LCI D20 tumor tissues

On the third day after operation, the blood vessels
reached the tumor implants. On the 7th day, the
blood vessels were penetrating to the tumor
tissues with the tumor implants enlarged. On the
15th day, the blood vessels originating from the
counterpart of the operative limbal plexus could
be found. The range was 24, the average length
and number of blood vessels were 5.1 and 24.75
respectively. The tumor graft was 2-3 times larger
than its original size. Hemorrhagic necros is often
was presented at the central part of the tumor.
The sizes of blood vessels were obviously bigger
than those of others.
DISCUSSION

The human hepatoma metastatic model LCI D20 and
LCI D35 were good tools for the study of metastasis.
We have observed that the LCI D20 tumor was ruddier
than LCI D35 tumor, and there were more blood vessels
in LCI D20, suggesting LCI D20 is more angiogenic
than LCI D35.
To study angiogenesis in vivo, we established a
corneal micropocket model in nude mice to show the
angiogenic reaction induced by human hepatoma tissues
in vivo. Because in vivo study can dynamically
demonstrate angiogenesis, it is more reliable than in vitro
study.
It was demonstrated that the blood vessels on
cornea induced by incision alone disappeared 3 days
after operation, which was considered as a normal
blood vessel reaction caused by trauma. Liver graft
induced mild reaction on the cornea of nude mice,
which was greater than incision alone. It may result
from the slight difference in their histological
compatibility between the donor mice and recipient mice
in our corneal micropocket model. Folkman et al
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also reported the rejection caused by xenogenic
implantation in the corneal micropocket model[2].
However, the angiogenesis induced by xenogenic tissue
implantation and tumor tissues were very different.
Tumor angiogenesis was more potent and durable than
others, and the grafts grew rapidly instead of
disappearing in case of liver grafts.
Our experiment also indicated that tumor tissues
with different metastatic potentials had different
angiogenecities. LCI D20 induced a relatively stronger
angiogenesis than LCI D35 did. In addition, the growth
rate of LCI D20 tumor was greater than that of LCI
D35. A peak of angiogenesis was observed in LCI D35
implants. Our hypothesis is that proliferation of tumor
was balanced by apoptosis due to lack of enough blood
supply. However, no peak of angiogenesis was found in
LCI D20 grafts, indicating angiogenesis induced by LCI
D20 became more intensive at the end of the observation
period.
In preparation of the corneal micropocket model
in nude mice, the depth of incision into the cornea, the
size of micropockets and grafts are vitally important for
success.
Observation of dynamic changes in angiogenesis
shown by our model is very helpful for screening antiangiogenic drugs or other anti-tumor drugs.
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Abstract
AIM T o s t u d y t h e c h a n g e s o f g e n e
expression of hepatocyte growth factor
(HGF) and hepatocyte growth factor
receptor (HGFr) in hepatocellular carcinoma
(HCC) tissue and nontumorous liver tissue
and the relationship between these changes
and the biological behavior of the tumor.
METHODS Gene expression of HGF and HGFr
in 26 cases of HCC tissue and their adjacent
nontumorous liver tissues was determined
with digoxigenin-labeled DNA probes.
RESULTS Positive expression of HGF in HCC
tissue was similar to that in the adjacent
nontumorous liver tissue, but positive rate
of HGF expression was lower than HGFr
gene expression. However, HGFr expression
was higher in the metastatic cases than in
those without metastasis. It was found that
HGFr was overexpressed in HCC tissue as
well as in the adjacent nontumorous liver
tissue.
CONCLUSION There seems to be a close
relationship between overexpression of
HGFr gene and tumor metastasis, and the
HGF and HGFr system pla ys an important
role in regulating tumor growth and
metastasis.
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INTRODUCTION

Gene mutation is the pathogenetic basis and essence
of canceration induced by various carcinogenic
factors. Mutation of oncogene and anti-oncogene,
alteration of growth factor and growth factor receptor
as well as instability of chromosome are the essential
causes of tumor genesis. Using the hepatocyte growth
factor (HGF) and hepatocyte growth factor receptor
(HGFr) gene (c-met) DNA probe, we conducted an
auto-control study on primary liver cancer tissues and
their adjacent nontumorous tissues in 26 patients
suffering from hepatocellular carcinoma (HCC) in an
attempt to observe expression of gene products at a
transcription level and thus to explore the role and
significance of these products in the development and
growth of liver cancer.
MATERIALS AND METHODS
Specimens

Tissue specimens used in the present study were
sampled from 26 patients with pathologically
confirmed hepatocellular carcinoma and the
nontumorous liver tissue (2 cm away from the
carcinoma), including 22 males and 4 females
ranging in age from 34 to 63 years with a mean of
48.5 years. The fresh tissue was surgically excised
under aseptic conditions and stored in liquid
nitrogen.
RNA extraction[1]

A tissue mass of 0.5 g with addition of 4 mol/Lguanidinium thiocya nate, 25 mmol/L-sodium
citrate, 5 g/L- Sarcosyl and 5 mL of 0.1 mol/L-βmercaptoethanol solution was ultracentrifuged in
an ice bathed centrifuge tube for 1 min-2 min,
followed by addition of 0.5 mL of 2 mol/L-NaAc
(pH 4.0), 5 mL- sautrated phenol and 1 mL
chloroform-amylene alcohol (49:1), which were
mixed up tho roughly by oscillation for 5 min and
ice bathed for 15 min. The stock solution was
centrifuged at 4 at 9 200rpm for 20 min. The
supernatant was mixed with isopropanol thoroug hly,
centrifuged at 9 200rpm for 20 min, precipitated at -20
for 2 h, and then centrifuged at 2 200rpm at 4 to
discard the supernatant. The precipitate was washed
with 75% alcohol and vacuum dried. The RNA
was dissolved i n 0.5 mL-water pretreated with
diethypyrocarbonate (DEPC) and then stored at -70 for
u se.
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Preparation and labeling of the probe

Source of the probe The HGF probe plasmid was
kindly donated by the American Gene Engineering
Co., and the HGFr plasmid (c-met plasmid) given by
the Gene Bank of the Japanese Cancer Research
Resources.
Preparation and labeling of the probe The
probe was prepared and labeled as described [2] .
The HGF plasmid was enzyme-cut with -EcoR IEcoR-V to obtain a 1.4 kb segment as the probe.
The c-met plasmid was enzyme-cut with -EcoRI- Sal-I to obtain a 1.6 kb segment as the probe.
Labeling was performed by the digoxin random
primer method.
RNA dot blot hybridization

Preparation of the hybridization membrane
µLRNA was mixed with the following solutions:
20 µL 1L/L- formamide, 7 µL 370 mL/Lformaldehyde, 2 µL 20×SSC at 68 , which was
cooled in ice bath promptly at 15 min. The
denatured RNA was spotted on to the nitrocellulose membrane, with 10 µL-at each spot (the
membrane was wet with water and then soaked
in 20×SSC for 1h), dried in a vacuum drying oven
at 80 for 2 h, and then sealed in a plastic bag
for use.
Hybridization Hybridization was conducted according
to the instructions of the digoxin DNA labeling test kit.
In situ molecular hybridization

Treatment of the slide The slide was soaked in sulfuric
acid overnight, washed, dried at 180 for 3 h, and then
coated with gelatin to which 0.1% DEPC was added to
inhibit RNase activity.
Preparation of frozen sections Frozen sections of 6
µm in thickness dried with cool air flow were fixed with
4% paraformald ehyde buffer solution for 10 min,
gradient dehydrated with ethanol, and stored at -70
for use.
Procedures of hybridization in situ This was done
according to the instructions of the digoxin DNA labeling
test kit.
Statistical treatment

Percentage of the specimens was compared by χ2 test.
RESULTS
Results of RNA dot blot hybridization

The results showed that HGF was expressed both
in the liver cancers (5/26) and in the nontumorous
liver tissues (6/26); the positive rates of expression
were low, but they showed no significant difference
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between the two groups; c-met expression was relatively
high in the liver cancers and the nontumorous liver tissues,
the former being higher than the latter (17/26s 8/26),
showing significant difference (P<0.05).
Results of hybridization in situ (ISH)

The results of hybridization in situ were classified into
four grades (Table 1): negative, weak, moderate and
strong. HGF gene expression was not high either in
the liver cancers or in the nontumourous liver tissues,
while c-met gene expression was high, similar to the
result of dot blot hybridization. So far as distribution
was concerned, weak and moderate grades dominated
HGF gene expression while moderate and strong
grades dominated c-met gene expression.
Table 1 The results of RNA ISH of HCC tissue and nontumorous
liver tissue
HGF expression
Group

n

N

W

M

S

c-met expression
N

W

M

S

HCC

26

20

2

3

1

9

1

6

10

Nontumorous

26

18

3

3

2

13

4

6

3

N: Negative; W: Weak(10%-20%); M: Moderate(40%-60%); S: Strong
(70%-80%).

Relationship between c-met gene expression in
cancer tissues and tumor metastasis

Comparative study showed that c-met gene expression
was much higher in the group with associated metastasis
than that in the group without associated metastasis (15/
18 vs 2/8), showing significant difference between the
two groups (P<0.01).
DISCUSSION
Traits and significance of HGF and HGFr
expression in liver cancer and nontumorous liver
tissue

HGF has a wide spectrum of biological activity.
Recent studies also showed that HGF could inhibit
growth of HCC cells as well as AFP gene
expression of HCC [3]. HGFr is the product of cmet cancer gene, and c-met mRNA has been found
to be over-expressed in various tumor tissues [4]. No
report has been seen about the law of change in
HGF and HGFr gene expression in liver cancer.
The results of our study showed that although HGF
expression was observed both in the liver cancer
and the nontumorous liver tissues, its positive rate
was much lower than c-met gene expression; cmet gene expression was high both in the liver cancer
and in the nontumorous liver tissue, and expression in
the former was higher than that in the latter. The mode
of c-met expression here was similar to that in other
tumor tissues. There was no difference in HGF ex-
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pression in the liver cancer and nontumorous liver tissues.
In the presence of high expression of c-met gene,
sensitivity of malignant tumor cells to HGF was
increased; only small amounts of HGF would trigger
pronounced response, resulting in extension and
metastasis of the tumor. Therefore, determination of cmet gene expression may help assess malignancy and
prognosis of a tumor.
C-met gene overexpression and tumor
metastasis

Studies have shown that c-met mRNA concentration is
very low or undetectable in normal tissue, whereas it
has high expression in the corresponding cancerous
tissues. Once a cell with negative HGF is infected, its
receptors may be irritated by HGF and activate the cells,
which then invade the basement membrane. Malignant
cells with high concentration of HGFr have more
sensitive and stronger response to HGF[5]. Studies reveal
that cancerous cells have a defect of c-met protein retrotranscription and processing. The production of this
protein involves synthesis of 190kb primary gene,
cleavage of α and β sub-units of c-met and formation of
mature HGFr which all need the integration of HGF[6].
Some cancerous cells have defective cleavage. As the
primary gene itself is active, the cancerous cells would
be out of HGF control even if the cells do not split. Cell
activity would be increased even in the absence of
exogenous HGF. The expression of HGFr on the
malignant cell is different from that on the normal cell.
Although HGFr expression of normal cells may be
increased temporarily after resection of the liver
or the kidney, it restores to normal soon after inju-
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ry. This is because normal cells and organs are
capable of lowering receptor expression and
regulating their response to HGF, whereas
persistent overexpression of HGFr in malignant
tumor cells leads to its excessive reaction with
HGF, providing malignant tumor cells with kinetic
and aggressive traits[7]. The present study revealed
that there was a tendency of overexpression of cmet gene in patients with metastatic malignancy,
over expression of c-met gene was closely
correlated with tumor metastasis and infil tration,
and that HGF and its receptor system play an
important role in regulating growth and metastasis
of liver tumors.
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Abstract
AIM To observe the long-term effectiveness of
low-dose immunization strategy and risk factors
of HBsAg carriers in immunized children of Zhuang
minorities of Longan County in the 9th year after
infancy immunization.
METHODS Two epidemiologic methods, a cross
sectional follow up study and a case-control study,
were used for the evaluation of the serological
effect and the determination of the risk factors.
Hepatitis B virus markers were detected with
radioimmunoassay.
RESULTS The protective anti-HBs-positive rate
was 43.8% in 1183 children aged 1-9 years, who
were immunized with three doses of 10 µ g
hepatitis B vaccine in infancy according to 0, 1
and 6 months schedule. It declined from 87.9%
in the first year to 37.1% in the 9th year after
vaccination. The HBsAg-positive rate was 1.6%,
not increasing with age during 9 years after the
infant immunization program. Compared with
14.0% of HBsAg-positive rate of the baseline
survey in 1985, the effectiveness of hepatitis B
vaccine immunization was 88.6%. Of 36
immunized children with positive HBsAg, 89.1%
were likely attributable to HBsAg positivity of
their mothers.
CONCLUSION The long-term effectiveness of
infancy low-dose hepatitis B vaccine immunization
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is high, and the booster is not needed 9 years
after the vaccination in the Zhuang minority area
where hepatitis B is highly endemic. A high-dose
immunization strategy should be recommended
in order to further decrease the current HBsAgpositive rate.

INTRODUCTION

Hepatitis B (HB) infection is a major public health
problem in developing countries, and hepatitis B
vaccine immunization has become a principal
strategy to control this disease [1-3]. Longan County,
inhabited mostly with Zhuang minorities, is a high
endemic area of hepatitis B and hepatocellular
carcinoma in China. The infant low-dose
immunization program integrated with EPI has been
implemented in this county for 9 years. In order to
provide the evidences for developing the strategy
to further improve the effectiveness of immune
protection, a study on long-term effectiveness of
the low-dose strategy and the risk factors of
immunized children with positive HBsAg was
conducted in Longan.
MATERIALS AND METHODS
Sample size and subjects

A total of 1183 children aged 1-9 years were sampled
as a vaccination group for the observation of longterm effectiveness in terms of cluster sampling. Those
children were born in the period between 1987 and
1996 in Lo ngan County, who had the vaccination
record of three doses of 10 µg-pl asma-derived
hepatitis B vaccine, according to 0, 1 and 6 months
schedule of the regimen in which the infancy
vaccination was integrated with EPI and without
predelivery HBsAg and HBeAg screening for their
mothers, and without the booster. In this county, the
infant HB vaccination covered 90%, ranging from
75% to 97% between 1987 and 1996.
A total of 3645 children aged 1-9 years were
selected as a control group from the subjects of a
cross-sectional survey on hepatitis B virus infection
of children aged 1-10 years of Longan in 1985. None
of the controls had received HB vaccines. The
prevalences of their hepatitis B infection markers
were representative of the infection level of the -
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young population before HB immuniz ation.
Mothers of vaccinated children were selected from
both groups of the families of the immunized children, who
were HBsAg-positive confirmed serologically after 1987
and who were HBsAg negative in 1996, respectively.
Study methods

A cross-sectional follow-up study and a case-control
study were adopted for the evaluation of the serological
effect and the determination of risk factors of HBsAg
carriers after infancy vaccination.
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Table 1 shows that the anti-HBs-positive rate for
each age group of vaccinees after the immunization was
significantly higher than that of controls (P<0.01),
suggesting that the infant low-dose immunization in
Longan was effective; however, the anti-HBs-positive
rate significantly decreased with age 9 years after the
infancy immunization.
Comparison of positive rates of anti-HBc before
and after immunization

The anti-HBc-positive rates for both groups of children
are shown in Table 2.

Hepatitis B vaccine

Plasma-derived hepatitis B vaccines used from 1987 to
1996 were produced by the National Institute of
Biological Products, Beijing (10 µg/per ampoule).
Lab test

Radioimmunoassay (RIA) was used for the detection
of anti-HBs, ant-HBc and HB sAg. The protective antiHBs-positive was defined as S/N-ratio 10.0, and antiHBc inhabitation ratio 75% and HBsAg S/N-ratio
2.1 (need confirmation in lab testing) were defined
as the sera positive. When comparing with the result of
the baseline survey, the anti-HBs-positive was defined
as S/N- ratio 5.0 (retesting for specimens with antiHBs level of 2.1 to 5 S/N- ratio). RIA reagent kits
were provided by the National Institute of Biological
Products, Beijing.
Data analysis

Both softwares, dBase-III and EPI-info 6.01, were used
for the data base and the statistics analysis.
RESULTS
Comparison of positive rates of anti-HBs before
and after immunization

The protective anti-HBs-positive rate was 48.8% on
average in 1183 immunized children aged 1-9 years after
infancy vaccination, which decreased from 87.9% in the
first year to 37.1% in the 9th year. Comparison with the
results of the baseline survey in 1985 and the anti-HBspositive rates for both groups of children before and after
the immunization program are shown in Table 1.
Table 1 Comparison of anti-HBs-positive rates between the
immuni zed children and the unimmunized children
Immunized children
Age group (year)
n Positivea %

Unimmunized children

1
3
5
7
9
Total

759
539
590
655
364
2 907

a

219
317
310
248
89
1 183

165
198
148
131
49
691

75.3
62.5
44.7
52.8
55.1
58.4

n

Anti-HBs-positive was defined as S/N ratio

Positivea
117
121
204
238
125
805

5.

%
15.4
22.4
34.6
36.3
34.1
27.7

Table 2 Anti-HBc-positive rates between the immunized and
the unim munized children
Immunized children
Age group (year)
n Positivea %

Unimmunized children

1
3
5
7
9
Total

759
539
590
655
364
2 907

a

219
317
310
248
89
1 183

7
8
16
9
8
48

3.2
2.5
5.2
3.6
9.0
4.1

Positivea

n

%

85
92
142
181
111
611

Anti-HBc-positive was defined as inhibitory ratio

11.2
17.1
24.1
27.6
30.5
21.0

75%.

Table 2 shows that the anti-HBc-positive rate of
the vaccinees after the immunization was significantly
lower than that of the controls (P<0.01), indicating that
the HBV infection frequency in the immunized children
9 years after the vaccination was lower than before;
and among the immunized child ren the anti-HBc-positive
rate had a trend of increasing with age, but there was no
significant difference between the age groups (P>0.05).
Comparison of positive rates of HBsAg before and
after immunization

Of 1183 immunized children, 19 (1.6%) HBsAg-positive
children was found. The results of pre and postvaccination are shown in Table 3.
Table 3 HBsAg-positive rates between the immunized and the
unimmuni zed children
Immunized children
Age group (year)
n Positivea %

Unimmunized children

1
3
5
7
9
Total

1 115
638
691
772
429
3 645

a

219
317
310
248
89
1 183

2
3
7
4
2
19

1.6
1.0
2.3
1.6
2.3
1.6

n

HBsAg-positive was defined as S/N ratio

Positivea

%

56
98
131
147
77
509

5.0
15.4
18.9
19.0
18.0
14.0

5.

Table 3 shows that the HBsAg-positive rate was
1.6% in the immunized children, being significantly
lower than 14.0% in the unimmunized children
(P<0.01), and the effectiveness of the hepatitis B
vaccine immunization was 88.6% 9 ye ars after in-
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fancy vaccination; in addition, the HBsAg-positive rate
was not increasing with age (P>0.05).
Study on the risk factors of HBsAg-positivity of
immunized children

A case-control study on the risk factor of HBsAg-positivity
of immunized children was conducted. A number of 36
individuals were sampled from the HBsA g-positive
children (sampling proportion of 85.7%) as a case group,
and 516 individuals from the HBsAg-negative children as
control group (sam pling proportion of 44.6%), in the
vaccination po-pulation. The results of sera HBsAg
detection for their mothers are shown in Table 4.
Table 4 Comparison of HBsAg-positive mothers between case
and control groups
Positive HBsAg
of mother

Case Control
group group

Total

OR

P

9.16

<0.01

Yes

23

84

107

No

13

435

448

Total

36

519

555

Table 4 shows that among the immunized children,
the HBsAg-positive rate of the mothers of 36
HBsAg-positive children after infancy
vaccination was 9.16 times that of the mothers
of the control (OR = 9.16, P<0.01), and the
attribu table risk (AR) was estimated as 89.1%.
It is indicated that after the immunization, the
posibility of HBsAg seroconversion of offsprings
for the HBsAg-positive mothers was significantly
higher than that for the negative mothers, and
the HBsAg positivity of immunized children was
mainly due to the HBsAg carrying mothers.
DISCUSSION

Longan County is a remote minority area, and an area
of high HBV endemicity in China. To evaluate the
effectiveness of the immunization strategy with lowdose of HB vaccine for infants and without
predelivery HBV markers screening for their mothers
is of important significance for the control of HBV
infection of this kind of areas. The HBsAg-positive
rate decreased from 14.0% of the unimmunized
children aged 1-9 years in 1985 to 1.6% of the
immunized children 9 years after the infancy
vaccination, and the effectiveness of the vaccine
protection was 88.6% for the immunized population.
Based on this data, the HBsAg-positive rate of children
aged 1-9 years in the whole county was estimated as
2.84% (0.9 × 0.016+0.1 × 0.14), and the effectiveness of the HB vaccination was 79.7% for the
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whole population with same age. The HBV infection
will be effectively controlled in the Zhuang minorities
of Longan as the HBsAg carriers decreased
obviously in children below age of 9 years. The
results indicate that the low-dose immu nization
strategy used in Longan is successful for the hepatitis
B control, and beneficial in health economics for the
remote minority areas in China.
To further improve the protective effectiveness of
HB vaccine immunization in population is still a problem
which calls for studies. In recent years, the average
coverage of HB immunization of infants was around
90%, ranging from 75% to 97%, in this area. If the
coverage can be expanded, a higher effectiveness will
be obtained. In addition, it is also important to determine
the risk factors of HBsAg-positive children after
vaccination. Our results from a case-control study
revealed that the yielded HBV infection among the
immunized infants was mainly due to the HBsAg
positivity of their mothers (AR = 89.1%), therefore,
perinatal HBV infection, i.e., failure of HB vaccine
immunization, was probably the most imp ortant reason
for this. It is imperative and of great benefit to
recommend a high-dose immunization strategy for
neonates of mothers carrying HBeAg based on the
predelivery screening with the improvement of economic
condition of this area.
The results of our study showed that the vaccineinduced antibody level was decreasing year by year, but
the HBsAg-positive rate always fluctuated around 2%
among the immunized population. Our findings are similar
to the results of Edward[4], Whittle[5] and Xu[6]. This
phenomenon can be explai ned with the vaccine-induced
immunologic memory for hepatitis B surface antigen.
This study indicates that the time table for booster of
HB vaccine has not been determined due to lack of
relative evidences 9 years after this immunization str
ategy, and the follow-up studies should be continued in
Longan.
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Cloning of the non-structural gene 3 of hepatitis C
virus and its inducible expression in cultured
cells *
ZHANG Shu-Zhong1, LIANG Jia-Jing1, QI Zhong-Tian2 and HU Yi-Ping1
Subject headings hepatitis C virus; gene, viral; gene
expression; cells, cultured

Abstract
AIM To study the inducible expression of
hepatitis C virus ns3 gene (HCV-ns3) in
eukaryotic cells.
METHODS The ns3 gene was obtained from
plasmid pBns3 by polymerase chain reaction
and inserted into the cloning vector pGEMT. Then, the ns3 was subcloned into the
vector pMSG to generate dexamethasone
(DM)inducible expression plasmid pMSGns3. CHO cells were transfected by pMSGns3 using calcium phosphate precipitation
method and cultivated for 12 h-24 h. The
transfected cells were induced with DM and
the transient expression of NS3 protein was
analyzed by ELISA and Western-blot
methods.
RESULTS After treated with 3×10-8mol/L DM,
the expression of NS3 was observed in the
transfected CHO cells. A slightly higher level
of NS3 was shown along with the time of DM
treatment.
CONCLUSION The inducible expressing vector
pMSG-ns3 might be helpful for further studies of
the characteristics of the ns3 gene in vivo.
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INTRODUCTION

Hepatitis C virus (HCV) is a recently identified
enveloped positive-strand RNA virus, with a genome
size of approximate 9.5 kb, that exhibits a considerable
degree of sequence variation. HCV genotypes vary
in different geographical areas[1,2]. Data show that
the viral protease plays a key role in the HCV
polyproteins processing[3-5]. Whether the NS3 protein,
a viral protease, has a putative influence during the
HCV pathogenesis is unknown. By using PCR method,
we obtained the ns3 fragment from the recombinant
cloning vect or pBns3 which contained the Chinese
HCV ns3 gene and then subcloned it to construct the
inducible expressing vector pMSG-ns3. The
successful expression of ns3 gene in vitro is helpful
for the study of the NS3 protein biologica l activities
in vivo.
MATERIALS AND METHODS
Materials

Plasmids Recombinant vector pBns3 was provided by
the Microbio logical Department; cloning vector pGEMT vector system kit was purchased from Promega; and
expressing vector pMSG was provided by Dr. ZHENG
Wen-Chao.
Cells E. Coli DH5α and CHO cells were preserved in
our department.
PCR primers design and synthesis Primers were
provided by Dr. WANG Su-Ming (Human Gene
Therapy Research Institute). Postive primer: 5’GTCGCTAGCCATGGAATTCCCTACG-3’ with the
Nhe-I (GCTAGC) restriction site, the initation codon
ATG and the Kozak sequence. Negative primer:5’CGGCGCT CGAGTGGAATTTCATAC-AA 3’ with
the Xho I restriction site (CTCGAG). The recombinant
plasmids pBns3 were used as template to amplify the
ns3-690 bp fragments.
Main reagents Restriction enzymes, T4 ligase, calf
intestinal alkaline phosphatase (CIP), protoblot
Western-blot AP system kit and fmol DNA sequencing
system kit were all purchased from Promega, QIA
quick gene gel kit from QIA gene. Human antiHCV serum and anti-HCV EIA kit (TMB) were
provided by the Microbiology Department.
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Methods

Plasmid construction The 690 bp fragments of
ns3 gene were amplified from the recombinant
plasmid pBns3 by PCR and subcloned into the
cloning vector pGEM-T. The positive clones
s e l e c t e d f r o m t h e t r a n s f e c t e d D H 5α w e r e
performed as described by the pGEM-T vector
systems (Promega). The constructed plasmids
(designated as pGEM-ns3) were identified by the
restri ction enzyme analysis and verified by
sequencing. The corresponding ns3 gene was
excised from the pGEM-ns3 digested with Nhe I
and Xho I and then religated with the pMSG to
generate the dexamethasone (DM)inducible
expressing plasmids pMSG-ns3 (Figure 1).

Figure 1 The construction of pGEM-ns3 and pMSG-ns3.

Transient expression of NS3 protein

Transient expression of NS3 protein was analyzed
in CHO cells transfected with the pMSG-ns3 by
the calcium phosphate coprecipitation method.
Four hours after the addition of DNA, the cells
were glycerol shocked with 10% glycerol in PBS
for 2 min and replenished with fresh medium to
grow for 24 h. After 8 h, 24 h and 32 h in the
presence of DM, respectively, the transfected cells
were collected to detect the NS3 proteins. The
similar cell preparations untransfected by the
pMSG-ns3 served as negative control. The collected
cells were treated with lysis buffer (50mM-Tris.cl,
pH 8.0, 10 mg/L- phenyl methylsufonyl fluoride,
1% Nonidet P-40) for 20 min in ice bath and then
centifuged for 15 min in a microfuge. The
supernatants were isolated and prepared to be
analyzed by ELISA and Western-blot methods.

Figure 2 The PCR results of pBns3.
Lane 1: /EcoR-I + Hind-III marker; Lane 2, 3: negative controls;
Lane 4, 5: PCR results from other primers; Lane 6: PCR products
of ns3 gene annealing at 58 ; Lane 7: PCR result from another
annealing temperature.

Statistical analysis

Results were shown as x ± s (mean ± SD) and a
paired Student’s t test was used for quantitative
information, and P<0.05 was considered statistically
significant. Statistical analysis of the results was
carried out using Duncan’s multiple range test with
computer.

Figure 3 pGEM-ns3 digested with Nhe-I and Xho-I.
Lane 1: /EcoR-I + Hind-III marker; Lane 2-9: colone 8-1; Lane
10: PCR marker

RESULTS

Amplification of HCV-ns3 by PCR Using the plasmid
pBns3 as template, PCR was performed to amplify a
690bp fragment and then cloned into Xho-I and Nhe-I
sites of the cloning vector pGEM-T (Figure 2).
Plasmid construction All plasmids described in
this study were constructed in DH5-α. The
extracted DNA sequencing showed that the inserted
fragments contained: the Kozak sequence, the
initiation codon ATG and the Nhe I, Xho I restriction
sites; the 690bp corresponding sequence of the ns3 gene;
the correct reading frame of the NS3 proteins (Figures 3
and 4).

Figure 4 pMSG-ns3 (clone 1) digested with Sac-I and Hind- III.
Lane 1: /Hind-I marker; Lane 2: Clone 1 digested with-HindIII; Lane 3: Clone 1 digested with Sac-I; Lane 4: /EcoR-I +
Hind III marker.
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Expression of the NS3 proteins in mammalian
cells In the groups transfected by DM induced
pMSG-ns3, the ELISA results were different as
compared with the negative control (P<0.05) (Table
1). A-M-r 30 000 protein was detected by Western
blot analysis (Figure 5).
Table 1 The ELISA results CHO cells transfected by pMSGns3 and induced by DM (x ± s)
Treatment periods (t/h)
Serial Negative
dilution control
1:16
1:32
1:64
1:128
1:256

0.08±0.02
0.04±0.02
0.02±0.00
0.03±0.02
0.01±0.01

0

8

0.18±0.01

a

0.19±0.02

a

0.14±0.02

a

0.12±0.01

a

0.06±0.01

a

0.20±0.01

24
a
a

0.17±0.01

a

0.15±0.01

a

0.15±0.00
0.09±0.03

a

32

0.20±0.02

a

0.22±0.01 a

0.18±0.01

a

0.22±0.01 a

0.14±0.01

a

0.20±0.02 a

0.12±0.01

a

0.16±0.01 a

0.11±0.01

a

0.07±0.01 a

a

P<0.05 vs negative control.

Figure 5 The Western-blot of the NS3 protein transf ected cells
induced by DM.
Lane 1: negative control (untransfected); Lane 2, 3: groups induced
after by DM 24 h and 32 h (3 × 10-7mol/L); Lane 4-6: groups
induced by DM after 8 h, 24 h and 32 h (3 × 10-8mol/L); Lane 7:
uninduced group.
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pMSG-ns3 containing both the initiation codon ATG
and the Kozak sequence (GCCATGG) was created.
Surprisingly, however, no significant differences of
ELISA results were found in other cells (such as
Hela, SMMC-7721, etc.). Under the low level of
the protein expressio n, the non-specific agents
existing in the cell extracts from the human beings
might have across-reaction with the detection
antibody to cause a high background. The same
initiation codon might be affected by several
regulation elements existing in different cells and
lead to different efficiencies in the express ion. To
avoid the interferences resulting from certain nonspecific agents, CHO cells were used as transfected
hosts. Subsequently, the NS3 proteins with Mr-30
000 were detected in all the transfected groups after
the treatment of DM and their contents increased
slightly along with the time of treatment. Although
the ELISA results of the transfected group
apparenly increased in the absence of DM (P<0.
05), no NS3 proteins were detected by the Westernblot analysis. Thus, in order to eliminate the fault
results, the Western-blot method are more reliable
and convincible for analyzing the proteins expression
than the other means such as ELISA, etc.. Our
study of the transient expres sion of NS3 proteins
in vitro is not only available for further selecting
cell lines with a stable integrants of ns3 gene, but
also helpful for the development of the ns 3
transgenic mice and the study of the NS3 biological
funct ions in vivo.
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Surgical resection for hepatoportal bile duct cancer
HE Xiao-Shun, HUANG Jie-Fu, LIANG Li-Jian, LU Ming-De and CAO Xiu-Hu
Subject headings biliary tract neoplasms/surgery;
prognosis hepatic portal

Abstract
AIM To discuss the effect of surgical
procedures on the prognosis of patients of
bile duct cancer and their indications.
METHODS A retrospective analysis was
made for 52 cases of hepat oportal bile duct
cancer treated from January 1 9 9 1 to
December 1996. All the cases were classified
according to the modified Bismuth-Corlettle
sys tem and received appropriate operation.
Therapeutic effects were evaluated on the
basis of their survival rates, jaundice
elimination, comfort index, operative
mortality and complications.
RESULTS Seventeen cases received surgical
resection (32.7%). The survival rate was 71.
4%, 35.7% and 10.4% for one, two and three
years respectively, and was 30%, 16.8% and
0% for those with drainage (P<0.05). The
mortality rate was 6.0% for the drainage
group and 5.9% for the resection group (P>
0.05). Of the 17 resected patients, 8 (47.1%)
had curative resection and 9 (5 2 . 9 %)
noncurative resection. Their mean survival
time was 21.1 months and 7.5 months
respectively (P<0.05).
CONCLUSION Proper surgical procedure
should be used on the basis of the local and
general conditions of the patients, and
aggressive resection with or without liver
resection is a valid procedure for the
treatment of hepato portal bile duct cancer
and can significantly improve the prognosis
of patients.
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INTRODUCTION

Surgical resection is the only effective way for
hepatoportal bile duct cancer. However, the treatment
is very troublesome due to its low resectability and poor
prognosis. The purpose of this paper is to discuss the
effect of surgical procedures on its prognosis and
indications.
PATIENTS AND METHODS

From January 1991 to December 1996, 52 patients
with hepatoportal bile duct cancer (53.6% of
extrahepatic bile duct cancer) were treated in our
hospital. Of them, 39 were male and 13 female aged
from 37 to 70 years, averaging 56.8. The patients
aged from 50 to 70 years made up 65.4%. The
diagnosis was confirmed by histological examination
in 46 and by operation in 6. All the tumors were
classified according to the modified BismuthCorlette system. Therapeutic effect was evaluated
by their survival rate, jaundice elimination, comfort
index, oper ative mortality and complications. The
data collected during the follow-up were analysed
with the help of American SAS software. The
parameters were compared by Chi-square test and
Student’s t test. Differences between the survival
rates were analysed by Likelihood Ratio Test or
Wilcoxon test, and significant difference (P<0005)
was found.
RESULTS
Pathological findings

Out of the 52 patients (88.5%), the diagnosis of
bile duct cancer was confirmed by histological
examination in 46 and by operation in 6.
Adenocarcinoma was found in 97.8% and sclerotic
cholangiocarcinoma in 52.9% of the 17 resected
patients. Local or distant metastatic tumors were
found in 7 patients, which wer e confirmed in the
6th, 55th, 45th, 15th, 14th, 25th and 15th month after
operation respectively by fine needle aspiration
biopsy (FNAB), CT, or B-US.
Based on macroscopic appearance, complete
excision of the tumor was not achieved in six cases.
Involvement of the stem of the portal vein was
discovered in one case during dissection. Of the 17
resected patients, a macroscopic curative resection
was achieved in 11 (11/52, 21.2%). Residual cancer
cel ls were found at the surgical resection margins in
3 cases. Thus, curative resec tion was performed
only in 8 patients (8/52, 15.4%).
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Surgical findings

The types of operation for hepatoportal bile duct cancer
are shown in Table 1.
Table 1 Operative procedures for 52 hepatoportal bile duct
cancer and their mortality
Operative procedure

No. of patients

Resection
Local resection (LR)
LR+Caudate segment resection
LR+Median segment resection
LR+Right/left hemihepatectomy
Bypass
Segment III cholangiojejunostomy
Segment V cholangiojejunostomy
Choledochojejunostomy
Intubation
Exploration
Total
a

17
(3)
(1)a
(4)a
(9) b
33
(20)
(9)
(3)
1
2
53

No. of death
1
(0)
(0)
(1)
(0)
2
(2)
(0)
(0)
0
0
3

Partial excision of portal vein and repair of its lateral wall;
Reconstruction of right hepatic artery in one case.

b

Operative survival rate and complications

The total operative mortality rate was 5.8% (3/52)
and 5.9% (1/17) and 6.0% (2/33) respectively in
resection group and drainage group with no stati
stical significance (P = 0.5422). No death was found
in 30 days after extensive excision. One patient died
27 days after palliative excision due to massive
hemorrhage in the upper digestive tract caused by
stress ulcer.
The total operative complication rate was 44.2%
(23/52), 52.9% in the resect ion group and 42.4%
in the drainage one with no statistical significance
(P = 0.4797). The operative complication rate was
50.0% (4/8) in those who received curative
resection, and was 55.6% in those who had
palliative excision.
Survival rate

The average survival of the 52 patients was 9.1 months.
The survival rate for 1, 2, 3, 4 and 5 years was 43.2%,
25.9%, 25.9%, 12.9% and 4.0%.
Types of operation and quality of life The average
survival time was 6.4 months in the drainage group
and was 15.6 months (P<0.05) in the resection group.
The quality of life after operation was evaluated
according to the elimination of jaundice, and the
comfort index. Complete elimination of jaundice
means that serum bilirubin is returned to normal
while partial elimination implies that serum bilirubin
is dropped by 50% at least as compared with
that before operation, and no reduction refers to its

decrease of less than 50%. The duration of wellbeing is known as the period of time in which the
patient is free of jaundice, pruritus, cholangitis and
malaise after surgery. The comfort index is taken
as the duration of well-being expressed in
percentage of total survival time, which is close to
100% when the disease is completely relieved
(Table 2).
Duration of well-being (mon.)
Comfort Index =
× 100%
Duration of survival (mon.)

Comparison of the survival rates between
resection and drainage The survival rate was 71.4%,
35.7% and 10.4% for the patients who underwent
resection, and 30.0%, 16.8% and 0% for the patients
underwent drainage. There was a significant difference
between them (P<0.05).
Table 2 Average survival time and comfort indices of the
patients after resection and drainage
Operative
procedure

No. of
patients

Resection
Drainage

17
33

a

Mean survival
time (mo)
15.62 a
6.37a

Comfort
index (%)
91b
74b

P <0.005, bP<0.05.

DISCUSSION

The treatment of hepatoportal bile duct cancer is
very troublesome. Untreated patients usually die of
recurrent cholangitis and hepatic failure within 3
months when their diagnosis is confirmed [1]. Before
1970, many authors held that bile duct cancer should
be treated vigorously. Therapeutic effect of
excision for it has been gradually improved as a
result of accurate diagnosis and better operative
techniques.
It was reported that 15%-95% patients with
hepatoportal bile duct cancer upon the spectrum of cases
referred to any particular surgical unit and the cancer re
ceived excision, which has exceeded 30%[2,3]. In our
study 32.7% patients received excision. The excision
rate and survival rate were much higher than those from
1986 to 1990 (P<0.05)[4].
The data in our study provides strong support for
other surgeons[2,3,5].The survival rate for 1, 3 and 5 years
after radical operation of hepatoportal bile duct cancer
was 71.4%, 35.7% and 5.9% while the operative
mortality and complications had no remarkable increase.
The operative death rate due to hepatic failure and bile
leakage at the anastomosis was 5.9% in our study, while
it was from 0% to 27% in the literature.
It is controversial whether radical operation
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should be performed for hepatoportal bile duct
cancer. Some authors held that it is not necessary
to have partial hepatectomy because it can not
improve the survival and will increase
postoperative mortality and complications on the
contrary [6,7]. The r esi dual rate of cancer cell at
its incisional margin was 28%-92% in the
literature. Furthermore, the recurrent rate of
tumor was high even after radical operation.
Others advocate radical operation for
cholangiocarcinoma with right or left
hemihepatectomy, trisegmentectomy, vascular
resection and its reconstruction and caudate lobe
resection, even total hepatectomy and orthotopic
liver transplanta tion [2,3,8] in order to remove more
tumor tissues, prolong the survival and reduce
its recurrence. In our study, out of the 17 resected
patients, 14 (82.4%) had hepatectomy which was
characterized by:
Hepatoportal parenchyma
was excised if it was involved or in an effort to
eliminate residu al cancer cells at its incisional
Hepatolobectomy was a curative
margins;
procedure for the patient when unilateral bile duct
was involved; Unilateral bile duct was involved
beyond secondorder;
Unilateral portal vein or
hepatic artery was involved. The average survival
was 16.1 months. Of the 17 patients who
underwent resection, curative excision was
performed in 8, and non-curative excision in 9.
Their average survival was 21.1 and 7.5 months
respectively (P<0.05). The 1 and 2-year survival
of those with no residual cancer cells at their
incisional margins was 87.5% and 44.5%, while
it was 57.1% and 30.1% (P<0.05) for those with
residual cancer cells at their incisional margins.
No significant difference was found in operative
complication and death rate between the two
groups. Therefore, hepatolectomy should be
taken into consideration when the patient’s-local
conditions and general conditions are good.
However, a considerable number of patients could
not endure major operations due to their severe
jaundice and poor liver function when they came
to see a doctor. Major hepatectomy would
undoubtedly lead to further damage of liver
function and postoperative hepatic failure.
Median hepatolectomy should be performed for
such patients because it has the advantages of
less hepatic injury and a higher cure rate [9]. In
our study, 4 of the 17 resected patients received
median hepatolectomy, 2 curative excision, and
2 palliative excision. One died of massive
gastrointestinal bleeding due to stress ulcer on
the 27th day after operation. The other 3 had
significant improvement in their life Quality
with an average survival of 14.7 months, and
one is still alive 25 months after operation with
no recurrence.
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Cholangiocarcinoma is inclined to invade its
peripheral tissues, such as portal vein, hepatic
artery and parenchyma as well as the caudate lobe
because there is no muscular layer of mucosa in
the wall of bile duct. It was reported that better
prognosis could be achieved by caudatolectomy [3,
10]
. One patient received this operation in our
study. We advocate resection of the caudate lobe
when considerable involvement of the caudate
ducts or parenchyma is confirmed by preoperative
or intraoperative assessment. Angiotectomy and
reconstruction are advisable for selected patients
when their blood vessels are involved [11] . In this
study, wedge resection and reconstruction of
portal vein were perfor med in one patient due to
involvement of portal veins; and right hepatic
artery reconstruction and left hemihepatectomy in
another due to involvement of portal vein, left and
right orteries. They recovered after operation. It
is believed that residual cancer cells in the
connective tissue around the hepatoduodenal
ligament may play a major role in the tumor
recurrence. Major hepatic resection, including
excision of the whole hepatodudenal ligament, is
experimen tally fe asible, and its clinical results
are promising [12,13]. However, tumor cells were
found in some patients even after such extensive
excisions. So its indication should be taken into
careful consideration in clinical practice.
Although, excision is the only way to cure
hepatoportal bile duct cancer, a considerable
number of patients are not suitable to receive it in
spite of great advances having made in diagnostic
techniques and surgical treatment. Palliative
operation has advantages of less complications and
better life quality over conservative treatment [14].
The curative effect of palliative operation is
characterized by the level of jaundice elimination.
In our study, complete elimination of jaundice was
made in 85% of the 20 patients treated by segment
III hepaticocholangiojejunostomy with a comfort
index of 74%, and with a 10% operative mor tality.
The curative effect of SV hepatocholangiojejunostomy in the other 9 patients was similar to
that of segment III hepatocholang iojejunostomy.
Drainage tube may be placed for those who can
not receive excision and intrahepatic drai nage.
Since long-standing external drainage of bile may
lead to water and electrolyte imbalance,
recurrence of jaundice, and cholangitis.
Intrahepatic anastomosis to segment III or V
hepatic duct, or both should be the first choice in
palliative treatment.
From the above analysis, we believe that the
following preoperative examinations must be made
for cholangiocarcinoma, such as serological and biological tests, liver and renal function test, blood co-
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agulation tests, B-US, PTC/ERCP, angio graphy, etc.
Only when there are no contraindications and the
patient’s general condition is good, should a tumor
excision with or without liver resection be performed.
Resection and reconstruction of hepatoportal vessels
should be carr ied out for selected patients. If
resection is not feasible, palliative biliary drainage
is worthwhile. More extensive resection (like block
resection) should be selected very carefully. It is
not wise to lay undue stress on a more radical
operation. What we advocate is the surgical
procedure selected according to the extent, gross
appearance and degree of infiltration of tumor to its
adjacent tis sues or organs in order to achieve the
most effective result and to relieve the patient’ssufferings.
REFERENCES
1
2

3

Denbesten L, Liechty RD. Cancer of the biliary tree. Am J Surg,
1965;109:587
Baer HU, Stain SC, Dennison AR, Eggars B, Blumgart LH. Improvements in survival by aggressive resections of hilar
cholangiocarcinoma. Ann Surg, 1993;217:20
Sugiura Y, Nakamura S, Iida S, Hosoda Y, Ikeuchi S, Mori S, Sugioka A, Tsuzuki T. Extensive resection of bile ducts combined with liver

131

4
5
6
7
8
9
10
11
12

13

14

resection for cancer of the main hepatic duct junction. Surgery,
1994;115:445
Cao XH. A clinical analysis of 106 cases of extrahepatic bile duct
cancer. Shi Yong Wai Ke Za Zhi,1992;12:578
Huang JF, Li SP, Cao XH. A discussion on surgical option for
proximal bile duct cancer. FU Bu Wai KE, 1992;3:179
Hadjis NS, Blenkharn JI, Alexander N, Benjamin IS, Blumgart LH.
Outcome of radical surgery in hilar cholangiocarcinoma. Surgery,
1990;107:597
Bengmark S, Ekberg H, Evander A, Stahl BK, Tranberg KG. Major
liver resection for hilar cholangiocarcinoma. Ann Surg, 1988;
207:120
Pichlmayr R, Weimann A, Ringe B. Indication for liver transplantation in hepatobiliary malignancy. Hepatolory, 1994;20:33s
White TT. Skeletonization resection and central hepatic resection
in the treatment of bile duct cancer. World J Surg, 1988;12:48
Nimura Y, Hayakawa N, Kamiya J, Kondo S, Shionoya S. Hepatic
seggmentectomy with caudate lobe resection for bile duct carcinoma of the hepatic hilus. World J Surg, 1990;14:535
Nimura Y, Hayakawa N, Kamiya J, Maeda S, Kondo S, Yasui A,
Shionoya S. Combined portal vein and liver resection for carcinoma of the biliary tract. Br J Surg, 1991;78:727
Mimura H, Takakura N, Kim H. Block resection of the
hepatoduodenal ligament for carcinoma of bile duct and gallbladder:
Surgical technique and a report of 11 cases. Hepatogastroenterology,
1991;36:561
Kumada K, Ozawa K, Shimahara Y, Morikawa S, Okamoto R,
Moriyasu F. Truncoumbilical bypass of the portal vein in radical
resection of biliary tract tumors involving the hepatic duct
confluence. Br J Surg, 1990;77:749
Langer JC, Langer B, Taylor BR, Zeldin R, Cummings B. Moreover,
the cytotoxicity of abdominal cavity infiltrating lymphocytes
induceepatic bile ducts: results of an aggressive surgical approach. Surgery,
1985;98:752

Edited by WANG Xian-Lin

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 April; 5(2):132-134
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Evaluation of dot immunogold filtration assay for
anti-HAV IgM antibody *
WU Wei, XU De-Zhong, YAN Yong-Ping, ZHANG Jing-Xia, LIU Ying and LI Ru-Lin
Subject headings hepatitis A virus; immunoglobulin/
analysis; immunogold filtration assay

Abstract
AIM To detect hepatitis A virus-specific
immunoglobulin M (IgM) antibody rapidly.
METHODS Colloidal gold with an average dia-meter
of 15 nm was prepared by controlled reduction of a
boiling solution of 0.2 g/L- chloroauric acid with 10
g/L-sodium citrate and labeled with anti-HAVIgG as
gold probe. Dot immunogold filtration assay (DIGFA)
has been developed by coating anti-human µ chain
on nitrocellulose membrane (NCM) for capturing the
anti-HAV IgM in serum, then using cultured hepatitis
A antige n as a “bridge”, connecting anti-HAV IgM
in sample and anti-HAV IgG labeled colloidal gold. If
there was anti-HAV IgM in sample, gold probes would
concentrate on NCM, which will appear a pink dot.
RESULTS A total of 264 serum samples were
comparatively detected with both DIGFA and ELISA
by “blind” method. Among them, 88 were positive and
146 were negative with the two methods. The
sensitivity and the specificity of DIGFA were 86.27%
and 90.12%, respectively. Fifteen negative serum
samples and 15 positive serum samples were detected
3 times repeatedly, the results were the same.
CONCLUSION DIGFA is a simple, rapid, sensitive,
specific and reliable method without expensive
equipment and is not interfered with rheumatoid
factor (RF) in serum. It is suitable for basic
medical laboratories. The test could be applied
for diagnosis and epidemiological survey of
hepatitis A. It has a broad prospect in application.
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INTRODUCTION

Hepatitis A virus-specific immunoglobulin M antibody
(anti-HAV IgM) is the specific serological marker for
the early diagnosis of acute hepatitis A. It can be
detected by radioimmunoassay (RIA), enzyme-linked
immunosorbent assay (ELISA), solid phase
hemagglutination inhibition test (SPHIA) and other
methods. At present, double sandwich ELISA is in
widespread use [1]. However, it takes more time to
finish the test and the procedure is complicated. The
need of a simple, rapid, and noninstrumented test is
evident in many basic units, where laboratory facilities
and trained personnel are limited. In 1989, Chun
developed a rapid test, DIGFA[2]. It has been used to
detect HCG, C-reac tive protein, immunoglobulin G
antibody and others[3,4]. We developed DI GFA for
detection of anti-HAV IgM. The evaluation of this
test is presented below.
MATERIALS AND METHODS
Materials

Agents Gold chloride (HAuCl4) was produced by
Shanghai No.1 Chemical Reagent Factory, and
nitrocellulose membrane by Amersham International Co.
(England). Anti-human µ chain was obtained from
DAKO Co. (Denmark). Anti-HAV IgG and cell cultured
hepatitis A virus were prepared by Nanjing Military
Medical Institute. ELISA kits for detection of anti-HAV
IgM and anti-HBcIgM were produced by Shanghai
Kehua Biotech. Co., Ltd, and ELISA kits for detection
of anti-HCV by Sino-American Biotechnology Co.
Samples From 1994 to 1997, 137 serum samples of
acute viral hepatitis were collected from 5 hospitals
in Xi’an city. During the outbreak of hepatitis A in a
college in 1997, sera of 14 patients, 40 contacts and
33 classmates with no contact history were collected.
Ten RF positive sera were obtained from Xijing
Hospital. Sera of 30 normal blood donors were taken
from blood bank of Xijing Hospital. All samples were
stored at -20 .
Methods

Preparation of gold probe Colloidal gold with an
average diameter of 15nm was prepared by controlled
reduction of a boiling solution of 0.2 g/L-chloroauric
acid with 10 g/L-sodium citrate according to the
method of Frens [5]. The quality of colloidal gold
was controlled by transmission electron microscope
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(TEM) and spectrophotometers. Freshly prepared
10 g/L-K2CO3 solution was added into colloidal
gold to adjust its pH. The minimal protecting
amount was determined by constructing a
concentration variable isotherm (CVAI) [6]. AntiH AV I g G w a s a d d e d w h i l e s t i r r i n g . I t w a s
incubated for 5-10 minutes at room temperature
and followed by addition of bovine serum albumin
(BSA) to final concentration of 10 g/L. After this
was centrifuged, supernatant was discarded and
the pellet was suspended. Gold probe obtained
by the method described above was stored at
4 .
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false-positive (b) sample was reactive by DIGFA
but negative by ELISA and a false-negative (c)
sample was negative by DIGFA but positive by
ELISA (Table 1). The sensitivity of DIGFA was
defined as the probability that a sample containing
anti-HAV IgM would be positive in DIGFA. The
specificity of DIGFA was defined as the probability
that a sample without anti-HAV IgM would be
negative in DIGFA. The formulae are shown in
Table 2.
Table 1 Comparison of DIGFA results with ELISA
ELISA

DIGFA An immunofiltration system containing a
NCM was coated wi th anti-human µ chain, filter
paper and an adsorbent pad. The NCM was
positioned over an absorbent pad covered by a plastic
layer with a hole exposing the NCM (Figure 1). A
drop of liquid positioned over the hole was rapidly
sucked through the NCM. Thus, anti-HAVIgM in
serum was captured by anti-human µ chain on the
NCM. Sequentially, hepatitis A antigen and gold probe
were added. Cultured hepatitis A antigen as a
“bridge” connected anti-HAV IgM in sample and
anti-HAV IgG labeled colloidal gold. If there was
anti-HAV IgM in sample, gold probes would
concentrate on NCM, which would present a pink
dot. The assay was routinely performed as follows.
The membrane was activated by adding one drop of
washing solution. Then 15 µL-serum was added.
After it was soaked in, one drop of washing liquid
was added and followed by 15 µL-cultured hepatitis
A antigen. After it was soaked in, one drop of washing
liquid were added, and gold probe and after this was
soaked in, one drop of water was added. The process
was completed within 10 minutes at room
temperature.
ELISA All commercial kits were used according to
their manufac turers’ instruction.
Statistical analysis The following definitions and
formulae wer e used in the analysis of the data
generated in this study. A true-positive (a) sample was
reactive by DIGFA and ELISA. A true-negative (d)
sample was nonreactive by DIGFA and ELISA. A

DIGFA

+
Total

-

a
c
a+c

b
d
b+d

RESULTS
Validity

A total of 264 serum samples were comparatively
detected with both DIGFA and ELISA by “blind”
method, 88 were positive and 146 were negative
(Table 3). The sensitivity, the specificity, the
accuracy, the positive and the negative predi ctive
value, the positive likelihood ratio, the negative
likelihood ratio and Youden index of DIGFA were
86.27%, 90.12%, 88.64%, 84.62% 91.25%, 8.735,
0.1523, 0.7639, respectively. Sensitivity,
specificity and accuracy (95% CI) were 75.59%,
92.95%, 85.53%, 94.71% and 84.81%, 92.45%,
respectively. Serum samples of 34 hepatitis B, 15
hepatitis C and 10 RF positive patients were determined with DIGFA, none of them was positive.

Index

Formulae

Index

Formulae

Sensitivity

a/ (a+c)

Specificity

d/ (b+d)

Positive predictive value

a/ (a+b)

Negative predictive value

d/ (c+d)

Accuracy

(a+d)/N

Youden index

a

d

a+c+ b+d-1
[a/(a+c)]/[b/(b+d)]

a+b
c+d
N

Figure1 Immunofiltration system.

Table 2 Formulae for evaluation of DIGFA

Positive likelihood ratio

Total

+

Negative Likelihood ratio

[c/(a+c)]/[d/(b+d)]
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Table 3 Comparison of DIGFA results with ELISA
ELISA

DIGFA
Total

+
-

+

-

88
14
102

16
146
162

Total
104
160
264

Repeatablity

NCM coating anti-human µ chain and gold probe were
kept at 4 . In order to establish the stability of the
reagents, 15 negative and 15 positive serum samples were
selected at random and detected 3 times once a month.
All results were the same. It indicates that the reagents
are stable at least for 3 months at 4 and repeatable.
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the assay. It attributes to double sandwich
method used in DIGFA and cell cultured hepatitis
A antigen which is purer. The sample is drawn
quickly through the porous membrane, thereby
reducing low-affinity nonspecific binding and
minimizing chemical interference. However, if
there is fibrin clot or much blood lipid in serum,
they will interfere with reaction between antigen
and antibody, and the drawing rate of NCM,
which will result in false positive or false
negative. So, before detection, such sera must
be centrifuged with fibrin clot and blood lipid
removed.
In brief, rapid and simple procedure, with the visual
interpretation of results and reagent stability make
DIGFA particularly suitable for field testing and epi
demiological surveys.

DISCUSSION

Incidence of hepatitis A is very high in developing
countries, especially in poor hygiene area. In order
to control epidemic of hepatitis A, it is very
important to detect anti-HAV IgM as early as
possible. DIGFA is a rapid method, requiring 10
minutes to perform. Additionally, it is simple enough
to be used by paramed ical personnel without
special training. It allows reliable measurement of
anti-HAV IgM from a small volume of serum (15µL)
without using special equipment. DIGFA showed very
good performance. Its sensitivity and specificity are
similar to that of ELISA. Rheumatoid factor, anti-HBcIgM and anti-HCV do not markedly interfere with
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Abstract
AIM To establish an extracorporeal bioartificial
liver support system (EBLSS) using cultured
human liver cells and to study its support effect
for fulminant hepatic failure (FHF).
METHODS The liver support experiment of
EBLSS consisting of aggregates cultured human
liver cells, hollow fiber bioreactor, and circulation
unit was carried out in dizhepatic dogs.
RESULTS The viability of isolated hepatocytes
and nonparenchymal liver cells reached 96%.
These cells were successfully cultured as
multicellular spheroids with synthetic technique.
The typical morphological appearance was
retained up to the end of the artificial liver
experiment. Compared with the control dogs
treated with EBLSS without liver cells, the
survival time of artificial liver support dogs was
significantly prolonged. The changes of blood
pressure, heart rate and ECG were slow. Both
serum ammonia and lactate levels were
significantly lowered at the 3rdh and 5thh. In
addition, a good viability of human liver cells was
noted after 5h experiment.
CONCLUSION EBLSS playing a metabolic role of
cultured human hepatocytes, is capable of
compensating the function of the liver, and could
provide effective artificial liver support and
therapy for patients with FHF.
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INTRODUCTION

Despite the progress of intensive therapy for patients
with fulminant hepatic failure (FHF), their death rate is
still up to 90%. Liver transplantation is the only curative
treatment for FHF at present. Unfortunately, it is limited
by a severe shortage of donor organs and the short time
available to find a suitable liver. Since some patients with
FHF are potentially reversible, it is believed that if liver
support system could be provided, their natural liver tissue
could regenerate with the liver function maintained stable
until an appropriate organ was obtained. Over the past
30 years, various liver support systems have been
investigated, such as cross-circulation, whole liver
perfusion, hemadsorption, charcoal hemoperfusion,
hemodialysis, plasma exchange, total body washout, etc
. However, a lot of clinical trials showed that these
detoxification systems could promote the recovery of
consciousness in some patients, but the survival rate has
not been improved[1], and none of these therapeutic
procedures succeeded in gaining wide clinical
acceptance. Recent development of bioartificial liver
support system containing living hepatocytes is an
important advance in this field. Because this system has
potential metabolic and synthetic functions of liver, it may
provide certain essential nutrients and factors necessary
for regeneration of the liver tissue [2,3]. Further
development of the bioartificial liver is expected to provide
very interesting and valuable results in the treatment of
FHF[4].
The purpose of our experimental study was to
establish an optimal extracorporeal bioartificial liver
support system (EBLSS) with cultured human
hepatocytes and to furnish a new therapeutic method
for these patients.
MATERIAL AND METHODS
Isolation of hepatocytes

Human liver obtained from normal donors was
transported in ice-cold physiological saline. Liver
cells were isolated by the two-step perfusion method.
The perfusion solution was Ca 2+/Mg2+ free Hanks
balanced salt solution and 0.05% collagenase (all
chemical and cell culture reagents were purchased
from Sigma Chemical CO). The hepatocytes and
nonparenchymal liver cells were harvested
b y c entrifugation at 50×g for 3 min and at 500×g
for 3 min. The viability of the isolated liver cells was determined by the trypan blue exclusion test.
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Aggregate culture of hepatocytes

Freshly isolated liver cells were suspended in
hepatocytes and nonparenchymal liver cells of about
4 × 105 and 2 × 105 viable cells/ mL. After 1 h of
incubation at 37 , they were seeded in culture flasks
precoated with poly (2-hydroxyethyl methacrylate)
and cultured with hormonally defined medium (HDM)
in a humidified atmosphere of 5% CO2 and 95% air
at 37 . In order to suppress attachment on their wells
and promote their aggregation, the flasks were rotated
at regular intervals. Cell morphology in the aggregate
culture was observed by an Olympus phase contrast
microscope.
The bioartificial liver design

The bioartificial liver consisted of aggregate liver cells
(about 1 × 108), circulating and hollow-fiber bioreactor
containing 200 cellulose nitrate/cellulose acetate
porous fibers (pore size of 0.2 µm, fiber lenght of 21
cm, fiber inside diameter of 660 µm). The extrafiber
volume was about 40 mL while the intrafiber volume
was about 45 mL. The external fiber surface area
was 0.34 m2.
Animal model

Mongrel dogs (provided by Experimental Animal Center
of Third Military Medical University), weighing between
11kg and 14kg, were used in the study. Under
pentobarbital (30 mg/kg, intravenously) anesthesia, all
dogs received side to side portocaval shunts with their
portal vein and hepatic artery tied off to form dizhepatic
model.
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tly shaking repeatedly, the freshly isolated
hepatocytes were attached to each other within
4 h-8 h, multiple aggregates in different sizes
were loosely formed, and the multiplicity of
aggregates increased with the lapse of time. Up
to 48 h a lot of regular spheroid aggregates were
found in flasks. The aggregate hepatocyte
spheroids appeared tight and dense in the center
and on the surface of the spheroids attached to
a lot of single cells. By the action of single cell,
some spheroids were also attached to each
other. The characteristics of multicellular
spheroid aggregates can be maintained up to the
end of the bioartificial liver support experiment
(Figure 1).
In vivo EBLSS animal support

Dogs supported with EBLSS showed significant
improvement in their survival time as compared with
the control group (10.7 h × 1.1 h and 5.8 h × 0.5 h,
respectively) (P<0.01, Figure 2). The changes in
blood pressure, heart rate and ECG of the support
dogs were slow. After 3 h and 5 h of treatment, the
blood ammonia and serum lactate levels were signi
ficantly lower in the support group as compared with
the control animals (P<0.01, Figures 3 and 4). Liver
cell viability at the end of the 5 h experimental period
was 52.3% to 70.8%, and the aggregate adherence
rate was about 50%.

In vivo EBLSS studies

Animals were divided into two groups: group 1 (n = 5)
was treated by EBLSS without liver cells and group
2 (n = 5) was supported by EBLSS with spheroids
liver cells. After cannulation of their femoral arteries
and veins, they received 5 h successive
hemoperfusion with EBLSS at a rate of 30 mL/min
to 50 mL/min. Heparin was administered at 50 U/
kg. Perfusion was carried out for 5 h. Blood samples
were obtained at 0, 1, 3 and 5 h. Ammonia and lactate
were determined in our laboratory using standard
techniques. The cell viability and aggregate
adherence rate of EBLSS were observed und er
phase contrast microscope.

Figure 1 Multicellular spheroids of human hepatocyte s and
nonparenchymal liver cells. Phase-contrast microscope. × 400

RESULTS
Cell yield and viability

The total isolated hepatocytes and nonparenchymal liver
cells by the si mplified two step perfusing me thod were
13.6-14.7 × 107 cell/100 g of liver. Their estimated
viability judged by the trypan blue test was 92%-96%.
Aggregate culture

Under the defined culture environment and by gen-

Figure 2 Survival curve in the support and control groups.
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Figure 3 Changes of serum ammonia in dizhepatic dogs.

Figure 4 Changes of serum lactate in dizhepatic dogs.

DISCUSSION

Up to now, considerable progress has been made in
the bioartificial liver system. There are two
extracorporeal systems, which have reached the stage
of preliminary clinical assessment. One based on a
human hepatoblastoma cell line was developed by
Sussman and Kelly (extracorporeal liver assist
devices)[5] and the other on isolated pig hepatocytes
(bioartificial liver) was developed by Demetriou’s
group [6]. Although primarily isolated porcine
hepatocytes proliferate poorly in vitro,they possess
normal liver function and the source is almost
unlimited. Unfortunately, animal hepatocytes can not
replace the synthesis of human plasma proteins. On
the other hand, it should be considered that besides
the immunological rejection of xenogenic biological
tissue, xenogenic proteins and enzymes in the blood
will produce side effects. Human cel l line is readily
available in large quantities, but its differential function
is rather poor. Sufficient replacement of liver function
by the lines cannot be expected. Besides, they are all
genetically transformed, potentially tumorigenic, and
characterized by tremendous alterations in genetic,
metabolic and synthetic parameters. The side effects
and risks of these cells cannot be ruled out com
pletely.
Recently, a workshop sponsored by the National
Digestive Diseases Advisory Board on “Current
Issues in the Management of Fulminant Hepatic
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Failure” discussed the development of EBLSS[7]. The
ideal hepatocyte for such devices was described as being
human in origin, of normal (nonmalignant) phenotype,
readily available, rapidly and easily grown in cell culture
to a high density, stable and remaining in a welldifferentiated state for days or weeks, and capable of
the full range of synthetic and detoxifying features of
mature hepatocytes.
In this study, we found that the human hepatocytes
and nonperenchymal cells could be easily isolated by an
alternative extracorporeal two-step perfusion method.
The viability of cells was 92% to 96% and the yield of
cells reached 10.8/100 g of liver. Using a synthetic
technique, we successfully performed the aggregate
culture of hepatocytes and nonperenchymal cells.
Hepatocytes grown in suspension as self-induced
multicellular spheroids with three-dimensional structures
resembled in vivo. It has become clear that three
dimensional rather than monolayer gr owth is particularly
important for maintaining differentiated hepatocyte
function in culture [8] and the co-culture with
nonparenchymal cells also significantly enhances
hepatocyte viability and function. Perhaps for this reason,
our EBLSS consisting of hepatocyte aggregate spheroids
and hollowfiber reactor not only possesses metabolic
function (metabolism of ammonia and lactate) but also
prolongs the survival in dizhepatic dogs.
These results have important implications concerning
use of human hepatocytes in bioartificial liver design.
Such EBLSS has provided effective liver support for
dizhepatic animal, at least in a short time. It can be
expected to maintain the patients in the best condition
until an adequate liver graft becomes available or provide
liver support for a longer period of time to await liver
regeneration in some patients.
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Chemoprevention of 2-amino-1-methyl-6-phenylimidazo [4, 5-b] pyridine-induced carcinogen-DNA
adducts by Chinese cabbage in rats *
TAN Wen1, LIN Dong-Xin1, XIAO Ying2,FF Kadlubar3 and CHEN Jun-Shi4
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Brassica vegetable; colonic neoplasms; cytochrome P450

Abstract
AIM The food-borne carcinogen 2-amino-1methyl-6-phenylimidazo [4,5-b] pyridine (PhIP)
induces colon and mammary gland tumors in rats
and has been implicated in the etiology of human
colorectal cancer. This study was conducted to
examine the potentially preventive effect of
Chinese cabbage (Brassica chinensis), a brassica
vegetable most commonly consumed in China,
against this carcinogen induced DNA adduct
formation in rats and its possible mechanisms.
METHODS S p r a g u e - D a w l e y r a t s w e r e
maintained for 10 days on basal diet or diet
containing 20% (w/w) freeze-dried cabbage
powder prior to administration of a single dose
of PhIP (10 mg/kg) by oral gavage. Rats were
sacrificed at 20 h after PhIP treatment and PhIPDNA adducts in the colon, heart, lung and liver
were analyzed using 32P-postlabeling technique.
Levels of hepatic cytochrome P450 (CYP) 1A1
and 1A2, as indicated by 7-ethoxyresorufin Od e e t h y l a s e a n d 7- m e t h l x y r e s o r u f i n O demethylase activity, and cytosolic glutathioneS-transferases (GSTs) towards 1-chloro-2, 4dinitrobenzene (CDNB) in the liver, lung and
colon were measured.
RESULTS Rats pre-treated with Chinese cabba1
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reduced levels of PhIP-DNA adducts in
the colon, heart, lung and liver, with
inhibition rates of 82.3%, 60.6%, 48.4%
a n d 48.9%, r e s p e c t i v e l y ( P <0.01 ) . T h e
enzyme assays revealed that Chinese
c a b b a g e i n d u c e d b o t h C Y P 1 A 1 a n d 1A 2
activity, but the induction was
p r e f e r e n t i a l f o r C Y P 1 A 1 o v e r 1A 2 (81%
v s 51% ) . G S T a c t i v i t y t o w a r d s C D N B i n
the liver and lung, but not colon, was also
significantly increased by cabbage
treatment.
CO N C L U S I O N T h e r e s u l t s i n d i c a t e t h a t
Chinese cabbage has a preventive
effect on PhIP-initiated carcinogenesis
in rats and the mechanism is likely to
involve the induction of detoxification
e n z y mes.

INTRODUCTION

The incidence of colorectal cancer is generally
l o w e r i n C h i n a a s c o m p a r e d t o We s t e r n
countries, but has been increasing consistently
and rapidly in urban population in the last two
decades, presumably due to the change of
lifestyle, particularly in dietary habits, e.g.,
increased consumption of animal foods [1] . It has
been shown that a large number of heterocyclic
amine carcinogens are formed in meat and fish
during cooking. Among them, one of the most
abundant heterocyclic amines, 2-amino-1methyl-6-phenylimidazo [4,5-b] pyridine (Ph
IP), has been proved to be carcinogenic for the
colon and mammary gland of rats [2] . As several
heterocyclic amines including PhIP have been
detected in human urine after intake of normally
cooked food [3], it would appear that humans are
continuously exposed to these carcinogens from
their diet. After metabolic activation via
oxidation and esterification, PhIP binds to DNA
to form PhIP-DNA adducts [4] , which is widely
believed to represent an important genotoxic
step in the initiation of carcinogenesis. It has
recently been found that PhIP-DNA adducts were
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present in surgical samples of human colon[5]. These
findings strongly suggest the importance of PhIP in
the etiology of human colorectal cancer.
Epidemiological data also support this hypothesis, show
ing that consumption of meat, especially well-done
meat, is associated with an incre ased risk for human
colorectal cancer[6]. In view of the fact that absolute
avoidance of exposure of human to food-borne
heterocyclic amines is impossible, seeking
chemopreventive agents against these carcinogens is
thus warranted.
The hypothesis that plant foods are protective
against cancers at various sites has drawn interest
in recent years and has been supported by many
studies. A large number of potentially anticarcinogenic
agents found in vegetables, may act as inhibitors in
initiation, promotion and progression of the
carcinogenesis. Brassica vegetables and their
components are considered to be able to modulate
expression of enzymes involving in metabolism of
carcinogenic compounds, thereby preventing the
carcinogenicity of the carcinogens [7]. Numerous
epidemiological studies have consistently indicated
that regular consumption of brassica vegetables
reduces the incidence of human cancer including
colorectal cancer [8]. Chinese cabbage (Brassica
chinensis) is one of the most commonly consumed
vegetables in China. In the present study, we
examined the preventive effects of Chinese cabbage
on PhIP-DNA adduct formation in rats and its
possible mech anisms.
MATERIALS AND METHODS
Materials

PhIP was purchased from Toronto Research
Chemicals (Ontario, Canada). Resorufin, 7methoxyresorufin and 7-ethoxyresorufin were
obtained from Sigma Chemical Co mpany (St Louis,
MO, USA). Reagents and materials for 32 Ppostlabeling analyses were from sources described
previously [4] . Chinese cabbage was locally
purchased and its fine powder was made by freezedrying.
Animals and treatments

Weanling male Sprague-Dawley rats (146 g ± 15 g
body wt) were obtained from Laboratory Animal
Services, Chinese Academy of Medical Sciences
(Beijing, China) and housed in a climate controlled
room with a 12 h light/day cycle. Animals
maintained on basal diet and tap water ad libitum
for one week before experiment were randomly
divided into three groups (5 rats/group). Group A
and B were given basal diet, while group C was
given basal diet containing 20% (w/w) Chinese
cabbage powder. After 10 days on the diets, the animals in
group B and C received a single dose of PhIP
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(10 mg/kg- body wt) by oral gavage administration.
Control rats (group A) were given the same volume
of 55% ethano l in saline (pH 4.5) used as vehicle
for PhIP. Animals were killed under ether
anesthesia at 20 h after PhIP treatment and the
liver, lung, heart and colo n from each rat were
removed. The tissues were immediately placed in
cold saline, and then frozen quickly in liquid nitrogen
and stored at -80 .
Preparation of microsomes and cytosols

The liver and lung were thawed and washed at 4
with phosphate-buffered saline. The minced tissues
were homogenized in an ice-cold Teflon-glass ho
m ogenizer in 10 mmol/L-potassium phosphate
bu ffer (pH 7.4) containing 1.4 mm ol/L-βmercaptoethanol and 0.25 mol/L-sucrose. The col
on mucosal cells were removed from the tissues
using a spatula and were homogenized as described
for the liver and lung. Homogenates were
centrifuged at 9 000 g for 20 min, microsomes and
cytosols were obtained by centrifuging the resulting
supernatant at 105 000 × g for 45 min. After
collecting cytosol fractions, the microsomes were
washed once by resuspension in 100 mmol/Lpotassium phosphate buffer (pH 7.0) and followed
by recentrifugation at 105 000 × g for 45 min. The
washed microsomes were resuspended in 3-weight
volume of 100 mmol/L-potassium phos phate buffer
(pH 7.0) containing 20% (v/v) gly cerol. Cytosols
and microsomal suspensions were stored in aliquots
at -80 until assayed.
Analysis of PhIP-DNA adducts

DNA was isolated from each liver, lung, heart and
colon, and PhIP-DNA adducts were analyzed
using 32P-postlabeling technique as described [4]
previously with minor modifications. Briefly, DNA
samples were digested with micrococcal nuclease
and spleen phosphodiesterase. The digests were
then extract ed with n-butanol and 32 P-labeled
with [γ- 32 P] ATP. After treatment with nuclease
P1, the 32 P-labeled adducts were separated by
thin-layer chromatography (PEI-cellulose).
Adducts were then detected using electronic
autoradiography system (Packard Instrument
Company, USA) with PhIP-modified calf thymus
DNA as a standard.
Enzyme assays

Cytosolic glutathione S-transferase (GST) activity
was determined with 1-chloro-2-dinitrobenzene
(CDNB) as substrate as described by Habig et al[9].
The reaction mixture consisted of 1 mmol/L-GSH
and 1 mmol/L-CDNB in 1mL of 100 mmol/L
potassium phosphate buffer, pH 6.5. The reaction was
started by additing cytosol, and the increase in ab-
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sorbance a t 340 nm due to the formation of CDNBGSH conjugates was recorded for 5 min.
Ethoxyresorufin O-dealkylase (EROD) and
methoxyresorufin O-dealkylase (MRO D) activities
were determined by a fluorometric measurement of
resorufin formation as described [10]. The reaction
mixtures consisted of 3 mL-50 mmol/L-Tirs buffer
(pH 7.5), 25 mmol/L-MgCl2, 1.7 µmol/L-ethoxyresorufin or 5 µmol/L methoxyresorufin and 1 mg
microsomal protein in a quartz cuvette at 20 . The
reactions were initiated by adding 125 µmol/L
NADPH to the cuvette. The increase of
fluorescence (excitation wavelength 522 nm and
emission wavelength 586 nm) due to resorufin was
recorded for 5 min. Enzyme activities were
calculated by comparison with a resorufin standard
curve. The background activity observed in the
absence of microsomal protein was subtracted from
each value.
Statistical analysis

The results were analyzed using a one-way ANOVA
procedure, and pair-wise compa risons were made using
the Student’s t test procedure in SigmaStat statistical
computer software (Jandel Scientific, San Rafael, CA,
USA).
RESULTS

The body weight gain of rats over a 10-day period was
similar in groups A, B an d C, with the values (g) being
42 g ± 2.8 g, 46 g ± 6.2 g and 45 g ± 5.0 g, respectively
(P>0.05). This suggests that feeding rats with the diet
containing 20% Chinese cabbage did not alter their nutrit
ional status.
PhIP-DNA adducts were detected by 32 Ppostlabeling in the heart, lung, liver and colon of
rats given PhIP. Adduct pattern was similar in these
four tissues and chromatographically identical to
that observed in DNA modified in vitro with Nhydroxy-PhIP (Figures 1A, 1C and 1D). The major
adduct (spot 1) was previously characterized as N(2’deoxyguanosin-8-y1)-PhIP[4]. No adducts were
detectable in any of the tissues in the control rats
without PhIP treatment (Figure 1B). As previously
reported [11], DNA adduct levels (adducts/108
nucleotides) were highest in the colon (53.1 ± 8.7),
followed in the heart (41.4 ± 14.9) and lung (22.1 ±
5.0), while adduct levels in the liver were relatively
low (4.7 ± 3.7) (Figure 2). Following a single dose
of PhIP, rats pre-treated with Chinese cabbage had
significantly re duced adduct levels in the colon
(9.4 ± 5.1), heart (16.3 ± 5.8) and lung (11.4 ± 3.2)
as compared with those consuming basal diet
without cabbage (P<0.01). The adduct level in the
liver of rats fed cabbage also decreased (2.4 ± 1.7),
although the difference from that of control rats was
not signifi cant (Figure 2).
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Figure 3 presents results from the EROD and
MROD assays. Cytochrome P450 (CYP) 1A1
catalyzes primarily the dealkylation of
ethoxyresorufin in the EROD assay, whereas
CYP1A2 is mainly responsible for dealkylation
of methoxyresorufin in the MROD assay [10].
In rats treated with Chinese cabbage and
given a single dose of PhIP, hepatic
microsomes displayed a marked induction of
EROD activity (82.7 pmol/mg ± 14.1 pmol/mg
protein/min). This value was 2.7- and 1.8-fold
higher than that in the two control groups (31.
1 pmol/mg ± 3.8 pmol/mg and 45.8 pmol/mg ±
3.9 pmol/mg protein/min), respectively (P<0.
05). Similar results were found in the hepatic
MROD assay (Figure 3). In our experiment,
rats given basal diet and a single dose of PhIP
had EROD activity that was 1.5-fold higher
than that of rats given no PhIP, while the
MROD activity was not significantly induced
as compared with the controls (Figure 3).
These results are generally in accorda nce
with previous studies showing induction of
CYP1A by heterocyclic amines[11].
A comparison of GST activity towards CDNB in
the liver, lung and colon mucosa of rats given
different treatments indicated that rats pretreated
with cabbage had elevated GST activity in the liver
and lung. The mean values of the activity in?the
liver and lung increased by 18.2% and 35.6%,
respectively, as compared with that in controls (P
<0.05). However, no significant differences in
GST activity towards CDNB was observed in
colon mucosa of rats given different treatments
(Table 1).

Figure 1 Autoradiograms of PhIP-DNA adducts analyzed by
32P-postlabeling.
(A) N-Hydroxy-PhIP modified calf thymus DNA; (B) colon DNA
from control rats without PhIP treatment; (C) colon DNA from
rats given 10 mg/kg PhIP an d control diet; (D) colon DNA from
rats given 10 mg/kg PhIP after 10 days on the diet containing 20%
(w/w) Chinese cabbage.
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Figure 2 PhIP-DNA adduct levels in tissues of rats given PhIP (10
mg/kg) with or without pretreatment with Chinese cabbage for 10
days. Values shown are x ± s from 5 rats/group. Asteriskdesignates a response significantly different from control at P<0.
01 with ANOVA.

Figure 3 Activity of 7-ethoxyresorufin O-deethylase (EROD) and
methoxyresorufin O-demethylase (MROD) in hepatic microsomes
from r ats received different treatments. Activity values shown are
the x ± s from three experiments, each from 5 individual microsome
samples. Asterisk-designates a response significantly different from
control at P<0.05 with ANOVA.
Table 1 Effect of Chinese cabbage on glutathion S-transferase
activity
Treatment groupa
Control diet+solvent
Control diet+PhIP
Cabbage diet+PhIP

GST activity (nmol mg protein-1
Colon

Lung

135±19
134±26
142±29

60±10
73±8
99±9 c

min-1 )b
Liver

1 842±298
1 871±351
2 212±423 c

a

Animals were given a single dose of PhIP (10 mg/kg body wt) or
its vehicle solvent after ten days on the diets. The cabbage diet was
a basal diet containing 20% (w/w) freeze-dried Chinese cabbage
powder.
b
Glutathion S-transferase activity towards CDNB (nmol mg prot
ein-1 min-1) was determined in triplicate. Values given are x ± s.
c
P<0.05 as compared to control diet+PhIP group (Student’s t test).

DISCUSSION

The present study has shown for the first time that
Chinese cabbage inhibits the formation of DNA
adducts induced by PhIP. Since carcinogen-DNA
adduct formatio n is generally believed to represent
an important genotoxic step in the initiation of carcino-
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genesis, these results support that Chinese cabbage has
a chemoprev entive role against PhIP-induced colon
carcinogenesis. The findings are in accordance with
epidemiological evidence, which has consistently
indicated that regular consumption of brassica vegetables
reduces the incidence of human colorectal cancer[8].
Furthermore, our findings provide an insight into the
mechan isms of the anticarcinogenic action of
vegetables.
PhIP, like most chemical carcinogens, under goes
enzymatic biot ransformation in vivo. These
metabolic pathways are binary in terms of
toxicological consequences, leading to both activation
and/or detoxification of the carcinogen.
Hydroxylation of exocyclic amino groups of PhIP by
CYP1A2 is believed to be an initial activation step,
whereas ring-hydroxylation catalyzed principally by
CYP1A1 seems to serve as a detoxification pathway
[12]
. The balance between m etabolic activation and
detoxification is one of the important determinants
in chemical toxicity and carcinogenicity. We thus
examined the induction of CYP1A1 versus 1A2 by
Chinese cabbage. It was found that both CYP1A1
and 1A2 were induced by the cabbage, but the
induction was preferential for CYP1A1 over
CYP1A2 (80.6% vs 50.2%). These results are
consistent with a protective effect against PhIPDNA adduct formation, suggesting that the action
mechanism of the cabbage is likely to be via
induction of CYP1A1.
Another detoxification pathway of PhIP is GST
catalyzed redox reaction of N-acetoxy-PhIP, an
ultimate DNA-damaging metabolite of PhIP in
vivo, with GSH[13]. The results presented herein
clearly demonstrated that Chinese cabbage could
induce GST activity in rats. This mechanism may
also play an important role in suppression of PhIPDNA formation in rats pretreated with the cabbage.
The oxidation of PhIP by CYP1A2 results in the
formation of N-hydroxy-PhIP, which can undergo
further activation via O-acetylation by
acetyltransferase to form N-acetoxy-PhIP. This
metabolic process occurs mostly in the liver and is
believed to be an essential step in forming highly
reactive electrophiles that cause DNA damage and
consequently initiate carcinogenesis. It has been
shown that both N-hydroxy-PhIP and N-acetoxyPhIP can be transported from the liver through the
circulation to extrahepatic tissues where it forms
PhIP-DNA adducts [14] . Therefore, to protect
against PhIP, induction of GST activity in the
liv er is extremely important because it can
eliminate N-acetoxy-PhIP formed in situ and
prevent this ultimate carcinogen from being
transported to the target tissues. This detoxification
pathway may partially explain why the levels of
PhIP-DNA adducts in the colon of rats treated with
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Chinese cabbage were greatly deceased although the
activity of GST in the tissue was not induced.
Brassica vegetables are rich in glucosinolates,
which can be hydrolyzed to isothiocyanates or indoles.
Isothiocyanates and indole derivatives such as indole3 -carbinol are potent inducers of biotransformation
enzymes including CYP1A and GSTs[7]. It was shown
that the levels of glucosinolates in Chinese cabbage
ranged from 170 mg/kg to 1 360 mg/kg[7]. The induction
of CYP1A and GSTs in rats by Chinese cabbage
observed in the present study is lik ely associated with
these compounds. Although CYP1A1 mainly catalyzes
detoxifica tion of PhIP, it may also catalyze activation
of certain carcinogens such as polycyclic aromatic
hydrocarbons (PAHs). In view of this fact, one may
raise a question that consumption of Chinese cabbage
could enhance the carcinogenicity of PA Hs, which
also widely occurs in the environment. However, many
experimental studies have indicated that brassica
vegetables and certain hydrolysis products of their
glucosinolates also have anticarcinogenic properties
against PAHs[7], suggesting that brassica vegetables
may preferentially induce enzymes involving
detoxification of PAHs. In addition, brassica vegetables
also contain many other compounds, which may actvia-different protective mechanisms against chemical
carcinogenesis.
In conclusion, this study indicates a preventive
effect of Chinese cabbage against a colon carcinogen,
PhIP, initiated carcinogenesis in rats, and the mechanism
is likely to involve induction of detoxification enzymes.
In view of this observation and epidemiological evidence,
regular consumption of Chinese cabbage and other
brassicas in diet is highly recommended for reducing
potential cancer risk of PhIP and other heterocyclic amine
carcinogens.
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Abstract
AIM To investigate the relationship between
alanyl-glutamine (ALA-GLN) and glutathione
(GSH) biosynthesis in hepatic protection.
METHODS Twenty male Wistar rats were
randomly divided into two groups: one
receiving standard parenteral nutrition
(STD) and the other supplemented with or
without ALA-GLN for 7 days. The blood and
liver tissue samples were examined after 5fluorouracil (5 -FU) was injected
peritoneally.
RESULTS The concentration measurements
were significantly highe r in ALA-GLN group
than in STD group in serum GLN (687 µmol/
L ± 50 µ mol/L vs 505 µmol/L ± 39 µmol/L,P
<0.05), serum GSH (14 µmol/L ± 5 µmol/L vs
7 µmol/L ± 3 µmol/L, P<0.01) and in liver GSH
content (6.9 µmol/g ± 2.5 µmol/g vs 4.4 µmol/
g ± 1.6 µmol/g liver tissue, P<0.05). Rats in
ALA-GLN group had lesser elevations in
hepatic enzymes after 5-FU administration.
CONCLUSION The supplemented nutrition ALAGLN can protect the liver function through
increasing the glutathione biosynthesis and preserving the glutathione stores in hepatic tissue.
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INTRODUCTION

Glutamine (GLN) was considered as a nonessential
amino acid previously which is most abundant in the
circulation system and in the amino acid pool of the
body. The traditional standard amino acid solution does
not contain glutamine since glutamine is unstable
during sterilization at high temperature. In recent
studies, GLN has also been demonstrated as a
conditional essential amino acid, which plays a central
role in the response to injury; and GLN also supports
acid-base homeostasis[1], maintains the function and
morphology of the gastrointesti nal epithelium [2,3],
preserves the stores of antioxidants in tissues [4,5],
enhances the immune response[6] and augments host
defenses. The standard parenteral nutrition
supplemented with GLN could significantly increase
GSH stores and the survival rate of injured animal
models. Therefore, GLN plays a major role in various
anti-injury processes.
In this study, we used alanyl-glutamine dipeptide
(ALA-GLN) solutions which are stable with the
same biological effects as GLN and selected a
model of 5-FU induced free radical-mediated
hepatic injury, so as to establish a causal
relationship between preservation of hepatic
glutathione stores by glutamine administration and
diminished hepatic injury caused by the toxicity
of chemotherapy.
MATERIAL AND METHODS
Animals

Male Wistar rats (211 g ± 16 g) obtained from
Animal Laboratories of Chinese Academy of
Medical Sciences were allowed to acclimatize
for 5-7 days at constant temperature with a 12
h light/dark cycle. Only those animals demo
nstrating normal food intake and weight gain were
entered into the study. The rats were randomized
to receive either the standard as control (STD,
n = 10) or alanyl-glutamine (ALA-GLN, n = 10)
parenteral nutrition. At the fifth day af ter
catheterization 5-FU, a chemotherapeutic drug,
was administered introperitoneally (100 mg/kg)
for GSH depletion as a model of stress injury and
intestin al inflammation. Animals were killed
o n t he seventh day after catheterization for
harvest of tissue and blood. Mortality rate was assessed.
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Catheterization for parenteral nutrition

The animals were anesthetized with
intraperitoneal sodium pentobarbital (45 mg/kg).
The hair was clipped from the cervical and
interscapular regions, and the skin prepared with
alcohol and povidone-iodine. Under sterile
conditions, a Silastic catheter with an internal
diameter of 0.76 mm and external diameter of 1.
52 mm(Dow Corning Corp, USA) was inserted
into the right jugular vein, advanced into the
superior vena cava, and secured in place. The
catheter was tunneled subcutaneously to the
interscapular region and anchored to the deep f
asia using a stainless steel button and prolene
(Ethicon, USA). After threading the catheter
through a flexible wire sheath, the combined unit
was attached to a swivel apparatus (Instech
Laboratories, Inc. USA) that allowed free
movement of the animal during sustained
intravenous feeding. After recovery from
anesthesia, the animals were housed in individual
metabolic cages.
Diet preparation

Parenteral feeding solutions were prepared in a
laminar flow hood and were sterilized using
membrane filtration (0.22 µm filter) . Stock
solutio ns were prepared on the day of
catheterization and stored at 4 . Both the stand
ard glutamine-free parenteral solution (STD) and
the 3% alanyl-glutamine dipep tide supplemented
solution (ALA-GLN) provided the necessary
calories, nitrogen, vitamins, and minerals required
for the growing rats [7] . The diets were isocaloric
(260 Kcal kg-1- d-1, in which 20% Intralipid
provides 20% calories) and isonitrogenous (1.66
g kg-1 d-1), and differed only in the
composition of alaninyl-glutamine dipeptide (alan
inyl-glutamine 6 g + standard amino acid solution
100 mL + non-protein c aloric solution 100 mL,
i.e. 3% ALA-GLN, equals to 2% GLN). After
catheter ization and recovery from anesthesia,
animals were randomized to receive either the
STD (n = 10) or ALA-GLN (n = 10) parenteral
nutrition at an initial rate of 24 mL/day. On the
second day after the operation, the infusion rate
was increased to 48 mL/day and maintained at
this level throughout the experiment. At 08:00 am
of the fifth day after catheterization, 5-FU was
administered introperitoneally (100 mg/kg).
Animals were killed on the seventh day after
catheterization for harvest of tissue and blood.
Mortality rate was assessed only in those animals
killed at 24 hours.
Harvest procedures

At the time of harvest, animals were weighed and
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an e s t h e t i z e d w i t h i n t r o p e r i t o n e a l s o d i u m
pentobarbital (45 mg/kg) and the skin prepared
with povidone-iodine. Under sterile conditions,
a midline incision was made from the pubis to
the suprasternal notch, and whole blood was
drawn from the right ventricle into a hep
arinized syringe. The whole blood was
centrifuged immediately and plasma obtained
for determination of glutathione, glutamine,
a l a n i n e a m i n o t r a n s f e r a s e ( A LT ) ,
alkaphospholinase (ALP), total and direct
bilirubin concentration. The plasma (200 µL)
added with 86.2 g/L-SSA (5-sulfosalicylic acid
solution 200 mL) was centrifuged for 1 minute
immediately. The supernatant was removed
and stored at -80
for determination of the
reduced glutathione. A 400 mg liver without
capsule was resected from the middle lobe and
immediately placed in a 4.31% SSA solution
with a weight to volume ratio of 1:10. These
samples were then homogenized in a glass
manual tissue grinder. The acid suspension
was centrifuged and the supernatant sample
was removed. For determination of disulfied
glutathione (GSSG), an aliquot of previous
supernatant was mixed with TRIS buffer and
2-vinylpyridine (Sigma Company) to protect
the SH group directly during harvesting. Those
samples were stored at -80 until analysis of
the GSH and the oxidized form of glutathione
(GSSG).
Analytical procedures

Biochemical assay of plasma and hepatocyte cellular
glutathione was based on the “Glutathione,
Glutathione Reductase-DTNB Recycling Method”
originally descri bed by Tietze[8]: 2GSH + DTNB
GSSG + TNB + 2H + ; GSSG+NADPH+H +
2GSH+NADP+.
The principle of the assay is illustrated as follows.
GSH is oxidized by 5,5’-dithiobis-2-nitrobenzoic
acid (DTNB) (Sigma Company), yielding 2-nitro5- thiobenzoic acid (TNB) monitored at 412 nm
spectrophotometrically (UVIKON 930, KO
NTRON INSTRUMENTS); and GSSG is
reduced by nicotinamide-adenine dinucleotide ph
osphate (NADPH, reduced form, Sigma) in the
presence of glutathione disulfide reductase. In
the process, GSH is oxidized to GSSG, and the
reaction is maintained by adding the enzyme
glutathione reductase (Sigma Company) and the
electron don or NADPH, so that the
concentration of GSH is rate limiting. The GSSG
was measured with the samples treated with 2vinylpyridine masking GSH specifically. A
standard curve with known concentration of
glutathione was generated for each sample analy-
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sis. Pla s ma gl u t a m i n e w a s d e t e r m i ne d with
a m i n o a c i d a u t o a n a l y z e r ( M o d e l 11 9 C L ,
B e c k m a n , U S A ) . A LT, A L P a n d t o t a l a n d
direct bilirubin concentrations were assayed
using an automated laboratory analyzer (RA
2000).
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and one rat in STD group died at 34 hours after
drug administration. Although mortality rate
was higher in STD (30%) than in ALA-GLN
animals (10%), there was no significant
difference in mortality rate between the two
groups (P>0.05).

Statistical analysis

All calculations were performed on an Apple
Macintosh SE computer using STATVIEW standard
statistical software. Data were expressed as mean
± standard error. Chi square analysis was used for
mortality data. Other data were analyzed with
ANOVA.
RESULTS
Body weight

Although the body weight loss occurred during
parenteral nutrition (PN) and 5-FU treatment, there
were no significant differences in body weight
between STD and ALA-GLN groups before starting
PN(215.2 g ± 22.5 g vs 207.2 g ± 14.6 g, P>0.05) or
after finishing PN (188.1 g ± 19.9 g vs 190.6 g ±
19.8 g, P>0.05).

Figure 1 Glutathione concentrations in serum and in liver tissue
after 5-FU administration.
a
P<0.05, bP<0.01 as compared with STD.

Plasma glutamine and glutathione

Forty-eight hours after 5-FU administration,
animals in the experimental group had
significantly higher plasma concentrations of
GLN (687.3 µmol/L ± 49.8 µmol/Lvs 504.9
µmol/ L ± 39.6 µmol/L, P<0.05) and GSH (14.
37 µmol/L ± 5.16 µmol/L vs 7.08 µmol/L ± 3.16
µmol/L, P<0.01) than in the control group
(Figure 1).
Hepatic glutathione

Forty-eight hours after durg administration,
hepatic glutathione concentrations were
significantly lowered in the STD group. But
the GSSG level was similar between the two
groups. The GSH concentration was in the
normal range in the ALA-GLN group, but
significantly higher than that in the STD
group (6.9 µmol/g ± 2.5 µ[WTB1]mol/g vs 4.
4 µmol/g ± 1.6 µmol/g liver tissue, P<0.05).
The redox ratio of GSSG/ GSH in ALA-GLN
group was significantly lower than that in the
STD group (0.12 ± 0.03 vs 0.47 ± 0.33, P<0.
05, Figure 1).
Hepatic injury and mortality

Forty-eight hours after drug administration, STD
animals had greater elevations in plasma ALT, ALP
and total and direct bilirubin levels as compared
with the A LA-GLN animals (P<0.05) (Figure 2).
One rat in ALA-GLN group and two rats in STD
group died at 24 hours after drug administration,

Figure 2 Liver function changes after 5-FU administ ration. aP<0.
05 compared with STD group. ×10

DISCUSSION

Glutathione (GSH) is a major antioxidant and a
vital component of host defenses. It protects
tissues from free radical injury via detoxification
of active species and/or repair of injury, and
plays an important role in the metabolism of drugs
and endogenous substances [9] . The depletion of
tissue GSH concentration and protein alkylation
results in the drug toxicity of target tissues. The
drug toxicity to normal tissues limits the
chemotherapy doses.
GSH is a tripeptide consisting of glutamate, cysteine
and glycine. Although experiments showed that
GSH biosynthesis is rate-limited by cysteine during
glutathi one depleted states [10], the availability of
glutamine appears to be important for the regeneration of glutathione stores during our experi-
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ment of hepat ic injury. The reason is that glutamate is
poorly transported into cells. Under various experimental
conditions, the glutamate portion of the molecule is
derived from glutamine. Glutamine is efficiently
transported across the cell membrane and deaminated
in the mitochondria to produce glutamate and NH3.
Glutamate is then transp orted back to the cytosol,
where it is readily available for glutathione synthesis.
GLN is a vital precursor of glutamate for GSH
synthesis.
After 5-FU was administered in our study, STD
animals exhibited a significantly lower glutathione
stores as compared with that in the ALA-GLN
group animals. The concentration of GSH which
was in the normal range in GLN group was
significantly higher than that in the STD group.
Ninety-six hours after chemotheraputic drug
administration, hepatic glutathione concentrations,
GSH concentration and the GSH/GSSG-ratio in
STD animals did not reco ver to the normal range.
The possible reason may be the deficiency of GLN
as a processor for GSH biosynthesis, limiting
glutathione synthesis. This level of GSH depletion
was associated with increased hepatic injury, as
suggested by higher concentrations of hepatic
enzymes. The normal concentration of GSH was
associated with better hepatic function in the
ALA-GLN animals.
These results suggest that 3% ALA-GLN has
equivalent biological and metabolic effects with 2%
GLN[11].The study confirms the important function of
glutamine in the causal relationship between
preservation of hepatic glutathione stores by glutamine
administration and decrease of hepatic injury and
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mortality. This may be due to the mechanism of increased
cellular reduced glutathione through the cell membrane
[12]
. GSH may also protect cells via detoxification by
binding with the toxicant and repairing the injury of
hepacytes.
CONCLUSION

We demonstrated that alanyl-glutamine could protect the
liver function after chemotherapy through increasing the
glutathione biosynthesis and preser ving the glutathione
stores of hepatic tissue.
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Abstract
AIM To study the tumorigenicity of colorectal
cancer cells transfected with B7 gene and the
anti-tumor immunity induced by B7 gene
modified colorectal cancer cells.
METHODS B7 gene was transfected into mouse
colon cancer cell line CMT93. The transfectants
were selected in DMEM containing 800mg/L-G418,
and B7 molecules were detected by
immunohistochemistry. Experiments in vivo include:
5 × 106 B7+ CMT93 cells were inoculated into the
back of C57BL/6 mice subcutaneously to determine
their tumorigenicity (n = 4). As control, wild type
CMT93 cells were inoculated the same as the
experimental group (n = 3). The mice primed by
B7+ CMT93 cells whose tumors vanished were
rechallenged with wild type CMT93 to observe the
immune protection of these mice against the wild
type CMT93 (n = 4). Non-primed 4 native mice
inoculated with wild type CMT93 were used as
control. With in vitro cytotoxicity assay, the mice
were immunized with B7+ CMT93 or the wild typ e
CMT93 by intraperitoneal injection(n = 4 × 2). The spleen
cells and the abdominal cavity infiltrating lymphocytes
were obtained and cultured for two days. Cytotoxicity
of these cells against the B7 gene modified or wild
type CMT93 was detected by MTT assay.
RESULTS B7 high expression clones were obtained
after the transfection of the B7 gene into
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chemistry results showed mainly
membrance staining and partly cytoplasm
staining in B7 gene transfected CMT93 cells.
In vivo-experiments:
After the
inoculation of the B7+ CMT93 cells into the
back of C57BL/6 mice, they lost their
t u m o r i g e n i c i t y g r e a t l y ( P <0.01) . A l l t h e
small tumorsgrowing in the early period in
the experimental group vanished in one
month, and the tumors in control group
grew progressively.
No tumors were
found in all 4 mice primed by B7+ CMT93
cells after they were rechallenged with wild
type CMT93. In the control group all mice
had grown tumors (P<0.05). In vitrocytotoxicity assay, the CTLs induced by B7+
CMT93 had a higher cytotoxity against the
wild type CMT93 than that induced by wild
type CMT93 (P<0.05), and the cytotoxity of
C T L s i n d u c e d b y B 7+ C M T93 a g a i n s t B7+
C M T93 cells was higher than that against
wild type CMT93 cells (P<0.05).
CONCLUSION The results suggest that the
expression of costi mulation B7 molecules
by colorectal cancer cells can decrease
their tumorigenicity greatly, and the B7
molecule can augment the activation of the
CTLs against colorectal cancer, and it plays
an important role in CTL effector function
as well.

INTRODUCTION

For efficient activation of T cells, two signals are
required. The first antigen-specific signal is meditated
by the T cell receptors after their interaction with
peptide-MHC complexes. The second signal is
antigen-nonspecific costimulatory signals, such as
that delivered by the CD28 molecule on the T cells
interac ting with B7 molecule on the APCs[1]. When
tumor antigen is presented to T cells, there are three
distinct pathways to deliver costimulatory signals:
trans-costimulation, cis-costimulation and transfer
cis-costimulation. Among them, the ciscostimulation in which two signals are delivered by
one tumor cell simultaneously is the most efficient
mode [2]. Usually, B7 molecule is not expressed on
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the surface of most tumor cells, so tumor antigen
can not activate T cells by cis-costimulation. After
the tumor cells were transfected with B7 gene
however, efficient anti-tumor immunity can be
induced by cis-cost imulatory mode. The mice
primed with B7 gene modified tumor cells can reject
not only B7 gene modified tumor cells, but also the
wild type tumor cells [3,4]. Our experimental results
showed that after the transfection of colorectal
cancer cells CMT93 with B7 gene, the
tumorigenicity of the B7 gene modified tumor cells
decreased, and B7 molecules augmented the
immunity against tumor cells.
MATERIALS AND METHODS
Materials

Male or female C57BL/6 mice, 6.8 weeks old,
were purchased from Shanghai Experimental
Animal Center of Chinese Academy of Sciences.
Colorectal cancer ce ll line CMT93 was bought
from ATCC. Plasmid pLNSX containing mouse B7.
1 gene (p LNSXB7) was provided kindly by Dr.
CHEN Lie-Ping et al [5] . Rat IgG anti-mouse B7
molecule was purchased from Pharmingen.
Alkaline phosphatase-conjugated goat IgG anti-rat
Ig was bought from Organon Teknik. G418 was
obtained from Gibco.
Transfection of tumor cells

Plasmid pLNSX-mB7 was constructed by cloning
murine B7 PCR product into the PCRTM II vectors
and then subcloning it into retroviral vector pLNSX
[5]
. Plasmid was transfected into colorectal cancer
cells CMT93 by electroporation. After
transfection, the CMT93 cells were selected in
DMEM containing 800 mg/L-G418. Two weeks
later, the G418-resistant cells were cultured in
DMEM containing 400 mg/L-G418.
Immunohistochemistry analysis

Colorectal cancer CMT93 cells were digested and
cultured in 8-room Slide Chamber (Costar). The
immunohistochemistry analysis was performed when
the cells were confluent to 50%-60%. Briefly,
CMT93 cells were fixed with 0.15% glutaraldehyd
e solution for 15min at room temperature, and rinsed
3 times with PBS (0.01 M, pH 7.2). Then the cells
were incubated for 2 h at 37 with rat IgG anti
mouse B7 molecule antibody (1:200 dilution). After
rinsed with PBS for 3 times, the cells were incubated
for 1 h at 37 with alkaline phosphatase- conjugated
goat IgG anti-rat Ig (1:50 dilution). The cells were
rinsed with PBS 3 times again, and the staining
substrate NBT/BCIP (10:1) was added. The cells
were stained for 30 min at room temperature. Then
the cells were rinsed by PBS to terminate the reaction.
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Tumorigenicity of B7 gene transfected cells

The B7+ CMT93 (CMT93-B7) or wild type CMT93
cells were digested when they grew confluent to
95%. Four mice were inoculated with 5 × 10 6
CMT93-B7 cells in their backs. Three mice were
inoculated with 5 × 106 wild type CMT93 cells as
control. Ten days later, the grown tumors were
observed, and the long and short diameters of the
tumors were measured by caliper (0.02 cm) every
two days.
Immune protection

Four mice rejecting the initial inoculation of
CMT93-B7 tumor cells were rechallenged with
2.5 × 10 6 wild type CMT93 cells in their backs
by subcu tanous injection. Four non-primed mice
were inoculated with 2.5 × 10 6 wild type CMT93
cells in their backs as control. After five days,
when the tumors in control group became
palpable, all mice were examined to see whether
the tumors existed or not, and the long and short
diameters of the tumors were measured by caliper
every three days. One month later, when the
tumor size was approximately 1.5 cm × 1.5 cm,
all mice were killed.
In vitro cytotoxicity

Four mice were primed with 5 × 10 6 CMT93-B7
cells by intraperitoneal injection. Another four mice
were primed with 5 × 10 6 wild type CMT93 cells
as control. Seven days after injection, all mice
were killed with their abdominal cavities rinsed with
5 mL-Hank's solution. All cells taken from the
abdominal cavities were cultured in RPMI 1640
medium supplemented with 10% FCS. After two
days of culture, the macrophages and the nonrejected tumor cells were removed by adherence,
and the cytotoxicity of CTL from abdominal cavities
against CMT93-B7 cells and wild type CMT93 cells
were detected by MTT assay [6] . In ad dition, the
spleen cells were prepared from all CMT93-B7 or
wild type CMT93 primed m ice, and their
cytotoxicity against CMT93-B7 cells and wild type
CMT93 cells were detected as well.
RESULTS
Identification of plasmid pLNSX-B7

Plasmid pLNSX is a retroviral vector[3]. There is a Hind
III site in front of and behind the inserted B7 DNA
fragment respectively. Figure 1 shows that pLNSXB7 was cleavaged into two fragments after the
digestion with Hind III. They represented plasmid DNA
and B7 DNA respectively.
Immunohistochemistry staining

Positive staining was found in G418-resistant
CMT93-B7 cells. The positive staining was mainly
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located in the cell membrane, and some plasma
staining was found as well (Figure 2). The percen
tage of staining of CMT93-B7 cel ls was 62%.
The percentage of staining of wild type CMT93
cells was less than 5% (Figure 2), so we considered
this wild type cells did not express B7 costimulation
molecules.
Tumorigenicity of CMT93-B7

After inoculattion with 5 × 10 6 tumor cells, all
mice grew palpable tumors on the seventh day.
Then the tumors of the mice in the control group
grew progressively. Yet the tumors of the mice
in the experimental group shrank gradually from
the second week. The tumors of the four mice in
the experimental group disappeared on day 12,
day 14, day 14 and day 32 respectively. The size
of the biggest tumor was 0.996 cm × 0.302 cm
(No 4, on day 12). By unpaired Student’s t test,
significant difference was found between the
data from the experimental group and the control
group in each measurement (P<0.01, Figures 3
and 4).
Protective immunity

Four mice primed with CMT93-B7 were rechallenged
with 2.5 × 106 wild type CMT93. From day 1 to day
32 after rechallenge, no tumor was found in them.
In the control group, however, tumors were found in
all the four mice injected with 2.5 × 106 wild type
CMT93 cells on day 7. In the second week, the
tumors in the control group shrank partly. Among
them, one tumor was rejected completely on day 16,
but the others grew progressively from the third
week. By unpaired Student’s t test, significant
difference was found between the data from
experimental group and control group in each
measurement (P<0.05, Figure 5).
In vitro cytotoxicity

Inoculation of CMT93 or CMT93-B7 cells in the
mice by intraperitoneal injection induced
infiltration of lymphocyte in abdominal cavities,
but the infiltrating lymphocytes induced by
inoculation of CMT93 were less than that induced
by ino culation of CMT93-B7 (data not shown).
The cytotoxicity assay showed that the a
bdominal cavity infiltrating lymphocytes induced
by CMT93-B7 were more cytotoxic against
CMT93 than that induced by wild type CMT93.
The results of the spleen cells were the same as
the abdominal cavity infiltrating lymphocytes
(Figure 6). Moreover, the cytotoxicity of abdominal
cavity infiltrating lymphocytes i nduced by CMT93B7 against CMT93-B7 was higher than that
against wild type CMT93. These results suggested
that B7 molecule might play an important role in
CTL cytotoxicity.

Figure 1 Electrophoretic result of plasmid pLNSXmB7. After
digestion by Hind III, pLNSX-mB7 was cleavaged into two
fragments. They represented plasmid DNA and B7 DNA
respectively.
Lane 1: /Hind-III marker; Lane 2, 4: pLNSX-mB7 digested by
Hind III; La ne 3, 5: pLNSX-mB7 non-digested; Lane 6: 100bp
ladder marker
Figure 2 Results of immunohistochemistry. ×100
The left is the staining of CMT93-B7 cells. Positive staining is mainly
located in the cell membrane. The right is the negative staining of
wild type CMT93 cells.
Figure 3 Tumorigenicity of CMT93-B7 (I).
In the left experimental group, all the four mice rejected the
tumors completely. In the right control group, one big tumor
was found in each mouse. The arrows showed the location of the tumors.
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Figure 4 Tumorigenicity of CMT93-B7(II).
The tumors in control mice injected wild type CMT93 grew
progressively (n = 3).
 The tumors in experimental mice inoculated CMT93-B7 vanished
gradually (n = 4, P<0.01 compared with control group).

WJG

April

1999

Volume 5

Number 2

Figure 7 Cytotoxicity of spleen cells against tumor cells.
A: Cytotoxicity of CMT93-B7 induced spleen cells against CMT93B7 tumor cells, n = 4.
B: Cytotoxicity of CMT93-B7 induced spleen cells against CMT93 wild type tumor cells, n = 4.
C: Cytotoxicity of CMT93 induced spleen cells against CMT93
wild type tumor cells, n = 4.
By paired Student’s t test: A is different from B significantly, P<0.
05; B is different from C significantly, P<0.01.

DISCUSSION

Figure 5 Protective immunity.
 In control group, four native mice injected 2.5 × 106 wild type
CMT93 cells, one mouse’s tumor vanished. Three mice’s tumor
grew progressively.
 In experimental group, four mice primed with CMT93-B7 were
rechallenged with 2.5 × 106 wild type CMT93 cell, and no tumors
were found. (P<0.05 compared with control group).

Figure 6 Cytotoxicity of abdominal cavity infiltrating lymphocytes
(ACIL) against tumor cells.
A: Cytotoxicity of CMT93-B7 induced ACIL against CMT93-B7
tumor cells, n = 4 .
B: Cytotoxicity of CMT93-B7 induced ACIL against CMT93 wild
type tumor cells, n = 4.
C: Cytotoxicity of CMT93 induced ACIL against CMT93 wild
type tumor cells, n = 4.
By paired Student's t test: A is different from B significantly, P
<0.05; B is different from C significantly, P<0.05.

Tumor-bearing host can not reject tumor cells
efficiently. The unresponseness of T cells to tumor
antigens should be considered as ignorance rather
than tolerance [7] . Three critical parameters
contribute to the ignorance of the immune system.
They are low levels of antigen presentation, lack of
availability of costimulation signals, and a relatively
low frequency of relevant CTL precursors[7]. These
factors may play a role singly or simultaneously. B7
molecules deliver costimulation signal in three
different ways. Among them, the cis-costimulation
is the most efficient mode [2].
Tumor cells expressing B7 molecules activate T
cells by cis-costimulation. In this process, tumor’s
antigenicity is required. The tumor cells without
antigenicity or with poor antigenicity can not
induce efficient anti-tumor immunity though they
express B7 costimulation molecules [5] . CMT93 is
a weak immunogenicity cell line. We found that
its tumorigenicity decreased greatly after the
transfection with B7 gene. The inoculated
CMT93-B7 tumor cells proliferated and formed
some palpable tumors in the early stage after
inoculation. But a short time later the tumors
disappeared completely. Yet in the control group,
all tumors grew progressively (Figure 4). The
reason why CMT93-B7 cells formed some small
tumors in the early stage after inoculation is that
the immune system of the host needs a short time
to recognize the tumor antigen and to produce
immune response to the tumor cells.
B7 gene transfected tumor cells can induce a strong
anti-tumor immunity. The mechanism is that in the
presence of B7 costimulation, the CTL clones
against the domain epitopes of tumor cells are am-
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plified more greatly than ever, and more importantly
the CTL repertoire against subdomain epitopes of
tumor antigen is expanded. Chen[2] considered that
besides providing a unique signal for T cell activation,
B7 costimulation may also reduce the threshold of
interaction between peptide-MHC complex and TCR
which is required for CTL activation. So the
subdomain epitopes which usually can not activate
T cells induce T cell activation. In this study, we
found that the tumors growing initially after the
inoculation of CMT93-B7 vanished in a short time,
and the mice primed with CMT93-B7 rejected the
rechallenge of wild type CMT93 completely. It
suggested that when wild type tumor cells
rechallenged the mice primed with B7 expressing
tumor cells, T cells had already been activated, so
the rechallenged wild type tumor cells could be
rejected quickly and completely[8].
B7 costimulation signal is needed for T cell
activation. During T cells displaying their effector
function, this signal is considered no longer required,
but few exceptions have been reported [9]. In the
rechallenge experiment, the mice primed with
CMT93-B7 rejected the rechallenged wild type
CMT93 cells completely. The activated CTL from
primed mice can kill the wild type tumor cells. In
cytotoxicity experiment in vitro, the CTL induced
by CMT93-B7 had a higher cytotoxicity against
CMT93-B7 than against wild type CMT93 (Figures
6, 7). This phenomenon showed that B7 molecules
play an important role in effector function. The
mechanism may be that the interaction of B7 with
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CD28 promoted the lymphocyte adherence to target cells,
and that the interaction of B7 with CD28 promoted the
combination of peptide-MHC with TCR, i.e., B7
costimulation reduced the threshold of interaction
between peptide-MHC complex and TCR. Acco rding
to the above results, we consider that the CTL induced
by B7 positive tumor cells can kill wild type tumor cells,
and the B7 molecules can augment the cyt otoxicity of
CTL against tumor cells.
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Abstract
AIM To study the significance of C-erbB-2
oncogene amplification in gastric cancer.
METHODS C-erbB-2 oncogene amplification was
examined by using differential polymerase chain
reaction (dPCR) in surgical and endoscopic
specimens of 83 cases of gastric cancer and 101
metastatic lymph nodes.
RESULTS C-erbB-2 amplification was found in
28.9% (24/83) surgical specimens and 20.5% (17/
83) endoscopic ones of gastric cancer patients.
The amplification was significant in both types
of specimens of advanced cancer cases (P<0.05)
and surgical specimens with lymph node
metastasis (P<0.01). The incidence of C-erbB-2
amplification in lymph nodes with metastasis was
higher than in primary sites (surgical specimens,
P<0.05). The patients with amplification tumors
had poorer 5-year survival rates than those with
unamplification ones in the early cancers and well
to moderately differentiated adenocarcinomas
(P<0.05). The same surgical samples were tested
again by Southern blot hybridization to
ascertain C-erbB-2 amplification, and the
positive rate of C-erbB-2 amplification (15.7%)
was lower than that of dPCR (28.9%, P<0.05).
CONCLUSION Examining C-erbB-2 amplification
by dPCR is a quick, simple, reliable and
independent method, and is helpful in predicting
prognosis and metastatic potential of gastric
cancer.
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INTRODUCTION

Human proto-oncogene, C-erbB-2, has been showed
to share homology with the closely related V-erbB
oncogene and with the epidermal growth factor
receptor (EGFR) by DNA sequence analysis. The
amplification of C-erbB-2 gene is frequen tly found
in many cancers and has relation to the gene protein
overexpression in cancer cells. In breast cancer, the
C-erbB-2 amplification or protein overe xpression of
C-erbB-2 is a signal of poor prognosis and in gastric
cancer, the ?overexpression of C-erbB-2 protein
examined by immunohistochemistry has relat ion to
differentiation, progress and metastasis of tumor[1].
The current study was designed to examine the
possible association between the amplification of CerbB-2 gene which was examined by differential
polymerase chain reaction (dPCR) and
clinicopathologic features of gastric cancer. We
compared the dPCR with Southern blot analysis, in
order to demonstrate its superiority, reliabilit y and
practical value.
MATERIALS AND METHODS
Clinical samples

The surgical and endoscopic biopsy specimens
and 101 metastatic lymph nodes in 83 patients
with resected gastric cancers diagnosed
pathologically were collected. All specimens and
normal gastric mucosa for control were
immediately washed to remove blood and fat, and
stored in liquid nitrogen.
Reagents and primer synthesis

Taq DNA polymerase and a C-erbB-2 probe were
obtained from Promega (U.S.A.) and Wako Pure
Chemical Industries (Japan) respectively. The human
C-erbB-2 pri mers were:A:5’-ACGTCTA AGATTTC
TTTGTT 3’, B:5’-ACCTTGGCAATCTGCAT AC A
3’.The β-actin primers were: A:5’C A A A G A C C T C ATA C G C T TA C A 3 ’ B : 5 ’ ATAAGCCATGCCAAAGTG ATC-3’. The amplif
ying DNA fragments of above two pairs of primers
were 104bp and 296bp respectively and all primers
were synthesized in the Cell Biology Re search
Institute of Shanghai.
DNA extraction and dPCR examination

Total DNA from cancer, normal mucosa and
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metastatic lymph node cells were extracted by
using the phenol-chloroform method. The purity
and content of DNA extracted were examined
by spectrophotometer analysis. The dPCR was
manipulated according to the article [2] in detail.
A total amount of 25 µL- reaction solution
contained 0.1 µg DNA sample and 0.05 nmol/Lof each pair primers. The amplification of CerbB-2 and β-actin was carried out in one
reaction system and PCR procedure was as
follows: predenaturation at 95
for 5 min,
addition of Taq DNA polymerase, denat uration
at 94 for 60 s, annealing at 52 for 60 s and
extension at 72 for 50 s, and the thermal cycles
from denaturation at 94 to extension were
repeated 30 times. Then 10 µL DNA amplificating
product was subjected to electrophoresis in 4%
agarose gel, stained with ethidium bromide and
observed under ultraviolet light. The level of
amplification was determined by densitometry
(Beckman CD2000). The number of gene copy
was calculated according to the ra tio of the OD
value of C-erbB-2 and that of β-actin and the
ratio × 296/104 was thought to be corrected
number of gene copy.

surgical and seventeen endoscopic specimens of 83 cases
with gastric cancer showed a positive gene amplification
and the multiples of amplification were within the extent
of 2-33 and 2-29 in the two types of specimens
respectively. No difference in the incidence of positive
rate of amplification was found between surgical and
endoscopic specimens.
The cases of gastric cancer with positive C-erbB2 amplification in endoscopic specimens were all
associated with positive amplification in their surgical
ones. The amplification of C-erbB-2 was correlated with
the depth of invasion (in the both types of specimens, P
<0.05) and lymph node metastasis (only in surgical
specimens, P<0.01), but not correlated with the age, sex,
gross appearance of tumor and liver metastasis in cases
with gastric cancer. C-erbB-2 amplification was detected
more often, but not to a significant extent, in wellmoderately differentiated adenocarcinoma ( χ2 = 3.75,
P>0.05).

Southern blot analysis

Age (yr)
<60
60
Sex
Male
Female
Gross appearance
Borrmann1
Borrmann 2
Borrmann 3
Borrmann 4
Depth of invasion
Early cancer
Advanced cancer
Differentiation
Well-mod
Poor
Lymph node metastasis
Positive
Negative
Liver metastasis
Positive
Negative

DNA from surgical specimens was digested
with EcoR-I, and 10 µg of completely digested
DNA was subjected to electrophoresis in 0.8%
agarose gel and then denatured, neutralized,
and transferred to nylon filters. According to
classical Southern blot hybridization[3], the filters were
hybridized with 32 P-labled C-erbB-2 cDNA probes. DNA
from normal gastric mucosa was used as a control. After
hybridization, the filters were washed and exposed to XAR5 film. The level of amplification was determined by
densitometry, and the densitometric signals of all the bands
were summed up.
Statistical analysis

Th e significance of differences among groups
was determined by the χ2 test. Five-year
survival rate was calculated by Kaplan- Meier
method and tested with Log-rank method.
RESULTS
C-erbB-2 amplification of dPCR in surgical and
endoscopic specimens of gastric cancer
(Table 1)

Within the extent of 0.17-0.49 (99% convincing
range) was the numbers of gene copy of C-erbB-2
in 30 control cases (normal gastric mucosa). After
multiplic ating 296/104, the extent of the number
was corrected to be 0.48-1.39. Every case with the
number of gene copy of C-erbB-2 over 1.39 was
thought to be of gene amplification. Twenty-four

Table 1 Relationship between clinicopathologic features and
incidence of C-erbB-2 amplification
Variable

Case number

C-erbB-2 amplification (%)
Surgical
specimen

Endoscopic
specimen

16
67

(31.3)
19(28.4)

4(25.0)
13(19.4)

51
32

15(29.4)
9(28.1)

10(19.6)
7(21.9)

8
37
32
6

3(37.5)
9(24.3)
10(31.2)
2(33.3)

2(25.0)
7(18.9)
7(21.9)
1(16.7)

28
55

4(14.3)a
20(36.4)

2(7.1)a
15(27.3)

45
38

17(37.8)
7(18.4)

12(26.7)
5(13.2)

21
62

11(52.4) b
13(21.0)

7(33.3)
10(16.1)

13
70

6(46.2)
18(25.7)

4(30.8)
13(18.6)

Compared with the other results of same variable group, aP<0.05;
b
P<0.01. Well-mod: Well to moderately differentiated carcinoma;
Poor: Poorly differentiated carcinoma.

C-erbB-2 amplification at primary sites and in
metastatic nodes of gastric cancer

Regardless of the presence or absence of C-erbB2 amplification at the primary site, the rate of CerbB-2 amplification in lymph nodes with metastasis
(44.6%) was significantly higher than that at
primary sites (28.9%, P<0.05).
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Gene amplification examined by Southern blot

DISCUSSION

The rate of C-erbB-2 amplification (15.7%, 13/
83) examined by Southern blot was significantly
lower than that (28.9%) examined by dPCR in
surgical specimens of gastric cancer (P<0.05). CerbB-2 amplification was detected by using dPCR
in 12 of 13 amplification cases examined by
Southern blot.

In recent years, some studies have revealed a
correlation of C-erbB-2 amplific ation with poor
prognosis in breast or gastric cancers. However,
there are few systematic studies about C-erbB-2
changes in gastric cancer in China. In the current
study, the C-erbB-2 amplification were observed
in 24 surgical specimens of 83 cases by dPCR.
High rates of the gene amplification in advanced
cancers showed a tendency to deep invasion in
such cancers. C-erbB-2 amplification seemed to
exist more often in cancers with nodal involvement
than in those without. T herefore, cancers with
the amplification might have a tendency to show
a greater degree of lymph node metastasis. Recent
studies have showed that p185, the protein
products of C-erbB-2, which is located in
microvillus and pseudopodia of cancer cells is able
to accelerate cell movement. Amplification of CerbB-2 mig ht therefore be related to the
regulation of cancer cell invasion and metastasis
[4]
. In the present study C-erbB-2 amplification
was found more often in well to moderately
differentiated cancers, suggesting its correlation
with cell differentiation; such a result was similar
to the report of Yokota[5] . Our result also showed
that the incidence of C-erbB-2 amplification in
metas tatic lymph nodes was higher than that at
the primary sites. Therefore, the gene amplification
might be related to nodal involvement of gastric
cancer, and the oncogene possibly allowed the
cancer cells to spread from the primary site to
lymph nodes. The activated C-erbB-2 gene has
been indicated to enhance the metastatic potential
of colon cancer cells, suggesting participation of
the gene in the metastasis process [6]. In a 5-year
follow-up of all cases, we found that there was
no difference in prognosis between cases with CerbB-2 amplification and those without. But in
cases of early and well to moderately different
iated gastric cancer, patients with C-erbB-2
amplification tumors were found to have a worse
prognosis than those without amplification, perhaps
because of the greater degree of deep invasion
and lymph metastasis in C-erbB-2 amplificati on
tumors.
The dPCR in the current study is a semi-quantitative
analysis which can be used to detect gene changes
rapidly and sensitively without using isotopic
technique[7]. The basic property of dPCR is that both
the target gene samples to be tested and the
monocopy reference gene in PCR are run in one
reactive system. The amplification copy number of
the sample gene DNA is calculated on the basis of
the ratio of OD values of amplifying products of the
sample and reference genes. As compared with
Southern blot hybridization, dPCR is simpler, needs

Association between C-erbB-2 amplification in
surgical specimens of gastric cancer and
prognosis of the patient

No difference between the 5-year survival rates
of gastic cancer patients with C-erbB-2
amplification and those without was found. The
5-year survival rates of patients with the gene
amplification tumors and those without were 50.
0% and 95.8% respectively for early cancers, 47.
1% and 78.6% respectively for well to
moderately differentiated adenocarcinomas.
Thus, the prognosis was significantly worse
among patients with C-erbB-2 amplification
tumors than among those without amplification
in the early cases (P<0.05, Figure 1) and in the
well to moderately differentiated cancers (P<0.
05, Figure 2).

Figure 1 Survival curves for patients with early can cer with CerbB-2 amplification (n = 4) and for those with no C-erbB-2 amp
lification (n = 24, P<0.05).
Figure 2 Survival curves for patients with well-moderately
carcinoma with C-erbB-2 amplification (n = 17) and for those
with no C-erbB-2 amplification (n = 28, P<0.05).

JI Feng, et al. C-erbB-2 oncogene amplification

less sample or DNA and no isotope, and causes
less error. Although less amount of DNA from
endoscopic specimens was used in dPCR, the
rate of C-erbB-2 amplification reached 20.5%
and was not significantly lower than that done
with surgical specimens. Our results indicated
that the prognosis of gastric cancer might be
predicted preoperatively by using dPCR to
examine C-erbB-2 amplification. The rate of CerbB-2 amplification was significantly higher by
using dPCR than using Southern blot hybridization
in surgical specimens. These results prove that
dPCR is a highly sensitive method. Therefore
examining C-erbB-2 amplification by dPCR might
be helpful in predicting prognosis and metastatic
potential of gastric cancer, especially early and
well to moderately differentiated cancers.
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Abstract
AIM To evaluate the curative effect of
pylorus and pyloric vagus-preserving
gastrectomy (PPVPG) on peptic ulcer.
METHODS Treating 132 cases of GU and DU
with PPVPG, and com parative studies made
with 24 cases treated with Billroth I (B I) and
20 cases with Billroth II (B II); advantages
and shortcomings evaluated.
RESULTS Not a single death after PPVPG.
No recurrence of the disorder in the
subsequent follow-up for an average of 6.5
years. Curative effect (visik I-&-II) 97.7%.
Acidity reduction similar to that found in B I
and B II, but 97.7% of the B I and all B II cases
having more than second degree intestinal
fluid reflux, in contrast to 7.1% in PPVPG
cases. Dumping syndrome occurred in the B
I and B II cases, none in PPVPG cases. With
regard to gastric emptying, food digestion,
absorption, body weight and life quality,
PPVPG proved to be superior to Billroth
procedure.
CONCLUSION PPVPG has the advantages of
conventional Billroth gastrectomy in
reducing acid, removing ulcer focus, and
at the same time preserves the pylorus
and pyloric vagus for maintaining the
normal gastric physiological function.
Dumping syndrome, intestinal fluid reflux
and other complications of conventional
gastrectomy may be avoided.
1

Surgery Department of the Second Clinical College, Shanxi Medical
University, No.382, Wuyi Road, Taiyuan 030001, Shanxi Province,
China
2
The Third Shanxi Provincial People’s Hospital
LU Yun-Fu, M.D. male, born on Dec 15,1949 in Wuyuan County,
Jangxi Province, China, Han nationality,graduated from Shanxi Medical
University in 1976, now head of surgery department,engaged in
gastroduodenal and liver diseases, having 69 papers published.
Correspondence to: LU Yun-Fu, Surgery Department of the Second
Clinical College, Shanxi Medical University, No.382, Wuyi Road, Taiyuan
030001, Shanxi Province, China
Received 1998-08-20

INTRODUCTION

Subtotal resection of stomach (Billroth, 1881), usually
referred to as the conve ntional procedure, has been
used for over 100 years in the surgical treatment of
peptic ulcer. However, such operation, owing to the
loss of pyloric function, often causes postoperative
problems, such as rapid gastric emptying, dumping
syndrome, intestinal content reflux, indigestion, poor
absorption, etc. In order to avoid such complications to
the fullest extent, we designed the PPVPG and did
repeated animal experiments before its clinical
application in January 1988. Since that time we treated
132 cases of gastric and duodenal ulcers with gratifying
results, with 44 cases treated with Billroth operation
for comparison.
MATERIALS AND METHODS
Patients

The patients under treatment were 121 males and 11
females, 17-67 years old, medium age 46. They had
ulcer histories from 1 year to 31 years, averaging 8.3
years. Most (97%) of them had symptoms, such as
pains in the upper abdomens, nau sea and vomiting,
poor appetite, acidic cructation and heartburn. They
took medi cines regularly as part of the treatment.
Film takings of the digestive tracts with barium meal
and gastroscopy indicated the presence of ulcers, in
diameters area of 10 mm-30 mm(51 gastric and 81
duodenal including four cases of compound ulcers).
Pylorus stenosis occurred in 4 cases, and duodenal
stenosis in 3 cases.
PPVPG technique

The operation started with dissecting the greater
currature from a point 2 cm above the pylorus to
the last two branches of the left gastroepiploric
artery. The lesser close to the gastric wall, was set
free by dissection. The arterior and posterior vagal
trunks, hepatic branches and the last 2-3 branches
of Lataget vagus innervating the pyloric region,
together with attached blood vessels, were carefully
preserved; only the vagus branches innervating the
body of th e stomach and blood vessels were
selectively excised. With the upper part of the
gastric body cut off, we sutured the out-edge-of
the lesser curve side conven tionally in one layer,
reserving 3.5 cm of the greater curve side for
anastomosis. The antral cut-edge was trimmed to a
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concave shape. The antral seromus cular layer from
the lesser curvature to the greater curvature where
Latarget nerve senter were preserved. The antral
mucosa 7 mm-10 mm-proximal to the pyloric ring was
excised, and then the mucosal edge 6 cm proximal to
the pyloric ring was sutured round all layers of cut edge
near the greater curvature (stoma for anastomosis). The
antral seromuscular flap with attaching vagus branches
was sutured to the region of anastomosis (Figure 1).
Treatment of the ulcer focus. The ulcer was resected
together with large part of the stomach in 47 cases;
longitudinal section and transverse suture were done
in 42 cases of duodenal ulcer and the ulcer of pyloric
canal; in 4 cases of bulbar posterior duodenal
penetrating ulcer, we freed the back wall of duodenum
and t he ulcer was transversely sutured, the 4 cases of
gastric and duodenal compound ulcers were treated
respectively according to the afore-mentioned principle;
in those cases with concurrent duodenal or pylorus
stenosis, 3 cases were treated with duodenoplasty and
4 cases with pylorus dilatation; and no particular treatm
ent was given in 28 cases, and the ulcers were allowed
to heal by themselves.
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Table 3 Serum gastrin concentration before and after operation
(x±s, ng/g)
Operation mode

n

Preoperation

Postoperation

PPVPG

64

284.9±52.5

129.5±11.3b

BI
B II

24
20

299.2±45.0
260.0±64.3

124.8±18.0b
136.8±46.8b

b

P<0.01, vs preoperation.

Gastric emptying time

A test meal consisting of noodles soup 150 g + 100 g
barium sulfate was given to patients of different groups
4 weeks after operation. A normal gastric complete
emptying time was seen in 81.8% of the PPVPG group,
50% of the B I gro up and all cases of the B II group in
which complete emptying occurred in 30 minutes. The
results demonstrate that the conventional subtotal
gastrectomy with Billroth anastomosis has the
disadvantage of greatly quickened gastric emptying time.
Furthermore, 9.1% gastric retention occurred in Billroth
operation, whereas only 2.3% (3/132) of the PPVPG
patients had such complication.

RESULTS

Dumping syndrome

PPVPG has been done in 132 patients with peptic ulcers.
Comparative studies were made between PPVPG and
Billroth procedures (B I 24 cases and B II 20 cases).

Three months postoperatively, patients with one of the
following three complaints were suggestive of having
dumbing syndrome: a. postprandial dizziness, b. cold
sweating and c. palpitation [2]. Thus, the dumping
syndrome was noted in 16.7% of the B I group and 15.0%
of the B II group, but in none of the PPVPG group.

Reduction of gastric acid

Postoperative examinations (10-15 days) of gastric juice
and serum gastrin were carried out in 64 patients. By
comparing with the preoperative basic level, the mean
basic acid output (BAO) reduction rate was 70.5%, and
the mean maximal acid output (MAO) reduction rate
76.3%. The above two indices and postprandial se rum
gastrin reduction rate were more or less similar to those
in cases undergoing B I and B II operations in the same
period (Tables 1, 2 and 3).
Table 1 Basic acid output before and after operation (x±s,
mmol/L)
Operation mode

n

Preoperation

Postoperation

PPVPG
BI
B II

64
24
20

7.75±2.43
7.51±2.76
7.21±2.58

2.29±1.25b
2.16±1.28b
2.06±1.23b

Duodenogastric reflux

Four weeks after the operation, duodeno-gastric reflux
was measured by dynamic scanning by means of
intravenous injection of 99 mTc-EHIDA 185MBq
(5mci). The degree of reflux was divided into six grades,
and only those higher than grade II had an apparent
clinical value[3]. In 96 patients after PPVPG, only 7 (7.
3%) had reflux to a small extent, with no clinical
symptoms; whereas those undergoing B I and B II, reflux
occurred in 97.9% of the patients (Figure 2, Table 4),
either with or without subjective symptoms. Bacterial
cultures of the gastric juice were positive in all cases
with reflux.
Table 4 Duodenogastric reflux (n)

b

P<0.01, vs preoperation.
Reflux indexes grades (%)

Table 2 Maximal acid output before and after operation (x±s,
mmol/L)
Operation mode
PPVPG
BI
B II
b

n
64
24
20

P<0.01, vs preoperation.

Preoperation

Postoperation

66.23±13.76
67.21±20.23
66.18±7.19

15.68±5.53b
15.96±10.32b
16.15±11.04b

Operation mode n
I
II
III
IV
V VI Total
<5% -10% -20% -30% -40% >40%

PPVPG
BI
B II

84
24
20

6
0
0

0
6
0

0
7
5

0
5
6

0
5
4

0
0
5

6
23
20

%

7.1
95.8
100.0

Significantly different from groups PPVPG and B I and B II
(P<0.005, χ2 = 99.6608). No marked difference between groups B
I and B II (P>0.05, χ2 = 0.8536).

158

ISSN 1007-9327

CN 14-1219/ R

Figure 1 Schema of PPVPG. I a: Vagus preserved; I b: antral
mucosa stripped region; I c: stomach resection region.
II a: the antral mucosa 7mm-10mm proximal to the pyloric ring is
excised; II b: the distal mucosal edge is sutured round all layers of
the cut edge near the greater curvature (stoma for anastomosis); II
c: antral seromuscular layer is sutured to the region of anastomosis.

Digestion and absorption of food

Beginning on the 7th postoperative day, the patients
were given a specially prepared diet for 4
consecutive days. It was discovered that diarrhea
occurred in 11.4% of the cases with the Billroth
operations, but in none of the cases with PPVPG;
the amount of fat globules in the stool of PPVPG
cases was much less than that in B I and B II cases;
the postoperative urinary nitrogen excretion was
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Figure 2 Intestinal content reflux after an intravenous injection of
99
mTc-EHIDA resulted from different operation modes.
A. No reflux resulted from PPVPG; B. Reflux resulted from B I; C.
Serious reflux resulted from B II.

13.1gm per day in the PPVPG cases, 17 gm in B I
cases and 20.1 gm in B II cases. These results
suggested that patients undergoing Billroth
operations had relatively poorer function of
digestion and absorption, and their catabolism
increased; and body weight was measured three
months before and after operations, 92.8% of the
patients with PPVPG showed no body weight loss, a
result much better than 79% with BI and 65% with BII.

LU Yun-Fu, et al. Gastroduodenal ulcer treated by gastrectomy

Follow-ups

Through phone calls or by mails and re-examinations
at the outpatient department, our follow-ups have
lasted over a period of 1-10 years, averaging 6.5
years as a whole. To our satisfaction, no ulcer
relapses or complications have been found in the
surveys of 132 patients, Visik grades I, II 97.7%.
Gastroscopic examinations done in 72 (54.5%) of
132 patients showed a complete disappearance of
the original ulcer foci together with normal remanent
gastric mucosa and pylorus.
DISCUSSION

Despite different explanations for the causation and
evolution of peptic ulcer, acknowledged explanation for
gastric acid is involved. Therefore, a reduction of gastric
acid secretion is regarded as the principle of surgical
treatment of ulcer. In the conventional Billroth operation,
this point has been fully asserted, but also considered as
an important standard for judging ulcer recurrence rate.
In this regard, PPVPG and Billroth are equally effective.
PPVPG effectively reduces gastric acid by stripping off
the antral mucosa containing many G cells, resulting in
decreased hormonal stimulation, and by subtotal resection
of stomach corpus which leads to greatly reduced parietal
cells. As the vagus branch innervating the remanent
stomach body is separated by excision and its direct
effect on the parietal cells thus stopped, so the operation
effectively reduces gastric acid. The mean BAO
decreased by 70.5% and the mean MAO by 76.3%,
they bore no marked difference with those of
homochronous Billroth operations (P>0.05). The small
part of antral mucosa was preserved for the purpose of
anastomosing it with the cut edge near the greater curve
so as to avoid the stenosis of anastomotic more likely to
occur in stoma directly anastomosing the cut edge with
the mucosa of the pyloric tube and also to avoid the
possibility that excessive excision would affect the
function and integrity of pyloric sphincter. The small part
of antrum mucosa retained, in fact, would be just good
enough for being scarred. The scar width of the
anastomotic stoma in experimental dogs was 6 mm-8
mm 6 months after operation and would lose its function
of promoti ng secretion. Care must be taken,
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however, to make the antral mucosa 7 mm-10 mm wide.
The width less than 7 mm may lead to the stenosis of
anastomotic stoma, but more than 10 mm will affect the
reduction of gastric acid. AN NN et al[4] considered the
optimal free HCl concentration after the resection of
stomach as 20 clinical units, and the mean free HCl of
PPVPG was 15.68 clinical units (equal to 15.68 mmol/
L). What is more important is that in the postoperative
follow-ups, not a single case of relapse was found and
the curative effect was proved to be highly gratifying.
All these demonstra te that PPVPG designed is scientific
enough to meet all clinical requirements. With the vagus
resected, the action potential of gastric smooth muscle
is 8-20 times less than normal[1], leading to a delay of
gastric emptying and retention. The preservation of vagus
in the operation is to avoid this condition and also to retain
the physiological function of pyloric sphincter. The small
part of seromuscular flap retained in PPVPG protects
the branches of latarjer vagus passing through it to the
pylorus along with the attaching blood vessels and also
reinforce the anastomotic stoma to prevent from leaking.
PPVPG has the advantages of conventional Billroth
gastrectomy in reducing acid, removed ulcer focus, at
the same time preserves pylorus and pyloric vagus, which
enables the pylorus and the remanent stomach to function
normally. PPVPG has greatly avoided postoperative
complications of the subtotal gastric resection, such as
dumping syndrome, intestinal fluid reflux and so on. Safe
and adaptable to wide variety of indications, PPVPG
carves not only a new course for the surgical treatment
of peptic ulcer, including perforated ulcer, profuse
bleeding due to gastroduodenal ulcer, and slight duodenal
or pylorus stenosis, but also can be applied to other benign
gastric lesion such as polyposis, leiomyoma and ectopic
pancreas.
REFERENCES
1
2
3
4

Lu YF, Hou YD, Jia SR, Guo CY. Experimental study of pyloric
vagus preserving gastrectomy. World J Surg, 1993;17:525-529
Sekine T, Stato T, Maki T, Shiratori T.Pylorus-preserving gastrectomy for gastric ulcer one to nine year follow up study. Surgery,
1975;77:92-99
Gu SQ. Determination of duodenal gastric reflex. Beijing Yixue,
1988;4(Suppl):78-81
An NN, Ky R, Wang MS. Clinical experience of 18 cases of gastrectomy preserving pylorus. Shiyong Waike Zazhi, 1986;6:245
-247

Edited by LU Han-Ming

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 April; 5(2):160-164
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Review

Expression of proliferating cell nuclear antigen in
polyps from large intestine
LUO Yu-Qin1, MA Lian-Sheng2, ZHAO Yi-Ling3, WU Kai-Chun4, PAN Bo-Rong5 and ZHANG ssXue-Yong
Subject heading colonic polyps; adenomas; proliferrating
cell nuclear antigen; colonic neoplasms

Colon cancer has a high incidence in the world,
especially in Western countries, and the incidence is
also increasing in China in recent years. To reduce
the incidence, it is essential to identify individuals at
high risk and to eradicate risk factors. Although
colorectal neoplasia is a multi-stage process,
hyperproliferation is the main factor leading to the
initiation of carcinogenesis[1]. In animal models of
colonic cancer, an increased colonic proliferative rate
resulted from inherited differences, pharmacological
or surgical intervention, which increase the
susceptibility of the colonic mucosa to carcinogens[2].
On the other hand, interventions that decrease colonic
proliferation are associated with decreased
susceptibility to carcinogens[3]. PCNA (proliferating
cell nuclear antigen) is an accessory protein of DNA
polymerase and is thought to play an important role in
the elongation or replication of the DNA chain. Its
accumulation in the nucleus during the G-1 and S
stages of the cell cycle has been reported[4], and the
labeling index, which is the percentage of PCNApositive cells, has been reported to be correlated
with the proliferative activity and the prognosis of
various ma lignant tumors[5]. Thus it is valuable to
assess what role PCNA plays during the
transformation of the colonic polyps to colonic cancer.
PCNA AREA RATE AND PCNA LABELING INDEX

Fujishima[6] has measured the PCNA labeling index
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(PCNA-LI) by visual inspection and the PCNA area
rate (PCNA-AR), determined with the newly
developed image processor for analytical pathology
(IPAP), in tissue samples obtained by biopsy and
polypectomy under endoscopic observation. Samples
from 20 patients with serrated adenoma, 10 subjects
with normal mucosa of the large intestine, 9 patients
with hyperplastic polyp, 11 with tubular adenoma
low-grade atypia, 15 with tubular adenoma in highgrade atypia, and 15 with well differentiated
adenocarcinoma were studied. In serrated adenoma,
the crypts were divided into upper, middle, and lower
zones with each zone examined microscopically. In
the lower zone of crypt of the serrated adenoma,
the PCNA-LI and PCNA-AR were found to be
approximate to the values of tubular adenoma,
indicating the presence of high proliferative activity
in the bottoms of crypts. Determination of the pattern
of distribution of PCNA-positive cells indicated the
presence of a proliferative zone in the lower region
or bottom of the serrated adenoma. However, 5 of
the 20 serrated adenomas exhibited an irregular or
widely extended proliferative zone, and 2 were
complicated by cancer. These findings indicated that
serrated adenoma is also a highly proliferative tumor
and that it may be complicated by cancer if atypia is
increased and disturbance of the proliferative zone
is present. The PCNA-AR and PCNA-LI increased
in the following order: normal mucosa of the large
intestine, hyperplastic polyp, tubular adenoma with
low grade atypia, and tubular adenoma with highgrade atypia and adenocarcinoma, in proportion to
the degree of atypia (Table 1).
Table 1 Colonic mucosa pathology and PCNA (x±s, %)
Pathological diagnosis

PCNA-area rate PCNA-labeling
index

Normal colonic mucosa

12.8±2.5

32.8±5.8

Hyperplastic polyp

18.2±5.7

27.6±10.3

Tubular adenoma with low-grade atypia

31.0±8.1

40.9±11.8

Tubular adenoma with high-grade atypia

44.6±10.1

59.2±9.8

Adenocarcinoma

69.2±11.8

74.3±13.6

Serrated adenoma (upper zone)

16.4±7.5

25.6±6.1

Serrated adenoma (middle zone)

31.9±9.9

40.4±8.9

Serrated adenoma (lower zone)

49.6±11.6

60.2±10.1

The difference of both PCNA-AR and PCNALI between tubular adenoma with low-grade atypia
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and hyperplastic polyp was significant (P<0.01),
as were the differences between tubular
adenoma with high-grade atypia and tubular
adenoma with low-grade atypia (P<0.01), and
between adenocarcinoma and tubular adenoma
with high-grade atypia (P<0.01). Proliferative
activity of epithelial tumor cells was evaluated
by Bielicki et al [7] with immunohistochemistry
and anti-PCNA monoclonal antibodies in alcohol
fixed, paraffin embedded sections of 44 colonic
adenomas, including 33 tubular, 5 villous and 6
tubulovillous adenomas. The mean PCNA-LI was
24.7% ± 10.9%, 24.8% ± 6.2% and 24.8% ± 14.
0% in tubular, villous and tubulovillous adenomas
respectively. In 12 tubular adenomas with
dysplasia the mean PCNA index in areas with
dysplasia was significantly higher (38.2% ± 11.
5%) as compared to areas without dysplasia (17.
0% ± 8.9%; P<0.05). The results indicate that
PCNA-LI of epithelial tumor cells is significantly
increased in adenomas with high grade of
dysplasia irrespective of histological type or size
of the tumour.
DISTRIBUTION PATTERN OF PCNA-POSITIVE CELLS

Carr et al [8] compared PCNA immunoexpression
in hyperplastic polyps, adenomas, and
inflammatory cloacogenic polyps of the human
colon and rectum using paraffin embedded tissue.
The monoclonal antibody PC10 was used to
demonstrate PCNA immunoreactivity in 88
polypoid lesions from 68 patients. Cases in which
immunoexpression was completely absent were
excluded, leaving 32 hyperplastic polyps, 31
adenomas, and seven inflammatory cloacogenic
polyps for analysis. Labelling indices for the upper
and lower third of each lesion and for adjacent
normal mucosa were calculated. It was found that
the upper third labelling indices for adenomas were
substantially higher than those for hypeplastic
polyps or normal mucosa, whereas those for the
upper thirds of hyperplastic polyps and normal
mucosa did not differ greatly. The differences
between the lower third samples were not
significant. In 16 (50%) hyperplastic polyps
positive cells persisted onto the luminal surface.
Some adenomas showed the most intense staining
and the highest labelling indices in the upper third,
with strong staining of surface cells; this pattern
was not seen in the other lesions. The
inflammatory cloacogenic polyps did not show a
consistent pattern of immunoexpression. They
concluded that differences in cell kinetics between
adenomas, hyperplastic polyps, and normal mucosa
may be shown in formalin fixed, paraffin embedded
tissue using PC10 as a marker of proliferative
activity. PCNA expression also persists into the

161

upper portion of hyperplastic polyps. Assuming that
hyperplastic polyps are hypermature lesions with a
slower rate of cell migration, this finding suggests
that there may be an alteration in PCNA protein
metabolism. Fujishima et al [6] has compared the
upper, middle and lower zones of serrated adenomas,
both the PCNA area rate and PCNA labeling index
increased from the upper zone to the lower zone.
The difference in both the PCNA-AR and PCNALI was very significant (P<0.01). Meanwhile, the
values in the upper zone of serrated adenomas were
higher than those in the normal mucosa of large
intestine, and those in the middle zone and lower zone
were similar to those in tubular adenomas with lowgrade atypia and tubular adenomas with high-grade
atypia respectively. In the distribution pattern of
PCNA-positive cells, the lower crypt type was
predominant in the normal mucosa of the large
intestine and in the hyperplastic polyps. Whereas 75%
cases of tubular adenoma with low-grade atypia were
upper crypt type, 71% of the cases of tubular
adenoma with high-grade atypia had labelled cells
distributed in all the layers, and 100% of
adenocarcinomas had labeled cells distributed in all
layers. Of the serrated adenomas, 75% were the
lower crypt type, with PC NA-positive cells being
distributed in the lower to the bottom regions of the
crypt. The remaining 25% were the total crypt type.
Thus, labeled cells were p redominantly located in
the lower regions of serrated adenomas, although
some were distributed throughout the crypts. Two
cases of total crypt type of serrated adenoma were
complicated by cancer.
PCNA, A MARKER OF CELL KINETICS

Tranchina et al [9] has evaluated proliferating
cell index in colonic adenomas, using anti
PCNA-PC10 antibody. The results have been
compared by grading. A high proliferating grade
has been shown in patients with multiple
adenomas. This finding suggests a prognostic
value of proliferating cell index. In Adam’s
s t u d y [10], c o l o n c a n c e r w a s i n d u c e d i n 4 0
Sprague Dawley rats using a 10-week course
of 1, 2 dimethylhydrazine (DMH). Twenty
animals received cimetidine in their drinking
water, commencing From the 5th week after
concluding the course of DMH. After five
weeks treatment the animals were sacrificed
with the colon and rectum excised. Tumors
were assessed histologically for depth of
invasion, inflammatory cell response and
stained for proliferating cell nuclear antigen
(PCNA), as a measure of tumor proliferative
i ndex. PCNA staining was measured by a
computerized image analysis system. There were 25
tumors in the cimetidine treated group and 20 in
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controls. In the control group, 10% of the tumors
were benign, 35% malignant polyps, 40% invading
through submucosa and 15% invading through the
bowel wall, as opposed to 40%, 44%, 8% and 8%,
respectively in the cimetidine group (Chi-square
test, P = 0.002). The mean proliferative index was
27.9% for control tumors and 23.1% for the
cimetidine treated tumors (t test, P = 0.002). It
is concluded that cimetidine inhibits colon cancer
cellular proliferation and slows down early tumor
invasion in this animal model. Winde et al [11]
studied PCNA and KI-67 proliferation indices
(PI) by point counting. Prostaglandin PG E2 and
PGF2 alpha were quantified by time-resolved
competitive fluorescence immunoassay. All
patients responded to sulindac therapy within 6
to 24 weeks. Complete adenom a reversion was
achieved in 60 and 87 percent of patients after
48 weeks at 53 mg and 67 mg of sulindac per
day per patient on average, respectively.
Reversion was evident compared with the control
group. Dose reduction by one-sixth to one-eighth
of the usual oral dose was significant (Mann’s
trend test, P<0.05). PCNA and KI-67 PIs of
adenomatous and flat mucosa were significantly
reduced (Wilcoxon’s test, P<0.05). Correlation
of PCNA and KI-67 PIs indicates similar reaction
of different tissue structures (Spearman’s rank
correlation test, P<0.01). Nonsteroidal antiinflammatory drug-induced redifferentiation from
high-grade to low-grade dysplasia occurred in all
but two patients. Tissue-PGE2 levels were
greatly reduced. Unwanted, curable side effects
were rare (gastritis, n = 2), and laboratory
controls were within detection limits. These
indicated that low-dose rectal sulindac
maintenance therapy was highly effective in
achieving complete adenoma reversion without
relapse in 87 percent of patients after 33 months.
Rectal FAP phenotype should be crucial for the
surgical decision. Colectomy with ileorectal
anastomosis and regular chemoprevention might
be a promising alternative to pouch procedures.
Chemoprevention of FAP-related tumors with
lower incidence via dysplasia reversion may be
possible in the future. Shpitz et al[12] also believed
that proliferating cell nuclear antigen is a marker
of cell kinetics in aberrant crypt foci, hyperplastic
polyps, adenomas, and adenocarcinomas of the
human colon. They made serial sections with
paraffin-embedded ACF (aberrant crypt foci) stained
with a monoclonal antiproliferating cell nuclear
antigen (PCNA) antibody and macroscopic
lesion. The PCNA-labelling index (PCNA-LI),
expressed as a ratio of positively stained nuclei to
total nuclei counted, was calculated separately for basal,
middle, and upper colonic crypt compartments. A
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comparison of the PCNA-LI was made for each
compartment in normal mucosa, and hyperplastic
lesions. A stepwise increase in the PCNA-LI was
observed during neoplastic progression of colonic
lesions. The two most important variables of
increased cell proliferation, expressed as PCNALI per crypt compartment, were the presence of
dysplasia and the size of dyaplastic lesions. Their
conclusions are as follows. In colorectal
carcinogenesis, all stages of malignant
progression are characterized by
hyperproliferation with upward expansion of
proliferative compartment. In vitro uptake of
bromodeoxyuridine and expression of
prolifersting cell nuclear antigen (PCNA) were
evaluat ed histochemically by Risio et al [13] in
rectal mucosa of control subjects with colorectal
neoplasia in large intestine adenomas and
adenocarcinomas. Both labeling indices increased
progressively along the path of tumor progression,
as did the difference between them (PCNA
labeling indices were always greater than those
of bromodeoxyuridine). The correlation between
them was fairly close in the controls and in
adenomas with low-grade dysplasia, whereas no
significant linear correlation was noted in
adenomas with high-grade dysplasia or in
adenocarcinomas. The progressive increase in
PCNA would thus seem to be related to both
hyperproliferation and neoplastic deregulation of
PCNA synthesis. In the mucosa of subjects with
colorectal neoplasia, PCNA labeling revealed
hyperproliferation but not the surface-wards shift
of the proliferative compartment detected by
bromodeoxyuridine. PCNA expression, therefore,
is not a sufficiently sensitive marker of the risk
of tumor transformation in the intestinal mucosa.
PCNA AND ONCOGENE EXPRESSION AND DNA PLOIDY

p53 is a nuclear phosphoprotein which controls
normal cell growth. Normal p53 protein can not
be detected by standard immunohistochemical
staining and the over-expression found in
neoplastic cells correlates with the presence of
point mutations of evolutionary conserved regions
of the p53 gene. Pignatelli et al [14] examined the
expression of p53 protein in a series of 36
colorectal adenomas (13 tubular, 17 tubulovillous,
6 villous) showing different degrees of dysplasia
(11 mild, 19 moderate, 6 severe), using the
polyclonal anti body CM1 which recognises p53
protein in conventionally fixed and processed
histological material. They found that 15 out of
36 colorectal adenomas showed p53
immunoreactivity although the staining was very
focal in 4 positive case s (26%) (less than 0.1%
positive cells). More than 80% of seve rely
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dys p l a s t i c a d e n o m a s s h o w e d s t r o n g p 5 3
immunoreactivity, and this over-expression was
correlated with increased cell proliferative rate as
detected by the proliferating cell nuclear antigen
(PCNA) staining, p53 nuclear staining was also
seen in 8 out of 11 (65%) colorectal
adenocarcinomas as previously shown. Their data
suggest that the p53 gene mutation with the
subsequent over-expression of the protein, occurs
in colorectal adenomas and may therefore be a
fundamental genetic event underlying the dysplasia
and loss of proliferative control that are
characteristic of adenomas with malignant
potential. Tomita [15] investigated the colonic
adenoma-adenocarcinoma progression sequence
and analyzed DNA ploidy on hyperplstic polyps to
adenocarcinomas. DNA ploidy data were then
compared with immunocytochemical staining for
proliferating cell nuclear antigen (PCNA). In
hyperplastic polyps to villous adenomas, all cases
were diploid except one aneuploid villous adenoma.
In three adenomas, diploid in situ adenocarcinomas
were present. As diploid percentage decreased
from hyperplastic polyps to villous adenomas,
aneuploid percentage increased. In
adenocarcinomas, the Dukes classification
corresponded well to DNA ploidy status. all four
stage A carcinomas were diploid, whereas three
cases each of stage C1 and C2 carcinomas were
aneuploid or multiploid. A surprising finding was
that S-phase percentage in adenocarcinomas was
not parallel with PCNA-positive tumor cell
numbers. It is concluded that multistep adenomaadenocarcinoma progression is partially reflected
in DNA ploidy pattern from hyperplastic polyps to
villous adenomas. In adenocarcinomas, the Dukes
classification parallels well with the DNA ploidy
status from stage A diploid to stage D aneuploid,
but is not accompanied by increasing PCNApositive cell numbers.
PCNA AND TYROSINE KINASE

Ty r o s i n e k i n a s e a n d a n u m b e r o f g r o w t h
factors, especially EGF-alpha are known to
stimulate proliferation of cells in the
gastrointestinal tract, including colon. In
humans increased colonic mucosal proliferative
activity has been observed in numerous
premalignant lesions including adenomatous
polyps and ulcerative colitis. In the present
study Malecka-Panas et al [16] deter mined the
differences of proliferative patterns in patients
with adenomatous polyps, ulcerative colitis and
colonic adenocarcinoma as reflected by rectal mucosa
tyrosine kinase, EGF receptor tyrosine kinase and
PCNA to evaluate the role of tyr-k in col o n i c
mucosal cell proliferation during carcinogenic
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process. The study population comprised 40
patients, aged 17-74 years (mean 57). Of them,
10 patients had adenomatous polyps, 10 ulcerative
colitis in remission phase, 10 colon
adenocarcinoma and 10 healthy controls. After
informed consent 6-8 rectal mucosal biopsy
specimens were obtained at 10 cm from the anal
verge at the beginning of colon o scopy
examination and at least 10 cm away from any
macroscopic mucosal chan ges. They found that
mean PCNA labeling indices in patients with colon
adenocarc inoma, adenomatous polyps,
ulcerative colitis and healthy controls were 27.
6% ± 5.75%; 12.8% ± 6.76%; 10.9% ± 5.34%
and 1.5% ± 0.97% respectively. PCNA labe ling
index in rectal mucosa of patients with
adenomatous polyps, ulcerative colitis and colon
cancer was significantly higher (P<0.01) than
that in the control group. An upward expansion
of the proliferative compartment was also
observed in patients with premalignant and
malignant colon conditions. Total tyrosine kinase
activity was elevated by 219%, 224% and 600%
in the rectal mucosa of patients with polyps,
ulcerative colitis and colorectal carcinoma
respectively as compared with the control group.
EGF receptor tyrosine kinase was increased in
colonic mucosa by 35.2% in patients with
adenomatous polyps, by 40.6% in patients with
ulcerative colitis and 123% in patients with colon
cancer. They concluded that increased values of
this enzyme in the above mentioned groups of
patients may suggest that tyrosine
phosphorylation represents an early sign of
colonic mucosa susceptiblity for cancer
development. Overall, EGF receptor-associated
tyrosine kinase plays an important role in the
development of hyperproliferative state of the
colon mucosa and colon carcinogenesis.
The first step in multistage colonic carcinogenesis
are increased cell proliferation and an upward
shift of the proliferation zone of colonic crypts.
In the present study, progression in cell kinetics
was followed up at sequential stages of colonic
carcinogenesis, starting with aberrant crypt foci
(ACF), the earliest putative preneoplastic lesions,
hyperplastic and dysplastic polyps, and invasive
carcinomas [12] . In humans, increased colonic
mucosal proliferative activity and expansion of
proliferative compartment have been observed in
numerous premalignant lesions including
adenomatous polyps, familial polyposis coli and
ulcerative colitis [17].
Furthermore, the colonic mucosa of individuals
with colon carcinoma has been demonstrated to
be diffusely hyperproliferative as compared to that
from normal individuals [18]. It also suggested that
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colonic hyperproliferation, including an increased
proliferative rate and expansion of proliferative zone
could be used as an intermediate marker of colon cancer
risk, therefore PCNA detection helps with early diagnosis
of large intestinal cancer and assessment of the prognosis
of patients.
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Long-term efficacy of plasma-derived hepatitis B
vaccine among Chinese children: a 12-year followup study *
LIAO Su-Su1, LI Rong-Cheng2, LI Hui1, YANG Jin-Ye2, ZENG Xian-Jia1, GONG Jian2, WANG Shu-Sheng2, LI
Yan-Ping2 and ZHANG Kong-Lai1
Subject headings Hepatitis B vaccines; hepatitis B virus;
HBsAg; follow-up study
INTRODUCTION
To evaluate long-term efficacy of a plasma-derived
hepatitis B vaccine and provide evidence for decision-making
on the vaccine booster doses, we conducted a prevalent
follow-up study to examine serologic changes in hepatitis
markers and vaccine efficacy in 350 children from the
original cohort of 513 children who participated in a
randomized, double-blind and placebo-controlled trial on a
plasma-derived hepatitis B vaccine in Longan County,
Guangxi Autonomous Region, C hina, in 1982. In this paper,
we report the serologic changes in hepatitis markers and
vaccine efficacy during 12 years after the initial vaccination
in 350 children from the original cohort vaccinated in 1982.
METHODS
Immunization procedures
Between October 1981 and April 1982, 789 children, ranging
in age from 3 to 36 months (mean age, 21 months), were
recruited from seven vaccination clinics in Longan County,
Guangxi Autonomous Region, China, an endemic area for
HBV infections. Participants at each clinic were randomly
allocated into vaccine (n = 408) or control (n = 381) groups.
The two groups were comparable in age, sex and pr evalence
of hepatitis B virus (HBV) markers. The group allocation was
unknown to the parents of the children and the
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staff. Children in the vaccine group receiv ed three 17.
5 µg doses of a plasma-derived hepatitis B vaccine
(produced by Beijing Institute of Biol ogical Products,
China) by intramuscular injection, according to the
conventional 0.16 month schedule. Children in the control
group were administered a placebo (vaccine diluent) at
the same time. The blood specimens were collected before
the administration of vaccine or placebo from each child
for testing anti-HBs, antibody to hepatitis B core antigen
(anti-HBc) and hepatitis B surface antigen (HBsAg).
Of 789 children, 513 (255 in vaccine group and
258 in control group) had no serologic markers of HBV
infection (HBsAg, anti-HBc and anti-HBs) before the
first vaccine/placebo dose. In this paper, we refer to the
513 children without HBV serologic markers before
vaccination as the original study cohort.
The 12-year follow-up study

In 1994, we obtained blood specimens from 350 (68%) of the
orginal cohort of 513. Of the 350 participants, 167 were from
the vaccinated group and 183 from the control group. Blood
samples were tested for anti-HBs, anti-HBc and HBsAg. The
loss to follow-up was attributed to temporary migration.
During the 12 years after vaccination, eight
prevalent follow-up studies were conducted in the original
cohort at 6 months, 1, 2, 3, 5, 8, 10 and 12 years after the
first dose of vaccine/placebo. Each of the 350 children
studied at the 12-year follow-up was observed for one to
eight times, averaging 4.8 times in the vaccinated group
and 4.9 in the control group during the 12 years.
Laboratory tests (Table 1)
Table 1 Testing methods and diagnosis of HBV infections and
immunolo gic response
Methods and criteria of diagnosis
Time of testing

Before and 6-month,
1-year after vaccination
2to10years
after vaccination

Manufecturer
HBsAg

Anti-HBc

Anti-HBs

RPHA

PHA

RIA,S/Nratios

Beijing Institute of

2.1

BiologicalProducts

1:8
RIA,S/Nratios
2.1

12 years after

RIA, S/N ratios

vaccination

2.1

1:8

RIA,inhibitory RIA,S/Nratios
ratios

75%

2.1

RIA,inhibitory RIA,S/Nratios
ratios 75%

2.1

Beijing Institute of
BiologicalProducts
Abbot,
USA

S/N ratio: sample to negative control ratio, RIA:
radioimmunoassays , RPHA: reverse passive hemagglutination,
PHA: passive hemagglutination
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RESULTS
Levels of anti-HBs during the 12 years (Figure 1)
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in the vaccinated group had been HBsAg positive
since 6 months after the first dose of vaccine. This finding
suggests that infection was present before protection
could be elicited. In the control group, however, 4 of the
14 chronic carriers were identified as HBsAg positive
from six months after the first dose of placebo, and 8
carriers had been infected since or after one year. In
the other 2 control children who were chronic carriers,
the time of infection could not be established.
DISCUSSION

Figure 1 Percentage of children with anti-HBs levels of 10 S/N
ratios or more.

In 1994, 46.1% of vaccinated children had a
protective level of anti-HBs, compared with 33.9% of
controls (P<0.05).
Among the vaccinated children with detectable
anti-HBs (S/N ratios 2.1), the titers of anti-HBs
declined gradually during the 12-year period. At 6 m
onths after the first dose, the median S/N ratio of antiHBs in the vacci nated group was 143, and 33 at one
year after, but at the 12-year follow-up, the median S/
N- ratio of anti-HBs in the vaccinated group was lower
than that of controls (15 vs 36, P<0.0001).HBV
infections during 12-year follow-up(Table 2).
Table 2 Hepatitis B infections at each follow-up observation
% of HBsAg
Time since
first dose

Vaccinated Control
group
group

6 months

2.9

7.4

1 year

3.4

3.9

2 years

1.2

8.6a

3 years

1.0

5 years

0.0

14.6

8 years

5.9

13.6

10 years

1.3

14.6c

1.8

c

12 years
a

% of anti-HBc
Efficacy Vaccinated Control Efficacy
(%)
group
group
(%)

5.9

10.8

2.5

13.4c

81.3

86.0

2.5

24.7d

89.9

10.4 c

90.4

12.2

29.6 b

58.8

c

100.0

1.3

24.0 d

94.6

56.6

7.8

23.7b

67.1

91.1

1.3

14.6c

91.2

9.6

d

74.5

10.9

60.8

83.5

37.7

45.4

P<0.1 and >0.05; bP<00.05; cP<0.01; dP<0.0001.

We found in this study that protective efficacy against
HBsAg at the 12 years af ter vaccination was 83% and
the efficacy against chronic HBsAg carriage was 92%.
The immunogenecity of the vaccine, which was a vaccine
on field trial, was slightly lower and the level of antiHBs decreased more rapidly in our study than those used
by Wainwright and Coursaget[1,2]. However, the medium
and long-term protection against HBV infection in our
study did not differ greatly fr om that in these studies.
Coursaget et al[12] studied the efficacy of the hepatitis
B vaccine in three groups of children: nonvaccinated,
vaccinated with a booster dose at school-age, and
vaccinated without a booster dose. At 9 to 12 years after
vaccination, they reported a protective efficacy against
HBsAg of 88%, with no difference in efficacy between
groups with and without a booster dose. Xu et al[3]
reported a protective efficacy against HBsAg of 77%
in preschool and school-age children at six years after
vaccination. But none of these studies reported the
protective efficacy against chronic HBsAg carriage
status. Vaccine protection did not parallel the decrease
in titres of anti-HBs. This finding indicates the
persistence of immunologic memory and supports the
recommendation that administration of booster doses
should not be based only on the level of anti-HBs but
also on the measure of protection against HBV infe
ctions[4]. Because of the protection of the vaccine against
HBV infections shown in this study, we do not
recommend administration of booster doses of the
hepatitis B vaccine for at least 12 years after the initial
vaccination.
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HBeAg gene expression with baculovirus vector in
silk worm cells
DENG Xiao-Zhao, DIAO Zhen-Yu, HE Liang, QIAO Ren-Liang and ZHANG Lin-Yuan
Subject headings hepatitis B virus; HBeAg BmNPV
vector; gene expression; DNA, viral
INTRODUCTION

Miyanohara et al[1] first obtained products with the
expression of HBeAg activity by constructing a yeast
expression system; later researches discovered
HBeAg expression in xeropus oocytes[2], COS cells
[3]
, E. coli cells[4], Bacillus subtilis[5], which allow us
to know more certainly about HBeAg gene. HBeAg
has the same 149 amino acid sequence as the aminoterminal of HBcAg which is encoded by c-gene and
consist s of 183 amid acids. The c-gene has a 89bp
pre-csequence in the upstream of it. The co-expressed
product of the two genes (pre-c protein) is cleaved
off the amino-terminal signal peptide sequence and
the c-terminal alkaline region by hydrolases in the
membrane of endoblasmic reticulum, forming the
secretable HBeAg[6]. The most important thing is that
the signal peptide encoded by pre-c region directs the
formation and secretion of HBeAg, suggesting that
only by eukaryotic expression systems can we
produce HBeAg with high purity and activity. The
domestic HBeAg/anti-HBe diagnostic kit is
produced in E. coli cells, containing a high
proportion of HBeAg which affects the quality of
the kit. Recently, the technique with baculovirus
vector to express foreign gene efficiently in worm
cells and body has been applied and popularized[7].
We have replaced the polyhedron protein gene
encoding sequence with human INF-α in Bombyx
morinuclear poly-hedrosis virus(Bm NPV),
suggesting that silk worm cells can recognize the
signal peptide of human INF-α gene and cut
correctly[8]. Ninety-nine percent protein becomes mature only after the secreting stage, the Bm NPVHuadong Research Institute for Medical Biotechnics, Nanjing 210002,
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Bm N will bea good expression system. For this
purpose, we amplified the pre-csignal peptide
sequence and the same 149 amino acids sequence
homologous with HBcAg at the N-end by PCR, and
added appropriate restriction endonuclease sites on
both 5’ and 3’ ends, cloned it into-Bm-NPV transfer
vector pBmo30, the Bm-N cells were co-transfected
by p-Bm-HBe and wild-type Bm-NPV DNA, and at
length the recombinant virus with high expression
HBeAg were efficiently obtainable after plaque
purification.
MATERIALS AND METHODS
Viruses and vectors

Bm NPV transfer vector pBmo30 and silk worm
cells were supplied by Virus Rese arch Institute of
Wuhan University. The cells were cultured in Tc100 (containing 100 mL/L-fetal calf serum) and then
stored frozen. HBeAg gene was generated by PCR
from the template DNA obtained from the HBV
Library of the Virus Research Institute of Wuhan
University[9].
DNA extraction and fragment recollection

The transfer vector pBmo30 and recombinant
vector pBm HBe DNA were extracted from E.
coli cells by ordinary method. The silk worm cells
were infected by BmNPV DNA, then cultured
for 5-7 days at 27 , centrifuged at low speed
when nuclear polyhedrons emerged. The
supernatants containing virus particles were
harvested to infect Bm N cells again, and the cells
were cultured, observed as before, and centrifuged
to maintain the cells and supernatants. The Bm N
DNA was extracted from polyhedrons and viruses
according to Summers program. The amplified
fragments and enzyme-excised fragments were
subjected to 7 g/L-10 g/L agarose gel
electrophoresis respectively, and recovered by
DE81 membrane method [10].
PCR amplification

At the 3’ and 5’ ends of the HBV e gene, we took
artificially synthesized 30bp sequence as the primers.
Bgl-II locus was added to the (+) 5’ end of the
primer, and xba-I-TAA-Sma-I locus to (-) 5’ end of
the primer.
Primer 1(+): 5’AGATCTCATGGAACTTTTTACCTCTGCCT 3’
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Primer 2(-): 5’CCCGGGTTATCTAGAAACAACAGTAGTTTCCGGAA 3’
PCR reaction was performed from the template
PH B 2 4 p l a s m i d c o n t a i n i n g e n t i r e g e n i c
HBV and the above primers. PCR product
was subjected to 7g/L-agarosegel
electrophoresis.
DNA sequence analysis

DNA sequence was analyzed to identify the
amplified fragment through ddNTP/PCR/silverstained sequence analysis system. PCR amplification
was performed under the template DNA of purified
537bp fragment, with the same primers, and under
the presence of one type ddNTP according to silverstained sequence a nalysis protocol. The samples
w e r e s u b j e c t e d t o t h e 8 0 g / L PA G g e l
electrophoresis, then fixed, stained and colorized and
the DNA sequence was read up.
Clone ligation and transformation

The plasmid pBm DNA and PCR fragment were
digested respectively by Bgl II and Sma I, ligated,
then transfected into competent E. coli cells. The
resistance colonies were selected from ApILB plates.
Bgl II and Sma I digested the extracted recombinant
DNA, the DNA samples were subjected to 100 g/Lagarose gel electrophoresis to identify the positive
recombinant.
BmN cells co-transfected by transfer vector DNA
and wild-type BmNPV DNA

The e x t r a c t e d r e c o m b i n a n t t r a n s f e r v e c t o r
DNA and wt Bm NPVDNA were mixed by 5:1
molar ratio, and then co-transfected the fresh
growing well wall-adhering-Bm-N cells,
through the mediation of liperfectin as
p r e v i o u s l y d e s c r i b e d . Tw o h o u r s l a t e r t h e
medium was removed, and TC-100 (containing
100 mL/L- fetal calf serum) was added and the
cells were cultured for 7 -10 days at 27 . Cells
containing recombinant viruses were chosen
with plaquepurification on agars plates. Those
plaques of 0 - (occlusion) phenotype without
polyhedrons, which were the positive
recombinant viruses, were selected.
HBeAg expression and determination

Bm N cells were infected by recombinant viruses,
cultured for 4 days at 27 , centrifuged to get cells
and supernatants, a 50 g/L SDS-PAG electrophor esis
was performed as general method, stained with
Cormassie blue, and the prote in expression was
observed.
Cells were lysed with guanidine hydrochloride to
rupture cell membrane and centr ifuged to get
supernatants. Anti-HBe/HBcAg kit from Medicine
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Research Institute of Nanjin was used to perform
ELISA, separately by using the HBeAg-positive
serum of HBV patients and HBcAg generated
from engineered bacteria as positive controls, and
by using reptured -Bm-N cell medium containing
normal receptor and cultured supernatant as
negative controls. P, N values were calculated on
the basis of OD value (A), P/N 2 was considered
as positive.
Purification of HBeAg expressed in Bm N cells

Ce l l c u l t u r e s u p e r n a t a n t s w e r e c o l l e c t e d ,
precipitated by 27% ammonium sulfate, and then
dissolved by PBS (0.02 mol/L-PB, pH 7.0, 0.03 mol/
L- NaCl). After separation from pre-balanced
sephacryls-200 (1 cm×100 cm) column,
electrophoresis and ELISA detection were
performed. The peak HBeAg-activity was captured.
After gradient elution through DEAE-Sepharose FF
ion exchange column, detection of HBeAg activity
and SDS-PAG electrophoresis were performed.
The general pressured liquid chromatographic
system used was from Pharmacia Co.
HBeAg expressed in silk worm cells used in
conjunction with anti-Hbe antibody in ELISA kit

The purified HBeAg expressed in silk worm cells
was used to coat the enzyme labeled reaction
plate (100 ng/well), incubated throughout the
night at 4 , then serum to be detected was added
to it, and after 30 min at 40 , the sametype of
HBeAg was added to it. At last, TMB H 2O 2 was
used to colorize it. Those P/N
2.1 were
positive.
RESULTS
PCR amplification and sequence analysis of
HBeAg gene

A series of PCRs were performed with the
synthesized primers and plasmid PHB24 a s template
DNA; each PCR generated a fragment about 0.5
kb that was homolo gous with the HBeAg gene,
within the 361 bp sequence from 5’end analyzed
except one site (the 375, T A), by using ddNTP/
PCR/silver staining. The 88 bp sequence from 273361 of the amplified fragment was identified as
HBeAg gene (Figure 1). The amplified HBeAg gene
was 537 bp from the 5’signal peptide sequence. We
designed Bgl-II site at 5’end and Xba-I, Sma-I si
tes at 3’end for cloning.
TGG GGG GAA TTG ATG ACT
CTA GCT ACC TGG GTG GGT
AAT AAT TTG GAA GAT CCA
GCA TCT AGG GAT CTT GTA
GTA AAT TAT GTT AAT ACT
Figure 1 Partial sequence of HBeAg amplified by PCR.
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Construction and identification of the inserted
vectors carrying HBeAg gene

The Bm NPV transfer vector pBm 030 was 6.3
kb, containing polycloning site. pBm 030 DNA and
the amplified fragment by PCR was digested by
Bgl-II/Sam-I respectively, ligated by T4 DNA
ligase, and allowed the e gene to be inserted into
the ploycloning site under the control of plh
promoter. The constructive processes was shown
in Figure 2. The ligated DNA was transferred
into E. coli cells, and positive colonies were
selected. Bgl-II/Sma-I were used to digest the
recombinant vector, and a fragment of 0.5 kb was
obtained on agarose gel electrophoresis, indicating
that HBeAg gene cloning was successful.
Constructed recombinant viruses carried HBeAg
gene.
BmN cells were co-transfected by the transfer
vector pBm HBe DNA and wt-BmNPV DNA

Polyhedrosis observed in most cells was the
signal of successful co-transfection. Other
cells turned to have pathologic characteristics
of infection, such asenlargement of cells and
their nuclei, condentation of intracellular
contents, and irregular granules. Polyhedrosis
was not the typical characters of infection in
recombinant viruses. So, after co-transfection
gene recombination has completed between
both plh gene on the 3’, 5’ ends of pBm Be DNA
and the homol ogous gene of the wt Bm NPV
plh gene. The plh gene was exchanged for the
Pplh/HBe gene expression box, as controlled
by plh promoter. The recombinant virus by
plaque-purification was named r-Bm-HBe
(Figure 3).
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detected in the cell culture supernatant, and HBcAg in
culture cell lysate was detectable only at a dilution lower
than 1 : 160. The above results definitly proved that
HBeAg antige nicity was expressed in silk worm cells.
Table 1 HBeAg antigenicity detection with ELISA
Dilution
Sample
1:1000 1:2000 1:4000 1:8000 1:16000 1:32000 1:64000

Cell culture medium
Culture cell lysate

+
+

+
+

+
-

+
-

+
-

+
-

-

Detection of anti-HBe antibody by double
antibody sandwich method

The HBeAg expressed in silk worm cells was used to
coat the enzymelabelled plate, then anti-HBe antibodies
in samples were detected. The results were showed in
Table 2.
Table 2 Comparison of two methods in anti-HBe antibody
detection
Positive (n)
Conventional method

n
Double sandwich methoda Indirectb

Anti-HBe(+) and anti-HBc(-)
Anti-HBe(-) and anti-HBc(+)
Anti-HBe(+) and anti-HBc(+)
Anti-HBe(-) and anti-HBc(-)

35
52
37
42

35
4
37
2

35
52
37
0

a
The purified HBeAg expressed in karyotic cells was used to coat
enzyme-labeled reaction plate (100 ng/well), incubated throughout
the night at 4 , and then serum to be detected was added to it.
After 30 min at 40 , HRP-Labeled HBeAg expressed in karyotic
cells was added to it, and at last this was colorized by application
of TMB-H2O2. Those P/N 2.1 were positive.
b
The anti-HBe antibody detection kit for sale in market employed
the competition inhibition method.

Expression and detection of HBeAg in silk worm cells

The silk worm cells were infected by recombinant
virus rBmHBe, cultured for 72 hours. And the
cells and supernatants were harvested for SDSPAG electrophoresis (Figure 4). The wt Bm NPV
could produce polyhedron protein (M r 32 000),
while the recombinant virus rBm HBe produced
HBeAg about M r 18 000 instead of polyhedrosis
because of the exchange of plh gene. The
expression of HBeAg was also observed in the
cultured medium, but with smaller molecular
weight. So most of the expressed HBeAg was
secreted out of cells induced by the signal peptide
at N-end. ELISA was performed on culture cell
lysate and cell culture supernatant to detect the
activity of the expressed HBeAg (Table 1). A
positive reaction can be found when the culture
cell lysate was diluted 1 : 2 000. The antigenic
activity of the culture supernatant was much higher,
reaching a dilution of 1 : 32 000. Also no HBcAg was

Purification of HBeAg

Sephacryls-200 chromatography was performed firstly,
and showed five protein peaks. ELISA detection indicated
that most HBeAg existed in the fourth peak fraction.
After concentration, DEAE-Sepharose FF
chromatography was performed to get purified HBeAg.
The recovery rate was about 52% (Table 3).
Table 3 Purification of HBeAg Produced by Bm N cells

Method

Cell culture medium
(NH4) 2SO4
Sephacryl S-200
DEAE Sepharose FF

Purification factor
Total
Total activity Specific activity
recovery
(by ELISA) (per mg protein) A
B
(%)

1:1.60×106
1:1.32×106
1:1.12×106
1:8.40×105

1:2.9×10 5
1:8.5×105
1:5.3×10 4
1:5.0×105

A: Individual steps; B: Accumulated results.

1.0
/
2.9
2.9
6.3 18.3
9.4 172.0

/
80
70
52
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Characteristics of HBeAg expressed in silk worm
cells as compa red with those in E. coli cells

The purified HBeAg expressed in silk worm cells
and E. coli-cells was adjusted to a protein
concentration of 2 g/L-each, then detected by
HBeAg detection kit and detection anti-HBe
antibody kit sallied in market (Table 4). Those
v a l u e s i n d i c a t e d i n Ta b l e 4 w e r e d i l u t i o n
magnitude; the P/N
2.1 wasused to determine
the end point.
Table 4 Characteristics of HBeAg expressed in E. coli cells as
compared with those in karyotic cells with the double-antibody
Sandwich
Figure 2 Construction of recombinant vector pBm HBe.

Antigen

Cell

HBeAg kit

Anti-HBc kit

HBeAg 1
HBeAg 2

karyotic
E. coli

10-7
10-5

10-1
10-3

DISCUSSION

Figure 3 Restriction endonuclease analysis plasmid pBm HBe
(Left).
1. p Bm HBe/Bgl II, linerization; 2. DNA/Hind III marker; 3. p
Bm Hbe/Bg-II + Sma 1 I, released 0.54 kb HBeAg gene.
Figure 4 PAG Electrophoresis analysis of HBeAg prote in expressed
in Bm N cells(Right). 1 and 2: Bm N cells infected withr Bm-HBe,
the arrow shows HBeAg protein, Mr18 000; 3: Standard protein
molecular weight marker, Mr94 000,17 000,43 000,20 000, 17 500;
4 and 5: Bm- N cells infected with wt Bm NPV, the arrow shows
Mr32 000 polyhe dea protein; 6: Culture supernatant, the arrow
shows HBeAg protein.

Figure 5 Structure of HBeAg gene and PCR design.

We constructed a transfer vector pBm HBe with
HBeAg gene fragment from PCR. This vector
was used together with wt Bm NPV to cotransfect the silk worm cells, and the
recombinant viruses carrying HBeAg gene was
obtained. The amplified HBeAg gene was 537
bp long, including an 89 bp sequence of signal
peptide from 5’-end to 3’-end of e gene. The
relation between c gene and it was shown in
Figure 5. While HBeAg was expressed in silk
worm cells, the signal peptide was clipped off
in granular endoplasmic reticulum, and 19 amino
acids were lost with the HBeAg secreting into
cell cultured medium. And some antigens in nonsecretary form also existed in cells. On the basis
of gene sequence analysis, an ATG was found
to locate at both 5’-and 3’-ends of the signal
peptide, and the second ATG obeyed the Kozak
rule completely. When 40s subgroup of ribosome
was scanned to the first AUG codon, some of
the 40s submits and 60s submits would fit into
ribosomes, begin to transcribe and produce
protein carrying signalpeptide, which was
processed and secreted out of the cells as
soluble HBeAg. The HBeAg reaction rate was
100-fold higher, and the anti-HBc cross reaction
rate was 100-fold lower, compared with the
reaction using expression by prokaryotic cell in
the same concentration of protein, because
prokaryotic cell system did not differentiate and
cut message peptide sequence. The products
expressed were cellular c antigen (Table 4).
The other 40s subgroup continued to scan until
the second AUG, combined with the 60s subgroup
and began to transcribe, and produce protein
without signal peptid e, which remained inside of

DENG Xiao-Zhao, et al. HBeAg gene expression

the cells. Such a result was consistent with the the orctic
basis of the initial regulation of mRNA transcription[2].
The exp ressed product inside cells should be HBcAg
according to the c gene sequence ana lysis, but ELISA
results proved it was HBeAg (1:2 000) mostly, with little
HBcAg (<1:160). So the phenomenon suggested that
the arginine abundant region at the carboxyl end should
be very important for HBcAg expression; it took part in
the self-fitting into core particle of HBcAg protein. The
amplified e gene fragment did not contain the arginine
abundant region, so its expressed product contained little
HBcAg.
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Establishment of a pig model of combined
pancreas-kidney transplantation
XU Ze-Kuan, LIU Xun-Liang, ZHANG Wei, MIAO Yi and DU Jing-Hui

Subject headings pancreas transplantation; kidney
transplantation; pig; animal model
INTRODUCTION

We studied the recipient and graft pathophysiologic
changes after transplantation, the inducement of
immunotolerance, the regularity of chronic rejection and
it s prophylactico-therapeutic measures by establishing
a model of pancreas-kidney transplantation in large
animals.
MATERIALS AND METHODS
Animals

Twenty-six local healthy hybrid pigs, male or female,
weighing 18.4 kg ± 2.8 kg used as donors and recipients,
were provided by Experimental Animals Centre of
Jiangsu Province and fasted for 24 hours.
Operative procedure

Ketamine (15 mg/kg) was intramuscularly injected 15
minutes before anesthesia. A trocar was placed in the
auricular vein for fluid infusion. The anesthesia was
maintained with 30 g/L pentobarbital sodium.
Ventilation was provided by tracheal inturbation.
donor operation: the whole stomach was excised. A
fter dissection of the hepatoduodenal ligament, the
portal vein was isolated. The proper hepatic artery
and common bile duct were then ligated and divided.
The jejunum was transected 5 cm distal to the ligament
of Treitz. The superior mesenteric artery and vein
were identified. The uncinate lobe, body and tail of
the pancreas were mobilized. At this point, the
pancreas was only attached to its arterial blood supply
(consisting of the celiac axis and superior mesenteric
artery and the portal vein). The aortic cannula was
placed, through which 200 mL blood was drawn and
kept for use. In situ flushing with 4 hyperosmo tic
citrate adenine (HCA) containing 12 mL/L of 20 g/L
ligustrazin hydrochloride was performed. The perfusate
pressure was about 80 cm high of water column. The
aortia was clamped, and the portal vein and inferior
Department of Surgery, The First Affiliated Hospital of Nanjing Medical
University, Nanjing 210029, Jiangsu Province, China
Correspondence to: XU Ze-Kuan, Department of Surgery, The First
Affiliated Hospital of Nanjing Medical University, Nanjing 210029,
Jiangsu Province, China
Received 1999-01-04

vena cava were divided. Perfusion was stopped
when the effluent from the portal vein was clear,
and pancreas, duodenum, two kidneys became
blanched. About-300 mL of cold perfusate solution
was used. The entire pancreas and attached
duodenum, spleen, two kidneys and ureters were
removed in continuity with abdominal aorta, inferior
vena cava and portal vein. They were placed in 0
-4 HCA soon afterthey had been removed.
Then the preparation of the graft was made. The
abdom inal aorta was ligated and divided 1 cm distal
to the left renal artery. The right kidney was
removed. The distal of the portal vein and the left
renal vein were immobilized. The issue whether the
left renal vein should be transected or hold an
inferior vena cava button was decided in accordance
with the diameter of the distal end of the portal
vein. The two veins were anastomosed in an end
to end fashion. Reperfusion was done through the
aortic cannula with cold perfusate solution to check
the anastomotic stoma. The duodenum was rinsed
with metronidazole and then its ends were closed.
Recipient operation: After anest hesia worked,
a cannula was placed in the external jugular vein
and was immobili zed behind the earthrough the
tunnel under the skin. The recipient pig received 1.
0 g cephradine, 100 mL of 5 g/L metronidazol e
and fluid infusion. A cannula was placed in the left
femoral artery to detect the average arterial
pressure. After entering into the abdomen, the entire
pancreas was removed. The abdominal aorta
between the common iliac artery and renal artery
was freed, and the lumber arteries were ligated and
divided. The inferior vena cava was also freed by
ligating and dividing all the branches. The proximal
aorta was clamped, 30 mL of normal saline
containing 1 mg/kg of heparin was injected from
the distal aorta. Then, the distal end of the abdominal
aorta was clamped. An oval opening was made on
the anterior wall of the recipient abdominal aorta,
its caliber was similar to the diameter of the proximal
end of the donor abdominal aorta. The lacuna was
rinsed with normal saline co ntaining heparin. The
donor aorta anastomosis was performed in an end
to side fashion to the recipient aorta, and the portal
vein was anastomosed to the inferior vena cava
(Figure 1). The graft was covered with ice bag during
the procedure of vascular anastomosis. Soon after
circulation to the graft was restored, the graft
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becam e p i n k w i t h i t s a r t e r i o p a l m u s a n d
peristalsis recovered. Urine overfl owing from
the ureter graft was perceived. The duodenum
allograft was then anastomosed to the host’s
bladder in a side to side fashion. The
ureterostomosis of the graft was performed.
The graft was fixed to the posterior side of the
abdominal wall. The donor’s spleen was
removed. Just before closing the incision, a
drainage-tube was placed in the left iliac fossa.
The amount and kinds of fluid infusion depended
on the monitoring results during the operation.
However, 200 mL of blood was regularly
transfused intravenously.
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Survival of the recipients and monitoring of the
graft functions

The survivors usually began to defecate 3 d-4
d after surgery, and then were allowed to eat.
Listlessness, hypodynamia and anorexia were
found 7 d-9 d after surgery with rapid weight
loss. The survivors died 1 d-2 d after a lump
could be palpated in the abdomen, due to
disturbance of internal environment and
a n a s t o m o s i s b l e e d i n g . T h e o t h e r 11 p i g s
survived a mean period of 9.1 d ± 2.4 d. Among
them, number 9 603 and 9 610 were killed on
the seventh day and ninth day respectively
becau se of obvious decrease in urine amylase
and in urine volume of the kidney graft and
increase in fasting blood glucose. The graft
turned dark, and necrotic areas were noted.
The histopathology showed acute rejection. The
destruction of the graft induced by acute
rejection was evaluated by urine amylase, blood
glucose and urine volume of the kidney graft.
The urine amylase concentrations usually
began to decline 5 d-6 d and became obvious 2
d-3 d before the pig died. The urine volume of
the kidney allograft decreased rapidly 4 d-5 d
before the death of the pig. The fasting blood
glucose elevated significantly 1 d-2 d before
the pig died.
DISCUSSION
The technical improvement of this model

Figure 1 The postoperative sketch map.DA: donor aorta; RPA:
reno-portal anastomosis; DCS: duodeno-cystostomy; US:
ureterostomosis.

Postoperative management

The graft function was intensively monitored by
urine amylase, plasma glucose, urine volume of
kidney allograft. All recipients received 1 500
mL-2 000 mL fluid infusion intravenously per day
in the first few postoperative da ys containing
500 mL of low molecular dextran. 1.0 g of
cephradine and100 mL of 5 g/L metronidazole.
The drainage-tube was extracted on the third
postoperative day. The recipients were allowed
to eat on the fourth or fifth postoperative day.
The fluid infusion was then decreased or
stopped. No immunosuppression was
administered to the pigs.
RESULTS
Operative time

There was no warm ischemia, the cold ischemia of
the transplant was 151.4 min ± 15.7 min. The
vascular anastomosis was 55.6 min ± 4.9 min.

The transplantation technique was improved on the
basis of the old one as follows [1,2]:
the donor
aortic segment and the recipient abdominal aorta
were anastomosed in an end-to-end fashion;
a
renoportal end-to-end anastomosis was performed
between the left renal vein and the distal end of
portal vein before the end-to-side anastomosis of
the proximal end of portal vein to the recipient
inferior vena cava;
the donor duodenum was
anastomosed to the host bladder in a side-to-side
fashion; and the ureterostomosis of the graft was
performed. The present technique has the following
advantages:
Iliac blood vessels are too slender
to be operated, whereas it is simple to anastomose
the donor abdominal aorta to the host abdominal
aorta in an end-to-side fashion and the donor portal
vein to the host inferior vena cava in an end-toside fashion. This technique enjoys a high success
rate.
The kidney allograft func tion can be
monitored in ureterostomosis. Only two vascular
end-to-side anastomoses were performed, which
shortened the interruption time of blood flow. It is
important to modify the disturbance of the- recipient’s
-physiological process and maintain the graft
function.
The pancreas allograft function is easy
to monitor by urine amylase when the pancreas
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exocrine secretion drainage is established with
duodenocystostomy.
Summary

The spleen instead of pancreas allograft was ha
rvested, prepared and implanted in order not to
damage the pancreas allograft and the circulation of
the pancreas allograft was monitored. Since pig’s
systema lymphaticum is very abundant, when the
recipient abdominal aorta and the infe rior vena cava
are isolated, the lymph-vessels should be ligated
carefully in order to avoid lymph extravasation after
operation.
The recipient’s internal environment
should be kept stable. Number 9 601 pig’s tracheal
intubation could not be pulled out, and the pig died 8
hours after operation. The amount and variety of
fluid infusion depended on the monitoring results of
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average arterial pressure, blood gas, electrolytes, blood
glucose and urine volume. Two hundred mL donor blood
was regularly transfused to the recipient. The interruption
time of blood flow was shortened. The left renal vein
and the distal end of portal vein were anastomosed first.
Then, only one donor vein should be anastomosed to
reci pient vein. After the above-mentioned measures
were adopted, satisfactory transplantation results were
achieved.
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Detection of human liver-specific F antigen in
serum and its preliminary application *
FENG Tao1, ZENG Zhao-Chun1, ZHOU Lan2, CHEN Wen-Yuan1 and ZUO Yu-Ping1
Subject headings liver-specific F antigen/blood; liver
neoplasms/diagnosis; carcinoma, hepatocellular/diagnosis;
liver diseases/diagnosis

INTRODUCTION

Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activity are usually used as
biochemical criteria for the evaluation of liver lesion.
These enzymes will release into the blood when the
integrity of hepatocyte is compromised. Although the
aminotransferase has been used as a criterion of liver
function for decades, it can not show the accurate
hepatohistological characteristics when it is abnormal in
patients with chronic liver disease[1].
Human liver-specific F antigen (F-Ag), a Mr
44 000 cytosolic protein of unknown function, is found
predominantly in the liver. Previous studies using
relatively insensitive assays have shown that the
concentration of F-Ag in the serum rises when the liver
is severely damaged[2]. The sensitive radi oimmunoassay
has enabled measurements in serum from healthy humans
and patients with mild hepatic damage. The results
suggest that F-Ag may be a sensitive and specific marker
of hepatocellular damage[1]. To avoid the effects of rad
ioactive isotope, Biotin-Avidin ELISA (BAEILSA) was
established to detect F-Ag, and its clinical value as
guidelines of liver function was discussed and compa
red with that of AST and α-AFP.
MATERIALS AND METHODS
Materials

Subjects and serum samples The vein blood samples
of 25 healthy subjects, 54 patients with various liver
diseases and 10 patients with non-liver diseases were
1
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provided by Department of Gastroenterology of
the First and Second Colleges of Clinical
Medicine affiliated to Chongqing Medical
University, and were centrifuged at 2 000r/min
and stored at -20 .
Reagents Standard F-Ag antibody (guinea pig
against human F-Ag antiserum) purchased from
DAKO (Denmark) and purified human F-Ag was
used as the standard. F-Ag antibody (guinea pig
against human F-Ag antiserum) was prepared by our
department (1:32). D-biotin-N-hydroxysuccinimi-dyl
esters (BNHS) and avidin-HRP (A-HRP) were
provided by Shanghai Biochemistry Institute and
Chemistry Department of Shanghai Medical
University respectively.
Methods

Preparation of biotin-IgG (B-IgG) Oneg/L
BNHS (resolv ed in N, N-dimethyl formamide) and
purified anti-F-Ag IgG (v/v = 5:1) were mixed up
quickly and placed for 4 h at room temperature.
The mixture was dialysed to remove free biotin
mixed with distilled glycerol (v/v = 1:01) and then
stored at -20 .
BA-ELISA Coating 96-well plate was coated with
anti-F-Ag IgG (5 mg/L, 200 µL/well) diluted with
60 mm ol/L-NaHCO3 (pH 9.6) and placed overnight
at 4 or for 2 h at 37 , blocked with buffer A (10
mmol/L PB, 150 mmol/L NaCl, 1.5% BSA, pH 7.6)
for 30 min(200 µL/well). Standard F-Ag solution
and serum samples were put into 96-well plate
(100 µL/well) for 60 min . B-IgG and A-HRP
diluted (1:200) with buffer B (10 mmol/L PB, 150
mmol/ L NaCl, 1% BSA, 0.05% Tween-20) were
put into the plate again (100 µL/well). The substrate
of HRP was 0-phenylenediamine (OPD) and H2O2
(100 µL/well). The reaction was stopped by 2 mol/
L H 2SO4 (50 µL/well). The OD value of each well
in the plate was detected under 492 nm wavelength.
Concentration of F-Ag in serum was m easured in
triplicate.
Detection of α-AFP and AST ELISA (normal value
<20 µg/L) and routine assay of AST (normal value 5U/
L - 35U/L) were used.
Statistical method t test and correlative analysis
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were made by computer.
RESULTS
BA-ELISA

The minimum detection limit of BA-ELISA was 0.01U/
mL (1U = 1.0 µg F-Ag). The linear range of the standard
curve was 0.01U/mL-50U/mL. The intra-and inter-assay
coefficient of variation (CV) was 6.2% and 7.7%
respectively. Recovery rate was 95.9%-105.2% when
the known amount of F-Ag was put into the serum of
normal subjects. All serum samples were detected with
BA-ELISA, and the results were shown in the follow
ing Table 1. The serum F-Ag concentration of 25 healthy
subjects was 0.08 U/mL ± 0.03 U/mL. The values under
0.08 U/mL ± 0.03 U/mL were regarded as negative.
Compared with control group (healthy subjects), in
crease was found in the serum F-Ag of all liver diseases
with no change in non-liver diseases (P>0.05). AST
activity was 124.5 U/L ± 62 .5 U/L- in non-carcinomatous
liver diseases (31 cases). No obvious correl ation was
found between their AST activity and serum F-Ag
concentration(n = 31, r = 0.13, P>0.05). AST activity
was 91.5 U/L ± 47.8 U/L in acute hepatitis (8 cases). A
close correlation was found bet ween their AST activity
and serum F-Ag concentration (n = 8, r = 0.89, P<0.
05). The concentration of α-AFP in hepatocellular carcin
oma (23 cases) was 113.7 µg/L ± 50.2 µg/L . An obvious
correlation was found between their α-AFP and serum
F-Ag (n = 23, r = 0.84, P<0.05).
Table 1 The serum F-Ag concentration of liver diseases and
non liver diseases
Groups
Control
Acute hepatitis
Chronic hepatitis
Hepatocellular cancer
Liver cirrhosis
Alcoholic liver diseases
Non-liver diseases

Total Positive Positive
F-Ag
cases cases rate (%) (x±s,U/mL)
25
8
10
23
8
5
10

0
7
8
21
6
4
1

0.00
87.5
80.0
91.3
75.0
80.0
10.0

0.08±0.03
9.43±4.02
6.72±3.17
15.15±5.48
8.31±3.59
5.28±2.64
0.11±0.04
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avidin (Kd = 10-15 mol/L), we coupled biotin with antiF-Ag IgG and developed BA-ELISA for detecting FAg of human serum which is highly sensitive, stable
(recovery rate 95.9%-105.2%), easy and safe with a
wide range (0.01 U/mL-50 U/mL). It is advisable for
clinical use.
Positive serum F-Ag was found in 46 out of 54
cases of liver disease (its average level was 13.5
U/mL and its positive rate was 85.2%), while
positive serum F-Ag was found in only 1 out of 10
cases of non-liver diseases. It indi cates that F-Ag
is rather specific and has a high detectable rate for
liver disease. Compared with present criteria for
the evaluation of liver function, serum F-Ag level
is correlated with AST activity in acute hepatitis
patients, and is not correlated with AST activity in
patients with chronic hepatitis, liver cirrhosis and
cancer. It is suggested that F-Ag is of great practical
value to the diagnosis, treatment and prognosis of
liver diseases, and is a more sensitive and specific
marker of liver damage and pathological features
as compared with the routine criteria of liver
function.
The detectable rate of serum F-Ag was 91.3% in
23 cases of liver cancer. The level of serum F-Ag
was higher (the mean level was 14.3 U/mL) than that
of other liver diseases. Serum F-Ag was negative in
4 cases of non-liver tumors out of 10 cases of nonliver disease, which was consistent with that of
stomach cancer reported by Grewal[3]. It is suggested
that serum F-Ag is a specific marker of liver tumor
and has a high detectable rate. The level of F-Ag and
α-AFP has a positive correlation. Therefore, detection
of serum F-Ag is helpful for the correct diagnosis of
liver diseases.
Further research is to be made in the function of
F-Ag in order to find out the direct evidences and
theoretical bases of F-Ag as a marker of liver damage.
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Vagus effect on pylorus-preserving gastrectomy
LU Yun-Fu, ZHAO Ge, GUO Cui-Ying, JIA Shou-Ren and HOU Yi-Ding

Subject headings vagus; pylorus; gastrectomy; gastric
emptying
INTRODUCTION

Maki and others reported in 1967 the study of a
pylorus-preserving gastrectomy (PPG) [1] . It
successfully prevented dumping syndrome and
duodenogastric reflux, but failed in gaining proper
speed of gastric emptying, thus leading to new
complications such as gastric retention, etc. To inquire
into this subject, we have made the following
experimental studies.

control group (Figure 1), demonstrating that
rhythmic sphincter action is preserved by
retaining the pyloric vagus. Group B. It can be
seen in Figure 2, action potential of smooth
muscle decreasing significantly, 8-12 times
lower than that of the normal; asynchronous a
ction between potential and contraction; and
frequent spastic contraction of pylorus. The
spastic contraction was apparently caused by the
action of intramural nerve plexus or automatic
rhythm of the smooth muscle, not by the action
potential of the vagus.

MATERIALS AND METHODS

Twelve mongrel dogs of either sex weighing 15 kg
to 25 kg were divided randomly into two groups 6
in each. Group A: preserving the pyloric vagus
(Figure 1). Figure 1, I Make an incision on the antral
wall, strip off antral m ucosa and suture
seromuscular layer with its attaching vagus
branches to form a small pouch in which a water
bag pressure sensor had been installed. In addition,
a bipolar electrode was put into the antral smooth
muscle layer. Through separate transducers the
pressure sensor and electrode were connected to
a bichanneled physiologic kymograph for recording
the intra-antral pressure curve and the
electromyographic curve. Figure 1 II are the curves
after pylorus and pyloric vagus preserving
gastrectomy (PPVPG) [2]. Figure 1 III shows the
curves of the control group. Group B: not preserving
the pyloric vagus (Figure 2). According to Maki’s
surgical mode, transect the antrum from the gastric
body 2 cm above the pylorus and cut all the vagus
branches innervating the antrum and pylorus. The
rest of the procedures followed those described in
Group A.

Figure 1 Electromyogram and intraluminal pressure.A.
Intraluminal pressure; B. Electromyogram; I. Sutured antrum
seromuscular flap; II. Postoperation of PPVPG; III. Control group.

RESULTS

Group A. It can be seen from the figure that an
action potential is immediately followed by a
rhythmic stomach contraction. Figure 1 shows the
curves after PPVPG, resembling those of the
Department of Surgery, the Second Clinical College, Shanxi Medical
University, Taiyuan 030001, Shanxi Province, China
Correspondence to: LU Yun-Fu, Department of Surgery, the Second
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Figure 2 Electromyogram and intraluminal pressure of
gastrectomy without preserving pyloric vagus.A.
Intraluminal pressure; B. Electromyogram; I. Transecting
antrum and pyloric vagus; II. Transecting antrum and pyloric
vagus, with the antrum anastomosed.

Table 1 shows the effect of pyloric vagus on
electromyogram and intraluminal pressure with the
vagus preserved or resected.
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Table 1 Effect of pyloric vagus on electromyography and
intraluminal pressure (x±s)
Parameters
Action potential (mV)
Intraluminal pressure (kPa)

Vagus preserved
(n = 6)
0.855±0.26 b
3.273±0.426

Vagus resected
(n = 6)
0.057±0.043
3.645±0.608

b

P<0.01, vs vagus resected.

DISCUSSION

In an attempt to prevent dumping syndrome and alkaline
reflux gastritis as much as possible, Flynn[3], Killen et al
[4]
once performed resection of 50%-70% canine
stomach, retaining 2 cm of the distal antrum, removing
the remained antrum mucosa and anastomosing mucosa
of the corpus and duodenal, then suturing the
seromuscular coat. However, the operation has not been
applied clinically because of its high mortality and
the difficulty in stripping t he mucosa. Later, Maki
continued the study and formally advanced a PPG
[1]
, which resected most of the antrum and the corpus
2 cm from the pyloric ring and retained the remaining
antrum mucosa. PPG successfully prevented
dumping syndrome and duodenogastic reflux in 50
cases of gastric ulcer since its clinical application in
October 1964, but failed in keeping normal gastric
emptying. According to some reports, gastric retention
reached 40%, lasting as long as 6 months[5]. The chief
reason of gastric retention, judged by our experime
ntal study, could be attributed to incision of vagus
innervating pylorus, which consists of excitatory and
inhibitory postganglionic fibers. The former speeds the
spread of the basic electric rhythm (slow wave),
facilitates the formation of an action potential which
causes rhythmic contraction of stomach, and the latter,
relaxes the stomach. By the coordination of the

WJG

April

1999

Volume 5

Number 2

two, the stomach contracts and relaxes rhythmically.
With the vagus resected, the action potential of gastric
smooth muscle decreases notably, autonomous
contraction of gastric smooth muscle induced by the
homogenetic rhythm of smooth muscle and the
intramural nerve plexus occurs. The uncontrolled
spastic contraction will lead to the delay of gastric
emptying as well as gastric retention. In our view, the
physiological function of pyl oric sphincter can not
be really preserved without preserving vagus
innervating pylorus. To preserve the vagus, we
designed a PPVPG through a large number of
experimental studies on animals [4]. This operation
mainly consists of stri pping off antrum mucosa,
excising the bulk of the corpus, preserving pylorus,
va gus trunks, Latarjer vagus and the last two to
three branches of avian claw vagus innervating the
pyloric region; it has been applied clinically since
January, 1988. As many as 132 cases of peptic ulcer
were so treated with good results. The fact that there
was not a single case of gastric retention and ulcer
relapse in the follow-up survey. All these demonstrate
that PPVPG was scientific enough to meet all clinical
requirements. At the same time, it has proved that
preserving vagus is rather important in preventing
gastric retention after PPG.
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Activation of killer cells with soluble gastric cancer
antigen combined with anti-CD3 McAb *
CHEN Qiang, YE Yun-Bin and CHEN Zeng
Subject headings stomach neoplasms; antigens,
neoplasm; killer cells; interleukin-2; CD3 McAb
INTRODUCTION

There have been many reports on cancer therapy with
lymphokine-activated killer (LAK) cells and interleukin2 (IL-2), but the proliferative response and anti-cancer
effect of LAK cells are dependent on IL-2 dose. Other
methods to improve the anti-tumor activity of cytotoxic T
cells by activation with anti-CD3 McAb in conjunction
with IL-2 are being investigated in recent years. In this
study, we attempted to explore the physiologic and biologic
effects of T-killer cells (TAK) co-stimulated with soluble
gastric cancer antigen, anti-CD3 McAb and IL-2.
MATERIALS AND METHODS
Materials

Interlukin-2 was produced by Shanghai Bio-Chemical
Institute and anti-CD3 monoclonal antibody was prepared
from Tumor Institute, Chinese Academy of Medical Sciences.
Medium 1640 was produced by Gibco Company of America.
Target cell: K562 and SGC-7901 were prepared
by Radio biology Research Laboratory of our hospital,
hepatocarcinoma cell line (SMC) was prepared by Tumor
ResearchLaboratoryofFujianMedicalUniversity.Alltumorcells
were maintained in medium 1 640 with 100 ml/L calf serum.

McAb for CD3AK cells. TAK cells were stimulated
with IL-2, CD3 McAb and the extracted tumor antigen
at a dose of 100 mg/L of culture. All the cells were
refed with new media every 2-3 days of incubation at
37 in air atmosphere containing 50 mL/L CO2 and
were diluted to 1×109/L.
Expansion of the three kinds of killer cells was
tested with typan blue staining. The cytotoxity of the
three different killer cells were tested with MTT
methods[2], and the ratio of killer cells and the target
cells was 10:1.
Having cultured for 10 days, TAK cells were tested
for CD3, CD4, CD8, NK and CD19 by Flow Cytometry.
RESULTS
The killer cells cultured with various stimulators

There was a similar growth tendency among the
three kinds of killer cells. In LAK cells group,
the maximum cell number of expansion was found
about 10 days of culture, the cell number
decreased rapidly on the 15thday and was fewer
than the initial number on the 20 th day. However,
in TAK group and CD3AK group, the peaks of
the cell expansion were found on th 13 th day an
d the cell number was more than that in LAK
group. The activity of cell expansion was TAK>
CD3AK>LAK (Figure 1).

Methods

Tumor soluble antigen was extracted from SGC cells
by salting-out method previo usly described by
C h e n Y X e t a l [1] a n d s t o r e d a t - 2 0 . T h e
mononuclear cells (MNC) were isolated from 50
mL venous blood of normal don or by centrifugation
over a Ficol-lHypaque gradient and a final concentration
of 1×10 9/L was obtained in each culture bottle.
Three kinds of cytotoxic T cells by activation was
maintained in medium 1 640 with 750 kU/L IL-2 for
LAK cells, 750 kU/L IL-2 and 100 mg/L CD3
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Figure 1 The proliferation tendency among the three kinds of killer
cells.

Comparison of the anti-tumor activity among the
three kinds of killer cells during culture

Table 1 shows that the killing activity of all the
killer cells to K562 was low in the early stage of
culture, but it increased as the rapid expansion
occurred. On the 20 th day, TAK and CD3AK cells
maintained killing activity from the 15th day. On the
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other hand, the killing activity of TAK, CD3AK and LAK
to SGC-7901 was 98.5%, 82.1%, and 62.1%, and was
74.9%, 51.3% and 52.4% to SMC respectively.
Analysis of surface markers in the killer cells

By flow cytometry, it showed that TAK cells were
dominated by CD8+ T cells (Table 2).
Effect of anti CD3 monoclonal antibody on TAK

Anti-CD3 monoclonal antibody and IL-2 could costimulate the expansion of ly mphocytes, and make the
cells become higher in anti-tumor activity (Table 3).
Table 1 Comparison of anti-tumor activity among the three
kinds of killer cells during culture
Incubation day

Group
TAK
CD3AK
LAK

3

7

10

12

30.3
25.4
23.5

42.8
39.7
34.7

58.7
47.5
38.5

54.0
50.2
30.8

15

17

20

49.9
38.9
14.5

47.0
38.4
10.4

36.9
27.0
8.9

Table 2 Analysis of surface markers on the killer cells (n = 6)
Incubation
0d
10d

CD3

CD4

52.80
49.88

49.40
44.36

CD8 CD4/CD 8
26.40
62.80

1.87
0.76

NK

CD 19

23.30
4.53

7.20
0.20

Table 3 Influence on the killer cells with various stimulation
Group
1
2
3

Stimulated by

Duplication of
proliferation

IL-2 alone
IL-2 alone after costimulation
with anti-CD3 mAb for 48 h
Coexistence of anti-CD3 mAb
and IL-2 during incubation

Killing
activity

2.1
3.8

38.5%
40.1%

5.3

58.7%

Morphological observation of the killer cells

Under the inverted microscope, the killer cells were found to
be round and bright large lymphocytes. They were aggregated
into lumps with TAK lumps bigger than LAK lumps, and
CD3AK lumps smaller. As the cell culture was continued,
the shape of the killer cells changed and became irregular.
In vitro, we found that under the microscope the
effect cells were aggregated onto the target cells after
mixed cultivation for 1h, and that the targe t cells
became enlarged after mixed culture for 6 h; and that
cell debris could be seen after mixed culture for 15 h
only in TAK group and CD3AK group .
DISCUSSION

Since Rosenberg et al [3] reported the anti-tumor
therapy by LAK cell and IL-2 in 1985, it has been
widely used. Its effective rate was 20%-35%.
However, its adverse reaction was severe due to
high doses of IL-2. For this reason, scientists are

WJG

April

1999

Volume 5

Number 2

now trying to look for a certain kind of effect cells which
has higher anti-tumor activity and requires lower doses
of IL-2 to maint ain its activity.
In the study, CD8+dominated cytotoxic T cells
(TAK), generated from PBMC co-stimulated
with soluble gastric cancer antigen (TSA) and
anti-CD3 McAb, showed much higher
cytotoxic activity against gastric cancer cell
line from which TSA was extracted than that
against hepatoma cell line (SMC). Moreover,
we fou nd that the expansion of TAK in vitro
required lower IL-2 concentration than CD3AK did. It was encouraging that we have laid
a foundation to solve the LAK activity which
is dependent on IL-2.
As immune cells for treatment, the ratio between
subtypes and its relative stability was of great
importance. The results in flow cytometry showed
that in the course of TAK culture, CD 8 + cell
number increased obviously, CD 3+ decrea sed
slightly and CD 4+ had no change. It is suggested
that TAK cells were do minated with CD 8+ cells.
We knew CD 8+ T cells could be subdivided into
Tc cells and Ts cells. If the number of Tc cells
increa sed in the culture, the anti-tumor activity
would be greatly enhanced. This may explain why
CD 8 + d o m i n a n t TA K h a d s t r o n g a n t i - t u m o r
activity. Further identification of Tc and Ts cells
in the culture will be our next focus of research.
Our results also showed that on the 10 th day of
culture, CD 19+, CD 16+ and CD 56+ cells were rare,
suggesting that anti-tumor effect of TAK cells
was chiefly dependent on CD 8 + T cells.
Tao et al[4] reported that stimulation of PBMC
with anti-CD3 McAb and IL-2 for 48 hours and then
with IL-2 alone achieved a better anti-tumor activity.
Our results showed that coexistence of anti-CD3 McAb
and IL-2 during cell culture is of benefit to cell proliferation
and cytotoxicity.
Our conclusion is that the immune effect cells
generated from the PBMC stimulated with anti-CD3
McAb, IL-2 and TSA may be characterized by rapid
proliferation in vitro, high cytotoxicity and low IL2 dependence. Clinically, it is worth being
considered.
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Clinical significance of changes of perioperative T
cell and expression of its activatedantigen in
colorectal cancer patients
WANG Yi-Xing1, RUAN Can-Ping2, LI Li3, SHI Jing-Hua2 and KONG Xian-Tao3
Subject headings colorectal neoplasms; perioperative
period; T lymphocytes; surface antigen
INTRODUCTION

Immune function status is corresponded to genesis and
progress of tumor, and cell immune plays a major role in
anti-tumor immunity. In recent years, there has been
more and more interest in the effect of tumor on functional
imbalance of T lymphocyte subgroups. In order to study
changes of immune status in colorectal cancer patients
before and after operation, we determined six kinds of
T lymphocyte surface antigens including CD3, CD4, CD8,
CD16, CD69 and CD3+/HLA-DR+ in 35 patients with
colorectal cancer from April 1996 to March 1997, and
the results were compared with those in patients with
benign diseases.
MATERIAL AND METHODS
Patients

Among the twenty-five patients with benign disease
in the control group, sixteen were patients with
inguinal hernia, nine with varicose, their average
age was 46.61 ± 11.63. They did not take any
medicine recently and had no complicat ions.
Among the thirty-five patients in the colorectal
group, eighteen were mal e and seventeen female.
Their average age was 60.13 ± 8.15. All of them
were operatedupon, twenty-seven patients received
radical resection and eight patients palliative
resection. The diagnosis was confirmed by
pathological examination.
Material

A murine monoclonal antibody to human CD 3 ,
CD 4 , CD 8 , CD 1 6 , CD 6 9 a n d a d o u b l e-c olor
fluorescent labeled CD 3-FITC/HLA-DR-PE were
purchased from Coulter-Immunotech Company.
1
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Methods

Peripheral vein blood was collected in heparin tubes
3 days before operation in control, 3 days before
operation and 10 days after operation in cancer
patients respectively. Ten µL- fluorescent labeled
antibodies (Coulter) was mixed into 100 µL
heparinized blood (or 10 6 cells with nucleus) in a
tube. The mixture was incubated at room
temperature for 15 min, and was processed in a Qprep machine and determined in a Coulter Epics
XL flow cytometer (Coulter Company, USA) with
relative softwares. The Dot Plot was made
according to the detected value of the forward
scatter light and the side scatter light (at a 90
angle from the laser axis) of flowing cells excita
ted by an air-cooled 488 nm argon-ion laser. Green
and red emissions of t he lymphocyte group were
detected with a 530 nm ± 10 nm bandpass filter
and a 515 nm ± 10 nm bandpass filter respectively.
The same type of non-fluorecent-labeled murine
monoclonal antibodies was used as control in each
group of samples. A combination of volt of the
photomultiplier tubes (PMT1 and PMT2) was
adjusted according to the non-fluorecent-labeled
murine monoclona l antibodies to keep background
fluorescent below 2% and CD 3 /CD 4 , color
complement was adjusted in permitting width.
Statistical analysis

Data was analyzed by Student’s t test and Chi-square
test.
RESULTS
Changes of T cell and its subgroups in colorectal
cancer patients before and after operation

The results in Table 1 show that:
CD 3, CD 4
and CD 4/CD 8 were significantly lower in cancer
patients before operation than those in control
while CD 8 was much higher in cancer patients (P
<0.05).
T cell and its subg roups changed
obviously after operation. CD 3, CD 4 and CD 4/CD 8
were sig nificantly higher in cancer patients after
operation than those before operation (P<0.05),
but CD 8 decreased obviously (P<0.05). No
significant difference was found in CD 3, CD 4 and
CD 4/CD 8 of the postoperative cancer patients and
the controls.
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Table 1 Change of T cell and its subgroups in colorectal cancer patients before and after operation (%, x ± s)
Groups
Control
Colorectal cancer before operation
Colorectal cancer after operation

Cases

CD3

CD4

CD8

25
35
35

68.41 ± 7.30
62.57 ± 7.46 a
65.38 ± 8.19

39.88 ± 9.11
38.81 ± 8.23 a
37.31 ± 11.47

25.15 ± 7.34
30.71 ± 4.03 a
25.26 ± 5.98

CD4/CD 8
1.79 ± 0.90
1.13 ± 0.28a
1.69 ± 1.07a

P<0.05 vs control and colorectal cancer after operation.
Table 2 Expression of T cell activated antigen and CD16 in pat ients with colorectal cancer (%, x ± s)
Groups
Control
Colorectal cancer before operation
Colorectal cancer after operation

Cases
25
35
35

CD 16

CD69

11.11 ± 6.25
7.37 ± 2.61 ac
11.62 ± 4.23

10.98 ± 6.41
5.99 ± 2.07ac
10.87 ± 2.81

CD3+/HLA-DR+
4.44 ± 3.22
3.81 ± 1.72c
7.62 ± 3.01b

a

P<0.05; bP<0.01 vs control; cP<0.05 vs colorectal cancer after operation.

Expression of T cell activated antigen and CD16
in patients with colorectal cancer

The results in Table 2 show that:
CD16 and CD69
were significantly lower in cancer patients before
operation than those in control, and no significant
difference was found in CD3+/HLA-DR+ between the
postoperative c ancer patients and the control. T cell
activated antigen CD69, CD3+/HLA-DR+ and CD16
increased obviously postoperatively (P<0.05). No
significant difference was found in CD16 and CD69
between the postoperative cancer patients and the
controls, while CD3+/HLA-DR+ was much higher than
that in control (P<0.01).
DISCUSSION

It was found in the study that CD3, CD4, CD4/CD8, CD69
and CD16 on NK cell surface in cancer patients before
operation were lower than those in control, but CD8 was
much higher than that in control. The cell immune
function decreased significantly in colorectal cancer
patients before operation. Elevation of CD8 was caused
by increase of T suppressive cells (Ts), while reduced
CD16 was due to decrease of NK cells and increase of
serum immune suppressive factor along with the tumor
growing[1,2]. No statistical difference was found in
activated T cell CD3+/HLA-DR+ between the cancer
patients before operation and the controls. It might be
caused by the on-going of TH cell mediated ADCC effect
when TH cell (CD4) having recognized APC antigen in
body with tumor was activated. Though the body immune
function was suppressed at different extent, activation
of T cell which was important in cell immune was still
going on[3].
Both T cell subgroups and T cell activated antigen
changed obviously in colorectal cancer patients
after operation with CD 3 , CD 4 /CD 8 , CD 16 and
CD 69 increased significantly, and CD 8 decreased

obviously. Except the ac tivated T cell CD3+/HLA-DR+
which was much higher than that in control, no significant
difference was found in other parameters between the
colorectal cancer patients after operation and the
controls. The mechanism is that immune suppres sion
in colorectal cancer patient is caused by the soluble
immune suppression factor originated from tumors related
to differentiation. Since the level of the immune
suppression factor decreased, the body immune function
and host ant i-tumor immune function recovered
gradually after the tumor was resected, strong T cell
immune response induced by MHC II antigen HLADR activated CD4 positive T cell to produce cellular
factors, and augmented effect of CD8 or CD4 positive T
cell mediated ADCC[4,5]. Increased CD3 positive T cell,
T help cell and CD 16 expression, and decreased
suppressive T lymphocyte after operation showed that
resection of tumor is helpful in improving patient ce ll
immune functions. Increased T cell activated antigen
CD 69 and CD 3+/HLA-DR + showed that host cell
immune function was enhanced. So we hold that radical
or palliative excision of colorectal tumor may be helpful
in enhancing patient immune functions and postoperative
treatment. Monitoring patient immune status after
operation may have definite clinical significance in
predicting the prognosis of patients.
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Role of intracellular calcium in contraction of
internal anal sphincter
NIU Wei-Xin1, QIN Xin-Yu1, LU Ying-Qing2, SHI Nian-Ci2 and WANG Cheng-Pei1
Subject headings intracellular calcium; internal anal
sphincter; ryanodine; muscle contraction

INTRODUCTION

Internal anal sphincter (IAS) is a continuation of the
smooth circular muscle layer thickened at the rectum,
innervated by vegetative nerve. IAS is a special
smooth muscle, which is different from colonic
smooth muscle in physiology and pharmaology[1]. It
was found that contraction of gastric smooth muscle
depends on the influx of extracellular calcium and
release of intracellular calcium[2]. In present study,
we observed and compared the effects of extra and
intracellular calcium on the contraction of IAS and
colonic smooth muscle.
MATERIALS AND METHODS

IAS and colonic smooth muscle (circular muscle)
were taken from 10 patients undergoing abdominoperineal resection of the rectal carcinoma. The strips
containing muscle were approximately 1.2 cm long
and 0.2 cm wide. The samples were immediately
immersed in Krebs-Henseleit solution. The muscle
segments were held by the extremities in the direction
of the fires and suspended in a 35mL organ bath
containing Krebs-Henseleit solution at 36.5 ± 0.1
an d gassed with 95% oxygen-5% carbon dioxide.
Segments were attached to an isometric transducer
coupled to a polygraph recorder.
Responses of the strips to acetylcholine (Ach) and
no r a d r e n a l i n e ( N A ) w e r e e x a m i n e d u s i n g
cumulative concentration responses. After this,
repeated steps were made in calcium-free and

calcium solution respectively to test effects of
extracellular cacilum on the contraction of the
muscle. Finally, ryanodine of different doses was
given to the strips in solution containing calcium to
study the role of intracellular calcium in contraction
of the muscle.
Anal manometry was made in 32 healthy
volunteers to obtain the contracting figures of anal
sphincter. The average age was 47 years (ranging
from 33-61). The manometry consisted of a
perfused open-ended polyethylere catheter
(inside diameter 1mm) attached to an external
transducer (CYS, China), and a micro computer
(Laser-310).
Statistical results were compared using Student’s
test. P<0.05 was considered to be significant.
RESULTS
Contracting frequency of colonic smooth muscle
and IAS

In vitro spontaneous contraction of 7-12 and 11-17
cycles per min (cpm) could be seen in colonic
smooth muscle and IAS respectively. The
contracting frequency of anal sphincter from the
manometric figures was 12 cpm-18 cpm under the
resting condition in these volunteers.
Effects of Ach and NA on colonic smooth muscle
and IAS

Ach h a d a d o s e - d e p e n d e n t r e l a t i o n w i t h
contraction of colonic smooth muscles and had no
effect on internal anal sphincter. NA had a dosedependent relation with contraction of internal anal
sphincter and had no effect on colonic smooth
muscles (Table 1).
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Contracting effects of extracellular calcium on
colonic smooth muscle and IAS

Significant difference was found in contractions
of colonic smooth muscles in calcium and calciumfree solutions, but no difference was found in
contraction of IAS in calcium and calcium-free
solutions (Table 2).
Effects of ryanodine on contraction of colonic
smooth muscle and IAS

Ryanodine had a remarkably inhibiting effect on
contractions of IAS, but had no effect on
contractions of colonic smooth muscles (Table 3).
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Table 1 Dose-response correlation of Ach and NA in colonic
smooth muscle and IAS (x ± s, n = 10)
Colonic smooth muscle
Ach (mol/L)

Internal anal sphincter (IAS)

Contraction strength (g)

-6

10
10-5
10-4
10-3
10-2

1.2
2.4
4.1
6.4
9.3

±
±
±
±
±

NA (mol/L) Contraction strength (g)

10 -6
5×10-6
10 -5
5×10-5
10 -4

0.39
0.41
1.20
1.60
1.75

0.70
1.34
1.74
2.20
2.68

±
±
±
±
±

0.23
0.41
0.41
0.44
0.45

Table 2 Contraction of colonic smooth muscle and IAS in
different solutions (x ± s, n = 10)
Solution
2+

Contraction strength (g)
Colonic smooth muscle Internal anal sphincter

Ca solution
Ca2+ -free solution

8.30 ± 2.01
4.27 ± 0.91 a

2.44 ± 1.20
1.84 ± 0.77

a

P<0.01, t = 3.72, compared with Ca2+ containing solution.

Table 3 Inhibiting effect of ryandine on colonic smooth muscle
and IAS (x ± s, n = 10)
Percentage of contractile strength without ryanodine (%)
Ryanodine
(µmol/L) Colonic smooth muscle Internal anal sphincter (IAS)
0.1a
1.0
10.0

85 ± 17.9
87 ± 13
85 ± 14

91 ± 11
71 ± 24b
57 ± 20 c
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colonic smooth muscle is chiefly produced by influx
of Ca 2+ . From present study we found that
contraction of colonic smooth muscle was
weakened by about 50% when no extracellular
calcium exists, whereas contraction of IAS was not
affected. It is suggested that releases of Ca2+ from
intracellular storage may occur at the time when
IAS contracts.
Ryanodine is an alkaloid extracted from rhizome
of Ryania speciosa Vahl. It has been found in
animal experiments that when Ryanodine is
combined with Ryanodin receptor of sarcoplasmic
reticulum in smooth muscular cells, contraction of
the m uscular cells will be prevented because Ca 2+
storage is exhausted after re lease of Ca 2+ from
i t [4-7] . I n t h e p r e s e n t s t u d y w e f o u n d t h a t
contraction of IAS induced by agonist was
significantly inhibited in contrast with colonic
smooth muscle when Ryanodin was given. It is
indicated that release of intracellular cacium may
play an important role in contraction of IAS. IAS
is a special smooth muscle, being principally
responsible for the generation and maintence of
resting anal canal pressure [3]. It is still unknown
whether the contracting property of IAS is
associated with the release of intracellular
calcium. Futher studies should be made.

b

P<0.05, t = 2.48; cP<0.01, t = 3.61; compared with a.

DISCUSSION

Smooth muscle of gut is innervated by cholinergic and
adrenergic nerves. Acetylcholine is effective in
contracting colonic smooth muscles, whereas epinephrine
inhibits it. It is these nerves that regulate and control the
movement of the smooth muscles of digestive tract.
The contracting frequency of IAS is basicaly in
accordance with anal sphincter in the volunteers. The
contracting frequency of IAS is higher than that of colonic
circular muscle. It is possibly related to the maintenance
of continence because anal resting pressure is mainly
produced by contraction of IAS[3].
It is well known that contraction of muscular
cell is associated with Ca 2+, and contraction of
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Editorial

Gastric emptying measured by ultrasonography
Odd Helge Gilja, Trygve Hausken, Svein Ødegaard and Arnold Berstad
Subject headings gastric emptying; stomach/
ultrasonography; stomach/pathophysiology

A number of different methods have been used to
estimate gastric emptying in humans, and all have
their advantages and disadvantages. The method of
choice will depend on whether solid or liquid meals
are studied, the level of precision required, the degree
of invasiveness that the subject or patient will
tolerate, ethical considerations, and not at least the
facilities available. Scintigraphy, with appropriate
labelling of the test meal components and appropriate
corrections applied, is considered so far the gold
standard for measurement of gastric empty ing.
However, its application is limited by the need to
restrict exposure to ion ising radiation. Other
methods are gastric aspiration techniques,
radiography, ultrasonography, magnetic resonance
imaging, epigastric impedance measurements, applied
potential tomography, tracer methods (e.g. paracetamol),
and breath tests. Regardless of the method used, the
investigator must be aware of the limitations of the method
in use, the large inter-individual variability and of the facto
rs known to influence gastric emptying.
Ultrasonography is non-invasive, cheap, widely
available, and can be repeatedly performed because
of its safety. two- dimensional ultrasound has, for
many year s, been widely used to assess gastric
emptying rates [1-5] , and good cor relation to
radionuclide estimates of emptying rates have been
detected[3,6]. In one study, ultrasound measurements
of gastric emptying gave comparable sensitivity to
scintigraphy in quantifying emptying of both low and
high nutrien t liquids[7].
Ultrasound imaging of the proximal stomach is
usually considered inappropriate due to the presence
of gas-pockets and its relative inaccessibility close
to the intra-thoracic cavity. However, an
ultrasonographic method has been developed to overcome
these problems and it demonstrated a moderate dayDepartment of Medicine, Haukeland University Hospital, University
of Bergen, Norway
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to day variation and low intra and interobserver error[8].
This method has been applied to study accommodation
of the proximal stomach in patients with functional dys pepsia
and the effect of different drugs on the stomach[9-12].
In addition to ordinary B-mode imaging, the
movements of gastroduodenal contents and velocity
curves of transpyloric flow can be synchronously
visualised by du plex ultrasound, that is combination
of Doppler measurement and B-mode imaging[13-16].
By use of duplex scanning, it was revealed that, in
the fed st ate, a short gush of duodenogastric reflux
normally precedes the peristaltic clo sure of the
pylorus[14].
One of the latest advances in ultrasound tech nology
is three-dimensional (3-D) imaging. An early system
for acquisition and processing of 3-D ultrasound data
was developed in an attempt to enhance the accuracy
of volume computation of th e distal stomach [17].
Using a motor device, the transducer was tilted th
capturing sequential Tworough an angle of 90
dimensional frames before the data set was
transferred to a graphic workstation for final 3-D
processing. This 3-D ultrasound system was
validated both in vitro and in vivo, and yielded high
accuracy and precision in volume estimation of
abdominal organs [18,19]. This 3-D scanning system
was also used to evaluate patients with fun ctional
d y s p e p s i a [20-22]. D e s p i t e t h e s i g n i f i c a n t
achievements with resp ect to accuracy in volume
estimation and 3-D reconstruction of tissue and
organ s, this 3-D system could only acquire a 90
fan-like data set from a pre-det ermined, single
position of the transducer.
Random or free-hand acquisition of 3-D ultrasound
data has been achieved by ut ilizing mechanical[23,24],
acoustic [25-28], or electro magnetic [29,30] devices to
locate the exact position and orientation of the tran
sducer in space. To enable scanning of a large organ
like the fluid-filled stom ach, a commercially
available magnetometer-based position and
orientation measurement (POM) device was
chosen, which is relatively immune to metallic
influence and electronic noise from the scanner.
This system for magnetic scanhead tracking has
been validated with respect to both its precision in
locating specific points in space[30] and its accuracy
in volume estimation[31,32]. In these studies, the sensor
system worked well in scanning human organs, and
high precision and accuracy were revealed in point location and volume estimation.
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In one study, 14 male volunteers were examined
with 3-D ultrasound after ingest ion of a 500 mL soup
meal up to 35 min postcibally[33]. The averag e halfemptying time of this meal was 22.1min±3.8min.
Intragastric distribut ion of the meal, expressed as
proximal/distal volume, varied on average from 3.6±2.1
(5 min postprandially) to 2.7±1.9 (30 min postprandially).
This 3-D ultrasound system using magnetic scanhead
tracking demonstrated excellent in vitro accuracy,
calculated gastric emptying rates more precisely than
by two-d imensional ultrasound, and enabled estimation
of intragastric distribution of a soup meal in healthy subjects.
The same 3-D imaging system was also used to eva luate
gastric emptying and duodenogastric reflux stroke volumes
using a digital colour Doppler ima ging model[34].
In conclusion, ultrasonography is a reliable and safe
method to assess gastric emptying in humans. Ordinary
two-dimensional ultrasound imaging can be supplied with
Doppler analysis and 3-D scanning to obtain a higher
level of information on pathophysiology of the stomach.
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Fine-needle aspiration cytology of liver diseases
Ji Xiao-Long
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Ultrasonography, CT and magnetic resonance have
been widely used in the diagnosis of liver diseases in
the past 20 years, but the final definite diagnosis of
liver space occupying (LSO)lesions can not be made
only by imaging methods. Ultrasonograp hy has been
used in combination with fine-needle aspiration biopsy
in the diagn osis of liver diseases since the 1970s.
The accuracy of differential diagnosis of both benign
and malignant lesions could reach 88.8%. Since then,
this technique h as become popular in the diagnosis
of LOS lesions in large hos pitals in China. Dr. Edoute
reported 279 cases of LSO lesions in 1976-1988
diagnosed by non-ultrasonically-guided aspiration
biopsy, which is of great importance in the diagnosis
of LSO lesions by ultraso nically-guided fine-needle
aspiration biopsy.

ture by incorporating the advantages of both fineneedle and big-needle aspir ation biopsies, but the
tissue core is relatively small which sometimes can
not meet the needs of multiple biopsies of tissue
slices.
I N D I C AT I O N S A N D C O N T R A I N D I C AT I O N S O F
FNAC

FNAC is mainly used at present in the diagnosis of
LSO lesion s by ultrasonography and CT. Fine-needle
liver aspiration biopsy is performed when the final
definite diagnosis can not be made. Big-needle
aspiration biopsy is usually used in the diagnosis of
diffuse hepatic lesions while fine-needle aspiration
biopsy is mainly used in the diagnosis of focal hepatic lesions.
Indications of FNAC

Indications of FNAC are: primary liver cancer, secondary liver cancer, deep hepatic hemangioma, hepatic
abscess, circumscribed fatty liver, and cystic tumor or
cancer of liver.

ADVANTAGES AND DISADVANTAGES OF FINE-NEEDLE
ASPIRATION CYTOLOGY(FNAC)

FNAC leads to little tissue damage and few
complications. Pneumothorax occurred in only one case
of the 279 cases reported by Dr. Edoute. It has been
proved in our practice that one focus can be aspirated
3-5 times.
The disadvantage of FNAC is that smear cytological
examination can only determine whether the cells
are malignant, but can not type the tissues. Big
needle aspiration biopsy should be performed in
order to make the final definite classification of
tumors, e.g., to differentiate the subtypes of primary
hepatic cancer, but it has more complications than
fine-needle asp iratio n biopsy. Furthermore, fineneedle aspiration biopsy can reduce the risk of puncDepartment of Pathology, Chinese PLA General Hospital, Beijing
100853, China
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Contraindications of FNAC

The contraindications of FNAC are: patients with
hemorrhagic tendency such as those with noticeably
prolonged prothrombine time, patients with suspect
ed extrahepatic obstructive jaundice, patients with
suspected hepatic echinococcosis, patients with
hepatic surface hemangioma, and those who fail to
cooperate.
PREOPERATIVE PREPARATION, PROCEDURES AND
POSTOPERATIVE MANAGEMENT
Preoperative preparation

Preoperative examination of prothrombine time, bleeding
and clotting time.
Ultrasonography is used to determine the site of
LSO lesions, and the site of needle insertion and its
depth.
Aspiration needle

The external diameter of the fine-needle is less than
1mm, while that of the big-needle is greater than
1mm. Berlin Charife Hospital succeeded in fineneedle (its external diameter was 1mm) aspiration
cytology biopsy i n 1931. Swedish physicians began
to use it in the 1950s and named it fi ne-needle aspiration biopsy.
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Fine-needle. PTC needle is used for aspiration
biopsy in China, which consis ts of the needle scabbard
and the needle core. The needle is 15 cm-20 cm-long
and its external diameter is 0.6 mm-0.8 mm. Its tip is
sharp with a 30 -45 oblique angle. Fine-needle
aspiration can be performed in both cytological
examination and the diagnostic aspiration biopsy of vario
us cysts and fluid lesions.
Big-needle. The external diameter of big-needle
for transcutaneous aspiration is greater than 1 mm. Its
appearance, structure and length-are identical to fineneedle, but the needle with-1.2 mm external diameter
are commonly used.
Fine-needle aspiration histology. Number 21-23
Sute - c u t n e e d l e s , w h i c h a r e i d e n t i c a l i n
external diameter with fine-needle, are usually
used in hepatic tum or biopsy. When the needle
is being inserted into the light target, the
operator lifts the piston in the needle handle,
making the need le core move up, so that the
tissue strips can be inlaid in the space of the
needle sheath in which the pressure is negative.
The aspirated tissue for biopsy is 0.4 mm in
diameter and 3 mm long.
Guiding needle.The fine-needle(its external
diameter is 0.7 mm) is rather soft and easy to bend in
the process of transcutaneous aspiration, which often
results in failure. When the guiding needle (it is 5 cmlong and its external diameter is 1.6 mm) is
supplemented, success can be achieved. After the
guiding needle is inserted into subcutaneous tissues,
the fine-needle is used to aspirate in order to avoid its
bending.
OPERATIONAL PROCEDURES OF ULTRASONICALLYGUIDED FNAC

Preoperative measurement of blood pressure and
pulse for postoperative control. For determination of
the site of LSO lesions by ultrasonography, horizontal
position is taken for patients with lesions in the left
hepatic lobes, while left lateral position is taken for
patients with lesions in the right hepatic lobes. After
routine sterilization, the aspiration site is determined
by aspiration probe. The guiding needle is inserted
into subcutaneous tissues after local anesthesia
reaches Glisson’s capsule. The fine-nee-dle is
inserted into the guiding needle hole. The patient is
asked to hold his breath while the fine-needle is
inserted into the target of the liver along the
aspiration line displayed on the screen of ultrasonic
detector. A solid sense can be felt when the needle
has been inserted into the focal tissues. Then, the
patient is asked to resume his normal respiration
while the needle core is pulled out and connected to
a 10-mL injector. Soon after the negativ e pressure
is removed by lifting and inserting the needle point
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3 or 4 times, the needle is pulled out. The aspirated
tissues are placed on a glass slide and prep
ared into a round-shaped smear to observe
whether there are yellowish particles. The
liver tissues are aspirated when yellowish
particles are found. After the dried smear is
fixed in 950 mL/L-alcohol for 10 min, it is
taken out and stained for cytological
examination. The second aspirated tissues are
placed on a piece of filter paper and fixed in
100 mL/L formalin for histologica l
examination. The third ones are placed on a
piece of filter paper and fixed in 30 mL/Lglutaraldehyde for electron micros copy.
Postaspiration treatment. The patient is asked to
rest in bed for 4 h-6 h. Two hours after aspiration,
blood pressure and pulse are measured every 30
minutes, then once an hour for 4 successive times if
no change is found.
COMPLICATIONS AND DEATH RATE

Fine-needle aspiration results in little liver damage
and has a high safety. It was reported by Livraghi
et al [1] in 1983 that the occurrence rate of
complica tions was 0.05% in the 11 700 cases
receiving fine-needle abdominal aspir at ion
biopsy.Smith et al [2] in 1985 reported a total rate
of complication of 0.16% and a death rate of 0.
006% in the 63 108 cases receiving fine-needle
abdominal aspiration biopsy. Among them, noticea
ble bleeding was found in 17, bile leakage in 51,
infection in 16, and death in 4. In the study by
Cheng MH et al [3] , bleeding was found in 2 cases,
liver cancer in 1 case, and caver nous
hemangioma in 1 case a mong the 160 cases of
LSO lesions receiving ultrasonically-guided fineneedle aspiration biopsy.
In theory, pulling out the fine-needle when it has
been inserted into tumor may result in contamination
of a small number of malignant cells on the surface
of fine needles. However, TAO et al[4] reported that
no tumor implantation was found in the 2 500 cases
receiving transcut aneous aspiration biopsy, while it
was found in 2 cases among the 11 700 cases
reported by Livraghi et al.[1] No tumor implantation
has been reported so far in China, although tens of
thousands cases received fine-needle aspiation
biopsies.
FUTURE DEVELOPMENT

It is not difficult to find out LSO lesions with wide
application of imaging methods, but it is still
troublesome to make an accu rate and definite
diagnosis of tumors. Combined methods should be
advocated for the diagnosis of LSO lesions by ultrasonicallyguided fine-needle aspiration biopsy in order to improve the accuracy of its diagnosis.

Jl Xiao-Long. Fine-needle aspiration cytology of liver diseases

Ultrasonically-guided FNAC biopsy

The positive rate of the diagnosis of liver parenchyma
occupying malignant lesions is 77%-90%. FNAC biopsy
is helpful for the rapid diagnosis of liver cancer and can
provide the basis for cytological diagnosis and avoid
unneccessary exploratory laparotomies.
However, it is difficult for FNAC to classify tumors
and to make differential diagnosis of atypical proliferation
of liver cells and well-differentiated hepatocellular
carcinoma. FNAC can not serve as an exclusive
diagnostic method for malignant tumors due to its 10%23% false positive rate.
Ultrasonically-guided fine-needle aspiration
histology (FNAH) biopsy

In our studies, the aspirated tissues are placed on a
small piece of filter paper and fixed in 100 mL/Lformalin for histological examination since FNAC could
not classify the tissues. Among the 4 cases of liver
cancer, 2 were diagnosed by FNAC as having
interdegenerative cells and the other 2 as having
hepatocytes due to cirrhosis, while all of them were
diagnosed by FNAH as well-differentiated
hepatocellular carcinoma. Positive cancer cells were
found in 8 cases of secondary liver cancer by FNAC.
Of them, 1 case was diagnosed as liomyoma, 2 as
squamous epithelial carcinoma, and 5 as
adenocarcinoma by FNAH.
Ultrasonically-guided fine-needle aspiration
ultrastructural (FNAU) biopsy

Histological classification could not be made since
the tissues taken by FNAH were small. Ghadially
reported that 1%-8% tumors could not be diagnosed
only by histological examination (optica l
microscope). We have achieved satisfactory results
in the diagnosis of tumors by electron microscopy,
which can further confirm the histological diagnosis
of tumor and show their histogenesis, and is helpful
for the localizat ion of the primary focus of hepatic
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metastatic carcinoma. Combination of F NAC and
FNAU can increase the positive rate of tumor diagnosis,
but FNAU is limited in its use due to the difficulties in
specimen preparation and tissue localization.
Ultrasonically-guided fine-needle immuno
histochemistry

It is advocated to label the different cell antigens by
immunoohistochemistry for the differentiation of their
types when it is difficult to diagnose the fine-needle
aspirated cells by routine staining. For instance,
neuroendocrine labelling is helpful for the diagnosis of
carcinoid and positive AFP labelling supports the diagnosis
of hepatocellular carcinoma. The current tendency is to
prepare more specific antibodies so as to make the
differential diagnosis of tumors more accurate and
easier.
Ultrasonically-guided fine-needle molecular
biology

The wide application of molecular biology techniques
has made it possible to detect the level of nucleic acid
and various kinds of oncogenes. A large number of
biopsies can not be performed due to the limited
specimens of fine-needle aspirated tissues or cells while
oncogene biopsy is not limited by the amount of
specimens because the diagnosis of tumors at gene level
can be made on the basis of a few cells. Therefore,
molecular biology biopsies such as in situ hybridization
and PCR are the future hot points of fine- needle
aspiration cytology.
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Abstract
AIM To determine the value of nonimagingguided (direct) fine-needle aspiration cytology
in diagnosing liver lesions.
METHODS Detection by technetium-99m,
ultrasound or computed tomographic scanning
of the liver was made in 279 patients with 332
aspirations.
RESULTS Based on histologic, cytologic and
clinical findings, final liver diagnoses were reached
in 265 patients, of whom 171 had malignant and
94 benign liver disease. Among the 171 patients
with malignant liver disease, the cytologic
findings indicated suspected malignancy in 8
patients, suggested definite malignancy in 130,
but failed to disclose malignancy in 33 patients.
In 93 of the 94 patients with benign liver disease,
the cytologic findings were repo rted as benign,
while in one patient the report of malignancy was
false. The overall sensitivity, specificity, and positive
and negative predictive values for cytologic results
w e r e 80.7% , 98.9% , 99.3% a n d 73.8%,
respectively. The diagnostic accuracy of fineneedle aspiration cytology was 87.2%. The only
major complication attributable to the procedure
consisted of one case of pneumothorax.
CONCLUSION Direct fine-needle aspiration of
palpable liver mass and blind fine-needle
aspiration of non-palpable liver lesions for
cytodiagnosis are simple, safe, and cost-effective
diagnostic method for evaluating the nature of
liver lesions. The aspiration procedure including
potential complications could be cut short by early
finding of abnormal cells.
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INTRODUCTION

Imaging-guided fine-needle aspiration (FNA) for
cytodiagnosis is well establis hed as a reliable and
cost-effective method for diagnosing malignant lesions
in all systems and organs of the human body. FNA of
liver lesions guided by ultrasound (US) or computed
tomography (CT) has proven to be a safe, very
sensitive and specific method for diagnosing
hepatocellular carcinoma[1-8] and liver metastases[3,911]
. A sensitivity between 66.9% and 100% has been
reported in major centers[12-28]. However, its value in
small peripheral centers remains to be determined.
From 1976, and before the US and CT imaging
methods were introduced in our hospital, we performed
direct FNA of palp able ab do minal[29] and liver mass
and blind FNA of nonpalpable lesions detected by
technetium-99m, US and CT liver scan. Our findings
encouraged us to use this method as the initial diagnostic
tool in patients suspected of having malignant liver
disease (MLD). To date, a large retrospective
evaluation describing the ac curacy of direct FNA or
the safety of the technique has not been reported.
The aspiration procedure using guided needle
aspiration seems excessive for routine use with potential
for complications. Whether the procedure could be cut
short by early finding of abnormal cells remains to be
determined. The aim of this study was to report our
experience gained with nonguided FNA of palpable and
non palpable liver and to compare our results with the
method of imaging guided FNA as reported in the
literature.
MATERIAL AND METHODS

During the years 1976-1988 we performed 332
direct FNAs of liver in 279 patients at Rambam
Medical Center. Of the 332 aspirations, 50 (45
patients) were direct aspirations of palpable liver
lesions, and 282 (234 patients) were blind aspira
tions of non-palpable liver lesions. The aspirations
were made in order to either confirm or rule out
suspicions of primary or metastatic malignancy in
the liver, based on clinical findings and supported
by the presence of unifocal or mult ifocal liver lesions
on a radioisotope, US or CT scan. Informed consent was
obtained from each patient, and the study protocol
conformed to the ethical guidelines of the Declaration
of Helsinki as reflected in a priori approval by
the hospital’s Human Research Committee.
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Technique

The specimens for cytologic examination were
obtained by direct insertion of a long (0.8 mm×80
mm) 22-gauge needle. All aspirations were
performed by one operator, and the penetrating
sites of the liver were subcostal. An attendant
cytopathologist was present in all cases to verify
that adequate numbers of cells of the expected type
were present in the sample. In cases of palpable
liver mass, or of hepatomegaly arousing a strong
suspicion of liver malignancy but without any
palpable mass, the aspiration was usually performed
prior to any imaging exploration of the liver. In
cases of unifocal or multifocal lesion (s) demo
nstrated by imaging methods (with or without an
enlarged liver), the puncture sites and directions of
the needles were blindly directed towards the
estimated site of the lesion. Three to five aspirations
from different insertion points were made in each
FNA procedure, with six to eight needle passes for
each aspiration. The aspirate was expelled onto
glass slides, smeared and fixed with 95% ethyl
alcohol, and later stained by Papanicolaou’s method.
One slide was air-dried for May-Grünwald/Giemsa
staining.
Exclusion

The only contraindications for FNA were a
history of marked hemorrhagic tendency, a high
increase in D-dimers, reduced platelet count, or
prolonged prothrombin or partial thromboplastin
time.
Cytopathologic interpretation

Cytologic findings were reported as follows:
acellular,unsatisfactory, no malignancy,atypicalreactive,malignancy cannot be ruled out
(inconclusive), suspected malignancy and definite
malignancy. The tumor cell type was specified
whenever possible. The clinical, laboratory,
radiologic, imaging, operative, histologic and
cytologic data were compiled in each patient. Follow
up information for each patient was obtained in
order to reach a final diagnos is and to evaluate the
diagnostic role played by FNA. Data were obtained
by revi ewing Rambam Medical Center charts, the
discharge summaries of other hospitals and
telephone communication.
Statistical analysis

To determine the sensitivity and specificity of
cytologic diagnoses, it is necessary to classify
cytologic findings for each patient as either malignant
or benign. For this purpose, patients with cytologic
findings of ‘no malignancy’ and ‘atypical-reactive’
were classified as having benign cytologic diagnoses,
while patients with cytologic findings in liver aspirations
from the right or left side of ‘suspected’ and
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‘definite malignancy’ were diagnosed as having
malignancy. The cytologic findings of FNA were
categorized as true-positive, true-negative, falsepositive and false-negative. The accuracy of true
and false cytologic diagnoses was verified against
histologic, cytologic and clinical categories. A
cytologic diagnosis was defined as true-positive if
a patient with malignant cytologic diagnosis had one
or more of the followings:
Histologic findings Histologic findings of
malignancy based either on liver tissue obtained by
liver needle biopsy, surgery or autop sy or on
histologic findings of malignancy from another site
revealing malignant cells similar to those obtained
by FNA of the liver.
Cytologic findings Malignant cells from other
organs or from body fluids, exhibiting malignant
cells similar to those obtained by FNA of the
liver.
Clinical findings A combination of the followings:
palpable liver mass, hepatomegaly or elevated
serum alkaline phosphatase; imaging scan of the
liver suggesting malignancy and
steady
deterioration, with survival time not exceeding 12
months, with or without indication of MLD on death
certificate.
A cytologic diagnosis was defined as true-negative
if a patient with negative cytologic diagnosis also
had benign histologic diagnosis of a liver biopsy or
no evidence for MLD during surgery and/or his
subsequent clinical course was considered
characteristic of a benign disease (improvement
either spontaneously or following therapy).
Specificity was determined by dividing truenegatives by the number of lesions ultimately found
to be benign. Basing on histologic, cytologic and
clinical findings, we reached final diagnoses in 308
aspirations from 265 patients.
RESULTS

Twenty-four out of 332 aspirations were excluded
from the study: ten because the aspirates were
unsatisfactory, five because the cytological
findings were inconclusive, and nine because the
conclusive cytology findings could not be verified
by histology, adequate clinical follow-up, or
autopsy. The study included 265 patients (308
aspirations) with final diagnosis, of whom 171 (203
aspirations) had a malignant liver disease and 94
(105 aspirations) had a benign liver disease. Sixtyone (21.9%) patients had histories of prior
malignancy, 56 with one prior tumor and 5 with
two prior tumors.
Table 1 lists the patients’ clinical characteris-
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tics. All the patients underwent at least one of the
following liver imaging explorations: technetium99m scanning, US or CT. Among 94 patients with
BLD, the imaging scans suggested malignancy in
less than 20%.One hundred and fifty-five of the
171 patients with malignant liver disease
underwent at least liver imaging scanning,
malignancy was suggested in 134 (86.5%)
patients. In patients with malignant liver disease,
malignant multifocal lesions were found in 79%
and unifocal lesions in only 21%.
Table 2 shows the conclusive cytological findings
from FNA according to the final diagnosis of liver
disease. Among 130 patients with definite cytological
findings of malignancy, primary liver carcinoma was
diagnosed in 26 (20%), 24 of whom had
hepatocellular carcinoma. Adenocarcinoma was
specified in 59 (64.1%) of 92 patients (70.8%) with
cytologically diagnosed liver metastases. Other
cytologic diagnoses included anaplastic carcinoma,
lymphoma, sarcoma, etc. Histologic fi ndings verified
the cytologic diagnosis of malignancy in 62 (36.3%)
patients. In 35 (20.5%) patients the cytologic
diagnosis of malignancy was verified by matching
with cytologic tumor cells obtained from other organs
or from body fluids, and in 74 (43.2%) patients by
clinical findings alone. Clinical findings sugge sting
malignancy were observed in only two (2.1%) of 94
patients with benign liver disease and corresponding
cytologic findings. In these two patients, the survival
time was shorter than 12 months due to
cardiovascular events.
Table 3 shows the relationship between
nonguided FNA cytodiagnosis in patients with MLD
and type of suspected malignant liver lesion detected
by various kinds of liver imaging scanning. Among
230 liver scans suggesting malignancy, 166 (72%)
were suggestive of multifocal lesions, and 64 (28%)
of unifocal lesions. The pr oportion of true-positive
cytologic diagnosis was 73.5% (122/153) among
patients with liver scans suggesting multifocal lesions,
while 68.8% (44/66) indicated unifocal lesions. The
final clinical diagnoses in the benign liver lesions
were liver cirrhosis, various types of chronic hepatitis,
liver abscess, and he mangioma. Using the defined
histologic, cytologic, and clinical criteria for malignant
and benign liver diseases, the sensiti-vity of FNA
cytology for the diagnosis of malignancy was 80.7%,
while the specificity and positive and negative
predictive values were 98.9%, 99.3% and 73.8%
respectively. The overall diagnostic accuracy rate
of FNA cytology was 87.2%.
Sensitivity = proportion of correctly diagnosed
malignant lesions.
Specificity = proportion of correctly diagnosed
benign lesions.
Table 4 shows the effect of repeated FNA on
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the accuracy of liver disease diagnosis. In 37 patients
clinically suspected of having malignant liver disease,
nondiagnostic or benign cytologic diagnosis was made
in 18 patients, thus increasing the sensitivity and
decreasing the false-negative rate. The one case originally
classified as malignant (false-positive cytologic finding)
was, on review of the cytologic slides, subsequently
classified as benign lesion with marked cellular atypia.
One case of non-fatal pneumothorax was the only
major complication following the procedure, while pain and
tenderness at the puncture site was not an infrequent complaint.
The median survival of patients with malignant liver
disease was 2 months (range, 1-19 months), whereas
the median survival of patients who died of benign liver
disease was 12 months (range, 1-95 months).
Table 1 Characteristics of patients with final diagnosis of liver
disease
Malignant
Number of patients
Male
Female
Age (years)
Median
Range
Symptoms (% of patients)
Weight loss
Abdominal pain
Jaundice
Signs (% of patients)
Hepatomegaly
Palpable liver mass
Ascites
Abdominal mass
Abnormal liver tests (% of patients)
Alkaline phosphatase
Aspartate aminotransferase
Bilirubin

Benign

171
99
72

94
46
48

69
22-99

67
7-86

71.3
64.7
18.8

48.9
51.0
19.4

74.3
19.9
16.5
7.6

45.7
5.3
15.3
5.1

88.9
48.2
44.1

60.6
22.4
36.7

Table 2 Direct fine-needle aspiration (FNA) diagnosis for liver
lesions compared with the final diagnosis
Final diagnosis

Direct FNA cytology

Malignant

Benign

49
03
16
135
203

99
05
0
1
105

Non-malignant
Atypical-reactive
Suspicious
Malignancy
Total

Table 3 Relationship between nonguided fine-needle
aspiration cytodiagnosis and type of suspected malignant liver
lesions demonstrated by different kinds of imaging liver
scanning among patients with malignant liver disease
Type of imaging
and lesions *

Radioisotope
Unifocal
Multifocal
US
Unifocal
Multifocal
CT
Unifoca
Multifocal

No. of
TrueFalseTrueFalseimagings positives negatives negatives positives

35
96

23
71

5
17

7
7

0
1

21
61

15
46

2
11

4
3

0
1

l8
9

6
5

1
3

1
1

0
0

* Patient may have more than one imaging scanning.

Yeouda Edoute, et al. Non - imaging - guided fine - meedle aspiration of liver lesions
Table 4 Accuracy of non-guided FNA cytodiagnosis according
to first FNA (number of FNAs) or most meaningful FNA when
it was repeated (number of patients)

True positive
True negative
False positive
False negative
Non-diagnostic
Total

FNAs
No. (%)

Patients
No. (%)

151(74.4)
104(99.0)
1(1.0)
52(25.6)
24(7.2)
332

138(80.7)
93(98.9)
1(1.1)
33(19.3)
14(5.0)
279

DISCUSSION

FNA is a procedure available for more than two
decades. FNA of the liver guided by US or CT has
proven to be a safe and accurate method for diagnosing
hepatocellular carcinoma[1-8] and liver metastases[3,911]
. The most important requirement for such
cytodiagnosis is a representative sample from the lesion.
Except for some cases of well-differentiated
hepatocellular carcinoma, the?identification of
malignancy in liver aspirate can be made by any
experienced cytopathologist (our cytopathologist has a
high expertise in obtaining an accurate diagnosis by
FNA). The reported sensitivity of US- and CT-guided
FNA ranges between 66.9% and 100%[12-28]. In the
present study, the sensitivity, specificity, and positive
and negative predictive values of nonguided FNA for
cytodiagnosis of liver lesions were 80.7%, 98.9%, 99.
3% and 73.8%, respectively. The overall accuracy rate
was 87.2%. These data indicate that the diagnostic
accuracy of nonguided FNA of liver lesions is similar
to imaging-guided FNA.
What, in the present study, produced representative
tissue sampling by nonguided FNA
Sampling
representing a larger liver volume: this was achieved
by a num ber of aspirations in various directions
(multiple insertion points) and by mult iple (6-8) long
passes in each aspiration;
direct sampling by
aspiration of palpable liver masses including cleaning
of the needle with saline solution after each pass to
remove residual cellular material and/or debris: this
explanation applies to 19.9% of patients (34 out of
171) with malignant liver diseases; and large parts
of the liver being affected: imaging scannings
suggesting malignant multifocal lesions were more
prevalent than those indicative of unifocal lesions.
Thus, among 230 liver scans suggesting malignancy,
166 (79%) pointed to multifocal lesions and only 64
(21%) to unifocal ones.
Furthermore, nondetection of pathologic find ings
by imaging liver scans does not preclude the
p r e s e n c e o f m a l i g n a n c y . H e i k e n e t a l [30]
prospectively evaluated the ability of CT to detect
malignant lesions in eight patients who subsequently
underwent hepatic lobectomy or transplantation.
Among the 37 malignant lesions demonstrated by
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pathologic evaluation, only 14 (38%) were detected by
contrast-enhanced CT, but none of the 18 lesions smaller
than 1cm in diameter were detected by the CT. We
therefore suggest that actual malignancy is more frequent
than its on-screen appearance.
Histopathologic examinations of patients with
rectal carcinoma showed that the depth and distance
involvement of the tumor exceeds the macroscopically
defined tumor border[31,32]. Consequently, although the
aspirating needle does not necessarily aspirate the actual
imaged lesion, it certainly aspirates some surrounding
malignant cells since the enlarged liver is accessible to
needles and do not require radiological visualization. This
argument may be supported by the facts that 74.3% of
patients with MLD had hepatomegaly which could only
be attributed to malignancy and that the rate of malignant
cytologic findings in patients with unifocal malignant liver
lesion was only slightly less than that of patients with
multifocal lesions (69% vs 73%).
The present study was conducted in order to
establish the cytologic examination as a reliable
diagnostic method. Evaluation of the diagnostic
accuracy of our cytologic findings was carried out on
three levels. In 62 (36.3%) of the 171 patients with
MLD, the cytologic diagnosis was verified by histologic
findings obtained by liver needle biopsy, at surgery, at
autopsy or on histologic findings of malignancy from
another site revealing malignant cells similar to those
obtained by FNA of the liver. This constituted the
highest level of verification. The cytologic diagnosis of
malignancy was confirmed in 35 (20.5%) patients by
matching with cytologic tumor cells obtained from other
organs or from body fluids, and in 74 (43.2%) by clinical
findings alone. The defined clinical findings suggesting
malignancy were observed in only two (2.1%) of 94
patients with BLD and corresponding cytologic findings.
In these two patients the survival time was shorter than
12 months due to cardiovascular events. The validity
of the cytologic findings is also supported by the survival
time. The median survival for patients in whom the
cytologically diagnosed MLD was verified against
histologic, cytologic and clinical findings was 2, 3 and 2
months, respectively.
There were 33 (19.3%) patients with false negative
cytologic findings, which was due to fai lure to obtain
a representative malignant sample rather than to
misinterpretation of the smears. It has been shown
that superficial nonrepresenta tive FNA of a
malignant tumor may reveal only necrotic material,
degenerative changes or in flammatory reactions,
which are frequently observed but do not reveal the
presence of an underlying tumor[19]. In order to lower
the rate of false-negative cytologic findings, we
sug g e s t t h a t F N A s h o u l d b e r e p e a t e d i n
patients clinically suspected of having malignancy
despite negative cytologic findings. In doing so, we
were able to increase the sensitivity of the cytologic

102

ISSN 1007-9327

CN 14-1219/ R

findings from 74.4% to 80.7%. Negative cytologic
findings must be viewed with caution because of their
false-negative rate (19.2%). However, because a
malignant cytologic diagnosis is considered to be
equivalent to a malignant histologic diagnosis, high
specificity is a necessary requirement. In our series one
false-positive cytologic diagnosis due to marked cellular
atypia was reported. False-positive cytologic diagnoses
have been reported in the literature[9,13,19,20], ranging from
4% (20) to 20% (9). One case of pneumothorax is the
only major complication reported following the procedure
[33]
, while pain, tenderness and local skin hemorrhage at
the puncture site were not infrequent. In general, use of
a thin (23 gauge) needle is usually safe and is less likely
associated with m ajor complications such as bleeding.
The results of this retrospective study may lead to
the impression that FNA is easy and accurate for use
by physicians who perform FNA. However, it does
not mean to replace the current general practice of
ultrasound guided needle biopsy in major centers, and
does not provide rejection of available and more useful
methods, particularly in the diagnosis of localized lesions
of the liver. The aspiration procedure seems excessive
for routine use with potential for complications and this
study indicates that the procedure could be cut short
by early findings of abnormal cells. Moreover, as
funding for health care becomes increasingly a global
issue of paramount importance, a less-time consuming
and less ex pen sive procedure with high clinical benefit
for both diagnosis and therapy will be the goal of
clinicians, health care policymakers, and patients. Our
data suggest that nonguided (direct and blind) FNA of
palpable and nonpalpable liver lesions is a simple,
accurate and cost-effective method that allows rapid
microscopic diagn osis. When repeated nonguided FNA
fails to demonstrate malignancy, guided FNA should
be considered.
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Editorial

Prospect of gastroenterology and hepatology in
the next century *
Rudi Schmid
Subject headings gastroenterology; hepatology; next
century

The task of predicting what Gastroenterology and
Hepatology may look like in the coming century is a great
personal challenge and at the same time an awe-inspi
ring assignment. Not only have these two medical
specialties become very large and diversified but there
are so many new discoveries and ideas that it is a
capricious undertaking to attempt fore-telling which of
them may become part of the next century’s medical
practice. I therefore will take the personal privilege of
being highly selective, choosing only topics for discussion
which I believe have a distinct potential of generating
novel scientific concepts, fresh approaches or new
therapeutic modalities.
Over the past few decades, the biological sciences
which form the basis of contemporary medicine have
evolved enormously, producing an ever-increasing
volume of new information and technology that is
keeping Gastroenterology and Hepatology changing and
advancing at an accelerating pace. Looking back half
a century to the end of WWII and China’s liberation, it
may seem astounding how elementary gastroenterology
had been at that time. Modern science hardly had
touched it and most of the diagnostic and therapeutic
dogmas were still those of the 19th century. But over
the past 50 years, Gastroenterology and Hepatology
have profoundly been remade. We have witnessed a
dramatic increase of insight into the causes and
mechanisms of disease and our diagnostic and
therapeutic capabilities have vastly expanded and
improved, for example, the discovery of the viruses
causing infectious hepatitis, of transplantation of the
liver, pancreas and small bowel, or of the introduction
of fiberoptic endoscopy. And to top it all, recall the
recent revolution in peptic ulcer disease which
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unceremoniously has toppled old dogmas about gastric
acid and made it instead a readily curable infectious
disease.
I believe with confidence that this dynamic evolution
will continue and probably accelerate in the coming
century. And there is no question that it will bring much
novel and unanticipated clarification about currently
obscure diseases. It will also greatly refine diagnostic
procedures and expand therapeutic choices. What
seems more difficult to predict though, is what
directions this evolution will take, and how we are
going to make use of the new opportunities and how
we will pay for them.
Human Genome Project

The Human Genome Project is a joint enterprise
that undoubtedly will have an enormous and
irreversible impact on the future of
Gastroenterology and Hepatology. It probably is the
largest international scientific project ever
undertaken. Once its ultimate goals are reached,
presumably early in the next century, the entire
human genome will have been sequenced and
mapped and it will be possible and perhaps become
routine to screen an individual’s genome from a
simple blood sample. Genetic mutations which result
in hereditary diseases of the gastrointestinal tract
or the liver will readily be identifiable. Individuals
or families at risk for a hereditary disease may be
screened for the genetic defect. And eventually,
such screening may become available even for
prenatal use. It is likely, of course, that the function
of many of the new genes identified by the
sequencing initially will not be known and will have
to be determined stepwise, one by one. This will be
a huge task which may well take several decades
of painstaking investigations. But once this has been
accomplished, gastroenterologists of the future will
look at intestinal and liver diseases from a vastly
different perspective, and they will use treatments
which are far beyond today’s imagination.
The sequencing of the full human genome will
have far-reaching consequences in many other ways.
Many genetic diseases are polygenic, i.e., there is
more than one allele in the same location or the
phenotypic expression of a primary gene defect is
modified by one or several additional as yet
unidentified genes. This probably accounts for the
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wide spectrum of clinical expression that is seen in
many inherited diseases. For example, homozygous
Wilson disease, copper storage disease, may clinically
present as progressive cirrhosis, as a severe chronic
disease of the central nervous system, or as acute
hemolytic anemia. This phenotypic variability probably
reflects the polygenic nature of this disease, a
hypothesis which is likely to be resolved by the
successful sequencing of the human genome. Another
example of highly variable expression of a genetic
defect is observed in α-1 antitrypsin deficiency type
ZZ. Here, only 20% of the patients homozygous for
the defect actually develop progressive liver disease
and cirrhosis. In the majority of patients, the liver
merely exhibits scattered hepatocytes bearing variable
amounts of defective and hence misfolded and
precipitated antitrypsin which accumulates in the cells,
eventually killing them by apoptosis. The variation in
phenotypic expression of this hereditary defect may
reflect genetic differences in the activity of cellular
metalloproteases fitted to degrade the precipitated
antitrypsin. Again, the genome project is likely to
resolve this puzzle.
Another benefit of the genome project will be
identification of the genetic factors which determine
individual susceptibility to environmental assaults, such
as viral, bacterial or fungal infections or exposure to
toxins or poisons. Clearly, different people respond to
such noxious assaults differently. For example, some
experts believe that inflammatory bowel disease, such
as ulcerative colitis or Crohn’s disease, may be the
result of a genetically determined aberration of the
immune response to the trillions of microorganisms
inhabiting the intestinal lumen. To date, no such genetic
immune defect has been identified but the sequencing
of the genome may change this. A similar
differentiated response is also observed in chronic
alcoholism. Surprisingly, only 25% of chronic
alcoholics develop cirrhosis of the liver. Why is it that
the majority escapes hepatic injury It clearly is not
due to dietary factors or to a preferred alcoholic
beverage. Rather, I suspect that this striking
difference is caused by genetic factors which
determine how the liver is reacting to the metabolic
products or reactive oxygen radicals which are
produced when alcohol is metabolized. Here, too, the
sequencing of the genome in the next century may
provide plausible answers.
The Human Genome Project is of importance also
for the future of gene therapy for inherited
diseases. This is because it will facilitate
identification of the nature of the genetic error in
a mutated gene e.g., transposition of a base pair,
missense mutations, deletion of several nucleotide
sequences etc. This information is crucial for
construction of the new gene to be transposed. As
you are aware, somatic gene therapy in vivo has
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been used successfully in many animal models and in
a few highly selected genetic defects in humans.
There are still problems which need to be addressed,
but I am confident that they will be resolved in the
not too distant future. One of these problems concerns
the vehicle or vectors which are used to transport the
replacing gene to the targeted cells or organ. At
present, this is usually accomplished by packaging it
into liposomes, adeno or retroviruses, or more recently,
adeno-associated viroids. But these RNA viruses
often cause immune or toxic reactions which limit their
usefulness as vectors. Moreover, it is difficult to target
live viruses to specific cells or tissues in which the
mutation is being expressed.
As an attractive alternative a highly imaginative
new approach has been proposed (Kren et al. Nature
Medicine, March 1998) which employs a chimeric
RNA/DNA oligonucleotide embedded in a short
stretch of DNA. This is coated with a polycation
containing a ligand that permits targeting of specific
cells. And it is the cells’ own DNA mismatch repair
mechanism which is used for integration of the new
oligonucleotide into the cells’DNA. This new
technology has been tested successfully for sitespecific introduction of a single base-pair mutation
in rat hepatocytes in vitro and in vivo. It is very
promising particularly for gene therapy of hereditary
diseases expressed in the liver and it undoubtedly
will play a commanding role in the next century.
A second problem with current gene therapy is
that the somatic cells selected for gene repair have
a limited natural life span and then undergo
apoptosis. A repaired gene therefore can be
expressed no longer than the life span of its cell,
which may range from a few days for intestinal
mucosa cells to several hundred days for
hepatocytes. To overcome this major limitation, one
would need to repair the genetic defect in
embryonic germ cells, an approach which at present
is neither possible nor ethically justifiable. A more
promising design might be to target gene therapy
to an organ’s stem cell compartment. Stem cells
are undifferentiated pluripotential progenitor cells,
which can either replicate themselves or undergo
differentiation to more mature cells. (Science,
March 5, 1999). Such pluripotential stem cells have
been identified in, or isolated from, a variety of
animal and human tissues, including bone marrow,
intestinal mucosal crypts and brain. In the liver,
unequivocal identification of stem cells has not yet
been reported, but so-called oval cells have been
identified and isolated (Petersen et al. Hepatology,
February 1998). Ovalocytes are believed to
represent stem cell-derived intermediary precursor
cells which are able to differentiate into hepatocytes
or bile ductular cells (Matsusake et al. Hepatology,
March 1999). They typically are found in
regenerating liver under experimental conditions in
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which replication of mature hepatocytes has been
blocked. Since ovalocytes’ differentiation potential
is limited, identification of the authentic hepatic stem
cell compartment currently is a top research priority.
Once this has been accomplished, it should be
feasible to transpose new genetic information into
the stem cells’ genome thereby making it available
indefinitely to daughter cells. I am confident that in
the coming century, such technology will become
available which would represent a true breakthrough
in gene therapy of a large number of hereditary
diseases. At present, of course, permanent cure of
hereditary diseases of the liver, such as CriglerNajjar disease, OTC deficiency and hereditary
analbuminemia, can be accomplished only by
orthotopic liver transplantation.
Other new and promising applications of gene
therapy recently have been described for the
treatment of malignant tumors or cancer metastases
in the liver. The trick here obviously is to package
the genetic information to be transposed in a vehicle
that is able to recognize specific molecular features
of cancer cells, particularly cell membrane receptors
or membrane-bound antigens. The majority of
malignant tumor cells exhibits mutations in genes
expressing so-called cancer repressor proteins, such
as p53, p16 and others, which act primarily by
controlling the cells’mitotic cycle. When these genes
are mutated or lost, the result is unregulated cell
replication and tumor growth. In animal models, gene
therapy targeted specifically to surface receptors of
malignant cells was able to successfully reconstitute
functioning p53 or p16 genes, resulting in sustained
tumor shrinkage and prolonged survival. In an
alternative approach, the DNA sequence to be
transposed into tumor cells was coupled to a
monoclonal antibody which recognized a glycoprotein
abundantly expressed in hepatocellular carcinomas
(Mohr et al. Hepatology, January 1999). Although
to date, these and other novel techniques of gene
therapy have been tested only in experimental animals
or in cell cultures, they obviously have great promise
for cancer therapy of the future and eventually may
substitute for surgery, radiation or chemotherapy.
I have discussed the Human Genome Project and
particularly gene therapy in some detail because
within their frame of reference both will have an
epochal impact on the future practice of
Gastroenterology and Hepatology. But the
enormous advances in the basic biomedical
sciences, particularly in molecular and cell biology
and in molecular virology and genetics, will literally
revolutionize the way physicians of the future will
think about mechanisms of disease. And the next
generation of gastroenterologists and hepatologists
will be handed a staggering array of new therapeutic
modalities, most of which have not yet been
invented. To illustrate what I mean, I arbitrarily
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have chosen for discussion three recent major scientific
contributions which I believe have the potential to make
an immense impact on clinical medicine of the future.
The first scientific break-through is the so-called
nucleic acid or naked DNA vaccine.As you know, most
of the currently available antiviral vaccines consist of
attenuated live DNA or RNA viruses which have lost
most of their virulence but retained their antigenic
potential. Examples are vaccines against viral
hepatitis, poliomyelitis, measles, varicella, yellow fever,
etc. All of these, of course, are modeled, as it were,
after Edward Jenner’s classic experiment with
cowpox as protection against the deadly smallpox.
Although most of these live vaccines are highly
protective, reservations often are expressed whether
avirulent viruses could spontaneously undergo back
mutation to a more virulent form; or whether attenuated
live viruses could cause unsuspected morbidity
decades after they had been used in a vaccine. The
advent of recombinant DNA technology now has made
it possible to design novel vaccines which provide
strong and sustained antigen expression but exclude
these lingering doubts about live-vaccines’ safety.
The principle of this new approach is relatively
simple. A gene from a pathogenic microbe encoding
a microbial antigen, is spliced into a bacterial plasmid.
The vaccine consisting of the plasmid bearing the
spliced gene, is injected into muscle tissue where it
directs the muscle cells to manufacture microbial
antigen.The latter evokes a sustained immune
response, involving both,antibody formation and a Tcell response. Although, to date, this new naked DNA
vaccine has been tested only in experimental animals,
persistent high titers of circulating antibodies have
been obtained and the animals were protected against
infection. It is thus evident that this new approach
to vaccination has great promise and is likely to be a
relatively inexpensive procedure. Indeed, naked
DNA vaccine looks like the vaccine of the 21st
century.
TRANSPLANTATION OF ISOLATED SYNGENEIC
HEPATOCYTES

The second subject I have selected for discussion is
still in its experimental phase but its great potential
for future medical applications already is unmistakable.
It concerns the transplantation of isolated syngeneic
hepatocytes into a recipient’s liver in vivo.
Development of such a technique for clinical use
obviously would open new avenues not only for
correction of genetic defects, but also for the
management of acute hepatic failure. It eventually
may contend with, if not substitute for, orthotopic liver
transplantation which in view of the scar city of
available organs might be a solace.
The first satisfactory technique for isolation of
int a c t a n d f u n c t i o n i n g h e p a t o c y t e s f r om
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experimental animals was developed by Berry and
Friend in 1969 (J Cell Biol, vol. 43). It stimulated a
profusion of attempts to culture such isolated cells
in vitro or to introduce them into various organs of
congeneic rec ipients in vivo, but with few
exceptions, the cells failed to survive, let alone to
proliferate. In 1982, Mito et al in Japan
(Gastroenterology, Vol. 82) reported the exciting
finding that in rats, syngeneic hepatocytes
transferred into a recipient’s spleen not only survived
and retained their characteristic physiologic functions,
but also proliferated. In fact, partial hepatectomy of
the recipient a few days after transfer of hepatocytes
into its spleen greatly magnified the number of mitotic
figures in the transplanted cell population. And then,
in 1991, Gupta et al (Proc Natl Acad Sci USA, Vol.
88) announced the surprising observation that a major
fraction of the hepatocytes extant in the spleen
eventually migrated to the host’s liver where they
were fully integrated into existing liver cell plates,
properly functioning and apparently surviving
indefinitely (Hepatology, February 1999).
Since the spleen is a relatively small organ, only a
limited number of donor hepatocytes can be transferred
to the liver with this procedure. Nonetheless, in rats
and mice, it was able to at least partially correct genetic
defects such as analbuminemia and unconjugated
hyperbilirubinemia. Fortunately, a complementary
experimental stratagem has been developed (Laconi
et al. Am J Pathol, Vol. 153, 1998) which allows for a
significant increase of the number of donor hepatocytes
which can be delivered to the liver via the spleen. This
consists of preparatory treatment of the designated
recipient animal with the pyrrolizidine alkaloid retrorsine
which is taken up selectively by the liver. It blocks the
resident hepatocytes’ cell cycle and therefore
suppresses their proliferative potential. When combined
with a subsequent two-third hepatectomy, the
proliferative thrust generated by this resection is lost
on the blocked resident hepatocytes thereby greatly
favoring the transplanted cells. In preliminary studies
with this approach, one to two months after the
procedure, up to 80 percent of the recipient liver’s cells
consisted of transplanted hepatocytes and their
progeny.
Although these are unusually exciting experimental
findings, in its present form, this technology
clearly is far from being applicable to clinical
medicine. Nonetheless, I believe that on the basis
of the new scientific information and technical
expertise gained from these experiments, it will
only be a question of time until a clinically
acceptable and promising version of this approach
will be developed. Given the rapid progress in
research on inducible immune tolerance, it even
may become possible to use allogeneic hepatocytes
for transplantation instead of being limited to
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syngeneic donor cells. To start with, I can think of two
important groups of liver diseases in which hepatocyte
transplantation via the spleen may be the therapeutic
approach of choice. One is fulminant hepatic failure of
variable etiology, including potentially fatal tylenol
poisoning, in which the number and/or condition of
surviving liver cells during the acute phase may be
insufficient to sustain life and eventual recovery. The
other consists of genetic defects expressed in the liver
for which conventional gene therapy may be unavailable
or lacking promise. These include α-1 antitrypsin
deficiency type ZZ, Wilson disease, analbuminemia,
Crigler-Najjar disease and several others. Two different
technical approaches are possible. One is to transplant
hepatocytes obtained from a syngeneic donor; the other
is to use the patients’own hepatocytes after the genetic
defect had been corrected ex vivo with DNA supplied
by an unrelated donor. Either approach would seem
attractive and technically feasible.I am confident that in
the next century, this cellular approach to liver transpl
antation will become a very important and frequently
used procedure.
ACTIVE BIDIRECTIONAL EXCHANGE OF NUCLEATED
BLOOD CELLS BETWEEN FETUS AND MOTHER

The third scientific issue that I wish to discuss is really
a working hypothesis, but one that is supported by
powerful, though indirect, evidence. It concerns the
recent demonstration that in pregnancy there often
an active bidirectional exchange of nucleated blood
cells between fetus and mother, producing what has
been called microchimerism. In the maternal
circulation, immune-competent fetal cells are
detectable not only during pregnancy but often for
several decades thereafter (Bianchi et al. Proc Natl
Acad Sci USA, Vol. 93, 1996). It is unknown, of
course, how these immunologically foreign cells are
able to survive and proliferate in the mother and what
consequences, if any, this may have for her own
immune system.
The original discovery in maternal blood of
cyncytial trophoblasts derived from fetal placenta
was recorded in 1959 (Lewis Thomas et al. Trans
A s s o c A m P h y s , Vo l . 7 2 ) . A t t h a t t i m e ,
identification of these giant multinucleated cells
was possible only by morphological means. But in
the last decade, much more refined technology has
become available for cell identification and
isolation, such as polymerase chain reaction and
fluorescence-activated cell sorters. With these
new methods, forty middle-aged women were
studied, all of whom had given birth to at least
one son over the past three decades. The DNA of
the Y chromosome was used for identification of
male fetal cells in the mother’s blood. Quantitative
results were expressed in terms of the number of
male fetal-cell DNA equivalents identified in a
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specified sample of maternal blood (Nelson et al.
The Lancet, Vol. 351, 1998). In the blood of healthy
women aged 35.61, the range of male cell DNA
equivalents was found to be very low (range 0.2,
mean 0.38). But surprisingly, in women with
established systemic sclerosis, a presumably
autoimmune disease, the values were 30 times higher
(range 0.61, mean 11.1, P value = 0.0007). In a
comparable albeit less carefully controlled study of
a larger group of women suffering from systemic
sclerosis, male DNA sequences were identified in
maternal blood in 46 percent, but only in 4 percent
of healthy controls (Artlett et al. N Engl J Med, Vol.
338, 1998). These striking findings demonstrate not
only a much higher incidence of fetal microchimerism
in women with systemic sclerosis, but also a much
more elevated level of fetal-cell DNA equivalents in
the patients as compared to healthy controls.
To interpret these startling novel observations,
Nelson in 1996 proposed the bold but attractive
hypothesis that many chronic diseases of
supposedly autoimmune nature in fact may be the
result of allogeneic fetal cells which during
pregnancy had gained access to the maternal blood
and subsequently had engrafted and are surviving
in the mother for decades (Arthritis Rheum, Vol.
39, 1996). This almost heretic hypothesis is
bolstered by a number of supporting observations,
such as the following:
Many diseases of supposedly autoimmune
etiology have a strong female predilection, particularly
those affecting the liver, such as autoimmune hepatitis,
primary sclerosing cholangitis, systemic sclerosis and
primary biliary cirrhosis; the last has a female-to-male
ratio of almost 10:1.
All of these presumably autoimmune diseases
exhibit morphological, immunological and chemical
features characteristic of graft-versus-host disease which
is a chimeric condition observed in recipients of allogeneic
stem cell or bone marrow transplantations.
Moreover, in most of these supposedly
autoimmune diseases and in graft versus host disease,
intrahepatic bile ducts are a principal target of the
pathological process. Furthermore, all of the above
diseases tend to be associated with accessory “aut
oimmune” phenomena, such a Sj-gren’s syndrome,
systemic sclerosis, the CREST syndrome, thyroid
dysfunction and others.
Although these diverse clinical observations
persuasively imply a common pathogenic mechanism
for this group of diseases, by themselves they of
course do not prove this novel hypothesis. But I
believe that in the coming century, this issue will
receive great attention and will emerge as one of
immunology’s leading scientific problems. And when
all the scientific information is in, I would not
be surprised if Nelson’s hypothesis would turn out to be
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correct.
The three novel scientific contributions which I
have discussed above are examples of work that has
passed through most of its experimental phase and
whose exci ting potential for clinical application is
quite obvious. It seems just a matter of time until it
will be ready for testing in humans. But we should
realize that there still are countless obscure diseases
for whose full exploration we currently lack the
required intellectual basis and experimental tools. It
is in these areas that I expect molecular and cell
biology, virology and genetics of the future to provide
the necessary conceptual framework and
methodology to make progress and achieve scientific
breakthroughs.
One of these areas is the vast field of viral
hepatitis, particularly of the types B and C which
world-wide are causing immense morbidity and
mortality. Despite recent remarkable advances, we
still do not understand how these viruses are surviving
indefinitely and how they are causing chronic liver
injury nor do we have effective, reliable and safe
therapies to arrest their progression, let alone to
achieve permanent cure. Some of us are old enough
to recall the complete failure of steroid treatment of
chronic active hepatitis B which only a few decades
ago had been flaunted as the ultimate therapy for this
chronic liver disease. Against this background, the
current hyperbole about interferon treatment of
chronic viral hepatitis appears somewhat uncritical, if
not misleading. I hope and actually anticipate that early
in the next century, new scientific information and
technology will become available which will allow
development of a definitive therapy for chronic viral
hepatitis which causes no more than minor side effects
to the patient and whose costs are affordable.
MOLECULAR DIAGNOSTICS

And finally, the rapid evolution of molecular
biology has created a new discipli ne, molecular
diagnostics, which is offering an ever-increasing
number of tests of previously unthinkable variety,
sophistication and sensitivity. For example,
molecular techniques already are used to
quantitate viral loads in viral hepatitis. But one of
molecular diagnostics’ most promising applications
will be in the search for new infectious agents
which to date have escaped detection by available
staining or immunological methods. As you are
aware, several gastrointestinal diseases, previously
of unknown etiology, have recently been found to
be caused by newly discovered microorganisms.
These include, of course, peptic ulcer, but also
Whipple’s disease, bacillary angiomatosis and most
recently, nanobacteria which cause connective
tissue calcification in systemic sclerosis, sclerosing
cholangitis and the CREST syndrome associated
with primary biliary cirrhosis (Kajander, et al.
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Proc Natl Acad Sci USA, July 1998). But there are
several other gastrointestinal diseases of unknown
etiology whose clinical and pathological features seem
consistent with, if not suggestive of, an infective origin.
These certainly include Crohn’s disease, ulcerative colitis,
granulomatous hepatitis and sarcoidosis and perhaps
primary biliary cirrhosis and sclerosing cholangitis. Many
experts of course have postulated an immunologic origin
of these diseases and a recent report, that an antibody
to tumor necrosis factor α is profoundly down-regulating
inflammation in Crohn’s ileocolitis is supporting, but of
course not proving, this hypothesis. (Baert et al.
Gastroenterology, January 1999). Now, that highly
sensitive molecular RNA and DNA probes and PCR
have become available, I am confident that the hunt for
elusive microorganisms will be intensified. And I would
not be surprised if one or more of these diseases
eventually would be discovered to have an infectious
etiology.
DIAGNOSTIC AND THERAPEUTIC INSTRUMENTS AND
MECHINERY

Predicting the future of Gastroenterology and Hepatology
would be incomplete wit hout briefly considering what
new diagnostic and therapeutic instruments and
machinery may become available in the next century.
Here, progress, driven by intense market competition, is
so rapid that precise predictions are quite impossible.
Nonetheless, some trends seem to become detectable.
Radiology is likely to progress by leaps and bounds,
particularly spiral computerized tomography and threedimensional imaging. They increasingly will replace
invasive diagnostic procedures, including fiberoptic
endoscopy. The only exception may be fiberoptic, laserinduced fluorescence spectroscopy which uses either
tissue-intrinsic or extre neously-elicited fluorescence;
this is a novel procedure which appears to greatly enhance
diagnostic accuracy. On the other hand, Magnetic
Resonance Imaging, with its very expensive equipment,
appears to be taking a back seat. And in gastrointestinal
surgery, an ever-increasing proportion of invasive
procedures will be performed by laparoscopy, which often
makes hospitalization unnecessary and ther eby reduces
costs.
ECONOMICS OF HEALTH CARE

And this brings me to a true megafactor which in a
major way will shape and restrain the practice of
Gastroenterology in the next century. This is the
economics of health care. All over the world, per
capita costs of medical care are rising steeply, far
outpacing the rate of inflation. To a considerable
extent, this is due to the accelerated appearance on
the market of new or advanced but always more
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expensive machines, procedures and drugs which seem
necessary to keep up with contemporary medicine. In
the US, this continuing price increase has driven health
care costs to a level, equaling 15% of gross domestic
product (GDP), and other developed countries are not
far behind. Although in the developing world, health
care costs generally are lower, the cost increase in
proportion is at least similar. It seems evident that if
this trend should continue, health care eventually will
consume a major part of the GDP. But I am afraid that
as long as medical care continues to be unregulated or
is remaining a competitive market commodity, it will
be very difficult, if not impossible to bring quality of
medical care and its costs into some sort of reasonable
balance. Consider, for example, who would be qualified
and publicly acceptable as decision makers. Would it
fall to third party payers, that is insurance companies
or health maintenance organizations. Or to employers
who are funding the costs of health care Or to the
medical care establishment, that is to physicians and
hospitals Or perhaps to the government. However this
paramount issue will be resolved, it will have an
enormous impact on the future practice of
Gastroenterology and Hepatology, both in the developed
and in the developing world. As developing countries
are striving to catch up with modern Western medicine,
they rapidly are coming on mainstream, offering an
almost unlimited market for aggressive pharmaceutical
and medical equipment industries. This of course is
further destabilizing the rapidly rising costs of adequate
medical care.
CONCLUSION

In concluding, I believe that this brief glimpse into
the science and practice of Gastroenterology and
Hepatology in the next century is offering us a
mixed perspective, one of an ever-widening
disparity between rising opportunities on the one
hand, and strained resources on the other. I am
afraid that unless this serious imbalance will be dealt
with early in the next century, the practice of
Gastroenterology and the quality of health care
world-wide will suffer. We need to learn how to
reduce expenses by voluntarily lowering our
dopendence on technical procedures and complex
equipment, and by avoiding use of expensive but
only marginally effective medications and surgical
interventions. And last but not least, in hopelessly
ill patients, we should have the courage to abstain
from using every possible means at our disposal to
prolong dying and suffering, as unreasonable
terminal care is one of modern health system’s most
expensive components. These, I am afraid, will be
painful adjustments for the medical establishment
but they must be faced better sooner than later.
Edited by MA Jing-Yun
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Escherichia Coli O157: H7 and Shiga-like-toxinproducing Escherichia Coli in China *
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Escherichia coli (E. coli) is one of the facultative
anaerobes of the human intestinal tract, usually
harmless. Infections due to pathogenic E.coli may
result in urinary tract infections, sepsis, meningitis and
enteric disease. Diarrheagenic E.coli has been
classified into several categories, such as enterotoxigenic E.coli (ETEC), entero-invasive E.coli
(EIEC), entero-pathogenic E.coli (EPEC), enteroaggregative E.coli (EaggEC) and entero-hemorrhagic
E.coli (EHEC). A variety of virulence or potential
virulence factors for diarrheagenic E.coli have been
identified. The nomenclature of diarrheagenic E.coli
is based on virulence factors[1,2].
In 1977 Konowalchuk et al[3] reported that some
strains of pathogenic E.coli O26 : H11 produced a toxin
with a profound cytopathic effect on Vero cells, and
named it verotoxin (VT). O’Brien et al noted[4] that the
VT reported by Konowalchuk et al[3] was strikingly
similar to Shiga toxin (Stx) produced by-Shigella
dysenteriae type 1, and it could be neutralized by antiStx, thus a new nomenclature, Shiga-like toxin (SLT),
appeared. An alternative nomenclature is “Shiga toxin”
(ST), which indicated t hat the specific cytotoxin
described by Konowalchuk et al[3] is esse ntially identical
at the genetic and protein levels with the Stx produced
by S. dysenteriae I discovered some 100 years ago.
Consequently, SLT, ST and VT have been used
interchangeably, resulting in the name of verotoxinKey Laboratory of Molecular Medical Bacteriology, Ministry of Health,
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producing E.coli (VTEC), shiga-like-toxinproducing E.coli (SLTEC) and shiga-toxin-producing
E.coli (STEC) coexisted in literature [5]. However,
it must be noted that E.coli O157 : H7 is the main
serotype of EHEC recognized at present [1,2,6].
Hemorrhagiccolitis (HC) and hemolytic uremic
syndrome (HUS) are life threatening, which are
often caused by STEC or EHEC. So far as the
diseases are concerned, E.coli O157 : H7 should
belong to EHEC. All of the EHEC strains are
believed to be pathogenic. As for its toxin, E.coli
O157 : H7 should belong to VTEC, SLTEC or
STEC. However, not all of the STEC strains could
cause HC or HUS [7] . The confusion from the
nomenclature may be clarified in future when the
pathogenic mechanisms of bacteria are fully
understood.
Food-borne outbreaks of SLTEC disease appear
to be increasing in the world. Mass-produced and
mass-distributed food can involve large numbers of
people in short time. SLTEC strains belong to a
very diverse range of serotypes, among which O157
: H7 is most commonly associated with large
outbreaks [8] . In the summer of 1996 in Japan, a
largest outbreak in the world caused by E.coli O157
: H7 was reported, in which about 10 000 cases
were identified[9]. Chinese grovernment and society
became aware of the importance of E.coli O157 :
H7 from the Japanese outbreak. An informal
national network for detection of E.coli O157 : H7
was organized in April 1997, involving about 30
public health laboratories from different provinces
and municipalities.
E.Coli O157 : H7 IN CHINA

The studies of E.coli O157 : H7 in China can be
divided into two phases. In phase 1, starting from
1986 up to August 1996, the bacteriologists who
studied the pathogen were mainly motivated by
their scientific interests, few organized projects
were carried out [2]. In phase 2, starting from August
1996 up to now, the public health authorities and
most of the scientists have paid more attention to
E.coli O157 : H7, and a new trend of isolation of
E.coli O157 : H7 has been attempted in various
parts of China.
The first group of patients with HC caused by
E.coli O157 : H7 were identified in Beijing in 1988,
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as the etiologic agents isolated in Xuzhou city, Jiangsu
Province of China[10]. In the three years from 1986 to
1988, 24 of 486 s poradic diarrhea patients were
diagnosed as having HC, 5 strains of E.coli O157 : H7
were isolated, all of which were hybridized with SLT1,
SLT2 and EHEC specific probe[10]. In 1993, two strains
of E.coli O157 : H7 were isolated from a patient with
HC and a patient with HUS, in Shandong Province. In
the same period, several groups of scientists failed to
isolate E.coli O157 : H7 in other cities of China, possibly
due to lack of proper diagnostic techniques and reagents.
Kain et al[11] reported that, in a study carried out in
Beijing, about 7% of fecal samples were collected from
diarrhea children hybridized with EHEC probe pCVD419
[6]
. However, similar amount of positive samples were
also observed in the control group, but without strain
isolation. The 168 strains of EPEC isolated before 1982
were detected with SLT1, SLT2 and EHEC specific
probes, no EHEC or STEC was found[2].
In 1997, a Chinese national network for detection
of E.coli O157 : H7 was organized, E.coli O157 : H7
strains were isolated from diarrhea patients in
Zhejiang, Anhui Provinces and Ningxia Autonomous
Region. Nine strains were isolated from pigs in Fujian
Province. It was interesting to note that all of the 9
strains from pig source were negative for SLT1, SLT2,
and Hly genes. In 1998, several public health
laboratories in China have attempted to isolate E.coli
O157 : H7 from various sources, such as diarrhea
patients, pigs, cattle, food and cow’s milk.A total of
48 strains were isolated from cattle, pigs and milk.
Some strains were found to be hybridized with Hly,
Slt1 or Slt2 gene probes, most of the strains, however,
were not. And, this result was demonstrated and
confirmed by PCR method in the reference laboratory.
The E.coli O157 : H7 isolation data in China are
summarized in Table 1.
Table 1 E.coli O157 : H7 strains isolated in China
Source

Hlya SLT1 SLT2 Province
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strains have been isolated from samples of beef,
lamb, deer, wild boar, ostrich, partridge, antelope,
a n d r e i n d e e r [ 1 1 , 1 2 ]. C a t t l e s h a v e l o n g b e e n
regarded as the principal reservoir of E.coli O157
: H7. STEC strains were found prevalent in the
gastrointestinal tracts of other domestic animals,
including sheep, pig, goat, dog, and cat [2,5]. Many
domestic animals carrying pathogens are
asymptomatic. Strains of E.coli O157 : H7 have
also been detected in cats and dogs with diarrhea
[2,5]
. E.coli O157 : H7 can potentially enter the
human food chain from a number of animal
sources, most commonly by contamination of
meat with feces or intestinal contents after
slaughter. One of the most common sources of
human E.coli O157 : H7 infections is hamburger
patty, made from ground beef. Hence, most of
the outbreaks of E.coli O157 : H7 infection all
over the world have been linked to hamburgers.
In the outbreak of United States in 1993, more
than 700 people were infected, and over 50 cases
of HUS were diagnosed. So far, this is the largest
outbreak of E.coli O157 : H7 associated with
hamburger.
In China, only few sporadic cases of E.coli O157
: H7 i n f e c t i o n s h a v e b e e n i d e n t i f i e d . N o
outbreak as yet has been reported. The strains
of E.coli O157 : H7 were isolated from cattle,
pigs and milk. These results suggest that risk of
infection with these microbes existed in China.
It occurred to us that the prevalence of E.coli
O157 : H7 seems to be higher in pigs than one
expected. It should be enphasized that the
consumption of pork in China is very popular and
the risk seems to be much higher than that from
beef. Further investigation of E. coli O157 :
H7 in pigs should be conducted in China.
Fortunately, no known viru lence gene was
found in the strains isolated from pigs in China
such as SLT1, SL T2 and hemolysin gene as
well. However, it was reported recently that the
SLT2 containing phage from sewage, as the
phage containing virulence gene, could infect
non-pathogenic E.coli rather easily. The risk of
such microbe infection seems fairly high.

No. Strains

Year

5

1986-1988

HC

+

+

+

Jiangsu

3

1993

HC, HUS

+

+

+

Shandong

1

1997

Diarrhea

+

+

+

Anhui

1

1997

Diarrhea

+

-

-

Zhejiang

1

1997

Diarrhea

+

ND

ND

Ningxia

1

1997

Diarrhea

-

-

-

Passenger

9

1997

Cattle

-

-

-

Fujian

SLTEC OTHER THAN O157 : H7 IN CHINA

2

1997

Food

+

+

+

Fujian

1

1998

Milk

+

+

+ Guangdong

2

1998

Food

ND

ND

4

1998

Pig

1

1998

Cattle

+

+

+

2

1998

Cattle

+

ND

ND

Hebei

14

1998

Cattle

ND

ND

ND

Ningxia

E.coli O157 : H7 has not been recognized as a
big public health problem in China up to now.
However, STEC seems to be serious[13]. In clinical
or public health bacteriological laboratories, only
EPEC, ETEC and EIEC used to be diagnosed by
serotyping techniques. Nevertheless, it has been
noted not infrequently that almost pure cultures
of E.coli were seen and new varieties of E.coli
were isolated from certain fecal samples of diarrheal
patients, which could not be serotyped with the

ND Guangdong
Liaoning
Liaoning

a

Hly: hemolysin gene.

It is shown in literature, that E.coli O157 : H7
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typesera available. Whether they should be
recognized as pathogenic E.coli or not still remains
a question. We assumed that some of these strains
isolated as E.coli might be pathogenic in nature,
which had been overlooked because of lacking
proper techniques for identification. In order to
verify this hypothesis, we collected 174 named
nonpathogenic E.coli strains in Beijing from 1988
to 1990 and detected them with DNA probes [14].
The DNA probes covered almost all the virulence
genes reported, such as heat-stable toxin (ST)
heat-labile toxin (LT), EPEC adherence factor
(EAF), diffuse adherence gene (DA), EHEC
specific probe pCVD419, EAggEC specific probe,
2.5 Kb specific probe for invasive plasmid (INV)
of EIEC and Shigella-species, shig a-like toxin 1
or 2 (SLT1 or SLT2), EPEC attaching and effacing
genes (eae). It was observed that 59.3% strains
tested were hybridized with at least one of the
used probes, with a higher percentage of (29.7%)
E.coli strains hybridized with SLT2 and INV
probes [13,14].
In general, strains of EHEC and some of EPEC
hybridize with SLT1 or/and SLT2 probe. INV
probe is a 2.5-Kb fragment derived from the
invasive plasmid of S.flexneri 2a, and used as
a diagnostic tool specific for Shigella species
a n d E I E C s t r a i n s [14,15]. T h e f r a g m e n t w a s
subsequently sequenced and named invasive
associated locus (ial). However, none of the
known EIEC or Shigella flexneria species was
found to hybridize SLTs probes [16]. To cl arify
the relationship between EIEC and some of our
strains isolated, the invasive plasmid antigen
BCD (ipaBCD), the key genes for invasive ability
of EIEC and Shigella, were synthesized by PCR
labeled by Digoxin and used as probe. The
absence of DNA hybridization signals indicated
a lack of ipaBCD genes in E.coli F171. We also
found that E.coli F171 could not provok e
keratoconjunctivitis in guinea pigs. Sereny test
was used as a critical marker for virulence of
EIEC and Shigella species. However, with HEp2 cell assay, the E.coli F171 is able to invade the
epithelial cells. The data suggested that the genes
encodi ng invasive ability of E.coli-F171 differed
from EIEC, and E.coli F171 was therefore not a
member of EIEC [13, 14].
Adherence of bacteria to epithelial cells has been
recognized as a virulence characteristic of enteric
pathogen [1] . Three adherence patterns were
defined i.e., localized adherence, diffuse
adherence and aggregative adherence [17]. Many
of our E.coli strains hybridized with SLT2 and INV
DNA probes demonstrated HEp-2 cell aggregative
adherence pattern [13,14]. However, none of them
were hybridized with EAggEC specific probe, which
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was derived from the genes encoding EAggEC
adherence factor I (EAF/I), and used as an identific
ation marker for EAggEC. The aggregative
adherence pattern to HEp-2 cells is the
characteristic feature as EAggEC strains [18]. Under
electron microscope, a unique kind of fimbria was
observed on the surface of cells of E.coli F171.
The subunit size of the fimbriae protein was 19KDa,
and the genes encoding the fimbriae were located
on a 60 MDa plasmid. E.coli HB101 cells
containing the cloned genes were able to adhere
onto the HEp-2 cells. The analysis of N terminal
amino acid sequence indicated that E.coli F171 has
its unique features [14].
The shiga-like toxins have been demonstrated as
the virulence factors for E.coli strain, which could
cause HC and HUS [19]. Many of EPEC and EHEC
strains contain genes for SLT1 or SLT2. The toxin
producing ability of E.coli F171 was studied with
Vero cell assay, which was originally used for
study SLTs since E.coli F171 was hybridized with
SLT2 probe. Both cell culture filtrate and a crude
toxin preparation of E.coli F171 were found toxic
to Vero cells. The Vero cell toxicity of E.coli F171
could not be neutralized by SLT2 antibody. The
fact that hybridization of E.coli F171 with SLT2
probe suggested that it has DNA fragment
homologous to SLT2 gene or it has an entire SLT2
gene [14].
The invasiveness, toxin production activity and
epithelial cell adherence ability have been
described as key features for EIEC, ETEC and
EAggEC respectively [20] . E.coli F171 could
adhere onto and invade into HEp-2 cells and
produce toxins. It combines many key features
of EIEC, EHEC, EPEC, and EAggEC. Based on
the data obtained, it seems that E.coli F171
represents a new variety of STEC. Hence the
name of enteric SLTs-producing and invasive E.
coli (ESIEC) was proposed. Since 31.4% of
collected E.coli strains were tested in our studies
shared similar features as E.coli F171, infections
presumably caused by this kind of pathogenic E.
coli seems to be an important public health
problem in China.
In order to confirm the virulence and pathogenesis
to human beings, a study in adult volunteers was
carried out. By oral in take of 10 9 -10 10 colony
forming units (CFU) of E.coli F171, all of 8
volunteers developed diarrhea, 3 of 8 developed
high fever (39.8 ). The incubation period ranged
from 7 to 49 hours. Unformed stools were 3-6
times a day. The volumes of stools of 4
volunteers were above 1 000 mL a day. Antibiotic
therapy was given to 5 of the 8 volunteers. No
diarrhea was observed for the control group
consisting of 4 volunteers, who ingested 109 CFU of
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non-pathogenic strain E.coli-HB101. Typical clinical
symptoms for ESIEC in volunteers were bowl
movement, diarrhea, general abdominal pain,
moderate fever and unformed stool. It was revealed
that ingested E.coli F171 could colonize and replicate
for up to 7 days. By examining the stool samples of
the volunteers, it was observed that the bacteria could
reach an amount of 2.74×10 12 CFU. The strains
isolated from the patient stool samples of volunteers
were confirmed as E.coli F171 by specific antiserum
in animal against it.
Although the human pathogenic nature of E.coli
F171 was recognized, the key virulence factors of
ESIEC have not been studied in detail. The
pathogenic mechanism of ESIEC, for instance, has
not been understood. The “pathogenicity island”,
which refers to the large chromosomal segment
carrying genes involved in pathogenicity, has recently
revolutionized our understanding of bacterial
pathogenesis[21]. The GC content of pathogenesity
islands is different from that of the other host
chromosome, suggesting that they may originate
from horizontal transfer between different bacterial
general. The number of gram-negative bact erial
species known to harbor pathogenicity islands has
grown steadily, including uropathogenic E.coli
(UPEC), EHEC, EPEC, Helicobacter pylori,
salmonella typhimurium and Vibrio cholerae[21]. It is
believed that there is no pathogenicity island in the
non-pathogenic E.coli. We must investigate the
pathogenicity island so as to confirm the medical
significance of ESIEC. Recently, we have
observed an irp2 gene in many strains of ESIEC.
The irp2 gene is involved in iron uptake and has
been considered as one of the virulence genes
located on the high pathogenecity island (HPI) of
Yersinia-species [22]. This gene was observed in
many strains of adherent E.coli and in E.coli
isolated from blood, but rarely observed in EPEC,
EIEC or ETEC. No -irp2- was found in EHEC,
Shigella and Salmonella enterica strains. It seems
that pathogenicity island existed in ESIEC. The HPI
of the Y. pestis is disseminated among species of
the Enterobacteriaceae family which are pathogenic
to humans.
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Invited Commentary

The Hsp90 chaperone complex-A potential target
for cancer therapy ?
Beatrice D. Darimont

See article on page 199
ORIGINAL ARTICLE

Down-regulation of Hsp90 could change cell cycle
distribution and increase drug sensitivity of tumor cells.
MAJOR POINTS OF THE COMMENTED ARTICLE

Using an antisense RNA approach, Liu et al studied
the consequence of lowering Hsp90 β expression in
two human gastric (SGC7901, SGC7901/VCR), one
hepatic (HCC7402) and one esophageal (Ec109)
cancer cell line. For two of the investigated cell lines
(SGC7901/VCR and Ec109) cell growth slowed
down upon decrease of the Hsp90 β level due to an
increase in G1 cell phase. The growth rate of the
SGC7901 cell line was unaffected by lowering the
concentration of Hsp90 β, however the duration of
G1 was decreased while G2 increased. No Hsp90 β
dependent change in the growth was detectable for
the hepatic cancer cell line HCC7402, which
expressed Hsp90 β in lower levels than the other
cell lines. Upon lowering the Hsp90 β concentration,
all cell lines became more sensitive to
chemotherapeutic drugs. Increases in the efficacy
of mitomycin C (MMC) and cyclophosphamide
(CTX) were generally modest (0-5 fold), although
the SGC7901 cell line exhibited a 24.8 fold increased
sensitivity to MMC. With the exception of the cell
line SGC7901/VCR, dramatic effects were observed
on the sensitivity of the cell lines to ad riamycin
(ADR) and vincristine (MMC) with a 104 fold and 3
× 104 fold increase in sensitivity of SGC7901 to VCR,
or Ec109 to ADR, respectively.
COMMENTARY

Molecular chaperones are one of the life-guards of
a living cell. They coordinate and execute basic and
essential cell functions, such as facilitation of
protein folding and oligomeric assembly of proteins,
as well as the regulation of ligand binding and
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release, subcellular localization and turnover of
proteins [1,2]. They are important for cell viability,
and have been proposed to act as evolutionary
tools, that produce a pool of mutant proteins under
stress conditions [3,4] . Not surprisingly, aberrant
chaperone action has been linked to numerous
d i s e a s e s [5-8], a n d t h e c l i n i c a l i n t e r e s t i n
chaperones as targets for drug based treatments
is increasing.
Hsp90 assembles into multiprotein complexes

Hsp90, a highly conserved and ubiquitously
expressed chaperone of animal and plant cells, is
one of the most abundantly expressed proteins (1%2% of the cytoso lic protein in unstressed
mammalian cells) [2,9-11]. Most eukaryotic cells
contain at least two Hsp90 isoforms-the heat shock
induced Hsp90 β and the usually less regulated
Hsp90 β [12] Another close relative, Grp94, is
expressed in the endoplasmatic reticulum [11,13].
Hsp90 assembles into large multiprotein complexes,
that have partially overlapping compositions and
include other chaperones such as Hsp70, Hip
(“Hsp70-interacting protein”), Hop (“Hsp90-Hsp70
organizing protein”, also called p60, Sti1), p23, and
one of three large immunophilins FKBP51, FKBP52
(Hsp56), or Cyp40, which are peptidyl prolyl
isomerases[2,10].
Hsp90 folds and controls the activity of regulatory
proteins involved in signaling

The predominant role of these complexes may be to
facilitate the maturation, fun ctional regulation,
cellular localization and stress-dependent protection
and repair of proteins rather than to assist the folding
of de novo synthesized proteins[14-16]. Interestingly,
many of the substrates of these Hsp90 chaperone
complexes are regulatory proteins, or proteins
involved in structural organization such as actin and
tubulin [2] . One of the best studied substrates of
Hsp90 chaperone complexes are intracellular
receptors, especially but not exclusively steroid
receptors[10,17-22]. In vivo association of unliganded
steroid receptors with Hsp90 chaperone complexes
is required for optimal steroid binding[23-25], and may
also affect receptor subcellular traffick ing[26]. Hsp90
chaperone complexes also assist in the folding, maturation,
membrane localization and degradation of many
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protein kinases [2,10,20] , such as v-Src [27] , Raf [28],
eIF-2-α-kinase [29] , casein kinase II (CK II) [30] ,
mitogen-activated protein kinase (MEK) [31] ,
cyclin-dependent kinase 4 (CDK4) [32,33], and the
cyclin-dependent kinase regulator Weel [34] .
Association of these kinases with Hsp90 chaperone
complexes is mediated by p50 cdc37, an homolog
of the yeast cell cycle control protein, cdc37 [33,
35]
. The ability to interact functionally with a wide
variety of regulatory proteins suggests that Hsp90
chaperone complexes may also coordinate and
establish crosstalk between different signal
transduction pathways. A recent study by Le
Bihan et al [36] gave evidence for modulation of
progestin-and glucocorticosteroid receptormediated transcription by calcium/calmodulin
kinases (CaMK types II and IV), presumably
through Hsp90 chaperone complexes.
The role of Hsp90 in cell cycling and cancer

Hsp90 action has been connected to cell cycle and
cell differentiation [ 2 , 3 7 , 3 8 ] , most likely as a
consequence of their role in folding and functional
regulation of intracellular receptors, protein
kinases and other potential substrates such as p53
[9,39]
. Moreover, the expression pattern of Hsp90
itself can be cell cycle dependent [40]. Increased
levels of Hsp90 (mostly Hsp90 α) have been found
in various malignant cell lines and cancers and
usually correlate with vigorous proliferation of the
malignant cells [2,41-44].
In a complementary study Liu et al[45] (this issue)
investigate the consequence of lowering Hsp90 β
expression in several human cancer cell lines using
an antisense RNA approach. In agreement with the
trend seen in other studies[41-44], they find that in some
but not all cancer cell lines growth slows upon
decrease of the Hsp90 β level, with various changes
in cell cycle phasing.For one cell line, the hepatic
cancer cell line HCC7402, growth and cell cycle
phasing is not affected by reduced expression of
Hsp90 β. Thus, overexpression of Hsp90 is not
essential for cancerous growth. In fact, in an invasive
and tumorigenic subline of 8701-BC breast cells
down-regulation of Hsp90 β has been observed[46].
In view of the differences in the regulation of Hsp90
α and Hsp90 β, it would be interesting to extend the
studies of Liu et al to Hsp90 α, whose expression is
usually more directly linked to the cell cycle than
that of Hsp90 β.
Hsp90 as target for anti-tumor drugs

Pharmacologically, the influence of Hsp90 activity
on tumor growth is well established. Hsp90
chaperone complexes are targets for several
pharmacological drugs [2,9,47] . The antibiotic
geldanamycin is an anti-tumor drug that binds to the
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ATP/ADP binding site in the N-terminal domain of
Hsp90[48]. Geldanamycin interferes with the folding,
maturation, cellular localization and degradation of
various intracellular receptors and kinases[2,9,47], and
initially was described as an inhibitor for cell cycle
kinases[49]. Another, unrelated antibiotic, Radicicol,
also binds to the ATP-ADP-binding site of Hsp90
and suppresses transformation by diverse oncogenes
such as Src, Ras and Mos [50,51]. Geldanamycin
prevents binding of p23 to Hsp90 [19], however
whether its anti-tumor activity is due directly to this
interference remains to be investigated. Although the
role of ATP/ADP in the function of Hsp90 is not
fully understood, the functional consequence of the
binding of these structurally unrelated antibiotics to
the Hsp90 ATP/ADP-binding site marks this site as
an interesting target for drug design. Other potential
and probably more selective drug targets in the
Hsp90 chaperone complex are the immunophilins
FKBP51, FKBP52 or Cyp40 that bind the
immunosuppressants FK506, rapamycin or
cyclosporin A[10,19].
Hsp90 mediated multidrug resistance

In addition of being target for several
pharmacological drugs, Hsp90 chaperone complexes
influence the sensitivity of cells to many drugs, and
high Hsp90 expression is often associated with
multidrug resistance [52] , a major impediment of
successful cancer chemotherapy. In their present
study, Liu et al[45] demonstrate that upon lowering
the Hsp90 β concentration the sensitivity of cancer
cell lines to chemotherapeutic drugs increases,
however the extent of these changes was strongly
dependent on the drug. With exception of some
cancer cell lines, their Hsp90 β dependent increases
in the efficacy are generally modest (0-5-fold) for
the drugs mitomycin C and cyclophosphamide, and
more dramatic (up to 3 × 10 4-fold) for the drugs
adriamycin and vincristine.
The mechanisms underlying multidrug resistance
appear to be complex and are not well understood.
In many tumor cells multidrug resistance is
associated with overexpression of either the 170
kDa P-glycoprotein (Pgp) or members of the ATPbinding cassette transporter superfamily, such as
the multidrug resistance protein (MRP) or the breast
cancer resistance protein (BCRP), that act as drug
export pumps [53-55] . A third form of multidrug
resistance (atypical MDR) correlates with
quantitative or qualitative alterations in
topoisomerase ii α, that actively participates in the
l e t h a l a c t i o n o f c y t o t o x i c d r u g s [56,57]. T h e
mechanism of Hsp90 mediated multidrug resistance
remains largely to be characterized. The
contribution of Hsp90 might be a general
strengthening of the stress response and the cellular
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resistance to cytotoxic drugs. However, in some drug
resistant cell lines Hsp90 β was found to stabilize
and enhance the function of Pgp[52] suggesting a more
direct role of Hsp90 in regulating multidrug
resistance.
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8
9
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CONCLUSIONS AND PERSPECTIVES

Hsp90 chaperone complexes are vital and versatile
coordinators and regulators of multiple signal
transduction pathways. In higher organisms their
action goes beyond that of a single cell and also
affects complex regulatory systems such as the
immune response. Hsp90, Grp94 and Hsp70 bind
peptides and deliver them to MHC class I molecules,
which increases the efficiency of the immune
response[58] and often enhance tumor immunogenicity
[59]
. These pleiotropic functions make Hsp90
chaperone complexes ideal targets for the treatment
of cancers.
Antisense Hsp90 mRNA expression, as used by
Liu et al[45] is a powerful tool for regulating Hsp90
expression and reducing proliferation in some cancer
cell lines. However, the inherent difficulty of
selectively targeting antisense constructs to tumor
cells impedes the usage of this strategy for clinical
therapy. In contrast, the role of Hsp90, Grp94 and
Hsp70 in tumor immunogenicity may offer new
strategies for anti-tumor vaccination. Presently, the
most promising strategy for an Hsp90 targeted
therapy is the functional regulation of Hsp90 by drugs
such as geldanamycin or radicicol. The solution of
the molecular structures of Hsp90 : ATP/ADP and
Hsp90 : geldanamycin complexes[48,60] allows the
identification of structural features required for
Hsp90 binding, and to develop new drugs with
different pharmacological properties by structure
based design. Other attractive targets for drug based
regulation of Hsp90 chaperone complexes are the
sites for the interaction with the kinase specific
p50 cdc37 or immunophilins that appear to mediate
specificity by directing Hsp90 chaperone complexes
to particular substrates. Future elucidation of the
composition, structure and function of those
complexes will certainly open new possibilities for
the treatment of cancer.
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Abstracts
AIM T o c o n s t r u c t H s p 90 a n t i s e n s e R N A
eukaryotic expression vector, transfect it
into SGC7901 and SGC7901/VCR of MDR-type
human gastric cancer cell lines, HCC7402 of
human hepatic cancer and Ec109 of human
esophageal cancer cell lines, and to study the
cell cycle distribution of the gene transected
cells and their response to chemotherapeutic
drugs.
METHODS A 1.03kb cDNA sequence of Hsp90β was
obtained from the primary plasmid phHSP90 by EcoR
I and BamH I nuclease diges tion and was cloned to
the EcoR I and BamH I site of the pcDNA by T4DNA
ligase and an antisense orientation of Hsp90β
expression vector was constructed. The constructs
were transfected with lipofectamine and positive
clones were selected with G418. The expression of
RNA was determined with dot blotting and RNase
protecti on assay, and the expression of Hsp90
protein determined with western blot. Cell cycle
distribution of the transfectants was analyzed with
flow cytometry, and the drug sensitivity of the
transfectants to Adriamycin (ADR), vincrinstine
(VCR), mitomycin (MMC ) and cyclophosphamide (CTX)
with MTT and intracellular drug concentration of the
transfectants was determined with flow
1
Institute of Digestive Diseases, Xijing Hospital, Fourth Military Medical
University, Xi’an 710032, Shaanxi Province, China
Dr. LIU Xian-Ling, female, born on 1962-04-12 in Shaanxi Province,
received Ph.D. degree in 1998 from Fourth Military Medical University,
now attending physician in the department of gastroenterology, having
10 papers published.
*Project supported by the National Natural Science Foundation
of China, No. 39570806 and National Excellent Youth Scientific
Foundation, No. 3952020.
Correspondence to: LIU Xian-Ling, Institute of Digestive Diseases,
Xijing Hospital, Fourth Military Medical University, 15 Western Chang
Le Road, Xi’an 710032, Shaanxi Province, China
Tel. +29 3375226
Received 1999-01-03 Revised 1999-03-19

cytometry.
RESULTS In EcoR I and BamH I restriction
analysis, the size and the direction of the
cloned sequence of Hsp90β remained what
had been designed and the gene constructs
were named pcDNA-Hsp90. AH-SGC790, AHSGC7901/VCR, AH-HCC7402 and AH-Ec109 cell
clones all expressed Hsp90 anti-sense RNA.
The expression of Hsp90 was down-regulated
in AH-SGC7901, AH SGC7901/VCR, AH-HCC7402
and AH-Ec109 cell clones. Cell cycle distribution
was changed differently. In AH-SGC7901/VCR
a n d A H - E c 109 c e l l s , G1 p h a s e c e l l s w e r e
increased; S phase and G2 phase cells were
decreased as compared with their parental
cell lines. In AH-SGC7901 cell, G1 phase cells
were decreased, G2 phase cells increased and
S phase cells were not changed, and in AHHCC7402 cells G1, S and G2 phase cells remai
ned unchanged as compared with their
parental cell lines. The sensitivity of AH
SGC7901, AH-SGC7901/VCR, AH-HCC7402 and
AH-Ec109 to chemotherapeutic drugs, the
sensitivity of AH-SGC7901/VCR to ADR, VCR,
MMC and CTX the sensitivity of AH-HCC7402
to ADR and VCR, and the sensitivity of Ec109
to ADR, VCR and CTX all increased as
compared with their parental cell lines. The
mean fluorescence intensity of ADR in AHSGC7901, AH-SGC7901/VCR, AH-HCC7402 and
AH-Ec109 was also significantly elevated (P
<0.05).
CONCLUSION Down-regulation of Hsp90 could
change cell cycle distribution and increase the
drug sensitivity of tumor cells.

INTRODUCTION

Heat shock proteins (HSPs) are a highly conserved group
of intracellular protein s whose synthesis are increased
in response to a variety of stressful stimuli[1]. HSPs are
classified by molecular weight into groups of HSP110,
HSP90, HSP70, HSP60, small molecular HSP and
ubiquitin. HSP90 is a main chaperone protein in the cell
plasma[2]. Recent studies have suggested that HSP90
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expre ssion is increased in tumor tissues [3,4] and
is closely related to multi-drug resistance protein
P-gp [5,6] . To further investigate the biologi cal
roles of HSP90 in the processes of carcinogenesis
and the possibility of down regulation of HSP90
to reverse the drug resistance of tumor cells, we
have constructed the Hsp90 antisense RNA
eukaryotic expression vector, transfected it into
SGC7901 of human gastric cancer SGC7901/
VCR of multi-drug resistant human gastric
cancer, HCC7402 of human hepatic cancer and
Ec109 of human esophageal cancer cell lines. We
also studied the cell cycle distribution of the gene
transected cells and their response to
chemotherapeutic drugs.
MATERIAL AND METHODS
Materials

Reagents EcoR I and BamH I nuclease was
purchased from Sino-American Biotech Inc T4 DNA
ligase from Promega Company. Other reagents
included guan idinium isothiocyanate lysis solution
(guanidinium isothiocyanate, citric acid sodium,
sarkosyl, (γ- 32 P) ATP, T4 phage polynucleotide
kinase, 20 × SSC (NaCl, citric acid sodium), 50 ×
Denhardt (Ficoll, N-Polyvinylpyrrolidone and BSA),
pre-hybridization solution (6 × SSC, 0.5% SDS, 5 ×
Denhardt, 100 mg/L sal mon sperm DNA) TBE (89
mmol/L Tris-boric acid, 2 mmol/L EDTA), 5 ×
hybridization buffer (200mM-PIPES pH 6.4, 2mMNaCl, 5mM EDTA), formamide hybridization buffer
(formamide: 5 × hybridization buffer = 4:1), RNase
S1, RNase S1 buffer (10mM Tris-Cl pH 7.5, 300mM
NaCl, 5mM EDTA),50mg/L proteinase K, 0.5% SDS
(w/v), phenol, chloroform, RNA loading buffer (80%
formamide, 1mM E DTA pH 8.0, 0.1% bromophenol
blue, 0.1% Xylene Cyanol), acrylamide,
bisacrylamide, 10% saturated ammonium sulfate,
urea, lipofactamine, G418, RPMI1640, goat antihuman HSP90 β monoclone antibody, HRP-labeled
donkey anti-goat IgG, Lysis buffer (50 mmol/L Tris
Cl, pH 8.0, 150 mmol/L NaCl, 0.02% NaN3, 0.1%
SDS, 100 µL/ mL PMSF, 1 mg/L aprotinin, 1% NP40, 0.5% deoxycholic acid), TEMED, Tris-glycine
working solution (25 mmol/LTris Cl, 250 mmol/L
glycine, 0.1% SDS), 2 × SDS gel-loading buffer (100
mmol/L Tris Cl, pH 6.8, 200 mmol/L DTT, 4% SDS,
0.2% bromophenol blue, 20% glycerol),
electroblotting buffer (39 mmol/L glycine, 48 mmol/
L Tris Cl, 0.037% SDS, 20% methanol),
tetrachloride nephenol, propidium iodide, adriamycin
(ADR), vincristine (VCR), Mitomycin (MMC) and
cyclophosphamide (CTX).
Cell lines SGC7901 of human gastric cancer
cell line was provided by the Military Medical
S c i e n t i f i c C h i n e s e A c a d e m y, o f M i l i t a r y
Medical Sciences, SGC7901/VCR of MDR-type
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human gastric cancer cell line was from our institute,
HCC7402 of human hepatic cancer cell line from
Pathological Department of Fourth Military Medical
University (FMMU). Ec109 of human esophageal
cancer cell line was from Biochemical Department
of FMMU.
Methods

Co n s t r u c t i o n o f H S P 9 0 a n t i s e n s e R N A
eukaryotic expression vector phHSP90 of
HSP90 cDNA plasmid was supplied by
YAMAMOTO. Eukaryotic expression vector
pcDNA 3.1(+) was supplied by Yang Jing-Hua.
E.coli JM109?was introduced by original source
our institute.
Plasmid map analyses: Analysis
of the nuclease site of phHSP90 plasmid map of
HSP90 prokaryotic expression vector found that
there were two EcoR I nuclease sites and one
BamH I nuclease sites in the gene sequence of
HSP90 cDNA, of which EcoR I nuclease site is
located at 0.99kb and 1.07kb respectively and
BamH I nuclease site is l ocated at 2.1kb. There
was another EcoR I nuclease site at prime 3 of
the phHSP90 plasmid following the stop codon of
HSP90 cDNA (Figure 1). There was one EcoR I
and one BamH I nuclease site on the multi-clonal
nuclease sites of prokaryotic expression vector
pcDNA 3.1(+), of which EcoR I is located at prime
3 and BamH I is located at prime 5 (Figure 2).
With EcoR I and BamH I nuclease, a 1.03kb
fragment of 1.07kb-2.1kb could be digested from
HSP90 cDNA (EcoR I was at prime 3, BamH I at
prime 5). By inserting the digested fragment (1.
03kb) into EcoR I and BamH I nuclease site of
pcDNA 3.1(+), the HSP90 antisense RNA
eukaryotic expression vector could be constructed.
The primary plasmid phHSP90 was extracted
by alkali lysis. First, phHSP90 was digested by
EcoR I and electrophoresed on agarose-gel. Two
fragments of 1.43kb and 3.99kb could be seen
under ultraviolate from the gel. Of them, the 1.
43kb-DNA was excised from the gel and purified
by the frozen-melting method. The purified DNA
was further dig ested by BamH I nuclease an d
electrophoresed, and a 1.3kb fragment (EcoR-I
was at prime 3, BamH I was at prime 5) was
obtained. The specific fragment (0.5 µg) and 0.1
µg-pcDNA 3.1(+) linearized by EcoR I and BamH
I nuclease was ligated by T4 DNA ligase under
16 for 18 h (Figure 3). The ligated products
were transformed into the sensitized E.coli
JM109, grew on ampicilline resistant agrose gel.
Positive clones were selected and amplified and a
small amount of plasmid was extracted. The
reconstructed plasmid was digested by either EcoR
I or BamH I or by both EcoR I and BamH I
nuclease to determine the size and the direction of
the fragment.
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medium. Incubate the cells at 37 in a CO2 incubator
until the cells are 80% confluent. After rinsing the
cells with serum free and antibiotics-free medium,
add pcDNA-HSP90-Lipofectamine mixture (or
pcDN A 3.1(+)Lipofectamine mixture as control).
Incubate the cells at 37 in a CO2 incubator for 6
hours. Then change the medium with RPMI1640
culture medium containing 10% fatal bovine serum.
G418 (400 mg/L) was added to select the resistant
clone after 48-72 hours. The medium was changed
every 3.4 days and colonies were collected
approximately 3 weeks later.

Figure 1 Plasmid map of phHSP90.
Vector: pSP64(3kb); Inserts: human HSP90β cDNA (2.5kb); Insert
site: Sma I of multiclonal enzyme restriction site of pSP64; Promoter:
SP6; Drug resistance: Amp

Figure 2 Plasmid map of eukaryotic expression vector pcDNA 3.
1 (+). (5.4kb)

Figure 3 Construction of pcDNA-HSP90 of HSP90 antisense RNA
eukaryotic expression vector.

Gene transfection and clone selection. The
pcDNA-HSP90 of HSP90 anti-sense RNA constructs
was extracted by the alkali lysis method, purified by
PEG, transfected into SGC7901, SGC7901/VCR,
HCC7402 and Ec109 by Lipofectamine and selected
by G418. In a six-well culture plate, seed 1 × 105 cells per
well in 2 mL appropriate complete grow th

RN A a n a l y s e s .
Probe designing and
synthesizing. Reading 30bp from 1641 st bp of
HSP90 cDNA, the gene sequence is 5’ATT GAC
GAG TAC TGT GTG CAG CAG CTC AAG-3’.
This gene fragment was matched with the gene
bank from the Internet. We found that this
sequence could only match with the HSP90 gene,
and no homology with any other available genes.
So this selected sequence was used as a probe
and was synthesized by the Shanghai Biotech
Company. β-actin was donated by Dr. Zhao QingChuan and the sequence is β-actin-2095: 5’-ACT
AT G T T T G A G A C C T T C A A - 3 ’ .
Oligonucleotide probes labeled by T4 phage
polynucleotide kinase. Add pure water to a total
volume of 19.5 µL in 10pmol/µL Oligonucleotide
(1.0 µL), 10 × T4 buffer (2.0 µL) and 10pmol [γ32
P]ATP (5.0 µL). After being mixed, suck 0.5
µL-10 µL 10 mmol/L Tris-Cl (pH 8.0) to assay
the radioactivity ratio. Then 1 µL T4 phage
polynucleotide kinase was added and mixtured
and bathed in 37 for 45 min, then bathed in 68
for 10min to inactive T4 phage polynucleotide
kinase. Afterwards, suck 0.5 µL above solution
and added to 10 µL 10 mmol/L Tris-Cl (pH 8.0)
to assay the radioa tivity ratio. Precipitate the
probes with ethanol and resolubalyzed to
2 0 µL1mmol/L EDTA deionized water and stored
at -20 . Radioactivity ratio of the oligonucleatide
RNA
was assayed by the TCA method [7] .
isolation. Tatal RNA was obtained from the cells
by the guanidium isothiocyanate-phenolchloroform extraction method. Cells of 1 × 10 6
were collected and washed with PBS,
guanidinium isothiocyanate lysis solution 500 µL,
3 mol/L- NaAc 100 µL, water saturated phenol
and chloroform each 500 µL-were added, ice
bathed for 20 min and centrifuged at 4 (12 000r/
min) for 15 min. The upper water layer was sucked
up to another eppendoff tube, extracted with
anequal volume of phenol/chloroform (1/1),
precipitated by isopropanol, centrifuged at 4
(12 000r/min) for 15 min, washed with 70% ethanol once,
resuspended to three-evaporated water, treated by
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50 µL DEPC quantitated and stored at -20 .
RNA dot blotting. The quantitated RNA was
denatured by formaldehyde and was dropped to
the nitrocellulose memmbrane and was dried in 80
dry oven for 2 h. After pre-hybridization at 68
water bathing for 2 h, probes were added to
the hybridization bag and water bathed for 16 h24 h at 68 . The hybridization membrane was
picked out and washed with 2 × SSC and 0.1%
SDS for 20 min at room temperature and with 0.
2×SSC and 0.1% SDS at 68 3 times for 10min.
Then the nitrocellulose membrane was dried by
filter paper and was covered by fresh-keeping
film. The membrane was exposed to X-ray film in
the presence of intensifying screens at -20 for
48 h-72 h. The film was then developed to observe
the results.
RNase protection assay [8]. RNA
(10 µL) from the cells were precipitated and
resuspended in 30 µL formamide hybridization
buffer. Radiolabeled Oligonucleotide probes (1
µL) and β-actin probes (1 µL) diluted to 1 ×
10 5cpm with hy bridization buffer were added to
the total RNA. The mixture was heated at 85
f
or 5 min and the RNAs hybridized at 45 or 50
overnight. After hybridization, 2 µL RNase S1
buffer, 16 µL water and 2 µL RNase S1 (2 mg/L)
were added and the mixture was incubated at 37
for 60 min. The solution, which now contained
RNase protected fragments, was deproteinized
with 50 mg/L proteinase K and 0.5% SDS (w/v)
for 15 min, extracted with an equal
at 37
volume of phenol/chloroform (1/1) , coprecipitated
with 10 µg yeast RNA, and resuspended in 8 µL
loading buffer. The samples were electrophoresed
on a 18% acrylamide/6M urea polyacrylamide
sequencing gel (200 v, 120 min). Gels were
radioautographed at -20 for 48 h. Its size was
determined according to the standard molecular
weight marker.
Protein analyses Cells were lysed by lysis buffer
and the protein was quantitated. Then SDS-PAGE
and immunoblot was performed as usual. Goat antiHSP90- β (1:100) was reacted with the
electroblotting for 2 h and HRP-labeled donkey antigoat IgG (1:500) reacted with the electroblotting
for 1h at room tempe rature. After washing with
PBS (0.01 mol/L pH 7.4), tetrachloride nephenol
was used to develop the protein strip and
photographed.
Growth analyses The pcDNA-HSP90 gene
transfected cells and the ir parental cells were seeded
into 24-well plates as pairs at a concentration of 1 ×
10 4 /well, 2 mL each well, and cultured in the
incubator with a condition of 5% CO2, 37 . The
cell morphology and growth feature were observed
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under microscope. Three wells of each kind of
cells were digested by 0.25% trypsin andcounted
, and its mean value was used to drow the growth
curve. Cell doubling time of the exponential phase
was calculated by Patterson’s formula, Td = T
1g2/lg (N1/N0). Here Td is cell doubling time
(hour), Tis the time needed for cell growth from
N0 to N1
Cell cycle analyses. Cells growing well were digested
by 0.25% trypsin, washed by PBS, fixed by cold ethanol
at 4 and dyed with PI, and then were analyzed by
flow cytometry.
The drug sensitivity analyses. MTT methods
were used. The pcDNA-HSP90 gene transfected
cells and their parental cells were seeded into
96well plates as pairs at a concentration of 5 ×
10 3 /well, 200 µL each well, cultured in the
incubator with a condition of 5% CO2, 37
overnight. Add adriamycin, vincristine, mitomycin
or cyclophosphamide at a concentration of 2 µg/
µl, 2 µg/µl, 2 µg/µl and 400 µg/µl-according to
the peak plasma concentration of different
antineoplastic drugs, and dilated at a ratio of 1:10
respectively and seed 3 weeks for each
concentration. Fourty-eight hours later, add
tetrazolium blue 20 µL to each well at a
concentration of 5 mg/L PBS. Culturing was
continued for 4 hours and the supernatant was
removed. Add 150 µL DMSO to react for 15
minutes. ELISA reader was used to measure the
OD value of each well at A490 nm and the ratio
of living cells. The living cell ratio = A490 of the
experimental well/that of control well. Doseeffector curve was drawn and IC 50 and resistant
index (RI) were determined. RI = IC50 of parental
cells/that of the gene transfected cells.
Intracellular drug concentration analyses In
a 35 mm tissue culture plate, seed 3×10 5 cells in
to 2 mL complete growth medium. Incubate the
cells at 37 in a CO 2 incubator until the cells
are 70% confluent. Add adriamycin to make its
final concentration to 10 mg/L. After culture for
1 hour, cells were digested by 0.25% trypsin,
washed by PBS and were analyzed by flow
cytometry at 575 nm.
Statistical analysis

The growth of pcDNA-HSP90 transfectants and their
associated controls were compared using two sample
t tests. Cell cycle fractions, sensitivity of tumor cells
to chemotherapeutic drugs and intracellular drug
concentrations of pcDNA-HSP90 transfectants and
their associated controls were compared using
ANOVA.
RESULTS
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The constructed HSP90 antisense RNA expression
vector

Two gene fragments of 1.43kb and 3.99kb were
isolated by agarose-gel elctrophoresis after the
primary plasmid phHSP90 was digested by
EcoR. After the 1.43kb gene fragment was
further digested by BamH I, a 1.03kb fragment
was obtained, of which BamH I was at its prime
3, EcoR I was at its prime 5. The eukaryotic
expression vector pcDNA 3.1(+) was digested
by EcoR I and BamH I nuclease and formed
linearized plasmid, of which EcoR I was at its
prime 3 and BamH I was at its prime 5. With
the ligated positive reconstructs digested by
EcoR I and BamH I nuclease, we could abtain
a 5.4kb vector DNA and 1.03kb inserted
fragment. If the ligated positive reconstructs
were digested by either EcoR I or BamH I
nuclease, we could see a linearized reconstructs
(Figure 4). These results indicated that the size
and the direction of the inserted HSP90 cDNA
fragment was what had been expected. The
reconstructed expression vector was named
pcDNA-HSP90.

Figure 4 Nuclease restriction analysis of pcDNA-HSP90 of HSP90
anti-sense RNA eukaryotic expression vector.
1. phHSP90; 2. phHSP90/EcoR I; 3. HSP90/EcoR I-BamH I; 4.
DNA/EcoR I+Hind III marker (21227, 5148, 4268, 2027, 1375,
125bp); 5. pcDNA 3.1(+); 6. pcDNA 3.1 (+)/EcoR I+BamH I; 7.
pcDNA-HSP90; 8. pcDNA-HSP90/EcoR I+BamH; 9. pcDNAHSP90/EcoR I; 10 pcDNA-HSP90/BamH I

Gene transfection and clone selection

The positive colonies were selected approximately
3 weeks later. pcDNA-HSP90 of HSP90 anti-sense
RNA constructs transfected cell lines were named
AH-SGC7901, AH-SGC7901/VCR, AH-HCC7402
and AH-Ec109 respectively (Figure 5). pcDNA3.1
(+) transfected cell lines were named SGC7901pcDNA, SGC7901/VCR-pcDNA, HCC7402
pcDNA and Ec109-pcDNA.

Figure 5 SGC7901, SGC7901/VCR, HCC7402 and Ec109 cells
transfected with pcDNA-HSP90 of HSP90 antisense RNA
constructs, selected by G418, positive clones were obtained and
were named a. AH-SGC7901; b. AH-SGC7901/VCR; c. AHHCC7402; d. AH-Ec109.
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Dot blotting and RNase protection assay

Dot blotting. All three groups of pcDNA-HSP90
transfectants, pcDNA3.1(+) transfectants and their
parental cells had positive signals of β-actin (Figure
6). Only pcDNA-HSP90 transfected cell group had
positive signals of HSP90 anti-sense RNA (Figure
7), indicating that pcDNA-HSP90 transfected cell
group had the expression of HSP90 anti-sense
RNA.
RNase protection assay (Figure 8). HSP90
anti-sense RNA transf ectants AH-SGC7901/
VCR (1), AH-SGC7901 (4), AH-HCC7402 (7)
and AH-Ec109 (10) cells had two positive stripes
(Hsp90 anti-sense RNA, β-actin) while pcDNA3.
1(+) transfected group and the blank control cell
group (parental cell line) had only one positive
stripe (β-actin), also indicating that pcDNAHSP90 transfected cell group had the expression
of HSP90 anti-sense RNA and further confirmed
that pcDNA-HSP90 had been transfected into
the aim cells and had the expression of HSP90
anti-sense RNA.
Th e e x p r e s s i o n o f H s p 9 0 p r o t e i n i n t h e
gene transfected cells. Western blot results
showed that the expression of Hsp90β in pcDNA
3.1(+) transfected cells and in their parental
cells were almost the same. In Hsp90 antisense
RNA transfected cells (AH-SGC7901, AHSGC7901/VCR, AH-HCC7402 and AH-Ec109),
Hsp90β expression was lower than that of their
parental cells and pcDNA3.1(+) transfected
cells (Figure 9).
Growth of the gene transfected cell lines.
Compared with their parental cells, the growth of
pcDNA-HSP90 gene transfected cells was inhibited
in different degrees (Figure 10). The growth
inhibiting rate of the 10th day AH-SGC7901 to
SGC7901 was 24.28%, of AH-SGC7901/VCR to
SGC7901/VCR 27.58%, AH-HCC7402 to HCC7402
10.51% and AH-Ec109 to Ec109 66.91%.
In SGC7901 and AH-SGC7901, the Td calculated
from the cell growth curve was 26.6 h and 27.72
h, respectively. The Td of AH-SGC7901 was
prolonged 1.12 has compared with its parental
cell SGC7901. Td of SGC7901/VCR and AHSGC7901/VCR was 55.53 h and 72.22 h,
respectively. Td of HCC7402 and AH-HCC7402,
and Ec109 and AH-Ec109 was 40.66 h and 43.40
h , and 25.03 h and 41.00 h, respectively. These
results indicated that the Td of AH-SGC7901/
VCR and AH-Ec109 was significantly longer than
that of their parental cells (P<0.05), while that of
AH-SGC7901 and AH-HCC7402 had no obvious changes
as against that of their parental cells (P>0.005).

Figure 6 The expression of β-actin mRNA in AH-SGC7901 of
pcDNA-HSP90 transfected cell line, SGC7901-pcDNA of pcDNA
3.1(+) transfected cell line and its parental cell line SGC7901 by
Dot blot.1: SGC7901; 2: SGC7901-pcDNA; 3: AH-SGC701

Figure 7 The expression of HSP90 anti-sense RNA in pcDNAHSP90 transfected, pcDNA 3.1(+) transfected and the parental
cell lines of SGC7901, SGC7901/VCR, HCC7402 and Ec109 by
Dot blot.1: SGC7901; 2: SGC7901/VCR; 3: HCC7402; 4: Ec109

Figure 8 Expression of hsp90 anti-sense RNA by RNase
protection assay. M: PBR322 DNA/Hae III Marker; C1: Positive
control, β-actin (20bp) and HSP90 probe (30bp); C2: negative
control, probe plus RNase S1, no RNA. 1. AH-SGC7901/VCR;
2. SGC7901-pcDNA/VCR; 3. SGC7901/VCR; 4. AH-SGC7901;
5. SGC7901-pcDNA; 6. SGC7901; 7. AH-HCC7402; 8.
HCC7402-pcDNA; 9. HCC7402; 10. AH-Ec109; 11. Ec109pcDNA; 12. Ec109
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Figure 9 The expression of HSP90 protein in pcDNA-HSP90 transfected cells.1. SGC7901; 2. SGC7901-pcDNA; 3. AH-SGC7901; 4.
SGC7901/VCR; 5. SGC7901/VCR-pcDNA; 6. AH-SGC7901/VCR; 7. HCC7402; 8. HCC7402pcDNA; 9. AH-HCC7402; 10. Ec109; 11.
Ec109pcDNA; 12. AHEc109

Figure 10 Growth of gene transfected cell lines.

Cell cycle distribution of the transfected cells
(Table 1). We can see from Table 1 that G1 phase
cells of AH-SGC7901 were decreased, G 2 phase
cells were increased and S phase had no obvious
change as compared with their parental cells, while
G1 phase cells of AH-SGC7901/VCR were increased
and S phase and G2 phase cells were decreased. G1
phase, S phase and G2 phase cell of AH-HCC7402
had no obvious changes and G1 phase cells of AHEc109 were increased, S and G2 phase cells were
significantly decreased as compared with their
parental cells.
Table 1 Kinetics of pcDNA-HSP90 transfected cells and their
parental cells analyzed with flow cytometry
Cell cycle fraction (%)

Cell lines

G0-G1

S

G2-M

SGC7901

61.6

28.0

10.4

AH-SGC7901

55.7

28.1

16.2

SGC7901/VCR

62.2

23.5

14.3

AH-SGC7901/VCR

74.7

13.6

11.7

HCC7402

70.7

21.1

8.2

AH-HCC7402

69.5

20.0

10.4

Ec109

56.2

29.5

14.8

AH-Ec109

72.5

19.5

8.0

Drug sensitivity of the gene transfectants. IC50
of SGC7901 to ADR, VCR, MMC and CTX was 1.
58 × 10-6, 1.99 × 10-3, 3.10 × 10 -2 and 630 mg/L and
IC 50 of AH-SGC7901 to ADR, VCR, MMC and

CTX was 1.58 × 10-7, 1.99 × 10-7, 1.25 × 10-3 and 630
mg/L respectively. RI of SGC7901 to ADR, VCR,
MMC and CTX was 10, 10 000, 24.8 and 1 compared
with AH-SGC7901, i.e., the sensitivity of AHSGC7901 to ADR, VCR and MMC increased 10, 10
000 and 24.8 times respectively as compared with
their parental cell lines, and the sensitivity to CTX
had no obvious changes.
IC50 of SGC7901/VCR to ADR, VCR, MMC and
CTX was 0.398, 1.25, 0.199 and 3981.07 mg/L, IC50 of
AH-SGC7901/VCR to ADR, VCR, MMC and CTX
was 0.1, 0.199, 0.063 and 794.32 mg/L. RI of SGC7901/
VCR to ADR, VCR, MMC and CTX was 3.98, 6.28, 3.
15 and 5.01 as compared with AH-SGC7901.
IC50 of HCC7402 to ADR, VCR, MMC and CTX
was 1.20 × 10 -3, 6.33 × 10 -4, 3.0 × 10 -2 and 1258.
92 mg/L and IC 50 of AH-HCC7402 to ADR, VCR,
MMC and CTX was 2.51 × 10 -6, 6.33 × 10-5, 3.00
× 10 -2 and 1258.92 mg/L. RI of HCC7402 to ADR,
VCR, MMC and CTX was 477.7, 10, 1 and 1 or
the sensitivity of AH-HCC7402 to ADR and VCR
increased 477.7 and 10 times respectively
compared with their parental cell lines, and its
sensitivity to MMC and CTX had no obvious
changes.
IC50 of Ec109 to ADR, VCR, MMC and CTX
was 1.0 × 10-1, 44.66, 1.99 and 1258.92 mg/L and
IC 50 of Ec109 to ADR, VCR, MMC and CTX was
3 . 1 6 × 1 0 -6 , 1 . 9 9 , 1 . 9 9 a n d 3 9 8 . 1 0 m g / L
respectively. RI of Ec109 to ADR, VCR, MMC
and CTX was 31 622.77, 22.44, 1.00 and 3.16.
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Intracellular drug concentration of the gene
transfectants. The mean fluorescence intensity of
ADR was 0.286 ± 0.02 in SGC7901, 0.290 ± 0.026
in AH-SGC7901 and 0.279 ± 0.009 in SGC 7901
control, which was significantly increased in AHSGC7901 (P<0.05).
The mean fluorescence intensity of ADR in
SGC7901/VCR was 0.320 ± 0.050, 0.323 ± 0.054 in AHSGC7901/VCR which was significantly increased (P<0.
05).
The mean fluorescence intensity of ADR was 0.
480 ± 0.122 in HCC7402, and significantly increased in
AH-HCC7402 (0.503 ± 0.188) (P<0.05).
The mean fluorescence intensity of ADR was 1.
300 ± 0.361 in Ec109, and significantly increased in AHEc109 (1.680 ± 0.590) (P<0.05).
DISCUSSION

Antisense RNA is the RNA that is complementary
with the mRNA. The antisense RNA could
combine with mRNA specifically and inhibit the
translation of the RNA. It is one of the gene
expression and modulating modes in prokaryotic
cells. Antisense RNA also exists in eukaryotic
cells but its function is still unknown. Antisense
RNA technich is to tranfect artificially-composed
antisense RNA into the eukaryotic cells, transcript
antisense RNA, block the translation of the gene,
inhibit the expression of the specific gene and
block the function of the gene, and to evaluate
the influence of the gene to the cell growth and
cell differentiation. In comparison of the ribozyme
technich [8] , antisense RNA technich has the
advantages of simple designing, strong specificity,
easy operating, and being economic and time
saving. According to the two common nuclease
EcoR I and BamH I and their different directions
of phHSP90 and pcDNA 3.1(+), the nuclease
digested fragment was inserted to pcDNA 3.1(+),
and the nuclease res triction analysisshowed that
the gene clone was successful. This study has laid
ground forfurther understanding the biological
roles of HSP90 in tumor cells.
In order to determine whether the HSP90 antisense
RNA gene transfected and G418 selected cell
clones had the expression of HSP90 antisense RNA,
a 30-bp oligonucleotide was synthesized and was
l a b e l e d w i t h ( γ - 3 2 P ) AT P b y T 4 p h a g e
polynucleotide kinase. RNA isolated from the
selected clones was first analyzed by dot blotting
with the labeled probes. The results showed that
the pcDNA-HSP90 transfected cell group had
positive signals while the pcDNA 3.1(+) transfected
cell group and the blank control cell group had no
positive signals, indi cating that the pcDNA-HSP90
transfected cell group had the expression of HSP90
antisense RNA.
RNase protection assay[9,10] or RNase mapping
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is a highly sensitive method for gene expression
analysis. This method was primarily used to analyze
and quantitate specific RNAs. In the research of
gene’s characters, it is used to determine the size
of the exons. The principle of RNase protection
assay is: the labeled oligonucleotide probes were
hybridized with cell total RNA or mRNA. The
unhybridized single chain RNA was digested by
RNase S1. The hybridized double chain was
protected and could not be digested by RNase S1.
Electrophoresis on acrylamide/urea polyacrylamide
sequencing gel, the protected chain could be
isolated. Radioauto graph could develop the
protected chain. Its size could be determined
according to the standard-molecular-weightmarker. By this method, 0.1pg globin RNA could
be assayed. Its specificity and sensitivity is far
greater than Northern blot. In this research, RNase
protection assay was also used to determine the
expression of HSP90 antisense RNA in the gene
transfected and the control cells. The results
showed that pcDNA-HSP90 transfected cells had
the expression of HSP90 antisense RNA. Analysis
of RNA by RNase protection assay is simpler than
Northern blot and more specific than Dot blot.
Western blot showed that the expression of HSP90
β in A H - S G C 7 9 0 1 , A H - S G C 7 9 0 1 / V C R ,
HCC7402 and Ec109 was decreased as
compared with their parental cells and their
pcDNA transfected groups. This indicated that
the antisense RNA of HSP90 has partly blocked
the mRNA of HSP90 and inhibited the
translation of HSP90 protein.
Both Dot blot and RNase protection assay showed
that pcDNA-HSP90 transfected AH-SGC7901,
AH-SGC7901/VCR,AH-HCC7402 and AH-Ec109
all had the expression of HSP90 antisense RNA,
and with western blot, the expression of HSP90β
protein in these cells was decreased when
compared with their parental cells and their pcDNA
transfected groups. This has established a cell
model for further studing the role of HSP90 in
these cell lines.
It is known that cell growth is closely related to
cell cycle distribution, and cell cycle is regulated
by many factors. Oesterreich S [11] and Mairesse N
[12]
showed in their studies that hsp27 may be
involved in the regulati on of cell growth. Fuse et
al [ 1 3 ] h a d i n v e s t i g a t e d t h e a l t e r n a t i o n s o f
cytokinetics and HSP70 expression by hyperthermia
in the in vitro experimental systems, using two rat
glioma cell lines, two human glioblastoma cell lines
and rat glioblast cells. They found that HSP70 was
increased in all the heat-treated cells. S phase and/
or G2/M phase cells were increased in these heattreated cells. Faassen[14] suggested that in vivo aging of
human T cells resulted in a general defect in the
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induction of gene products required for transition
from quiescence into the S phase of the cell cycle.
This conclusion is supported by observations of
diminished inducibility of the lymphokine IL-2 and
its receptor during aging. Faassen’s study
demonstrated that decreased proliferative response
to phytohemagglutinin (PHA) was also paralleled
by decreased induction during the prereplicative
interval of two of the most strongly enhanced
proteins in mitogen-activated T cells: HSP90 and
P73, which are also members of the heat shock
protein family. Diminished induction of HSP90 and
p73 was observed in lymphocytes from older
subjects (mean age 75 years), regardless of
differences in heal th status of the subject
populations.
The above two researches indicated that HSP
plays a regulation role in cell growth. Hyperthermic
treatment could induce the expression of HSP70,
promote the synthesis of DNA and increase the S phase
and G2/M-phase cell and is beneficial to cell prolifer
ation. In the aged subjects, T cell proliferative response
was decreased because of the defects in the induction
of HSP90 and P73.
In order to further understand weather decreased
expression of HSP90 could influence the tumor
growth, we used the cell model we had established
and studied their growth. From the cell growth curve
it can be seen that the cell growth of the HSP90
antisense RNA transfectants was inhibited in
different degrees. Among them, the growth of AHSGC7901/VCR and AH-Ec109 was significantly
decreased as compared with their parental cells, and
the cell doubling time prolonged 16.69 h and 15.97 h
respectively. The growth of AH-SGC7901 was also
inhibited to some degree as compared with its
parental cells.
Cell cycle analyses showed that, G1 phase cells
of AH-SGC7901/VCR and AH-Ec109 were
increased and S phase cells were decreased as
compared with their parental cells, indicating that
there was G1 arrest, causing the growth inhibition
of the above two cell groups. G 1 phase cells of
AH-SGC7901 were diminished, G2 phase cells were
increased and S phase had no obvious change,
indicating that there was G 2/M arrest, causing
slower mitosis, and the decrease of cell mitosis and
proliferation. G 1 phase S phase and G 2 phase of
AH-HCC7402 all had no obvious changes compared
with their parental cells. These results indicate that
the expres sion of HSP90β is related to cell growth.
Low expression of HSP90 could cause G1 arrest
and inhibit the synthesis of DNA or cause G2/Marrest and inhibit cell mitosis, therefore inhibiting
the cell growth and proliferation. The different
inhibition rate in different cell lines may be because
of the different heritage background and different
blocking rate of HSP90 antisense RNA to HSP90
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gene in these gene transfected cells. We concluded
that down-regulate the expression of HSP90β could
change the cell cycle distribution and inhibit the tumor
cell growth.
The development of resistance of tumor cells to
anti-cancer drugs is one of the critical issues for
successful chemotherapy. Multi-drug resistance
is an adaptable reaction of tumor cells to
chemotherapeutic drugs. Various kinds of protein
expression and/or the changes of enzyme activity
could be seen in MDR-type tumor cells. Through
the changes of these proteins, tumor cells could
avoid being killed by chemical agents. Much
evidence suggests that the heat shock proteins
(hsp) may be involved in drug resistance [5,6,11,1517]
. In our study, the sensitivity of the pcDNAHSP90 transfected cells to chemotherapeutic
drugs increased more significantly than their
parental cells. This means that lowered expression
of HSP90 could increase sensitivity of the tumor
cells to chemotherapeutic drugs. We also found
that drug accumulation was increased in the
pcDNA-HSP90 transfected cells. HSP90 might be
related to the efflux of chemical agents. When
HSP90 is decreased, the retention of chemical
agents is increased and the intracellular drug
concentration is increased, so is the sensitivity of
the cells to the anti-cancer drugs. HSP90 is a major
cytoplasmic chaperone protein and is related to
many protein substrates, e.g. actin, tubulin, protein
kinase and steroid receptor [18,19]. HSP90 may form
hetero-oligomeric complex with some plasmic
proteins such as HSP70, p60, Hip/p48, p23,
FKBP52, FKBP51 and Cyp-40, involve protein
folding, transportation and degradation, and
regulate the activity of the protein [20-25].
We thought that HSP90 may regulate the sensitivity
of t u m o r c e l l s t o c h e m o t h e a p e u t i c d r u g s
through regulating the activity and function of
P-gp. Bertram J and co-workers have reported
that heat-shock protein hsp90 beta is associated
with the P-glycoprotein (P-gp or P170), one of
the most prominent components of the drug
resistance machinery. They demonstrated that
hsp90 beta can be co-precipitated along with
P-gp and vice versa. In native agarose gels,
both proteins migrated together as one single
band as shown by Western blot analysis. This
intracellular protein-protein interaction may
present a mechanism for the modulation of Pgp function possibly by a stabilization of the
protein which seems to be attributed to hsp90
beta. This study supports our research.
Oesterreich S and co-workers[1] found that when
hap was induced by elevated temperatures,
resistance to doxorubicin (Dox), but not to other
commonly used chemotherapeutic agents, was
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induced in breast cancer cells. To evaluate the role
of hsp27 in this phenomenon, they have transfected
MDA-MB-231 breast cancer cells, which normally
express low levels of hsp27, with a full-length hsp27
cons truct. These hsp27-overexpressing cells now
display a 3-fold elevated resistance to Dox.They
have also derived a MCF-7 breast cancer cell line
with amplified endogenous hsp27 which is highly
resistant to Dox. When these cells were transfected
with an antisense hsp27 construct, they were
rendered sensitive to Dox (3-fold). These results
suggest that hsp27 specifically confers Dox
resistance in human breast cancer cells. Our studies
showed that HSP90 was related to MDR, and
lowered expression of HSP90 could increase the
drug sensitivity of tumor cells by 3-30 000 times
indicating that regulation of HSP90 is more effective
than hsp27 in this aspect. In different cells with
different chemicals, the effect is different, possibly
because of the different biological characteristics
of the tumor cells and the different mechanism of
the anti-cancer drugs.
The mechanisms of HSP90 in sensitizing tumor
cells to anti-cancer drugs need to be further studied.
This study gives some clues in using HSP inhibitors as a
sensitizer to increase the sensitivity of tumor cells to anticancer drugs. In conclusion, down-regulation of HSP90
could change the cell cycle distribution and slow the
tumor cell growth and increase the sensitivity of tumor
cells to anti-cancer drugs.
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Cyclosporin A protects Balb/c mice from liver
damage induced by superan tigen SEB and D-GalN
YIN Tong1, TONG Shan-Qing2, XIE Yu-Cai3 and LU De-Yuan2
Subject headings cyclosporin A; liver necrosis;
apoptosis; staphylococcal enterotoxin B; D-galactosamine

Abstract
AIM To investigate the pathogenic effect of SEB
and D-GalN on liver and the protection of
cyclosporin A, the relationship between hepatic
apoptosis and necrosis and the possible
mechanism of acute hepatic necrosis.
METHODS After staphylococcal enterotoxin B
(SEB) mixed with D-galactosamine (D-GalN)
were injected intraperitoneally into Balb/c mice
and those previously treated with cyclosporin A,
blood samples were collected and livers were
isolated at 2, 6, 12, 24h. Patterns of hepatocellular
death were studied morphologically and
biochemically, circulating cytokines (TNF-α, IFNγ) and mice mortality within 24h was assessed.
RESULTS The SEB could induce the typical
apoptotic changes of hepatocytes, the D-GalN
could induce hepatocytes apoptosis and
degeneration at the same time, and the mice
having received the SEB+D-GalN injections
developed apoptosis at 2 and 6h, but after 12h
hepatocytes were characterized by severe
injury, whereas all the examinations in the
cyclosporin A treated mice were normal.
CONCLUSION Hepatic cell apoptosis might be
related to necrosis, and massive hepatocyte
apoptosis is likely the initiating step of acute
hepatic necrosis in mice. The effects induced by
SEB and D-GalN on hepatocytes might be
mediated by T cells, and could be prevented by
cyclosporin A.
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INTRODUCTION

Patterns of cell death are defined as apoptosis and
necrosis [1] . After staphylococcal enterotoxin B
(SEB) together with D-Galactosamine (D-GalN)
were injected ip. into BALB/c mice as well as
those previously treated with cyclosporin A, we
studied the patterns of hepatocellar death to
investigate the pathogenic effect of SEB and DGalN on liver and the protection of cyclosporin A,
the relationship between hepatic apoptosis and
necrosis, and the possible mechanism of acute
hepatic necrosis.
MATERIALS AND METHODS
Main reagents

Cyclosporin A was given by Prof. Fan Li-An, Shanghai
Institute of Immunology. D-GalN was purchased from
Sigma Chemical Co. SEB was purchased from Institute
of Microbiology and Epidemiology, Academy of Military
Medical Sciences.
Mice

Six-week-old male Balb/c mice weighing 20 g were
purchased from the Department of Experimental Animal,
Shanghai Institute of Biological Products, Ministry of H
ealth of China.
Groups

Mice were randomly divided into 6 groups: NS, CSA,
SEB, D-GalN, SEB+D-GalN and CSA+SEB+DGalN. Each group was divided into 4 subgroups each
containing 6 mice according to 2, 6, 12 and 24 h.
After pretest, SEB amout was set at 50 µg/mice; DGalN, 16 mg/mice; and CSA, 0.5 mg/mice. CSA was
injected 0.5 h earlier. After mixed in vitro, SEB and
D-GalN were injected. Control group was treated
with normal saline in the same way. All drugs were
injected intraperitoneally.
Light microscopic examination

Livers were isolated at 2, 6, 12 and 24 h, and
immediately fixed in 100 mL/L formalin, 5 µm thick
sections were stained with HE for light microscopic
examination. Incidence of apoptosis bodies (ABs) was
counted[2].
Transmission electron microscopic
examination

Immediately after sacrifice, 1 mm3 section from the
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liver were fixed in 20 g/L glutaradehyde. After stained,
ultrathin sections were examined under a 200CX electron
microscope.
Agarose gel electrophoresis of hepatocellular
DNA

DNA was purified from hepatocytes and subsequently
analyzed on 10 g/L agarose gels[3].
Serum alanine aminotransferase (ALT) assay

Serum ALT activities were measured by a CX4
automatic biochemical analyzer (Beck man).
Serum tumor necrosis factor (TNF-α ) assay

It was performed according to L929 cell-killing method
[4]
.
Serum interferon γ (IFN-γ ) assay

IFN-γ assay was made by cytopathic effect reduction
method[5].
Statistical analysis

Statistical significance was evaluated according to paired
student’s t test .
RESULTS
Tissue histology

Hepatocytes of SEB 2 h and 6 h groups showed
nuclear pycnosis (Figure 1A) and no necrosis was
found in 12 h and 24 h, suggesting that SEB only
induce hepatocyte apoptosis in Balb/c-mice.
Hepatocytes of D-GalN 2 h group developed
chromatin condensation and organella edema
(Figure 1B), 6 h group showed hepatocyte
coexistence of degeneration and apoptosis bodies,
no necrosis occurred after 12 h. Hepatocytes of
SEB+D-GalN 2 h group showed nuclear pycnosis,
nucleus was fragmented in 6 h group, after 12 h,
besides some hepatocytes apoptosis, necrosis
characters such as widespread destruction of the
liver stracture, massive erythrocyte agglutination,
etc (Figure 1C) were found. Hepatocytes of the
CSA+SEB+D-GalN group were normal (Figure
1D).
In SEB and D-GalN group, the incidence of ABs
was strikingly raised at 6 h , rapidly decreased after
6 h, and decreased to normal in 24 h. But in SEB+DGalN group it continuously increased till 24 h, and in
CSA+SEB+D-G alN group it had no obvious
changes.
Agarose gel electrophoresis of hepatocellular DNA

The groups of SEB 6 h, D-GalN 6 h, SEB+D-GalN
6h and, 12 h showed typical “ladder” pattern, but
SEB+D-GalN 24 h present “smear” patt ern, and
no abnormalities were found in CSA+SEB+D-GalN
group (Figure 2).

Figure 1 Hepatocytes of Balb/c mice under TEM.
A. SEB 6 h, chromatin condensation, ×10 000; B. D-GalN 2
h, nuclear pycnosis and organelle edema, × 10 000; C.
SEB+D-GalN 12 h, nuclear pycnosis and erythrocyte agglutination,
×4 000; D. CSA+SEB+D-GalN 6 h, nuclear of hepatocyte,
×6 0 00
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Circulating cytokine levels

Figure 2 DNA agarose gel electrophoresis in livers of Balb/c mice.
1. CSA 6 h; 2. CSA+SEB+D-GalN 6 h; 3. SEB+D-GalN 6 h; 4.
CSA+SE B+D-GalN 12 h; 5. SEB+D-GalN 12 h; 6. NS; 7. SEB 6 h;
8. D-Gal N 6 h; 9. SEB+D-GalN 24 h.

Serum TNF-α levels of SEB 2 h (210 ng/L ± 80 ng/
L ) and SEB+D-GalN 2 h (300 ng/L ± 110 ng/L)
reached a peak, thereafter sharply decreased in SEB
6 h (50 ng/L ± 30 ng/L) and SEB+D-GalN 6 h (50
ng/L ± 20 ng/L). Serum IFN- γ levels of SEB and
SEB+D-GalN groups began to increase after 2 h of
administration (SEB 2 h 400 ng/L ± 120 ng/L,
SEB+D-GalN 2 h 400 ng/L ± 150 ng/L), and peaked
at 6 h-12 h (SEB 6 h 1480 ng/L ± 480 ng/L, 12 h
1620 ng/L ± 590 ng/L, 24 h 780 ng/L ± 350 ng/L,
SEB+D-GalN 6 h 1360 ng/L ± 520 ng/L, 12 h 1 860
ng/L ± 680 ng/L 24h 790 ng/L ± 320 ng/L). Our data
showed that there was no difference in the kinetics
of appearance of serum cytokines between mice of
SEB and SEB+D-GalN groups (P<0.05). In
CSA+SEB+D-GalN groups both serum of TNF-α
or IFN-γ levels were negative.

Serum ALT assay

Twenty-four lethality

Compared with control group, there was very obvious
difference in the activities of serum ALT of SEB+DGalN 6 h and 12 h groups (P<0.01), and there was
obvious difference in D-GalN 2, 6 h and SEB+D-GalN
2 h groups (P<0.05), but there was no difference in each
of SEB groups, CSA, CSA+SEB+D-GalN, D-GalN 12
h and 24 h groups (P<0.05). Among these groups,
activities of serum ALT of SEB+D-GalN 12 h even up
to several thousand units (Table 1).

None of the Balb/c mice died at a dose of SEB
up to 150 µg/ mouse alone, and D-GalN of 16
mg/mouse within 24 h, whereas the lethality
was elevated within 24 h with increased dose
of D-GalN when the two were used in
combination, for example, 50 µg SEB caused
de a t h i n a b o u t h a l f o f t h e m i c e , 1 5 0 µ g
S E B up to 100%. But pretremented with CSA
0.5 h earlier, the mice were all survived (Table 2).

Table 1 Serum ALT activities of Balb/c mice in different time (IU/L, 1IU/L = 16.67 nmol s-1/L)
t/h
2
6
12
24

NS
51.8
56.0
54.8
59.7

±
±
±
±

CSA
16.4
21.3
14.9
24.5

51.5
63.0
55.5
59.0

±
±
±
±

SEB

17.8
18.1
27.5
24.7

59.5
60.5
56.5
59.5

±
±
±
±

D-GalN
18.8
20.3
16.9
24.7

71.3
81.3
63.8
60.7

±
±
±
±

25.7a
24.7a
22.8
26.3

SEB+D-GalN

CSA+SEB+D-GalN

69.0 ± 24.6a
95.7 ± 38.7b
4 109.2 ± 1910.1b

54.2 ± 24.5
60.7 ± 29.4
60.5 ± 26.7
65.7 ± 24.2

a

P<0.05, bP<0.01 vs normal saline.

Table 2 Lethality within 24 hours
D-GalN
(mg/mice)

SEB
(µg/mice)

DISCUSSION

CSA
(mg/mice)

10
50
100
150
16
16
16
16
16
16

a

10
50
100
150
50

Mice treated with normal saline.

0.5
0.5

24 h lethality
(death/total)
0/3
0/6
0/3
0/3
0/6
0/3
3/6
2/3
3/3
0/6
0/6
0/6 a

He p a t o c y t e s o f S E B g r o u p s o n l y s h o w e d
apoptosis morphologically, and the course
seems to finish within 12 hours, DNA agarose
gel electrophoresis of hepatocytes exhibited
the “ladder” pattern at 6 h-12 h, but activities
o f s e r u m A LT w e r e a l w a y s n o r m a l . T h i s
result indicates that SEB caused hepatocytes
nuclear pycnosis while membrane was intact.
Mice lethality within 24 hours is 0. Bec ause
SEB did not exhibit any direct toxic effect
o n h e p a t o c y t e s [6], w e a n a l y s e d t h e
mechanism of SEB-induced hepatocyte
apoptosis may be related to biological
features of superantigen nonspecific
stimulating massive T cell proliferation an d
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releasing cytokines (TNF-α, IFN-γ, etc.). D-GalN could
induce both hepatocyte apoptosis and degeneration
morphologically. The result of DNA agarose gel
electrophoresis was similar to that of SEB groups, but
activities of ALT rose between 2 and 6 hours, probably
due to (P<0.05), hepatocyte degeneration which elavated
membrane permeability. Mice lethality within 24 hours
is 0. D-GalN is a kind of indirect toxin to liver, which
can causes a selective depletion of urine nucleotides in
mouse liver, thus leading to secondary hepatic injury.
High doses can cause hepatocyte injury in mice
resembling human viral hepatitis[1].
Balb/c mice treated with SEB+D-GalN showed
typical features of hepatocyte apoptosis within 6 hours,
but after 12 hours, extensive cell necrosis was promi
nent besides apoptosis in a few hepatocyte. After 12
hours, the incidence of ABs became too high to count
because a majority of hepatocytes were destructed. In
biochemistry, DNA agarose gel electrophoresis
demoustrated typical “ladder” be tween 6 and 12 hours,
but a “smear” pattern at 24 hours. Serum ALT increased
from the 2nd hour (0.01<P<0.05 at 2 hours, as compared
P<0.01, at 6 hours 68 µmol s-1 L-1 to at 12 hours.
This indicated a great amount of hepatocytes were
destructed, with a 24 h lethality of 50% whereas the
mice pretreated with CSA were all normal. Superantigen
had no direct toxic effect on hepatocytes, only
nonspecifically stimulated massive T cell proliferation
and released cytokines while CSA can inhibit T
lymphocyte releasing cytokines. Therefore, we thich that
the acute injury to hepatocytes is mediated by T cells
thus it can be inhibited by CSA.
Leist[7] reported that D-GalN+LPS/TNF induced
hepatocyte apoptosis in Balb/c mice in the early
stage and necrosis in the late stage. Our results
are in agreement with Leist’s. Based on the studies
of transgenic mice in lit erature [8] and our
experiment, we assume that the process of hepatic
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injury induced by SEB+D-GalN is: massive hepatocyte
apoptosis occurred, then the neutrophils and
macrophages were attracted by endogenous mediators
and activated by apoptotic hepatocytes releasing
massive cytokines, and finally, the secondary acute
hepatic necrosis, occurred leading to the death of mice.
D-GalN in addition to its sensitization of hepatocyte,
D-GalN may prevent the rapid uptake of apoptotic cells
by neighboring hepatocytes and Kupffer’s cells[7].
Gantner[9] reported apoptotic hepatocytes can induce
procoagulant activities in endothelial cells and platelets
that eventually result in thrombin deposition and
sinusoidal congestion. Therefore, there might be some
relationship between apoptosis and necrosis. If the
number of apoptotic hepatocytes is small and can be
rapidly phagocytized by the nearby hepatocytes and
Kupffer’s cells, secondary necrosis will not occur while
if it is massive and can not be phagocytized rapidly,
secondary necrosis will develop.
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Nitric oxide synthase distribution in esophageal
mucosa and hemodynamic changes in rats with
cirrhosis
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Abstract
AIM To observe the nitric oxide synthase (NOS)
distribution in the esophageal mucosa and
hemodynamic changes in cirrhotic rats.
METHODS NOS distribution in the lower esophagus
of rats with carbon tetrachloride-induced cirrhosis
was assessed by using NADPH-diaphorase
(NADPH-d) histochemical method. Concentration of
NO in serum were measured by fluorometric assay.
Mean arterial pressure (MAP), cardiac output (CO),
cardiac index (CI), splanchnic vascular resistance
(SVR), and splanchnic blood flow (SBF) were also
determined using 57Co-labled microsphere
technique.
RESULTS Intensity of NOS staining in the
esophageal epithelium of cirrhotic rats was
significantly stronger than that in controls. There
was a NOS-positive staining area in the endothelia
of esophageal submucosal vessels of cirrhotic rats,
but the NOS staining was negative in normal rats.
NO concentration of serum in cirrhotic rats were
significantly higher in comparison with that of
controls. Cirrhotic rats had significantly lower MAP,
SVR and higher SBF than those of the controls.
CONCLUSION S p l a n c h n i c h y p e r d y n a m i c
circulatory state was observed in rats with
cirrhosis. The endogenous NO may play an
important role in development of esophageal
varices and in changes of hemodynamics in
cirrhosis.
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INTRODUCTION

Cirrhosis with portal hypertension is associated with
hyperdynamic ciculation characterized by
generalized vasodilation and increased cardiac
output and splanchnic regional blood flows.
Endogenous NO, a very potent vasodilator factor,
may play a very important role in the pathogenesis
of hemodynamic changes in cirrhosis. It is unclear
whether NO is involved in the pathogenesis of
esophageal varices as one of severe complications
of hepathic cirrhosis. The present study was aimed
at investigating the effects of endogenous NO on
esophageal varices and hemodynamic changes in
cirrhotic rats.
MATERIALS AND METHODS
Experimental animal

Male Sprague-Dawley (SD) rats (supplied by the
Shanghai Laboratory Animal Center of Chinese Academy
of Sciences) weighing between 250 g and 300 g were
used. Cirrhotic rat model was induced by injection of
60% CCl4 oily solutio n twice weekly subcutaneously
(0.3 mL/100 g, first time 0.6 mL/100 g) for two months
[1]
.After the model was established, there were 8 cirrhotic
rats in experimental group and 8 normal SD rats served
as controls.
Hemodynamic studies[2]

Under Ketamine anesthesia (100 mg/kg
intramuscularly), the right femoral artery and the
femoral vein were cannulated with a polyethylene
50 catheters, which went forward respectively to
the abdominal aorta and inferior vena cava. The
left ventricle was catheterized under pressure
monitoring through the right carotid artery with a
polyethylene 50 catheter for injection of 57Colabeled microspheres. All catheters were connected
to highly sensitive pressure transducers that were
calibrated before each study, and blood pressures
were registered on a multichannel recorder
(Lifescope 6). An abdominal incision (1.5 cm-2.0
cm) was performed, and the portal pressure (PP)
was indirectly measured thro ugh puncture of spleen
with a No.4 needle [3]. Cardiac output and splanch
nic blood flows were measured by using 57 Colabeled microspheres technique. A reference blood
sample was obtained from the femoral artery
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catheter for 70 seconds at a constant rate of 1
mL/min with a continuous-withdrawal pump
(model WZ-50, Zhejiang Medical University,
China). Meanwhile, approximately 50 000
m i c r o s p h e r e s l a b e l e d w i t h 57C o - l a b e l e d
microspheres (diameter, 15 µm ± 0.6 µm, Du Pont
Co., USA) were injecte d into the left ventricle
10 seconds after the start of blood withdrawal.
Then 2 mL blood sample was withdrawn from the
right femoral vein and stored at -70
for
determination. The rats were then killed, the lower
esophagus was quickly excised and quick-frozen
in nitrogen solution for NADPH-d histochemical
staining, and then liver specimens were fixed in
10% formalin for histologic examination. Other
abdominal organs and mesentery were also taken
out, weighed, and cut into small pieces, and
placed in γ counter (model GP1, Shanghai
Electronic Apparatus Co., China) for determining
the radio-activity (cpm).
Calculations
57

Cardiac output (CO) (mL/min) = injected Co (cpm) ×
reference blood sample (mL/min)/reference blood 57Co
(cpm).
Cardiac index (CI) (mL min-1 100 g-1BW) =
CO (mL/min)/100 g BW.
Splanchnic blood flow (SBF) (mL/min) = organ 57
Co (cpm) × reference blood sample (mL/min)/reference
blood 57Co (cpm).
Portal vein blood flow (PVF) (mL/min) = the sum
of gastric, splenic, intestinal, mesenteric and pancreatic
venous flows.
Splanchnic vascular resistance (SVR) (kPa mL1 min-1) = [MAP-PP (kPa)]/PVF (mL/min).
NADPH-d histochemical staining[4]

Esophageal samples were fixed in 4%
paraformaldenyde and 0.4% picric acid in 0.16
mol/L sodium phosphate buffer, pH 6.9, for 4
hours. Then they were transferred to 10%
sucrose in 0.1% mol/L sodium phosphate buffer,
pH 7.2, at 4 for 24 hours. Cryostat sections
Minotome cryosant, USA)
(10 µm thick, -20
were immersed for 10 minutes in 0.01 mol/L
phosphate buffer, pH 8.0, and were incubated for
40 minutes at 37
in prewarmed solution
consisting of 0.01 mol/L phosphate buffer, pH 8.
0; 0.3% Triton X100; 0.5 mmol/L nitroblue
tetrazolium (NBT, Sigma, USA); and were 1.0
mmol/L NADPH (Sigma, USA). After washing
in 0.01 mol/L phosphate buffer, pH 7.4, the
sections were dehydrated with graded alcohol and
mounted on microscopic glass slides.
Serum NO determination

This assay is a modification of the method of
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Damiani and Burini[5] for the fluorometric determination
of nitrite. Briefly, the serum sample is added with 20%
sodium sulfosalicylic acid to remove protein. After
centrifugation, the filtrate is added with 0.01 mol/L EDTA
and 2, 3-Diaminonaphthalene (DAN, Fluka, Switzerland)
hydrochloric acid solution. The reaction is terminated
after 10min at 20 by addition of 2.8 mol/L-NaOH
solution. The intensity of fluorescent signal of 1(H)
naphthotriazole in the serum sample were obtained in a
luminescence spectrofluorometer (Model F-4 000,
Hitachi, Japan) with excit ation at 365 nm, emission at
420 nm and slits at 3 nm. Nitrite levels in samples were
then calculated as a standard curve for nitrite.
Liver histologic examination

The liver samples were fixed in 10% formalin, processed
routinely, and embedded in paraffin. The sections were
stained with HE and were then observed using a
microscope.
Statistical analysis

The results were expressed as x ± s, and were analyzed
with Student’s t test. P<0.05 was regarded as of
statistical significance.
RESULTS

The liver histology of all the animals treated with CCl4
in the study had a granulated surface, and histological
examination showed the characteristic features of
cirrhosis.
Areas with a positive reaction for NADPH
diaphorase were stained dark blue. The reaction was
negative in specimens stained without NADPH.
NADPH-diaphorase hist ochemical staining showed that
intensity of NOS staining in lower esophageal epithelium
of cirrhotic rats was significantly stronger than that in
normal SD rats. There was a NOS positive staining area
in the endothelium of esophageal submucosal vessels,
but the NOS staining was negative in normal controls
(Figures 1, 2).
Hyperdynamic circulatory status associated with
portal hypertension was observed in all rats with cirrhosis
(Tables 1, 2). Serum NO level in cirrhotic rats were
significantly higher than that in normal controls (4.204
µmol/L ± 1.253 µmol/L vs 0.532 µmol/L ± 0.257 µmol/L,
P<0.01).
Table 1 Hemodynamics parameters (x ± s)

MAP (kPa)
PP (kPa)
CO (mL/min)
CI (mL min-1 100 g-1 BW)
PVF (mL min-1 100 g-1 BW)
SVR (kPa mL-1 min-1)
a

Controls
(n = 8)

Cirrhotic rats
(n = 8)

17.05 ± 0.34
1.123 ± 0.096
135.5 ± 3.55
39.68 ± 1.64
3.762 ± 0.094
4.234 ± 0.118

14.42 ± 0.47a
1.665 ± 0.067a
189.99 ± 9.26a
55.89 ± 1.82a
4.295 ± 0.155a
2.974 ± 0.186a

P<0.01, compared to control group.

HUANG Ying-Qiu, et al. No synthase in cirrhosis
Table 2 Blood flow of splanchnic organs (mL
x ± s)
Organ

Controls
(n = 8)

min-1
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g-1,

Cirrhotic rats
(n = 8)

Stomach

0.544 ± 0.045

0.881 ± 0.065a

Spleen

0.946 ± 0.060

0.725 ± 0.057a

Pancreas

0.819 ± 0.031

0.998 ± 0.055a

Intestine & mesentery

1.451 ± 0.037

1.686 ± 0.057a

Kidney

0.465 ± 0.038

0.686 ± 0.046a

a

P<0.01, compared to control group.

Figure 1 Esophag eal NADPH-d histochemical staining in cirrhotic
rats. ×200
Figure 2 Esophageal NADPH-d histochemical staining in normal
rats. ×200

DISCUSSION

Lower esophageal varices are the main clinical
manifestation and the cause of upper
gastrointestinal hemorrhage in cirrhosis
associated with portal hypertension. Cirrhosis
with portal hypertension is often associated with
hyperdynamic circulation characterized by
genealized vasodilation and increased cardiac
output and splanchnic regional blood flows.
However, the mechanisms responsible for the
development of lower esophageal varices and
the hyperdynamic circulatory status are still
unclear.
Our study showed that intensity of NOS staining
in esophageal epithelium of cirrhotic rats associated
with portal hypertension was significantly stronger
than that in normal SD rats. There was a NOS
positive staining area in the endothelium of
esophageal submucosal vessels, but the NOS staining

was negative in normal rats. In addition, we
also found that the levels of serum NO were
all significantly elevated in cirrhotic rats as
compared to normal rats. The hyperdynamic
circulatory state of cirrhosis with portal
hypertension could provide continuous stimuli
(such as a progressive increase in blood flow,
high oxygenation in portal blood, or
endotoxemia) for nitric oxide synthase (NOS)
induction in the portal collateral bed [6] . Our
findings suggest that NO may play an important
role in the collateralization of the portal system
because inhibition of NO synthesis reduces
portal systemic shunting without affecting
portal pressure in cirrhotic rats [7] . Therefore,
overexpressed NOS in the mucosa of the lower
esophagus of cirrhotic rats significantly shows
a mechanism for the predisposition of
collaterals to develop at this site by enhancing
NO production. Therefore, greater NOS
content in the lower esophageal mucosa of
cirrhotic rats would produce increased amounts
of NO, adding to the hyperdynamic circulation
in the resion.
In order to determine NOS, we used a kind of
histochemical staining method depended on the
presence of diaphorase. The technique of
“diaphorase” staining is based on the ability of
the C-terminal portion of nitric oxide synthase to
transfer electrons from NADPH to nitroblue
tetrazolium (NBT) reducing the substrate NBT
to an insoluble purple fomazan product giving the
characteristic “diaphorase” reaction [8] . Other
studies showed that the overpressed of NOS
visualized by immunohistochemical staining and
of NADPH-d staining in brain and periph eral
tissues were identical [9,10] . It seems that the
NADPH-d staining technique is a useful and
simple method to determine the expression of
NOS [11] . In the present study, we found a strong
expression of NADPH-d activity in the lower
esophagus, reflecting NOS. The findings are
identical to Tanoue’s report [4]. Tanoue et al found
that expression of NOS proteins in endothel ia
of submucosal veins was markedly higher in
portal-hypertensive rats than in controls. We
postulate that because NO is a very potent
vasodilator factor, overpression of NOS may be
an important cause of esophageal varice rupture
to give rise to hemorrhage.
In the present study, increment of splanchic blood
flow associated with portal hypertension was
observed in all 8 rats with cirrhosis except that
splenic vein flow was lower than controls.
Moreover, there were 6 cirrhotic rats with ascites in
the 8 rats with cirrhosis. Although the cause of this
hyperdynamic circulation is still a matter of
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controversy, it seems that vasodilatation, induced
by increased activity of endothelia-independent
and endothelia-dependent vasodilators, initiates
the hyperdynamic state. Recently, a role of
endogenous nitric oxide in the regulation of blood
flow and vascular tone of the systemic and
splanchnic circulations in portal hypertension has
been suggested by several in vivo and in vitro
studies, implying that excessive synthesis of NO
could be responsible for the these circulatory
abnormalities. Our previous studies had
suggested that an excessive release of NO may
be involved in the splanchnic hyperemia [12].
In conclusion, the results of the present study show
that endogenous NO may play an important role in
development of esophageal varices and in changes of
hemodynamics pattern in cirrhosis.
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Abstract
AIM To explore the expression of perforin and
granzyme B genes mRNA to judge the effect of
immunosuppression in acute rejection of liver
transplantation.
METHODS The expression of perforin and granzyme
B genes mRNA was examined by reverse
transcription-polymerase chain reaction (RT-PCR)
in hamster to rat liver grafts under the
immunosuppression of cyclosporine or/and
splenectomy. Histological findings were studied
comparatively.
RESULTS Cyclosporine could obviously decrease the
cellular infiltration, and completely repress the
expression of mRNA for perforin and granzyme B,
but could not change severe hepatocyte necrosis
and hemorrhage. Splenectomy could significantly
lighten hepatocyte necrosis, and completely eliminate
hemorrhage, but not affect the cellular infiltration
and the expression of perforin and granzyme B genes
mRNA. Cyclosporine or splenectomy alone could not
prolong the survival time, however, their combination
could completely repress the rejection of liver grafts.
The survival time of animals were significantly
prolonged (37.1 days). The architecture of
hepatic lobules was preserved. There wes slight

cellular infiltration in the portal tracts and no
expression of perforin and granzyme B genes mRNA
could been seen in three weeks after
transplantation.
CONCLUSION Perforin and granzyme B genes are
valuable in judging the effect of immunosuppression
in liver transplantation.

INTRODUCTION

Rejection is one of major factors influencing the
outcome of the patients after liver transplantation, and
acute rejection is more harmful to the grafts and
recipients. The cellular immunity has been proved to
be a chief mechanism in rejecting liver transplantation,
and cytotoxic T lymphocyte (CTL) is the major
effector cell, the perforin lytic pathway to granzyme
B, plays a critical role in the T-cell immun e response
[1]
. It is a hot issue of the moment to search for special
early markers to judge the effect of
immunosuppression in acute rejection of liver
transplantation. In this study, the expression of perforin
and granzyme B mRNA was examined by reverse
transcriptase-polymerase chain reaction (RT-PCR)
under the immunosuppression of Cyclosporine (CsA)
and splenectomy based on the establishment of a
stable and reliable model of hamster to rat concordant
xenogeneic orthotopic liver transplantation.
MATERIALS AND METHODS
Animals
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Female golden hamsters weighing 150 g-180 g were the
donors of liver xenografts, and male Wistar rats weighing
230 g-260 g were the recipients. The animals were
purchased from Xi Bi Experimental Animal Centre and
Shanghai Experimental Animal Centre of Chinese
Academy of Sciences.
Liver transplantation

Orthotopic liver transplantation was performed
according to simplified three-cuff technoque[2] with
some modifications. Donor cholecystectomy was
perfo rmed at the time of cuff preparation, without
reconstruction of hepatic artery, and splenectomy
at the time of transplantation with simple ligation of
the splenic hilum and excision. No microscope was
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used for all the operations.
Experimental groups

Liver xenografts were studied in four groups: A,untreated
controls (n = 8); B, treated with cyclosporine 30mg/kg/
daily (n = 6); C,treated with splenectomy (n = 6); D,
treated with splenectomy and cyclosporine 30 mg kg
day (n = 7).
Immunosuppressants

CsA was administered to recipients intramuscularly
beginning on the first day of operation, at an interval of
12 hours. Splenectomy was done at the time of
transplantation.
Histology

Postoperative specimens at rejection and specimens
taken at sacrifice were fixed in 10% formalin and stained
with hematoxylin and eosin.
RNA extraction

Total RNA was extracted according to the Qiagen
kit directory. In brief, after homogenization and lysis
with lytic buffer RLT in QIA shredder, same volume
of 70% ethanol were added. Samples were then
moved into RNeasy spin column and centrifuged for
15sec at 8 000 × g, buffer RW1 and buffer PRE
were added and centrif uged for 15 sec at 8 000 × g
step by step. Finally, RNA was eluted with
diethylpyrocarbonate (DEPC)treated water and
centrifuged for 1min at 8 000 × g. The approximate
quantity of RNA was determined with an OD 260
nm and the purity was confirmed with an OD ratio
of 260 : 280 to be greater than 1.8 in all spec imens.
RNA was extracted from rat spenocytes stimulated
in culture for 18 hours with PHA (10 mg/L), Con A
(10 mg/L) and IL-2 (20 units/mL) for the positive
control. The RNA of normal rat liver served as
negative control.
Reverse transcription and polymerase chain
reaction

Th e c D N A s y n t h e s i s w a s p e r f o r m e d w i t h
GIBCOL BRL kit. RNA mixtures were prepared
as follows: 2 µg of total RNA and 0.5 µg of oligo
(dT) 12-18, were added with DEPC-treated
water and diluted to 12 µL, water bathed at 70
for 10 min and incubated on ice for at least 1min,
then added with 2 µL of 10 × PCR buffer, 2 µL
of 25mM MgCl 2, 1 µL of 10mM dNTP, and 2 µL
of 0.1M DTT and incubated at 42 for 5 min.
200U Super Script II RT was added and incubated
at 42
for 50 min and the reaction was
terminated at 70 for 15 min and chilled on ice,
and finally 1 µL of Rnase H was added to each
tube and incubated for 20 min at 37 . The cDNA
was stored at -20 .
The DNA was amplified using RT-PCR on a
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Perkin-Elmer 2 400 thermocycler, and RT-PCR primer
was designed according to the exon of rat gene
sequences. The primer set for perforin was
5’
5’
G C C AT C C T G C G T C T G G A C C T G 3 ’ ,
CATTTGCGGTGCACG ATGGAG3’; primer set for
the granzyme was GACTTTGTGCTGACTGCTGC
TCAC3’,
5’ TTGTCCATAGGAGACGATGCCC
GC3’; and for the β-actin: 5’ TGCTAC ACTGCCA
CT CGGTCA3’, 5’ GCATGCTCTGTGGAGCTGT
TA3’ [3]. The reaction mixture conta ined 2 µL
cDNA, 1 µL of 10 mmol/L dNTP, 3 µL of 25
mmol/L MgCl 2, 5 µL of 10 × buffer, 1 µL Taq
polymerase, 2 µL each of the forward and reverse
primer, and 34 µL of dual-distilled water for each
50 µl amplification reaction. Reactions were
performed for 30 cycles. The conditions were
94 for 3 min prior to cycling, denaturing at 95
for 15 sec, annealing at 60
for 20 sec and
extension at 70
for 30 sec. Following
amplification, ten µL PCR products were run on a
1.5% agarose gel stained with ethidium bromide,
gene specific bands were visualized by phot
ography under UV fluorescence.
RESULTS
Survival time

Graft survival is shown in Table 1. Groups A, B and C
showed rejection in 6-9 days. Groups B and C had
rejection with a time course similar to group A (P>0.05).
Survival in group D was significantly prolonged to 37.1
± 9.9 days (P>0.01).
Table 1 Survival of hamster to rat liver transplantation
Groups Therapy

Survival (days)

x±s

A
B

None
CsA 30 mg kg day

6,7,7,7,7,7,7,7
6,7,7,7,8,9

6.9 ± 0.4
7.3 ± 1.0

C

Splenectomy

6,7,7,7,7,8

7.0 ± 0.6

D

CsA 30mg kg day+splenectomy 27,29,30,35,39,46,54 37.1 ± 9.9 a

a

P<0.01 as compared with groups A, B and C.

Histological examination

The liver xenografts in group A showed diffuse
mononuclear cell infiltration, massive necrosis and
interstitial hemorrhage (Figure 1A). In group B, CsA
at dose of 30 mg kg day obviously decreased
cellular infiltration, but severe hepatocyte necrosis
and hemorrhage remained unchanged (Figure 1B).
Splenectomy (group C) significantly alleviated
hepatocyte necrosis and hemorrhage, but did not
change diffuse mononuclear cell infiltration (Figure
1C). In group D, CsA and splenectomy abated
cellular infiltration and hepatocyte necrosis and
hemorrhage, the architecture of the hepatic lobule
was preserved, but there was slight cellular
infiltration in the portal tracts (Figure 1D).
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Expression of perforin and granzyme B genes
mRNA

All recipients had the expression of perforin and
granzyme B genes mRNA in group A on posttransplantation day (POD) 5; only one (1/6) in
group B expressed mRNA of these genes on POD
5; and five recipients (5/6) in group C expressed
mRNA of both genes on POD 5. There was no
expression of both genes in group D on P OD 5
and 14, but only one recipient (1/7) expressed
mRNA of perforin and granz yme B genes on
POD 21 (Figure 2).

Figure 2 Expression of perforin and granzyme B genes in liver
xenografts on POD 7. A. Perforin; B. Granzyme B.

DISCUSSION

Figure 1 Histology of liver grafts. (A) Diffuse mono nuclear cell
infiltration, massive necrosis and interstitial hemorrhage; (B) Cel
lular infiltration obviously decreased, but severe hepatocyte
necrosis and hemor rhage unchanged; (C) Splenectomy
significantly alleviated hepatocyte necrosis and hemorrhage, but
didnot change diffus mononuclear cell infiltration; (D) The
architecture of the hepatic lobule was preserved, but there was
slight cellular in filtration in the portal tracts.

Gold hamster to rat orthotopic liver transplantation
is concordant and heterotra nsplantation and
presents with acute rejection. The recipient’s
survival can not prolong until both cellular and
humoral rejection are depressed due to its dua limmune mechanism. Splenectomy can effectively
inhibit antibody formation, obviously abated
hepatocyte necrosis and hemorrhage, but is unable
to improve the diffuse mononuclear cellular
infiltration in the grafted liver. CsA can
significantly decrease cellular infiltration, but can
not improve hepatocyte necrosis and hemorrhage,
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neither of them can prolong the recipient’s survival when
used alone, but they can inhibit both cellular and humoral
rejection, normalize the architecture of the grafted liver,
and significantly prolong the recipient’s survival to 37.1
days when used in combination. The result is better than
that reported abroad[4].
CTL is believed to play an important role in the
mechanism of rejection, and effect mechanism of
perforin and granzyme B, in spite of the regulatory
and effect mechanism underlying the rejection
process, remains incompletely understood. Effect of
immunosuppression on the expression of perforin and
granzyme B mRNA has become a hot topic in recent
years. Mueller et al [5] analyzed the expression of
perforin and granzyme A genes in situ hybridization
in cellular infiltrates of MHC mismatched mouse
heart transplants both in immunosuppressed
recipients treated with CsA and untreated recipients.
In untreated grafts, there were many perforin and
granzyme A-expressing cells and heart transplants
were completely rejected on POD 10. In contrast,
CsA treatment significantly decreased the positive
cells and prolonged survival of the transplants to 30
days. CsA did not obviously decrease infiltration of
CD8+ cells but significantly reduced the number of
perforin and granzyme A-positive cells. It shows that
CsA treatment mainly depressed the activation of
CTL rather than decreased the number of
infiltrating cells. Rapamycin can completely block
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the expression of granzyme B gene in infiltrating cells of
grafts, obviously prolong the survival of grafts[6].
Our experimental results show that combined CsA
and splenectomy could effectively depress rejection
in hamster to rat orthotopic liver transplantation. The
architecture of the hepatic lobule was undamaged, and
the survival was significantly prolonged, and there
were no expression of perforin and granzyme B genes
mRNA.
In conclusion, expression of the CTL-associated
gene perforin and granzyme B provides two valuable
markers to judge the effect of immunosuppression in
acute rejection of liver transplantation. But this should
be further confirmed clinically.
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Abstract
AIM To improve the cultivation efficiency
and yield of human liver cell line CL-1.
METHODS High-density cultivation of CL-1
on microcarriers was carried out with
periodic observation of their growth and
proliferation. The specific functions of
human liver cell were also determined.
RESULTS Cells of CL-1 cell line grew well on
microcarrier Cytodex-3 and on the 7th day
the peak was reached. The amount of CL-1
cells was 2.13 × 108 and the total amount of
albumin synthesis reached 71.23 µ g, urea
synthesis 23.32 mg and diazepam
transformation 619.7 ug respectively. The
yield of CL-1 on microcarriers was 49.3 times
that of conventional cultivation. The
amounts of albumin synthesis, urea
synthesis and diazepam transformation
were 39.8 times, 41.6 times and 33.3 times
those of conventional cultivation,
respectively.
CONCLUSION The human liver cell line
CL-1 can be cultivated to a high density
with Cytodex-3 and has better
biological functions. High-density
cultivation of CL-1 on microcarriers can act as
the biological material of bioartificial liver.

INTRODUCTION

The animal experiments of extracorporeal
bioartificial liver suggested that the device could
provide special assistance to hepatic functions, and
the effects of its primary clinical application was
encouraging [1-3]. Although few successful studies
were reported on human cell line acting as the
biological material of bioartificial liver, it is rather
conspicuous [4,5], and has opened up a new path for
the study of bioartificial liver.
To meet the principal needs of bioartificial liver
functions, microcarrier technique was used to cultivate
high density human liver cell line to improve the cultivation
efficiency and yield in this study. The growth of liver
cells on microcarriers was observed and the specific
functions of liver cells were determined periodically. The
feasibility and value of human liver cell line cultivated on
microcarriers as the biological material of bioartificial
liver were inquired.
MATERIALS AND METHODS
Materials

The tissue of human liver cell line CL-1 was taken
from normal adult liver. Microcarrier Cytodex-3 was
produced by Pharmacia in Sweden. Magnetic stirrer
(0r/min-200r/min) and stirring culture vessel was
made by Bellco Biotechnology in USA. The culture
matrix consisted of DMEM was soluted in 10% NCS
and L-Glutamine at a concentration of 3 g/L, products
of Gibco.
Methods
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Common culture of CL-1 CL-1 cells 100mL, at a
concentration of 2 × 105 mL, were inoculated into a cubic
culture flask. On the 1st, 3rd, 5th and 7th day the growth
of cells was observed on an upside-down microscope
and the cells were counted respectively. The amount of
the cells in the culture system was also calculated.
superficial clear liquid was obtained periodically to
determine the functions of the liver cells.
Microcarrier culture of CL-1 Cell suspension
100 mL, at a concentration of 2 × 10 5 mL, was
inoculated into a stirring culture vessel containing
500 mg Cytodex-3 and stirred intermittently for 8
hours. Then the culture system was placed into a
fixed temperature culture case at a temperature of
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37 and stirred continuously at a speed of 300 r/min.
From the 2nd day on, whether to change the culture
substrate or not and how much volume to change were
determined by the color of the matrix and the value of
its pH and the interval of changing liquid was about 24
hours-36 hours.
Morphological observation and counting of the cells
cultivated on microcarriers On the 1st, 3rd, 5th, 7th
and 9th day 0.1mL samples were taken at a welldistributed state of stirring, and growth of the cell s was
observed on the upside-down microscope. One mL
samples were collected every other day to calculate the
amount of cells in the culture system by means of crystal
ester-calculating.
Observation of cells cultivated on microcarriers
under electron scanning microscope On the 7th
day cell sample was taken at a well-distributed
state and culture matrix was discarded. After it
was ri nsed with phosphate buffer solution and
fixed for 0.5 hour with 2 mL 2% pentanal, it was
rinsed with phosphate buffer solution again, fixed
for 0.5 hour with 1% osmic acid, dehydrated
gradiently for 10 minutes each stage, exchanged
with acetic isopental ester for 4 hours, and dried
by CO2 drier (HITACHI HCP-2, JAPAN). Finally
it was splashed with ion platinum vacantly. Growth
of the cells was observed under S-450 electron
scanning microscope (JAPAN).
Determination of albumin synthesis When the culture
substrate was changed, superficial clear liquid was
obtained to determine the concentration of human albumin
by radio-immunity competition.
Determination of diazepam transformation Standard
diazepam was added to the culture vessel at a
concentration of 20 µg/mL. The superfic ial clear liquid
was taken periodically and the concentration of diazepam
was determined according to XUE Guo-Zhu et al[6]. The
amounts of diazepam transformation were calculated.
Determination of urea in superficial clear liquid
Superficial clear liquid (0.2 mL) was taken and
determined by BECKMAN bioche mical auto-detector.
The amount of urea was calculated on the basis of the
culture volume.
RESULTS
Comparison of cell amounts after expanded by
cultivation

After 1-3 days of cultivation, the CL-1 cells in
common culture adhered and grew slowly, and part
of them in suspension was devitalized. From then
on the adhering CL-1 cells grew rapidly, and cell
amount reached 4.32 × 106/100 mL on the 5th day.
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On the 7th day the amount decreased to 3.83 ×
106/100 mL while in the microcarrier culture the
growth of CL-1 accelerated on the 3rd day and
reached the peak of 2.13 × 10 8 on the 7th day,
and decreased to 1.83 × 10 8 on the 9th day
(Figure 1). The ratio of the peak amounts of CL1 between microcarrier culture and common
culture was 49.3:1.

Figure 1 Change of the amount of CL-1 cultivated on microcarriers.

Morphological observation of CL-1 cultivated on
microcarriers

Observation under upside-down microscope On
the 1st day over 50% microcarriers were attached
with cells and the cells were beginning to expand.
On the 5th day more than 80% microcarriers were
covered with cells (Figure 2). The multimorphological growth of liver cells could be
observed under high-amplification microscope. On
the 7th day the phenomenon of bridge-link could
be observed between microcarriers, i.e., the
microcarriers were linked to each other through
cells (Figure 3).
Observation under electron microscope On the 7th
day of cultivation, electron microscopy showed that the
cells adhered fast to the microcarriers semi-spherically
(Figure 4). The microvilli on the surfaces of the cells
could be observed clearly.
Changes of specific functions of cells When
CL-1 cells were cultivated on microcarriers, the
specific functional indexes such as albumin
synthesis, urea synthesis and diazepam
transformation rose gradually along with the
prolonging of the cultivation. On the 7th day these
indexes peaked, and then decreased gradually,
while CL-1 cells were commonly cultivated, the
functional indexes as described above reached their
peaks on the 5th day and decreased noticeably on
the 7th day. All the functional indexes determined
at various time points in microcarrier culture were
obviously higher than those in common culture
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(Tables 1, 2). When functional indexes of CL-1 cells
reached their peaks on the 7th day, the albumin
synthesis, urea synthesis and diazepam
transformation of CL-1 in microcarrier culture were
39.8, 41.6 and 33.3 times over those in common
culture on the 5th day.
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Table 2 Comparison of peak function values of CL-1 under two
culture conditions
Indexes of functions

Microcarrier culture
Common culture
Ratio

Albumin
synthesis(µg)

71.23
1.79
39.8:1

urea
synthesis(mg)

23.32
0.56
41.6:1

Diazepam
transformation(µg)

619.7
18.6
33.3:1

DISCUSSION

Figure 2 On the 5th day more than 80% microcarriers were covered
with CL-1 cells under upside-down microscope. ×120
Figure 3 On the 7th day the phenomenon of bridge-link could be
observed between microcarriers under upside-down microscope.
×200
Figure 4 On the 7th day of cultivation, the electron microscope
showed that the cells adhered fast to the microcarriers semispherically under scanning electronic microscope. ×950
Table 1 Changes of specific functions of CL-1 under two culture
con ditions
Indexes of functions
Albumin synthesis (µg)
Microcarrier culture

1st day 3rd day 5th day

7th day 9th day

21.34

35.87

58.35

71.32

Common culture
Urea synthesis (mg)

0.43

1.21

1.79

1.65

67.98

Microcarrier culture
Common culture

7.45
0.08

11.49
0.34

19.62
0.56

23.32
0.42

20.18

271.3
8.9

544.1
18.6

619.7
13.5

573.3

Diazepam transformation (µg)
Microcarrier culture
Common culture

112.2
3.4

Microcarrier culture can improve the culture
efficiency and yield. As the biolo gical material
of bioartificial liver, the liver cells must meet two
needs:
possessing the specific functions of
liver; and providing biological function enough
to satisfy the patients. The former demands high
differentiation of the cells, and the latter sufficient
amount of liver cells. Our primary study on the
human liver cell line at early stage showed the
characteristics of high differentiation and good
specific liver functions of CL-1. It is extremely
valuable as the biological material of bioartificial
liver [6]. In common culture, however, the yield of
human cell line can only reach the level of 10 610 7, not enough to meet the need of necessary
amount to survive an individual. So the urgent
question on the biological material of bioartificial
liver is how to increase the amount of the cells.
The technique of microcarrier culture in cell
engineering makes cultivating the human liver cell
line possible in high-density in that it possesses a
high ratio of surface area to volume, which
provides a comparatively large area for cells to
adhere in small culture volume. Few successful
cultivations of animal primary liver cells on
microcarriers have been reported both at home and
abroad [7,8], while there was no report on cultivation
of human liver cells on microcarriers yet.
Microcarrier culture of CL-1 was studied by using
Cytodex-3 and slow stirring in our work. After 100
mL suspension of CL-1 was inoculated at a
concentration of 2 × 10 5/mL, the cells grew and
adhered to the microcarriers in great amount and
reached the peak on the 7th day. The maximal
yield of cells cultivated on microcarrier was 49.3
times over that in 100 mL common cubic flask.
The reasons for the increase of cell yield in a big
margin when CL-1 was cultivated on microcarrier
were as follows:
The surface area in the
culture system for cells to grow was greatly
improved by using microcarriers. 0.5 g Cytodex-3
was added into 100 mL culture matrix each
and the cultivating surface area could reach 2 300
cm 2; while the efficient surface area of the common
culture flask was only 28 cm 2. The quantity of the
ce l l s i n c r e a s e d c o r r e s p o n d i n g l y w i t h t h e
improvement of the cultivating surface; Cytodex-
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3 is primarily characterized by a thin layer of collagen
chemically coupled to a matrix of cross-linked dextran,
so that it can attach the liver cells strongly, stimulate the
expanding and growth of them and promote their growth
[5,9]
; and Low speed stirring employed to cultivate
CL-1 cells made them easy to adhere to the surfaces of
the suspending microcarriers and expand to mono-layers
gradually.
The overall functions of CL-1 cultivated in
microcarrier system were improved. Due to the
marked increase of the amount of cells, the function
indexes of CL-1 cultivated on microcarrier were
greatly improved and predominated over those in
common culture. Such improvement was the
prerequisite for CL-1 cultivated on microcarrier to act
as the biological material of bioartificial liver.
Furthermore, the time for the highest cell amount and
function indexes in microcarrier culture was later than
that in common culture. It may be due to the
improvement of efficient surface area for cultivating
which delayed the peak of growth and reproduction
of CL-1 afterwards.
Further improvement is needed in microcarrier
culture of liver cells. Matsmura held that about 25
g-75 g liver cell (2.5 × 109-7.5 × 109 liver cells) was
enough to provide the necessary liver functions to
survive an individual when his liver weight was
1 200 g[10]. Although the amount of CL-1 had been
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greatly improved to the level of 2 × 108 in a culture volume
of 100 mL in this study, it can not meet the need of the
bioar tificial liver yet. Expansion of the volume of
microcarrier culture to several or even several tens of
liters is to be further studied. Perfusion culture with m
icrocarrier is promising.
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CT arterial portography and CT hepatic
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Abstract
AIM To recognize the characteristic findings of
micro-liver cancer (MLC) and to evaluate the effect
of CT arterial portography (CTAP) and CT hepatic
arteriography (CTHA) in diagnosis of MLC.
METHODS Between April 1996 to December 1998,
CTAP and CTHA were performed in 12 patients with
MLC, which were not detected by conventional CT
examinations. After CTHA, 3 mL-5 mL mixture of
lipiodol, doxorubicin and mitoycin C were injected
into hepatic artery through the catheter, and the
followed up by CT three or four weeks later (Lipiodol
CT Lp-CT).
RESULTS A total of 22 micro-tumors (0.2 cm-0.6 cm
in diameter) were detected in 12 patients, which
manifested as small perfusion defects in CTAP and
small round enhancement in CTHA. The rate of
detectability of CTAP and CTHA was 68.2% (15/22)
and 77.3% (17/22) respectively, and the rate of the
simultaneous use of both procedures reached 86.
4% (19/22). All micro-tumors were demonstrated
as punctate lipiodol deposit foci in Lp-CT. After LpCT, the elevated serum level of α-fetoprotein (AFP)
dropped to the normal level in all patients.
CONCLUSION The CTAP and CTHA are the most
sensitive imaging methods for detecting microliver cancer. Confirmed by the change of the
elevated serum AFP level and lipiodol deposit foci
in Lp-CT, small perfusion defects in CTAP and
puntuate enhancement in CTHA may suggest
micro-liver cancer.
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INTRODUCTION

With combined the findings of diagnostic imaging
and elevated serum AFP level, more and more small
liver cancer were detected earlier, and the
therapeutic effect was significantly improved[1,2].
Except for other causes, such as hepatitis and
teratoma, the elevated serum AFP level (higher than
400 µg/L) strongly suggests the occurrence of
primary hepatocellular carcinoma. However,
sometimes no tumors could be found on
conventional CT scanning (contrast material
administered by intra-venous injection). These
patients were further examined with were CTAP
and CTHA. From April 1996 to December 1998,
12 patients with micro-cancer were examined with
CTAP and CTHA in our hospital.
MATERIALS AND METHODS
Materials

From April 1996 to December 1998, 12 patients (10
men, 2 women) suspected to hav e liver cancer were
examined with CTAP and CTHA. They ranged in
age from 23 to 54 years (mean age, 36.4 years).
The serum level of AFP was elevated in all the
patients with a range of 201 µg/L to 1 405 µg/L
(including 8 cases > 400 µg/L, 4 cases < 400 µg/L).
Cirrhosis occurred in 7 cases. The tumors were 0.2
cm-0.6 cm in size with a mean of 0.46 cm. Multiple
nodules were found in 7 cases.
Methods

CTA P e x a m i n a t i o n s w e r e p e r f o r m e d w i t h
incremental scanning of the liver in cranial-to-caudal
direction with 2.7 mm to 8 mm collimation on bispiral-Elscint Twin Flash scanner (Elscint-Corp.).
CT images were obtained 25sec-35sec after the
initiation of transcatheter (5-F) superior mesenteric
artery injection of 30 mL-40 mL of non-ionic
contrast medium at a rate of 2.5 mL/sec-3.0 mL/
sec with an automatic power injector (Medrad,
Pittsburgh). During the catheterization, contrast
medium administered before CT scanning was
limited to 5 mL-10 mL inject ed by hand to visualize
any aberrant vessels and to facilitate proper
catheter placement.
CTHA examinations were done by injecting
contrast medium into proper hepatic artery or
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common hepatic artery. Twenty mL to 30 mL of
contrast medium was injected at a rate of 3.0 mL/
sec-3.5 mL/sec. Consecutive scanning of the liver
was started 6sec-8sec after the initiation of injection
of the contrast m edium. After CTHA examinations,
3 mL-5 mL mixture of lipiodol, doxorubicin (10 mg15 mg), and mitoycin C (2 mg-4 mg) were injected
into hepatic artery, and the follow-up CT was
performed three or four weeks later (Lp-CT). The
serum AFP level was detected in all the patients two
or three weeks later, and all returned to normal within
1-6 months.
RESULTS
Detectable rate of micro-tumors

A total of 22 micro-tumors were found in our group.
The tumors measured 0.2 cm-0.6 cm with a mean
of 0.46 cm. CTAP and CTHA images were
carefully interpreted by two experienced
radiologists. Fifteen tumors were demonstrated as
fleckly perfusion defects on CTAP images with a
detectable rate of 68.2%, and 17 manifested as
punctate enhancement foci on CTHA with a
detectable rate of 77.3%. Nineteen were found by
simultaneous use of both procedures with a
detectable rate of 84.4%. But 3 tumors were not
detected by CTAP and CTHA in 2 patients. All 22
micro-tumors manifested as punctate lipiodol
deposit foci in Lp-CT, which was performed two
or three weeks later. Because the tumors in our
series were extremely small, no pathologic dia
gnosis was acquired in all patients.
Follow-up of patients

The serum AFP level was examined two or three
weeks after Lp-CT. The AFP level dropped to the
normal level in all the patients. Within 1-6 months.
All survived without any signs of recurrence in
our group, and the survival period ranged f rom 3
to 33 months (mean, 15.2 months).

Figure 1 CTAP image obtained in a 40-year-old man with liver
micro-cancer shows a punctuate perfusion defect in right lobe.

Figure 2 CTHA image obtained on the same slice to Figure 1, the
micro-tumor manifested as an small round enhancement nodule.
Figure 3 CTHA in a 45-year-old man shows a micro-cancer with
a diameter of 0.3 cm.
Figure 4 A punctuate lipiodol deposit focus with 0.2 cm in
diameter is shownon Lp-CT in a 28-year-old woman with elevate
d serum AFP level of 860 µg/L detects which was not detected by
CTAP and CTHA.
Figure 5 CTHA in a 35-year-old man shows two punct uate nonpathologic enhancement foci on the edge of right lobe.

LI Li, et al. Micro liver cancer detected by CTAP & CTHA

DISCUSSION

In some of our patients found with elevated serum level
by AFP, no tumors were d etected by conventional CT
scanning. For those patients, CTAP and CTHA
examinations were recommended. Fleckly perfusion
defects were found on CTAP (Figure 1) and punctate
enhancement foci on CTHA (Figure 2). After CTHA
examination, 3 mL-5 mL mixture of lipiodol and
anticancer drug was tentatively injected in to hepatic
artery for Lp-CT diagnosis, which was repeated three
or four weeks later. Micro-foci of lipiodol deposit was
found with elevated serum AFP level, which dropped
continuous to normal. The prognosis of these patients
was very good. Since April 1996, 12 patients with such
findings have been examined in our hospital. All patients
were surviving without any signs of recurrence, and the
longest survival being 33 months. Due to its special
clinical significance, we sugge sted the definition of
micro-cancer in liver (0.2cm-06cm in diameter) which
includes: elevated serum AFP level (AFP 400 µg/
L, or rising continuouslly); no micro-tumors were
detected by conventional imaging methods, but by CTAP
and CTHA;
Punctate lipiodol deposit foci were
demonstrated on Lp-CT; and after Lp-CT, serum
AFP level lowered continous or turned to normal level.
CTAP and CTHA are considered as the most sensitive
imaging methods for detecting small hepatocellular
carcinoma[3]. The development of spiral CT technique
greatly facilitated procedures and improved the quality
of CT images[4]. Detectability of CTAP and CTHA for
very small tumors (as small as 0.2 cm in diameter, Figure
3) was high, being 68.2% and 77.3% respectively, and
that of simultaneous use of both procedures was 84.
4%. But there were still some cases of micro-tumors
which could not be detected by CTAP and CTHA. In a
28-year-old female patient wit h elevated AFP level of
860 µg/L, no tumors were found eit her on conventional
CT scanning or on CTAP and CTHA images. Three
weeks later, Lp-CT detected a punctate lipiodol deposit
focus of 0.2 cm in diameter in her left lobe with AFP
continous dropping to normal level (Figure 4). This patient
had survived for 33 months without any signs of
recurrence. With the widespread use of CTAP and
CTHA, ther e have been more reports on non- pathologic
perfusion defects detected with CTAP and non-pathologic
enhancement detected with CTHA. Due to aberration of
blood supply for some parts of the liver, such as arterioportal shunt[5], cirrhotic nodule, focal nodular hyperplasia,
and focal fatty infiltration, the normal tissue could manifest
as perfusion defects in CTAP, especially in the
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medial segment of the left lobe[6]. Peterson et al reported
that perfusion defects on CTAP were sometimes
nonspecific, and peripheral flat or wedge-shaped
perfusion defects indicated benignity[7]. In our study, the
occurrence rate of non-pathologic perfusion defects
detected with CTAP was 15.1%, and peripheral wedgeshaped perfusion defects were most common[8]. Similar
to findings of CTAP, pseudo-lesion enhancement of
normal liver tissue also occurred in CTH A. Kanematsu
et al supposed that local non-pathologic enhancement
detected with CTHA might result from the cystic venous
drainage or peripheral arterio-portal shunts[9]. In our
study, the occurrence rate of non-pathologic enhance
ment detected with CTHA was 22.0%, and small round
peripheral enhancement was s een most commonly[8]
(Figure 5). Thus, we do not recommend to use CTAP or
CTHA alone to interpret small hepatocellular carcinomas.
The combined use of both procedures can help distinguish
micro-cancer from the false-positive findings on CTAP
and CTHA, and increase the accuracy of diagnosis for
small hepatocellular carcinoma[10]. Besides the findings
on CTAP and CTHA images, combination of lipiodol
deposit foci on Lp-CT and dropping of elevated serum
AFP level are also helpful for the establishment of
diagnosis for liver micro-cancer.
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Abstract
AIM To investigate the role of apolipoprotein
E (apoE) polymorphism in the lithogenesis of
gallstone and the hereditary pathogenesis of
the disease.
METHODS Polymerase chain reaction (PCR)
was used to study apoE phenotypes and
allele frequencies in patients with gallstones
and control, and the fasting serum lipids of
subjects were also measured by enzymatic
methods.
RESULTS The levels of triglyceride (TG) and
very low density lipoprotein cholesterol
(VLDL-C) were much higher in E2/3patients
than that in E2/3 control. E3/3 patients were
accompanied with remarkably low levels of
high density lipoprotein cholesterol(HDL-C)
and its subforms. But in E3/4 patients there
were only slight changes in levels of VLDLC and low density lipoprotein cholesterol
(LDL-C).
CONCLUSION Different apoE phenotype
patients with gallstones have different
cheracteristics of dyslipidemia and the
average level of serum lipids in patients
with gallstones are higher than subjects
without gallstones in the same apoE gene
phenotype. ε2 allele is possibly one of the
dangerous factors in the lithogenesis of cholecystolithiasis.
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INTRODUCTION

The apolipoprotein E (apoE) gene locus possesses three
alleles, ε2, ε3 and ε4, which are inherited in co-domain
fashion and code for three isoprotein E2, E3 and E4
making up six phenotypes, three heterozygous E2/3, E3/4
and E2/4, three homozygous E2/2, E3/3 and E4/4[1-7]. The
differences of these main isoprotein alter the receptorbinding affinity of the apolipoprotein-containing
lipoproteins and affect the metabolism of cholesterol and
lipids[2,4]. It is putative that apoE polymorphisms are
closely related to hyperlipidemia[5], coronary heart disease
[6]
and diabetes mellitum[7]. The formation of gallstones
is frequently associated with the changes in biliary lipid
compositions, the lithogenic bile being usually
supersaturated with cholesterol and decreased with bile
acids and lecithin[8,9]. A prerequisite for the formation of
gallstones is the lithogenic bile, which is often the result
of disorders in lipid metabolism or dyslipidemia. The
important role of apoE in the regulation of lipid metabolism
raises the possibility that apoE polymorphisms may be
involved in the formation of gallstones. This case-control
cohort study is designed to investigate the significance
of apoE polymorphisms as a predisposing factor in the
pathogenesis of cholecystolithiasis.
SUBJECTS AND METHODS
Subjects

Eighty-seven consecutive patients with gallstones were
investigated. The treatment group consisted of 39 men
and 48 women (mean age 52 years, ranging from 16 to
83 years). All of them suffered from non-symptomatic
cholecystolithiasis and underwent operation in the First
Hospital from January 1994 to December 1995. The
control group included 50 subjects with 27 men and 23
women (mean age 49 years, ranging from 15 to 78 years),
and they were also matched in sex and age distribution
with the patients with gallstones.
DNA amplification

Leukocyte DNA of venous blood collected in EDTA
tubes were extracted by Hixson slotting-out method
[10]
. Model DNA was amplified by polymerase chain
reaction (PCR) thermal cycles using
oligonucleotides primers F4 (5’- ACAGAATTCGCC
CCGGCCTGGTACAC-3’) and F6 (5’-TAAGCTTGG
CACGGCTG TCCAAGGA-3’). Each a m p l i f i c a t ion reaction system contained 1 µg DNA, 1pmol/L
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of each primer and 25 kilo units/L of Taqpolymerase up to a final volume of 30 µL. Each
reaction mixture was heated at 95 for 5 minutes
for predenaturation, and followed by 30 cycles of
amplification for annealing at 60 for 1 minute,
elongation at 70 for 2 minutes, denaturation at
95 for 1 minute, and then a prolonged elongation
time up to 7 minutes at 56 .
Analysis of restricting fragment length
polymorphism for apoE

Twenty-five µL of PCR amplified products in
each react ion system were mixed with 5 units
of Hha I enzyme for digestion apoE sequences
at 37 for 1 hour. Each reaction mixture was
loaded onto 85 g/L polyacrylamine gel, after
electrophoresis for 3 hours under constant
current (45 mA) and visualized by ultraviolet
light. The size of apoE Hha I restricting
fragment length polymorphsims were estimated
by comparison with marker DNA PBR32. On
the basis of the size and the number of various
fragments, apoE phenotypes were determined
as E2 with 91bp , and 83bp E3 with 91bp, 48bp
and 35bp, as well as E4 with 72bp, 48bp and
35bp.
Lipids analysis

Serum total cholesterol (TC) and total triglyceride
(TG) were determined by enzy matic methods with
the OUL 3 000 automatic analyzer. High density
lipoprote in cholesterol (HDL-C) was measured
enzymatically and formed in the serum supernatant
after precipitation of low density lipoprotein
cholesterol (LDL-C) and very low density
lipoprotein cholesterol (VLDL-C) with dextrin
sulfate and MgCl2. The LDL-C and VLDL-C
levels were calculated according to Friedwald’s
formula[11].
Statistical analysis

All results were expression as x ± s. The F test
and χ 2 test were used for statistical analysis, P
values less than 0.05 were regarded as
significant.
RESULTS
Distribution of apoE phenotypes and allele
frequencies

In the six common apoE phenotypes, E2/3, E3/3 and
E 3/4 phenotypes existed in either patients with
gallstones or control subjects. There were only 2 E2/
4 phenotype cases in the control, and no E 2/2 and E 4/
4 were detected in both groups. The overall distribution
of apoE phenotypes and apoE allele frequencies
in the patients with gallstones were analogous to
that of the control (Table 1).
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Table 1 Apolipoprotein E phenotype distributions and allele
frequenc ies in patients with gallstones and controls
Phenotype
Groups

Allele

n
E 2/3(%) E2/4(%) E3/3(%)

E3/4(%)

ε2(%)

ε3(%)

ε4(%)

Patients

87

10(11.4)

0

69(79.4)

8(9.2)

5.8

89.6

4.6

Male

39

4(10.2)

0

31(79.4)

4(10.2)

5.1

89.8

5.1

Female

48

6(12.5)

0

38(79.1)

4(8.9)

6.3

89.6

4.2

Controls

50

5(10.0)

2(4.0)

37(74.1)

6(12.0)

7.0

85.0

8.0

Male

27

3(10.0)

1(3.7)

20(74.0)

3(11.0)

7.4

85.2

7.4

Female

23

2(8.6)

1(4.3)

17(74.6)

3(13.0)

6.5

84.8

8.7

Serum lipids

The levels of TG (1.43 mmol/L) and VLDL-C (0.68
mmol/L) in E2/3 patients with gallstones were markedly
higher than that in E2/3 control (1.06 mmol/L,P<0.05 and
0.48 mmol/L, P<0.05). LD L-C (1.41 mmol/L was
significantly lower in E2/3 patients than that in the control
(2.04 mmol/L , P<0.05). No statistical differences were
noted in TC, HDL-C, HDL2-C and HDL3-C between
E2/3 patients and control subjects (Table 2).
In E3/3 patients with gallstones, the HDL-C (0.89
mmol/L), HDL2-C (0.49 mmol/L) and HDL3-C (0.
39 mmol/L) were significantly decreased as
compared with that in E3/3 control (1.28 mmol/L, P
<0.0 5; 0.73 mmol/L P<0.001; and 0.55 mmol/L, P
<0.001). LDL-C and VLDL-C showed no
difference in both groups (Table 2). E 3/3 female
patients had lower levels of HDL-C (0.82 mmol/
L), HDL2-C (0.46 mmol/L) and HDL3-C (0.36
mmol/L) than E 3/3 female controls (1.33 mmol/L, P
<0.001; 0.77 mmol/L, P<0.01; and 0.57 mmol/L, P
<0.01). Serum lipid levels were not changed in E3/
3 male patients and controls (Table 3).
LDL-C increased (1.92 mmol/L) and VLDL-C
decreased (0.42 mmol/L) in E3/4 patients with gallstones
as compared with E2/3 patients (LDL-C-1.41 mmol/L,
VLDL-C-0.68 mmol/L) and E3/3 patients (LDL-C 1.87
mmol/L, VLDL-C 0.46 mmol/L), but the differences
were not significant. No obvious changes occurred in
TC or HDL-C and its subforms among E2/3, E3/3 and E3/
4 patients with gallstones (Table 2).
Table 2 Comparisons of lipid levels in E 2/2, E3/3, E3/4 both
gallstone patients and controls
E2/3
Lipids
(mmol/L) Patients
(n = 10)

Controls
(n = 5)

E3/3
Patients Controls
(n = 69) (n = 37)

E3/4
Patients
(n = 8)

Controls
(n = 6)

TG

1.43 ± 0.35a 1.06 ± 0.10 0.97 ± 0.21 0.64 ± 0.44 1.11 ± 0.33 0.92 ± 0.16

TC

2.99 ± 0.65 2.52 ± 0.53 3.14 ± 0.59 3.67 ± 0.76 3.94 ± 0.45 3.62 ± 0.63

LDL-C

1.41 ± 0.56a 2.04 ± 0.16 1.87 ± 0.49 2.43 ± 0.67 1.92 ± 0.64 2.46 ± 0.32

VLDL-C 0.68 ± 0.26a 0.48 ± 0.20 0.46 ± 0.20 0.30 ± 0.11 0.42 ± 0.13 0.44 ± 0.10
HDL-C 0.95 ± 0.23 1.02 ± 0.15 0.89 ± 0.30a 1.28 ± 0.23 0.86 ± 0.21 0.90 ± 0.36
HDL2-C 0.53 ± 0.13 0.62 ± 0.22 0.49 ± 0.18b 0.73 ± 0.13 0.44 ± 0.19 0.55 ± 0.18
HDL3-C 0.42 ± 0.12 0.56 ± 0.28 0.39 ± 0.12b 0.55 ± 0.11 0.40 ± 0.13 0.46 ± 0.12
a

P<0.05, bP<0.01, vs controls; F test.
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Table 3 The comparisons of lipid levels in E3/3 same gender ei
ther gallstone patients or controls
Male
Lipids
(mmol/L)

Female

Patients
(n = 31)

Controls
(n = 20)

Patients
(n = 38)

Controls
(n = 17)

TG

0.85 ± 0.50

0.53 ± 0.22

1.10 ± 0.30

0.72 ± 0.57

TC

3.05 ± 0.44

0.41 ± 0.57

3.23 ± 0.85

3.87 ± 0.63

LDL-C

1.86 ± 0.68

2.71 ± 0.49

1.89 ± 0.86

2.20 ± 0.56

VLDL-C

0.40 ± 0.24

0.25 ± 0.10

0.52 ± 0.14

0.35 ± 0.17

HDL-C

0.94 ± 0.33

1.21 ± 0.28

0.82 ± 0.27 b

1.33 ± 0.19

HDL2-C

0.52 ± 0.22

0.69 ± 0.16

0.46 ± 0.15 b

0.77 ± 0.10

HDL3-C

0.42 ± 0.12

0.52 ± 0.13

0.36 ± 0.12 b

0.57 ± 0.10

b

P<0.01, vs controls, F test.

DISCUSSION
E2/3, E3/3, and E3/4 are three common apolipoprotein E
gene phenotypes, accounting for more than 50%, E2/4
and E4/4 for less than 6.2%[12]. In the present study, only
2 E2/4 phenotype cases were detected in control, and no
E2/2 and E4/4 homozygotes were found in both groups.
The results show that ε2 and ε4 alleles resulting from
the inheridary variations of apoE gene existed mainly in
heterozygous way in population.
There were racial differences in the distribution
of apoE alleles and phenotypes. In this study and Wang’s
literature[13], the frequencies of E3/3 phenotype were
85%-86% in healthy Chinese people, but 75% in Finnish
people. Frequencies of ε4 were lower in Chinese people
(8%-9%) than 20% in the Finnish (20%). The
frequencies of E3/3 phenotype in Chinese patients with
gallstones were 79.3% as compared with 62.2% in
Finnish, and E3/4 phenotype in Chinese patients with
gallstones were 9.2% but 28.9% in Finnish[14]. Kamb
oth[15] also reported that there may be some variations
of apoE allele and phenotype in different regional
population from western to oriental countries .
Patients of different apoE phenotype with
gallstones had different characteristics of dyslipidemia.
Higher mean serum TG, VLDL-C levels and lower mean
LDL-C levels were found in E 2/3 patients. The E 3/3
patients, especially in women, had markedly lower
concentrations of HDL-C, HDL2-C and HDL-3-C,
while E3/4 patients had only slight lower levels of VLDLC and higher levels of LDL-C as compared with the E2/
3 and E3/3 patients with gallstones.
The difference in the changes of serum lipid levels
in different apoE phenotype patients with gallstone may
be associated with apoE locus gene polymorphisms.
E2, E3 and E4 isoproteins resulted from the single amino
acid interchange between 112 site cysteine and 118 site
arginine, E3 with cysteine at 112 site and arginin at 18
site, E2 with cysteine and E4 with arginine at either
112 site or 118 sites. Because of arginine bearing
positive charge, E4 possessed more than one charge,
the activity of receptor-binding to apoE-contained
lipoprotein was strong er than E3. On the contrary, E2
possessed less than one charge, the activity of receptorbinding was lower [1-3] . Accordingly, ε2 allele
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predisposes to serum triglyceride elevation [7], the
correlative change to serum lipid levels can be found in
E2/3 patients with gallstones in this study. ε4 allele was
responsible for the increase of serum cholesterol[16], but
in E3/4 phenotype patients, the increments of VLDL-C
had no statistical difference, this may be associated with
the low frequency of ε4 allele in population.
E3/3 phenotype is putative normal type, but the E3/3
patients with gallstones possessed the low level of HDLC and its subforms as well. The ch anges may be related
to other pathogenesis except apoE polymorphisms[17].
The results suggest that cholecystolithiasis may be a
multigenic disease but not a monogenic one.
This study demonstrates that patients of different
apoE phenotype with gallstones possess different
dyslipidemia. The average level of serum lipids are much
higher in patients with gallstones than that in non-gallstone
subjects in the same apoE phenotype population. ε2 allele
is likely one of the high-rish factors in the lithogenesis of
cholecystolithiasis.
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Abstract
AIM To study the effect of leukocyteendothelium interaction (LEI) on the flow
and distribution of leukocytes in
microcirculation under physiological
condition.
METHODS A microcirculation image multiple
parameter computer analysis system
(MIMPCAS) was used to study the flow and
distribution of leukocytes in mesentery
microcirculation of rats in vivo.
RESULTS The difference of visible leukocyte
flux (VLF) was as high as 131 times in the
arterioles and venules with similar diameter
and blood velocity. The visible leukocytes
rolled along the blood vessel wall as a
“jerky” movement. The frequency
distribution of the visible leukocyte velocity
(VLV) showed a “two-peak” curve. The low
peak value was on 10 µm/s-15 µ m/s while
µm/s.
the high peak fell between 25 µm/s-30µ
With the increase of diameter of venules,
VLF increased while the VLV remained at the
same level. With the increase of RBC
velocity, VLV trends to elevate and VLF to
fall down.
CONCLUSION The results herein might
provide a basic theory for the study on
the mechanism of LEI under physiological
cond i t i o n a n d n o v e l m e t h o d s f o r t h e
prevention and treatment of high
L EI in many pathological processes.
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INTRODUCTION

Leukocyte-endothelium interaction (LEI) exists in
many pathophysiological processes, such as
inflammation, burns, tumor and shock[1,2]. In the recent
two decades, quantitative studies on the interaction
of leukocyte-endothelium have been carried out and
the change of the flow and distribution of leukocytes
is the basis for the abnormal increase of LEI[3-5]. High
level LEI would b ring about the blockage of blood
vessels and decrease of blood perfusion[6,7].Therefore,
it is important to study the flow and distribution of
leukocytes in microcirculation. We used a
microcirculation image multiple parameter computer
analysis system (MIMPCAS) [4] to study the
characteristic of the flow and distribution of leukocytes
in mesentery microcirculation of rats, and analyzed
its influencing factors.
MATERIALS AND METHODS

Five Sprague-Dawley rats were anesthetized
with a mixture of 133 g/L urethane and 10 g/L
chloralose (6 mL/kg, im) [4] . The abdomen of
rats was open by the incision on the midline
under the xiphoid. Small intestinal loops were
pulled out and the mesentery was mounted on
a hollowed transparent pedestal for
observation. The specimen was suffused with
a balanced 37 Kreb’s solution to maintain
relatively normal condition in temperature and
environment.
An Olympus microscope with a halogen lamp and
Leitz long distance lens (20 × ) was used to
observe the third order arterioles and venules.
Being transmitted through a low-light level camera
of model 1319, the signal was displayed on a Hitac
hi color monitor. A JVC recorder was used for
off line measurement. Each specimen was
recorded no more than 30 minutes so as not to
affect the mesentery microcirculation [3] . The
MIMPCAS was used to measure the diameter (D)
of blood vessels, the velocity of red blood cells
(Vrbc), the visible leukocyte velocity (VLV), the
visible leukocyte flux (VLF) and the adhesive
leukocyte count (ALC) following the procedure
described previously [4].
The following formula was used to calculate the
parameters of microcirculation[4,6,9]: 1. mean blood
velocity, V mean = V rbc/1.6; 2. flow volume of blood,
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F = Vmean × π × D2/4; 3. shearrate, γw = 8 × (Vmean/D); 4.
total leukocyte flux, TLF = (60 × F)× K × 10-6, K is the
amount of leukocytes in the blood[7]; 5. invisible leukocyte
flux, ILF = TLF-VLF.
The results were represented by mean ± standard
deviation (x ± s) and the significance of difference was
judged by Student’s t test.
.

RESULTS
Leukocytes flow and distribution in
microcirculation of rat mesentery under
physiological condition

Twenty arterioles with a diameter between 11 µm45 µm were selected for observation. Only one
leukocyte rolled along the wall an d there was
no leukocyte sticking on it in the third order
arterioles. In the 20 capillaries with an average
diameter of 6.3 µm ± 1.7 µm, the visible leukocyte
flux was 0.2 cells/min ± 0.4cells/min and there
were no plugging leukocytes. In the 20 venules
with a diameter of 10 µm-50 µm, the visible
leukocyte flux was 13.3cells/min ± 7.2cells/min
and there were about 0.3 ± 0.3 leukocytes sticking
on the wall within a length of 94 µm of blood
vessels (Table 1). Under the physiological
condition, the flow and distribution of leukocytes
in different blood vessels varies to a large extent.
The visible leukocyte flux (VLF) differed
significantly between the venules and arteries
with comparable diameter and blood velocity and
the value of VLF in venules was as high as 131
times that of arterioles. Due to the interaction of
leukocyte and endothelium which mainly occurred
in venules, further studies were curried out on
the flow and distribution of leukocytes in
mesentery venules.
Table 1 The flow and distribution of leukocytes in the mesentery
microvasculature of rats under physiological condition
Arteriole
Number
D(µm)
Vmean(mm/s)

Capillary

20

20

22.6 ± 9.1

6.3 ± 1.7

Venule
20
25.1 ± 10.6

1.07 ± 0.3

0.45 ± 0.12

0.86 ± 0.27

Flow(pL/s)

440.1 ± 439.2

14.1 ± 6.7

430.7 ± 412.4

γw(s-1)

.

371.1 ± 212.8

570.4 ± 189.7

272.1 ± 189.2

TLF(cells/min)

91.1 ± 90.9

2.9 ± 1.4

89.2 ± 85.4

VLF(cells/min)

0.1 ± 0.2b

0.2 ± 0.4

13.1 ± 7.2b

ILF(cells/min)

91.0 ± 90.9

2.7 ± 1.3

76.1 ± 77.8

0

0

0.3 ± 0.3

ALC(cells/94 µm)
b

P<0.01, t = 8.07.

The characteristic of the flow and distribution of
visible leukocytes

The space characteristic of the flow and distribution of
visible leukocytes Ten sampling lines on vessel with
equal distance were set perpendicular to the longitudinal

WJG

June

1999

Volume 5

Number 3

vessel and the velocity of leukocyte passing
through each line was measured. The variation
of the velocity of leukocyte reflected the
characteristic of its temporal distribution. Each
leukocyte passing through the sampling lines with
a large variation on velocity suggested that
leukocyte rolling along the wall of blood vessels
took a “jerky” movement (Figure 1). However,
the average velocity for a leukocyte passing
through a vessel with a definite length was
similar, about 20 µm/s.
The t i m e c h a r a c t e r i s t i c o f t h e f l o w a n d
distribution of visible leukocytes For the
measurement, one line was set on a third order
venule (D: 37 µm) of mesentery of rat. The
velocity and flux of all the visible leukocytes
passing the measuring line were determined in
10s as one unit, and measurements were
continuously performed 6 times in 1 minute. It
was found that visible leukocyte velocity and
visible leukocyte flux changed temporarily
(Figure 2).
Frequency distribution of VLV The velocities
of 400 visible leukocytes in 30 third branch
venules were measured, of which the frequency
distrib ution is shown in Figure 3. The frequency
d i s t r i b u t i o n o f V LV p r e s e n t e d w i t h t h e
characteristic of double peaks. Low peak value
was about 10 µm/s-15 µm/swhile the high peak
was around 25 µm/s-30 µm/s.Leukocytes with
velocity below 5 µm/s or above 50 µm/s were
rarely found.
The influence of vessel diameter and blood
velocity on the flow and distribution of
leukocytes

Visible leukocyte flux and visible leukocyte
velocity were measured in 20 capillaries of
mesentery of rats. Eight venules with similar
blood velocity (Vrbc: 1.2 mm/s ± 0.1 mm/s) and
vessel diameter (D: 10 µm-50 µm) were selected
for the observation of influence of vessel
diameter on the flow and distribution of
leukocytes. It was found that with the increase
of blood vessel diameter, visible leukocyte flux
increased while visible leukocyte veloci ty
remained relatively stable. Twelve venules with
similar diameter (31.5 µm ± 1.1 µm) were
selected for the observation of the influence of
blood velocity on the flow and distribution.The
blood velocity in these vessels ranged from 0.27
mm/s to 1.38 mm/s. Following the increase of
Vrbc, visible leukocyte velocity increased while
visible leukocyte flux decreased as shown in
Figure 4.

JIANG Yong, et al. Leukocytes in microcirculation
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Figure 1 Leukocytes rolling along the blood vessel wall showed a
“jerky” movement. (A. Multiple sampling scheme for the velocity
determination used by MIMPCAS; B. Three leukocytes passed
through 10 sampling li nes with a large variation of velocity.)

Figure 2 The time-dependent changes of VLV and VLF in the third
order venules of rat mesentery.

Figure 3 The frequency histogram of VLV.

Figure 4 Effect of vessel diameter and red blood cell velocity on
the flow and distribution of visible leukocytes in the venules of
rats.

Recently, wide interest has been shown in the
research of leukocyte-endothelium interaction.
Studies on the rheological behavior of leukocytes in
the microcirculation have promoted the understanding
on the mechanism of cellular adhesion. These studies
mainly involved two aspects, i.e., one is the
interaction between leukocytes and red blood cells
and the other is that between leukocytes and
endothelial cells[6,7].
It was found in this study that leukocytes scarcely
rolled on the wall or firmly sticked in arterioles.
Under normal condition, sticking leukocytes in
venules were rarely observed while some
leukocytes rolled along the vessel wall in the
marginal stream, suggesting that the flow and
distribution of leukocyte in venules and
arterioles was significantly different. There exist
some interactions between leukocytes and
endothelium in venules, for which the major
phenomenon is the leukocytes rolling on the
endothelium of venule wall. The development of
leukocyte rolling and sticking on endothelium
depends on two forces: leukocyte-endothelium
adhesive forces and hemodynamic dispersal
forces, i.e., shear stress [1,8] . Mayrovitz had
suggested that the adhesion of leukocytes on the
vessel wall might be mainly related to shear
stress, for the adhesion of leukocytes existed
o n t h e w a l l o f p o s t - c a p i l l a r y v e n u l e s [7].
However, the results herein showed that VLV
varied to a large extent even in the arterioles
and venules with a similar shear stress,
suggesting that under physiological condition the
difference of leukocyte flow and distribution in
different vessels mainly came from the
characteristic of endothelial cells and the microenvironment around leukocytes[9].
The rolling of leukocytes along the walls presented
with an uneven “jerky” movement. The balance
between adhesive forces and dispersal forces
was broken by the non-homogeneity of
endothelium and that of hemodynamic forces,
which brought about the rolling of leukocytes
with the characteristic of non-stable speed [3,8,
10]
. The factors that influence homogeneity of
endothelium include non-even surface of
endothelium, local characteristic of endothelium,
surface distribution of charge, the concentration
of reactive substances, etc., while that for
hemodynamic force, were temporal variation of
blood velocity and local concentration of red
blood cells. The results from the analysis on the
frequency of VLV showed that the rolling
leukocytes with a velocity lower than 10 µm/s
had a potential to stick on the endothelium
o f blood vessels, while the rolling leukocytes with
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a speed higher than 30 µm/s tended to merge into the
central stream of blood. The two peaks of the distribution
of VLV suggested that there were at least two kinds of
adhesive molecules with different property, by whi ch
two different velocities of leukocyte rolling along the walls
were mediated. However, the adhesive molecules
involved in the leukocyte-endothelium interaction are
waiting to be identified and it is also necessary to pay
more attention to the study on the mechanism of cellular
adhesion.
In this study, the impact of diameter of blood
vessels and blood flow of venules on the flow and
distribution of leukocytes was analyzed. The
diameter of blood vessels were found to have a
significant effect on the flow and distribution of
leukocytes. In the blood vessels with a larger
diameter, visible leukocyte flux (VLF) increased
significantly, but the visible leukocyte velocity (VLV)
kept stable. Atherton had suggested that the temporal
contact between leukocyte and endothelium should
be taken as an inelastic collision[3]. The increase of
adhesion force would bring about more chances of
random collision and higher degree of inelastic
collision between leukocytes and endothelium. Visible
leukocyte flux mainly reflects the random collision
between leukocyte and endothelium, while visible
leukocyte velocity indicates the degree of inelastic
collision. In the larger vessels, the leukocyte flux and
the area of endothelium are also larger, so the random
contact chances increase to bring about high flux of
visible leukocyte. The change of diameter would not
impact the adhesion force, so visible leukocyte
velocity was the same.
Given a certain extent of blood viscosity, shear
stress is determined by blood velocity under the
condition of definite vessel diameter [2,6,8,10]. The
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shear stress is high in the blood vessels with fast flow of
blood, which will reduce the chance of collision between
leukocyte and endothelium. Therefore in the vessels with
fast blood flow, visible leukocyte flux is low while visible
leukocyte velocity is high.
In summary, the flow and distribution of leukocytes
in the mesentery microcirculation of rats was studied in
vivo, and the influencial factors on which were explored
under normal conditions. The result of this study is helpful
for the understanding of the mechanism for leukocyte
endothelium interaction in physiological state and provides
theoretic basis for the study and treatment of increased
LEI in pathological processes.
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Abstract
AIM To study the possibility of matrix-assisted
laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF MS) for controlling
the quality of recombinant proteins.
METHODS By using MALDI-TOF MS, the
molecular weights and purity of recombinant
bioactive proteins were analyzed.
RESULTS The molecular weights and purity
were obtained in nine recombinant bioactive
proteins, including interleukin 2, tumor
necrosis factor α, granulocyte-macrophage
colony stimulating factor, interferon α 2b,
interferon α 1, erythropoietin, calmodulin
and its fragment, and neuronal nitric oxide
synthase were obtained. MALDI-TOF MS was
also used to assay specific proteins in the
mixtures and to characterize the
erythropoietin tryptic digests.
CONLUSION The results showed that MALDITOF MS can be employed for the effective quality
control of recombinant proteins.

INTRODUCTION

Since Hillenkamp et al [1] first introduced matrixassisted laser desorption/ionization time of flight
mass spectrometry (MALDI-TOF MS) to analyze
proteins with molecular masses greater than Mr 10
000, MALDI-TOF MS has been widely used to
study different classes of biomolecules such as
proteins, oligonucleotides, polysaccharides and
p o l y m e r s [2-5]. C o m p a r e d t o t h e t r a d i t i o n a l
techniques, such as sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE),
MALDI-TOF MS has several advantages in the
determination of protein molecular weight (Mr),
peptide mapping, and purity.
In the present report, MALDI-TOF MS was used
to accurately determine the Mr and purity of nine
biological samples including recombinant bioactive
proteins, such as: interleukin-2 (IL-2), interferonalpha 2b (IFNα2b), interferon-alpha 1 (IFNα1),
erythropoietin (EPO), granulocyte-macrophagecolony stimulating factor (GM-CSF), tumor
necrosis factor alpha (TNFα), calmodulin (CaM)
and its fragment, and neuronal nitric oxide
synthase (nNOS). In addition, the protein mixtures
and EPO peptide mapping were characterized by
the technique.
MATERIALS AND METHODS
Materials
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Chemicals 3,5-dimethoxy-4-hydroxycinnamic acid
(Sinapinic acid), 2,5-dihydroxybenzoic acid (DHB) and
acetonitrile were produced by Sigma (St, Louis, USA).
Trifluoroacetic acid (TFA) was from Merk-Schuchardt.
Ammonium hydrogencarbonate, acetic acid and ethanol
were produced by Nanjing Chemical Reagent Plant
(Nanjing, China). All water used in the experiment was
ultra high quality produced by a Milli-Q Plus Ultra Pure
Water System.
Proteins Horse heart myoglobin, carbonic
anhydrase B, β-lactoglobulin, bovine serum albumin
and trypsin were obtained from Sigma (St, Louis,
USA). IL-2 (E.coli), IFNα1 (Silkworm cell), GMCSF (E.coli), IFNα2b (E.coli), EPO (CHO),
nNOS, and CaM and its fragments were supplied
by the East China Institute for Medicine and
Biotechnology (Nanjing, China).
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Methods

Tryptic digestion of EPO Approximately 200 µg
EPO protein was lyophilized and dissolved in 200
µL 1% ammonium bicarbonate (pH 8.5). Trypsin
protease was added to the solution which was
incubated at 37 for 16h in a substrate: enzyme
ratio of 50:1 (w:w). The digestion was quenched
by storing the sample at -70 . The sample was
lyophilized and reconstituted in 50 µL 10% acetic
acid before use.
MALDI-TOF MS Analyses were performed on
a Finnigan Laser MAT 2 000 time-of-flight mass
spectrometer (Finnigan MAT, Hemel Hempstead,
Herts, UK). The system used a nitrogen laser
(337 nm, 2 ns pulse) to des orb ions from the
sample specimen. The desorbed ions were
accelerated to 20kV into a free long tube. The
time recorded for a molecule to travel the length
of the tube to a detector was proportional to the
mass of the ion, which was its molecular weight.
All spectra were obtained using the positive-ion
mode. Standard stainless-steel targets (with a
sample application area of about 3.14 mm 2 )
obtained from the manufacturer were employed
for all analyses. The lasermat software allowed
the user to irradiate one of the four possible target
regions or quadrants of about 0.02 mm 2 . The
spectra in this study were calibrated using
instrumental calibration, based on the parameters
determined from analysis of a number of standard
proteins and peptides.
Sample preparation for MALDI-TOF MS
determination The samples of each protein
were prepared to 0.8 g/L-1.0 g/L in dilute TFA
(0.05%. 0.09 mol/L sinapinic acid in acetonitrileethanol-water(60:4:36, v/v/v) was used as
protein matrix and 0.1 mol/L 2,5dihydroxybenzoic (DHB) in formic acid-water
(9:1, v/v) was used as peptide matrix. The matrix
solution was kept in the dark and prepared fresh
every few days.
The samples for mass spectrometric analysis were
mixed with the matrix in an Eppendorf tube. Typically,
5 µL of sample solution was added to a tube
containing 10 µL of matrix solution. The solution was
stirred in a vortex mixer, and then approximately 0.
5 µL of sample solution was applied to the target
and followed by drying at room temperature and
atmospheric pressure. For some protein samples in
which the buffer contained salts at high
concentrations, the dried sample/matrix preparation
on the target was washed by depositing a droplet of
cold distilled water for a few seconds on the sample
spot surface to dissolve excess salt crystals, and
followed by removing the droplet.
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RESULTS AND DISCUSSION
Mr measurement for purified proteins

Nonglycosylated proteins The Mrs of recombinant
proteins, IL-2, TNFα, GM-CSF, TNFα-2b, CaM
fragments and nNOS expressed in E.coli were
determined using MALDI-TOF MS. Table 1 shows the
number of amino a cids, theoretical Mr, measured Mr
and relative determination error for these
nonglycoproteins.
Table 1 Mrs of non-glycoproteins measured by MALDI-TOF
MS
Protein

Number of Theoretical
amino acids
Mr

IL-2
GM-CSF
TNF-α
nNOS
IFN-α2b
CaM fragment
a

134a
127
158a
199a
166a
95

15478
14477
17484
22248
19378
10846

Measured
Mr

Relative
error (%)

15610
15451
17517
22306
19533
10851

2.8
5.56
0.18
0.26
0.79
0.05

An additional methionine at the NH-2-terminal.

As table 1 shows, the Mr relative error of the
protein GM-CSF was 5.56%, which was much higher
than the systematic error of the instrument. In addition,
the peak in the GM-CSF mass spectrum was very sharp,
indicating that the product was very pure. However, the
results of Edman sequencing showed that there were 8
additional amino acids, MMKSDNSH, at the NH-2terminus. The relative error was 0.12% when the 8 amino
acids were added to the regular GM-CSF amino acid
sequence. The relative errors of interleukin-2 and
interferon α2b were approximately 0.8%. The increased
mass was approximately equal to the Mr of an amino
acid, which may have been added during the
modifications, such as phosphorylation and cystinylation.
The details were not achieved in the present report. An
asymmetric single charged peak was observed in the
interferon α2b mass spectrum (Figure 1), with an
unresolved impurity peak on the left side that could be
seen when the mass spectrum was amplified partially.
This may be caused by partially removing N terminal
methionine residue in the interferon α2b.
Glycosylated proteins Proteins expressed in
mammal cells are generally glycosylated. Because
of the microheterogeneity of the carbohydrates, the
final product is a complicated heterogeneous
mixture. In some cases, the functions of the
biomolecules depend on the carbohydrate
components [11,12]. For example, recombinant human
erythropoietin will lose its in vivo bioactivity wi
thout sialic acid residues [13,14] . Thus, it is very
important to characterize the carbohydrate parts in
glycoproteins[15,16]. In this arti cle, MALDI-TOF MS
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was used to determine M r and carbohydrate
percentages of erythropoietin (EPO) and interferon
α1 (Table 2).
Table 2 Mrs of glycoproteins measured by MALDI-TOF MS
Protein

Number of
amino acids

Measured
Mr

Carbohydrate
content (%)

EPO

166

28 707

35.6

IFNα1

166

20 465

5.2

As can be seen in Figure 2, the half-intensitywidth of EPO was much larger, indicating that EPO
was a heterogeneous protein. The carbohydrate
percentage was so high that electrospray mass
spectrometry could not be employed to determine the
heterogeneity. The Mr obtained using MALDI-TOF
MS was 28 707, while the Mr obtained using the
traditional SDS-PAGE technique was about 34 000.
The mass difference of 5 293 suggested that SDSPAGE could measure the apparent M r of the
glycoprotein with high carbohydrate content. Since
the results of SDS-PAGE for the molecular weight
were related to the gel concentration, the
determination procedure was difficult to control. The
degree of glycosylation for biomolecules expressed
in silkworm cells was generally lower, with only 5.
2% carbohydrates found in recombinant protein
interferon α1 by MALDI-TOF MS, which was
consistent with theoretical calculations.The TOF mass
spectra for EPO and IFNα1 showed that the halfintensity-widths were 8 000 and 3 000, respectively,
much wider than that of nonglycoproteins in Table 1,
Figures 4 and 5.Ordinarily the half-intensity-widths
are produced by isotopes, and are no more than 500
[17]
. Therefore, half-intensity-widths of 500 in singly
charged MS peaks may be employed as a simple
criterion to evaluate the heterogeneity of
glycoproteins. The MS peak width will increase as
glycoprotein becomes more heterogeneous.
Determination of protein mixture

Mixture composed of known standard proteins
Methods used to analyze each component in multiprotein mixtures with out tedious separation are of
great value. The advantage of MALDI-TOF MS in
multicomponent characterization is the ability to
simultaneously determine the Mr of each ingredient
during one scan. However, singly charged oligomers
with multiply charged monomers and multiply charged
oligomers would complicate the mass spectra. Peaks
could be specified only according to their Mr and the
number of charges.
Figure 3 shows the MALDI-TOF mass spectrum
for mixed proteins composed of myogl obin from
horse heart, carbonic anhydrase B, β-lactoglobin

237

and bovine serum albumin. Both molecular ion and the
multiply charged monomers or oligomers were observed.
The Mr measurement accuracy for the four proteins
was 0.0%, 0.04%, 0.12%, and 0.18%, respectively.
De t e r m i n a t i o n o f a s p e c i f i c p r o t e i n i n
mixtures The mass spectrum of E.coli expressed
products containing calmodulin in Figure 4, showed
a protein mixture containing a protein with an
observed M r of 16 934, together with a doubly
charged monomer and a singly charged dimer,
indicating that the mixture contained calmodulin
with a theoretical Mr of approximately 17 000. In
addition, the spectrum showed that there was very
little singly charged dimer, because calmodulin
seldom formed dimers.
Measurement of the purity of expressed products
and the relative content of impurities Since
MALDI-TOF MS can give the Mr of all components in
a mixture, the relative purity of the expressed product,
along with the Mr of the impurity and its abundance, can
be obtained from the mass spectrum. Figure 5 shows
the mass spectrum of calmodulin fragment expressed in
E.coli had small amounts of impurities with Mr of 9643.
8 and 9074.0. In addition, few impurities were observed
in the recombinant proteins, IL-2, TNFα, GM-CSF,
IFNα2b, nNOS, IFNα1 and EPO.
Characterization of tryptic peptide mapping for
erythropoietin

The MALDI-TOF peptide mapping strategy has
been used successfully to analyze proteins in
enzymatic digests and has thus been applied to
verify the primary structure of some proteins [18].
As a technique, it offers a number of advantages
over conventional peptide mapping with HPLC since
it reduces the actual analysis time and also provides
a means of assigning peptide fragments from their
respective Mr. Peptide mapping is the “fingerprint”
of the protein, so it can be employed to rapidly
identify the correctness of the primary structure of
protein during expression or purification [19]. This
report introduces the peptide map of recombinant
human erythropoietin by MALDI-TOF MS.
Protease trypsin can theoretically digest the
erythropoietin into 21 peptide fragments, including
three glycopeptide fragments and two disulfide
bonds (one between fragments T 1 and T 20 , and
another inside T 5). The proteolytic digests were
subjected directly to MALDI-TOF MS analysis
without any prior purification. Figure 6 shows the
mass spectrum of the tryptic digest with 13 peaks
corresponding to peptide fragments. The observed
mass values of the digests were consistent with the
theoretical mass values as calculated from the amino
acid sequence of rhEPO (Table 3). The mass value
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of 1612.7 indicated the formation of a disulfide bond
between T1 nor T20, which was verified by the fact that
neither T1 nor T20 was observed. Peptide mixtures
generated by enzymatic digestion do not always allow
for complete evaluation of peptide fragments by MALDITOF MS. As can be seen in Table 3, about 76.5% of the
entire amino acid sequence was confirmed. In the lower
mass range (below m/z 400), analyte molecule s could
not be identified since the matrix peaks overlap with the
signals from the analytes. In addition, the three
glycosylated peptides were also not observed, because
EPO was heterogeneous and the MS sensitivity to
carbohydrates was much lower than that of peptides.
Several matrices, including 2,5-dihydroxy benzoic acid
(DHB), 2-aminobenzoic acid and α-cyano-4hydroxycinnamic acid, were tested to obtain the best
resolution and sensitivity in the mass spectrum
measurement. The results in Figures 6, 7 and 8, show
that the best matrix was DHB, which produced large
analytical signals with good resolution. The 2aminobenzoic acid matrix gave signals with lower
sensitivity and poorer resolution, but it was better than
the α-cyano-4-hydroxycinnamic acid matrix that is more
suitable for “big” proteins rather than “small” peptides.
The matrix concentration also affects the mass resolution
and analyte signals. For example, with saturated DHB
solution employed as the matrix, only two main peaks
with mass values of about 480 and 2550 were obtained,
possibly due to poor crystallization over the entire sample
area in the target.
In general, the choice of MALDI-TOF matrix is
very critical to the homogeneous crystallization and the
homogeneous embedding of the analyte molecules in the
matrix. In addition, the matrix is responsible for the high
mass resolution and high analyte signals.
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Figure 1 MALDI-TOF mass spectrum of interferon α2b using
sinapinic acid as matrix.

Figure 2 MALDI-TOF mass spectrum of recombinant human
erythropoietin using sinapinic acid as matrix.

Table 3 MALDI-TOF-MS analysis of the tryptic digests of EPO
rhEPO
peptide

Position

Calculated
mass value

T1
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T21
T2-S-S-T20

1-4
11-14
15-20
21-45
46-52
53
54-76
77-97
98-103
104-110
111-116
117-131
132-139
140
141-143
144-150
151-152
153-154
163-166
1615.8

439.5
515.6
735.9
glycopeptide
927.1
174.2
2525.3
glycopeptide
601.7
802.5
586.3
glycopeptide
923.0
146.2
434.5
898.0
203.2
259.3
447.4
1612.7

Observed Relative
mass value error (%)
440.5
517.8
735.5

0.23
0.39
-0.05

928.4

0.14

2525.5

0.01

600.8
803.4
585.5

-0.15
0.11
-0.14

923.5

0.05

*
899.1

0.12

Figure 3 MALDI-TOF mass spectrum of standard protein
mixtures using sinapinic acid as matrix. M: Myoglobin; C: Carbonic
anhydrase B ; L: β-lactoglobulin; B: Bovine serum albumin.

*

*A wide unresolved peak caused by T1, T16 and T21.

-0.19

Figure 4 MALDI-TOF mass spectrum of mixtures containing
calmodulin using sinapinic acid as matrix.
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Figure 5 MALDI-T OF mass spectrum of calmodulin fragment
using sinapinic acid as matrix.

The present investigations clearly show that
MALDI-TOF MS is a powerful tool for
measuring protein molecular weight, identifying
unknown components in mixtures, determining
purity and the relative content of impurities, and
characterizing peptide mapping. The MALDIT O F a n a l y s i s v a l i d a t e d t h a t S D S - PA G E i s
unreliable in determining the Mr of
glycoproteins. Since the broad MS peaks reflect
the carbohydrate heterogeneity, half-intensity
widths, MALDI-TOF MS peaks are
recommended as a criterion to evaluate the
heterogeneity of glycoproteins. The advantages
of MALDI-TOF MS were described in this
paper, such as its accuracy, small voluem
sample consumption and rapid response. It is
suggested that this technique should be the first
choice when studying the quality of scarce or
precious samplesduring the early stages in the
development of engineered proteins.
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Abstract
AIM To obtain human and murine cDNAs
encoding IFN-γ inducible protein 10 (IP-10)
and cytokine responsive gene-2 (Crg-2).
METHODS The encoding genes of IP-10 and
Crg-2 were amplified by RT-PCR from
cultured human fibroblast cells and Balb/c
mouse liver treated by IFN-γ and TNF-α,
respectively, and cloned into plasmids of
pUC19 and pGEM3Zf(+).
RESULTS The nucleotide sequences of the
amplified DNA were confirmed by
endonucleases digestion and sequencing.
CONCLUSION Recombinant IP-10/crg-2 gene
clones with 306 bp and 314 bp inserts were
established for further research on biological
activities and ligands of hIP-10/mCrg-2.

1

Department of Gastroenterology, Xijing Hospital, the Fourth Military
Medical University, Xi’an 710032, China
2
Department of Cellular and Molecular Biology, Harvard University,
USA
Dr. LIU Zhi-Guo, male, born on 1974-03-24 in Harbin of China, graduat
ed from Department of Medicine, the Fourth Military Medical University
(FMMU) with bachelor degree of medicine in 1997, and now as a
postgraduate in Department of Gastroenterology of Xijing Hospital,
FMMU.
*Supported by the Outstanding Youth Fund from National
Natural Sc ience Foundation of China, No. 39625023.
Correspondence to: Dr. FAN Dai-Ming, Department of Gastroentero
logy, Xijing Hospital, The Fourth Military Medical University, Xi’an
710032, Shaanxi Province, China
Tel. +86 29 2539041, Fax. +86 29 2539041
Email. zhiguoliu 163.net
Received 1998-12-03 Revised 1999-03-01

INTRODUCTION

Angiogenesis plays an important role in tumorigenesis
and metastasis, and gene therapy targeting
vasculature of neoplasms has become a hot topic [1].
Many new molecules, including endostatin and
angiostatin, were discovered with significant
inhibitory effect on neovascularization of tumor.
Besides these molecules, some ‘old’ cytokines were
also found to possess the bioactivity of inhibiting
angiogenesis, including IP-10/Crg-2[2]. Human IP10 belongs to a superfamily called chemokines and
Crg-2 is its murine analogue. As a member of
chemokines, IP-10/Crg-2 was primarily
characterized as a proinflamm atic molecule.
However, recent findings showed that IP-10/Crg-2
had a powerful inhibitioy effect in neovascularization
of tumor, and tumor regression induced by IL-12 was
closely related with high level of IP-10 expression
and subsequent vasculature destruction[3]. However,
little has been known about its properties, especially
the mechanisms of its inhibitory effect on
endothelium, since the receptor of IP-10/Crg-2,
CXCR3, was predominantly distributed in activated
T cells, but not in endothelial cells [4] . To further
clarify the bioactivity of IP-10/Crg-2 and explore its
potential application in gene therapy against
angiogenesis, we amplified the gene sequence
encoding IP-10 and Crg-2 by RT-PCR from primary
human fibroblast cells and mouse liver, and cloned
them into pUC19 and pGEM3Zf(+) vector,
respectively.
MATERIAL AND METHODS
Material

Recombinant human IFN-γ was purchased from
Bonding Co., Beijing. Recombinant TNF-α was
kindly provided by Genetic Diagnosis Institute of
our University. Endonucleases, T4 ligase and
reverse transcriptase were purchased from Gibco
BRL. Taq DNA polymerase was obtained from
Perkin Elmer. 100bp PCR marker was purchased
from New England Biolabs. The kit for purification
of plasmids and PCR products were obtained from
Promega. Primers were synthesized by the Shanghai
Bioengineering Center of Chinese Academy of
Sciences. Host bacterial cell line DH5α, cloning
vector pUC19 and pGEM3Zf(+) were stored in our
lab.
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Methods

Template preparation of human and mouse cDNA
Human primary fib roblast cell was obtained
by cultured surgically resected specimens of
normal adult. Four hours before RNA
extraction, human IFN-γ was added to reach
a final concentration of 1 × 10 6 U/L for cell
culture and Balb/c mice was individually
injected with TNF-α 5 × 10 6U. The total
RNAs were then purified from fibroblast cells
and mouse liver respectively by the method of
guanidium/phenol, and reverse-transcripted to
cDNA according to literature [5] .
PC R a m p l i f i c a t i o n o f I P - 1 0 a n d C r g - 2
encoding sequence Primers were designed
according to the sequence of IP-10/crg-2. For
human IP10, endonuclease sites were introduced:
5’ primer GGGCGCTAGC (Nhe I)CATATG(Nde
I) AATCAAACTGCGATTCTGATT, 3’ primer
AAGCTT(Hind III) GGTACC(Kpn I) TTAA
GGAGATCTTTTAGACATTTCC. For murine crg2, no endonucleases were introduced: 5’ primer
ACCATGAACCCAAGTGCTGC; 3’ primer
GCTTCACTCCAGTTAAGGAG. PCR cycle
parame ters: 94 45s, 60 45s, 72 45s, 30
cycles in all. PCR reaction mixture consi sts of
cDNA template (human or murine origin) 2 µL,
25 mmol/L MgCl2 8 µL, 10XPCR buffer 10 µL, 10
mmol/L dNTPs 4 µL, Taq DNA polymerase 2 µL,
50 µmol/L upstream and downstream primers 2
µL each, and distilled water was supp lement to
100 µL.
Construction of human IP-10 recombinant plasmid
PCR amplification product was digested by
endonucleases Nhe I and Kpn I, meanwhile
pUC19 was cut by Xba I and Kpn I. After
purification by agarose electrophoresis, these two
fragments were ligated by cohesive ends and then
the recombinant plasmid was introduced into E.
coli line DH5 α. Clones were picked randomly
by blue/white screening, and identified by
endonucleases dige stion of Xba I/EcoR I and
Hind III/Bgl II.
Construction of murine crg-2 recombinant
plasmid Murine crg-2 recombinant plasmid
was constructed by T/A cloning according to
l i t e r a t u r e [6]. F i v e µ g p G E M 3 Z f ( + ) w a s
digested by Sma I. After purification by
electrophoresis, 10 µl 10 × PCR buffer, 1 µL
100 mmol/L dTTP, 1 µL Taq DNA polymerase
and distilled water were added to make a final
volume of 100 µL and incubated at 75 for 2 h.
The PCR product was ligated with vector and
the recombinant was transformed into DH5α, clones
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were selected by blue/white screening, minipreps were
extracted and the right insert was confirmed by
endonuclease digestion with BamH I or Hin d III.
Sequence analysis DNA sequence analyses were
conducted in the Central Lab of our university with
automatic DNA analyzer (PE373-A, USA) according
to the methods of Sanger.
RESULTS
PCR amplification of IP-10/Crg-2 encoding
sequence

PC R r e a c t i o n s w e r e c a r r i e d o u t u s i n g t h e
obtained cDNAs of human fibroblast and murine
liver treated by IFN-γ or TNF-α as the
templates. Electrophoresis of PCR products
indicated that fragments of about 300bp were
amplified in each of the reaction mixture, which
were consistent with our expectation of 322bp
and 314bp(Figure 1).

Figure 1 Amplification of human IP-10 and murine crg-2 gene by
PCR.
1. crg-2 gene fragment (306 bp); 2. IP-10 gene fragment (314 bp); 3.
100 bp PCR marker (1500, 1200, 1000, 900, 800, 700, 600, 500,
400, 300, 20 and 100 bp fragment, from top to bottom. The 500
and 1000 bp fragme nt serve as reference bands).

Construction and identification of recombinant
plasmids

For recombinant constrution of human IP-10,
purified PCR product was ligated with
endonucleases-digested pUC19, and the
recombinant was transformed into E.Coli line
DH5α. White clones were picked and confirmed
by dual endonucleases digestion with Xba I/EcoR
I and Hin d III/Bgl II. Electrophoresis of 20 g/Lshowed that fragments of about 237 bp and 318 bp
were released respectively. This clone was
identified as positive and named pUC19/h-IP-10
(Figure 2, lane 1-3). For vector construction of crg2, the amplified fragment was ligated directly with
pGEM3Zf(+) T vector, and recombinants were
analyzed by single endonuclease digestion with
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Bam H I orHin d III. Electrophoresis of 20 g/L showed
that a fragment of 251 bp or 204 bp was released the
positive clones were named pGEM3Zf(+)/crg-2 (Figure
2, lane 5-7).
Sequence analysis

Minipreps of pUC19/IP-10 and pGEM3Zf(+)/crg2 were prepared according to the manual of
Promega Wizard Minipreps kit. Samples were
analyzed with automatic sequence analyzer.
Sequencing results showed that the 306 bp and
314 bp inserts were completely identical with
reported sequences of IP-10[7] and crg-2[8], flanked
by introduced endonuclease sites or added single
T (Figure 3).

Figure 2 Identification of pUC 19/IP-10 and pGE M3Zf(+)/crg2 recombinant clones by restriction endonucleases digestion.1.
pUC19/IP-10 control; 2. pUC19/IP-10 by Xba-I+Eco R I; 3. pUC
19/IP-10 by Hin d III+Bgl II; 4. 100bp PCR marker; 5. pGEM3Zf
(+)/crg-2 control; 6. pGEM3Zf(+)/crg-2 by Hin d III; 7. pGEM3Zf
(+)/crg-2 by Bam H I.

Figure 3 The nucleotide sequence of IP-10/crg-2 gene encoding
region.
Human IP-10 sequence (above); murine-crg-2 sequencing
(below).
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DISCUSSION

Th e g r o w t h o f t u m o r i s d e p e n d e n t o n t h e
vasculature for nutrition and oxygen.
Destruction of established vasculature will lead
tumor cells to necrosis or apoptosis, that is the
main idea of angiostatic therapy. Tumor cells are
highly heterogenic and multiple drug resistance
(MDR) is very likely to be induced. But its
endothelium, is more stable and susceptible to
treatment and causes little [9] MDR. In normal
adult, endothelium remains in dormant status
except for wound-healing and menstruation. So
inhibiting the process of active angiogenesis of
tumor will eventually selectively cure the
neoplasms and its metastasis without induction
of MDR.
IP-10 was initially identified in 1985 as a member
of CXC subfamily in chemokine superfamily [7].
The family of chemokines is characterized by
4 highly conservative cysteines at the N
terminus of protein. Most chemokines are basic
heparin binding protein possessing the activity
of chemotaxis, which play important roles in
inflammation and wound healing. According the
different structures, gene location and
bioactivities, this family can be divided into 2
subfamilies, CC and CXC subfamily. The first
2 cysteines of CC subfamily are adjacent with
each other, while in CXC subfamily the
cysteines were separated by a single random
residue. IP-10/Crg-2 is a secreted protein
consisting of 98 amino acids, of which the first
21 amino acids represent a signal peptide, with
a M r of 6000-7000 for mature form. Its receptor
CXCR3 was successfully cloned in 1996 [4].The
receptor belonging to seven transmembrane Gprotein coupled receptors expressed primarily
on activated T cell. The best-described
bioactivities of IP-10/Crg-2 include
angiogenesis inhibition, bone marrow
hemopoeitic stem cell inhibition, chemotaxis for
activated T cell and monocyte-macrophage [10].
Among them, the most attracting property is the
effect on vasculature, especially after it is
found to be the downstream molecule for IFNγ or IL-12 to induce the regression of tumor [3,
11]
. But most researches are focused on its
induction or its effects on various kinds of
tissues and cells, and are far from the insight
of its biological activity and signal transduction
process.
We amplified the complete cDNA sequences of
IP-10/Crg-2. The target gene clones were
established and confirmed by endonuclease digestion
and sequence analysis. This will help us further
clarify the bioactivity of IP-10/Crg-2 and the
downstream mechanism after receptor binding.
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Pathogenic effects of Opolysaccharide from
Shigella flexneri strain *
ZHONG Qi-Ping
Subject headings Shigella flexneri strain;bacterial
antigen;O-polysaccharide,virulence

Abstract
AIM To investigate the specific pathogenesis
of O-polysaccharide (O-PS) which is on the
outer membrane of lipopolysaccharides
(LPS) from Shigella flexneri.
METHODS The O-PS was isolated and
purified from Shigella flexneri- 5 M90T by
enzymatic hydrolysis and gel
chromatography. Effects of O-PS were
observed by in vitro experiment, (HeLa cell
culture), and in vivo experiment (rabbit ileal
loop assay).
RESULTS In vitro and in vivo experiments
with the purified O-PS from Shigella
flexneri-revealed that the O-PS alone was
toxic to Hela cells and caused mucosal
inflammation and hemorrhagic exudation in
ileal loop of rabbit.
DISCUSSION O-PS might be one of the factors
causing diarrhea and its mechanism was
different from endotoxin reaction of LPS. The
molecular mechanism of O-PS need further
studies.

INTRODUCTION

Shigella flexneri is one of the pathogens which
causes diarrhea and its pathogenic mechanism is
still unclear, even though extensive investigations
were carried out worldwide. It has been known that
the invasive outer membrane protein encoded by
its plasmid DNA plays a primary role in bacterial
infection. The roles of other factors, especially
lipopolysaccharides (LPS), were also better
understood. The specific pathogenesis of Opolysaccharide (O-PS) which is on the outer
membrane of lipopolysacchrides remains unclear.
To understand the pathogen esis of the O-PS of
Shigella flexneri, we isolated and purified the OPS from Shigella flexneri- 5 M90T and observed
the pathogenesis of O-PS in vitro and in vivo.
MATERIALS AND METHODS
Materials

Strain Wild-type Shigella flexneri 5 M90T was provided
by Pasteur Institute (French).
Medium Lauria-Bertani (LB) medium.
Reagents Proteinase K was purchased from Merck,
Sephadex G50 from Sigma, fetal bovine serum (FBS)
from Institute of Hematology, Chinese Academy of
Medical Sciences, 1640 medium from GIBCO, and
nuclease from Huamei.
Methods
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Preparation of O-PS
Cultivation of bacteria
and harvest. A single colony of Shigella flexneri5 M90T was inoculated onto LB plates, incubated
at 37 overnight and harvested into a clean
centrifuge tube. The bacteria were washed with
20 mmol/L Tris-HCl (pH 7.4) buffer, lyophilised
and ground to powder in a mortar.
Isolation of
LPS by enzymatic hydrolysis and g el
chromatography [1,2]. Bacterium powder (25 mg)
was suspended in 1.0 mL ddH 2O, boiled for 15 min
and centrifuged to remove cell debrits. The
supernatant was added with DNase (50 mg/L) and
RNase (100 mg/L) and incubated at 37 for 1
hour, then added with proteinase K (1mg),
incubated at 60
for 1 hour, boiled for 5 min
and centrifuged for supernatant. The supernatant
was then dialyzed against ddH 2O overnight and
centrifuged again. The supernatant, the crude LPS,
was separated by a Sephadex G50 chromatography
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column with elution of ddH 2O. The first peak was
collected, lyophilized and stored at 4 .
Preparation of O-PS by acid hydrolysis [2,3]. LPS
was hydrolyzed in 1% acetic acid at 100 for 2
hours. The solution was then centrifuged and the
supernatant was separated by gel
chromatography and O-PS was collected as
described above.
Quantification of carbohydrates by the sulfuric
acid-phenol method[4] A proper amount of O-PS
was dissolved in 2 mL ddH 2O, mixed well with 1
mL 5% phenol and then added with 5 mL sulfuric
acid. The mixture was incubated at room
temperature for 10 min and transferred to 25 water bath for 10 min-20 min. The
30
carbohydrate content was quantified by mea
suring absorbance at 480 nm with 10 mg/L-100
mg/L rhamnose as standard.
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molecular weight, the peak I was thought to be
the long-chain O-PS.This was confirmed by
ELISA analysis which gave rise to positive
results with peak I by using antisera against Shigella flexneri- 5 M90T. On the contrast, peak
II yielded negative results with ELISA analysis.
Peak III was not analyzed due to its small
amount and low molecular weight. Therefore, it
is plausible that peak II and III were the
fragments generated in acid-hydrolysis. Peak I
is the O-PS based on its molecular weight and
antigenicity.

Antigenicity measurement of O-PS by ELISA
Rabbit antisera against -Shigella flexneri-5 M90T and
enzyme-conjugated goat antirabbit IgG were added to
the plate coated with 50 mg/L O-PS. The antigenicity of
O-PS was determined by color reaction density after
adding TMB.
Effects of O-PS on HeLa cell With 1640 medium
containing 10% bovine sera, penicillin and
streptomycin, HeLa cells were cultured into
monolaye r and transferred into a 12 hole tissue
culture plate. When cells grew onto the plate walls
and formed small clumps, the medium was replaced
by fresh one. O-PS was added to each hole to reach
a final concentration of 100, 200, 500 and 1000 µg/
L respectively and incubated under 5% CO 2 at 37
. Growth and morphology of the HeLa cells were
observed every 24 hours.
Rabbit ileal loop assay Rabbits were fasted
for 24 hours. The rabbit ligated ileal loops (5 cm)
were prepared in rabbits (weight 2 kg)
anesthesized with procaine hydrochloride by local
infiltration. Twenty µg O-polysaccharides in 0.5
mL saline was injected into the loop. Rabbits
were sacrificed 24 hours later. Portions of tested
loops were taken and fixed in 10% buffered
formalin immediately. The pathologic slices of the
specimen were prepared with standard
procedures.
RESULTS
Purification of O-PS from Shigella flexneri 5 M90T

Separation of the crude O-PS by Sephadex G50
showed three major peaks of carbohydrates
measured with the sulfuric acid- phenol method
(Figure 1). According to references [3] and the

Figure 1 The curve of carbohydrate content quantified.
The crude O-PS was separated by Sephadex G50 with elution of
ddH2O.

Toxicity of O-PS to HeLa cells

The toxicity of O-PS to HeLa cells demonstrated as
cell shrinking and falling off from plate walls within
48 hours. The cytopathic effect of HeLa cells was
positively related to the concentration of O-PS in
medium (Figure 2).
Effects of O-PS on ileal loop of rabbits

After 24 hours of injection of 20 µg O-PS into ileal
loop of rabbit, mucosal inflammation and
hemorrhagic exudation in ileal loop of rabbit could
be observed. When observing the pathologic slice
of the specimen under light microscope, we could
see inflammatory reaction, the mucosa and
submucosa had moderate to severe hyperemia and
infiltration of neutrophils and lymphocytes, the
muscularis and serosa had mild hyperemia and
infiltration of white blood cells. There were necrotic
substances and hemarrhage in the lumen.
DISCUSSION

Shigella flexneri is an intracellular pathogen which
causes acute inflammation by infection of the

ZHONG Qi-Ping, Pathogenic effects of O-polysaccharide from Shigella flexneri strain

Figure 2 Effect of various doses of O-PS on HeLa cell.
Normal HeLa cells (A), and HeLa cells in the medium containing
1000 (B), 500 (C), 200 (D), 100 (E) µg/mL O-PS respectively.
×200
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mucosal membrane of the large intestine and
damages the mucosal epithelial cells, leading to
ulcer. It has been shown that the infection of
Shigella flexneri is accomplished by releasing the
across membrane signals which induce aggregation
of actin and polymerization of myosin to trigger
the endocytosis. This will bring about the
breakdown of membrane and allow bacteria to get
into cells, proliferate and move in cells, diffuse
into surrounding cells and eventually kill the cells
infected by inhibiting respiration [5] . These
functions were dependent on the presence of O
antigen and involved in form a “tail-like” actin
structure on the bacterium surface as a motile
appratus. As for the infection of Shigella flexneri,
LPS plays an important role in ind ucing
inflammation. For example, antibodies against LPS
showed protective effects for inflammatory
reaction and the mutants defective in O-antigen
can not cau se keratitis in guinea pigs, although it
is able to invade HeLa cells. However, little is
known about the roles and mechanisms of LPS
played in the infection of cells.
LPS of gram negative bacteria is composed of
lipoid A, core polysaccharide and O-PS. Among
them, lipoid A, the principal component of LPS,
causes pathological or physiological damages by
inducing some cellular factors [6]. But O-PS is
generally thought to determine the antigenicity of
the bacterium and its res istance to the defendance
of the host cells [7] . In recent years, the specific
pathogenesis of O-PS has received increasing
attention worldwide [8,9] . There are reports using
whole baterium in the research, but the role played
by each component of LPS has not been
distinguished. For example, enteroinvasive
Escherichia coli (EIEC) can be strongly
recognized by the antisera against O-PS, suggesting
that the structure of O-PS may be related to its
toxicity. The Shigella vaccine of the same serotype
was efficient; the mAb against O-PS of Shigella
flexneri could inhibit contact hemolytic activity[10].
All these indicate the importance of O-PS in
pathogenesis of Shigella flexneri. Therefore, it is
important to investigate the pathogenesis by using
purified O-PS.
In this paper, we studied Shigella flexneri
pathogenesis by using purified O-PS both in vitro and
in vivo. We have modified Eidhin’s method to
improve the preparation of crude LPS by conducting
additional steps of nuclease digestion and Sephadex
G50 gel chromatography. The experiment showed
that M90 O-PS alone was toxic to HeLa cells and
caused mucosal inflammation and hemorrhagic
exudation of ileal loop in rabbits. It appears that the
toxicity to HeLa cells and ileal loop pathogenesis
resulted from a common factor. Our experiments
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showed that Shigella flexneri O-PS may also be one of
the factors which cause diarrhea. However, its molecular
mechanism is still nuclear and need further investigations.
The methods and results presented in this report provide
a basis to study diarrhea pathogenesis and a new thought
to develop diarrhea vaccines.

WJG

3

5
6

Acknowledgments We are grateful to Professor Chen
En-Lin for his overall guide to this paper, to Mr. He JianMin for his technical assistanc e in preparaing LPS, to
Dr. Li Fang-Tao, Li Bao-Yan and Kang Ning for paoticip
ating in the animal experiment, and Department of
Pathology for pathological diagnosis.

7
8

9

REFERENCES
1
2

Eidhin DN, Mouton C. A rapid method for preparation of rough
and smooth lipopolysaccharide from Bacteroides, Porphyromonas
and Prevotella. FEMS Microbiol Lett, 1993;110:133-138
Xu XP, Chen ZH, Su X. Study on immunogenicity of S. sonnei

10

June

1999

Volume 5

Number 3

polysaccharide-protein conjugate. Chin J Microbiol Immunol,
1992;12:141-144
Muller-Seitz E. Degradation studies on and investigation of O
specific and core polysaccharides.FEBS Lett,1968;1:311-314 L
Blay K, Caroff M, Richards JC, Perry MB, Chaby R. Specific and
cross-reacting monoclonal antibodies to Bordetella parapertussis
and Bordetella bronchiseptica lipopolysaccharides. Microbiology,
1994;140(pt 9):2459-2465
Sansonetti PJ. Genetic and molecular basis of epithelial cell invasion by Shigella species. Rev Infect Dis, 1991;13(Suppl 4):S285292
Jiao BH. Molecular endotoxicology. Shanghai: Shanghai Scientific and Technological Publishing House,1995:151-156,232-253
Lindberg AA, Karnell A, Weintraub A. The lipopolysaccharide of
Shigella bacteria as a virulence factor. Infect Dis, 1991;13(Suppl
4):S279-284
Rajakumar K, Jost BH, Sasakawa C, Okada N, Yoshikawa M, Adler
B. Nucleotide sequence of the rhamnose biosynthetic operon of
Shgella flexneri 2a and role of lipopolysaccharide in virulence. J
Bactertiol, 1994;176:2362-2373
Sandlin RC, Lampel KA, Keasler SP, Goldberg MB, Stolzer AL,
Maurelli AT. Avirulence of rough mutants of Shigella flexneri:
requirement of O antigen for correct unipolar localization of IcsA
in the bacterial outer membrane. Infect Immun, 1995;63:229237
Mei Y, Su X, Li H, Xu XP. Analysis of biological characteristics of
monoclonal antibodies to Shigella flexneri 2a O-side chain of
LPS. Chin J Microbiol Immunol, 1992;12:322-323

Edited by MA Jing-Yun

WJG, 1999 June; 5(3):249-251
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

Integrated Traditional Chinese and Modern Medicine

The mechanism of actions of Octreotide,
Bupleurum-Peony Cheng Qi decoction and Dan
Shan in severe acute pancretitis
WU Xie-Ning
Subject headings Pancreatitis/therapy; Octretide;
bupleurum peony Cheng Qi decoction

The pathogenesis of severe acute pancreatitis
(necrotizing pancreatitis) is comp licated and has not
been elucidated up to date. In my opinion, it is
multifactorial, and aggressive treatment should be
directed to the mutifaceted pathophysiology [1]. A
cumulative series of twenty cases were treated with
the regimen i .e., combined traditional Chinese and
modern medicine. No death, almost no morbi dity
and no serious complications, such as ARDS and
DIC occurred, only mental co nfusion as sequela
occurred in a patient with previous cerebral
infarction. The present article is to discuss the
mechanism of actions of the medicins used in this
treatment regimen.
THE PATHOGENESIS OF SEVERE ACUTE PANCREATITIS

It involves the release of pancreatic and lysosomal
enzymes by the pancreatic acini which induce
pancreatic autodigestion; the increase of vascular
permeability, resulting in microcirculatory impairment;
and overstimulation of macrophages and neutrophils
with release of many cytokines, inflammatory
mediators (leukotrienes, prostaglandins, platelet
activating factor) and free radicals. These factors
interact with one another producing pancreatic acinar
damage and intestinal epithelial barrier dysfunction.
If not corrected instantly, it might lead to gut barrier
damage and translocation of intestinal bacteria and
endotoxin, resulting in a “second attack” caused by
infection and endotoxemia, producing multiorgan
dysfunction syndrome and eventually multiorgan
failture.
Severe acute pancreatitis is most frequently
p r e c i p i t a t e d b y g a l l s t o n e , b i l i a r y s l u d g e,
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microlithiasis with or without bile reflux, obstruction of
biliary-pancreatic common pathway, high fat anf high
protein diet, alcohol consumption and ischemia here in
Shanghai, hence, I think it is multifactorial and
multifaceted a disease. The detailed mechnism will be
delineated in another paper.
OCTREOTIDE AND SOMATOSTATIN

On reviewing the medical literature, octreotide
and somatostatin are found to act on many facets.
Either of them inhibits cholecystokinin which
stimulates the synthesis, secretion and release of
pancreatic enzymes [2] , concomitantly it also
stimulates and activates the monocyticmacrophagic system, lower the end otoxin level in
acute necrotizing pancreatitis [3]. An experimental
study showed that somatostatin could cause the
blockage of endotoxin, IL-1, IL-6, IL-2, TNF-α
and restore them to a near normal level [4] .
Microcirculatory impairment is the initiating as well
as aggravating factor in necrotizing pancreatitis,
octreotide could decrease the small intestinal and
colonic blood flow, and cause redistribution
intrapancreatically, as well as decrease of the
blood flow to the islets and to the cells secreting
hormones with vasodilating property [5]. This is a
very important point in contrast to the viewpoint
that ortrotide decreased pancreatic blood flow in
the past. Another experimental study also showed
the pancreatic microcirculatory impairment
mimiced the ischemia-reperf usion damage in
humans, with impaired arteriolar perfusion,
increased vascular permeability and aggregation
and stasis of neutrophils in the postcapillary
venules. Via the mediation of the adhesive
molecules on the vascular endothelium, the
neutrophils interacted with the endothelial cells,
the oxygen free radicals pro duced by the
neutrophils damaged the vascular endothelium,
resulted in endothelial swelling, making the
capillary lumen narrowed and obstructed, and the
functional capillary density decreased. By given
octreotide, the changes in the postcapillary venules
were much lessened as compared with those not
given octrotide, the statistical difference was
significant [6]. No adhesion of neutrophils in the
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postcapillary venules were seen, indicating that octreotide
attenuated the interaction between neutrophils and
endothelial cells, thus provideding a protective effect.
Octreotide also increased PGI2 level[7], inhibited the
synthesis of vasoconstricting leukotrienes and decreased
the eicosanoid products[6]. Basing on the above facts,
octreotide or somatostatin is a requisite in the treatment
of severe acute pancreatitis.
BUPLEURIUM-PEONY CHENG QI DECOCTION

The herbal mixture Bupleurium-Peony Cheng Qi
decoction has seven constituents: Bupleurum,
White peony, Scutellaria, Rhubarb (Rhei
Rhizome), Unripe bitter orange , Magnolia
bark, Refined mirabilite. This herbal mixture
also acts on multifacets of the disease, among
which, rhubarb is the major constituent [8] . It
inhibits the secretion and activity of the
pancreatic enzymes, such as trypsin, lipase,
phospholipase A2, chymotrypsin, elastase,
amylase, kallikren -kinin and is synergistic with
octrotide (or somatostatin) in this aspect. It
stabilizes the lysosomal membrane of acinar cells
[9]
, which is important in attenuating the acinar
damage. It inhibits the inflammatory cytokines,
its ant hracene derivative inhibits the phagocytic
function of phagocytes, thereby inhibiting their
overstimulation. As it is known, cytokines, such
as IL-6, IL-1, IL-8 and TNF-α, are released by
overstimulation of macrophages. A recent
experimental study showed that acute phase
proteins were induced by IL-6 and inhibited by
rhubarb. Furthermore, the neutrophilic infiltration
was only minimal in the necrotizing pancreatitis
rats. The chemotactic effect of neutrophils on
the inflamed area was by IL-8. Rhubarb can
neutralize and expel the endotoxin, resulting in
low blood endotoxin level with subsequent low
release of TNF-α, these are the indirect
evidences of rhubarb’s inhibitory effect on
cytokine release [4]. Rhubarb also inhibits vascular
permeability, after oral administration, rhubarb is
more concentrated in the pancreas, liver and
kidney, whereas the brain and the lung are the
next, and inhibition of the vascular permeability
can cause cessation of exudation in the above
organs and tissues. This is crucial in the
prevention of local complications of the pancreas
itself as well as prevention of leakage of fluid
into the peritoneal cavity which causes peritonitis,
hypovolemia and hypoalbuminemia, adult respiratory
dis t r e s s s y n d r o m e ( A R D S ) a n d p a n c r e a t i c
encephalopathy [5]. It also inhibits Na +, K +ATPase,
impedes the transport of Na + from intestinal
lumen into the cells and increases the volume
o f luminal contents, as the osmotic pressure
increases within the colonic limen, intestinal wall is
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the n s t i m u l a t e d a n d p e r i s t a l s i s i n c r e a s e d .
Concomitantly, the plasmaoncotic pressure
increases, water switches to the blood circulation
from the tissue. In this recipe, bupleurum and unripe
bitter orange can increase the gastric emptying and
small intestinal propulsion, refined mirabilite can
also promote small intestinal peristatsis. As a whole,
the herbal mixture restores the gut motility and
absorptive function of the GI tract, relieving
intestinal paresis and even paralysis. Magnolia bark
and white peony relax the gut smooth musculature
to restrain the overaction of the rest constituents.
When the tongue becomes moistened, it indicates
the gut function is restored [6]. Rhubarb has also
broad-spectrum antibiotic action, in vitro it inhibits
bacteroid fragilis, streptococci, B.Coli etc.,
neutraliges and expels the endotoxin in the intestinal
limen. It of particular importance in the prevention
of dislocation of intest inal bacteria and endotoxin
[7]
. It decreases blood lipids, inhibits prot ein
catabolism, reduces urea synthesis and promotes
urinary excretion of urea and creatinine[8]. Rhubarb
has another important effect, i.e., a powerful
relaxant of Oddi’s sphincter, it can antagonize and
abolish the contracting effect of octrotide, in favor
of pancreatic fluid and bile drainage. This is of
particular importance in the management of severe
acute pancreatitis especially in cases with stone in
the common bile duct. One of the precantions is
that rhubarbcannot be decocted too long, i.e., two
minutes is enough, otherwise many of its beneficial
effects will be lost.
Bupleurum has transquilizing and analgesic effects,
it also inhibits the growth of hemolytic streptococcus,
staphylococcus aureus in vitro, also protects liver
cells and decreases serum cholesterol and
triglyceride, moreover, it enhances the intestinal
contractility by acetylcholine. Another important
effect is that it can stmulate the secretion of
endogenous glucocorticoids [11] which can inhibit
excessive secretion of cytokines and inflammatory
mediators and protect acinar cells.
Unripe bitter orange has biphasic action on gut
smooth muscle, low concentration stimulates, high
concentration inhibits, which is dependent upon the
functional status of the GI tract and the concentration of
the herbal medicine. It has a synergistic effect on the GI
musculature with bupleurum, refined mirabilite and
rhubarb.
White peony inhibits amylase and has a weak
relaxing effect on the Oddi’s sphin cter.
Scutellaria has antibiotic effect on staphylococcus
aureus, streptococcus, B.Coli, pseudomonas
bacillus, etc. It decreases free fatty acid,
triglyceride, serum and hepatic cholesterol and
transaminase levels. High fat diet is often one
o f the precipitating factors of severe acute
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pancreatitis, free fatty acid can cause lipoperoxidation
and damage the vascular endothelium and acinar cells,
and scutellaria inhibits lipoperoxidation both via vitamin
C-Fe and NADPH-ADP routes. It can also inhibit release
of histamine by mast cells, and the cyclo-oxygenase and
lipo-oxygenase pathways which produce inflammatory
mediators. Besides, it inhibits thromboxane A2 synthase,
reduces platelet aggregation and its adhesive function,
promotes PGE1 and PGE2 levels, and transformation of
fibrinogen to fibrin and prevents endotoxin induced
disseminated intravascular coagulation (DIC). Finally,
scutellaria also has the effect of lowering the elevated
temperature.
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motility; inhibits release of cytokines and
inflammatory mediators with subsequent attenuation
of neutrophilic infiltration; improves pancreatic
ischemia; prevents the dislocation of intestinal
bacteria and endotoxin; and lowers blood lipoids,
decreases lipoproxidation and reduces damages of
vascular endothelium and acinar cell memdrane.
Together with octreotide (or somatostatin) and Dan
Shen, these would provide a synergistic as well as a
complementary effect. During the treatment, the
patients usually run a smooth course without
fluctuation and recover uneventfully, hence, their
combined use is of practical value and worth
recommendation of wide use in clinical practice.

SALVIA MILTIORRHIZA

Salvia Miltiorrhiza (Dan Shen) inhibits platelet
aggregation, decreases blood viscosity, improves blood
rheology and microcirculation, and inhibits the release
of lysosomal enzymes and chemotacting neutrophils as
well. Besides, it is an antioxidant as well as a calcium
ion antagonist, the latter is also of great importance in
improving the microcirculation. Experimental studies
revealed that Ca2+ influx occurred via the acinar cell
membrane before the exocrine pancreatic secretion
started[13], and then some proteases were secreted. Ca2+
influx also occurred before the macrophages produced
and released the cytokines such as TNF-α, IL-6 and
IL-1. TNF-α is the crucial mediator of systemic
complications, it upregulates adhesive molecules and
induces excessive nitric oxide formation and superoxide
free radicals, damaging the pancreas substance and other
organs. Furthermore, it causes increased vascular
permeability inducing microcirculartory ischemia.
Calcium ion antagonist inhibits the release of TNF-α,
improves the ischemia and increases the vascular
perfusion, and it also inhibits the acinar cells to produce
protease, ameliorating the inflammation and tissue
damage. In our experience, Dan Shen is also an important
therapeutic agent in the management of severe acute
pancreatitis.
By and large, the above seven constituents of the
he r b a l m i x t u r e h a v e a n o v e r a l l e f f e c t o n
interruption of the cascade in severe acute
pancreatitis. The herbal mixture restores the gut
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Diagnostic approach to patients with cholestatic
jaundice
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Conjugated hyperbilirubinemia due to any form
of hepatobiliary disease is essentially the result
of impairment in bile formation and/or bile flow,
a condi tion known as cholestasis [1,2]. Cholestatic
jaundice is often accompanied by a broad
spectrum of laboratory, clinical, and histological
abnormalities. Laboratory abnormalities include
increased serum levels of alkaline phosphatase
and gamma-glutamyltransferase (GGT), and
variable elevation of bilirubin, serum copper,
ceruloplasmin, cholesterol, lipoprotein X, and
serum bile acids, as well as of prothrombin time,
which is corrected by vitamin K supplementation.
There is minimal or no elevation of
aminotransferases. Clinically, pruritus, fatigue,
xanthomas, back pain from osteoporosis, pale
stools, or even steatorrhea may be present, with
evidence of fat-soluble vitamin deficiency.
Histologically, conjugated hyperbilirubinemia is
characterized by bile plugs (bilirubinostasis),
feathery degeneration of hepatocytes (cholate
stasis), small-bile-duct destruction, perich
olangitis, portal edema, bile lakes and infarcts
(typically with extrahepatic obstruction), and
finally, biliary cirrhosis[1-3].
MECHANISM OF CHOLESTASIS

Bile formation originates in hepatocytes with the
uptake and production of organic anions, bilirubin,
and bile salts through diverse cellular transporters
that may be either sodium-dependent or
independent[4]. Bile salts taken up at the sinusoidal
surface of the hepatocytes are generally conjugated
to increase their water solubility and subsequent ly
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are excreted into the biliary tree at the apical
(canalicular) surface. Secretion is achieved via
the combined process of Na + coupled, carriermediated, or vesicular-transport systems [4] .
Multiple factors contribute to the impairment of
bile flow: Endotoxins are potent stimuli for
activating cytokine production from macrophages
[5,6]
and have acute cholestatic effects on hepatic
b i l e p r o d u c t i o n [7] . E n d o t o x i n s a n d s e v e r a l
proinflammatory cytokines [tumor necrosis factor
(TNF)alpha, interle ukin (IL)-1, and IL-6 downregulate hepatic transport mechanisms that
determine bile acid-dependent bile flow, affecting
both bile acid uptake and canalicular secretion [8,
9]
. These proinflammatory cytokines also promote
the expression of MHC class II molecules on
target cells, thereby enhancing target antigen
presentation [10] . Proinflammatory cytokines
activate neutrophils and T and B cells, increase
the expression of intercellular adhesion molecules
(ICAMs), and may promote tissue damage by
direct action. It is proposed that these portal tract
inflammatory events can contribute to the downregulation of hepatocel lular bile salt transport,
and hence aggravate cholestasis. Unfortunately,
there are few cases of cholestatic jaundice in
which the specific cellular defect has been
identified. For most cholestatic process, multiple
defects may act in concert to produce disease.
EVALUATION OF THE PATIENT WITH CHOLESTATIC
IAUNDICE

The first question to be resolved is whether the
cholestasis results from intrahepatic or extrahepatic
disease process, bearing in mind that several
intrahepatic causes of cholestatic jaundice can mimic
extrahepatic obstruction to varying degree [2,11].
Comprehensive clinical evaluation comprising the
history, physical examination, and basic laboratory
tests and the additional information provided by
ultrasonography (US) or computed tomography (CT)
are highly successful in making this important
distinction (Figure 1). Clinically important clues to
extrahepatic obstructions include abdominal pain, a
palpable gallbladder or upper abdominal mass,
evidence of cholangitis, and a history of previous
biliary surgery. Clinical clues to intrahepatic
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cholestasis include pruritus, as in primary biliary
cirrhosis (PBC) and primary sclerosing
cholangitis (PSC) patients [12] . Pruritus may be
prominent in alcoholic hepatitis and has been
reported in about 10% of patients with acute viral
hepatitis [13].

Figure 1 Schematic of work-up of cholestatic jaundice.
AFP, alpha-fetoprotein; AMA, antimitochondrial antibodies; ANA,
antinuclear antibody; ASMA, anti-smooth muscle antibody; CT,
computed tomography; ERCP, endoscopic retrograde
cholangiography; MR, magnetic resonance; PTC, percutaneous
transhepatic cholangiography; US, ultrasonography.

The patient should be asked about risk factors,
including alcohol intake, medications, sexual
contact, drug abuse, needle punctures, and travel
history. The family history is of value in benign
recurrent intrahepatic cholestasis (BRIC). Details
regarding the onset of jaundice and its duration,
whether intermittent or progressive, as well as its
associated symptoms like darkening of the urine,
acholic stools, arthralgia, rash, weight loss, fever,
chills, and pain in the right upper quadrant should
be obtained[3]. Physical examination should involve
careful observation of stigmata of chronic liver
disease, xanthelasma, clubbing, and
lymphadenopathy. Hepatomegaly is usual in
alcoholic liver disease, primary or secondary
hepatic neoplasm, infiltrative disease, and primary
biliary cirrhosis (PBC)[14,15]. Marked splenomegaly
suggests cirrhosis with portal hypertension or
lymphoproliferative disease[16,17].
Laboratory work-up for cholestatic jaundice should
include complete blood count with differential,
urea, creatinine, electrolytes, and a liver panel
including alkaline phosphatase, GGT,
aminotransferases, albumin, bilirubin, and
prothrombin time. Immunological markers such as
AMA, ANA, ASMA, ANCA, and immunoglobulins
and serological markers for viral hepatitis are

253

helpful. Serum alpha-fetoprotein, carcinoembryonic
antigen, and CA19.9 may be increased in patients with
malignancies[18].
Clinical evaluation is quite sensitive, but has a
positive predictive value of only about 75%; that
is, about 25% of patients with suspected
obstruction actually have hepatocellular disease [2].
The rare case of obstruction that is missed in the
initial clinical evaluation will probably become
apparent on follow-up evaluation, and the delay in
establishing the correct diagnosis is unlikely to
harm the patient. If, on the other hand, obstruction
is suspected, then a more aggressive work-up is
appropriate.
US and CT have comparable sensitivity (85%96%) in detecting dilatation of the intrahepatic
and extrahepatic biliary tree in patients with
proven obstruction [3] . US is widely recommended
as the first-line imaging procedure in the
evaluation of cholestatic jaundice. Although
gallbladder stones are readily detected by US,
common bile duct stones may be missed in 60%
of patients because of the interference caused
by intestinal gas. Obesity may also lead to an
unsatisfactory study. Moreover, with the
exception of mass lesion in the head of the
pancreas, US usually does not identify the type
of obstruction.
CT is more likely to yield information regarding
the level of the obstruction, localizing this in 90%
of patients [3,19] . CT is also a reasonable first
choice in patients with lymphoma, in whom it may
provide information regarding retroperitoneal
lymph node involvement [20]. Although a negative
US or CT may represent a logical stopping point
in the diagnostic work-up of a patient in whom
obstruction is not strongly suspected on clinical
grounds, a negative study should not dissuade the
clinician from further evaluation of a patient in
whom obstruction is considered highly likely. In
patients in whom the clinical suspicion of biliary
obstruction is supported by CT or US, direct
visualization of the biliary tree with percutaneous
transhepatic cholangiography (PTC) orendoscopic
retrograde cholangiography (ERCP) is appropriate
and necessary. PTC and ERCP have in common
99% sensitivity and specificity for the diagnosis
of biliary obstruction, and both are capable of
demonstrating the site and the nature of the
obstruction in more than 90% of patients [21]. Both
also provide therapeutic interventions including
removal of stones, dilatation of strictures, and the
pl acement of stents across obstructing lesions,
as well as the placement of biliary drainage
catheters[22].
ERCP is the procedure of choice in suspected
ampullary or duodenal lesions in pancreatic
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carcinoma and when gallstone obstruction is
suspected, in which case sphincterectomy and stone
extraction can be implemented. Palliative stenting
of neoplastic obstruction and temporary stenting of
certain types of traumatic lesions of the common
bile duct are frequently accomplished with ERCP
[22]
. ERCP is also a logical first procedure in patients
with suspected PSC and in patients who have
undergone cholecystectomy in whom jaundice is
suspected on the basis of choledocholithiasis, since
US is often unhelpful in this setting, as the stone is
likely to be missed and ductal dilatation may be
absent [23].
PTC is often preferred when an obstructing lesion
high in the biliary tree is anticipated, as it will
permit visualization of the proximal extent of the
lesion and enable immediate biliary drainage of
obstructed intrahepatic ducts. PTC is also
preferred in patients with previous
gastrointestinal surgery like Billroth II
gastrectomy [24]. PTC is usually contraindicated
in patients with mark ed ascites and
coagulopathy. In some instances, both PTC and
ERCP may be used to gether in a combined
therapeutic approach from above and below to
maneuver guidewires and stents across a difficult
obstruction. Sometimes hepatobiliary
scintigraphy, which is of established value in the
diagnosis of acute cholecystitis, may help in
evaluating biliary leaks and congenital
malformations[25].
Recently, endoscopic CT and magnetic resonance
cholangiography have been found to be very helpful
in the diagnosis of biliary obstruction, especially in
the setting of liver transplantation[26,27]. A negative
study obtained by ERCP or PTC represents a
reasonable endpoint to the work-up of obstruction in
the jaundiced patient. Liver biopsy may be
appropriate at this time point. Minor complications
of a cutting needle biopsy, such as prolonged right
upper quadrant pain, occur in up to 6% of cases[28].
Major complications such as clinically significant
intra-abdominal bleeding are uncommon, and
mortality (almost always from hemorrhage) is
approximately 0.01%[29,30]. Cholestasis per se does
not appear to increase the risk of a major
complication. Percutaneous liver biopsy is
contraindicated in patients with a significant
coagulopathy or substantial ascites; in these
instances, performance of a transjugular liver biopsy
[31]
or not performing a biopsy at all are alternatives.
Weighing against these negative considerations are
the potential benefits of obtaining histological
information.
Liver biopsy may be of great value in
d ifferentiating hepatocellular cholestasis from
o b s t r u c t i v e c h o l e s t a s i s [32]. U n f o r t u n a t e l y ,

WJG

June

1999

Volume 5

Number 3

differentiating drug-induced cholestatic hepatitis
from other causes cannot be performed
histologically. A chief question in a patient with
cholestatic jaundice is whether there is significant
underlying chronic liver disease[33] or an infiltrative
process, particularly granulomatous disease,
lymphoma, or metastatic carcinoma [34]. Portal tract
neutrophilic infiltrates seen in liver biopsy are a
common accompaniment of biliary obstruction,
ascending cholangitis, outright sepsis,
cholangiolytic drug reactions, and
hyperalimentation [35] . Finally, biopsy of the liver
is particularly helpful in differentiating the
cholestatic picture of alcoholic hepatitis from that
of cholangitis [36].
DIFFERENTIAL DIAGNOSIS

Cho l e s t a t i c l i v e r d i s e a s e c a n b e b r o a d l y
categorized as extra-or intrahepatic. The
extrahepatic component is best approached
anatomically. The intrahepatic component
comprises intrinsic disease, infiltrative disease,
systemic disease, and space-occupying lesions.
Prevalent clinical abnormalities (Tables 1, 2) will
be detailed in subsequent sections.
E X T R A H E PAT I C C A U S E S O F C H O L E S TAT I C
JAUNDICE

Among the extrahepatic causes of chronic cholestasis,
secondary sclerosing cholangitis due to
choledocholithiasis or biliary surgery is probably the
most common. This is usually related to a single
stricture of the common hepatic duct or common bile
duct. Other causes of extrahepatic cholestasis are
listed in Table 1.
Table 1 Differential diagnosis of cholestasis and
hyperbilirubinemia (cholestatic jaundice)
CBD dilated: Best approach is anatomically
Ampulla of Vater
Stones, carcinoma of pancreas, chronic pancreatitis, ampullary neoplasm,
diverticulum, pancreatic cyst, abscess of pancreas, sphincter of Oddi
dysfunction
Common bile duct
Benign traumatic stricture, stones, choledochal cyst, cholangiocarcinoma,
parasites, hemobilia, extrahepatic atresia
Gallbladder
Carcinoma of gallbladder
Portal nodes
Cholangicarcinoma, lymphoma, metastatic carcinoma, cavernous portal vein

CHOLEDOCHOLITHIASIS

Although gallstones produce jaundice by impaction
in the common bile duct, acute cholecystitis is
associated with mild jaundice in up to 20% of
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patients. This is attributed to edema of the common
duct (Mirizzi syndrome) or to direct involvement
of the porta hepatis by inflammation[37]. Common
duct stones retained after cholecystectomy may
produce jaundice in the immediate postoperative
period or even several years after
cholecystectomy. Acute gallstone obstruction is
often associated with pain from biliary colic or
from acute pancreatitis resulting from ampullary
obstruction. Sudden impaction of a stone in the
common duct may be associated with a rapid rise
in aminotransferases 20-50 above normal,
followed by an equally rapid decline within 72 hours
[38]
. Cholangitis is rel atively common in patients
with choledocholithiasis and manifests as fever
with chills, abdominal pain, and jaundice, a
syndrome known as Charcot’s triad, although
jaundice may be absent in one third of patients
with cholangitis [39].
BENIGN STRICTURES OF THE BILE DUCTS

Benign biliary stricture in adults following
previous surgery and biliary atresia in the
pediatric population are the two most common
type of strictures [18]. PSC may produce multiple
or diffuse strictures that are not associated with
proximal ductal dilatation [40] . In patients with
chronic alcoholic pancreatitis, a long stricture
may develop in the intrapancreatic portion of the
common duct, leading initially to cholestasis and
eventually to secondary biliarycirrhosis [41] .
Ampullary stenosis may result in patients with
acquired immunodeficiency syndrome (AIDS)[42]
or from the trauma of passing a stone.
Cholangitis is frequent in patients with benign
biliary obstruction, in contrast to its relative
infrequency in the framework of malignant
obstruction [18].
NEOPLASTIC OBSTRUCTION

Pancreatic carcinoma is the commonest neoplasm
producing obstructive jaundice. Other tumors
include cholangiocarcinoma, ampullary tumors, and
carcinoma of the gallbladder[18,43]. Abdominal pain
radiating into the back, along with loss of appetite
and weight loss, may be present, but jaundice may
also develop without pain (usually progressive and
deep jaundice). Cholangiocarcinoma may obstruct
the biliary system at any level, and the clinical
presentation is similar to pancreatic cancer [44] .
Cholangiocarcinoma of the extrahepatic bile ducts
may be growing into the lumen. The sclerosing
variant of cholangiocarcinoma, which frequently
arises at the confluence of the right and left hepatic
ducts (Klatskin’s tumor), may be difficult to
distinguish from PSC both radiologically and on
biopsy. This tumor infiltrates early into the wall of
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the bile duct, where it elicits a markedly sclerotic response[45].
Tumors producing complete obstruction of the
common bile duct may be accompanied by marked,
palpable dilatation of the gallbladder (Courvoisier’s
law). Ampullary tumors may produce intermittent
jaundice because of sloughing of the tumor and
partial relief of the block. Metastatic cancer may
obstruct the bile duct, as may lymphoma [46] .
Hepatocellular carcinoma may uncommonly
rupture into the biliary system and give rise to
tumor emboli that lodge in and obstruct the
common duct [47]. The extrahepatic ducts may be
compressed by adjacent tumor, by peribiliary
lymph node infiltrated by lymphoma, or by
m e t a s t a t i c c a r c i n o m a o f b r e a s t [ 4 6 ]. D i r e c t
infiltration of the ducts by lymphoma may also lead
to obstruction [48].
UNCOMMON CAUSES OF OBSTRUCTIVE JAUNDICE

Choledochal cyst may first manifest as obstructive
jaundice after 17 years of age [49]. A duodenal
diverticulum is a rare cause of biliary obstruction.
Hemobilia, mostly a result of hepatic trauma,
including invasive procedures or neoplasm, presents
with the triad of biliary colic, jaundice and
gastrointestinal bleeding[50]. Invasion of the common
bile duct with Ascaris or with liver flukes of the
Fasciola, Clonorchis, or Opisthorchis genera may
produce cholangitis [51] . Secondary sclerosing
cholangitis due to opportunistic infection of
immunodeficient patients has become increasingly
common since the advent of AIDS. Cryptosporidium
parvum, cytomegalovirus (CMV), and Microsporidiaare the organisms most frequently found[52].
I N T R A H E P AT I C C A U S E S O F C H O L E S T AT I C
JAUNDICE

Intrahepatic cholestasis may arise from many sources
and presents, therefore, a particular challenge when it
develops in the seriously ill patient (Table 2). Many insults
may cause local and systemic activation of the
inflammatory cytokine system, and thus these
proinflammatory events are potent inducers of
intrahepatic cholestasis.
INTRINSIC DISEASES

Drug-induced cholestasis. Drugs may be responsible
for 2%-5% of cases of jaundice in in-patients, and
this percentage is probably substantially higher
in the elderly [53] . The clinical presentation may
mimic viral hepatitis or biliary tract disease.
Serum sickness like features, including rash,
arthralgia, and eosinophilia, are clues to a druginduced etiology[53]. Chronic cholestasis tends to occur as
a rare idiosyncratic reaction to certain commonly used
drugs, including ampicillin-clavulanic ac id,
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chlorpromazine, cotrimoxazole, erythromycin,
flucloxacillin, phenytoin, and tetracycline (Table 3)[54].
The histological features vary from case to case and
over time. Generally, in the acute phase there is
parenchymal bilirubinostasis, in the chronic phase
bilirubinostasis commonly resolves, and features of
cholate stasis persist and ductopenia develops[55].A
different pattern of drug-induced liver injury leading to
chronic cholestasis is drug-induced sclerosing cholangitis,
as seen following floxuridine treatment[56]. Scolicidal
agents, injected into intrahepatic hydatid cysts, may
escape into the biliary system and cause stricture
formation that may ultimately lead to biliary cirrhosis[57].
In patients taking numerous medicines, the only practical
approach is to eliminate the drug with the highest likelihood
of cholestatic injury and monitor for improvement.
Table 2 (continued): Differential diagnosis of cholestatic jaundice
Normal CBD
Extrahepatic
Stone too early, stone too late, cholangiocarcinoma, and primary sclerosing
cholangitis
Intrahepatic
Intrinsic diseases
Drugs, alcoholic hepatitis, viral hepatitis, AIDS, primary biliary cirrhosis,
autoimmune cholangitis, primary sclerosing cholangitis, idiopathic
adulthood ductopenia, Autoimmune hepatitis, decompensated
liver cirrhosis
Infiltrative diseases
Granulomatous hepatitis (Tuberculosis, amyloidosis), sarcoidosis,
Lymphoma, leukemia, fatty liver
Systemic diseases
Sepsis, total parenteral nutrition (TPN), benign recurrent intrahepatic
cholestasis (BRIC), cholestasis of pregnancy, cystic fibrosis, disappearing
intrahepatic ducts syndrome, allograft rejection, graft versus host disease
(GVHD), sickle cell syndrome, mastocytosis, hypereosinophilic
syndrome, Hyperthyroidism
Space occupying lesions
Blood-hematoma, peliosis; pus-bacterial, amebic; cyst-hydatid, polycystic
Cancer-primary, secondary

Table 3 Common drugs known to cause cholestatic jaundice
Antimicrobial agents
Augmentin (amoxicillin-clavulanic acid), cloxacillin,
erythromycin, ethambutol, dapsone, fluconazole, nitrofurantoin,
griseofulvin, ketoconazole, terbinafine
Cardiovascular agents
Disopyramide beta-blockers, ACE inhibitors, propafenone,
ticlopidine, warfarin, methyldopa
Endocrine agents
Sulfonylureas, clofibrate, estrogens, tamoxifen, androgens, niacin,
oral contraceptives
Gastrointestinal agents
H2 blockers (e.g., ranitidine), penicillamine
Immunosuppressive agents
Azathioprine, cyclosporine, gold salts, NSAIDs (e.g. diclofenac,
nimesulide, piroxicam)
Psychopharmacologic agents
Tricyclic antidepressants, benzodiazepines, phenothiazines,
phenytoin, halothane

ACE: angiotensin-converting enzyme; NSAIDs: non-steroidal antiinflammatory drugs.
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Alcoholic hepatitis. Alcoholic hepatitis with
severe cholestasis m ust always be considered.
Marked hepatomegaly with hepatic tenderness and
evidence of hepatocellular failure
(aminotransferases <500U/L), along with a
compatible history of alcohol intake and fever,
suggests the diagnosis. Alkaline phosphatase can
vary from normal to values in the thousands U/L.
Bilirubin levels range from normal to 340 µmol/L
510 µmol/L[58].
Viral hepatitis. Infrequently, a severe cholestatic
syndrome may follow the acute phase of viral hepatitis;
this is most commonly seen with hepatitis A [59],
Hepatitis C[60], and hepatitis E[61]. Despite the fact that
jaundice may be profound for up to 6 months, complete
recovery is the rule. Recently, we described a case of
severe cholestatic jaundice in the elderly due to EpsteinBarr virus infection, which led to a diagnostic delay
since the clinical presentation mimicked biliary
obstruction[62].
AIDS. In AIDS-related cholangiopathy,
Cryptosporidium is the most frequent cause, but
Microsporidia, CMV, Mycobacterium aviumcomplex, and Cyclospora have also been reported.
Papillary stenosis may be present in patients with CD4
lymphocyte counts of <100/mm [3] and alkaline
phosphatase >500IU/L.Jaundice is an unusual
manifestation of AIDS-related cholangiopathy. If
present, it suggests other disorders, including drug or
alcohol abuse or neoplasm[63].
Primary biliary cirrhosis. PBC could account
fo r c h o l e s t a t i c j a u n d i c e . C l a s s i c P B C i s
described as a chronic non-suppurative
cholangitis associated with AMA positivity in
95% of cases (anti-M2). Thirty percent will
have positive ANA [64] . Histolog ically, bile duct
injury along with portal inflammation are the
usual findings, which are most often associated
with elevation in alkaline phosphatase, IgM, and
cholesterol. A female predominance is
characteristic. Patients may, most commonly,
be asymptomatic at presentation or may
describe fatigue, pruritus, or right upper
quadrant pain. Less than 20% of patients will
have jaundice at time of presentation, and less
than 5% will exhibit complications of portal
hypertension [64] . The majority of patients will
have associated autoimmune disorders
(Sjögren’s syndrome, scleroderma, and
arthritis). Ursodeoxycholic acid (UDCA) is the
only drug shown to prolong survival and to
improve biochemical abnormalities. However,
there is no evidence that it improves liver
histology [65] . Presentation of HLA-II antigens
as well as the expression of ICAM-1 and LFA3
induced by proinflammatory cytokines like TNFalpha and interferon-gamma appear to
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contribute to the biliary cell lysis observed in PBC[66].
Autoimmune cholangitis. AIC is a recent entity
in which liver biopsy findings are indistinguishable
from classic PBC, but AMA positivity is lacking.
Clinical and biochemical parameters are similar
to PBC, except that in AIC other autoantibodies
such as ANA and ASMA are often found in
varying titers. The IgM titers are typically lower
as well. These patients are treated as if they have
PBC [67].
Primary sclerosing cholangitis. PSC patients are
more likely to be young men. PSC is associated
with inflammatory bowel disease in 40% of cases
[68]
. Current information suggests immunemediated damage of the biliary epithelium,
although a precise mechanism has not been
defined. Patients typically present with cholestasis,
although occasionally jaundice and less commonly
portal hypertension are present. Serum ANCA is
positive in up to 80% of patients[69]. Both intra and
extrahepatic bile ducts are involved, although a
small percentage of patients have their disease
confined to the hilar extrahepatic duct. Liver
histology is not particularly useful in making the
diagnosis, but does aid in the diagnosis of smallduct PSC (pericholangitis). Recurrent bacterial
cholangitis as well as the development of
cholangiocarcinoma and (in 15%-30% of cases)
carcinoma of the colon constitute the morbid
complications [70]. UDCA has no benefit in these
patients regarding survival and quality of life.
Whether other therapies such as FK-506 and
colchicine offer significant benefit has not been
established[71].
Idiopathic adulthood ductopenia. This entity is
rare and is defined by the presence of ductopenia
(decrease of bile ducts in >50% of the portal
triads) and cholestasis in the absence of known
cholestatic liver disease. It is a diagnosis of
exclusion[72]. In addition to ductopenia, the biopsy
may show lymphocytic cholangitis and features of
chronic cholestasis. In some patients the process
progresses to biliary cirrhosis. A recent report
suggests that UDCA may result in biochemical
improvement[72].
Autoimmune hepatitis. AIH can present as a
primary cholestatic disorder [73]. By the criteria
proposed by the International Autoimmune
Hepatitis Group, a score can be calculated that
defines the probability of a diagnosis of AIH.
Patients are usually females (70% of cases) ANA
and ASMA are present in the serum of the majority
of patients. Furthermore hypergammaglobulinemia
is present in 80% of cases. Associated
autoimmune disorders include arthritis, rash,
thyroiditis, Sjögren’s syndrome, and ulcerative
colitis[74].
Decompensated chronic liver disease. Jaundice
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may occur during the course of chronic hepatitis
or cirrhosis. In cirrhosis, jaundice often is
accompanied by other evidence of severe
hepatocellular dysfunciton and is a prognostically
grave sign. Cirrhosis induced by extrahepatic
obstruction is associated with increased levels of
circulating endotoxins [75], and elevated levels of
proinflammatory cytokines can be documented in
patients with cirrhosis of biliary or viral origin [76].
INFILTRATIVE DISEASES

Granulomatous hepatitis. GH is a common
cause of cholestatic liver disease. Most often the
liver manifestations are secondary to a more
disseminated process , but isolated GH has been
described [77] . GH is a well-described entity
associated with a long list of causes, including
sarcoidosis, infection (tubercular and fungal,
especially histoplasmosis), hypersensitivity
reaction, foreign-body reaction, malignant
conditions, inflammatory bowel disease, drug
reaction, and as a manifestation of other chronic
liver disease [77]. In one series, approximately 20%
of cases of patients with granulomas were
attributed to asso ciated liver conditions. On the
other hand, idiopathic GH accounts for 5%-36%
of cases in which hepatic granulomas are found
[78]
. Pathologically, hepatic granulomas are
usually multiple nodular infiltrates consisting of
aggregates of epithelioid cells or macrophages
surrounded by a rim of mononuclear cells. Mult
inucleated giant cells are sometimes present. The
normal architecture of the liver is usually not
disturbed. In some cases, granuloma may be
confined to the liver with no evidence of
extrahepatic granulomatosis. Clinically, patients
are often asymptomatic, and granulomas are
found as part of a work-up for abnormal liver
function tests or in the evaluation of fever of
unknown origin (FUO). In studies of FUO, GH
accounts for up to 13% of cases [79]. In GH, nonspecific s ymptoms are the rule, usually including
malaise, anorexia, and fever. Manifestat ions of
profound cholestasis or hepatic failure are rare
[77]
. In such ca ses, routine bacterial and fungal
blood culture as well as special culture and s tains
of involved tissue would be required. GH tends
to follow a benign course,with spontaneous
recovery in most cases.
Sarcoidosis. Sarcoidosis is a systemic disease
characterized by non-caseati nggranuloma of
multiple organs. Seventy percent of patients have
hepatic granuloma. Localization of portal granuloma
may result in cholestasis with destruction of
interlobular bile ducts [80] . A non-caseating
granuloma indicates a combined role of activated
CD4 T cells and macrophages. Elevated alkaline
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phosph atase is the most characteristic abnormality
found on liver testing and may be reduced by
treatment with corticosteroids used to treat other
manifestations of the disease. Concomitant
intrathoracic disease, pulmonary symptoms, and
significant anemia/leukopenia make this diagnosis
very likely[81].
Lymphoma. Between 3% and 10% of patients
with lymphoma develop jaundice duri ng the course
of their disease and its treatment[82]. The causes of
jaun dice include hepatic infiltration, portal tract
destruction, obstruction of the extrahepatic biliary
tree, and jaundice associated with chemotherapy[82].
Histiocytic lymphoma may produce a rapidly
progressive syndrome characterized by fever,
hepatosplenomegaly, deep jaundice,
lymphadenopathy, and pancytopenia. A rare
syndrome of lymphomaª²associated idiopathic
cholestasis has been reported most commonly with
Hodgkin’s disease, but may also occur with nonHodgkin’s lymphoma[84].
Fatty liver. Fatty liver, or non-alcoholic
steatohepatitis, most commonly occurs in middleaged women with obesity, diabetes, and
hyperlipidemia and a variety of other medical
problems. Cholestasis can be seen in about 5% of
patients wi th fatty liver[85].
SYSTEMIC DISEASES

Bacterial infection (sepsis). Mild
hyperbilirubinemia develops in 1%-6% of
patients with bacterial infections. The bilirubin
is usually <170 µmol/L. Serum a lkaline
phosphatase levels range from 1.5 to 3-fold
above normal, whereas serum
aminotransferases usually show less than a 2f o l d i n c r e a s e [86]. T h e o r g a n i s m s m o s t
commonly associated with infections producing
cholestatic jaundice are the gram-negative
bacteria. Gram-positive infection from
Staphylococcus aureus,in particular toxic shock
syndrome and streptococcal pneumonia, may
a l s o b e a s s o c i a t e d w i t h j a u n d i c e [86]. T h e
pathogenesis of cholestasis in sep sis is unclear,
but direct hepatotoxicity from gram-negative
bacterial endotoxins,gram-positive bacterial
lipoteichoic acid, hepatic hypoxia, destruction
of tr ansfused red cells, and hematomas may
all play arole. Endotoxins and inflammati oninduced cytokines such as TNF are potent
cholestatic agents [87-90]. Bile may also precipitate
within larger intrahepatic bile ducts in conditions
in which sepsis is playing a role, producing massive
ductular dilatation with retai ned bile at the
interface of the hepatic parenchyma and portal
tracts, so-called “cholangitis lenta”[91]. Other uncommon
infections may produce cholestatic jaundice include
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leptospira, clostridium, and borrelia.
Total parental nutrition. TPN-associated
cholestatic jaundice in adults usually follows
infusions containing in excess of 60% of calories
as lipids for a period longer than 3-4 weeks.
Gallbladder stasis is almost universal in patients
on TPN, with a marked increase in the incidence
o f g a l l s t o n e s [92]. I f t h e T P N c a n n o t b e
discontinued, it should be cycled around 10 hours
per day. Excess caloric infusion can be avoided
by keeping glucose <6 g/kg per day and lipid <2
g/kg per day. Recent reports have demonstrated
improvement in cholestatic param eters by
administration of UDCA [93]. Patients receiving
hyperalimentatio n are susceptible to developing
cholestasis because of the diminished stimulus to
bile flow associated with the absence of oral
feeding and release of hormones that stimulate
bile flow [94] , as well as the direct oxidant stress
to th e liver. Whether there are toxic effects of
the hyperalimentation solutions hasnever been
c l e a r l y e s t a b l i s h e d [95]. H o w e v e r ,
hyperalimentation fluids are hypertonic and may
aggravate a cholestatic state by further
desiccating bile t hrough osmotic effects [95].
Benign recurrent intrahepatic cholestasis. BRIC
is characterized by recurrent episodes of jaundice
with pruritus, biochemical signs of cholestasis,
and hist ological hepatocanalicular
bilirubinostasis, with normal intra- and
extrahepatic bile ducts and absence of
inflammation and fibrosis, absence of factors
known to produce intrahepatic cholestasis such
as drugs or pregnancy, and symptom-free
intervals [96] . Cholestatic episodes may last for
many months. BRIC may occur in sporadic or
familial form; the latter has recently been
attributed to ge netic abnormalities on
chromosome 18 [97] . As in Byler disease, GGT is
no rmal in the presence of high alkaline
phosphatase. The episodes eventually resol ve
without morphological sequelae.
Cholestasis of pregnancy. This entity occurs
recurrently in the third trimester of pregnancy in
susceptible individuals and resolves after parturition.
It is characterized by biochemical cholestasis with
pruritus, usually accompanied by jaundice.
Contraceptive drugs are a risk factor. Histology of
the liver is similar to BRIC. It is associated with
increased risk of premature delivery or stillbo rn
births [98]. UDCA has been used with success[99].
Cystic fibrosis. In the liver, mutation and
deletion in cystic fibrosis tran smembrane
conductance regulator impair biliary secretion
and result in cholestas is in 15% of cystic fibrosis
patients [100] . UDCA also may be useful in these
cases[101]. Biliary cirrhosis occurs in approximately
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5% of patients and affects more males than
females [100].
Disappearing intrahepatic bile ducts.
Disappearance of intrahepatic bile ducts occurs
in a variety of congenital and disease conditions
(Table 4). The pathogenic mechanism responsible
for bile duct destruction remains poorly defined.
M oreover, it is likely that multiple mechanisms
are operative in individual diseases. The primary
mechanism includes direct or indirect cytotoxicity
of biliary epithelial cells, ischemic injury and
necrosis, and progressive obliterative perib iliary
fibrosis [102].
Table 4 Causes and syndromes of ductopenia in the adult
patient
Syndromatic ductopenia (Alagille syndrome)
Non-syndromatic adult ductopenia
Ductal plate malformation (congenital hepatic fibrosis, biliary atresia
Primary biliary cirrhosis, autoimmune cholangitis
Primary sclerosing cholangitis
Chronic rejection
Graft-versus-host disease
Sarcoidosis
Cystic fibrosis
Byler disease (progressive familial intrahepatic cholestasis)
Histiocytosis X and
Different drugs (amoxicillin-clavulanic acid, carbamazepine)
Duct destruction after regional chemotherapy (e.g. floxuridine)
Idiopathic adulthood ductopenia

Allograft rejection. Causes of cholestasis after
liver transplantation are multifactorial, including
postoperative dysfunction of the biliary tree
(ductularor vascular), infection, recurrence of the
primary disease, drugs, and rejection . In both acute
and chronic rejection, small bile ducts are destroyed,
resulting in cholestatic changes. Alkaline
phosphatase, bilirubin, and GGT, along with am
inotransferases, are elevated. Because of their lack
of specificity, histological evaluation is needed to
make the diagnosis[103].
Graft-versus-host disease. GVHD is the major
com p l i c a t i o n o f a l l o g e n e i c b o n e m a r r o w
transplantation. Donor T cells recognize foreign
host antigens in an immunocompromised host,
resulting in injury to skin, intestine, and liver. In
liver,the small bile duct cells are the primary
targets of injury. The diagnosis is based on the
development of rash, diarrhea, and elevated
alkaline phosphatase. Acute GVHD usually begins
in the third week, whereas chronic GVHD
develops at around the sixth month after transplant.
The extreme hyperbilirubinemia seems out of
proportion to the degree of bile duct or hepatocellular
d a m a g e [104]. A l t h o u g h l i v e r b i o p s y c a n b e
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performed, skin or rectal biopsy is preferred.
Sickle cell anemia. In patients with sickle cell
anemia, jaundice may occur from a variety of factors,
including viral hepatitis, choledocholithiasis, hepat ic
sickle cell crisis, and a syndrome of severe intrahepatic
cholestasis. Hepati c sickle cell crisis is characterized
by severe right upper quadrant pain, fever,
leukocytosis, jaundice, tender hepatomegaly, and
moderate elevation of alkaline phosphatase. Resolution
of acute symptoms with hydration and analgesia may
befollowed by persistent cholestatic jaundice for
several weeks[105].
Postoperative jaundice. The prevalence of
jaundice following major surgery has been estimated
at 17% for bilirubin levels of 2 mg/dl-4 mg/dl, with
4% of patientsd eveloping more pronounced
elevations. The etiology of cholestatic jaundice in
th e postoperative period may be discrete or
multifactorial. Responsible factors in clude sepsis,
drug- oranesthetic-induced hepatitis, and
obstruction of the biliarytree resulting from
pancreatitis, choledocholithiasis, or direct injury to
the biliary tree [106] . The entity termed “benign
postoperative cholestatic jaundice” occurs between
1 and 10 days following major surgery. The jaundice
may be profound, with a 2 to 4-fold elevation of
alkaline phosphatase levels and only mild increases
in serum aminotransferases. Liver biopsy reveals
cholesta sis without inflammation. The condition is
self-limited and requires differentiation from
obstructive jaundice [106].
Sweet’s syndrome. This is an idiopathic condition,
but approximately 20% of patients have an
associated malignancy [107]. The disease is thought
to be a hypersensitivity reaction, either as a
parainflammatory (e.g., infections, a utoimmune
disorders, vaccination) or paraneoplastic event.
The most frequently observed neoplasm is acute
myelogenous leukemia; lymphomas, chronic
leukemia, mye lomas, myelodysplastic syndromes,
and a variety of solid tumors also are represe
nted. The onset of Sweet’s syndrome is widely
distributed around the time of de velopment of
malignancy, appearing most often within 2 months
before or after the clinical diagnosis of overt
m a l i g n a n c y. A d e f i n i t i v e d e r a n g e m e n t i n
neutrophil function in Sweet’s syndrome has not
been identified. Rather, elevated levels of
circulating granulocyte colony-stimulating factor
and IL-6 or of local cytokine s have been
implicated [108-110].
O T H E R I N T R A H E PAT I C C A U S E S O F C H R O N I C
CHOLESTASIS

Nodular regenerative hyperplasia (NRH), bone
marrow transplant (BMT), connective tissue
diseases (CTD), Felty’s syndrome, mastocytosis,
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hypereosinophilic s yndrome, hyperthyroidism, and
space occupying lesions that can lead to chronic
intrahe patic cholestasis are listed in Table 1. The pathology
of these entities isnot discussed further here.
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CONCLUSIONS

The causes of cholestatic jaundice can usually
be identified if one keeps in mind the important
steps of transport of bilirubin and secretion of
bile flow through the intra and extrahepatic
biliary tree.
Most causes of cholestatic jaundice are a result of
diseases of the liver or bil iary tract, including
intrahepatic forms caused by drugs, alcohol,
infection, and destruction of the interlobular
ducts. In postoperative jaundice, multiple mec
hanisms, such as a combination of pigment load
with hypoxic injury to the liver, can result in
jaundice. It is easy to visualize how mechanical
obstruction of t he biliary tree will give rise to
jaundice, as in a patient with carcinoma of the
bile duct or PSC. There is no substitute for a good
history, physical examinat ion, and review of the
standard chemistries. With the initial information,
the correct diagnosis can be made 85% of the
time. In the remaining cases, non-invasive
scanning procedures will help in confirming
suspicions, but the final diagnosis will usually be
made only with direct forms of cholangiography
and/or liver biopsy.Occasionally we encounter a
case of cholestatic jaundice where we
cannotreadily establish the diagnosis. Tincture of
time generally will lead to the ap pearance of
further signs and symptoms that eventually will
clarify the disease.
In every case, the responsibility rests on the
physician to adopt a thoughtful a pproach to
minimize risk, expense, and time involved in
obtaining sufficient inf ormation for a definitive
diagnosis and treatment.
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INTRODUCTION

The macrolide clarithromycin has emerged as the most
important antibiotic in combined therapy for eradication
of H. pylori infection[1,2]. However, concerns about
increasing clarithromycin resistance in H. pylori and its
impact on the efficacy of eradication therapy have been
raised since its widespread acceptance in H. pylori
therapy[3,4]. Here, we sought to review the geographic
prevalence of clarithromycin resistance in H. pylori and
its molecular mechanisms, and assess the clinical
relevance of clarithromycin resistance.
Geographic prevalence of clarithromycin
resistant H. pylori

The worldwide, prevalence of primary (pre-treatment)
clarithromycin resistance to H. pylori ranges from 0.
8% to 18% (Figure 1)[5-29]. The reported prevalence in
China is between 4.8% and 7.5%, while the rate in
Australia ranges from 6.1% to 7.8%[5,6,11,12].
Molecular mechanisms of clarithromycin
resistance

Versalovic et al were the first to identify an A G
transition mutation within a conserved loop of 23S rRNA
of H. pylori, and its association with clarithromycinresistance[30]. The mutation occurs commonly at two
gene posi tions cognate with positions 2058 and 2059 of
Escherichia coli-23S rRNA, which?were re-named 2143
and 2144, and now revised as 2142 and 2143, respectively
[4,31]
. Point mutations may occasionally occur at other
positions, and can be a transition (A G) or a
transversion (A C), but the transition is far more
frequent[4,32-35]. Moreover, Versalovic et al [32] also
obser ved that the A2142G mutation was associated
with a high level of resistance (MIC>64 mg/L)
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than the A2143G mutation[32]. These observations are s
upported by others studies[33,36].
It has been reported that macrolide-resistance was
not stable in some strains of H. pylori in vitro[17].
This phenomenon was also observed in viv o; i.e.,
strains developed resistance post-treatment and then
reverted to being susceptible after a period of followup[17,30]. Versalovic et al cultured five genotypically
identical isolates subsequentially from one patient
before and after treatment with clarithromycin alone
[30]
. They observed that the first two post-treatment
isolates with a low-level clarithromycin resistance
had an A2143G mutation, which was not present in
the susceptible pretreatment isolate or in the last two
post-treatment isolates with reverted susceptibility
[30]
. This suggests that the mutation may be unstable
[35]
. However, Hulten et al reported that
clarithromycin resistance was stable after 50
subcultures in vitro[35], which is consistent with other
studies[37].
Cross-resistance between macrolides in H. pylori
has been observed [12,17,30] . Generally, H. pylori
strains resistant to clarithromycin are also
resistant to erythromycin, azithromycin and
roxithromycin or vice versa. These
observations have been confirmed at the
molecular level [3 6].
Detection of clarithromycin resistance in H.
pylori

The methods currently used for susceptibility testing
of H. pylori to clarithromycin include agar dilution
method, broth dilution method, disc diffusion test and
the Epsilometer test (E-test)[17,38]. The agar dilution
method determines the minimal inhibitory
concentrations (MICs) of antibiotics against bacteria.
This method is time consuming and not feasible for
routine use. However, it is a reliable technique which
is usually carried out as a reference method for other
techniques [17,38,39]. Broth dilution method is rarely
used because of the difficulty in growing H. pylori
in broth. The disc diffusion test is the easiest and
cheapest way of testing susceptibility. However, this
test requires strict standardization before it can be
used[39]. The E-test, developed in 1988, provides the
MIC of a strain directly by using a diffusion-like
method[40]. A plastic-coated strip contains a preformed
antimicrobial gradient on one side and a scale on the
other. The reading is taken at the point where the
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ellipse of growth inhibition intersects the strip.
Standardization and correlation with the agar
dilution method are also required prior to application.
This method is now widely used by many
investigators [12,13,15,16,18,22-28]. At present, no “gold
standard” method has been proposed for testing H.
pylori susceptibility to antibiotics including
clarithromycin and metronidazole, as there is still a
need for standardization regarding the appropriate
medium, the supplementation, the size of the
in o c u lu m, th e i n c u b a t i o n a t m o s p h e re , the
appropriate time to read the plates and the
breakpoint differentiating resistance and
susceptibility [38] . Since cross-resistance exists
between macrol ides, erythromycin susceptibility
testing may be useful in predicting (determining)
clarithromycin resistant H. pylori strains [12,17] .
Erythromycin s usceptibility testing is well
established in many microbiological laboratories, and
it is much cheaper than clarithromycin susceptibility
testing at present.
The association between point mutations on the
23S rRNA gene and macrolide resis tance in H.
pylori potentially provides a new approach for
diagnosing macrol ide resistant H. pylori strains.
Although cycle DNA sequencing of the 23S rR
NA gene amplicons is regarded as the reference
method, simpler techniques have been developed
[38]
. These include polymerase chain reaction
based restric tion fragment length polymorphism
(PCR-RFLP), an oligonucleotide ligation assay
(PCR-OLA), a DNA enzyme immunoassay
(PCR-DEIA), a reverse hybridisation line pro be
a s s a y ( P C R - L i PA ) , a n d a p r e f e r e n t i a l
homoduplex formation assay (PCR-PHFA) [30,
31,33,41-43]
.The PCR-based molecular techniques
are quicker than micro biological susceptibility
testing, and more importantly, they can be
performed directly on gastric biopsies and gastric
juice [10,44,45] .
Clinical relevance of clarithromycin resistance
in H. pylori

Studies have shown that clarithromycin resistance in
H. pylori substantially affects the success rate of
eradication regimens containing clarithromycin (Tab
le 1). Generally, dual therapy with an antisecretory
agent (e.g., H2 antagonis t or proton pump inhibitor)
and clarithromycin achieves eradication rates of 60%
to 80% for susceptible strains, but less than 40% for
resistance strains (Table 1). Triple therapy with an
antisecretory agent, clarithromycin and another anti
biotic (i.e., amoxycillin or metronidazole) increases
the eradication rates to 8 0%-95% for susceptible
strains, but the rates remain under 40% for resistant
ones (Table 1). A preliminary study reported that a
combination of ranitidine bismu th citrate and
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clarithromycin eradicated H. pylori at a rate of 98%
and 92%, respectively, for both susceptible and
resistant strains, but remains to be con firmed[13].
Current anti H. pylori treatment regiments
consisting of clarithromycin do not achieve an
eradication rate of 100%. Emergence of
clarithromycin-resistant strains during ineffective
treatment has also been observed; the prevalence
of clarithromycin-resistant strains cultured after
treatment ranges between 40% and 100% (Table
1). This implies a likelihood of potential spread
of clarithromycin-re sistant strains in the
population. Thus, the prevalence of
clarithromycin resist ance in H. pylori may
exhibit a similar trend to the prevalence of
metronida zole resistance in H. pylori. In Ireland,
the prevalence of metronidazole re sistant strains
was 7% in 1989, 34% in 1992 and 38% in 1996
[17]
. In Aust ralia, the prevalence of metronidazole
resistance was 17% in 1988, but increased to 40%
in 1995 and over 60% in 1998 [11,47] . It is most
likely that this increase is due to the use of
metronidazole as a key agent in classic triple
therapy (consisting of bismuth, metronidazole and
tetracycline or amoxycillin), or increased use of
this drug for other infections. Similarly, the
current prevale nce of clarithromycin-resistant
strains of 6%-8% in Australia is much higher than
the rate of 1.9% reported four years ago in this
country [11,12,48]. T his increase in the prevalence
of clarithromycin resistance has been also report
ed in Europe and the United States [14,20,27,49] . It
is assumed that pres criptions of macrolides,
especially the new members such as spiramycin,
roxithro mycin, azithromycin and clarithromycin
have been increased over the past years for the
treatment of respiratory infection, sexually
transmitted diseases and other infectious
diseases. Thus, patients treated with any member
of macrolides alo ne may select macrolide
resistant H. pylori organisms (if infected), as
cros s-resistance exists between macrolides.
Overall, H. pylori resistance to clarithromycin is
of less clinical relevanc e as compared with
resistance to metronidazole, mainly because of the
low preval ence and the possible reversibility of
resistance in some strains. Susceptibilit y testing is
not routinely required before treatment because of
the low prevalence of clarithromycin resistance
(Figure 1). However, H. pylori should be cul tured
and tested for clarithromycin susceptibility in
patients who have failed t he therapy containing
clarithromycin (Table 1). Moreover, any previous
use of ma crolides not aimed at anti-H. pylori
infection should be also taken into account when
clarithromycin is chosen for eradication of H.
pylori.
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Table 1 Effect of primary clarithromycin resistance on the efficacy of eradication therapy for Helicobacter pylori infection

Authors

Liu et al, 1996[5]
Suzuki et al, 1998[8]
Miyaji et al, 1997[9]

Maeda et al, 1998[10]
Megraud et al, 1997[13]
Debets-Ossenkopp et al,1996[16]
Tompkins et al, 1997[18]
Moayyedi et al, 1998[19]
Schutze et al, 1996[24]
Laine et al, 1998[25]
Yousfi et al, 1996 [26]
Buckley et al, 1997[46]

Treatment
regimens
LFC or BFC
LAC
OC or LC
OAC or LAC
OCM or LCM
LAC
OC
RbCC
RC
OC
OCT
RC
AC
OAC
RanMC
OMC

Eradication rate (%)
Susceptible strains
98(45/46)
94(66/70)
64(9/14)
85(57/67)
86(68/79)
85(29/34)
70(33/47)
98(42/43)
81(58/72)
80(101/127)
91(104/114)
75(21/28)
35(73/208)
81(153/190)
87(20/23)
85(71/84)

Resistant str ains
0(0/4)
0(0/1)
0(0/5)
28(2/7)
38(3/8)
40(2/5)
38(3/8)
92(11/12)
0(0/1)
0(0/4)
40(2/5)
20(1/5)
7.7(2/2.6)
27(4/15)
25(1/4)
0(0/3)

Prevalence of resistant
strains post-treatment (%)*
100(5/5)
40(2/5)
80(20 /25)
(Overall)
63(5/8)
81(17/21)
(Overall)
73(11/15)
74(14/19)
Nor reported
91(10/11)
53(70/131)
(Overall)
67(4/ 6)
58(7/12)

O, omeprazole; C, clarithromycin; A, amoxycillin; Ran, ranitidine; M, metronidaz ole; Rbc, ranitidine bismuth citrate; L, lansoprazole; Rox,
Roxithromycin; B, co lloidal bismuth subcitrate (CBS).
*The number of resistant strains post treatment was greater than the numbe r of resistant strains before treatment in all the studies,
suggesting acquisiti on of clarithromycin resistance during the unsuccessful treatment.
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Clinical study on the treatment of liver fibrosis due
α 1 and traditional medicine
to hepatitis B by IFN-α
preparation *
CHENG Ming-Liang1, WU Ya-Yun1, HUANG Ke-Fu2, LUO Tian-Yong1, DING Yi-Shen1, LU Yin-Yin1, LIU RenCai3 and WU Jun1
Subject headings hepatitis B; liver cirrhosis/therapy;
interferon-α; drugs, Chinese herbal

INTRODUCTION

In China, liver fibrosis in most patients resulted from the
viruses of hepatitis B. Both anti-virus and anti-fibrosis
should be considered in designing a program for the
treatment of liver fibrosis. Therefore, 40 cases of liver
fibros is due to hepatitis B were treated by using IFNα1 and traditional medicinal preparations from February
1994 to April 1996. Good curative effect was achieved.

Therapeutic

All the patients received intramuscular injection of
3 000 000U IFN-α1 (Produced by Shengzhen Kexing
Company, batch number 94010),once a day for the
first month, and once two days after a month.
Traditional medicinal preparation (composed mainly
of Tetrandrae, Saliva miltiorrhizaBge, Semen Gingko,
Radix paeoniae rubrae, each gram has 0.8 g herb,
produced by Duyun PharmaceuticalFactory, Guizhou
Province, batch number 940102) was taken, three
times a day for 3 months (45 g/d). Besides vitamin
E and C, none of other medicines had been used in
this group.

MATERIALS AND METHODS
Clinical materials

Observation index and methods

A group of 40 patients (33 men and 7 women) was
investigated. Their age ranged from 28 years to 45
years with a mean of 36. Their course of disease
was from 4 years to 12 years, averaging 7 years.
All patients had the typical history of h epatitis B.
The diagnosis of liver fibrosis was confirmed by
experimental serology and liver biopsy (the criteria
of diagnosis referred to the criteria ammended
during the 5th National Academic Conference on
Infectious Diseases and Parasiti c Diseases).
Patients whose clinical manifestations were not
consistent with the findings in serological and
pathohistological tests were not included in the
study.

Detection of serum liver fibrosis indexes and hepatitis
B virus marker: 6 mL serum was taken from the
patients before treatment, by the end of treatme nt
and 6 months after treatment respectively. Laminin
(LN), hyaluronic acid (HA) and precollagen type III
(PC III) were measured by radioimmunoassay (the
reagents were purchased from Shanghai Naval
Medical Research Institute and Chongqing Tumor
Research Institute). Radioimmunoassay was also used
to detect the marker s of hepatitis B virus such as
HBsAg, anti-HBs, HBcAg, anti-HBc, HBeAg and
anti-HBe. HBV-DNA was measured by PCR (the
reagent was bought from 3V Company, Shandong
Province).
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Ultrasonography and fibergastroscopy

Each patient was detected once by HPSONOS-1000
Colour Doppler (HP Company of USA) before and after
the treatment and by direct vision fibergastroscopy
(Olympus-XQ20, Japan).
Liver biopsy

The liver tissue was quickly taken by fine needle under
local anesthesia. The liver tissue was about 3 cm long.
It was fixed by 10% formalin, then imbedded in paraffin,
sliced and routinely stained. These slices taken from 12
biopsied patients before and after the treatment were
read by single blind method. After a pathologist read
these slices according to the criteria, another pathologist
reported the results after reread them.
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Table 1 Comparison of the 5 serum indexes of the 40 patients before and after treatment and after 6 months of follow-up (x ± s)
LN

PCIII

Time

n

Before treatment
After treatment

40
40

420.0 ± 68.0
290.3 ± 36.4b

Effective type after 6 months follow-up
22
Non-effective type after 6 months follow-up 1 8

142.6 ± 32.8 c
403.5 ± 41.5a

(ng/L)

HA
(ng/L)

Albumin

Globulin
(g/L)

146.2 ± 44.8

182.40 ± 42.20

30.51 ± 2.42

26.25 ± 6.84

112.4 ± 30.6b
80.0 ± 31.8c
156.3 ± 43.9a

136.32 ± 39.20b
84.54 ± 36.33c
178.20 ± 38.60a

35.25 ± 4.46b
39.13 ± 3.24 c
29.35 ± 2.71 a

31.32 ± 6.74b
25.98 ± 3.22c
37.00 ± 4.54a

a

P<0.05; bP<0.001, compared with those before treatment; cP<0.001 the effective type compared with the non-effective type.

RESULTS

DISCUSSION

The serum LN, HA, PC III and globulin of the 40
cases after treatment were noticeably lower than
those before treatment (P<0.001). The albumin was
obviously increased compared with that before
treatment (P<0.001). After 6 months o f follow-up,
LN, HA and globulin in the effective type (HBsAg,
HBeAg and HBV-D NA turned negative after using
IFNα 1, suggesting that the viruses of hepatitis B
were temporarily suppressed. Otherwise, it was
considered to be non-effective type) were obviously
lower than those in the non-effective type(P<0.001),
while the albumin was obviously higher than that in
the non-effective type (P<0.001, Table 1).
Before treatment, 32 patients were found with
HBsAg, anti-HBc and HBeAg; 8 patients with
HBsAg and anti-HBc; and 21 patients with
HBV-DNA. After 3 months?of treatment,
HBsAg, HBeAg and HBV-DNA became
negative in 6 (15%), 16 (50%), and 16 (76.
2 % ) p a t i e n t s , r e s p e c t i v e l y. A m o n g t h e 1 2
patients who received liver puncture biopsy,
dekris-type necrosis disappeared in 3 patients,
no abvious proliferation of fiber with more newborn liver cells in one patient, improvement of
bridge-joint necrosis with elimination of the
ramus septi-fibrosis in 3 patients, improvement
of bridge-joint with new-born liver cells and
unclear ramus septi-fibrosis in 2 patients,
complete foliole with a great number of liver
cells in 3 patients. Before treatment, the portal
vein of 34 patients was
14 mm in width
among the 40 patients, while after treatme nt,
the portal vein of 28 patients was 12 mm.
After 6 months of follow-up, among the 28
patients, the portal vein of 23 patients was
11 mm, the others remained 12 mm. Before
treatment, the blood flow rate of portal vein in
36 patients was
16 mm/s, while after
treatment, it was
12 mm/s in 32 patients. No
change was found in the rest. By using
fibergastroscopy the line or snake-shaped grey-white
or grey-blue changes could be seen at the lower
segment of esophageal mycoderma in 32 patients
before treatment, while the changes disappeared in
28 patients after treatm ent. No obvious changes
were found in 4 patients.

Up to now, there has been no good way to cure
liver fibrosis resulting from chronic hepatitis B. A
number of researches have been made by domestic
scientists who had made great progress by using
traditional medicines such as Saliva
miltiorrhizaBge, Tetrandrae, Radix paeoniae
rubrae and Prunus persicac (L), batsch et al [1-3].
However these methods have not been considered
to suppress the virus of hepatitis B. For this
reason, some tests were made by using IFNα 1 and
traditional medicinal preparations to treat 16
patients with early-stage hepatic cirrhosis, and have
achieved rather good curative effect which was
confirmed by liver biopsy before and after
treatment[4]. On the other hand, short-term curative
effect was significant in 20 patients treated simply
by the traditional medicinal preparations [5], but
there was recurrence in some patients. Therefore,
IFNα 1 and traditional medicinal preparation were
used to treat hepatitis and liver fibrosis at the same
time. At present IFNα 1 is regarded as one of the
most effective agents to treat hepatitis B because
it is a biologically regulatory and active material
with antivirotic and immunoregulatory function [6,
7]
. Tetrandrine is an effective ingredient of
Tetrandrae. In modern medicine the research has
proved that it can block the channel of calcium on
the cytomembrane of liver, obstruct the depletion
of ATP in the cytomembrane, protect the liver
cells, and inhibit the proliferation of internal
lipocyte of liver and synthesis of collagen. The
effective ingredients of dansheng are Tanshinone
and tanshine which may suppress the reaction of
inflammation and promote the regeneration of liver
cells by reducing the dege neration and necrosis
of liver cells. The effective ingredient of chichao
is paeoniflorin which may improve the
microcirulation of liver, decrease the portal pressure
and promote the histologic change of liver fiber.
Flavonid substance in gingko leaves can strengthen
the immunologic function of body, decrease the
free radical of oxygen, increase the activity of
NK cells and intensify the anti virus capacity of
b o d y [8,9] . A f t e r 3 m o n t h s o f t r e a t m e n t w i t h
the herbal medicinal preparations, the changes
of LN, HA, PC III, albumin and globulin were
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obviously different from those before treatment, which
were confirmed by liver biopsy, ultrasonography and
fibergast roscopy. It is suggested that this preparation
can improve the fun ction of liver and suppress the
fiberosis of liver in a short time. Follow-up was made
for 6 months after withdrawing the medicine. The
result prove d that the difference between IFNα1
effective type and inef fective type was very obvious.
It indicated that the virus of hepatitis B was su
ppressed in the patients cured by IFNα1, and the liver
fibr osis due to clinical hepatitis B was continuously
improved or reversed by using the traditional herbal
preparations which can cure liver fibrosis. The
patients in this group are being followed up
continuaslly.
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Antibody detection and sequence analysis of
sporadic HEV in Xiamen region *
HUANG Ru-Tong, LI Xiao-Yu, XIA Xiao-Bing, YUAN Xin-Tong, LIU Min-Xia and LI De-Rong
Subject headings hepatitis E virus; antibodies; viral/analy
sis; nucleotide sequences; sequence analysis

INTRODUCTION

Hepatitis E virus (HEV) is transmitted through a fecaloral route [1]. HEV induces acute hepatitis and is
responsible for a significant portion of the fulminant
hepatitis in epidemic and sporadic cases, especially in
the mixed infection patients and women in their third
trimester of pregnancy[1]. It has been reported that
HEV infection is more prevalent in underdeveloped and
develo ping countries in Asia, Africa, and Central
America, but is rare in developed countries[1]. In China,
a large outbreak occurred between 1986 and 1988 in
Xinjiang, and sporadic spread was often found in other
regions.
HEV is a non-enveloped virus, approximately
27 nm-34 nm in diameter and has a positive-sense, singlestranded RNA genome of approximately 7.2 kb. The
viral genome consists of three discontinuous open reading
frames (ORFs). Since the molecular cloning and
sequencing of HEV were described[2], s everal genomic
analyses of HEV strains obtained from different
geographic areas have been reported[3]. The existing
variations on the gene structure of HEV strains from
some regions of China was reported by us[4]. In this
study, after the collection of the serum samples of
patients with acute hepatitis in Xiamen, anti-HEV
antibody and HEV RNA in serum were detected, further
HEV RN A was cloned and sequenced. The results are
described and discussed.
PATIENTS AND METHODS
Patients

From September 1996 to March 1997, 81 samples of
serum of patients (71 male and 10 female, aged 13
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-69 years) with acute hepatitis at clinic and
admitted to the Infections Disease Hospital in
Xiamen were collected. These serum samples
were provided by professor LIAO Mian-Chu and
were stored at -25 before test. The sera showed
elevated ALT levels. The serum of patients with
acute hepatitis was tested for detection of serum
IgM anti-HAV, HBsAg, IgM anti-HBc, anti-HCV
and anti-HEV antibodies. According to above
detections, all samples suspected of hepatitis E
were taken to our laboratory and were further
studied. One case (sample No.3, Zhou, male aged
52 years) used in the determination of sequence
was diagnosed as fulminant hepatitis. He had
complained of tiredness, anorexia, urine-yellow,
jaun dice in skin and sclera and spider nevus, with
ALT 20420 nmol s-1/L and SB-205.2 µmol/L, and
virus markers of anti-HAV IgM and anti-HEV IgM
positive.
Detection of anti-HEV antibody

Anti-HEV IgG and IgM antibodies were further
detected by ELISA with recombinantantigens
(Institute of Virology, Chinese Academy of
Preventive Medicine) accord ing to the
manufacturer’s instructions.
Cloning and sequencing of HEV RNA

Two sets of pair primers were synthesized at
Institute of Microbiology of Chines e Science
Academy according to the Burmese HEV
s e q u e n c e [3]. T h e s e q u e n c e o f e a c h
oligonucleotide primer was: outer primers (F1)
5’-GCT ATT ATG GAG GAG TGT GG 3’ and
(R1) 5’-CAG GGC CCC AAT TCT TCT 3’,
inner primers (F2) 5’-G CG TGG ATC TTG CAG
GCC 3’ and (R2) 5’-TTC AAC TTC AAG CCA
CAG CC 3’. HEV RNA was extracted from200 µL serum by proteinase K (10 g/L)
guanidine thioc yanate buffer (4.2M guanidine
thiocyanate and 5 g/L N-lauroyl sar cosine and
0.025 mol/L Tris-HCl, pH 8.0)phenol/choroform
[5]
. All viral RNA were used to be transcribed
and nested-PCR [4]. The am plified PCR products
were ligated into pGEM-T vector (Promega
products) according to the manufacturer’s
instructions. The ligation mixture was transformed
to E. coli strain JM 109. The positive clones were
picked up and cultured in LB medium. The positive

HUANG Ru-Tong, et al. Antibody detection and sequence analysis of sporadic HEV

recombinant clones were identified and sequenced.
The nucl eotide sequence (location 4522-4761) of
X-S1 isolate of HEV was compared with those of
other known HEV strains. Percentage of similarity
and divergence were calculated as described
previously[4].
RESULTS
Detection of anti-HEV and HEV RNA in serum
samples of patients with acute hepatitis

Twelve of 81 serum samples of acute hepatitis in
Xiamen were positive for anti- HEV IgG, of them, 11
were also positive for anti-HEV IgM. Eight of 12
serum sam ples of positive anti-HEV IgG were used
to detect HEV RNA, 2 samples were found positive
for HEV RNA. The results are shown in Table 1.

271

Cloning and sequencing of HEV

The amplified PCR positive products obtained from
X-S1 and X-S6 samples were purified and ligated into
pGEM-T vector, then transformed to E.coli JM 109.
One of two white specks obtained from X-S1 had a
band of about 239 bp in gel electrophoresis. Two white
specks of the X-S6 were positive and a band of 239
bp was found after digested by EcoR I and Hind III.
One positi ve clone of X-S1 was sequenced. HEV
sequence of the X-S1 isolate could be reco gnized,
this HEV X-S1 strain was neither lost nor inserted in
length 239 bp compared with Burma strain of HEV.
Aberrance occurred in 48 bases, 5 of them took place
at the first codon position, 4 at the second position and
39 at the third codon position. The nucleotide sequence
of X-S1 isolate is shown in Figure 1.

Table 1 Results of anti-HEV antibody and HEV RNA detection in seru m of patients from Xiamen
Anti-HEVa
Patients

Name

Sex

Age

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

Ling JD
Du YM
Zhou SL
Huang JC
Qiu SS
Huang JZ
Mei SP
Zhen MC
Zhang MS
Zhong M
Kang CR
Jiang XW

M
M
M
M
M
M
F
M
M
M
M
M

31
24
52
50
53
45
31
68
60
29
24
29

Collection time
97-03-05
97-02-05
97-02-15
97-02-19
97-02-19
97-01-28
96-02-17
96-12-09
97-12-09
96-11-13
96-10-10
97-02-19

a

A>0.30 + x of negative samples: positive.bNot done.

Figure 1 Comparison of the nucleotide sequences amon g four strains of HEV.
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Comparison of the nucleotide sequence of HEV

The sequence of HEV X-S1 strain was compared with
the Chinese (G-20), Burmese (B-121) and Mexican strains
of HEV. The similarity of nucleotide sequences was 85.
4%, 79.2% and 76.4% respectively. The divergence of
nucleotide sequences was 14.2%, 19.9% and 22.3%
respectively.
DISCUSSION

This paper reports the results of serological survey
on hepatitis E virus infection in Xiamen population.
The serum samples from 81 patients with acute
hepatitis were tested for anti-HEV IgG and IgM
antibodies with HEV recombination antigen by
ELISA. Twelve (14.8%) of 81 patients with acute
hepatitis had antibody to HEV, 11 were positive for
IgM anti-HEV and 2 positive for HEV RNA. The
results show that there is hepatitis E virus infection
in Xiamen again, but there has been no documented
report of detection of HEV RNA in anti-HEV
positive patients from this area.
The mixed infection of HEV and HBV were
described previously[4]. This paper reports the coinfection of HEV and HAV. This case is positive for
both ant ibodies of HAV and HEV. The patient presented
as severe hepatitis in the clinica l characteristics, with
very high ALT (20420 nmol s-1/L). This shows that
both the HEV and HAV are transmitted primarily through
a fecal-oral route. In this study, the partial nucleotide
sequence of Xiamen X-S1 isolate of sporad ic HEV was
described and compared. It is shown that Xiamen (X-S1)
strain and Guangzhou (G-20) strain [4] are most
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identical to each other (85.4%), wit h a lower range of
identities to the Burmese strain[2] and Mexican strain[3]
(80.1%-77.3%). The nucleotide sequences of the X-S1
strain and t he G-20 strain may belong to a novel and
unique branch. Similar results have been reported by
other investigators[6,7]. Recently the HEV-US-1 strain
was discovered by George G. Schlauder [8], it is
significantly divergent f rom other human HEV isolates,
which may be the fourth genotype. The discovery of
these HEV variants may be important in understanding
the worldwide distribution of HEV infection.
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Primary malignant tumor of the small intestine
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Table 1 Pathological types and distributions
Number by region
Type of neoplasms
Duodenum Jejunum Ileum Total

INTRODUCTION

Primary malignant tumors of the small intestine are
easy to be misdiagnosed bec ause of its low
morbidity, nonspecific clinical manifestations and
the limited examination methods. Most cases are
already in advanced stage at the time of diagnosis,
so therapeutic result is very poor. In order to have
a better understanding of the clinical characteristics
of malignant tumor of the small intestine, an analysis
was made for the diagnosis, treatment and
prognosis-influencing factors of 75 cases with their
diagnoses confirmed by pathological examination
from 1964 to August. 1995 in our hospital, so as to
improve their early diagnosis, timely treatment and
therapeutic effect.
MATERIALS AND METHODS
General data

Leiomyosarcoma
Adenocarcinoma
Malignant lymphoma
Malignant fibrous histiocytoma
Malignancy of neurofibroma
Malignancy of fibroma
Total

5
10
2

1
18

14
9
4
1

7
6
14
1
1

28

29

26
25
20
2
1
1
75

Preoperative diagnosis

Before the exploratory laparotomy, 33 cases were
diagnosed as intestinal carcinoma, 25 cases as abdominal
mass, and 17 cases were misdiagnosed as other diseases,
such as intestinal perforation, acute peritonitis, ovary
tumor, colon carcino ma, and intussusception of ileum to
cecum, and so on.
Accessary examinations

The diagnoses of the 75 cases were confirmed by
pathological examination, 26 were cases of
leiomyosarcoma, 25 adenocarcinomas, 20 malignant
lymphomas, and 4 other malignant neoplasms. The
tumors were located at duodenum, jejunum and ileum i n
18, 28 and 29 cases respectively (Table 1).

No abnormal CEA (carcinoembryonic antigen) was
detected in 10 cases. Twenty-thr ee out of 26 cases
were found to have abdominal mass by B-type
ultrasonography. CT (computed tomography) scans
showed a clear demonstration of tumor on the dis eased
region and the structures around it in 20 cases. Of the
13 cases accepted barium meal roentgenography, 11
were diagnosed as intestinal tumor, with an accu racy
of 84.6%. Of the 7 cases of duodenal tumors,6 were
diagnosed as duodenal tumor by fibroscopy which were
confirmed by pathological examination. Barium en ema
was performed in 18 cases and 8 of them were found to
have tumor in their ileum.

Clinical manifestations

Methods of treatment

This group consisted of 75 cases, 42 males and 33
females. The onset age ranged from 4 to 75 years with
an average of 47 years. The course of disease was 1 to
99 months, averaging 47 months.
Pathological type and tumor site

Clinical manifestations of these malignant tumors
are shown in Table 2.
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Surgical treatment was the main therapeutic method for
this group of cases. Thir ty-seven cases received radical
resection, 21 palliative resection, and 10 bypass operation,
3 exploratory laparotomy and 3 direct biopsy. The
operation mortal ity was 1.4%. Four cases did not receive
surgical operation. 27 cases received adjuvant
chemotherapy. 5-fluorouracil (5-FU), mitomycin (MMC),
cyclophosphamid e (CTX) and adriamycin (ADM) were
commonly used.
RESULTS

Survival rates were calculated with Life Table, and
computer’s COX multivariate analysis model was
used for survival analysis.
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Table 2 Clinical manifestations
Symptom Abdominal
pain
Number
%

Abdominal
mass

45
60

Emaciation

43
57.3

Intestinal
obstruction

18
24

11
14.7

Follow-up data

Duration of follow-up ranged from 1 to 30 years, the
follow-up rate was 94.2%. One-, 3- and 5-year survival
rates of the 71 operated cases were 70.7%, 49.9% and
35.1% respectively (Tables 3-5).
Table 3 Survival rate by operation type
Survival rate (%)
Operation type

n

Radical resection
37
Palliative resection
21
Symptom- relieving and
exploratory operation
13

1 year

3 years

5 years

87.5
57.9

68.7
33.8

48.1
24.1

42.9

21.4

0.0

Table 4 Survival rate by pathological type
Pathological type

n

Adenocarcinoma
Leiomyosarcoma
Malignant lymphoma

25
26
20

Survival rate (%)
1 year

3 years

5 years

53.9
95.8
48.6

27.9
82.1
39.7

14.0
57.5
23.8

Table 5 Survival rate by location of tumor
Location of tumor
Duodenum
Jejunum
Ileum

Survival rate (%)

n

1 year

3 years

5 years

69.2
81.8
51.1

38.5
59.6
29.2

0.0
50.4
17.5

17
27
27

Prognostic factors analysis by computer’s COX
multivariate analysis model

An analysis was made by COX multivariate analysis
model, for the following factors which may influence
prognosis such as patient sex, age, clinical course,
histological type, tumor site, tumor size, gross type, lymph
node metastasis, liver metastasis, invasion to adjacent
organs, operation type, and chemotherapy. The critical
value of alpha was 0.05. Statistical results showed that
patient age, histological type, tumor site and operation
type had significant influence on survival rate. But
chemotherapy had no significant effect on prognosis.
DISCUSSION
General consideration

The incidence of primary malignant tumor of the
small intestine is very low, accounting for 1%3.6% of all gastrointestinal malignant neoplasms
and 0.2%-0.3% of that of the whole body [1,2].

Melena

Acute
peritonitis

Jaundice

6
8

5
6.7

5
6.7

Fever
4
5.3

Anemia
3
5

From 1964 to 1995, 75 cases of primary malignant
tumor of the small intestine were admitted to our
hospital, cons tituting about 1.4% of 4427 cases
of malignancy of all GI tract in the same period.
In China, the leiomyosarcoma, adenocarcinoma,
and malignant lymphoma account for the most of
the small intestine malignancies, but carcinoid is
rare. However, in other countries the most
frequently encountered malignancies of small
intestine are in order of adenocarcinoma and
carcinoid, malignant lymphoma and
leiomyocarcinoma[3].
Relationship between pathology and tumor site.
The predilection site of leiomyosarcoma is jejunum,
ileum and duodenum. The predilection site of
adenocarcinoma is in order of duodenum, jejunum
and ileum, while the predilection site of malign ant
lymphoma is ileum and jejunum, and is lower in
duodenum [3]. The tumo r distribution rates in this
group cases are consistent with those reported in t
he literature (Table 1).
Tumor distribution in small intestine. Adenocarcinoma
accounts for about 50%-66% of tumors in the
duodenum (55.6% in this group), and followed
by malignant lymphoma and leiomyosarcoma.
In the jejunum, leiomyosarcoma is the most
encountered (accounting for 50% in this
group), the next is adenocarcinoma and
malignant lymphoma. But in the ileum,
malignant lymphoma constitutes about half of
all malignancies (48.3% in this group), and
followed by adenocarcinoma and
leiomyosarcoma.
Many scholars hold that the low incidence of
malignant tumors in small intestine is associated with
the following factors:
Alkalinity in the small
intestinal lumen is unfit for the growth of tumor.
Rapid peristalsis of small intestine is suggested to
minimize the time of mucosal exposure to potential
carcinogens from food, and liquid content in lumen
may dilute carcinogens, which will lead to the
reduction of carcinogenicity.
The lack of
intralumenal bacterial flora obviously reduces
carcinogenic agents, and these bacteria are
necessary in the process of metabolism.
A large
concentration of IgA produced mainly in the
lymphoid tissue of small intestine, is protective
against tumorigenesis by neutralizing virus and
potential carcinogenic agents. The T-lymphocyte
with strong immunity, accounting for the majority

ZHOU Zhi-Wei, et al. Malignant tumor

of lymphocytes in collecting lymphadens of small
intestines, has a strong ability and specific
characteristics to protect against tumor growing.
Benzopyrene hydroxylase is present in large amounts
in the mucosa of small intestine and may detoxify
carcinogens[1].

275

Computed Tomography (CT) scans can show a
good demonstration of the tumor-involved region and
the structures around it. Furthermore, CT scan can
define whether there is local or distant metastasis.
Especially for those whose diagnosis ca not be
confirmed by GI barium roentgenography, CT scan is
an effective method[6].

Diagnosis

Primary malignant tumor of small intestine is easy
to be misdiagnosed because of its low incidence,
its vague and nonspecific clinical presentations, and
the limited diagnostic methods. Misdiagnosis rate
in literature reports is 40%-80%[4], and 56% in our
group. We hold that following are the key point s to
increase its diagnostic accuracy and to decrease
its misdiagnostic rate.
A better understanding should be acquired in
primary malignant tumor of small intestine. In
clinics the following should be highly
suspicious of the disease : unknown
abdominal pain, abdominal mass, melena, and
obstruction, especially when an abdominal
mass is palpable.
Barium meal roentgenography is the routine
method for detecting primary malignant tumor of
small intestine, its diagnostic accuracy can be as
high as 50%[2,5]. We think that for the patients who
are suspicious of tumor in small intestine, barium
meal roentgenography should be performed if
possible. In our studied group, diagnoses were
established by barium meal X-rays in 11 out of 13
cases with an accuracy of 84.6%. Air-barium
contrast roentgenography, in which a large
amounts of barium and air are injected into the
duodenum lumen through a gastric tube, is
suggested to be performed to visualize small
intestine segment by segment, so as to increase
its diagnostic accuracy rate. The distal ileu m
usually is poorly visualized in upper GI series
studies, but it may be demonstrated through barium
enema in which contrast material from colon is
refluxed into the distal small intestine through the
ileocecal valve. Combination of barium meal
roentgenography and barium enema can achieve
a positive rate of 50%-80%.
Flexible endoscopic examination and direct biopsy
are the most reliable methods to establish the
diagnosis, especially in early stage of the disease.
It is also helpful and reliable for diagnosis of tumors
in the duodenum. In our studied group, the diagnosis
was established in 6 of 7 cases by flexible
endoscopic examination and were confirmed by
pathological examination. In foreign countries, the
flexible endoscopy for small intestine was used in
clinic in 1969. But it developed very slowly because
of its technical difficulties in inserting and the great
suffering of patients[5].

Treatment

Surgical resection is so far the most effective
therapeutic method for malignant tumor of small
intestine. If diagnosis is established, radical
resection should be performed as early as
possible, which requires at least segmental
resection of 10cm of the involved region,
including removal of the corresponding mesentery
and its lymph nodes [7]. It was reported the 5-year
survival rate of radical resection is 25%-54% [1,
8]
, which is consistent with that (48.1%) in ours
tudy. For carcinoma in the duodenum, Whipples
operation should be performed if possible. Tumor
in the distal ileum should be treated by right
hemicolonectomy. Palliative resection of tumor
is somewhat valuable and should not be given up
easily. Its 5-year survival rate is 0%-25%
reported in literature [1], and is 24.1% in our study.
Bypass operation can temporarily relieve
symptoms but could not prolong the patient’s life.
Reexploratory resection should be performed for
recurrence if possible [9,10].
Adjuvant postoperative chemotherapy for malignant
lymphoma is necessary. The unresectable malignant
lymphoma of small intestine should be treated
mainly by che motherapy in order to relieve
symptoms and prolong life. The usual chemot herapy
regimen is CHOP (CTX+VCR+ADM+Prednisone).
Leiomyosarcoma of small intesti ne is partly
sensitive to chemotherapeutic agents. For huge
leiomyosarcoma, preo perative combination
chemotherapy of ADM and CTX can minimize the
size of tumor and improve resection rate.
Chemotherapy has no effect on adenocarcinoma
of smal l intestine due to its nonsensitivity to
chemotherapeutic agents. In our study, 27 cases
had accepted chemotherapy, but neither
postoperative adjuvant nor palli ative chemotherapy
is effective in prolonging the survival, which is
possibly as sociated with the late stage of the
disease.
Prognostic factors

It was reported that prognostic factors of primary
malignant tumor of the small intestine are chiefly the
operation type, histological type, tumor site and tumor
size [1,7] , and each of them was analyzed by
monovariate analysis. Up to now there have been
no reports in theworld about the prognostic factors
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studied by multivariate analysis model. In our study, 12
factors were analyzed by computer’s COX multivariate
analysis model, including patient sex, age, clinical course,
histological type, tumor site, tumor size, gross type, lymph
node metastasis, live r metastasis, invasion to adjacent
organs, operation type, and chemotherapy. The results
showed that significant prognostic factors were
histological type, operation type, patient age and tumor
site in order, neither tumor size nor chemotherapy had
significant effect on prognosis.
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Editorials

The evaluation of gastrointestinal function in
diabetic patients
Eamom M.M. Quigley
Subject headings diabetic gastroenteropathy;
diabetic gastroparesis; gastric dysmotility; gastric
emptying

Nowadays, a number of options are available
for the assessment of gastric motor function. Thus,
a global evaluation of gastric motor function may be
obtained by tests of gastric emptying while regional
function of the antrum and fundus may be evaluated
by such techniques as antral manometry and the
barostat, respectively. Traditionally, given
widespread access to a variety of tests of gastric
emptying, gastric dysmotility has been classified
according to the patient’s gastric emptying status.
Accordingly, a given patient will be defined as
having either delayed (gastroparesis) or accelerated
(the dumping syndrome) gastric emptying. The
limitations of this approach must be appreciated.
Thus, it is evident from a variety of recent studies
that gastric emptying rate and symptoms may not
correlate. Secondly, and this is particularly relevant
to diabetes mellitus, the same disease process may at
different times lead to accelerated, delayed or
normal emptying, in the same patient. These
caveats notwithstanding , the clinical approach to
gastric dysmotility usually begins with a gastric
emptying test. Recently, electrogastrography has
been proposed as an alternative test of global gastric
motor function.
TESTING GASTRIC EMPTYING

For most clinicians, the scintigraphic assessment of
the emptying rate of a liquid, solid or liquid/solid
meal represents the primary investigational tool for
the detection of gastric motor dysfunction in the
diabetic, or in other clinical situations[1].
Scintigraphy is widely available and should be
within the capabilities of any nuclear medicine
department. By using different isotopes to label
liquid and solid, one can either separately or
simultaneously measure the rate of emptying of the
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liquid and solid components of the meal. Apart
from the radiation exposure involved, this is a
relatively noninvasive test. Importantly, in an area
of medicine where most data is qualitative,
scintigraphy provides truly quantitative data. Of the
various meals available, the emptying rate of
indigestible solids is the most sensitive in detecting
gastric motor dysfunction but, in practice, a semisolid meal such as chicken liver or scrambled eggs is
more practical and appears to yield clinically
relevant results in the diabetic population. It is
important to be aware, however, that several
technical factors may significantly influence the
results of gastric emptying studies. For this reason,
it is recommended that each laboratory defines its
own normal values, obtained using its particular
meal and imaging technique. As mentioned already,
one also needs to be aware of the limitations of
gastric emptying tests in the evaluation of
symptoms, given the often imperfect correlation
between symptoms and gastric emptying rate.
In normal individuals, the emptying curve for a
liquid meal follows a simple exponential pattern.
Liquid emptying is thought to reflect the effects of a
pressure gradient generated by an increase in fundic
tone. Autonomic neuropathy, such as occurs in
diabetes, leads to a loss of fundic accommodation
and can lead to an acceleration of liquid emptying.
The normal emptying curve for solid meals is quite
different. Initially, following solid ingestion, no
emptying takes place (the lag phase). This lag
phase corresponds to the time it takes for high
amplitude antral contractions to grind down, or
triturate, the solid particles of the meal until they
are small enough to empty, suspended in the liquid
phase, through the pylorus. Once trituration has
been accomplished, solid emptying now follows an
exponential pattern similar to that of the liquid
phase. In diabetes, impaired antral contractility
will lead to a prolonged lag phase and a significant
prolongation of the total time for gastric emptying
of solids. From gastric emptying curves, a number
of parameters can be obtained and used to describe
the rate of gastric emptying. These include the time
it takes for half of the meal to be emptied (t1/2) and
the percentage of the meal that has been emptied at
a given time, such as at 30 minutes, 1 hour or 2
hours.
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Indigestible solids are emptied only on return of
the fasting motor pattern, long after meal
ingestion. Phase 3, a band of high amplitude
contractions which periodically sweeps through the
gastrointestinal tract while fasting, empties
indigestible particles. Typically, antral Phase 3
activity is lost in those with advanced autonomic
neuropathy; thus, their predilection for bezoar
formation.
Several alternatives have recently become
available for the assessment of gastric emptying. Of
greatest potential for clinical relevance is the
description of a breath test based on 13C octanoic
acid[2]. As this is a stable isotope, radiation
exposure is not involved and this test has the
potential to become an office-based assessment of
gastric motor function. Preliminary studies
demonstrate good intra-individual reproducibility,
though correlations with scintigraphy have not been
perfect. Ultrasonography can evaluate antral
contractile activity and can provide an indirect
assessment of gastric emptying rate. It is, however,
highly dependent on the presence of a skilled
ultrasonographer, and provides a relatively brief
assessment of antral motor function. Magnetic
resonance imaging can provide, not only a global
assessment of gastric emptying, but also detailed
information on regional gastric function. Given the
costs of this methodology, it is unlikely, however,
that it will achieve widespread use as a test of gastric
function. Others have evaluated impedance-based
techniques in the assessment of gastric emptying.
Again, it seems unlikely that these will achieve
widespread use in clinical practice, despite promise
in clinical research.
ELECTROGASTROGRAPHY

Electrogastrography has been available since the
turn of the century for the assessment of gastric
electrical activity. Recent advances in electronics
have considerably simplified this approach to the
assessment of gastric motor function. ECG-type
electrodes, placed on the abdominal wall over the
surface markings of the stomach, are used to record
gastric electrical activity. Direct comparisons with
serosal electrodes have demonstrated that surface
electrogastrography accurately records a
representation of gastric slow wave activity.
Typically, electrogastrographic recordings are
performed, first in the fasting state and then
following administration of a meal. Two parameters
are of primary importance, namely, the prevalence
of abnormal gastric rhythms (such as bradygastria
and tachygastria) and secondly, the change in the
amplitude (or “power”) of the EGG following meal
ingestion. In normal circumstances, the EGG power
should increase significantly following a meal.
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Electrogastrography is a relatively simple and
noninvasive technique[3]. Several studies have
clearly demonstrated that it can reproducibly record
a representation of the gastric slow wave and that it
can detect dysrhythmias in the fasting and postprandial states. This technique is, however, highly
susceptible to motion artifact and is therefore only
appropriate for recordings in relatively still
individuals. Signal amplification and processing are
required to produce a meaningful trace but this is
now readily provided by commercially available
equipment. The greatest limitation to
electrogastrography now lies in its clinical
application. Despite the suggestion that it could
serve as a screening test of gastric function, few
studies have compared the relative value of
electrogastrography to other modalities such as
scintigraphy, in the assessment of gastric motor
function. Available data has indeed provided
somewhat conflicting results. Until truly
prospective studies examine the role of
electrogastrography in detecting gastric motor
dysfunction among patients with a variety of
gastrointestinal symptoms and provide direct
comparisons, not only in terms of efficacy, but also
in terms of cost and patient acceptability, with
other commonly available modalities, the place of
electrogastrography will remain uncertain.
MANOMETRY

Antral motility serves to grind down or triturate the
meal. In assessing antral motor function, an
important goal, therefore, is to record the
frequency, amplitude and propagation of antral
contractions. As gastric emptying also depends, in
large part, on coordination between the antrum,
pylorus and duodenum, an assessment of
coordinated antral, pyloric and duodenal activity
has become a further goal of tests applied to this
area. Ultrasonography, by detecting dynamic
changes in antral diameter over time, can also assess
antral contractile activity. Recordings, are,
however, usually short-lived and are most successful
with a liquid meal. They are also highly-dependent
on a high level of skill of the interpreter. For this
reason, manometry remains the primary technique
for the direct assessment of antral contractile
activity[4]. Most commonly, this is performed using
a multi-lumen perfused catheter assembly passed via
the nares and positioned under fluoroscopy, so that
sensors simultaneously record intraluminal pressure
activity from the antrum, duodenum and jejunum.
To accurately record antro-pyloric activity, multiple
closely-spaced sensors must be employed.
Otherwise, orad displacement of the assembly, on
meal ingestion, will lead to loss of contact between
sensors and the antrum and the pylorus in the post-
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prandial period and lead to uninterpretable artifact.
Some have recommended the inclusion of a “sleeve”
device to accurately monitor pyloric activity.
In order to record normal variations in both
fasting and postprandial motor activity, some have
advocated the use of a solid-state assembly. Because
they do not rely on perfusion, these assemblies
permit prolonged ambulatory recordings in the
patient’s usual environment. During fasting,
several cycles of the migrating motor complex can
be evaluated and the response to a number of meals
can also be assessed. Most importantly, recordings
can be performed during sleep and diurnal variations
in motor patterns thereby assessed.
Regardless of which technique is employed, the
primary goals of antroduodenal manometry are to
assess antral and duodenal intraluminal pressure
changes during fasting and in response to the meal
and also to provide an assessment of antro-duodenal
coordination. During fasting, motor activity in the
antrum and duodenum is organized into the
migrating motor complex. Each cycle of this
complex comprises three phases which occur in
sequence and continue to recur as long as the
individual remains fasted. Each cycle lasts between
90 and 120 minutes and begins with Phase 1, or
motor quiescence. This is followed by sporadic or
irregular activity, Phase 2, which increases in
intensity over time and culminates in the most
distinctive phase of the migrating motor complex,
Phase 3 (or the activity function), a band of
uninterrupted rhythmic contractions which migrates
slowly in an aboral direction along the length of the
intestine. The migrating motor complex is initiated
in the proximal small intestine and is typically
associated with the onset of related activity in the
stomach. Thus, for example, Phase 3 in the
duodenum is associated with intense rhythmic
contractile activity in the antrum. Following meal
ingestion, the migrating motor complex is abolished
and is replaced in the duodenum, by irregular but
intense contractile activity (the postprandial motor
response) and in the antrum by intense and
relatively rhythmic high amplitude contractions.
The duration of this postprandial response depends
on the volume and caloric content of the meal and
can vary anywhere from 2 to 6 hours. If no further
food is ingested, the migrating motor complex
returns. At night, migrating motor complex activity
is usually most prominent but differs in that Phase 2
activity is markedly suppressed or even may be
absent. The migrating motor complex at night,
therefore, features Phase 3 complexes in relative
isolation.
Antroduodenal manometry provides a direct
and simultaneous measure of intraluminal pressure
changes in the antrum and duodenum. Normal
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patterns of motor activity in the antrum and
duodenum have now been defined and the
manometric features of several disease states,
including intestinal neuropathy, autonomic
neuropathy and intestinal myopathy, have been
defined. This is, however, an invasive test and
requires prolonged (at least 4 hours) recordings
during fasting and following meal ingestion. Several
recent studies have emphasized the importance of
intrinsic variations in normal patterns of antral and
duodenal motor activity. Furthermore, the clinical
significance of some reported “abnormal” patterns
has been disputed. What then is the role of
antroduodenal manometry in the assessment of
gastric motor function. My own belief is that its
primary role lies in the definition of normal motility
among those in whom there is some suggestion of
dysmotility, yet, less invasive studies have proven
either inconsistent, uninterpretable or unexpectedly
normal[5]. More problematic is the definitive
diagnosis of the underlying cause of dysmotility in
an individual patient. The sensitivity and specificity
for manometry in the detection of neuropathy and
myopathy have been questioned and the range of
normal variation continues to be extended. I am
most happy therefore, when manometry is entirely
normal, in this situation, I feel confident in
reassuring the patients and their physicians that
there is no evidence of a primary motor disorder of
the upper gastrointestinal tract. In the diabetic
patient, manometry should rarely prove necessary.
If symptoms are appropriate and screening tests such
as scintigraphy, ultrasonography, other tests of
gastric emptying or electrogastrography prove
abnormal, then there should be no need to proceed
to manometry. It should be reserved for those
patients with symptoms suggestive of dysmotility
and in whom the less invasive tests have proven
inconclusive.
TESTS OF FUNDIC TONE

In contrast to the antrum, where high amplitude
contractile activity is the most important feature of
normal motor function, the proximal stomach
mediates its motor function primarily through the
generation of, and fluctuations in tone. Following
meal ingestion, the fundus and proximal corpus
undergoes vagally-mediated relaxation (receptive
relaxation) to accommodate the meal. Subsequent
fluctuations in proximal gastric tone mediate
emptying of liquids and solid particles suspended in
the liquid phase. Manometry is not valuable in the
assessment of proximal gastric function and, until
recently, this was a relatively unexplored area of
the gastrointestinal tract. The development of the
barostat, a technique which can record fluctuations
in pressure or volume within an organ while the
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other parameter is varied, has provided tremendous
insights into the function of the proximal stomach in
health and in a variety of disease states, including
diabetic gastropathy. A clinical role for the
barostat, or other techniques to assess compliance
and accommodation, has not, as yet, been
established.
GASTROINTESTINAL FUNCTION IN DIABETES

Diabetes may be associated with several effects on
gastrointestinal motor function. These include
gastroparesis, accelerated emptying of liquids,
esophageal dysmotility, small intestinal dysmotility
( including the pseudo-obstruction syndrome ),
delayed colonic transit, megacolon and fecal
incontinence. For this reason, the term diabetic
gastroenteropathy is to be preferred over the more
commonly used term diabetic gastroparesis[6]. The
latter has become outmoded and is indeed
misleading as it suggests, firstly, the limitation of
diabetic dysmotility to the stomach and, secondly, a
preponderance of delayed gastric emptying. As
already mentioned, liquid emptying may, in fact,
be accelerated in diabetes. Reflecting this spectrum
of dysfunction, there is a similarly wide-range of
symptomatology in diabetic gastroenteropathy.
Thus, esophageal dysfunction may lead to
dysphagia, gastroparesis to nausea, vamiting, postprandial fullness and abdo minal pain, and
accelerated emptying to the features of the
“dumping syndrome”. Delayed intestinal and
colonic transit may contribute to constipation and
abdominal pain, and rapid intestinal transit to
diarrhea. Gall bladder dysfunction may contribute
to the prevalence of gallstones among these patients
and neuropathy of the anal sphincter to
incontinence.
Diabetic gastropathy is common and has been
reported in up to 50% of patients with long-standing
Type I diabetes mellitus. While most prevalent
among those with Type I diabetes, it is clear from
recent studies that gastropathy may be equally
prevalent among those with Type II disease. In the
general population, therefore, Type II related
gastropathy will be most common. Gastropathy is
usually, but not invariably, associated with an
autonomic neuropathy. Consequences of
gastropathy may include delayed emptying of solids
and indigestible particles, rapid emptying of liquids,
bezoar formation, malnutrition and weight loss.
Gastric emptying rate may also influence blood
sugar control. Delayed gastric emptying may lead to
hypoglycemia. If a meal is not emptied and insulin
continues to be administered timed to a meal,
hypoglycemia will result indeed, unexplained
hypoglycemia should always lead to a suspicion of
gastric emptying delay. It has been suggested that
accelerated emptying could contribute to
hyperglycemia, but recent studies suggest a
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relatively minor role for gastric emptying rate in the
pathogenesis of postprandial hyperglycemia, among
those with Type II diabetes and accelerated gastric
emptying. Recent studies have also emphasized the
variability of gastric emptying rate within a given
diabetic patient. Thus, longitudinal studies have
demonstrated that even in the same individual,
gastric emptying may be, at different times,
normal, accelerated or delayed[7]. This observation
is extremely important in the assessment of
therapeutic interventions. Furthermore, symptoms
and gastric emptying rate correlate poorly in
diabetics as in other patients with gastric
dysmotility. While severely delayed emptying is
consistently associated with delayed postprandial
vomiting of undigested material, more modest
degrees of delay bear an inconsistent relationship to
such symptoms as early satiety, postprandial
fullness, bloating, nausea and vomiting.
While tests of gastric emptying will remain, for
the foreseeable future, the cornerstone of the
evaluation of the diabetic with suspected gastric
dysmotility, the clinician needs to be aware of their
limitations. Normal gastric emptying does not
exclude the stomach as the origin of the patient’s
symptoms, neither does delayed emptying,
implicating the stomach as the cause of their
symptoms. It is to be hoped that future studies will
serve to further define relationships between
symptoms, motor function and therapeutic response
in this population. Diabetic gastropathy has
traditionally been ascribed to the affects of extrinsic
autonomic denervation. Recently, a role for
hyperglycemia has been emphasized [6]. Studies
involving normal individuals, as well as patients
with diabetes mellitus, have illustrated the potential
of hyperglycemia to delay gastric emptying,
suppress the gastric component of the migrating
motor complex, induce antral hypomotility and
provoke gastric dysrhythmias, such as tachygastria.
Furthermore, some recent work in an animal model
has suggested the direct involvement of the enteric
nervous system and gastrointestinal smooth muscle
in diabetes. Finally, the acid-base and electrolyte
abnormalities associated with this complication may
lead to the development of ileus and gastroparesis
during the course of ket oacidosis.
MANAGEMENT OF DIABETIC GASTROENTEROPATHY

In the approach to a patient with gastrointestinal
dysmotility, several factors need to be addressed.
These include the patient’s nutritional status, pain
management, prokinetic therapy, symptom
suppression and the consideration of endoscopic or
surgical approaches. Attention to nutritional status
is of paramount importance in the management of
these patients. Specific deficiencies should be
identified and appropriate replacement instituted.
In patients with gastroparesis, a low fat, low
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residue diet should be instituted, given the known
effects of these dietary factors on gastric emptying
rate and, in the diabetic patient, on bezoar
formation. Several options are now available, in
terms of the form and mode of delivery of
nutrition, for the patient with gastroparesis and
gastroenteropathy. In the first instance, every
attempt should be made to institute an adequate
nutritional intake via the oral route, by the use of
diets of variable composition and consistency, and
the addition of appropriate oral supplements. For
the patient who cannot tolerate or achieve an
adequate caloric intake by the oral route, either in
the short or in the long-term, a number of
alternatives are available. In the short-term, enteral
nutrition can be delivered via a nasogastric or
nasoenteric tube. If oral intake cannot be
reinstituted in the long-term, access to the
gastrointestinal tract may be achieved through a
gastrostomy or jejunostomy. One approach is to
commence enteral feeding via the nasogastric or
nasoenteric route on a trial basis. If this is
tolerated, a jejunostomy is placed and continued in
the long-term. In patients with severe gastroparesis,
gastrostomy feeding may, by definition, prove
unsuccessful. A gastrostomy may, however, help by
allowing the patient to periodically “vent” the
stomach and relieve distressing distention and
bloating. Indeed, one approach to the management
of patients with severe intractable gastroparesis is
the simultaneous placement of a gastrostomy for
venting and a jejunostomy for enteral feeding.
Several pharmacological agents are available
for the management of patients with diabetic
gastropathy. These include prokinetic and
antiemetic agents, analgesics for pain management,
agents that modulate sensation and other
symptomatic remedies. The first prokinetic agents
were non-specific cholinergic agonists such as
bethanechol. While these agents were capable of
stimulating gastric emptying, there is little evidence
for efficacy in gastrointestinal motor disorders and
their use was complicated by a high prevalence of
side effects outside of the gastrointestinal tract.
Metoclopramide,
a
dopamine antagonist,
represented, therefore, a significant advance in
prokinetic therapy[8]. Through its central actions,
metoclopramide is an effective antiemetic, its
peripheral actions lead to an acceleration of gastric
emptying and promote esophageal motor activity.
While metoclopramide has been shown to be
effective, in the short-term, in the symp tomatic
therapy of diabetic gastroparesis, its long-term use
has been complicated by tolerance and a relatively
high prevalence of central nervous and
hyperpro lactinemia-related side effects. One
advantage of metoclopramide, however, is its
availability in several formulations, not only in
tablet form but also as a suspension and for
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subcutaneous injection. Domperidone, another
dopamine antagonist, does not cross the blood-brain
barrier and is therefore not associated with the
central nervous system, extrapyramidal side effects
which have complicated metoclopramide use. It is,
however, both an antiemetic and prokinetic and has
been shown to be valuable in the symptomatic
management of
patients
with
diabetic
[9]
gastroparesis . It may cause hyperprolactinemia,
however, and is not, as yet, approved for use in the
United States.
Cisapride facilitates acetylcholine release in the
enteric nervous system through a 5HT-4-mediated
affect and has been shown to promote motor
activity along the length of the gastrointestinal
tract. It has been shown to accelerate liquid and
solid emptying both in the short-term (6weeks) and
to sustain this effect beyond one year[10,11]. It has,
therefore, become an important component of the
management of patients with gastroparesis and
other gastrointestinal motor disorders. It is
available in tablet and suspension form. Concerns
have recently been raised regarding its potential to
induce cardiac conduction and rhythm disturbances,
especially when employed in conjunction with
agents which modify its metabolism. This agent
should not, therefore, be used in conjunction with
agents which are known to inhibit cytochrome P-450
3A4 metabolism in the liver or in individuals
predisposed to cardiac conduction or rhythm
abnormalities.
Erythromycin acts as a motilin agonist to
stimulate motor activity, primarily in the upper
gastrointestinal tract. When given intravenously,
erythromycin in low doses (50mg - 100mg) is a
potent gastro-prokinetic and will effectively correct
gastroparesis even in patients with refractory
symptoms. Intravenous erythromycin has become,
therefore, an important component of the
management of patients with intractable diabetic
gastroparesis, particularly in those who require
hospitalization[12]. Oral erythromycin, even when
used in suspension form, has proven disappointing.
Whether this reflects the relatively poor
bioaviability of this agent, or the development of
tolerance, remains unclear. The latter seems less
likely given the recent demonstration of the longterm efficacy of intraven ous administration for up
to 18 months in patients with refractory
gastroparesis[13]. Several related compounds are
currently under investigation. The goal is to produce
an agent with minimal antibiotic activity but similar
prokinetic properties to erythromycin and which is
effective when administered orally.
Among patients with diabetic gastropathy,
nausea is a prominent symptom. Many of these
patients describe awaking each morning with nausea
and, in fact, find nausea a much more distressing
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symptom than vomiting. For this reason, antiemetic
agents assume an important role in the symptomatic
treatment of these patients. Some of the prokinetic
agents, such as metoclopramide and domperidone,
have antiemetic actions whereas others, such as
cisapride and erythromycin do not. In these latter
circumstances, an antiemetic such as a
phenothiazine derivative or a 5HT-3 antagonist
should therefore be used in conjunction, and can
often be used successfully on a p.r.n. basis. In
choosing a particular antiemetic, attention should
be paid to whether they are available in the
appropriate formulation, as well as to their duration
of action and, of course, cost.
SURGERY IN THE MANAGEMENT OF DIABETIC
GASTROPARESIS

In general, there is no role for gastrectomy, either
partial or complete in the patient with diabetic
gastroparesis. Limited experience suggests a poor
response to this approach, which is no surprise,
given the relatively diffuse involvement of the
gastrointestinal tract in this disorder. The surgical
approach which has achieved significant importance
is the simultaneous placement of a gastrostomy and
jejunostomy in patients with intractable
gastroparesis who are unable to tolerate p.o. intake
and who have significant distention. Nowadays this
can be most efficiently and effectively achieved by
the laparoscopic approach. An endoscopic approach
which involves the simultaneous placement of a
gastrostomy and jejunostomy has also been
advocated but experience has been inconsistent.
Most recently, electrical pacing of the stomach,
through electrodes surgically implanted on the
surface of the stomach, using a cardiac-type
pacemaker, has been shown, in pilot studies, to
produce a dramatic reduction in symptoms and a
variable impro vement in gastric emptying rate in
intractable
gastroparesis[14-16]. Randomized,
prospective controlled studies are currently in
progress and results a re eagerly awaited.
THE APPROACH TO GASTRIC DYSMOTILITY IN
DIABETIC PATIENTS

In this review, the status of currently available tests
for the evaluation of gastric motor function has been
discussed. Limitations have been highlighted and,
in particular, the often-times poor correlation
between symptoms and objective evidence of motor
dysfunction emphasized. How should the clinician
approach the evaluation and management of the
patient with diabetes who has symptoms suggestive
of dysmotility Firstly, mindful of the nonspecificity of symptoms, the clinician should ensure
that mucosal or mechanical causes have been ruled
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out. In particular, consideration should be given to
peptic ulcer disease, gastro-esopha geal reflux
disease and low-grade intestinal obstruction.
Medications should be carefully reviewed for
iatrogenic causes of nausea and vomiting and the
possible contribution of psychological factors, and
depression, in particular, borne in mind. If, at this
stage, symptoms remain unexplained, two options
are available. One begins with a screening test of
gastric function such as gastric emptying
scintigraphy (or electrogastrography) and then
decides on further therapy based on its results. The
second approach is to initiate empiric therapy with a
prokinetic or prokinetic/anti-emetic combination.
Testing, in this approach, is limited to those who
fail to respond to therapy. More detailed and
invasive tests of motor function such as manometry
should be reserved for those with persisting and
disabling symptoms who do not respond
satisfactorily to empiric therapy.
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Assessment of severity of acute pancreatitis: a
comparison between old and most recent
modalities used to evaluate this perennial problem
Raffaele Pezzilli and Francesco Mancini
Subject headings
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severity
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Acute pancreatitis is an acute inflammatory
process of the pancreatic gland. According to the
Atlanta classification system, there are two forms of
acute pancreatitis: mild acute pancreatitis,
characterized by interstitial edema, which is selflimiting and severe acute pancreatitis characterized
by local complications such as necrosis, abscesses,
pseudocysts and the presence of organ
dysfunction[1]. The mortality due to severe
pancreatitis is about 25%-50% and is due mainly to
infection of the necrosis[2]. Early identification of
patients with severe acute pancreatitis is essential
for the correct care of the disease and the avoidance
of complications.
Over the past 20 years, many schemes have
been proposed for identifying severe pancreatitis.
The aim of this paper is to review the current
criteria for the early assessment of severity of acute
pancreatitis.
CLINICAL CRITERIA

Bank et al [3] analyzed the incidence of cardiac,
pulmonary, kidney, hematological, metabolic and
neurological complications in 75 patients with acute
pancreatitis and they reported a mortality rate of
56% if one or more complications were present.
Subsequently, Agarwall and Pitchumoni[4]
conducted a retrospective study involving 76 patients
and proposed a scheme comprised of simplified
clinical criteria. In both studies, a 48-hour
observation period was necessary for the clinical
criteria. Furthermore, these clinical assessments
depend on the experience of the clinical team and
are difficult to standardize.
CLINICAL AND LABORATORY CRITERIA

Ranson et al[5] identified a series of 11 criteria
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evaluated in 100 patients with acute pancreatitis in
1974. The Ranson score is still widely used at
present in judging severity. Five of the 11 criteria
are considered upon hospital admission and 6 in the
following 48 hours. They reported that most
patients with less than two positive items survived;
in those with 3 or 5 positive items, the mortality
rate was about 20%, and in those with 6 or more
positive items, the mortality reached about 50%.
There is a correlation between 3 or more Ranson
positive criteria and the high incidence of pancreatic
necrosis and systemic complications. Later studies
confirmed a sensitivity from 40% to 90%[4,6]. The
Ranson score has been recently criticized for the
following reasons: a good assessment of severity
requires the determination of all items and requires
48 hours of observation for the judgement of
severity, thus delaying the proper treatment after
the onset of pain. Talamini et al[7] have simplified
the original Ranson score by evaluating only the
items considered on admission and concluded that
this simplified system is of little use for predicting
severity. Finally, this criteria correlate to the
severity of acute pancreatitis only at the opposite
ends of the scheme (< 2 and > 6 items) but not
between 3 and 5 positive items. Twelve to 24 hours
after the onset of pain, the score is completely
useless. It can be applied only to biliary pancreatitis
and the same authors have therefore proposed a new
modified score[8].
Imrie et al[9] have proposed a score called the
Glasgow score which seems to be more precise than
that of Ranson, with a sensibility for the assessment
of severe acute pancreatitis of 56%-85%[10,11].
Another simplified score has been set up by Fan
et al[12], utilizing only two biochemical parameters
(azotemia and glycemia). This score system has a
sensitivity of about 75% in the assessment of the
severity of acute pancreatitis.
More recently the APACHE II score[13] which
takes into consideration age, presence of chronic
associated diseases and some biochemical parameters
has been proposed for the assessment of the severity
of acute pancreatitis. Wilson et al[14] have reported
a score of 6.3 in patients with mild acute
pancreatitis, of 9.4 in those with severe pancreatitis
and of 14.1 in those with fulminant pancreatitis.
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BIOCHEMICAL CRITERIA

The search for a marker able to evaluate the severity
of acute pancreatitis at the early stage is the aim of
the present research in the field of pancreatology.
The evaluation of the severity of acute pancreatitis
by means of serum pancreatic enzyme determination
has been a boon[15-17]. We recently evaluated serum
amylase and lipase in 66 patients with acute
pancreatitis[15]. Most of these patients were studied
within 24 hours from the onset of pain. Twenty
patients had no alterations of the pancreatic gland at
imaging, 36 had pancreatic edema and 10,
pancreatic necrosis. The elevation of the serum
pancreatic enzyme s overlapped in the three groups.
The determination of serum C-reactive
protein[18] is at present widely used for the
assessment of the severity of acute pancreatitis.
Serum levels of this protein greater than 100mg/L
indicate a severe acute pancreatitis in about 60%80% of the cases. The determination of the Creactive protein is easy to perform and inexpensive.
However, its sensitivity is good only after the first
48 hours from the onset of pain[6,19].
Granulocyte elastase has been evaluated in the
search for biochemical markers able to evaluate the
severity of acute pancreatitis even earlier than the
C-reactive protein determination. This protein is
released by activated neutrophils and it is able to
damage cellular membranes and the extracellular
matrix. Gross et al[20] and Dominguez-Munoz et
al[21] have reported that 70%-80% of the patients
with severe acute pancreatitis studied within 48
hours from the onset of the pain were correctly
identified using this protein. More recently
interleukin 6, released by activated macrophages
and the interleukin 8 released by neutrophils have
been proposed as markers of the severity of acute
pancreatitis. These two cytokines are released
rapidly in severe forms of acute pancreatitis (within
24 hours from the onset of pain) and have a
specificity greater than that of C-reactive protein
(80%-100%)[22-24].
The soluble receptor of interleukin 2, which is
released by the activated lymphocytes is able to
identify 70% of the patients with severe acute
pancreatitis studied within 24 hours from the onset
of pain[25]. We have demonstrated[26] that the
human pancreatic secretory trypsin inhibitor,
produced by the pancreatic acinar cells and the
hepatocytes is able to correctly identify 70% of the
cases studied within 24 hours from the onset of
pain. All these studies demonstrate that the immune
system is early activated at an early phase during the
course of acute pancreatitis. However, the
determination of these proteins, except for Creactive protein and granulocyte elastase, is not
feasible for routine use. We hope that in the near
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future simple techniques for the determination of
these proteins will be developed.
RADIOLOGICAL CRITERIA

Balthazar et al[27] have demonstrated that contrast
enhanced computed tomography is able to assess the
severity of acute pancreatitis. They divided the
severity of acute pancreatitis into 5 categories. In 83
patients with acute pancreatitis, they found that the
mortality was nil in stages A, B and C, and reached
17% in those of grade E. The findings of left-sided
or bilateral effusions on chest radiograph within 24
hours of admission were associated with a severe
outcome[28].
RADIOLOGICAL AND BIOCHEMICAL CRITERIA

Serum creatinine greater than 152.6 µmol/L
and/or the presence of pathological chest
radiographs (pulmonary densification and/ or
pleural effusions) are capable of identifying, within
24 hours of admission to the hospital, subgroups of
both patients at higher risk of adverse clinical
outcome and of patients with necrotizing
pancreatitis[29].
CONCLUSION

In conclusion, the Ranson, Glasgow and Fan
criteria are at present useful in clinical practice for
their simplicity and low costs. The APACHE II
score gives useful information in patients with a
more severe form of acute pancreatitis. Serum
determination of interleukins may play a role in the
assessment of the severity of acute pancreatitis only
when rapid techniques for their determination are
developed. At present, C-reactive protein is the
marker which is the easiest to perform and which
has the lowest cost. The evaluation of both chest
radiographs and serum creatinine is also simple to
carry out in the Emergency Room.
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Invited Commentary

Bioartificial liver support for fulminant hepatic
failure
Robert S. Brown, Jr.1 and Howard J. Worman2

See article on page 308
ORIGINAL ARTICE

Effects of a bioartificial liver support system on
acetaminophen-induced acute liver failure canines.
MAJOR POINTS OF THE COMMENTED ARTICLE

Investigations of bioartificial liver support systems
are rather novel in mainland China. In this issue of
the World Journal of Gastroenterology, Xue et al[1]
report on the safety and efficacy of a bioartificial
liver support system developed in Hong Kong
(TECA-I, TECA Ltd.) in dogs with fulminant
hepatic failure. In the TECA-I bioartificial liver
system, whole blood is perfused through hollow
fiber tubes containing porcine hepatocytes. These
investigators induced acute hepatocyte necrosis, as
evidenced by elevations in the serum
aminotransferase activities and subsequent
histological examinations, by administering
overdoses of acetaminophen (multiple injections of
115mg/kg). Fulminant hepatic failure with
concomitant elevations in the serum ammonia
concentrations resulted. Six of 9 dogs treated with
TECA-I bioartificial liver system survived for more
than 30 days, suggesting full recovery of hepatic
function. In contrast, 10 dogs treated with either
intravenous glucose or with arginine, glutamic acid
and branch chain amino acids all died within 36
hours after treatment. These results represent an
initial step towards clinical trials of a bioartificial
liver suppor t system in China.
COMMENTARY
Fulminant hepatic failure

The liver can fail acutely with rapid loss of
hepatocyte function. In the otherwise healthy
1
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individual, the presentation is dramatic and can
cause mental status alterations, coma and a rapidly
deteriorating course that leads to death. The term
fulminant hepatic failure is used to describe the
presence of hepatic encephalopathy in liver disease
of short duration[2].
There are several causes of fulminant hepatic
failure including viral infections, drugs (overdose of
acetaminophen is one example [3]), toxins,
hemorrhagic shock, congestive heart failure, severe
fluid depletion, sepsis and various metabolic
derangements. In some hospitalized patients, the
cause of fulminant hepatic failure may never be
established. This may be because the patient
deteriora tes too rapidly for diagnostic testing to be
completed or because the precipitating event, such
as ingestion of a toxin or overdose of a drug, is not
witnessed or reported.
Individuals with fulminant hepatic failure will
have various signs and symptoms of liver
dysfunction. As already mentioned, hepatic
encephalopathy, with elevated serum ammonia
concentrations, is part of the diagnosis. Increased
intracranial pressure and cerebral edema can lead to
irreversible brain damage and is a common cause of
death. All patients are jaundiced with significantly
elevated serum bilirubin concentrations. The serum
prothrombin time is elevated and abnormal bleeding
may result. Renal failure from acute tubular
necrosis or hepatorenal syndrome often complicates
the picture. Disseminated intravascular coagulation,
infections, sepsis and respiratory failure may also
occur. In contrast to individuals with cirrhosis,
complications of portal hypertension such as ascites
and bleeding esophageal varices are generally not
significant problems in patients with fulminant
hepatic failure.
In fulminant hepatic failure, aminotransferase
activities may be markedly elevated as a result of the
massive hepatocyte necrosis that occurs after a
sudden insult to the liver. This is especially with
sudden, massive hepatocyte necrosis seen in
acetaminophen overdose[3] and shock liver[4].
Serum aminotransferase activities may only be
elevated for a few days and then return to normal or
near normal, despite the presence of severe hepatic
dysfunction[3,4]. Therefore, their normalization
does not necessarily indicate an improvement in
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condition because they cannot remain elevated if no
more hepatocytes are left to die.
Treatment

Hepatic stem cells (oval cells), which may originate
in the bone marrow[5], and/ or hepatocytes can
divide and are capable of repopulating a liver in
which up to 90% of the hepatocyte mass is
destroyed. In fulminant hepatic, complete recovery
is therefore possible if the cause of hepatocyte death
is reversed, adequate supportive care is provided,
and cerebral edema does not occur. Unf ortunately,
many or most patients succumb before hepatocytes
can regenerate to restore adequate liver function.
The treatment goal in fulminant hepatic failure
is to keep the patient alive and free of serious
complications either until:
liver function
spontaneously recovers or
emergency liver
transplantation, which is effective in cases of
fulminant hepatic failure[6], can be performed. A
significant advance in treatment of it would be the
ability to “buy time” either until adequate
hepato cyte regeneration occurs and the patient
recovers or until a donor organ becomes available
for transplantation. If temporary liver support
could be provided, the need for emergency
transplantation may even be obviated as adequate
function may eventually return in the damaged
liver.
Bioartificial liver support

One way to “buy time” in fulminant hepatic failure
bioartificial liver support[7]. This is achieved with
biomechanical devises in which plasma or blood is
subjected to living hepatocytes extracorporeally.
Several studies, including one of the first from
China[1] reported in this issue of the World Journal
of Gastroenterology, have reported experimental
trials of bioartificial liver support systems in animals
with fulminant hepatic failure.
In the United States and Europe, a few trials of
bioartificial liver support devices have been
conducted in human subjects. Several others are
currently in progress. Clinical experience with
bioartificial liver systems has focused on two
different types of devices. The first, developed by
Demetriou and colleagues[8] at Cedar Sinai Medical
Center in Los Angeles, is now manufactured by
Circe Biomedical (Lexington, MA). This device
uses plasma perfusion and requires plasma
separation with the Cobe Spectra (Lakewood, CO).
The plasma is passed through a charcoal column,
warmed and oxygenated and then passed through a
hollow fiber cartridge containing approximately 40
grams of porcine hepatocytes. The hepatocytes are
cryopreserved and thawed with a viability greater
than 70% prior to use. Treatments are for 7 hours
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per day. The second device, initially developed by
Sussman and colleagues[9] at Baylor in Houston with
the trade name Hepatix, is now being manufactured
by VitaGen (La Jolla, CA). This device uses whole
blood perfusion and a transformed human cell line,
C3A cells, in its hollow fiber cartridge. This device
can be used continuously. Both devices use
venovenous access via a standard dual lumen dialysis
catheter usually placed in the femoral vein.
The advantages of whole blood perfusion are
simplicity, less personnel costs (no pheresis nurse
required), the ability to use devices in parallel (e.g.
continuous venovenous hemofiltration), ability to
use the device continuously and lower volume loads.
Plasma separation requires the use of large volumes
of citrate resulting in both a volume load as well as a
risk of hypocalcemia, which often requires
continuous calcium infusion. It is also more labor
intensive and requires an extra device. However,
plasma separation does result in less hemolysis and
thrombocytopenia and avoids the need for systemic
heparin administration. Finally there is a potential
advantage to the lack of cellular components in the
cartridge, which could lead to immune activation.
Overall the major advantages of whole blood
perfusion, continuous use, devices in parallel, and
lower volume loads makes this method preferable.
The ideal cells to populate a liver support
system would be human liver cells. However, until
human liver stem cells can be isolated reliably, this
remains limited by shortage. Transformed human
liver cells will make human proteins, are able to
multiply, and will pack more densely in hollow fiber
devices allowing for increased hepatocyte mass
(approximately 100 grams). However, liver
function is often variable and reduced compared
with primary hepatocytes, particularly with regard
to cytochrome p450 activity and glucuronidation[10].
Finally there are concerns regarding tumorigenic
risk, particularly in patients who receive a liver
transplant and subsequent immunosuppression. Nonhuman hepatocytes will have normal liver function
but will make non-human proteins. There are also
concerns regarding antibody responses to xenogenic
tissues and potential zoonoses. Most research to date
has used porcine hepatocytes due to availability of
adequate mass of cells. The concerns regarding
porcine endogenous retroviruses appear theoretical;
no porcine retroviral sequences have been detected
by reverse transcription-polymerase chain reaction
in patients treated with the Circe device (Chris
Stevens, MD, personal communication). Finally
early clinical data has supported efficacy of porcine
hepatocyte-based devices, including lowering
intracranial hypertension in acute liver failure.
Phase I data on the circe liver assist system
have been very encouraging. In a group of patients
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with acute liver failure (n = 18) or primary nonfunction of a transplanted liver (n = 3), survival
was 90% with one patient having spon taneous
recovery[8]. Importantly, patients treated with the
device had l ower intracranial pressure readings
during treatment. Among patients with acute on
chronic liver dysfunction (n = 10), results were
worse with high mortality[8]. Thus the device is
currently being tested only for patients with acute
liver failure or primary non-function of a
transplanted liver in a multi-center phase II/III
randomized controlled clinical trial at liver
transplant centers in the United States and Europe.
This trial will likely complete enrollment in the next
year. The device from VitaGen was previously
tested under the trade name Hepatix in a noncontrolled Phase I trial and a pilot controlled trial.
In the Phase I trial 11 patients with acute liver
failure were treated with 6 deaths, 1 spontaneous
recovery and 4 transplants[9]. Neurologic or
biochemical improvement was seen in 10 of 11
patients treated, but 5 of the 6 deaths were due to
intracranial hypertension. In the controlled trial (n
=24), there was no survival benefit seen either in
transplant patients (78% survival among controls,
75% with the device, n = 17) and 25% and 33%
respectively among non-transplant patients[11]. This
device is currently undergoing further phase I
testing in the United States.
In summary, early clinical evidence supports
some efficacy for bioartificial liver support systems
in fulminant hepatic failure. Future discoveries in
basic cell biology will undoubtedly lead to superior
systems. Of those currently available, the porcine
hepatocyte system is further developed. Additional
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research and human clinical trials are needed to
define the best cell lines, method of perfusion
(whole blood vs plasma) and methods to expand the
clinical indications for bioartificial liver support
systems.
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Abstract
AIM To investigate the characteristics of
newly established four hepatocellular carcinoma
cell lines (SNU-739, SNU-761, SNU-878 and SNU886) from Korean hepatocellular cancer patients.
METHODS Morphologic and genetic studies
were done.
RESULTS All four lines grew as a monolayer
with an adherent pattern, and their doubling
times ranged from 20 to 29 hours. The viability
rate was relatively high (88%-94%). Neither
mycoplasmal nor bacterial contamination was
present. The lines showed different patterns in
fingerprinting analysis. The hepatitis B virus
(HBV) DNA was integrated in the genomes of all
four lines, and in all of them HBx, HBc and HBs
transcripts were detected by reverse
transcriptase-PCR methods. Among the three
cell lines used as control (Hep 3B, SK Hep1 and
Hep G2), only Hep 3B showed HBx expression,
and this line was used as a HBV integrated
control. The RNA of albumin was detected in
three lines (SNU-761, SNU-878 and SNU-886),
that of transferrin in two lines (SNU-878, SNU886), and that of IGF-II was detected in none of
the cell lines.
CONCLUSION These well characterized cell
lines may be very useful for studying the biology
of hepatocellular carcinoma in association with
the hepatitis B virus.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
prevalent malignant diseases encountered in the
world, killing up to 1 million people annually.
Geographically, its prevalence varies greatly, with
a very high incidence in sub-Saharan Africa and
south and northeast Asia, including Korea[1-3].
Although many risk factors for HCC such as
aflatoxin, persistent hepatitis C viral infection and
alcoholic cirrhosis have been reported, hepatitis B
viral infection has been known to be the most
important etiologic factor. Epidemiological and
laboratory studies have confirmed a strong
association between the hepatitis B virus (HBV)
and HCC. Prospective studies have shown that in
those infected with HBV, the risk of HCC was
several hundred times higher than in uninfected
individuals[4,5].
Despite this well-known close epidemiological
relationship between HBV and HCC, the direct
evidence of a causal relationship is inconclusive;
HBV does not contain real oncogenes, and the
mechanism by which HBV induces hepatocellular
carcinoma has not been clearly demonstrated. It has
been noticed that HBx, a protein encoded by HBV,
is a molecule critically involved in HBV-induced
hepatocellular carcinogenesis, and the HBx protein
has been shown to transactivate various viral and
cellular genes, including growth related genes such
as c-fos[6], c-myc[7] and IGF[8]. Thus, the HBx
protein has been suspected to be a critical molecule
in the HBV induced carcinogenesis of HCC, which
was supported further by report that the HBV x
gene product induces HCC in transgenic mice[9].
HBV, however, has a very narrow host range and
restricted tissue tropism to hepatocytes, and it is
therefore difficult to study HBV-related HCC. The
role of HBV in hepatic carcinogenesis has mainly
been studied either by transfecting cloned viral DNA
into permanent cell lines or by using HBV
transgenic mice[10]. Another useful approach may
be to use established HCC cell lines that are
integrated with HBV DNA. Although HBV
integrated HCC cell lines are very useful in
hepatocellular carcinogenesis research, such cell
lines are not yet sufficient. Furthermore, the
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establishment of HCC cell lines has been more
difficult since the usage of transcatheter
embolization with lipiodol and chemotherapeutic
agents in the treatment of HCC. The preoperative
application of this therapeutic modality induces
extensive necrosis of tumor tissue and leaves only a
small amount of viable tumor cells available for
culture at the time of operation[11].
After reporting eight HCC cell lines[12], we
established four more lines from Korean HCC
patients infected with HBV (SNU-739, SNU-761,
SNU-878, SNU-886). We analyzed phenotypes such
as in vivo and in vitro (cell line) cell morphology
and in vitro growth pattern, DNA finger printing,
expression of HBV viral transcripts, albumin
transferrin and insulin like growth factor II. The
relationship between HBx and p53 gene mutation in
eight previously reported cell lines and these four
newly reporting cell lines was already described[13].
MATERIALS AND METHODS
Cell culture

Cell lines were established from pathologically
proven hepatocellular carcinomas. Solid tumors
were finely minced and disassociated into small
aggregates by pipetting. Appropriate amounts of
fine neoplastic tissue fragments were seeded into
25cm2 flasks. Initial culture was performed in ACL4 medium supplemented with 5% heat inactivated
fetal bovine serum (AR5 medium). ACL-4 is a fully
defined medium formulated for the selective growth
of the human lung adenocarcinoma[14] and has
proved to be useful in the establishment of
colorectal cancer cell lines and HCC cell lines[12,15].
The composition of ACL-4 includes RPMI 1640 as
the basal medium, insulin (20 mg/L), transferrin
(10mg/L),
sodium
selenite
(25 nM),
hydrocortisone (50nM), epidermal growth factor
(1µg/L), ethanolamine (10 µM), phosphorylethanolamine (10 µM), triiodothyronine (100 pM),
bovine serum albumin (2g/L), HEPES buffer
(10mM), glutamine (2mM) and sodium pyruvate
(0.5mM). RPMI 1640, glutamine and sodium
pyruvate were obtained from GIBCO/BRL (Grand
Island, NY); epidermal growth factor was obtained
from Collaborative Research (Waltham, MA); all
other reagents were obtained from Sigma (St.
Louis, MO). For the maintenance of the cultures,
the medium was replaced with RPMI 1640
supplemented with 10% heat inactivated fetal
bovine serum (R10 medium). Initial cell passages
were performed when heavy tumor cell growth was
observed, and sub sequent passages were performed
every 1 or 2 weeks. Adherent cultures were passa ged
at sub-confluence after trypsinization. If stromal
cell growth was noted during initial growth,
differential trypsinization was used to obtain a pure
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tumor cell population, as previously described by
Park et al[15]. Cultures were maintained in
humidified incubators at 37 in an atmosphere of
5% CO2 and 95% air. Well characterized and
widely used HCC cell lines (Hep 3B and SK-Hep1)
and one hepatoblastoma cell line (Hep G2) were
obtained from American Type Culture Collection
(ATCC, Rockville, MD) and used as controls in
DNA profile and transcript analysis.
Morphologic characteristics

Surgically removed tissue samples were fixed in 10%
neutral formalin for 24 hours. After routine
processing, they were embedded in paraffin for
light microscopic examination. Four mm thick
sections were stained with hematoxylin and eosin
(HE), and tumor cells were classified using the
WHO classifications[16]. For the morphological
studies of the cell lines, cells grown in a 75cm 2
culture flask were observed daily under a phasecontrast microscope (Olympus, CK2). For light
microscopic examination, cells grown on Flaskette
Chamber Slides (Nunc Inc., Naperville, IL) were
washed with phosphate buffered saline (PBS), fixed
in 4% paraformaldehyde in 0.1M sodium cacodylate
for 30min, and then stained with HE.
Growth properties
contamination

and

microorganism

To determine the population doubling time, about 3
×105 viable cells were seeded into 15 - 20 identical
25cm2 flasks. The number of cells was counted daily
for at least 14 days. Cultures were fed every 3 or 4
days and 24 hours prior to counting. To determine
cell viability, a dye-exclusion procedure using 0.4%
trypan blue staining methods performed and the
number of viable cells was counted under a
microscope using a hemocytometer.
Mycoplasma contamination was tested by direct
agar isolation and the Hoechst 33342 stain method
(Microbiological Associates, Bethesda, MD) and
rRNA based PCR method[17]. All lines were tested
for bacterial contamination.
DNA and RNA extraction

Total cellular RNA and DNA were obtained from
washed cell pellets by homogenization in guanidine
thiocyanate followed by centrifugation over a
cesium chloride cushion. Subsequently, total
genomic DNA was prepared by the proteinase K
digestion and phenol chloroform extraction
method[15].
DNA fingerprinting

For DNA profile analysis, three polymorphic DNA
probes, pYNH24 on chromosome No.2 (ATCC,
Rockville, MD), ChdTC 15 on chromosome No.12
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and ChdTC 114 on chromosome No.20 (from Dr.
H. Mizusawa, JCRB, Tokyo, Japan) were used to
detect variable number of tandem repeats
(VNTRs). The probes were labeled with [α-32P]
dCTP (3000Ci/mmol) using a random primed DNA
labeling kit (Boeh ringer Mannheim, Indianapolis,
IN). Prior to separation by 0.7% agarose gel
electrophoresis, 10µg of each DNA sample was
digested with 70 units of Hinf I restriction
endonuclease, and Southern blots were then per
formed[18].
HBV DNA integration

For the identification of HBV DNA integration,
10µg of each DNA sample was digested with 10
units of Hind III, separated by electrophoresis, and
transferred to a nylon membrane as described
above. A 32P labeled 3.2kb full length HBV DNA
clone (pAM6) was used as a probe. Hybridization
and autoradiography were done by the same
methods described in Southern blot.
RT-PCR of HBV x, s and c gene

Total RNA was prepared from the cell lines and
treated with DNase to exclude cellular DNA contamination. cDNA was made using MMLV reverse
transcriptase (Boehringer Mannheim, Indianapolis,
IN) and random hexamer. A reverse transcriptase
reaction was performed at 42 for 1 hour with 2µg
of template RNA. The PCR primer sequences were
as follows: x gene (forward 5-acggggcgcacctctcttta3’ reverse 5-tgcctacagcctcctagtac-3’), c gene (forward 5’-gcttctgtggagttactctc-3’, reverse 5’-gtgcgaatccacactccaaa-3), and s gene (forward 5’-tctcaattttctagggggag-3’,
reverse
5’-gcactagtaaactgagccag-3’). PCR reaction was performed
with annealing temperature of 55 for 30 seconds.
PCR product was resolved in 1% agarose gel and detected by EtBr staining. To confirm this result, we
also performed Southern blot with HBx, HBs, and
HBc probes labeled with [α-32P] dCTP (3000Ci/
mmol).
RESULTS
Establishment of the cell lines

The four HCC cell lines designated SNU-739, SNU761, SNU-878 and SNU-886 were established from
Korean HCC patients, all of whom had previously
been treated by transcatheter arterial embolization.
Preoperative serologic testing had revealed the
presence of hepatitis surface antigen in all patients
from whom the spec imens were obtained (Table 1).
All cell lines showed the monolayer growth
pattern, and population doubling times ranged from
20 to 29 hours. All lines were free from
contamination with bacteria and mycoplasma.
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Morphologic studies

The gross and histologic features of the original
tumors were categorized using the WHO
classification. Grossly, the original tumors from
which the cell lines were derived were either single
nodular type or the single nodular with perinodal
extension type (Table 2).
Histologically, the original tumor of the SNU739 cell line was the mixed microtrabecular and
compact type; individual tumor cells were similar to
normal hepatocytes (cirrhotomimetic type), but
scattered multinuclear syncytial cells with clear
cytoplasm were seen within the area of compact
histology. Eosinophilic hyaline globules were
occasionally seen, and scattered or aggregated
neutrophils were encountered throughout the tumor
(Figure 1a). Cultured cells grew as an adherent
pattern; they were monotonous spindle shaped
cells, containing single round nuclei and flattened
cytoplasm. The nucleoli were inconspicuous (Figure
2a).
The original tumor of cell line SNU-761 was the
homogenous macrotrabecular type. The tumor cells
were uniform cirrhotomimetic cells of grade III
differentiation. Sinusoids were well developed and
multinuclear giant cells were occasionally
encountered (Figure 1b). The individual cultured
cell was polygonal, with a singl e ovoid nucleus and
abundant cytoplasm. The cells occasionally
produced short cytoplasmic processes at the free
lateral border. In large part, they formed an
adherent monolayer, and tended to overlap (Figure
2b).
The original tumor of cell line SNU-878 was the
macrotrabecular type with a minor area of compact
histology. Its cells belong to the cirrhotomimetic
group, and most were moderately differentiated
(grade II or III). Clusters of cells containing clear
cytoplasm were seen in the central part of tumor cell
nests. The tumor cells occasionally contained
Mallory body-like amorphous materials in their
cytoplasm (Figure 1c). The cultured cells of SNU878 grew as a monolayer of tightly packed colonies,
consisting of polygonal cells of variable shapes in a
mosaic pattern. Most tumor cells contained multiple
nuclei, simulating syncytium, while a few were
detached from the compact colony. Single or double
conspicuous nucleoli were noted (Figure 2c).
The original tumor of cell line SNU-886
consisted of cirrhotomimetic cells in a
macrotrabecular pattern. The nuclear shape of
individual cells varied and large anaplastic cells were
scattered throughout the tumors; the degree of
cellular differentiation was categorized as grade II
-IV (Figure 1d). The growing cells of cell line
SNU-886 formed an adherent monolayer of mixed
spindle shaped and polygonal cells. Most of the
tumor cells contained one or two nuclei, with small
multiple nucleoli (Figure 2d).
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Figure1 Microscopic features of cell lines and thei r original tumors where the cell lines were derived.
A, B, C, D, show cell line morphology of SNU-739, SNU-761, SNU-878 and SNU-886 respectively.

Figure 2 A, B, C, and D, show original tumor morphology of each cell line. Scale bars, 50µm.
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DNA Profiles and HBV DNA integration

DNA profiles using restriction endonuclease Hinf I
and polymorphic DNA probes pYNH24, ChdTC 15,
and ChdTC 114 showed more than 12 allelic bands
with the size range of 4.4 to 10kb (Figure 3).

Figure 4 Integration of HBV DNA in genomic DNA of 4 HCC
cell lines. Different size and pattern of bands indicate random
integration of HBV DNA in genome of the cell lines. A band is
also seen in Hep3B, which is a HBV integrated cell line.

Figure 3 DNA profile of 4 HCC cell lines. The DNA profiles
of Southern blotting. Genomic DNAs from 4 HCC cell lines were
digested with Hinf-I and hybridized with ChdTC-15, ChdTC114 and pYNH24. It is evident that the 4 HCC cell lines are
unique and unrelated.

All four cell lines showed different band
pattern, and this indicates that these cell lines were
unique and unrelated. In addition, their DNA
profiles were different from those of three
previously reported ATCC cell lines, SK-Hep1,
Hep3B, and Hep G2. These results exclude possible
cross contamination between the cell lines.
Hepatitis B virus DNA was detected in all cell
lines by Southern-blot hybridization with cellular
DNA after digestion using Hind III.Relatively high
molecular weight bands with enzyme digestion suggest
integrated form of HBV DNA. Each cell line showed a
different pattern of HBV integration (F igure 4).
HBV viral RNA

Using the RT-PCR method, HBx RNA was detected
in all four cell lines and the Hep3B line. HBs and
HBc RNA were detected in all four newly
established cell lines (Figure 5). Among the three
control cell lines, only Hep3B showed HBx RNA
expression, and this line was known to be integrated
with HBV DNA and express HBx RNA. SK-Hep1
and HepG2, reported to have no association with
HBV, and did not show HBx RNA expression.

Figure 5 HBx, HBs and HBc RNA transcripts in 4 HCC cell
lines.
In RT-PCR analysis, HBx, HBs, and HBc gene
transcripts were detected in all presenting cell lines. Among the
cell lines used as control (SK-HEP-1, Hep3B and HepG2), HBX
gene transcript was detected in Hep3B line. HBs and HBc gene
transcripts were not detected in any of the three control lines.

RNA expression of albumin, transferrin and IGF-II

In Northern blot, the expression of RNA coding for
albumin was detected in the SNU-761, SNU-878,
and SNU-886 cell lines (Figure 6). RNA for
transferrin wase xpressed in the SNU-878 and SNU886 cell lines. RNA for IGF-II was expressed in
none of these cell lines (Table 3).
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Table 1 Tumor of hepatocellular carcinoma cell lines
Cell line

Age/Sex

SNU739
SNU761
SNU878
SNU886

52/M
49/M
54/F
57/M

Blood
type

Prior
therapy

HBsAg

Serum α-FP
(µg/L)

Histology
and differentiation a

Background
pathology

O+
AB+
O+
A+

TAE b
TA E
TA E
TA E

+
+
+
+

207
21400
7
33

HCC, grade II IV/IV
HCC, grade III/IV
HCC, grade II III/IV
HCC, grade II IV/IV

Cirrhosis
Cirrhosis
Cirrhosis
CAHc

a

Differentiation based on Edmondson Steiner’s classification; bTAE: transcatheter arterial embolization; cCAH: chronic active hep atitis

Table 2 Morphological characteristics of cell lines in vitro and in vivo (tumor specimen)
In vitro
Cell line

Growth
character

SNU739
SNU761
SNU878
SNU886

Ada
Ad
Ad
Ad

In vivo

Cell
morphology

Nuclear
morphology

Spindle
Polygonal
Polygonal
Polygonal-spindle

Single
Single
Single multinuclear
Single-double

Histology

Cell
type

Micro-trabecular compact
Macro-trabecular
Macro-trabecular
Macro-trabecular

C b/clean
C
C
C

•

Gross
type
SNc
SN
SEd
SN

Grade
II-IV
III
II-III
II-IV

a

Ad: adherent; bC:cirrhotomimetic; cSN: single nodular; dSE: single nodular with perinodal extension

Table 3 Characteristics of hepatocellular carcinoma cell lines
HBV RNA expression
Cell lines
SNU-739
SNU-761
SNU-878
SNU-886

Viability
(%)

Doubling
time (hr)

HBV DNA
integration

X

preS/S

C

Albumin

94
91
88
90

20
24
25
29

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+

Transferrin
+
+

IGF-II
-

DISCUSSION

Figure 6 RNA expression of albumin, transferrin and IGF-II in
4 HCC cell lines. RNA for albumin was detected in the SNU-761,
SNU-878, SNU-886, Hep 3B, HepG2 and SNU-354 (previously reported
HBV integrated cell line). RNA for transferrin was detected in the SNU878 and SNU-886 cells lines, however the band in SNU-886 line was very
faint to be hardly visible. The same sized band was also detected in Hep3B,
HepG2 and SNU-368 (another previously reported HBV integrated cell).
RNA for IGF-II was expressed in none of the presenting four cell
lines, but it was expressed in Hep3B and HepG2 lines.

Cell lines established from human cancers provide
very useful tools for studying the biology of cancer
and the development and testing of new therapeutic
approaches. In HCC, well-characterized HCC cell
lines make possible various studies that cannot be
performed with biopsy or postmortem tissues. The
frequent integration of the HBV gene in
hepatocellular carcinoma suggests that it play an
essential role in carcinogenesis of hepatocellular
carcinoma. Permanent cell lines derived from HCCs
with the HBV gene integration offer good models
not only for the in vestigation of HCC carcinogenesis
but also for the elucidation of the regulatory
mechanisms of HCC cell specific gene expression.
In spite of their definite value as a resource for
research in HCC, reports of established HCC cell
lines have been decreasing since 1985, and only a
few cases have been reported [11]. Furthermore,
permanent HCC cell lines integrated with the HBV
gene are rarer, and other than our previous report
of eight lines, only a few cases have been reported
in the literature. Recent attempts to culture HCC
cells as permanent lines have been rather
disappointing. The use of transcatheter arterial
embolization
( TAE )
with
lipiodol
or
chemotherapeutic drugs before surgical resection is
now common, and it is thus difficult to obtain HCC
tissues suitable for isolation and cultivation of intact
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viable cells. In our establishment of these herein
reported cell lines, the success rate was only 9% (4
lines out of 44 trials), which is much lower than our
previously reported 8 cell lines (success rate 29%, 8
lines out of 28 trials) due to extensive necrosis
caused by the preoperative TAE. All four of these
cell lines were in fact derived from HCC tissues of
patients who underwent preoperative TAE. In these
cases that the cell lines were successfully
established, the necrotic portion was diverse,
ranging from 30% to 70%. However, in cases that
establishment of cell lines were failed, the necrotic
portion was usually more extensive.
HBV is a 3.2Kb sized DNA virus with only four
genes known to encode for the inner “c” and “e”
antigen, “s” (surface) proteins, a DNA polymerase
and the “x” protein. According to recent reports on
the carcinogenetic mechanism of the HBS virus, the
x gene of HBV (HBx), capable of gene
transactivation, is considered to play an important
role[19,20]. In order to investigate the transcriptional
activity of HBV genes in our cell lines, HBx, preS/
S and HBc RNA expression was examined using the
RT-PCR methods. The HBV gene RNA transcript
which encodes the x, preS/S and c was detected in
these four lines and in Hep 3B; this is known to
have one or two copies of HBV DNA integrated into
the host genome and to express HBV viral
transcripts of various size[21]. This RNA expression
indicates that HBV genes integrated into the cell
lines are transcriptionally active, though an exact
quantitative assay was not possible.
Among our previously reported eight cell lines,
x gene RNA was detected in only two cell lines
(SNU-354, SNU-368) by Northern blot analysis[12].
We re-examined the RNA transcript of x gene in
those eight cell lines using the RT-PCR methods,
and detected RNA expression in six of them (SNU182, SNU- 354, SNU-368, SNU-387, SNU-449,
SNU-475). This may indicate that for detecting a
very tiny amount of viral transcript, RT-PCR is
more sensitive than Northern blot; thus, the viral
DNA actually transcribed should be determined by
RT-PCR analysis.
These high expression rates of x gene
transcription (10 of 12 lines) in HCC cell lines
established from Korean HCC patients who were
serologically proved to be HBS antigen positive
suggest that, in Korea, HBV plays an important
role in the etiology of HCC. This is further
supported by the prevalence of HBV infecti on in
Korea, which affects as much as 8% of general
population[22].
In this report, we have described the
characteristics of four newly established HCC cell
lines in which HBV DNA was integrated into the
genomes. Considering that fresh specimens for the
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establishment of new cell lines are difficult to
obtain, these four cell lines would be invaluable
future resources.
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Clinical implication of VEGF serum levels in
cirrhotic patients with or without portal
hypertension
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Subject headings VEGF; growth factors; liver
cirrhosis; liver regeneration; hypertension portal;
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Abstract
AIM To determine whether serum vascular
endothelial growth factor (VEGF) levels
correlates with the severity of liver cirrhosis and
whether portal hypertension impacts on the
expression of serum VEGF protein.
METHODS Fifty-three patients (mean age 56±
2 years) with HCV (n = 26), HBV (n = 13), and
cryptogenic liver cirrhosis (n = 14) (ChildPugh’s class A: 24, B: 19 and C: 12) and normal
renal function constitute the patient population,
who were all diagnosed by clinical, histological
and radiologic al findings. Six healthy people and
six patients with acute hepatitis served as
controls. Severity of liver disease was
evaluated by the CP score. Serum levels of IGF-1
and VEGF were measured by radioimmunoassay
and ELISA, respectively. Portal hypertension
was assessed using pulsed Doppler ultrasound.
RESULTS The mean serum VEGF levels in all
cirrhotic patients (73± 58) were significantly
lower than those of healthy controls (360±217,
P<0.01) and acute hepatitis (1123 ± 1261,P<
0.01) respectively. No significant difference in
median serum VEGF levels were noted among the
different Child-Pugh-s classes (class A: median,
49.4ng/L, range, 21ng/L-260ng/L, Class B:
median 59.9ng/L; range 21-92, and Class C:
median 69; range 20 ng/L - 247 ng/L). A
significant correlation was noted between serum
VEGF and two accurate parameters of portal
hypertension: portal blood flow velocity (r =
0.6) and spleen size (r = 0.55). No correlation
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was found between VEGF serum levels and
serum albumin, IGF-1, platelets count and
aminotrasnferases (r = 0.2, r = 0.1, r = 0.2 and
r = 0.2, respectively).
CONCLUSION
Circulating VEGF level in
patients with liver cirrhosis could not serve as
an indicator of the progression of chronic liver
disease but rather, they may reflect increased
portal hypertension or decreased hepatic
regenerative activity or the combination of both.

INTRODUCTION

Angiogenesis or formation of new blood vessels, is a
tightly regulated process in which blood vessels
supply growing tissue with nutrients, growth
factors, hormones, and oxygen to meat the needs of
development or repair of injured tissues[1]. Liver
growth also depends on angiogenesis. When
angiogenesis is reduced, growth and repair decrease
significantly[2]. In human subjects with liver
cirrhosis, liver regeneration is impaired[3]. This
raises questions about angiogenesis as a mediator for
the growth of hepatic parenchymal cells and
consequently whether angiogenesis reflects the
severity of liver disease or not. Vascular endothelial
growth factor (VEGF) was closely related to
angiogenesis in various human cancers. However,
little is known of its circulating levels in liver
cirrhosis with or without portal hypertension. The
presence or absence of collateral circulation
significantly impacts the natural history of portal
hypertension in cirrhotic patients. Collateral growth
involves two different mechanisms: capillary
collateral develops by sprouting (angiogenesis) and
muscular collateral develops in situ from preexisting
arterioles ( arteriogenesis ) [4]. The process is
mediated also by various angiogenic growth factors
such as VEGF, FGFs, IGF-1 and PDGF[5]. The
clinical relevance of serum VEGF levels in portal
hypertension patients has not been previously
described and remai ns to be clarified.
VEGF is a secreted, 46kDa dimeric protein
active as a direct and specific mitogen for vascular
endothelial cells and the only angiogenic factor
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exhibiting vascular permeability inducing activity.
Five distinct human VEGF molecules having 121,
145, 165, 189 and 206 amino acids, respectively,
were identified in man, all the result of alternative
splicing of the same VEGF gene[1]. VEGF
production is known to be upregulated by several
substances, including oxygen, steroid hormones,
reactive oxygen metabolites and protein kinase C
agonists[6]. The level of VEGF gene expression was
high in several human cancer cell lines and in
tumors of the human gastrointestinal tract, brain,
kidney and liver[7-11] as well as in normal tissues. Monacci
et al reported by in situ hybridization studies that
VEGF gene in the rat liver was located in
hepatocytes and a small number of Kupffer cells[12].
However, the function of hepatocytes derived
VEGF is not clear. VEGF has been shown to induce
the proliferation of hepatic sinusoidal cells by virtue
of increased expression of its receptors flt-1 and flk1 follo wing partial hepatectomy. Furthermore,
VEGF gene expression increased in hepatocytes
isolated from 70% resected rat liver[13]. We have
noted recently that exogenous VEGF 165
administration to partially hepatectomised rats
stimulates liver cell proliferation[2]. The aim of the
present study was to determine whether serum
VEGF levels in patients with liver cirrhosis reflects
the degree of liver dysfunction and to determine
whether portal hypertension impacts on VEGF
serum levels.
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hepatitis. None of the patients with liver cirrhosis
had acute illness during the study period.
Serum levels of IGF-1

Serum levels of IGF-1 were measured by
radioimmunoassay kit (Incstar Corp, Stillwater,
MN, USA) including extraction of octadecasilylsilica (Sep-Packs). Sen sitivity of the assay was
2.0 nmol/L (normal values male: 11 nmol/L 48 nmol/L; female, 9 nmol/L - 46 nmol/L, with
intra and inter assay variation of less than 8.4%
and 10.3%, respectively.
Serum levels of VEGF

ELISA was employed to determine the level of
VEGF. As the concentration of serum VEGF is
15ng/L-550ng/L, a sandwich ELISA based on
chemiluminesc ence rather than spectophotometry is
required. Black ELISA plates (Corning) were
coated with rabbit anti-VEGF IgG purified on
protein G Sepharose chromatography column and
blocked with 0.1% gelatin. Samples to be tested are
added, followed by anti-EGF monoclonal
antibody. Biotinylated rabbit anti-mouse IgG-1 and
streptavidin horseradish peroxidase were then used
and the presence of horseradish peroxidase was
visualized by luminol substrate (Super Signal,
Pierce). Photons released were read in a microplate
luminometer, and translated to ng/L according to a
titration curve of VEGF included in the plate.

PATIENTS AND METHODS
Study population

Duplex Doppler ultrasonography

The protocol of this study was approved by the
Helsinki committees of the Rambam Medical Center
and the Israel Ministry of Health. Subjects were
briefed on the experimental nature of the study and
signed informed consent form. Fifty-three patients
(mean age 56 ± 2 years) with HCV (n = 26), HBV
(n = 13), and cryptogenic (n = 14) liver cirrhosis
and normal renal function constitutes the patient
population of this study. All patients were
diagnosed by clinical, histological and radiological
findings. Twenty-two patients belonged to ChildPugh’s class A, 19 to Child class B, and 12 to Child
class C. Patients with renal failure (creatinine >
106.8 µmol/L and creatinine clearance <
50mL/ min), dysthyroidism, and patients with
known hepatocellular carcinoma were excluded.
Severity of liver disease was evaluated by the CP
score (Child-Pugh’s score)[14] and by the generation
of IGF-1[15]. Portal hypertension was defined as the
presence of varices or/and portal vein diameter
(PVD)>13cm, portal blood flow velocity (PFV)<
15cm/sec and spleen size >13cm[16]. Sera were
obtained from 53 patients with liver cirrhosis, six
healthy controls and six patients with acute

Thirty-three patients were examined with duplex
Doppler ultrasonography equipped with an
ultrasonic system consisting of a mechanical sector
scanner (IGE rt 3600) and a pulsed Doppler device
with an insonating frequency of 3.5MHz and a pulse
repetition frequency of 2KHz. A wall filter of
100Hz was used to avoid a false positive diagnosis of
portal vein thrombosis, due to an inadequate high
pass filter. The study was carried out by the same
examiner (DG) to avoid interobserver variability.
The examiner was unaware of the grade of cirrhosis
so as to prevent from bias in the results. All the
patients were kept fasting overnight prior to the
sonography. Portal flow measurements were taken
in the supine position during expiration. The portal
trunk was scanned longitudinally with the sector
scanner. We preferred the intercostal approach to
keep the angle of insonation below 60o. The portal
flow velocity (PFV) in cm/sec was measured
directly. Over a given period, by the dedicated
software supplied with the Doppler equipment.
Each measurement was repeated until good and
reproducible spectral patterns and blood flow sounds
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were obtained. Portal flow velocity and diameter
were measured in triplicate and accepted if the
coefficient of variation was less than 10%. The
arithmetic mean of the three values was analyzed.
Statistics

Results were expressed as mean ± SD (x ± s).
Differences among groups were analyzed using
Scheffes multiple comparison test. Difference
between two groups was assessed by Mann-Whitney
test for non-parametric data. The correlation
between serum VEGF levels and, IGF-1, albumin,
and portal blood flow were evaluated using simple
regression analysis and Spearman correlation
coefficient analysis. P<0.05 was considered to be
significant.

Figure 1 Serum VEGF levels of patients with liver cirrhosis,
healthy controls and acute hepatitis. The mean serum level of the
cirrhotic patients was significantly lower than that of healthy
controls and acute he patitis patients (P < 0.01, P < 0.02),
respectively.

RESULTS

The clinical, radiological and laboratory data of our
patients with liver cirrhosis are shown in Table 1.
The mean serum VEGF levels in all cirrhotic
patients were significantly lower than those of
healthy controls (73 ng/ L ± 58 ng/ L versus
360 ng/L ± 217 ng/L, P<0.01) and lower than
patients with acute hepatitis (1123 ng/L ±
1261 ng/L, P<0.01) resectively (Figure 1). No
significant difference in the median serum VEGF
levels were noted among different Child-Pugh
classes. The median serum VEGF levels of class A
were 49.4ng/L, ranging from 21ng/L to
260 ng/L; Class B 59.9ng/L, ranging from
21ng/L to 92ng/L; and Class C 69ng/L ranging
from 20 ng/L to 247 ng/L (Figure 2).
The mean serum VEGF levels were
significantly different between patients with mild or
non-portal hypertension and patients with moderate
to severe portal hyper tension (mean 39.8ng/L±
16.5 ng/L, median 37.7 ng/L range 20 ng/L69.8 ng/L vs mean 80.8 ng/L ± 5.7 ng/L,
median 67.4 ng/L, range 20 ng/L - 260 ng/L, P
< 0 .005, respectively, Figure 3). A significant
correlation was found between VEGF and two
accurate parameters of portal hypertension, portal
blood flow velocity (r = 0.6) (Figure 4) and spleen
size (r = 0.55). However, weak correlation was
found between VEGF and portal vein diameter (r =
0.3) and no significant correlation was noted
between VEGF serum levels and serum albumin,
IGF-1, and aminotransferases (r = 0.2, 0.1, and
0.2, respectively), suggesting that VEGF reflect
neither the hepatic synthetic function in patients
with liver cirrhosis nor inflammatory activity.
Decreased VEGF levels were not associated with
both portal vein thrombosis seen in two of our
patients and platelet count (r = 0.2).

Figure 2 Serum VEGF levels in patients with different grades of
liver cirrhosis (Child-Pugh-s class). The mean serum VEGF level
was not significantly different among the three classes.

Figure 3 Serum VEGF levels of patients with liver cirrhosis with
or without portal hypertension. The mean serum level of the
cirrhotic patients with portal hypertension was significantly lower
than of those without portal hypertension (P<0.005).

Figure 4 Correlation between serum VEGF levels and portal
blood flow velocity in all patients with liver cirrhosis (r = 0.6).
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Table 1
The clinical, biochemical and radiological
characteristics o f the patients with different stages of liver
cirrhosis
Child-Pugh’s A
n=22
Age (yrs)
Gender (m/f)
Albumin (g/dl)
Bilirubin (mg%)
PT (%)
AST (U)
ALT (U)
VEGF (ng/L)
IGF-1 (nmol/L)
PFV (cm/sec)
Pv diameter (mm)
Spleen size (cm)

56.3±12
9/13
4.1±0.3
1.1±0.3
81±13.5
66±38
67±50
78±13.5
16.7±1.4
19.2±2.7
14.5±2.3
15.1±2.4

Child-Pugh’s B
n=19
49.0±12.9
13/6
3.3±0.4
1.8±1.0
66.3±14.4
62±45
44±42
63±9.4
13.3±1.06
17.2±8.3
11.7±3.5
16.2±1.9

Child Pugh’s C
n=12
53.3±14
10/2
2.7±0.3
3.8±1.1
51.7±9.4
94±76
58±59
87±20
10.9±1.1
17.2±5.3
13±2.5
15.4±2.7

DISCUSSION

Vascular endothelial growth factor (VEGF) is
closely related to angiogenesis in various human
cancers[8-11]. However, little is known of its
circulating levels in liver cirrhosis. We examined the
circulating VEGF levels in chronic liver disease to
assess their clinical significance. The results of this
study clearly indicate that serum VEGF levels
decreased which did not correlate with the disease
severity in patients with liver cirrhosis. Moreover,
the serum levels were down-regulated in the
presence of portal hypertension and may be
associated with the grade of hepatocyte
regeneration.
Decreased serum VEGF levels in our patients
with cirrhosis are in accordance with the study of
Kraft A et al, which showed that ascitic fluid from
patients with cirrhosis contained only a median of
303 ng/L (range 116 ng/L-676 ng/L) of VEGF,
corresponding to the low serum levels in our
series[17]. Our study is in agreement with the study
by Chow et al that VEGF expression did not
correlate with the biochemical liver profile, and
clinicals tage of cirrhosis[18]. That VEGF did not
correlate with IGF-1, an accurate marker of
synthetic function[15], suggests that expression of
serum VEGF may characterize a progression toward
lower proliferation rate in cirrhosis in vivo[3]. In a
recent report, as well as in our study, patients with
acute hepatitis demonstrated a significantly higher
level of VEGF than the control group. This high
level was not accompanied by serum
aminotransferase, suggesting that the serum VEGF
is not the result of damaged hepatocytes but rather a
high regenerative capacity[19].
VEGF production is known to be downregulated by several substances including
angiostatin, and endostatin[20]. Thus, the low
serum VEGF in these patien ts may be related to the
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increased
activity
of
these
inhibitors.
Unfortunately, these inhibitors were not measured
in our study subjects. On the other hand, acute
phase proteins are upregulated in liver cirrhosis[21].
VEGF induces capillary hypermeability, which may
contribute to acute inflammatory changes[1].
However, in spite of the necroinflammatory
changes observed in some patients with increased
aminotransferases, the serum VEGF levels
remained low. More over, no correlation between
VEGF and aminotransferases levels was noted in the
study population.
Lower VEGF serum levels in the patients with
cirrhosis may reflect the lower platelet count.
However, no correlation between serum VEGF and
platelets count was found in our patients. According
to that postulation, the VEGF levels were expected
to be elevated since activation of platelets during
serum preparation increased the VEGF content by 8
-10 times[22]. Finally, the serum VEGF in the liver
was not associated with sonographic portal vein
thrombosis, which also activates platelets. Low
circulating VEGF levels in our patients with
cirrhosis also indicate that VEGF was derived from
neither the large burden of tumor cells superimposed
on cirrhosis, nor platelets activated by the vascular
invasion of HCC cells since HCC was excluded from
our patients.
The clinical relevance of serum VEGF levels in
portal hypertension patients has not been previously
described and remains to be clarified. Previous
experimental studies have suggested that the
paracrine system of endothelin and other growth
factors may participate in the regulation of hepatic
hemodynamics in cirrhosis[23]. The present study
assessed the relationship between increased portal
pressure (portal blood flow velocity < 15) and
serum VEGF levels in human cirrhosis. The results
indicate that expression of VEGF in the serum is
down-regul ated in the presence of moderate to
severe portal hypertension. The reasons for this
remain unclear. The expression and localization of
PDGF, bFGF, EGF, and TGF-α in gastric coronary
vein of cirrhotic and non-cirrhotic patients was
investigated using immunohistochemical technique
by Yang et al [24]. The strongly positive
immunostaining rates were 93%, 89%, 70% and
68%, respectively in cirrhotic patients with portal
hypertension whereas the immunostaining was
negative in non-cirrhotic patients. These results
suggested that gastric coronary vein could produce
angiogenic growth factor during cirrhosis, the
growth factor might act on the vascular function
and/or structure via autocrine-paracrine mechanism
and not via endocrine mechanism.
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The potential usefulness of duplex sonography
in the diagnosis of portal hypertension has been
assessed previously by Iwao et al[16]. A portal vein
diameter greater than 13cm or a portal vein flow
velocity less than 15cm/sec indicated portal
hypertension with a sensitivity and specificity of
over 80%. That VEGF correlates well with the
portal blood flow velocity indicates that VEGF is
down-regulated
in
patients
with
portal
hypertension. However, patients with portal blood
flow velocity above 15cm/sec (no or mild portal
hypertension) still had lower VEGF serum levels as
compared to controls. This finding supports the
notion that decreased VEGF serum levels are related
to not only increased portal hypertension but also
reduced regenerative capacity. This has an
important clinical implication since the clinical
outcome of these patients may be related to liver
regenerative capacity.
In contrast to VEGF, Hsu et al found that
serum bFGF, another angiogenic factor, was
significantly increased in patients with liver
cirrhosis and HCC when compared with those with
chronic hepatitis or normal subjects. However, as
for VEGF, none of the liver function test findings
were correlated with the levels of basic FGF[25].
These results suggest that angiogenic factors play
different roles in liver cirrhosis. The reason for the
difference in circulating levels between VEGF and
bFGF remains unclear.
CONCLUSION

Circulating VEGF levels in patients with liver
cirrhosis can not serve as an indicator of the
progression of chronic liver disease but rather, they
may reflect increased portal hypertension or
decreased regenerative capacity of the cirrhotic liver
or combination of both. Further studies are
warranted to determine the clinical value of soluble
VEGF as a prognostic factor, and a surrogate
indicator of angiogenesis.
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Liver biopsy: complications and risk factors
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Abstract
AIM To study the complications and the risk
factors of percutaneous liver biopsy, and to
compare the complication rate between the
periods o f 1987-1993 and 1994-1996.
METHODS Medical records of all patients
undergoing percutaneous liver biopsy between
January 1, 1987 to September 31, 1996 in
Songklanagarind Hospital were reviewed
retrospectively.
RESULTS There were 484 percutaneous liver
biopsies performed. The total complication rate
was 6.4%, of which 4.5% were due to major
bleeding; the death rate was 1.6%. The
important risk factors correlated with bleeding
complications and deaths were a platelet count
of 70×109/L or less, a prolonged prothrombin
time of >3 seconds over control, or a prolonged
activated partial thromboplastin time of >10
seconds over control. Although physician
inexperience was not statistically significantly
associated with bleeding complications and
deaths, there was a reduction of death rate from
2.2% in 1987-1993 to 0% in 1993-1996. This
reduction is thought to result from both
increased experience of senior staff and
increased supervision of residents.
CONCLUSIONS Screening of platelet count,
prothrombin time, and activated partial
thromboplastin time should be done and need to
be corrected in case of abnormality before liver
biopsy. Percutaneous liver biopsy should be
performed or supervised by an expert in
gastrointestinal diseases, especially in high risk
cases.
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INTRODUCTION

Percutaneous liver biopsy is a helpful diagnostic
procedure which has been used for 100 years [1-3].
Although ultrasonography, computed tomography,
and magnetic resonant imaging are useful in
investigation of liver disease, liver biopsy is still
essential for diagnosis[4] in the majority of patients.
To avoid fatal complications, biopsy must be
performed in patients with indications for and no
contraindications against biopsy[5]. In our hospital,
this procedure has been practised for several years.
In 1992 there was an unofficial report of an unusual
high complication rate, but this is the first
investigative study. After 1994, all liver biopsies
were performed by well-trained gastroente rologists
or under their supervision; this seemed to lead to a
decrease in the complication rate. Thus this study
reviewed the incidence of complications in
unsupervised biopsy performed between 1987-1993,
and compare it with the incidence of complications
in supervised biopsy performed between 1994-1996.
Risk factors and additional procedures required for
complications were evaluated.
MATERIALS AND METHODS

We retrospectively collected all percutaneous liver
biopsies performed in inpatients between January 1,
1987 and September 31, 1996. Eligible patients were
aged 15 years or older and underwent biopsy
performed by medical staff or residents using
Menghini needle. Recorded data included:
demographic data (age and gender); indication for
biopsy; post-biopsy notes, both immediate and
follow-up; hematocrit (Hct) result within 48 hours
pre-biopsy and 5-48 hours post-biopsy (if several
Hct were reported, the median was calculated);
prothrombin time (PT), partial thromboplastin
time (PTT), platelet count and liver function test
within 10 days pre-biopsy; history of FFP and/or
platelet transfusion prior to biopsy; ultrasonography
report and pathological diagnosis.
Complications were defined as follows: Major
bleeding: a decrease in Hct of 4% or more requiring
packed red cell (PRC) transfusion and/or surgical
intervention. Minor bleeding: a decrease in Hct of
4% or more not requiring intervention (PRCtransfusion or surgery). Transient hypotension:
blood pressure of lower than 90/60mmHg, a
decrease in systolic pressure of 20mmHg or more or
a decrease in diastolic pressure of 15mmHg or
more.

302

ISSN 1007-9327

CN 14-1219/ R

Data analysis. A Chi-square and two-tailed
Fisher exact test was used to comp are proportions; a
two-tailed Student’ s t test was used to compare
means; and a logistic regression analysis was used to
determine the best predictors among several
independent variables. Probability (P) value of less
than 0.05 was considered to be statistically
significant.
RESULTS

Of 484 percutaneous liver biopsies, 50 biopsies were
performed in 25 patients (2 biopsies/1 patient).
The distribution of biopsies in each time period is
summarized in Table 1.
Demographic data. The mean age of patients was
50 years (range 15-85 years), 76.9% (372 of 484)
of patients were men and 23.1% (112 of 484) were
women. There was no difference of age and gender
between the periods of 1987-1993 and 1994-1996
(Table 1).
Indications for biopsy and pre-biopsy data. Indications for liver biopsy are shown in Figure 1. The
most frequent indication was presence of a space
occupying lesion, 57.2% (277 of 484), other
indications were unexplained hepatomegaly or liver
function test abnormality, 21.9% (106 of 484),
acute or chronic hepatitis, 7.2% (35 of 484), acute
or chronic jaundice, 5.2% (25 of 484 ), infection,
4.5% (22 of 484), cirrhosis 1.9% (9 of 484),
alcoholic liver disease, 1.7% (9 of 484), drug
related liver disease, 0.2% (1 of 484), and
glycogen storage disease, 0.2% (1 of 484). All prebiopsy data comparing between 1987-1993 and 19941996 showed no statistically significant difference
(Table 1).
Blood transfusion. FFP was transfused in 11.2%
(54 of 484) of all liver biopsies, of which 69.8%
had PT prolonged >3 seconds over control, 41.2%
had PTT prolonged >10 seconds and 25.9% had
abnormal PT and PTT. The average amount of FFP
given was 1.8±0.3 units (range 2-32 units).
Platelet concentrates were transfused in 1.9% (9 of
484) of all liver biopsies, of which 55.6% had a
platelet count 70 ×109/L or less and the average
amount of platelet concentrate was 1.9±0.1 units
(range 4-21 units).
Physicians involved in liver biopsy. Between 19871993, most percutaneous liver biopsies were
performed by non-gastroenterologist without
supervision; after 1994 all liver biopsies were
performed by well-trained gastroe nterologists or by
residents under their supervision.

WJG

August 1999

Volume 5

Number 4

Pathological results. There was a significant
decrease of hepatic malignancy from 49.3% (181 of
367) in 1987-1993 to 36.8% (43 of 117) in 19941996 ( P=0.019, Table 1).
Complications. The overall complication rate was
6.4% (31 of 484); 4.5% (17 of 484) were due to
major bleeding, 2.7% (13 of 484) due to tran sient
hypotension, and 1.0% (5 of 484) due to minor
bleeding. The death rate was 1.6% (8 of 484) but
when patients who died from other causes were
excluded, it was 1.2%. There was no association
between age or gender and complication (P >
0.05). There was no significant difference between
major bleeding between 1987-1993 and 1994-1996
(4.72%, 17 of 360) vs 3.4% (5 of 124, P=
0.617). The death rate was reduced from 2.2% (8
of 360) during first period to 0% (0 of 124) in the
later period; but this was not statistically significant
(P = 00208). Bleeding complication of hepatic
malignancy (3.5%, 9 of 260) and non-hepatic
malignancy (5.8%, 13 of 224) were not different.
38.7% of pathological findings of complicated cases
were hepatic malignancy. Coagulopathy was related
to both bleeding complications and death. In
patients with a normal PT the bleeding complication
rate was 3.6% (15 of 416) and the death rate was
1.0% (4 of 416). The rates increased to 10.5% (6
of 57) and 7% (4 of 57), respectively, when PT
was prolonged by >3 seconds over control, ( P =
0.017 and P = 0.009). Patients with a PTT
prolonged by >10 seconds over control also had
increased rates of bleeding complications (10.3% vs
3.8%) among patients with normal PTT ( P =
0.079). The death rate in patients with prolonged
PTT, on the other hand, was significantly higher
than that in patients with a normal PTT (7.7% vs
1.2%, P = 0.023). There was also a significant
difference in both bleeding and death rates between
patients with platelet counts 70 × 109/L and those
with platelet counts greater than 70 × 109/L
(bleeding rate: 25.0% vs 4.0%, P = 0.014; death
rate: 33.3% vs 0.8%, P = 0.001).
Logistic regression analysis of the independent
variables demonstrated that the most important
predictors for bleeding (P = 0.000) and death ( P=
0.003) was only platelet count 70 × 109/L or less.
Eight patients (1.6%) died after liver biopsy
between 1987-1993. Only five of these deaths could
be definitely attributed to liver biopsy and one
additional death was probably related to biopsy
procedures. Therefore, the actual death rate should
be 1.2% (6 of 484). In three of the attributable
deaths, bleeding and puncture wounds were
observed during laparotomy; in two other cases,
Hct was markedly decreased both 3 and 24 hours
post-biopsy. One patient developed sudden dyspnea
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and in which pneumothorax could not be
excluded; thus, this death is probably related to
biopsy. Two of the deaths may not have been
associated with liver biopsy; the first patient died of
pulmonary hemorrhage and the second of
pneumonia with sepsis.
Table 1 The number of liver biopsies, demographic data, prebiopsy laboratory data and pathological results comparing
between 1987-1993 and 1994-1996

Liver biopsies (%)
Mean age (years)
Gender (%)
Male (n=372)
Female (n=112)
Hct (%)
PT (sec)
PTT (sec)
Platelet (×10 9/L)
TB+ (g/dl)
AST+ (U/L)
ALT+ (U/L)
ALP+ (U/L)
Alb+ (g/dl)
Hepatic malignancy

1987-1993

1994-1996

P- value

367 (75.8)
51

117 (24.2)
48

NS
NS
NS

74.5
25.5
34.40±8.33
14.15±2.34
32.61±6.67
298±172
1.33±1.22
125±117.64
82.03±80.37
355.69±278.32
3.54±0.75
49.3

80.4
19.6
33.35±8.39
13.61±1.63
33.19±5.88
332±162
1.30±1.30
148.44±134.36
90.86±78.72
347.10±303.76
3.58±0.81
36.8

NS
NS
NS
NS
NS
NS
NS
NS
NS
0.019

NS: No statistical significant, TB: Total bilirubin, AST: Aspartate
aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline
phosphatase, Alb: Albumin

Figure 1 Indications for liver biopsy. The most comm on
indication was presence of a space occupying lesion (57.2%, 277
of 484), other indications were found less frequent respectively.

DISCUSSION

In this patient population, the overall complication
rate was 6.4% and the over all death rate was
1.6%. Our complication and death rates were
unusually high as compared with other studies which
have shown a complication rate of 0.13% - 3.2%,
and a mortality rate 0% - 0.33%[1,6,7]. However,
MaVay and associates also reported a high rate of
major bleeding (4.5%)[6].
We found the most important independent risk
factors for bleeding complications and death were
platelet count of 70 × 109/L or less. However,
prolonged PT > 3 seconds over control and
prolonged PTT > 10 seconds over control also
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contributed
to
the
increasing
bleeding
complications. Our study support those of
commonly considered contraindications for liver
biopsy that is a platelet count of 50-80 × 109/L or
less or a PT >3 seconds[1,8]. Shama et al also found
no bleeding in 16 patients with platelet counts of 6190 × 109/L, but 3 of 13 patients with platelet counts
of 30-60 ×10 9/L bled [9]. Ewe, while investigating
laparoscopic liver bleeding time, found bleeding
from the biopsy site occurred in cases with a platelet
count of 50 × 109/L or less, but this bleeding could
be stopped with compression[10]. Although these
studies demonstrated no increased risk of bleeding
with a platelet count greater than 60 × 109/L, one
patient in our study with platelet count of 63 × 109/L
had post liver biopsy bleeding. Therefore, we chose
a platelet count of greater than 70 × 109/L as the
safety margin for doing liver biopsy. Sherlock also
recommended that liver biopsy should not be
performed when platelet count was less than 80
×109/L[1]. In this study, PT being greater than 3
seconds is a risk for bleeding complication, but
McVay et al have reported that mild prolongation
of PT and PT T 1.1-1.5 times that of normal is not
associated with increased bleeding complications[6].
Other studies have also shown no increased risk for
bleeding in open surgical procedures if PT and PTT
were prolonged by 1.5 times or less[3,11].
Therefore, it has been suggested that bleeding after
liver biopsy is a random event that cannot be
predicted by currently available methods[9,11], local
intrahepatic clotting and elastic factors may prevent
bleeding[10].
In this study, the death rate decreased from
2.2% in 1987-1993 to 0% in 1994-1996. This
decrease was not statistically significant probably
due to the small sample size of patients biopsied
between 1994-1996. Gilmore et al reported a
frequency of bleeding complications of 3.25% when
biopsies
were performed by inexperienced
physicians (less than 20 previous biopsies
performed), which was higher than the
complication rate of 1.1% when biopsies were
performed by physicians who had done more than
100 biopsies before[3]. A survey in Switzerland also
showed the complication rate was markedly higher
in physicians with less experience (0.88% in
physicians who performed biopsies less than 12
times per year vs 0.06% in physicians who
performed biopsies 50 or more times per year)[12].
This may suggest that liver biopsy complication rate
is determined by both the experience and training of
those performing the procedure.
As in other studies, the most frequent
indication for liver biopsy was the presence of a
space occupying lesion and the most frequent
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pathological diagnosis was hepatic malignancy[6,9].
Our study showed no association between
pathological findings and bleeding complications.
Hepatic malignancy and cirrhosis have previously
been identified as risk factors by Gonalez-Vallina,
Mc Gill, and Fisher et al[6,8,13]. In these reports,
Vim-Silverman and Tru-cut needles were frequently
used and may have caused increased bleeding.
Malignancy may also predispose to bleeding because
of hypervascularity and capillary fragility, cirrhosis
is thought to increase the risk of bleeding due to
large subcapsular venous pooling[9]. However,
Paisal showed no significant increase in bleeding due
to cirrhosis[14].

WJG

Bleeding complications of percutaneous liver biopsy
may occur in the setting of a platelet counts of 70×
109/L or less, a prolonged PT > 3 seconds over
control, or a PTT > 10 seconds over control. In
order to minimize complications, all pre biopsy
patients should be screened with platelet counts,
PT, and PTT. If any of these value is abnormal, it
should be corrected with FFP or platelet concentrate
before liver biopsy. This study showed that
physician experience is not a statistically significant
risk factor for complications of liver biopsy.
However other reports have suggested that
performance of liver biopsy by untrained or
inexperienced physician increase complications.
Therefore, percutaneous liver biopsy should be
performed or supervised by an expert in
gastroenterology; this is especially important in
high risk cases.
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Effects of heparin on hepatic regeneration and
function after partial hepatectomy in rats
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Abstract
AIM To investigate the effects of heparin on
the regenerative rate and serum alanine
aminotransferase level in partial-hepatectomized
(two- thirds) rats.
METHOD Three different doses of heparin
(100, 500 or 1000 U/kg) were given after
partial hepatectomy through the tailvein at a 12h
interval for 2 or 3 days. After drug treatment,
rats were killed and the remnant livers were
weighed for the assessment of regenerative
rate. Blood samples were also colle cted to
measure serum alanine aminotransferase levels.
RESULTS
Heparin given in the present
dosages for 2 or 3 days neither stimulated the
regeneration of the liver nor improved the
hepatic function as indicated by an insignificant
change both on remnant liver weight and serum
alanine aminotransferase activity as compared
with the control.
CONCLUSION Heparin alone has no beneficial
effects on the rege neration of livers and
improvement of hepatic function in
hepatectomized rats.

INTRODUCTION

It is known that liver regenerates quickly in
response to tissue damage. Hepatocyte growth
factor (HGF) has been implicated in the regulation
of liver growth after partial hepatectomy[1,2]. It has
been reported that heparin is a potent inducer of
HGF production in various types of cells, including
human embryonic lung and skin dermal fibroblasts,
and promyelocytic leukemic and umbilical vein
endothelial cells as well[3]. Furthermore, it was also
demonstrated that heparin, when given to partially
hepatectomized rats, could increase the plasma
HGF level and stimulate DNA synthesis in
hepatocytes of the remnant livers during the early
stage of liver regeneration. However, this indirect
indicator of tissue growth in the early phase of liver
regeneration can not extrapolate and ascertain
whether heparin is a true hepatotrophic factor for
liver regeneration at the later stage of the
regenerative process. Also, there was no clear
indication that heparin can indeed restore the liver
function along with its regenerative capacity.
The purpose of this study is to investigate the
effects of heparin on liver regeneration and function
by measuring the regenerative rate and serum
alanine aminotransferase level, respectively in
partially hepatectomized rats. The results of this
study could be useful for assessing the therapeutic
implication of heparin as a hepatotrophic agent in man.
MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (180 g - 200 g) purchased
from the Laboratory Animal Unit, the University
of Hong Kong, were reared on a standard
laboratory diet (Ralston Purina Co., USA), and
given tap water. They were kept in a room where
the temperature (22 ± 1 ), humidity (65%70%), and day:night cycle (12:12 light:dark) were
controlled.
Drug
Department of Pharmacology, Faculty of Medicine, The University of
Hong Kong, 5 Sassoon Road, Hong Kong, China
Correspondence to: Professor Chi Hin Cho, Department of
Pharmacology, Faculty of Medicine, The University of Hong Kong, 5
Sassoon Road, Hong Kong, China
Tel.(852)2819 9252, Fax.(852)2817 0859
Email.chcho hkusua.hku.hk
Received 1999-05-19

Heparin (Sigma, St. Louse, MO, USA; sodium
salt, 174 USP units/mg) was prepared in 0.9% w/
v NaCl (British Drug House, UK) solution (normal
saline) in a concentration series of 50, 250, and
500U/mL for intravenous injection. Different
doses of heparin 100, 500 and 1000U/kg, i. e.
0 .2 mL/100 g body weight were given,
respectively. Similar volume of norma l saline was

306

ISSN 1007-9327

CN 14-1219/ R

injected through the same route as the control.
Partial hepatectomy, drug treatment and
hepatic regeneration assessment

Partial (two-thirds) hepatectomy was performed by
excision of the median and left hepatic lobes
according to the method of Higgins and Anderson[4]
under pentobarbitone anaesthesia. The heparin at
doses of 100, 500, and 1000U/kg or its vehicle
(normal saline) were administered intravenously
through tail vein every 12h starting 6h after
operation for 2 (4 injections) or 3 (7 injections)
days. The rats were killed 3h after the last dose.
Blood samples were collected for the measurement
of serum alanine aminotransferase level. At the
time of killing, the remnant livers were removed
and weighed to assess the he patic regeneration. The
hepatic regenerative rate in each postoperative rat
was calculated from the wet weight of the remaining
liver divided by the estimated preoperative weight
of the whole liver times 100[5].
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the highest dose in the 3 days group, remained
similar to those of the control. The highest dose of
heparin treated for 3 days, however, significantly
attenuated the liver regeneration when compared
with control group (Figure 1).
Serum alanine aminotransferase level

Serum alanine aminotransferase activity was
significantly increased after partial hepatectomy at
day 2 when compared with the enzyme level of
normal rats. These levels seemed to be recovered
back to normal level at the 3rd day after operation.
Heparin at all three doses treated for 2 or 3 days did
not significantly affect the serum alanine
aminotransferase activity in partially hepatectomized animals (Figure 2).

Measurement of serum alanine aminotransferase level

The serum alanine aminotransferase activity was
measured by the method used in our laboratory with
modifications[6]. Lactate dehydrogenase (LDH),
L-ala nine, reduced nicotinamide adenine
dinucleotide (NADH) and α-ketog lutarate were
prepared at concentrations of 20U/mL, 0.8M,
2mM and 0.1 mM, respectively. Serum (0.1 mL)
was added to 0.1 mL NADH, 0.1 mL alanine,
0.1mL α-ketoglutarate and 0.5mL of 0.2M
phosphate buffer mixture. The final solution was
incubated at 37
for 1min. LDH in 0.1mL was
then added and the absorbance of the mixture was
measured at 340nm for 3min with a
spectrophotometer (Beckman, DU 650, USA),
using mixture without LDH as the blank. The rate
of decrease in absorba nce was determined and the
amount of alanine aminotransferase present was
calculated with a formula. Serum alanine
aminotransferase levels were expressed as U/mL.

Figure 1 Effect of different doses of heparin treate d for 2 or 3
days on liver regeneration in partially hepatectomized rats. Open
columns represent groups with normal saline treatment. Hatched,
solid, or cross-hatched columns stand for groups treated with
heparin at doses of 100, 500, or 1000U/kg, respectively. Each
column represents the mean±S.E.M. of 5 an imals. aP<0.05 vs
corresponding group with normal saline treatment.

Statistical analysis

The results were expressed as mean ±S.E. (x±sx)
and statistical analysis was performed with an
analysis of variance (ANOVA) followed by a
Dunnett t test. A value of P<0.05 was considered
to be statistic ally significant.
RESULTS
Liver regeneration

The remaining liver tissue regenerated along with
the time after partial hepatectomy. Two or three
days after hepatectomy the regenerative rates were
51% or 84%, respectively in the vehicle treatment
groups. Heparin had no significant effect on hepatic
regeneration. The regenerative rates in all three
doses of heparin treated for 2 or 3 days, except for

Figure 2 Effect of different doses of heparin treate d for 2 or 3
days on serum alanine aminotransferase level in partially
hepatectomized rats. Open columns represent groups with normal
saline treatment . Hatched, solid, or cross-hatched columns stand
for groups treated with heparin at doses of 100, 500, or
1000U/kg, respectively. Each column represents the mean±S.
E.M. of 5 animals. aP<0.05, bP<0.001 vs 0 day with normal
saline treatment.
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DISCUSSION

The present study showed that partial hepatectomy
stimulated the remnant liver to regenerate in a timedependent manner which was comparable with the
previous study[5]. Liver regeneration is a
compensative mechanism to restore the organ
function after injury or related diseases. After
partial hepatectomy, liver mass doubled within 48h
and completely recovered in 7-10 days. This
process was relatively well synchronized with the
peaks of DNA synthesis and mitosis occurring at
approximately 24 and 30h, respectively[4,7]. It has
been reported that heparin could stimulate
endogenous HGF production and consequently
enhance DNA synthesis in hepatocytes in vivo after
hepatic injury. The latter effect was significant
within 36h after hepatectomy, but the same effect
was not examined thereafter. More importantly ,
the actual liver regeneration and function had not
been assessed[8].
Although the early phase of liver regeneration
is important for liver growth, the later stage of liver
development and maturation of hepatocytes is the
final determinant for a normal functional liver. The
present study determined the effects of heparin on
liver regeneration and its function 48 and 72h after
hepatectomy. Our results demonstrated that heparin
at all doses accelerated no hepatic regeneration.
The highest dose instead significantly retarded liver
regenerati on in the 3rd day. This finding suggested
that higher dose and longer period of heparin
treatment might be harmful rather than beneficial
to liver regeneration.
Increased liver regeneration is reflected by
improvement of hepatic functions. Serum alanine
aminotransferase level is one of the indicators for
hepatic functions in clinical practice. In the present
study, partial hepatectomy induced a significant
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increase in serum enzyme activity and tended to
recover along with the natural liver regeneration at
the 3rd day after hepatectomy. These findings were
in accord with the previous study[5]. Our present
data also indicated that heparin could not accelerate
the recovery of alanine aminotransferase level as
liver regenerated on the 2nd and 3rd after
hepatectomy. Although heparin could stimulate
DNA synthesis of hepatocytes at the first day after
partial hepatectomy[8], it could not improve the
deteriorated action on the liver due to hepatectomy
beyond that period of time. Taken together,
heparin is not an ideal hepatotrophic drug when it is
used alone in liver injury or related diseases.
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Abstract
AIM To evaluate the safety and efficacy of the
bioartificial liver support system in canines with
acute liver failure (ALF).
METHODS Nine canines with acute liver failure
by acetaminophen -induced received TECA-I
bioartificial liver support system (BALSS) from
Hong Kong TECA LTD Co. Blood was perfused
through a hollow fiber tube containing (1-2)×
10 10 the porcine hepatocytes. In contrast,
another 10 canines with a cute liver failure by
Acetaminophen received drugs. Each treatment
lasted 6 hours.
RESULTS
BALSS treatment resulted in
beneficial effects for acetaminophen-induced
ALF canines with survival and with the recovery
of the liver functions and tissues, and plasma
ammonia decreased from 135.9 µmol/L ±
17.5 µmol/L to 65.7 µmol/L ± 22.0 µ mol/L,
32.5 µmol/L ± 8.8 µmol/L, GPT from 97.8U/L ±
8.7U/L to 64.8U/L ± 11.9U/L, 19.0U/L ±
6.3U/L, GOT from 103.0U/L ± 16.7U/L to
75.7U/L ± 19.6U/L, 26.5U/L ± 5.0U/L, and
AKP from 158.3U/L ± 12.1U/L to 114.5U/L±
19.8U/L, 43.8U/L ± 5.6U/L during and after
the treatment. In contrast, 10 ALF canines in
both the drug and control groups died 1 or 2 days
after treatment.
CONCLUSION TECA-1 artificial liver support
system is safe and efficacious for canines with
acute liver failure.

INTRODUCTION

Acute liver failure (ALF) is a well-known
complication in clinical diseases and the current
comprehensive treatment is not satisfactory. The
recent developed artificial liver support systems,
especially the bioartificial liver support systems
(BALSS), which perfuse the ALF blood with the
exotic hepatocytes to temporarily replace the
complex functions of illed liver such as synthesis,
detoxication and biotransformation, provide a
brand-new approach to treat the ALF[1-8]. But the
difficulties in acquiring high-density culturing of
hepatocytes, lack of a stable and well-reproducible
big animal model of ALF impededed the
development of BALSS researches. In the present
study, we have introduced the basic techniques of a
hollow fiber bioartificial liver system, used the
Chinese experimental miniature swines as the donor
of hepatocytes, improved the culturing conditions of
porcine hepatocytes in the bioartificial liver system
and developed an acetaminophen-induced ALF
canine model so as to assess the efficacy, safety and
feasibility of the BALSS in treating the ALF
canines.
MATERIALS AND METHODS
Animal

The healthy adult hybrid canines weighing 15kg and
adult Chinese experimental miniature swines
weighing 10kg, the male or female, were provided
by the Experimental Animal Center of PLA General
Hospital.
Reagent

All chemicals were obtained from Hong Kong
TECA LTD Co. or Sigma Chemical Co.

1

The development of a canine model of ALF

3

The canines received multi-subcutaneous injections
(sc) with acetaminophen (115mg/kg) to induce the
ALF models.
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The isolation and culturing of porcine
hepatocytes

Hepatocytes were isolated from Chinese
experimental miniature swines by collagenase
digestion. Viability of the cells was assayed by
trypan blue exclusion and AO/PI fluorescence
staining.
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The procedure of BALS treatment

The porcine hepatocytes

Freshly isolated hepatocytes were cultured in the
TECA-I BALSS from Hong Kong TECA LTD Co.
and used to treat the ALF canines. The porcine
hepatocytes were circulating through the exterior
space of capillary hollow fibers in the BALSS. A
circuit was developed between the femoral artery
and vein on one side of the ALF canine and
connected to the hollow fibers of BALSS. The
canine’s blood circulated through the inner space of
capillary hollow fibers and the substances exchanged
through the membrane of hollow fibers with the
porcine hepatocytes to achieve the perfusing
function.

Using the modified enzymatic digestive method,
each liver yielded approximately 0.8 - 5×1010
hepatocytes. Viability of the final suspensions
averaged 60% - 80% by trypan blue exclusion and
AO/PI fluorescence staining.

Experimental groups

Nineteen ALF canines were randomly divided into
three groups:
BALSS perfusion group (n = 9):
perfused with the hollow fiber tube BALSS; drug
group (n = 5): intravenous injection with arginine,
sodium glutamate and acidi amino chaini branchi;
control group (n = 5): intravenous injection of
5% dextrose solution. Each treatment lasted six
hours.
Biochemical assays

The plasma levels of ammonia, GPT, GOT, AKP
and BUN were measured before and 2, 4, 6 hours,
1, 3, 5, 7, 14, 30 days after treatment.
Morphological observation

The liver, kidneys, heart, lungs were taken out
when the canines died or survived for 30 days for
paraffin section and HE stained and examined
under light microscope.
Statistical analyses

The values of blood biochemical parameters were
expressed as means±SD. Data between the three
groups and pre-and post-treatment were compared
using t test. Statistical significance was considered
when P<0.05.

The liver function recovery of ALF canines after
treatment with BALSS

All ALF canines in the control group, with
increasing levels of plasma ammonia, GPT, GOP
and AKP died 2 - 30 hours after treatment. All the
five ALF canines in drug group died 6 - 36 hours
after treatment. The plasma levels of ammonia,
GPT, GOT and AKP declined slightly during the
treatment, but it had no significant difference
compared with that in the control group (P>
0.05). In BALSS perfusion group, all nine ALF
canines showed remarkable liver function recovery.
During BALSS treatment, the levels of plasma
ammonia, GPT, GOT and AKP began to decline at
the 2nd hour and the declination was even more
obvious compared with pre-treatment at the 4th
hour and 6th hour (P < 0.01) (Figures 2, 3, 4, 5).
The levels of these biochemical parameters had
significant differences at the 6th hour of treatment
between BALSS perfusion group and the drug group
(P<0.01). Except three canines in BALSS perfusion
group who died 6 and 12 hours and 5 days after
treatment because of narcotization and wound bleeding,
the other 6 canines survived more than 30 days.
The morphological changes of liver in ALF
canines after treatment with BALSS

The liver, heart, kidneys and lungs were taken out
for pathological examination when the canines died
and survived for 30 days after treatment. The liver
tissues of the dead ALF canines showed massive
necrosis in the drug and control groups . Thirty days
after treatment, the liver tissue of ALF canines in
BALSS perfusion group had no obvious hepatocyte
necrosis but a slight cholestasis and fibrosis.

RESULTS
The development of a canine model for
acetaminophen-induced ALF

After injected with acetaminophen, the thirty-eight
healthy canines (21 male, 17 female) demonstrated
a significantly increased level of NH3, GPT, GOT
and AKP at 48 hours (P<0.01, Figure 1) while
plasma concentration of BUN had no change. In the
mean time, symptoms appeared such as vomiting,
food refusal and listlessness. Histologic examination
showed massive necrosis of the hepatic tissues.
Sixty-three per cent had ALF, in which the plasma
levels of NH 3 and GPT were higher than
100 µmol/L and 60U/L respectively.

Figure 1 The changes of canines’ biochemistry param eters before
and after injections of acetaminophen.
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Figure 2 Effects of the BALS on ammonia of acetaminopheninduced ALF canines.

Figure 3 Effects of the BALS on GPT of acetaminophen -induced
ALF canines.

Figure 4 Effects of the BALS on GOT of acetaminophen -induced
ALF canines.

Figure 5 Effects of the BALS on AKP of acetaminophen-induced
ALF canines.

ALF is usually an integrative response caused by
viruses, drugs and toxins which leads to severe
hepatocyte injury and the rapid loss of synthetic,
metabolic and regulative functions, followed by the
release of non-inflammatory cellular factors and
other indefinitive toxins into the circulation. Its
mortality was as high as 50% - 80% and no
effective clinical therapy is available currently.
Because the illed liver has a tendency of
reversibility, a reproduction can occur if we replace
the hepatic functions by artificial methods . Since
the liver has more than 500 complex physiological
functions, the current non-biological ALS such as
activated charcoal absorption can not replace the
liver functions completely although it can clear some
middle and small molecular weight substances in the
circulation. In BALSS the exotic hepatocytes were
used to exchange the substances with the ALF
blood, so that it can temporarily replace the
complex liver functions of ALF patients directly
from the exotic hepatocytes. Now there are several
types of BALSS and a few small animal experiments
and clinical study reports with various therapeutic
effects[1-7,9-11]. The studies of BALSS in China are
still in the initial stage and the BALSS techniques
are not mature. This experiment studied the main
problems such as the source and culturing of
hepatocytes, the development of ALF canines
model and a ssessment of the efficacy and safety of
BALSS treatment based on the advanced techniques
of hollow fiber tube BALSS introduced from
abroad.
A large quantity of hepatocytes with a wellfunctioned condition and high-density in culture in
the BALSS is a key factor in success. Some authors
used the human liver tumor cell lines, human
embryo hepa tocytes and porcine hepatocytes as the
sources of hepatocytes[9-11]. But the possible
dangers of the tumor cells to the receptors and the
scarce of the embryonic cell hampered the studies of
BALSS. Our experiment selected the quarantined
pure strain Chinese experimental miniature swine as
the source of hepatocytes. Using the modified
enzymatic digesting and culturing method, we
acquired a large quantity of porcine hepatocytes that
can meet the needs of BALSS. The development of
a large animal ALF model, especially with highreproductivity, stablity and a similar pathological
changes to ALF patients, is still a major difficulty.
Some people established the ALF canine models by
surgical operation to occlude the blood supply for
liver temporarily[12]. But this kind of models can
not suit the studies of ALF or drugs because of the
multiple organs failure induced by ischemicreperfusion injury and the variability of death time.
We used the multiple injections of acetaminophen to
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induce the ALF canines. Forty-eight hours after
injection, the blood hepatic biochemistry
parameters had obvious changes. The canines’ liver
tissues manifested massive necrosis. The ALF
canines would die within 56 - 84 hours without
treatment. This disease model had a good
reproductivity and the changes of blood biochemical
parameters were similar to ALF patients except the
plasma BUN. The death time of ALF canines is
relatively stable and suits the studies of BALSS and
drugs.
In our experiment, we developed an ALF
canine model induced by acetaminophen and then
treated with the clinical routine drugs, BALSS and
infusion of dextrose solution for evaluating the
efficacy, safety and feasibility of BALSS to treat
the ALF canines. The biochemical parameters
related to hepatic functions of the ALF canines in
the control group were elevated except for the
plasma BUN. The canines died within 2 days. The
drug therapy could partly correct the changes of
biochemical parameters of the ALF canines, but
with a very limited efficacy, and the canines died 2
days after treatment. The perfusion treatment with
the B ALSS of cultured Chinese experimental
miniature porcine hepatocytes lasted 6 hours. The
blood biochemical parameters of hepatic functions
of the ALF canines were corrected obviously at the
4th hour of perfusion. The effect was significantly
superior to which used in the other two groups.
ALF canines can survive more than 30 days after
perfusion therapy. The pathological changes of liver
were also recovered obviously. The results showed
that the porcine hepatocytes in this kind of BALSS
could temporarily replace the hepatic functions of
ALF canines by perfusion through the membrane of
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the hollow fiber tube, and then offered a chance for
regeneration and repairment of the canine liver. It
is suggested that the BALSS could temporarily
replace the hepatic function of ALF patients safely
and effectively, and may become a brand-new
method for the treatment of ALF.
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A study of the ameliorating effects of carnitine on
hepatic steatosis induced by total parenteral
nutrition in rats
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Abstract
AIM To investigate the effects of carnitine on
ameliorating hepatic steatosis induced by total
parenteral nutrition (TPN) in animal model.
METHODS Eighteen normal Wistar rats and 19
cirrhotic Wistar rats induced by carbon
tetrachloride were randomly divided into three
groups, i. e., free access to food and drink
(group A), TPN (group B) and TPN+carnitine
(group C) for one week, respectively. Hepatic
function, histology and its fat content were
determined on the 7th day.
RESULTS Hepatic triglyceride (TG) and
cholesterol (CHO) contents were significantly
higher in groups B and C than in group A, and
significantly lower in group C than in group B in
both normal and cirrhotic rats (all P< 0.05).
Histopathological examinations revealed that
hepatic steatosis was more severe in group B
than in group C in both normal and cirrhotic rats.
CONCLUSION Carnitine can ameliorate hepatic
steatosis associat ed with TPN in both noncirrhotic and cirrhotic rats.
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INTRODUCTION

Long-term total parenteral nutrition (TPN) can
frequently lead to the development of hepatic
steatosis. Although its incidence has decreased with
modifications of the TPN regimen, such as
increasing content of lipid and decreasing content of
glucose, hepatic steatosis still remains the most
common complication of TPN. The exact
pathogenesis of TPN-associated hepatic steatosis is
still unclear. A number of factors may contribute to
the development of hepatic steatosis following TPN.
Of them, the absolute or relative deficiency of
carnitine is commonly postulated to be an important
mechanism. Previous studies showed that patients
with long-term TPN had carnitine deficiency [1-4],
however, the prophylactic effects of carnitine
supplementation on hepatic steatosis have not been
well do cumented. In this study, we investigated the
effects of carnitine on minimizing TPN-associated
hepatic steatosis in both normal and cirrhotic rats.
MATERIALS AND METHODS
Animals and grouping

Normal groups Eighteen male Wistar rats weighing
250g-3 00g, obtained from the Laboratory Animal
Center of our university, served as normal groups.
They were randomly divided into three groups: A1,
B1 and C1, wit h six in each group.
Cirrhotic groups Twenty-five male Wistar rats,
weighing 218g-245g, were used for inducing liver
cirrhosis. They were treated with subcutaneous
injection of 60% carbon tetrachloride (CCl4) at a
dose of 0.3mL/100g body weight twice each week
for 10 weeks, and 5% ethanol water solution was
ingested as drink water through the period of
time[5]. A total of six rats died during CCl4
treatment. The remaining 19 rats were taken as
cirrhotic groups, and randomly divided into three
groups: A2, B2 and C2, with six, seven and six
rats, respectively.
Feeding

Groups A (A1 and A2), B (B1 and B2) and C (C1
and C2) had free access to food and water,
carnitine-free TPN, and TPN with carnitine
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++: Moderate steatosis with presence of both
micro- and macro-vesicular lipid in 1/3 to 2/3 of
hepatocytes.
+++: severe steatosis with mixed micro and
macro-vesicular lipid in more than 2/3 of
hepatocytes.
++++: severe steatosis with presence of
macrovesicular lipid in all or almost all hepatocytes.

supplementation, respectively, for one week. Both
group B and C were fasted when TPN was applied.
TPN solution was prepared according to
physiological needs of growing rats[6]. It offered a
total non-protein energy of 166kcal/kg body
weight daily, with 40% provided by MCT/LCT
lipid emulsion, and a nitrogen quantity of
1140mg/kg body weight daily. In normal rats,
10% compound amino a cids solution was used as
source of nitrogen, while 8% essential amino acids
and branch-chained amino acids solution was used in
cirrhotic rats. In group C, carnitine (“Hepadif”,
HAN SEO Pharmaceutical Company, Seoul, Korea)
was added to TPN solution at a dose of 100mg/kg
body weight per day.

Statistical analysis

Results were expressed as mean ± SD (x ± s).
Statistical analysis was performed using
commercially available SPSS package, and one-way
ANOVA and Student’s t test were employed to
compare the means between groups. Statistical
significance was considered at P<0.05.

Implementation of TPN

RESULTS

A 0.9mm silicon cannula was placed into the
internal jugular vein of rat under ether anesthesia.
The cannula was coursed subcutaneously, and was
brought outside and fixed at the back neck. Rats
were kept in cages without limiting activity after
cannulation, and TPN solution was infused
continuously via the cannula over 24 hours a day.

One rat in group B2 died of pulmonary edema
during TPN due to an overly rapid infusion rate,
and was excluded from the study. All other rats
remained alive up to the end of study. There was no
statistically significant difference in the initial body
weight among normal groups (A1, B1 and C1) and
cirrhotic groups (A2, B2 and C2) (Table 1).
With respect to liver function, Table 2 shows
no significant difference in TBIL, AST, ALT and
ALB among normal groups, and no significant
difference in TBIL, AST and ALT among cirrhotic
groups. ALB was significantly lower in group B2
and C2 than in group A2 (both P < 0.05). Group
C2 tended to have a lower ALT and higher ALB
than group B2 (Table 2), but the difference was not
statistically significant.
In normal groups, hepatic TG and CHO
content was remarkably elevated in groups B1 and
C1 in comparison with A1 (all P<0.05), but were
significantly lower in C1 when compared with B1
(both P < 0.05, Table 3). Similarly, in cirrhotic
groups, B2 and C2 had a significantly higher hepatic
TG and CHO level than A2 (all P < 0.05), and C2
had a markedly lower hepatic TG and CHO content
as compared with B2 (both P<0.05, Table 3).
Semi-quantitative assessment of hepatic
steatosis revealed that group A1 was negative, A2
+, both B1 and B2 ++++, and both C1 a nd C2 ++
(Figure 1).

Investigation

By the end of one week feeding, rats were weighed
and then sacrificed under ether anesthesia. Blood
sample was collected for determining total bilirubin
(TBIL), aspartate transaminase (AST), alanine
transaminase (ALT) and albumin (ALB). The liver
was excised. One part of the liver was taken for
quantitative assessment of triglyceride (TG) and
cholesterol (CHO) content by using solvent
extraction method. The remaining liver was fixed in
10% formalin and embedded in paraffin, and the
sections were stained with hematoxylin and eosin
(HE) and Sudan IV for histopathological
examination. The severity of hepatic steatosis was
evaluated semi-quantitatively according to the
following grading system suggested by Ruwart et
al[7]:
-: absence of steatosis.
+: mild steatosis with presence of lipid,
mainly macrovesicular, in no more than 1/3
hepatocytes.

Table 1 The initial body weight (BW) of rats in different groups (x±s)
Normal group

n
BW(g)

Cirrhotic group

A1

B1

C1

A2

B2

C2

6

6

6

6

6

6

270.8±10.1

318.2±7.1

318.7±5.3

321.8±6.9

263.8±13.5

268.1±11.8
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Liver function in various groups (x±s)

Normal group

TBIL(µmol/L)
AST(IU/L)
ALT(IU/L)
ALB(g/L)

Cirrhotic group

A1

B1

C1

A2

12.4±3.2
156.9±28.6
54.0±11.0
38.8±1.7

13.8±4.8
187.2±29.6
43.8±11.7
37.8±1.0

2.0±5.1
179.7±22.3
44.8±15.1
39.5±3.1

13.0±2.7
264.0±23.6
106.0±24.0
32.2±2.8

B2

C2

13.2±2.1
269.5±26.7
117.7±25.0
5.8±1.9 a

12.0±2.5
269.5±102.0
89.2±22.7
27.2±2.4a

a

P<0.05, vs group A2.

Table 3 Hepatic fat content in various groups (x±s)
Normal group

Cirrhotic group

Group
A1
TG(µmol/g)
CHO(µmol/g)

5.15±0.76
5.59±0.66

B1

C1
a

39.33±2.42
13.13±1.06 a

C1
a,e

17.00±3.95
8.98±1.50a,e

9.05±0.78
6.30±0.65

A2

B2
c

26.58±2.76
10.2±0.83c

13.11±8.42c,g
7.98±0.99 c,g

a

P<0.05, vs group A1; cP<0.05, vs group A2; eP<0.05, vs group B1; gP<0.05, vs group B2.

DISCUSSION

Figure 1 Histopathological features of hepatic stea tosis (HE
staining, 5 × 10), showing grade + (a), ++++ (b) and ++ (c).
(a) Group A2, (b)Group B2, (c)Group C2.

TPN has been widely applied to patients who are
temporarily or permanently unable to intake
sufficient nutrition enterally. It, however, can cause
some metabolic disorders, especially in longterm users. Of them, hepatic steatosis is the most
serious and frequently encountered disorder. The
TPN-associated hepatic steatosis may be related to
the high concentration of dextrose or glucose in its
regimen, and impaired TG secretion by the liver.
TPN with the use of glucose or lipid emulsion as the
sole energy source usually leads to a more severe
hepatic steatosis than that using both glucose and
lipid in combination, which was also observed in our
preliminary study (data not shown). In cirrhotics,
the liver tends to utilize less glucose and more lipid
to produce energy. Hence, the glucose-lipid ratio of
TPN should be adjusted in cirrhotic patients with,
ideally, 55% - 60% of energy provided by glucose
and 40%-45% provided by lipid.
To date, the effect of lipid emulsion itself on
liver function is controversial. It is commonly
thought that LCT predisposes to liver function
damage. But, Fan et al[8] reported that the
MCT/LCT clearance rate was not impaired in
cirrhotic livers, and hence believed that MCT/LCT
was suitable for TPN in patients with liver cirrhosis.
Our study showed that TPN using MCT/L CT could
lead to hepatic steatosis in both normal rats (group
B1) and cirrhotic rats (group B2). In addition,
ALB in group B2 was significantly lowered. It was
postulated that hepatic steatosis caused by TPN
further damaged the compromised liver function,
and consequently influenced the synthesis of ALB.
Regardless of the causes of hepatic steatosis, it is
certainly deleterious to liver function , especially in
patients with liver cirrhosis and impaired liver
function. There fore, it is necessary to treat the
hepatic steatosis in long-term TPN users, and to
supplement ALB simultaneously in those with liver
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cirrhosis and impaired liver function.
Many factors contribute to the development of
TPN-associated hepatic steatosis. Absolute or
relative deficiency of carnitine is an important
factor. Long-term TPN can lead to a reduced level
of carnitine, and chronic liver disease itself can also
cause deficiency of carnitine. Rudman et al[9]
determined serum carnitine level in 273 hospitalized
patients and 12 normal subjects, and fo und that
serum carnitine level in cirrhotic patients was only
25% of that in non -cirrhotic patients as well as in
normal subjects; and autopsy study revealed that the
content of carnitine in liver, kidney, muscle and
brain of cirrhotics was only 1/3 to 1/4 that of
noncirrhotic patients.
Carnitine plays an important role in β-oxidation
of free fatty acid and tricarboxylic acid cycle in
mitochondria. In a carnitine deficiency, β-oxidation
of free fatty acids would be inhibited, which leads
to the liqid infiltration of hepatocytes as well as the
insufficient production of ATP and consequent liver
failure. Supplementation of carnitine probably can
help prevent the TPN-associated hepatic steatosis,
and promote oxidation of fat and recovery of liver
function. The present study demonstrated that
carnitine supplementation could minimize TPNassociated hepatic steatosis in both normal and
cirrhotic rats. In addition, group C2 tended to have
a lower ALT and higher ALB in comparison with
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group B2. It suggested that carnitine
supplementation during TPN was helpful in reducing
the severity of hepatic steatosis and subsequently
protecting liver function. It is reasonable to
speculate that carnitine supplementation in longterm TPN is of therapeutic value, particularly for
patients with impaired liver function. Furt her
studies are still, however, needed to fully evaluate
its clinical usefulness .
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Abstract
AIM To study the telomerase expression in
gastric carcinoma and its clinical implications.
METHODS Telomerase activity was examined in
gastric cancer and corresponding normal tissues
using a modified TRAP (telomeric repeat
amplification protocol) assay (TRAP-eze) in
tissue samples from 94 gastric carcinomas and
58 normal tissues, 12 gastric adenomas and 9
gastric ulcer lesions.
RESULTS Telomerase activity was present in 81
of the 94 (86.2%) gastric cancer tissues,
whereas no telomerase activity was detected in
any normal tissues. The incidence of telomerase
activity in gastric cancer tissues was unrelated
to the tumor diameter, histological grade, tumor
invasion in depth, lymph node metastasis and
TNM stage.
CONCLUSION Telomerase plays an important
role in carcinogenes is and progression of gastric
cancer, and it is suggested to be a useful tumor
m arker.
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INTRODUCTION

The development of carcinoma results from multiple
independent genetic changes that activate protooncogenes or inactivate the action tumor suppressor
genes. Although several authors have reported
findings in gastric cancer that support this
concept [1], the molecular mechanism of gastric
carcinogenesis has not been fully explored. Recent
studies showed that telomerase activity expression
was closely correlated with the occurrence and
development of human malignant tumors.
Telomerase activity expression was detected in most
of human tumors [2,3].
Telomerase is a ribonuceloprotein complex that
adds telomeric repeats onto chromosomal ends using
an intrinsic RNA as a template, thus extending
telomeric DNA[4,5]. Telomeres are special structures
containing unique repeats and asso ciated proteins at
the ends of eukaryotic chromosomes, which consist
of short tandem DNA repeat sequences and
telomere-binding proteins. Human telomeres
repetitive sequence is TTAGGG/AATCCC.
Telomeres are thought to be important for
protecting the ends of the chromosomes from
fusion, degradation and random breakage, and for
maintaining the stability of the chromosomes.
Telomeres apply for the important structure
fundament for solving the so-called “ end replication
problem”. According to the so-called “ end
replication problem”, the cellular chromosomes lose
50 bp - 200 bp of telomeric sequences during each
cell division, leading to a limited replicative
capacity and eventually resulting in cellular
senescence. Therefore, telomere is considered to
play a role of “ mitotic clock” [6,7]. In germline cells,
telomere length maintained stable because of
telomerase enzyme, which resynthesizes telomeric
DNA sequences at chromosome ends, in contrast,
telomere length is kept balanced because of
telomerase reactivity in the malignant cells.
During the past 20 years, the mortality rates of
gastric cancer have been rising constantly in our
country, and the mortality rate of gastric cancer
ranks first in the analyses of variation trends and
short-term detection of Chinese malign ant tumor
mortality[8]. Therefore, it is urgent to put emphasis
on the study of the experimental and clinical
studies. The study of telomerase expression in
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primary gastric cancer could help us better
understand the carcinogenesis of gastric cancer at
molecular level, and search for a new gastric tumor
marker, which are of benefit for development of
drugs or methods to inhibit telomerase activity [9].
The non-isotopic TRAP assay was used in this
study to detect telomerase activity expression and
clinical pathological data in gastric carcinomas.
MATERIALS AND METHODS
Tissue samples

Surgically resected tissue samples from 94 gastric
carcinomas, 58 normal gastric mucosa tissues, 12
gastric adenomas and 9 gastric ulcer lesions were
taken from operations performed during the period
of February 1997 to Septemper 1998. The gastric
cancer samples were collected from 50 males and 44
females aged from 30 to 82 years (mean age 63).
The mean diameter of tumors is 4.6cm (ranging
from 2cm to 12cm), and according to the depth of
invasion, there were 2 of T1, 14 of T2, 38 of T3 and
40 of T4. Two were of stage I, 23 of stage II,
42 of stage III, and 27 of stage IV. Tumor sizes were
measured immediately after gastrectomy. All
samples were obtained within 1h after surgical
removal. Specimens were snap frozen and stored in
liquid nitrogen until use. The histopathological
factors were evaluated by our pathologists and
operators according to the international established
criteria.
Extract preparation

Frozen samples of 50 mg-100 mg, including gastric
cancer, normal gastric mucosa, gastric adenoma and
metaplastic lesions, were washed twice with ice
wash buffer, all of which was then carefully
removed. The samples were kept in liquid nitrogen
and ground with a pestle until a smooth consistency
was achieved, and then homogenized until a
uniform consistency was reached and mixed with
200µL × CHAP Lysis Buffer. After 30 minutes
incubation on ice, the lysates were centrifuged at
16000rpm for 30 minutes at 4 . The 160µL
supernatant was placed into two fresh tubes, and the
protein concentration was determined . The
remaining extract was aliquoted and quickly frozen
and stored at -80 .
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which was incubated for 30 minutes at 30 . The
reaction mixture was then subjected to 31 PCR
cycles at 94 for 45 sec, 50 for 45 sec and 72
for 90 sec.
The PCR products were analyzed by
electrophoresis in a 12.5% polyacrylamide
nondenaturating gel for 1 hour at 100 volts for a
10cm-12cm vertical gel, or until the bromophenol
blue just run off the gel. After electrophoresis, the
gel was stained with silver nitrate solution. The
positive enzyme activity was confirmed when the
telomerase specific, 6bp DNA ladder, was observed.
Statistics

Statistical analysis was made with SAS. Telomerase
positive ratio between groups was tested for
significance with χ2 test and Fisher exact test .
RESULTS

The expression of telomerase in gastric carcinoma
(Table 1).
Table 1 Telomerase expression in gastric cancer
Telomerase activity

Positive rate(%)

Groups
Positive
Gastric cancer (n=94)
Normal tissue (n=58)
Gastric ulcer (n=9)
Gastric adenoma (n=12)

81
0
1
1

Negative
13
58
8
11

86.2
0
11.1
8.38

Telomerase activity was detected in 81
(86.2%) of 94 gastric carcinomas examined, 1 of 12
gastric adenoma and 1 of 9 gastric ulcer lesions.
However, no telomerase activity (P<0.001) was
detected in all the 58 normal tissues from the same
patients (Figure 1).

TRAP assay

All operational procedures were finished on the
super-clean desk in ice water, and all reagents were
thawed on ice. The amount of reagent required in
each TRAP assay is 50.0µL containing: 10×TRAP
buffer 5.0 µL, 50 × dNTPs mixture 1.0 µL, TS
primer 1.0µL, CX primer [5’(CCCTTA)3CCCTAA 3’] 1.0µL, Taq polymerase (5U) 0.4µL
(2U), ddH2O39.6µL and tissue extract 2.0µL,

Figure 1 Representative results of telomerase activi ty in gastric
cancer and normal tissues. Most of the gastric cancer tissues (T)
showed telomerase activity whereas it was not detected in the
corresponding norm al tissues (N).
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The relationship between telomerase activity
and clinical pathological parameters in gastric
carcinoma.
The incidence of telomerase activity in gastric
carcinoma tissues was not correlated to tumor
diameter, histological grade, tumor invasion in
depth, lymph node metastasis and TNM stage
(P>0.05, Table 2).
Table 2 Clinical data in gastric cancer cases
Telomerase activity
Groups
Positive(n=81)

Negative(n=13)

<5 (n=42)

35

7

5.8 (n=32)

29

3

>8 (n=20)

17

3

Well differentiated (n=28)

23

5

Moderately and well

16

2

Poorly differentiated (n=48) 42

6

Invasion depth

1

χ2

P

0.839

0.657

0.564

0.754

0.392

0.531

2.792

0.095

0.135

0.714

Tumor size (cm)

Histological grade

differentiated(n=18)
1

T1 (n=2)

1

1

T2 (n=14)

12

2

T3 (n=38)

33

5

T4 (n=40)

35

5

<3cm (n=38)

30

8

>3cm (n=56)

51

5

Lymph node metastasis

TNM stage
1

1

II (n=23)

I(n=2)

20

3

III (n=42)

37

5

IV (n=27)

23

4

DISCUSSION

Telomeres, the distal ends of human chromosomes
composed of tandem repeats of the sequence
TTAGGG, are believed to play an essential role in
maintaining the stability and protection of
chromosomes. Normal human somatic cells lose
50bp-100bp of terminal telomeric DNA with each
round of replication. Telomerase is a
ribonucleoprotein containing an RNA template that
synthesizes telomeric DNA. Cells with the activated
enzyme appear to escape from progressive telomeric
shortening and acquire an indefinite growth
potential[10]. Telomerase activity has been
demonstrated in multiple tumor lines and is absent
in corresponding normal tissues. In our study,
telomerase activity was positive in 81 (86.2%) of 94
gastric carcinoma tissues, whereas it was negative in
normal tissues. According to a recent review, 758
(85%) of 895 malignant tumors, but none of 70
normal somatic tissues, expressed telomerase
activity[11]. These strong associations of telomerase
activity with malignant tumors is good evidence that
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telomerase can be an important marker for
diagnosing cancer.
In our study, telomerase activity was also
detected in 1 of 2 early gastric cancers, and 1 of 12
gastric adenomas and 9 gastric ulcer lesions,
respectively. The results from Maruyama et al are
similar to those of the present study in which
telomerase activity was detected in 10 (45%) of 22
adenomas and 2 (15%) of 12 metaplastic lesions[12].
Tahara et al demonstrated telomerase activity in 10
tubular adenoma samples. These results support the
hypothe sis that telomerase activation is an early
event in the malignant process. According to the
previous report[14,15], telomerase activity expression
could take place in the early stage of gastric cancer
even in the precancerous lesions, which implicated
the importance of the early diagnosis of gastric
cancer.
It is interesting that about 15% of malignant
tumors expressed no telomerase activity, and in our
study, no telomerase activity has been detected in
about 14% gastric cancer samples. It is unclear what
mechanism is responsible for this phenomenon.
Long-term chromosome stability in humans depends
on the addition of telomeric repeats, and telomerase
is essential for telomere length maintenance.
However, in a survey of immortal cell lines, Kim et
al found that approximately 10% of tumors
maintained long stretches of terminal repeats
without detectable telomerase activity[16]. Bryan et
al also found that 40% of the immo rtal lines showed
no telomerase activity, yet these cell lines had very
long and heterogeneous telomeres of up to 50kb[17].
Recombination has been proposed as a possible
elongation mechanism in these cases, however,
direct evidence is still lacking[18]. In a recent
research, Smith et al found a second enzyme,
tankyrase, which may enable telomerase to do its
work. These evidence suggests that tankyrase can
control the action of telomerase by removing TRF 1,
a telomere-specific DNA binding protein that
otherwise blocks telomerase’ s access to the
chromosome ends[19].
We found no significant correlation between
levels of telomerase activity and other
clinicopathological variables, including tumor
diameter, histological grade, tumor invasion in
depth, lymph node metastasis and TNM stage. This
is in contrast to the results of Hiyama et al, who
reported that telomerase activity was present mostly
in large tumors or those of advanced stage,
including metastastic tumors. Furthermore, the
survival rate of tumor patients with detectable
telomerase activity was significantly lower than that
of patients without telomerase activity. However,
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our results are in agreement with the studies by Ahn
et al. These contradictory results need further
investigations.
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Abstract
AIM In order to understand the coverage,
immunization strategy and cost of hepatitis B
(HB) vaccination of China in recent years.
METHODS A two-stage household random
sampling method was used in the survey.
RESULTS The survey carried out at 112 Disease
Surveillance Points (DSPs) of 25 provinces,
autonomous regions and municipalities of China
in 1996, showed that the coverage rates of HB
vaccination among neonates were 96.9% in the
urban DSPs and 50.8% in the rural DSPs in 1993
-1994, while in students aged 7-9 years, they
were 85.8% and 31.5% in 1994, respectively. Up
to 1994, 97.5% of the urban DSPs and 73.9% of
the rural DSPs on a neonate vaccination against
HB program were included in EPI. About 93% of
the urban DSPs and 44% of the rural DSPs did
HBsAg and HBeAg screening for all or part of
pregnant women. The neonates received the
regimen of high-dose HB vaccine in combination
with hepatitis B immune globin (HBIG) if their
mothers were HBsAg and/or HBeAg positive in
pregnancy, otherwise they received the lowdose vaccine (10µg×3). Part of DSPs had a
lower neonate coverage due to unreasonable
allocation of the vaccines (used for adu lts not at
risk) or higher cost or insufficient supply of the
vaccines. It is n ecessary to evaluate the quality
of serological lab test to HBVMs in the maternal
prescreening.
CONCLUSION Remarkable achievements have
been made according to the national planning
and policy of HB immunization in China.
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INTRODUCTION

Some studies demonstrated that HBsAg and antiHBc-positive rates of the immu nized populations
after hepatitis B (HB) vaccination were
significantly lower than those of a parallel or a
historical control population, and the efficacy or
effectiveness of protection against HBsAg was over
85% 1 - 12 years after infancy vaccination[1,2].
Since the 1990s hepatitis B vaccination has become a
principal strategy for the control of HB in China[3],
however, special attention should be paid to the
rational use of HB vaccine and the improvement of
coverage rate of vaccination in the implementation
of national HB immunization program. At present,
there has been few data on national coverage of
infancy vaccination, immunization strategy and
regimen, allocation and cost of HB vaccine because
of lack of the corresponding survey in the whole
country. To improve the benefit of the national
vaccination program and to provide the evidences
relative to immunization compliance used for the
evaluation of effectiveness of this HB control
program, we conducted an epidemiological survey in
the national disease surveillance points (DSPs)
between December 1995 and January 1996 in China.
MATERIALS AND METHODS
Definition of terms

Coverage rate of hepatitis B vaccination: this rate
means the percentage of immunized individuals with
hepatitis B vaccine among infants and children aged
7-9 years, and is estimated through the sampling
survey.
Reported coverage rate of infant hepatitis B
vaccination: this rate means the percentage of
immunized individuals with hepatitis B vaccine
among all infants of the rural counties or the urban
districts in 1994, and is reported by the local antiepidemic stations according to the routine
communicable disease reporting system.
Immunization strategy and regimen: the
strategy is referred to the selection of target
population for immunization, hepatitis B vaccine
integrated with or without EPI, screening hepatitis
B surface antigen and eantigen or not to mothers
before delivery, and in conjunction with or without
hepatitis B immune globin (HBIG); and regimen is
referred to dosage of vaccine and schedule of
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vaccination.
Allocation of vaccine: allocation of vaccine
means the proportion of vaccine amount allocated to
different populations of immunization.
Cost of vaccination: the cost is the fee used for
injection of HB vaccine or/and HBIG in each infant
as well as the fee for predelivery screening of
mothers.
Subjects

All infants born in the period from January 1, 1993
to December 31, 1994 and children aged 7-9 years:
all children born between January 1, 1986 and
December 31, 1988 among the identified eligible
households were selected as eligible subjec ts for
interview.
Sampling methods

Two-stage random sampling method with a same
sample size was used to determine eligible villages or
neighbourhood committees and households for the
survey in each DSP. The procedure is as follows:
making first-stage sampling frame that all villages or
neighbourhood committees in each DSP are defined
as first-stage sampling unit for coding, then 20
sampling units are randomly drawn in terms of a
table of random number (if the sampling unit less
than 20, then only 10 sampling units drawn);
making second-stage sampling frame that all
households in each village or neighbourhood
committee drawn in the first-stage sampling are
referred to as second-stage sampling unit, 50 or 100
households (if only 10 units drawn in the first-stage,
then sampling 100 units) are randomly sampled, and
20% of households as candidates for the
replacement of non responders or families lost to
follow-up.
Method of data collection

Household survey and schooling interview were
carried out for the collection of the data of
individuals from the families, schools and clinics
according to a standardized questionnaire. The data
relative to status of infancy HB vaccination of the
eligible children were collected through interviewing
their parents or caretakers and checking the
Immunization Record Card; the information of the
children aged 7 - 9 years were provided by their
parents, and the validity was determined after
checking with their teachers and health workers if
necessary. The data on reported coverage of HB
vaccination and the status of allocation of the
vaccines were provided by three departments, EPI,
epidemiology and disease surveillance in an anti
epidemic station in terms of the standardized
questionnaire.
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RESULTS
Status of hepatitis B vaccination

Coverage rates of infant hepatitis B vaccination and
children aged 7-9 years Among the 112 DSPs of 25
provinces, autonomous regions and municipalities
(PARMs), except for 2 DSPs of the Tibet
Autonomous Region and 1 DSP of the Gansu
Province which did not carry out the hepatitis B
vaccination, the remaining 109 DSPs had the
hepatitis B vaccination program up to 1994. We
interviewed a total of 10900 families of the 109
DSPs in the survey, including 8248 children and
17883 junior students. The coverage rate of HB
vaccine immunization is shown in Table 1.
Table 1 Coverage rates of hepatitis B vaccine immunization
among infants and primary school students in 109 DSPs of China
Coverage
Target
population

Infants

Students

Areas

Total

No. of
DSPs

Sample
size

Coverage with 3 doses

No. of
vaccinees

%

No. of
vaccinees

%

109

8248

5376

65.2

5190

96.5

Urban

40

2572

2492

96.9

2434

97.7

Rural

69

5676

2884

50.8

2756

95.6
96.0

Total

108

17883

8143

45.5

7815

Urban

40

4621

3965

85.8

3933

99.2

Rural

68a

13262

4178

31.5

3882

92.9

a
In one DSP, no hepatitis B vaccination for primary school
students was conducted in 1994.

It can be seen from Table 1, that the coverage
rate of infant HB vaccine immunization in the urban
areas was 96.9%, significantly higher than that in
the rural areas (50.8%) during the period of 19931994 (χ2 = 1 655.9, P < 0.01). The coverage of
students aged 7-9 years was 85.5% in the urban,
significantly higher than 31.5% in the rural (χ2 =
4074.3, P < 0.01). The coverage with 3 doses of
HB vaccine was over 92% in both.
The reported coverage rates of hepatitis B vaccination
by the local anti-epidemic stations According to the
reported coverage of the anti-epidemic stations of
the 112 DSPs (41 in the urban and 71 in the rural) in
1994, 92.7% of the urban DSPs and 45.1% of the
rural DSPs, had a coverage rate of over 60% for
neonatal HB vaccination, the difference between
the two areas was statistically significant ( χ2 =
25.1, P<0.01).
Status of the implemented strategies of
hepatitis B vaccine immunization

Selection of target population for HB immunization
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Up to 1994, 97.3% (109/112) of the anti-epidemic
stations located in the surveyed DSPs had
implemented the infant HB vaccine immunization
program. The number of DSPs without HB
vaccination for preschool children, primary school
students and middle school students was 18 (6 in the
urban and 12 in the rural), 41 (15 in the urban and
26 in the rural) and 68 (22 in the urban and 46 in
the rural), respec tively, and the number of DSPs
conducting HB vaccination for adults at risk, even
for the general population, was 43 (18 in the urban
and 25 in the rural) and 34 (13 in the urban and 21
in the rural), respectively.

WJG

Table 2 Results of predelivery screening HBeAg and HBsAg
among mothe rs of 2 252 infants in 1994
Urban
Number of screening
Isolated HBsAg-positive

Rural

1775

477

13

14

Isolated HBeAg-positive

5

0

HBeAg- and HBsAg-positive

7

0

HBsAg-positive rate

1.1%(20/1775)

HBeAg-positive rate

0.7%(12/1775)

2.9%(14/477)
0.0%

The results of Table 2 showed that HBsAgpositive and HBeAg-positive rates were 1.1% and
0.7% in the urban, and 2.9% and 0% in the rural.
Dosage and regimen of infant HB vaccination and in
combination with HBIG The regimen of
immunization, 0, 1, 6 months schedule, was used
for infancy vaccination in all 109 DSPs. The status
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Number 4

of regimen for infant HB vaccination and in
combination with HBIG in the DSPs with the
predelivery screening in all pregnant women (14
DSPs), a part of pregnant women (18 DSPs) and
without screening (39 DSPs) is shown in Table 3.
Table 3
Regimen of infant HB vaccination or/and in
combination with HBIG in 71 DSPs
No. of DSPs
Screening

Maternal HBVMs

Regimen
Total Urban Rural

Yes HBeAg-and HBsAg-positive

30µg+10µg×2
HBIG×1+30µg+10µg×2

Status of hepatitis B vaccination integrated with EPI
Totally 82.6% of 109 DSPs integrated infant HB
vaccine immunization into EPI program in 1994.
This percentage was 97.5% in the urban,
significantly higher than 73.9% in the rural (χ2 =
9.8, P<0.01).
Pattern and quality of maternal predelivery HBeAg and
HBsAg screening Of 40 urban DSPs the proportion
of DSPs with the predelivery screening for all
pregnant women or a part of pregnant women and
the proportion without the predelivery screening
was 60.0%, 32.5% and 7.5% in 1994,
respectively. However, the corresponding
proportion was 5.8%, 37.7% and 55.1% in 69
rural DSPs. The former two proportions of the
urban DSPs were significantly higher than that of
the rural DSPs (χ2 = 25.7, P<0.01). The results of
the predelivery screening obtained from the
household survey in the urban and rural DSPs are
shown in Table 2.
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Isolated HBsAg-positive

HBeAg- and HBsAg-negative

No

6

5

1

10

2

8

30µg×3

7

3

4

Others

9

7

2

30µg+10µg×2

11

9

2

HBIG×1+30µg+10µg×2

9

2

7

30µg×3

6

3

3

10µg×3

2

0

2

Others

4

2

2

10µg×3

25

12 13

HBIG×1+10µg×3

1

1

0

30µg+10µg×2

6

3

3
33

36

3

HBIG×1+30µg×3

10µg×3

1

0

1

30µg+10µg×2

2

0

2

Table 3 showed that among the DSPs with the
maternal predelivery screening, the regimen of first
dose of 30µg, second and third doses of 10µg-HB
vaccine was adopted for the infants whose mothers
were HBeAg or/and HBsAg-positive in the
majority of DSPs, next was the regimen of three
doses of 30µg; combination with HBIG only in 18
DSPs, and the regimen of three doses of 10µg was
used for the infants of mothers with negative
screening results and in the DSPs without the
maternal screening. Almost all the DSPs used
China-made plasma-derived HB vaccines.
Allocation of vaccines

Based on the reported infancy coverage rates from
anti-epidemic stations where DSPs were located in
1994, a total amount of HB vaccines and the
proportion of the vaccines allocated to various
populations and the pattern of the vaccine allocation
were analyzed. The results showed that of 109
DSPs, 22 DSPs where the coverage rate of infant
HB vaccination was not up to 60% in 1994 allocated
less than 80% of the vaccines to infants for HB
vaccination integrated with EPI, indicating that a
considerable amount of the vaccines was
unreasonably allocated to other populations, leading
to the lower coverage of infant vaccination against
HB in these DSPs. This phenomenon often occurred
in the rural DSPs. In addition, although over 80%
of HB vaccines was allocated to infants, the infant
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coverage was still less than 60% in 7 DSPs,
suggesting that the amount of the vaccines ordered
for that year was not enough for infant vaccination.
Cost of vaccination

It was found that there was a big difference in the
vaccination fee for each child and maternal
predelivery screening, even in a same DSP, the rate
was different. In a few DSPs, families had to pay
very high fee for their baby immunization. Among
63 DSPs with the regimen of three doses of 10µg
vaccine, 8 DSPs (12.7%) charged over 50 yuan
RMB, 2 DSPs of which over 100 yuan per infant,
approximately 2 - 5 times higher than the common
standard of 21 yuan. Of 18 DSPs using combined
HBIG, 4 DSPs charged a fee over 60 yuan, the
highest being up to 140 yuan.
DISCUSSION

The results of this survey showed that the coverage
rate of infant HB vaccine immunization in the urban
areas was 96.9%, significantly higher than in the
rural areas (50.8%) during the period of 1993 1994; the coverage of students aged 7 - 9 years was
85.5% in the urban, also significantly higher than
in the rural (31.5%), indicating that these coverage
rates in 1994 met with the expected standard in“the
National Hepatitis B Vaccine Immunization
Protocol”[4]. On the other hand, the data from this
survey are similar to the results reported by the local
anti epidemic stations, which basically reflected the
real status of HB vaccination in China, and may be
recommended as evidence related to the compliance
in the evaluation of effectiveness of hepatitis B
immunization prevention in the future. Because
HBsAg-positive rate declined to 1% - 2% 1-9 years
after HB vaccination[2], further raising the
coverage of infant immunization, especially in the
rural areas, is a crucial factor to control the
prevalence of hepatitis B. It was found in this study
that the unreasonable allocation of the vaccines was
one of the causes leading to less than 60% of the
coverage in infant HB vaccination in some DSPs.
The short of vaccine supply was another important
problem in some DSPs.
The high HB vaccination fee (including
maternal prescreening) is probably one of the
reasons for lower coverage of infant immunization.
We, therefore, suggest that
vaccines must be
allocated rationally so as to insure a coverage of
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85% and over for neonates in the rural areas first,
and then for adults at high risk;
a national
standard payment for HB vaccination should be
infant hepatitis B vaccine
implemented;
immunization should be integrated into EPI for a
better administration in the rural areas. In
addition, we recommend that the HB vaccination
for adult should be discontinued at present so as to
avoid the waste of health resources.
The maternal predelivery HBsAg and HBeAg
screening is of great significance to select a valuable
regimen of HB vaccination for infants and to
interrupt the transmission of HBV between mother
and infant. The fact that only 5.8% and 37.7% of
DSPs conducted the maternal prescreening for all
and a part of pregnancy women is mainly
attributable to a poor lab condition, technician
training and lack of fund. On the other hand, there
might be some problems with the quality of the
screening in some areas, especially in the rural
areas, which was also demonstrated by Liu PB et
al[5] in their studies. Thus, it is necessary to
investigate the quality of the maternal HBsAg and
HBeAg prescreening by the local health institutions
of our country. In addition, it is also found in our
survey that there were the multiple strategies and
regimens of infant HB immunization, therefore,
their cost-effectiveness and cost-benefit should be
evaluated as soon as possible, so as to recommend an
optimum strategy and regimen for areas with
different HBV infection and economic status.
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Codon 249 mutations of p53 gene in non-neoplastic
liver tissues
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Abstract
AIM To study the significance of p53 gene in
hepatocarcino genesis through analyzing codon
249 mutations of p53 gene in non-neoplastic liver
tissues.
METHODS Codon 249 mutation was detected
using single-stranded conformational
polymorphism analysis and allele-specific PCR in
liver tissues from 10 cases of chronic hepatitis, 5
cases of cirrhosis and 20 cases of HCCs.
RESULTS The detection rate of codon 249
mutation in chronic hepatitis, cirrhosis and
pericancerous tissues was 70% (7/ 10), 100%
(5/5) and 70% (14/ 20), respectively by ASPCR. These mutations could not be detected by
SSCP analysis. The detection rates were 65%
(13/20) and 45% (9/20) in canc erous tissues by
AS-PCR and SSCP analysis.
CONCLUSION Codon 249 mutations of p53 gene
were very popular in non-neoplastic liver tissues
though the number of those mutant cells was
only in subsection. Those mutations in
cancerous tissues might take place in the stage
before the formation of tumor.

INTRODUCTION

Since AGG to AGT mutations in codon 249 of the
p53 gene resulting in an arginine to serine
substitution were observed in up to 50% - 60% of
HCC from Southern Africa and some provinces of
China[1,2], the significance of p53 gene and the
specific
mutations
of
codon
249
in
hepatocarcinogenesis has been widely accepted[3,4].
It is controversial, however, whether the specific
mutations of codon 249 are involved in the initiation
of HCC. Some authors believed that codon 249
AGT transversions were only involved in the
differentiation stage of HCC because they had found
that these mutations were only observed in HCC of
later stage or bad differentiation[5,6]. Obviously,
the crucial point to solve this problem is to clarify
whether codon 249 AGT transversions take place in
non-neoplastic tissues, such as hepatitis or cirrhotic
tissues. Direct DNA sequenc ing, single-stranded
conformational polymorphism (SSCP) and
restriction fragment length polymorphism (RFLP)
of PCR products were the main methods to detect
gene mutations in the past. With lower sensitivity,
these methods can not be used to demonstrate
mutations in tissues other than massive, uniform
tumor tissues. Re cently, AS-PCR, a 100-fold more
sensitive assay, has been used in the detection of
codon 249 AGT transversions[7]. For these reasons,
the occurring time of codon 249 mutation was
investigated using AS-PCR to detect codon 249
mutations of p53 gene in non-neoplastic liver tissues
from Chinese patients in this study.
MATERIALS AND METHODS
Materials
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Specimens Ten pieces of liver biopsy specimens of
chronic hepatitis B, and 5 pieces of autopsy liver
specimens were collected from our third af filiated
hospital, and 20 pieces of surgically dissected
specimens of HCCs were from our cancer hospital.
All patients were Chinese living in Southern China.
Cancerous and pericancerous tissues of surgically
dissected specimens of HCCs were separated by
pathologists genomic DNA was extracted by
digesting with proteinase K and followed by phenolchloroform extraction. All extract products were
stored at -70 .
Reagents All primers used in this research were
designed accord ing to the sequence of HSP53G from
GenBank, and are shown in Table 1.
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Table 1 Primers for PCR and AS-PCR
Code

Oligonucleotide sequence

Position

S1

5’ -GGCGA CAGAG CGAGA TTCCA

13890-13909

A1

5’ -GATTC TCTTC CTCTG TGCGC

14534-14515

S2

5’ -TGGGC GGCAT GAACC GGAGT

14055-14074

S3

5’ -TGGGC GGCAT GAACC GGAGG

14055-14074

A2

5’ -GGGTC AGCGG CAAGC AGAGG

14175-14156

Methods

PCR Using primers S1 and A2 from intron
sequences upper and lower flank of exon 7, 286bp
fragment was amplified. Procedures were decribed
in brief as follows: 0.5µg genomic DNA was added
to 30µL of PCR mixture. The mixture was
denatured at 98 for 5 minutes, and then added to
1.5U Taq polymerase at 80 . The amplification
was carried out for 30 cycles composed of 40 seconds
at 94 , 50 seconds at 64 , 1 minute at 72 , and
another 10 minutes at 72 after the last cycle.
Amplified products were visualized by running them
on 2% agarose gel and staining with ethidium
bromide.
SSCP Twenty µL of PCR products was precipitated
at -20 for 1 hour by adding 2.5 vol of alcohol
and 0.1 vol of 4M sodium acetate. Pellets were resuspended in 10µL of formamide dye mixture (95%
formamide;
20mmol/L
EDTA;
0.05%
bromphenol blue). Samples were heated at 95 for
5 minutes, chilled on ice and immediately loaded (5
µL) on 6% polyacrylamide gel. Gels were run at
40W for 4 hours at room temperature. Silver
staining was used to visualize the bands, HepG2215
cell line without codon 249 mutation served as
negative control.
DNA sequencing SSCP positive products were
purified using low-melting agarose. DNA
sequencing was carried out using automatic
sequencing system.
AS-PCR Kirby’ s semi-nested PCR protocol was
modified by nested PCR for AS-PCR analysis in
order to promote the specificity of the amplified
products. About 0.25µg genomic DNA was added
to 50µL of PCR I mixture containing primers S1
and A1. The amplification was carried out for 30
cycles composed of 40 seconds at 94 , 40 seconds at
55 , and 1 minute at 72 . Five µL PCR I product
(1:100) was added to a flesh tube, and 45µL of
PCR II mixture containing primers S2 (allelespecific primer with T replacement in the third base
pair of codon 249) or S3 and A2 was added. The
amplification was per formed just as above.
Amplified products were analyzed by running on 2%
agarose gel and visualized by staining with ethidium
bromide. 121bp band was observed.
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RESULTS
PCR/SSCP/DNA sequencing analysis

Exon 7 was successfully amplified in all tissue
samples with nucleotide number as expected.
PCR/SSCP analysis of tissue samples showed that
SSCP positive results were only observed in
cancerous tissues of some HCCs (Table 2), and that
the pattern of band shift was identical (Figure 1).
All SSCP positive amplified products were identified
to be codon 249 AGT transversions by DNA
sequencing.
AS-PCR

All genomic DNA samples were satisfactorily
amplified when universal primers were used in the
first step of nested PCR. Ideal bands were obtained
in the second amplification when either primer S2 or
primer S3 was used. Typical results are shown in
Figure 2. The results of codon 249 mutation
detection in DNA are summarized in Table 3. The
corresponding rate of the detection of codon 249
mutation between pericancerous tissue and
cancerous tissue was 95% (19/20). All the 9 cases
of HCCs with positive SSCP were positive for ASPCR both in cancerous tissue and pericancerous
tissue.
Table 2 Codon 249 AGT transversion detected in cancerous and
non-neoplastic liver tissues detected by PCR/SSCP
Tissue types

Case number

Chronic hepatitis
Cirrhosis
Pericancerous tissues
Cancerous tissues

10
5
20
20

SSCP positive cases

Positive rates (%)

0
0
0
9

0
0
0
45

Table 3 Detection of codon 249 AGT transversion of p53 gene in
cancerous and pericancerous tissues
Tissues types
Chronic hepatitis
Cirrhosis
Pericancerous tissues
Cancerous tissues

Cases
10
5
20
20

Detective rates of codon 249 mutation (%)
70
100
70
65

Figure 1 PCR/SSCP analysis of HCC samples.
CT represents cancerous tissue, PCT represents pericancerous
tissue, shifted bands were marked by arrows. Silver staining.
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Figure 1 AS-PCR products were analyzed by running on 2%
agarose gel and visualized by staining with ethidium bromide.
Lane 1 was 100bp ladder from GIBCO, Gaithersburg, Md, USA;
Lane 2, 4, 5, 7 was positive; Lane 3, 6 are negative.

DISCUSSION

Southern China is one of the endemic areas with a
high incidence of HCC in the world. Codon 249
AGT transversion is a major pattern of mutations in
HCC from this area, with mutant rate up to 32.9%
(23/70). The ratio of codon 249 mutation to all
kinds of mutations of p53 gene was 95.7% (22/
23)[4]. Ther efore, cancerous and non-neoplastic
tissue samples from this area is ideal for the study on
the effect of codon 249 mutation on
hepatocarcinogenesis. Codon 249 mutation may
make the mutant-type p53 protein lose its own
functions, or even gain some new functions. Loss of
p53 gene can increase proliferating cells, diploid
cells and G1 to G0 ratios, and even made the mutant
cells not show apoptosis after exposure to ionizing
radiation or therapeutic drugs[8]. Codon 249
mutation may gain a new ability to promote G0 to
G1 and/or M to G1 transition in hepatocytes of
transgenic mice[9]. Although the loss of p53 gene or
codon 249 mutation can change the cell proliferating
mode, it would only play a minor role in
hepatocarcinogenesis, and the researches of this
mutation would be of little importance in prevention
and treatment of HCC, if the codon 249 mutation
only took place in the late stage of HCC.
Some laborious and time-consuming methods,
including cloning analysis of RFLP-PCR products
were used in detection of codon 249 mutation in
non-neoplastic liver tissues of aflatoxin-exposed
cultured human hepatocytes and extracted genomic
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DNA from individuals exposed to dietary aflatoxin.
The results supported the h ypothesis that AFB was a
causative mutagen in HCC[10]. A simple method,
AS-PCR, was developed, and used in the detection
of codon 249 mutation as well. Codon 249 AGT
transversions were detected by AS-PCR in 83.3%
(5/6) of non- neoplastic liver tissues from highincidence regions, while none from low-incidence
regions of HCC. Codon 249 mutation was detected
in 70% - 100% of 35 subjects of non-neoplastic
tissues living in southern China, an endemic areas of
HCC using AS-PCR.In comparison of the results
between cancerous tissues and pericancerous tissues,
the occurrence of mutant codon 249 in cancerous
tissues was found not to be an independent event.
Thus, codon 249 mutation might take place before
or in the initial stage of HCC development.
The cells with mutant p53 gene extensively
existed in non-neoplastic liver tissues though these
cells might be in subsection because mutation could
not be detected by SSCP analysis. It is still unclear
why only a small portion of mutant cells develop
into cancer, since about 25% patients with chronic
hepatitis or cirrhosis may die from HCC and only
33.7% cases of these HCCs may carry codon 249
mutation.
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Abstract
AIM
To explore the relationship between
endoinfection caused by intestinal flora
translocation and multiple-organ dysfunction in
hepatic failure.
METHODS By using the quantitative bacteria
culture, bacteria colony was counted in GI tract,
bile duct and mesenteric lymphonodus in rat
hepati c failure model.
RESULTS Intestinal flora migrated up to the
upper GI tract and overgrew in stomach and
jejunum in rats with hepatic failure. The number
of bac teria colonies in the specimens of
stomach, jejunum and ileum were 4.7×104/mL,
2.1×105/mL, 5.5×106/mL in experiment group
and 4.6×102/mL, 6.1× 101/mL, 2.4×10 3/mL in
control group respectively (P<0.05). Bacteria
in bile duct and mesenteric lymphonodus of
hepatic failure rats were also cultured.
Extensive damages of gastrointestinal mucosa
caused by bacterial overgrowth were observed.
CONCLUSION Intestinal flora translocation
and overgrowth in stomach and jejunum formed
an endoinfectious source and caused obvious
pathologic al injury of gastrointestinal mucosa,
which play a very important role in develo ping
abdominal distension, toxic intestinal
expansion, alimentary tract haemorrhage and
endotoxemia in patients with hepatic failure.
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INTRODUCTION

The patients with severe hepatic failure are
predisposed to develop toxic intestinal expansion,
alimentary tract haemorrhage, endotoxemia,
spontaneous
bacterial
peritonitis,
even
septicemia[1-5]. It is necessary to investigate
whether these complications are due to the intestinal
bacterial overgrowth and intestinal flora
translocation, and the mechanism and consequence
of intestinal flora translocation in patients with
hepatic failure.
MATERIALS AND METHODS
Animal model

Female Wistar rats (weighing 170 g - 220 g,
supplied by the Experimental Animal Center of
Tongji Medical University) were divided into two
groups, five rats in each group. The experimental
rats received hypodermic injection of thioa cetamide
(TAA, 350mg/kg) once a day and 50g/L glucose
in NS-10mL three times a day for three days. The
experiment was performed in rats that developed II
-III phase of hepatic encephalopathy. The control
rats received hypodermic injection of 90g/L sodium
chloride instead of TAA. After the rats were fasted
for 12 hours, the experiments were made under
strict sterile co ndition.
Bacteria colony counting
gastrointestinal segment

in

different

After being anesthetized with pentobarbital, the
stomach, 10cm proximal jejunum and 10cm
terminal ileum of rats were cut off, and syringed
with 1 mL sterile 90 g/L sodium chloride. The
syringing solution was diluted and mixed with
nutritive agar. After coagulation, it was turned over
on a plat e and incubated at 37 for 24 hours.
Bacteria culture of biliary tract and mesenteric
lymphonodus

Two cm bile duct and mesenteric lymphonodus of
the rats were taken and homogenated with 1mL
sterile 90g/L sodium chloride. Then the syrup was
collected and mixed in a nutritive agar plate. It was
cultured in the same manner as described above.
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Bacteria culture of gastric juice in case of
hepatic failure

Experiment was made in 5 patients with hepatic
failure. Two of them had bleeding in alimentary
tract. One mL gastric juice was drawn by gastric
tube, then was taken to be cultured in the same
manner as described above.
The pathological change of the gastrointestinal tract

At first we observed grossly gastrointestinal
specimens in rats with hepatic failure. Then the
specimens were fixed with 100mL/L formalin,
embedded with paraffin, cut into slices, stained
with HE and observed under light microscope.
RESULTS
Bacteria colony counting of stomach, jejunum
and ileum in rats

With bacteria culture of the syringing solution, it
was shown that intestinal flora migrated up to the
upper GI tract apparently and bacteria overgrew in
stomach and jejunum in the rats with hepatic failure
while there were few bacteria in the upper GI tract
in the control group rats. The number of bacteria
colonies in stomach, jejunum and ileum of two
groups are shown in Table 1.
Table 1 Bacteria colonies in different segments of GI tract in
rats with hepatic failure (CFU/mL)
No
Experimental group
Control group

5
5

Stomach
4.7×10 4a
4.6×10 2

Jejunum

Ileum

2.1×105a
6.1×10 1

5.5×10 6a
2.4×10 3

a

P<0.05 vs control group.

Bacteria culture of biliary tract and mesenteric
lymphonodus

Culture of biliary tract bacteria was positive in all
experimental rats. The mean number of bacteria
colonies in rats with hepatic failure was 159±116.
The culture of mesenteric lymphonodus bacteria was
positive in 4 of 5 experimental rats. The mean
number of bacteria colonies was 21±19. Bacteria
colony number in control rats was 0-11 and 0-4
respectively (P<0.01).
Bacteria culture of gastric juice in patients with
hepatic failure

There was bacterial overgrowth in the gastric juice
of patients with hepatic failure. Bacteria colony
number was 3.3×103/mL to 7.5×105/mL.
Pathological change of the gastrointestinal
tract

The stomach, jejunum, ileum and colon were
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dilated and the smooth muscle was flabby in
experimental rats, especially in stomach. The gut
lumen was full of fluid and gas. Blood stasis,
erosions and bleeding spots in gastrointestine were
easily found. Pathological changes were found
under microscope such as thinning of mucosal
lamina, degeneration and dropping off of epithelial
cells, vascular congestion of submucosa and
increasing of lymphocytes in mucosa and
submucosa, villus structure change in the distal
small intestine, and multiple erosions in stomach
mucosa.
DISCUSSION

Bacteria translocation, the phenomina of bacteria
migration from the gut lumen into the tissues of
intestine and from distal GI tract to proximal, has
been identified in the stress status after serious
trauma or burn and hepatic failure. In that
condition, intestinal flora can pass through the
mucosa into the tissues outside bowel such as
mesenteric lymphonodus, blood and even other
organs in the body, and forms an endogenous
infection source.
In normal condition, colon mucosa has an
integrated mechanic barrier which can protect the
mucosa from harmful irritation and invasion of
normal intestinal flora. Though there are plenty of
endotoxin and bacterial metabolic outcomes in
colon, little can be absorbed into the body [3]. The
mechanic barrier includes mucus, close junction of
epithelial cells and special mucosal structure. In
colon mucosa, no villus structure was found to have
sticked out to the gut lumen, and the close
arrangement of glands mininizes the contacting
surface between the mucosa and the content in the
gut lumen. Stomach protects istelf by secreting
gastric acid to kill invading bacteria. In small
intestine, villus sticking out to the lumen is helpful
for degestion and absorption of food but harmful to
the protection of itself from invasion of toxin and
destruction of bacteria. Under normal condition,
bacteria in chyme has been killed by gastric acid,
and bacteria in colon can hardly goup into the
upper small intestine mainly as a result of continous
propulsive peristalsis of GI tract and scouring of
secretary solution by small intestine, liver and
pancreas, which contain a large number of
antibodies and other bacteria inhabitors. So the
exocrine function and GI motility are an important
guarantee to maintain its normal flora.
It was confirmed in our experiment that
bacteria migrated into the upper GI tract from colon
and overgrew in stomach and proximal small
intestine of the rats with acute hepatic failure
induced by TAA. Bacteria colony number in
jejunum of experimental rats was ten thousand times
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that of control rats, and bacteria in stomach and
ileum also increased distinctly. Bacteria in
mesenteric lymphonodus and biliary tract were
cultured, while bacteria increased apparently in
stomach in hepatic failure patients. These results
indicate that there was a bacteria translocation
which can damage GI mucosa, and destruct villus
structure and mucosal barrier. Both bacteria and
gastric acid destroyed the mucosal barrier, resulting
in erosions and bleeding of gastric mucosa. Lots of
gas produced by migrating bacteria caused
gastrointestinal distension.
The above results can explain why many
pathological phenomena occurred in hepatic failure.
In hepatic failure, the excitability of
gastrointestinal nerve, muscle and gland changes,
the movement and secretion of gastrointestine are
inhabited. Bacteria in colon migrate rapidly up to
the upper GI tract, and proliferate in the upper
small intestine and make a great deal of metabolic
products and toxins, which result in disruption of
gastrointestinal mucosal barrier, damage of mucosal
tissues, decrease of villus structure, degeneration
and exfoliation of epithelial cells, and change of
surface microcircumstance on gastrointestinal
mucosa. Bacterial toxin stimulates the glands to
secrete mucus and induces dysfunction of absorption
which leads to watery stool and diarrhea. Gas
resulting from bacterial overgrowth, low blood
potassium, intestinal wall edema and ascites can
cause abdominal distension, even toxic intestinal
expansion. Translocated bacteria can directly injure
gastrointestinal mucosa and induce erosion, ulcer
and bleeding. In late hepatic failure, many patients
develop refractory alimentary tract haemorrhage,
which is known as bleeding due to hepatogastrointestinal failure[4]. We believe that
disruption of mucosal barrier and damage of
mucosal tissue caused by bacterial overgrowth in
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stomach and proximal small intestine play a very
important role in massive damages of
gastrointestinal mucosa besides deficiency of blood
coagulating factor, DIC and invasion of gastric
acid.
In addition, bacterial overgrowth and high
concentration toxin in jejunum are not only the
direct cause of endotoxemia but also the foci of
translocation lesion including bacteremia and
infectious peritonitis. This can be confirmed by
using oral or venous antibiotics which can partly
prevent endogenous infection[5-7].
It is concluded that intestinal flora
translocation and overgrowth in stomach and
jejunum is an endogenous infectious source and
causes obvious pathological damage of
gastrointestinal mucosa, which play a very
important role in leading to abdominal distension,
toxic intestinal expansion, alimentary tract
haemorrhage and endotoxemia in patients with
hepatic failure.
REFERENCES
1
2
3
4
5
6

7

Bercoff E, Frebourg T, Senant J, Morcamp D. Epidemiology
of infections in cirrhotic patients. Gastroenterol Clin Biol, 1985;9
(2b):10A
Kleber G, Braillon A, Gaudin C, Champigneulle B, Cailmail S,
Lebrec D. Hemodynamic effects of endotoxin and platelet activating factor in cirrhotic rats. Gastroenterology, 1992;103:282-288
Van Deventer SJH, Ten Cate JW, Tytgat GNJ. Intestinal
endotoxemia: clinical significance. Gastroenterology, 1988;94:
825-831
Ni RY. Hepatogastrointestinal dysfunction. In: Ni RY. Advanced doctor training course for infectious diseases. Wuhan:
Wuhan University Press, 1996:33-34
Kaufhold A, Behrendt W, Krauss T, Van Saene H. Selective
decontamination of the digestive tract and methicillin-resistant staphylococcus aureus. Lancet, 1992;339:1411-1412
Blaise M, Pateron D, Trinchet JC, Levacher S, Beaugrand M,
Pourriat JL. Systemic antibiotic therapy prevents bacterial infection
in cirrhotic patients with gastrointestinal hemorrhage. Hepatology,
1994;20:34-38
Deitch EA, Maejima K, Berg R. Effect of oral antibiotics and bacterial
overgrowth on the translocation of the GI tract microflora in burned
rats. J Trauma, 1985;25:385-392

Edited by WANG Xian-Lin

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 August; 5(4):330-333
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Study on liver targeting and hepatocytes
permeable valaciclovir polybutylcyanoacrylate
nanoparticles *
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Abstract
AIM To prepare valaciclovir polybutylcyanoacrylate nanopa rticles (VACV-PBCA-NP) with
liver targeting and hepatocyte permeable
characte ristics.
METHODS Emulsion polymerization method
was employed to prepare VACV-PBCA-NP. The
formula and preparation conditions were
optimized by using the uniform design. The
organ distribution of the intravenously injected
VACV-PBCA-NP and VACV in animal was
determined using HPLC. The hepatocytes
permeability of VACV-PBCA-NP was
demonstrated by cell uptake experiment in
vitro.
RESULTS
The drug loading and the drug
embedding ratio of VACV-PBCA-NP were 11.20%
and 84.85% respectively, with an average
diameter of 10 4.77nm±11.78nm. The releasing
characteristics in vitro fitted the two-phase
kinetics. 74.49% of the drug was found to
localize in the liver 15min after the
administration of VACV-PBCA-NP in the mice.
Compared with VACV, VACV-PBCA-NP showed
distinct characteristic of sustained-release in
vivo and the drug entering hepatocytes were
also greatly increased.
CONCLUSION VACV-PBCA-NP has the characteristic of liver targeting and can increase the
permeability of VACV to hepatocytes.
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INTRODUCTION

Valaciclovir (VACV), the L-valyl ester of acyclovir
(ACV), is a new antiviral drug which can be
hydrolyzed into ACV and L-valyl rapidly in the
presence of enzyme in vivo. Compared with ACV,
VACV has the advantages of better solubility and
higher bioavailability[1,2]. It has been demonstrated
that ACV is effective for hepatitis B[3-6], but not so
effective as for herpes virus infection. This is
chiefly due to the poor penetration of ACV into the
liver cells[7]. One approach solving this problem is
to use drug carriers capable of enhancing the liver
and liver intracellular drug delivery.
Nanoparticles (NP) is a new drug carrier[8,9].
We have investigated the action of VACV-loaded
NP and demonstrated that the amount of drug
increased 2. 99 fold in the liver and decreased 5.46
fold in the kidney. Significant increase of
intracellular drug was also observed.
MATERIALS AND METHODS
Materials

Both VACV obtained from Sichuan Institute for
Antibiotics Industry and ACV supplied by Hubei
Institute for Medicinal Industry, meet the USP
reference standard. Butyl-cyanoacrylate (BCA)
monomer was purchased from Shenzhen Nanguang
Medicinal Colla Co. Ltd. and collagenase type I
from Sigma Co. VACV-PBCA-NP injection was
self-made.
Kunming mice, white Japanese rabbits and
Wistar rats were all provided by Laboratory Animal
Center, West China University of Medical Sciences.
Methods

Preparation of VACV-PBCA-NP VACV-PBCA-NP
was prepared by emulsion polymerization method
due to the good water solubility of VACV. An
optimum procedure was developed based on the
uniform design. Briefly, VACV, Dextran 70,
pluronic F-68 and NaHSO3 were weighed and
dissolved in water. The pH of the solution was
adjusted to 2.2 by adding 0.1N- HCl, and then BCA
was added slowly into the solution under
electromagnetic stirring, the solution was stirre d for
additional 2h at room temperature. Then the pH
value of this colloidal solution was adjusted to 5-7
with 0.1 N NaOH. The solution was filtered
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through a microfilter membrane (0.3mm), filled
into ampoules, freeze-dried and st ored for later use.
Determination of embedding ratio and drug loading
The embedding ratio and the drug loading of VACV
were determined by HPLC at 254nm. The HPLC
conditions consisted of Shimpack CLC-ODS column
(5µm, 150 mm × 4.6 mm id), mobile phase CH3OH
-0.02mol·L-1 KH2PO4 (20:80), and flow rate
1mL·min-1. The standard curve equation was A=
2704.72 + 26406.30 C (r = 0.9999). The mean
recovery was 97.41% ± 1.57% . The colloidal
solution of VACV-PBCA-NP was freezingly
ultracentrifuged, and the content of VACV in the
supernatant was assayed. The embedding ratio
(ER%) and the drug loading (DL%) were
calculated as follows:
ER%=

(VACV added-VACV in supernatant)
VACV added

×100%

(VACV added-VACV in supernatant)
DL%=

BCA added

×100%

Drug release from the VACV-PBCA-NP in vitro
Dynamic dialysis bag technique was used to observe
the drug release from VACV-PBCA-NP in vitro.
The freeze-dried powder of VACV-PBCA-NP was
dispersed in physiological saline and the dispersion
was transferred into a dialysis bag suspended in a
con ical container containing physiological saline
solution. The container was shaken at 37 ±1 .
Samples were withdrawn at predetermined time,
adjusted to pH 9-11 with 0.1N-NaOH, boiled for
1 h and determined. The HPLC conditions were the
same as mentioned above, the standard curve
equation was A = 3046.73 + 62647.64 C (r =
0.9999). The accumulative drug release percentage
was calcul ated to describe the drug release.
Measurement of drug in blood and viscera of mice
Thirty Kunming mice were randomly divided into
VACV-PBCA-NP group and VACV group, fifteen
in each group. Each mouse was intravenously given
VACV-PBCA-NP or VACV at a dose of 25mg/kg
body weight. The mice were killed and anatomized
15 minutes after the administration, and the heart,
liver, lungs, kidneys and blood were taken out.
Plasma of 0.5mL or viscera homogenate were piped
accurately and 1mL chloroform and 0.5mL 6%
perchloric acid were added respe ctively. The
mixture was vortexed and centrifuged, and 20µL
supernatant was taken to determine VACV by
HPLC.
Isolation and culture of hepatocytes The livers of
Wistar rats (200 g ± 20 g in weight, fasted
overnight) were taken out under aseptic condition,
perfused with Hank’s solution until the blood
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washed out, cut into tiny pieces, digested with
for 45min and filtered
0.1% collagenase at 37
thro ugh a stainless steel mesh (mesh size: 100µm).
Hepatocytes were purified after being washed three
times with Hank’s solution and one more time with
RPMI -1640 solution. Cells were seeded at a density
of 5×105 cells/each culture dish and incubated with
5% CO2 at 37 for 18h. Then the medium was
replaced with fresh RPMI-1640 solution, VACVPBCA-NP or VACV was added at various
concentrations for further incubation. Six, 12 and
24h after the culture, the hepatocytes were taken
out, washed three times with physiological saline
and broken, then VACV in the cell was determined
by HPLC.
Determination of blood concentration in rabbits Ten
white Japan ese rabbits were randomly devided into
VACV-PBCA-NP group and VACV group, five in
each group. Each rabbit was intravenously given
VACV-PBCA-NP or VACV at a dose of 15mg/kg
body weight, 2mL blood was taken at different
time points after the injection and ACV in plasma
was detected at 254nm by HPLC method including
Shimpack CLC-ODS analytical column (5µm,
150mm×4.6mm id) and mobile phase methanolwater-acetic acid (1:99:0.5).
RESULTS
Morphology (Figure 1)

The surface of the VACV-PBCA-NP is regular and
non-adhesive. The average, the maximum and the
minimum diameter of VACV-PBCA-NP is
104.77nm, 141nm and 76nm respectively. Its
diameter is not abnormally distrib uted.
Drug loading characteristics Table 1 shows the
embedding ratio and drug loading of VACV-PBCANP.
Table 1 Embedding ratio and drug loading of VACV-PBCA-NP
Batch No.

Embedding ratio (%)

Drug loading (%)

961010
961012
961015

85.10
83.75
85.70

12.15
10.51
10.93

Average

84.85

11.20

Stability

Freeze-dried powder of VACV-PBCA-NP was
stored at 3 - 5 , 20 - 25
and 37
(RH
75%) respectively for 3 months. There were no
noticeable changes in the appearance, morphology,
pH and VACV content under the condition of
3 -5
and 20 - 25 , but changes were found
at 37 (Table 2).
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Drug release characteristics

Figure 2 shows the drug release profile of VACVPBCA-NP freeze-dried injection. The curve (Figure
2) corresponded to the two-phase kinetics equation:
1-Q=0.3663e-0.0015t+0.3000e-0.0524t.
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Table 3 Relative content in various organs 15min after iv
administra tion of VACV-PBCA-NP and VACV respectively (%,
n=3)
Sample

Heart

Liver

Spleen

Lung

Kidney

Blood

VACV-PBCA-NP

0.99

74.49

2.46

2.89

9.36

9.82

VACV

2.14

24.92

2.44

3.01

51.15

16.54

Table 2 Stability results of VACV-PBCA-NP
0 month

3 months

Temperature
( )

D/nm

C

pH

Color

Color

3-5

107.28

0.49

5.34

white

110.42

15-25

107.28

0.49

5.34

white

37(RH75%)

107.28

0.49

5.34

white

D/nm

C

pH

0.47

5.25

white

109.37

0.48

5.05

white

105.61

0.43

4.10

white

C: mg/ampoule; D: diameter.

The permeability of VACV-PBCA-NP to
hepatocytes

Because of the same amount of the cells added to
each culture dish (5×105), the peak area of ACV
was used to represent the effect of the VACV taken
in by rat liver cell, the results showed that the drug
amount of VACV-PBCA-NP in rat hepatocytes
group was 28.77, 21.90 and 5.22 times that of
VACV control group at 6 h, 12 h and 24 h,
respectively.
The pharmacokinetic parameters of VACVPBCA-NP and VACV in rabbit after iv
administration

Figure 1 Transmission electron micrographs of VACV- PBCANP.

The concentration-time data of the two groups both
fitted the two-compartment model, the equation
was
C = 20.88e-7.653t
+ 0.63e-0.0001t
and
-2.67226t
+ 0.88e -0.3789t. The main
C=10.19e
pharmacokinetic parameters were analyzed by the
single factor variance method. The results are
shown in Table 4.
Table 4 The results of single factor variance analysis of the main
pharmacokinetic parameters of VACV-PBCA-NP and VACV
Factors

A

B

AUC
MRT(h)

223.34
244.58

6.40
0.95

DF
1.8
1.8

F (test)

F (criterion)

P

35.87
28.83

11.30
11.30

<0.01
<0.01

A: VACV-PBCA-NP; B: VACV; DF: Degree of freedom.

Table 4 shows that there is a significant
difference in the main pharmacokinetic parameters
between the two groups.
Figure 2 Release profile of VACV-PBCA-NP freeze-dried
injection. Q: Percentage of accumulative drug release.

Distribution of VACV-PBCA-NP in viscera and
blood of mice

The amount of ACV in each organ recorded as
ACVi and ACVt was obtained by adding ACVi in all
viscera at different time points. The ratio of ACVi/
ACVt×100% represented the relative content of
VACV-PBCA-NP in viscera and blood (Table 3).
Table 3 shows that the relative content of VACVPBCA-NP in liver was 74.49%, 2.99 times higher
than that of VACV, and in kidney was 9.36%,
5.46 times lower than that of VACV.

DISCUSSION

The VACV-PBCA-NP freeze-dried injection stored
at 37 /RH75% would change in the appearance,
pH and the drug content. The results implied that
temperature and humidity affect the stability of
VACV-PBCA-NP. The reason may be that higher
temperature and humidity would speed up the
generation of L-valyl and ACV. The refore, VACVPBCA-NP should be preserved at low temperature
and humidity.
VACV will degrade into ACV at 37 . The
experiment showed that VACV would be completely
turned into ACV when heated for 1h at 100 , but
ACV was stable in this situation. Therefore, in the
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in vitro experiment of the drug release from
nanoparticles, the samples were treated by the
method mentioned above. The released amount of
VACV could be calculated by measuring ACV.
VACV will turn into ACV rapidly and
completely in vivo because of the presence of
enzyme. Therefore, we determined ACV in blood
and viscera of animal after i.v. VACV and VACVPBCA-NP by a HPLC method of good recovery.
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Telomere, telomerase and digestive cancer
Javed Yakoob, HU Guo-Ling, FAN Xue-Gong and ZHANG Zheng
Subject headings Digestive system neoplasms;
telomere; telomer ase; antitelomerase therapy

Recent advances suggest that telomerase is
associated with cellular immortality which is a
hallmark of cancer.
TELOMERES

Human telomeres contain an array of tandem DNA
repeats. We share the telomeric sequence
(TTAGGG)n with all other vertebrates. Human
chromosomes end in several kilobases of telomeric
repeat DNA. These are oriented so that the guanine
(G)-rich strand runs out to the 3’ end of the
chromosome. Despite their monotonous sequence,
telomeres fulfil important functions. First, they
hide natural chromosome end from factors acting on
DNA termini unlike broken chromosome ends which
either get degraded or fuse to other DNA.
Telomeres are resistant to exonucleases and ligases.
They also escape detection by the DNA damage
checkpoints. The termini of natural chromosome
ends are probably concealed by a complex of
specialized proteins that bind telomeric DNA.
Telomere length is maintained by a balance between
the telomeres-lengthening process ( e.g.,
telomerase)[1] and the telomeres-shortening process
(end replication). The inability of the DNA to
completely replicate chromosome termini
(telomeres) leads to the progressive shortening of
chromosomes upon continuous cell division. The
shortening can ultimately lead to loss of telomeric
function and chromosomal destabilization. A DNA
polymerase called telomerase is required to
overcome the end replication.
TELOMERASE

Human telomerase is a ribonucleoprotein (RNP)
composed of an essential RNA and a few proteins.
It synthesizes the G-rich tandem repeats that
comprise telomeres [(TTAGGG)150-2000 in humans]
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using a template on the RNA that is complementary
to the telomeric repeat. By adding hexameric
(TTAGGG) repeats to the telomeric ends of the
chromosomes, the continued erosion of telomeres is
compensated. The enzyme is expressed in embryonic
cell and in adult male germ line cells[2], but is
undetectable in normal somatic cells except for
proliferative cells of renewable tissues (e.g.
haemopoetic stem cells and activated lymphocytes,
basal cells of the epidermis and intestinal crypt
cells). In normal somatic cells, progressive
shortening of telomere leads to a limited replicative
capacity. Recently more direct evidence has been
found in the role of telomere short ening in aging[3].
TELOMERIC PROTEINS

Telomeres are essential for the maintenance of
chromosomes. Another group of important
regulators for telomere function is the telomere
binding proteins[4]. They were originally described
as proteins, binding specifically to telomere DNA
(for example, to the hexameric repeat). The RAP 1
protein in budding yeasts and the TRF1 protein in
mammalian cells are examples of this class of
proteins[5]. Another type of proteins interacts with
the telomere DNA-binding protein/proteininteractions and comprises a large functional
chromosome domain called the “telosome” [6].
Examples are the SIR 3/SIR 4 proteins and the RIF
1 protein in saccharomyces cerevisiae[6]. These
proteins associate with the RAP 1 telomere DNAbinding protein and function to establish telomere
silencing effect and regulate telomere length
respectively. Some of these proteins negatively
regulate telomere length, probably by inhibiting
telome rase activity[7]. Therefore, the length and
function of telomere are not determined simply by
the balance between the total number of cell
divisions and telomerase activity.
TELOMERASE IN MALIGNANCY

While all of the steps leading to cancer are still
unknown, progression to a cancerous state does
require the accumulation of a series of genetic
alterations similar to those found in the in vitro
models of carcinogenesis. For instance,
hyperproliferation occurs due to the failure to
respond to growth inhibitory signals and the
functions allowing cells to divide in the absence of
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specific growth stimulatory signals. Additional
mutations must take place for cell to progress to
invasive and then metastatic states. To the extent
that each of these conditions represents a mutational
event, a clonal expansion of the cell is required for
the occurrence of mutation. Some of these changes
involve recessive events where an initial clonal
expansion of cell containing the original mutation
must be followed by a second clonal expansion with
the remaining wild type allele eliminated. If this
series of events require a greater number of cell
divisions than permitted for normal cells, potential
tumor cells must incorporate a mechanism to
overcome this limitation. It appears that in many
cases, the reactivation of telomerase serves this
purpose, yet it may not be the only mechanism. The
presence of telomerase activity only indicates that
the cell has the ability to inactivate the telomeric
“clock” that limits the proliferative capacity of normal
somatic cells[8]. The presence of telomerase activity in
a cell implies very little about malignancy, but only reflects
its potentially immortal state. Cell immortality only
gives the cells the proliferative capacity to accumulate
the necessary mutations to become malignant. As
cancer is diverse, some tumors may need only a few
mutations in order to become malignant and may not
exhaust the normal limits of proliferation before they
cause disease. These types of cancer would be expected
to be both immortal and negative for telomerase activity.
As proliferative limits can be exceeded at any time
during cancer progression, the reactivation of
telomerase would be expected to occur early in
tumors arising from cells near the limits of their
proliferative capacity and late in tumors arising from cells
with long telomeres. In some cases of tumors
arising from telomerase positive stem cells, the
initiating cells may already be competent to be
immortal.
The fact that almost all cancers have telomerase
activity, despite their shortened telomeres[2,9,10]
indicate that there is an intense selective pressure
for telomerase activation with the progression of
malignancy. Indirect support for this view comes
from the observations that benign or precancerous
lesions (e.g. colonic polyps or adenoma; prostate
hyperplasia and fibroids) are telomerase silent[9]. As
telomeres shorten, accumulated mutations in other
genes such as the genes encoding p53 and RB
(retinoblastoma protein) would result in genomic
instability, an extended life-span and progressive
erosion of telomeres[11,12]. At this point, end to end
chromosome fusions are frequently observed,
concomitantly with critically shortened telomeres.
These events could contribute to the loss of
heterozygosity and the expression of recessive
mutations, which would result in the reactivation of
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telomerase and stabilization of telomere length, as
well as fixation of the additional mutations required
for invasiveness and metastasis.
Telomerase activity in colorectal cancer

The colorectal adenoma-carcinoma sequence is one
of the best characterized models for multistep
tumorigenesis. Progression may be extremely slow
due to the high ratio of adenomas to cancers. Telomere
shortening is observed in colorectal adenomas and
carcinomas[13]. Recent studies have demonstrated
that although most adenomas lack telomerase activity,
the majority of colorectal cancers express this
enzyme [2,9] and contain detectable telomerase
activity regardless of underlying phenotype (77%
of hereditary nonpolyposis colorectal cancers;
81% of sporadic tumors, 88% with mutator
phenotypes and 75% without mutator phenotypes)[14].
Therefore, telomerase expression appears to be
commonly acquired in the progression of both
mutator phenotype and sporadic colorectal cancers.
These findings in colorectal cancer are consistent
with the telomere hypothesis. However a minority
of colorectal cancers lack detectable telomerase
activity[8] and other alternatives remain[10].
Telomerase activity in gastric cancer

The pattern of multiple gene changes in gastric
cancer varies with the histological type , well
differentiated or intestinal type and poorly
differentiated or diffuse type. However, activation
of telomerase, which is responsible for cell
immortality is the most common fundamental event
in gastrointestinal cancer[2,9,15]. Human telomerase
RNA (hTR) is expressed in pre-crisis cell lines and
non-neoplastic tissues, as well as in immortalized
cell lines or tumor specimens and the expression
level is not correlated with that of telomerase
activity[16]. Telomerase activity is detected in 85%88% of gastric carcinomatous tissues[16,17].
Although all tumor specimens and non-cancerous
mucosa expressed various levels of hTR, 81%
expressed hTR at a higher level in the tumor than
that in the corresponding mucosa. All the 8 gastric
carcinoma cell lines also expressed hTR at higher
levels. Thirty-five percent of non-cancerous mucosa
showed telomera se activity and all of them
contained intestinal metaplasia. The degree of Helicobacter pylori-infection increased in parallel
with the level of hTR expression and telomerase
positivity[17]. These results suggest that Helicobacter
pylori infection may be a strong trigger for hTR
overexpression in intest inalmetaplasia, and this
may lead to telomerase reactivation. Tumors with
telom erase activity were generally large in size with
a high frequency of lymph node metastasis. In the
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tumors without detectable telomerase activity, 80%
were early stage gastric cancer. In gastric cancer,
telomerase activation may occur as a late event of
cancer progression as demonstrated previously in
non-small cell lung cancer[18]. Moreover, the
patients with telomerase-positive tumors showed
poorer prognosis than those with telomerasenegative tumors, indicating that telomerase-positive
gastric cancers may have more malignant potential.
Telomerase activity and telomere length in
HCC and CLD

It is well known that almost all HCC are preceded
by chronic hepatitis (CH) and/or liver cirrhosis
(LC). These two conditions are regenerative lesions
in response to repeated liver damage induced by
hepatitis B or C virus (HBV/HCV) infection or
other factors. However, the role of these lesions in
HCC carcinogenesis remains unclear, except for the
possible involvement of transforming activity of the
HBVX protein[19]. There was progressive
shortening of telomeres during hepatocellular
carcinogenesis from normal liver to CH to LC to
HCC. The average telomere length of HCC was
significantly and consistently shorter than that of
adjacent CH or LC[20]. The possible role of
telomere shortening in regenerative, noncancerous
liver lesions (CH and LC) is that it may eventually
lead to reactivation of telomerase, which may then
contribute to the malignant conversion to HCC.
Thus telomere shortening in the regenerative lesions
is not merely representative of cellular aging, but
may also be a prerequisite for the development of
malignancy. A subpopulation of cells in such lesions
with telomeres shortened to a critical length, may
suffer genetic changes due to chromosome
instability[3]. These genetic changes would make
most cells senescent, but allow a small number of
cells to undergo additional mutations, including
those activating or upregulating telomerase which
then clonally develop into immortal cancer cells.
Telomere length was shorter in chronic liver diseases
compared with that in normal liver[21]. This
indicates that senescence of hepatocytes occurs in
patients with advanced liver diseases probably as a
result of degenerati on and the following
regeneration of hepatocytes. Although the
mechanisms of car cinogenesis in type C chronic liver
diseases are not known, the incidence of HCC
increases as the stage of the disease advances[22].
Telomerase activity was measured in various tissues
and cell lines[2,9,15] including HCC[23] and was
shown to be positive in 85%-100% of various
malignant tissues and negative in almost all nonmalignant tissues, except for reproductive and
haemopoietic cells. Telomerase activity was
negative in 15% of the HCC specimens[21]. One
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possible reason for this undetectability might be
false negativity due to the possible presence of
polymerase chain reaction inhibitor[24 ]. However
the presence of such inhibitor was not confirmed. In
another previous report the telomerase activity in
malignant tissue was not positive[23 ] and a recent
report has clearly shown that several tumor cell lines
keep their telomere length without telomerase
activity[25]. Consequently, some unidentified
mechanism for restoring the telomere length must
exist[26]. Thus, it seems that a small number of HCC
do not possess telomerase activity.
TELOMERASE—A TARGET FOR CANCER TREATMENT

Telomeres and telomerase play a role in signalling
cellular senescence and in the progression of
tumorigenesis, anticancer therapies could be
targeted at telomerase. The gene encoding the
human RNA component of telomerase has been
cloned[27]. Following strategies are available.
A: Obstructing telomerase RNA activity
through an antisense oligonucleotide targeted to the
template region. Encouragingly, expression of
antisense to hTR in an immortal telomeraseexpressing cell line resulted in a gradual reduction of
telomere length, leading to death of the cells[27].
B: Generation of mutant telomerase RNA.
C: Protein components of telomerase present
another viable target for inhibition.
Telomerase inhibitors may thus provide an
effective cancer therapy with no side effects of
general cancer therapy in normal somatic cells that
lack telomerase expression. A future treatment
regimen may include surgical removal of the tumor,
followed by combined antitelomerase therapy with
conventional radiation and/or chemotherapies. As
most cancer cells have much shorter telomeres than
the stem cells of renewal tissues, the treatment
period could be designed to end prior to stem cell
attrition by preserving the replicative abilities to
divide stem cells. Thus the effects of inhibiting
telomerase activity are likely to eliminate the cancer
cells long before telomere lengths in stem cells
become limited.
CONCLUSION

Clearly, telomerase regulation is complex and
further studies are needed on the multiple
mechanisms regulating telomerase activity with
respect to the addition of telomeric repeats and its
relation to cellular growth. Telomerase fulfills many
of the criteria for an ideal cancer target and has a
nearly ideal developmental and tissue-expression
pattern, what remains is to show that tumors
require telomerase for growth and that loss of
telomerase function will be clinically useful.
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INTRODUCTION

The human upper gastrointestinal tract is often
infected with Helicobacter pylori (H. pylori). This
urea splitting bacterium is now considered to be a
causal agent in some diseases, including antral
gastritis and frank duodenal ulceration, in addition
to an association with gastric carcinoma and mucosa
associated lymphoid tissue (MALT) lymphoma[1].
Since the discovery of H. pylori, a number of
additional Helicobacter species have been isolated
from the stomachs and intestinal tracts of a variety
of mammalian species. At least eighteen separate
Helicobacter species have been recognized (Table
1)[2,3]. The discovery of these Helicobacter species,
has raised the possibility of a relationship between
Helicobacter infection and liver diseases[3].
Table 1 Helicobacter species and their hosts
Species
H. pylort*
H. mustelae
H. felis*
H. bizzozeronii*
H. helimannii¡ *
H. nemestrinae
H. suis
H. acinonyx
“H. rappini”*
H. canis *
H. hepaticus
H. bilis
H. trogontum
H. muridarum
H. cinaedi *
H. fennelliae
H. pullorum *
H. pametensis
H. cholecystus

Hosts

Primary site

Human, macaque, cat
Ferret, mink
Cat, dog
Dog, human
Dog, cat, human, monkey
Pig-tailed macaque
Swine
Cheetah
Sheep, dog, human, mice
Dog, human
Mice
Mice, dog
Rat
Mice, rat
Human, hamster Intestine
Human
Chicken, human
Bird, swine
Hamsters

Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Intestine
Intestine
Intestine
Intestine
Intestine
Intestine

Other sites

Liver (sheep), stomach
Liver (dog)
Liver
Liver, stomach (dog)
Stomach (mich)

Intestine
Intestine Liver (chicken)
Intestine
Intestine

*

Some data suggest zoonotic potential
Closely related, may be same species
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HELICOBACTER PYLORI AND PEPTIC ULCER IN
CIRRHOSIS

Historically, it is well recognized that duodenal
ulcer disease is more common in patients with
cirrhosis as compared with non-cirrhotic patients[4].
However, a number of early studies suggested that
in cirrhotic patients there was no clear relationship
between duodenal ulcers and H. pylori infection,
suggesting the possibility of other causes[5]. Other
studies suggested that H. pylori infection, as
measured by IgG, H. pylori serum antibodies, was
more common in cirrhotic patients than in noncirrhotics[6]. A study showed that cirrhotic patients
were more likely to have a positive H. pylori
ELISA with a negative histologic examination for
H. pylori as compared with noncirrhotic patients[7].
Whether H.pylori is a risk factor for peptic ulcer in
cirrhosis remains controversial. In a cross-sectional
study by Wang et al, 49 cirrhotic patients
underwent upper gastrointestinal endoscopy and 75
controls (healthy examinees) without liver disease
were also examined by endoscopy. Thirty (61%) of
the 49 cirrhotic patients had peptic ulcers as
compared with 24 (32%) of the 75 controls. The
frequency of H. pylori in the antrum in the
cirrhotic group was significantly lower than in the
control group (39% vs 69%). The presence of H.
pylori was more frequent in control patients with
gastric (75%) and duodenal ulcers (95%) than
nonulcerous control patients (59%), the difference
between patients with and without peptic ulcer
(40% vs 37%) was not significant in cirrhotic
patients. H. pylori was identified in 40% of the
cirrhotic patients with duodenal ulcers as against
95% of controls with duodenal ulcer(P<0.05).
Nevertheless, this difference was not significant
among patients with a gastric ulcer between the two
groups (40% vs 75%). There was no significant
difference in the frequency of H. pylori infection
among nonulcerous patients between the cirrhotic
and control groups (37% vs 59%). No evidence was
found to substantiate an etiologic role of H. pylori
in the development of duodenal ulcer in cirrhotic
patients[8]. In 153 consecutive patients with
cirrhosis, Siringo et al’s[9] assessed the prevalence
of IgG to Helicobacter pylori and compared it with
that in 1010 blood donor-residents in the same area
and the relationship of IgG to H. pylori with
clinical and endoscopic features and with the risk of
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peptic ulcer. The prevalence of IgG to H. pylori of
cirrhosis was significantly higher than in blood
donors (76.5% vs 41.8%; P<0.0005) and was not
associated with sex, cirrhosis etiology, Child class,
gammaglobulins and hypertensive gastropathy. In
both groups, the prevalence of IgG to H. pylori
was significantly higher in subjects aged over 40.
Multivariate analysis identified high age and males
as risk factors for a positive H. pylori serology and
no independent risk factors for peptic ulcer. The
high prevalence of H. pylori positive serology
found in this series was related to age and sex and
might also be explained by previous hospital
admissions and/or upper gastrointestinal endoscopy.
Their results did not confirm the role of H. pylori
as a risk factor for peptic ulcer in patients with liver
cirrhosis. H. pylori infection is the major
pathogenic factor for peptic ulcer disease. Its
epidemiology is not fully known; few data are
available in patients with chronic liver disease. To
investigate the seroprevalence and factors associated
with H. pylori infection, a series of studies or liver
cirrhosis patients is necessary. Two hundred and
twenty consecutive patients were prospectively
included in a study aimed to evaluate the effect of
dietary intervention on cirrhosis complications and
survival. An epidemiological and clinical
questionnaire was completed. Sera were obtained
until analyzed. They were
and stored at -70
tested for H. pylori antibodies using a commercial
ELISA kit. Eleven of 220 patients had borderline
anti-H. pylori -IgG titers. Of the remaining 209
patients, 105 (50.2%) showed positive titers of H.
pylori IgG. Univari ate analysis showed that H.
pylori infection was more frequent in older
patients, those born outside Catalonia, and in
patients with a low educational level. Past ethanol
consumption and current smoking were correlated
negatively with H. pylori infection. Selected age
(OR 3.1, 95% CI 1.46 - 6.45), educational level
(OR 2.2, 95% CI 1.18 - 4.2) and alcohol
consumption (OR 0.7, 95% CI 0.4 5-0.99) as the
variables were independently related to H. pylori
infection in multivariate analysis. Their conclusions
of H. pylori infection in cirrh osis has the same
epidemiological pattern as in the general
population. Suggestions that the etiology or the
severity of the liver disease could be related to H.
pylori infection were not confirmed by their
study[10].

hypertensive gastropathy (PHG) in cirrhotic
patients. Yang’s conclusion is that H. pylori
colonization of the stomach of cirrhotic patients was
likely to be contributed to the development of PHG.
In other reports, H. pylori infection in patients
with PHG differed from that in the normal
population[12], in contrast with what can be
observed in patients with chronic gastritis. Some
authors do not agree, however, on Balan’s findings
that gastric mucus secretion was unaltered in PHG
patients. Althoughed there was no difference
between H. pylori-positive or-negative patients, a
previous study showed that both mucus and
bicarbonate secretion (so-called mucus-bicarbonate
barrier) were impaired in cirrhotic patients with
PHG[13], a phenomenon that might account for
the high sensitivity of portal hypertensive mucosa
to the damaging agents[14]. Others have also
detected a reduced mucus secretion in PHG
patients[15]. PHG was also thought to be associated
with changes in gastric mucosal blood flow, but, the
available data are conflicting[16], although most studies
support the concept that gastric perfusion was
increased, because H. pylori infection had no
influence on gastric mucosal blood flow, the state of
local microcirculation was unaffected by eradication of
the germ[17]. Another study suggested that the role
of H. pylori infection in the pathogenesis of
congestive gastropathy seemed to be unlikely and
that there was no need for routine eradication in
cirrhotic patients[18]. Bahnacy et al[18] evaluated
the prevalence and signifi cance of H. pylori
infection in patients with portal hypertension. A
total of 118 patients were selected, 90 with portal
hypertension (66 males, 24 females, mean age 49.1
±2.1 years) and 28 noncirrhotic patients with
nonulcerative dyspepsia as a control group (12
males, 16 females, mean age 47.6 ± 2.8 years).
Endoscopy was performed and gastric biopsies were
taken for histological examination and diagnosis of
H. pylori infection in all the patients. Of the portal
hypertensive patients, 42 (47%) had congestive
gastropathy, 11 (26%) of whom were positive for
H. pylori infection and 48 (53%) had no
gastropathy, 12 (25%) of whom were positive for
H. pylori infection. In the control group, 15
(54%) of 28 were positive for H. pylori infection.
H. pylori was found less frequently in congestive
gastropathy patients than in the control group.

HELICOBACTER PYLORI AND PORTAL HYPERTENSIVE GASTROPATHY

HELICOBACTER AND BILE DUCT INJURY

Yang et al[11] have recently investigated the possible
relationship between H. pylori infection and portal

Are there any Helicobacter species that can induce
bile duct injury and then trigger further autoimmune
liver diseases? Recent studies in animals have
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provided insight into the possibility. The best model
for the Helicobacter induced liver disease up to date
is the recently isolated and characterized bacterium
named H. hepaticus[19-22]. H. hepaticus is a
spiral-to-curved bacterium, observed with Steiner’s
silver stains in livers of barrier-maintained mice
suffering from multifocal necrotic hepatitis. H.
hepaticus persistently colonized in the colon and
cecum, and was associated with liver tumors in A/J
Cr mice as well as hepatitis in other susceptible
inbred mouse strains[19]. In A/J Cr mice, H.
hepaticus can be seen in the liver under electron
microscopy, but only infrequently and only in bile
canaliculi. H. hepaticus is resistant to high levels of
bile in vitro, which may help explain its ability to
colonize in bile canaliculi. Other studies have
suggested that H. pylori can colonize in the biliary
tract. In one study, H. pylori DNA was detected
by PCR in 3 out of 7 bile samples collected with
percutaneous transhepatic cholangiodrainage,
suggesting the possibility that this organism can
cause asymptomatic cholangitis[23]. In another
study, a microorganism closely resembling (by PCR
and immunohistochemical staining) H. pylori was
found in the resected gallbladder mucosa of a 41year-old woman who was adimitted to the hospital
with fever and upper right quadrant pain[24].
However, these studies inferring the presence of H.
pylori in bile of biliary tissues are not supported by
the in vitro findings of H. pylori being unable to
grow in the presence of bile products[25]. The
author also demonstrated that unconjugated bile
salts were more toxic than conjugated bile salts[25].
Others have suggested that bile salts in vivo can
inhibit H. pylori colonization. These authors found
an association between the absence of H. pylori and
previous surgery for peptic ulcers, high reflux
scores, hypochlorhydria and increased bile acid
concentration in the stomach[26]. Other reports
have also noted that gastric H. pylori infection
increased
following
cholecystectomy [27] .
Nevertheless, H. pylori appears in some people to
survive in intestinal fluids with bile present as noted
by the ability to isolate H. pylori from the feces of
children and adults[28,29]. The sensitivity of H.
pylori to bile acids is contrasted by the ability of
Helicobacter colonizing in the l iver, i.e. H.
hepaticus, H. bilis, H. canis, H. cholecystus and
H. pullor um, to grow in the presence of bile. In
addition to H. hepaticus, other Helicobactersp can
colonize in the hepatobiliary tract. A bacterium was
identified in the diseased livers and intestines of
aged inbred mice. It has been characterized
biochemically by 16s rRNA sequence data, and
named H. bilis[30].
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HELICOBACTER AND DIARRHOEA IN CIRRHOSIS

It was observed that H. hepaticus can cause
inflammatory bowel disease when inoculated into
germ free mices. In addition, H. hepaticus was
associated with colitis and typhlitis in
immunocompromised mice[20,31,32]. It is well known
that H. cinaedi and H. fennelliae are isolated from
the diarrheic feces of immunocompromised patients
with proctitis and/or colitis[33,34]. H. canis,
cultured from diarrheic and asymptomatic dog feces
as well as feces from humans with diarrhea were
isolated from the liver of a dog with acute
hepatitis[35,36]. Cirrhotic patients often had
diarrhea, could it be possible that H. hepaticus can
cause inflammatory bowel disease in cirrhosis This
deserves further studies. As many intestinal
Helicobacters appeared to cause diarrheal diseases
(and perhaps liver disease) in humans, could
positive IgG-H. pylori antibodies reflect crossreactivity with other Helicobacter species Sera
from abbatoir workers in direct contact with
internal organs of poultry were more frequently
positive (ELISA>300) than the sera from other
employees[37,38]. It is worth noticing that although
the prevalence of H. pylori infection was not
different from controls in the other groups, their
H. pylori IgG antibody levels were statistically
higher[37,38].
HELICOBACTER AND HEPATITIS AND LIVER
CANCER

Mice infected with H. hepaticus developed chronic
liver inflammation, with oval cell, Kupffer cell and
Ito cell[20] hyperplasia, hepatomegaly and bile duct
proliferation[20]. Eventually, with longstanding
infection, A/J Cr mice developed a chronic
proliferative
hepatitis
and
hepatocellular
carcinoma. There are some similarities of this
murine hepatitis to human primary biliary cirrhosis
including portal hepatitis, ductular proliferation,
and scaring. The murine hepatitis also had features
of autoimmune cholangitis[20]. The mechanism in
which H. hepaticus infection caused liver injury is
still unclear at present. H. hepaticus, like several
other Helicobacter species, exp ressed urease enzyme
which generated ammonia, the toxic product may
damage hepatocytes adjacent to the bacteria. In
addition, a soluble cytotoxin has been identified in
H. hepaticus that produced significant in vitro
cytopathic effects in a murine hepatic cell line[39].
A recently discovered bacterium, H. hepaticus,
could infect the intrahepatic bile canaliculi of mice,
causing a severe chronic hepatitis culminating in
liver cancer. Thus, it affords an animal model for
study of bacteria-associated tumorigenesis including
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H. pylori related gastric cancer. Reactive oxygen
species are often postulated to contribute to this
process. Sipowi et al[40] recently reported that
hepatitis of male mice infected with H. hepaticus
showed significant increases in the oxidatively
damaged DNA deoxynucleoside 8-hydroxydeoxyguanosine, with the degree of damage increased
with progression of the disease. Perfusion of
infected liver with nitro blue tetrazolium revealed
that superoxide was produced in the cytoplasm of
hepatocytes, especially in association with
plasmacytic infiltrates near portal triads. Contrary
to expectations, Kupffer cells, macrophages, and
neutrophils were rarely involved. However, levels
of cytochrome P450 (CYP) isoforms 1A2 and 2A5
in hepatocytes appeared to be greatly increased, as
indicated by the number of cells positive in
immunohistochemistry and the intensity of staining
in many cells, concomitant with severe hepatitis.
The CYP2A5 immunohistochemical staining colocalized with formazan deposits resulting from
nitro blue tetrazolium reduction and occurred in
nuclei as well as cytoplasm. These findings suggest
that CYP2A5 contributes to the superoxide
production
and
8-hydroxydeoxyguanosine
formation, although it is possible that reactive
oxygen species from an unknown source in the
hepatocytes may lead to CYP2A5 induction of
coincidental occurrence of these events. Three
glutathione S-transferase isoforms, mGSTP1-1 (pi),
mGSTA1-1 (YaYa), and mGSTA4-4, also showed
striking increases evidencing major oxidative stress
in these livers. Luzza et al[41] assessed a sample of
705 resident subjects (273 males, aged 1-87 years,
median 50) who attended the outpatient medical
centre of the rural town of Ciro, Southern Italy
(11000 inhabitants) for blood test. All subjects
completed a structured questionnaire. A serum
sample was drawn from each subject and assayed for
H. pylori IgG by a validated in-house enzyme
linked immunosorbent assay. Antibodies to HAV
were determined in 466 subjects (163 males, aged
16-87 years, median 49). The Kappa statistical
method was used to measure the agreement between
H. pylori and HAV seropositivity. Overall, 466
(63%) subjects were seropositive for H. pylori. Of
the 466 subjects screened for both H. pylori and
HAV, 291 (62%) were seropositive for H. pylori,
and 407 (87%) for HAV. Cross-tabulation of these
data showed that 275 (59%) were seropositive and
43 (9%) seronegative for both H. pylori and
HAV; 16 (3%) were seropositive for H. pylori and
132 (28%) were seropositive for HAV (OR = 5.6,
CI 3-10). There was a parallel, weakly correlated
(r = 0.278) rise in the seroprevalence of the two
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infections with increasing age. However, the
agreement between H. pylori and HAV
seropositivity was a little better than chance (Kappa
=0.21), and in those aged less than 20 years, it was
worse
than
chance
(Kappa = -0.064).
Furthermore, multiple logistic regression analysis
did not show any risk factor shared by both
infections. The correlation between H. pylori and
HAV reflected the age-specific seropre valence of
both infections rather than a true association. This
study provided evidence against a common mode of
transmission of H. pylori and HAV. Chen et al[42]
examined the seroprevalences of chronic infection
with hepatitis B and C viruses and H. pylori in
Matzu, a group of small islets with 5566 civilian
residents who have extremely high mortalities from
cancers of the stomach and liver. The standardized
mortality ratios (SMR) of all cancer sites
combined, liver cancer and stomach cancer in 19841993 were calculated using the general population in
Taiwan as the reference (SMR = 100). The SMRs
(95% CI) for all cancer sites combined, liver cancer
and stomach cancer were 160 (131-195), 252 ( 170360) and 351 (229 - 516), respectively, in Matzu. A
health survey was carried out with 485 civilian
residents aged 30 years or more, giving a response
rate of 69% among those who were eligible. Serum
samples were tested for antibodies against H. pylori
(anti-Hp) by enzyme-linked immunosorbent assay
and hepatitis B surface antigen (HBsAg) and
antibodies against hepatitis C virus (anti-HCV) by
enzyme immunoassay. The seroprevalence was 61%
for anti-Hp, 24.7% for HBsAg and 1.8% for antiHCV in Matzu. While mortality rates of liver and
stomach cancers were significantly higher in Matzu
than in Taiwan, the seroprevalences of an ti-Hp,
HBsAg and anti-HCV in Matzu were similar to or
even lower than those in Taiwan. Their findings
suggest the existence of risk factors other than
microbial agents involved in the development of
stomach and liver cancers. Rudi et al[43] examined
staff members of an acute care hospital for serum
antibodies to H. pylori IgG (n = 457) and to
hepatitis A virus (n = 434). The staff members were
assigned to three groups: nonmedical staff (n =
110); medical and nursing staff (n = 272); and
medical and nursing staff working in a
gastroenterology and endoscopy unit (n = 75).
Serum antibodies were measured by valid ated
enzyme immunoassays. A questionnaire inquiring
about medical and professional history, history of
upper GI pain and ulcer, as well as about the use of
nonsteroidal anti-inflammatory drugs or medication
for GI complaints and smoking habits was
completed by each person. The seroprevalence of
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H. pylori was 35.5% in group I, 34.6% in group
II, and 24.0% in group III (not significant). The
seroprevalence of H. pylori antibodies increased
with age (P < 0.01), and antibodies were present
more frequently in women than in men (36.2% vs
25.4%, P < 0.05). After adjustment for age, the
duration of experience and the number of years
working in the gastroenterology or endoscopy unit
did not increase H. pylori seropositivity. No
significant association was found between H. pylori
seropositivity and history of upper GI pain, ulcers,
use of nonsteroidal anti-inflammatory drugs or
medication for GI complaints, or tobacco use . The
prevalence of hepatitis A antibodies was similar in
the three groups (group I, 26.4%; II 26.5%; III
21.7%; not significant). Cross-tabulation showed
that 67 (15.4%) subjects were seropositive for both
H. pylori and hepatitis A (P < 0.01), and that 245
(56.5%) were negative for both. Seventy-seven
(1 7.7%) and 45 (10.4%) were seropositive for only
H. pylori and for only hepatitis A respectively.
Occupational exposure to patients in an acute care
hospital as well as to patients and to endoscopic
procedures of a gastroenterology and endoscopy unit
does not increase the rate of infection with H.
pylori. The significant correlation between the
seroprevalence of H. pylori and hepatitis A
antibodies suggests the fecal-oral transmission of H.
pylori.
HELICOBACTER AND
ENCEPHALOPATHY

CHRONIC

HEPATIC

Chronic
hepatic
encephalopathy
is
a
neuropsychiatric
disorder
with
protein
manifestations, the pathogenesis of which is poorly
understood[44]. Ammonia is of key importance in
the pathogenesis of hepatic encephalopathy[45,46],
and hyperammonemia in patients with cirrhosis is
considered to be produced by bacterial urease in the
gut flora. The initial study implicating H. pylori as
a risk factor for hepatic encephalopathy was
published in 1993[47]. Gastric ammonia production
must be evaluated to assess whether the ammonia
produced by H. pylori can cause hyperammonemia.
H. pylori has strong urease activity. Ammonia
produced by H. pylori in the stomach can be a
source of systemic ammonia in patients with hepatic
dysfunction. The effect of the eradication of H.
pylori on hyperammonemia was examined in
patients with liver cirrhosis. Ammonia
concentrations in blood and gastric juice were
analysed in 50 patients with liver cirrhosis and
hyperammonemia. All patients were first treated
with a low protein diet, kanamycin, lactulose, and
branched chain enriched amino acid solution.
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Hyperammonemia remained in 18 patients. These
18 patients were divided into three groups according
to the status of H. pylori infection: group I, with
a diffuse distribution of H. pylori in the stomach;
Group II, with a regional distribution; and group
III, without H. pylori. In group I, ammonia
concentrations in blood and gastric juice were
significantly reduced after H. pylori eradication.
The blood ammonia concentration at 12 weeks after
the eradication was still significantly lower than that
before eradication. In groups II and III, the
ammonia concentrations in blood and gastric juice
were not significantly reduced after eradication
therapy. The authors’ conclusion is that diffuse
distribution of H. pylori in the stomach contributes
partly to hyperammonaemia in patients with liver
cirrhosis, and the eradication of H. pylori is
effective in patients with liver cirrhosis, and the
eradication of H. pylori is effective in patients with
hyperammonemia with diffuse H. pylori infection
in the stomach[48]. These findings suggest that the
contribution of ammonia produced by H. pylori to
the systemic concentration depends on the number
of bacteria and their distribution in the stomach[48].
Quero et al[49] also reported a fall in blood ammonia
with the eradication of H. pylori, but the blood
ammonia rose two months after treatment to
baseline values in patients after the eradication of
H. pylori, suggesting that the effect of the
eradication of H. pylori on hyperammonemia is a
non-specific effect of antibiotics rathe than an
effect of the eradication of the organism. Plevris et
al[50] found no significant effect of the presence of
H. pylori on blood ammonia up to two hours after
administration of oral urea. They also suggested that
the improvement seen in our initial report may
be attributed to a non-specific effect of antibiotics
rather than to an effect of the eradication of H.
pylori.
CHRONIC ATROPHIC GASTRITIS AND H. pylori
INFECTION IN PBC

Primary biliary cirrhosis (PBC) is a chronic liver
disease characterized by exocrine gland impairment.
Up to now there has been no report dealing with
gastric mucosa involvement in this autommune
condition which is frequently associated with
Sjogren syndrome. Floreani et al[51] investigated the
morphologic, bilochemical and immunological
features of the gastric mucosa in PBC. A cross sectional matching study was performed. Thirtythree PBC patients (30 women, 3 men, mean age 58
years; 17 with stage II - III, and 16 with stage IV
disease) and 33 sex- and age-matched dyspeptic
controls were included. Six biopsy specimens from
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the fundus (2), body (2) and antrum (2) were
taken from all patients and controls. A serological
assessment was made for each subject, including
pepsinogen A (PGA), pepsinogen C (PGC), gastrin
(G), and antibodies against H. pylori (anti-Hp
IgG). Endoscopic gastritis was found in 22 PBC
patients (66.6%). There was no difference between
PBC patients and controls regarding the percentage
of subjects with mild, moderate, severe or atrophic
gastritis (AG). There was no difference in gastric
mucosal involvement between PBS subjects with or
without secondary Sjogren syndrome. A discrepancy
was observed in the data obtained with respect to
H. pylori infection. H. pylori colonization was
significantly more frequent in controls than in PBC
patients (79% vs 49%, P < 0.002), but anti-Hp
IgG was detected in the same percentage in the two
groups (90% vs 83%). There was no difference
between the two groups in the PGA, PGC, PGA/
PGC ratio, or gastrin. Eight PBC patients had
esophageal varices. PBC patients were not
characterized by chronic atrophic gastritis. Even
though they presented chronic gastritis with the
same prevalence as dyspeptic controls, and showed
signs of previous H. pylori infection as frequently
as dyspeptic patients, they are actually much less
frequently infected. The reasons for this
observation are unclear[47]. In summary, many liver
diseases in humans though well characterized
clinically and pathologically, do not have well
defined etiologies. Perhaps like the discovery of H.
pylori associated gastric disease, the recognition of
Helicobacter SP induced liver disease in animals,
should stimulate studies to ascertain whether these
or similar Helicobacters play an important role in
pathogenesis of idiopathic hepatitis and liver
neoplasia in humans.
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Cloning and expression of HLA-B7 gene
QU Shen, LI Qing-Fen, DENG Yao-Zu, ZHANG Jian-Ming and ZHANG Jie
Subject headings HLA-B7; polymerase chain
reaction; cDNA; gene expression
INTRODUCTION

In recent years, it has been found that HLA-B7
plays an important role in the antigen presentation
and the research of human tumor therapy. It was
reported that if HLA-B7 gene was transfected into
target cells, the expression of HLA-B7 gene could
stimulate the immune system to recognize the target
cells and induce immune response[1]. In order to
study the HLA-B7 gene vaccine and its feasibility
for tumor gene therapy, HLA-B7 cDNA was cloned
and an eukaryotic expression vector (pCD-B7)
carrying HLA-B7 cDNA was constructed. This
construc tor was transfected into NIH/3T3 cells and
injected into the subcutaneous tissue of mice, the
expression of HLA-B7 gene could be detected both
in vitro and in vivo.
MATERIALS AND METHODS
Materials

Cells HLA-B7+ lymphocytes were isolated from
human periphera l blood.
Regents Taq DNA polymerase, Supertranscript
kit, and RPMI-1640 are products of GIBCO BRL.
Primers were synthesized by Sangon Co. T4 DNA
ligase, CIP, X-Gal, IPTG, restriction enzyme,
DNA marker, calf serum, medium, PHA and IL-2
are purchased from Promega Company.
Methods

Primer designing The sites of the primers were
chosen according to the cDNA sequence of HLA-B7
reported by Sood AK, et al[2]. Four primers were
synthesized as follows:
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Primer 1: (cDNA 3 - 22 base) 5-ACGCCGAGATGCTGGTCATG-3’;
Primer 2: (cDNA 745 - 765 base) 5-TGAGTTTGGTCCTCGCCATC-3’;
Primer 3:(cDNA 759-779 base) 5-AACTCAGGACACTGAGCTTG-3’;
Primer 4:(cDNA 1483-1503 base) 5-TTGCTCTCTCAAATTCCAGG-3’.

Selection and culture of HLA-B7+ lymphocytes Five
mL peripheral blood was taken from each of 20
healthy persons. The lymphocytes were isolated and
then counted. After cytotoxic test[3], the HLA-B7+
lymphocytes were cultured in medim RPMI-1640
containing 10% calf serum, PHA 50mg/L and IL-2
500U/mL-1000U/mL for 2-3 days.
Isolation of total RNA The total RNA was isolated
by single step method[4]. The quantity and quality
of RNA were analyzed by denaturing agarose gel.
RT-PCR Reverse transcription was performed
according to the method recommended by GIBCO
BRL supertranscription kit. Five µL products of
reverse transcription was taken as templates for
PCR. HL A-B7 target sequence was amplified for 35
cycles using prime 1, 2 and prime 3, 4 as well as
prime 1, 4. Fifty µL reaction volume included
0.2m mol/L each of dNTPs, 1.5mmol/L MgCl2,
10×5 µL buffer, Taq DNA polymerase 2.5 U
0.25mmol/L each of primer and 5µL sample. The
for 30s,
reaction volume was denatured at 94
annealed at 53 for 1 min and extended at 72 for
2 min. After the last cycle of amplification, 10 µL
of product was stained with ethidium bromide, and
analyzed by agarose gel electrophoresis, and
visualized under UV light.
Recombinant construction Ligation reaction was
performed according to a rapid, easy and effective
PCR product cloning method[5]. Forty µL PCR
product, into which 1µL (2. 5U) Klenow enzyme
for 30min and
was added, was placed at 37
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precipitated with ethanol. After drying, it was
dissolved into 10µL water. Three µL solution and
0.1µg-pUC19 plasmid digested by Sma I and 15µLwater were added into the tube of T4 DNA ligase,
and kept at room temper ature for 10 min. The
ligated products were subjected to transform
competent cells of HB101, and the positive clone
was selected by α complementation detection.
Construction of eukaryotic expression vector
Construction procedure is shown in Figure 1.Before
ligation, digested pcDNA3 was treated with CIP
(calf intestinal alkaline phosphate) for 30 min. The
treated linear vector was mixed, and then 2µL 10×
buffer, 10 unit T4 DNA ligase, and TE (pH 8.0)
were added into HLA-B7 cDNA fragment (ratio 1:
5) till the volume was up to 20µL. The mixture was
incubated at 16 for 16h, and then at 70 for
10min to terminate the reaction.
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Injection of pCD-B7 in vivo The plasmid was
dissolved in PBS (1µg/µL). Forty µL of such
plasmid solution was injected into the subcutaneous
layer on the back of mice. As a negative control,
40µL- PBS was injected into the same tissue of mice.
All injection points were marked. After 15 days,
the animals were killed and the skin at the injection
points were taken. The sections (10µm) were
frozen and fixed with cool actetone and stored at
-20 .
Detection of the expression

Indirect fluorescent antibody technic was used to
detect the expression of HL A-B7. HLA-B7 antibody
(dilution 1:10) was added to the coverslip,
incubated at 4 overnight, washed with PBS for
2-3 times. Then FITC-goat antibody aga inst
human IgG (dilution 1:20) was added and incubated
at 37 for 30min, washed with PBS 2-3 times and
blocked with glycerol buffer. Finally the expression
of HLA-B7 was observed under fluorescent
microscopy.
RESULTS
The electrophoresis results of HLA-B7 cDNA after
RT-PCR

Figure 1 Construction procedure of eukaryotic expression vec tor.

Transfection and expression of pCD-B7 in vitro
and in vivo

Transfection of pCD-B7 in vitro Lipofectin reagent
was used for DNA transfection, logarithmically
growing cells were seeded at 1×105 cells per 35mm
plate, and incubated overnight. Ten µg plasmid
DNA and 9µL lipofectin were diluted into 100µL
serum-free medium respectively, and allowed to
stand at room temperature for 30min - 45min. The
two solutions were mixed and 0.8mL serum-free
medium was added and mixed gently and overlaid
the complex onto cells. The cells were incubated for
24h at 37 in a CO2 incub ator. After the coverslips
were taken out of the plate, the cells were fixed
with cool actetone, and stored at -20 .

Figure 2 The electrophoresis results of RT-PCR of HLA-B7
cDNA.
1. λDNA/Hind-III marker
2. The full-length of cDNA (1.5kb)
3. The upstream region of cDNA (750bp)
6. The downstream region of cDNA (750bp)

Identification of recombinant plasmid pUC-B7

Identification of recombinant plasmid by restriction
enzyme analysis The white bacterial colony was
transferred into LB medium containing ampicillin.
Then the plasmid DNA was prepared[6]. The pUCB7 recombinant was digested with Hind-III and EcoRI. The large fragment was 6.8kb(pUC 19) and
the small fragment was 1.5kb (insert fragment).
The small fragment was digested with Hinf I again.
Four fragments could be seen on the running gel,
their length was 976 bp, 230 bp and 200 bp, and

QU Shen, et al. HLA -B7 gene cloning

115 bp respectively and was consistent with the
restriction sites of HLA-B 7 cDNA(Figure 3).
Identification of pUC-B7 by PCR The reaction
condition of PCR has been discussed before 0.1µL
(0.1 µg) pUC-B7 was taken as template. The
products of amplification including the full length,
the upstream and the downstream region, showed
no difference with those of the original products of
PCR. So we could conclude that the in sert in
recombinant is identical to the products of original
PCR (Figure 4).

Figure 3 The results of restriction analysis of pUC-B7.
A. 1. λDNA/Hind III marker; 2. pUC19/Hind-III; 3. pUC B7/ Hind I+ EcoR I
B. 1. pGEM/ Hinf I + Rsa I + Sin I marker; 2. cDNA/Hinf
I; 3. cDNA (1.5kb)
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Detection of pCD-B7 expression

Effective expression was achieved in two of the four
positive clones, and was consistent with what we
anticipated (Figures 5, 6).

Figure 5 The expression of pCD-B7 in NIH/3T3 cells.
A. Negative control; B. Positive cells

Figure 4 The results of PCR detection of pUC-B7
1. Full length of cDNA (1.5kb)
2. The upstream region of cDNA (750bp)
3. The downstream region of cDNA (750bp)
4. λDNA/Hind III marker

Identification of pCD-B7

The Amp + clone was selected and cultured in LB
medium containing ampicillin. Plasmid DNA was
prepared with small-scale alkaline lysis, and
digested with Hind III and EcoR I. The length of
the two fragments were 1.5kb (HLA-B7 insertor)
and 5.4kb (vector) respectively. Four positive
clonies were obtained.

Figure 6 The results of pCD-B7 expressed in subcutaneous tissue
of mice.A. Negative control; B. Positive cells
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DISCUSSION

HLA-B7 cDNA was cloned by RT-PCR from human
peripheral blood lymphocytes. The cDNA fragment
was inserted into Sma I site of pUC19, most of the
enzyme sites were kept for further construction.
The pUC-B7 clone was identified by restriction
enzyme digestion and PCR detection. The results
corresponded to the data from Sood AK[2].
Furthermore, HLA-B7 cDNA fragment was cloned
into pCDNA3. A eukaryotic expression vector was
constructed and named pCD-B7. The result of
indirect immuno- fluorescence technic demonstrated
effective expression of HLA-B7 gene both in vitro
and in vivo. This work provided the basis for
further research on anti-tumor effect of HLA-B7
gene.
The study of tumor immune mechanism is
deepening with the development of immunological
theory. Two signal theory[7] accepted publicly laid a
foundation for tumor immunotherapy. Activation of
T lymphocyte requires two signals, one is the
crosslinking of TCR by peptide-MHC complex, the
other is the interaction between costimulatory
molecule B7 and CD28 on the surface of T
lymphocyte. HLA-B7 is one of the powerful signal
molecules. There was a foreign report about
treatment of HLA-B7 negative patient with
melanoma by direct transfer of HLA-B7 gene in

WJG

August 1999

Volume 5

Number 4

vivo[1]. The efficacy is positive. Tumor cell
transfected with HLA-B7 could not grow in vivo[8].
It acts as a vaccine to induce immune response, so
that unmodified tumor cells could be recognized and
destroyed by immune system. The study
demonstrated that direct transfer of HLA-B7 gene
to human in vivo is safe, feasible and potent. If
HLA-B7 gene can be made into DNA vaccine with
corresponding efficacy in vivo, it will be a hopeful
way for tumor gene therapy.
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Preliminary study of a dot immunogold filtration
assay for rapid detection of anti-HCV IgG
XIAO Le-Yi1, YAN Xiao-Jun1, MI Ming-Ren2, HAN Feng-Chan1 and HOU Yu1
Subject headings hepatitis C virus; IgG/
analysis; dot immunogold; filtration assay
INTRODUCTION

Hepatitis C is a world-wide epidemic disease
stemming from the hepatitis C virus (HCV). HCV
is not only the pathogenic factor of hepatitis C but
also plays an important role in the process of
triggering and development of cirrhosis and liver
cancer. There are two indicators for detecting HCV
infection: one is HCV RNA which is the gene of the
virus itself and the other is anti-HCV which is the
antibody produced when the HCV antigen
stimulates the body. The HCV antibody detection
includes the detection of HCV IgG and HCV-IgM
antibody. At present, EIA and the recombinant
immunoblot assay (RIBA) are mainly used for
detecting anti-HCV-IgG. By using the colloidal gold
labeling technique to fix the structural and the nonstructural domains of HCV recombinant antigen on
the millipore membrane, a dot immunogold
filtration assay for detecting anti-HCV-IgG was
successfully established.
MATERIALS AND METHODS
Materials

Nitrocellulose (NC) membrane, 0.6 µm diameterpore, is the p roduct of the Beijing Chemical School.
HCV recombinant antigen (rHcAg) is a gift from Li
Yuexi of the Nanjing Military Medical Research
Institute. Chloroauric acid is the product of the
Chengdu Chemical Reagent Factory (batch number
930821). Anti-HCV antibody EIA kit is produced
by the Nanjing Military Medical Research Institute.
Serum specimens were provided by the Clinical Lab
and the Blood-Transfusion Center of Xijing
Hospital. Staphylococcus A protein (SPA) is the
product of Shanghai Biological Products Research
Institute (batch number 941201).
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Methods

Colloidal gold preparation. The colloidal gold was
prepared by the sodium citrate reduction
method[1-4]. Fifty mL of the 0.2mL/L
chloroauric acid was heated to the boiling point,
then added 1.2mL so dium citrate solution under
magnetic mixing, kept at boiling point for 5min
until the mixture turned dark red.
SPA labelling. The pH value of 1mL colloidal gold
was adjusted to 5.9 - 6.2 with 0.1 moL/L K2CO3,
and added with 6µg of SPA, stirred for 10min, then
added with the bovine serum albumin (BSA) to a
final concentration of 1%. The precipitate was
discarded after low-speed centrifugation, the
supernatant was contrifuged at 12000×g for 20min
and discarded, the precipitate was redissolved in
0.01moL/L PBS (pH 7.4) and the working
solution of the gold labeled SPA was prepared and
stored at 4 for use.
Dot immunogold filtration assay (DIGFA). One µL
rHcAg in 0.5moL/L carbonate buffer (pH 9.5)
was dotted on NC membrane, dried at room
temperature and diluted coated with 5mL/L BSA
for 30 min and washed 10min × 2 times with
0.01moL/L PBS-T. After that, the membrane was
put on filter paper to remove the buffer, dried and
placed into a self-made immune filtration device.
Before use, a drop of 0.01moL/L PBS-T was
applied to activate the membrane surface at first.
After fluid-absorbent, 5µL serum, 2-3 drops of
PBS-T and 30µL of gold labeled SPA were added
sequencially. When the permeation completed, 23 drops of PBS-T were added to observe the results,
red dots mean positive.
Blocking test Ten positive controls were randomly
chosen and equal amount of rHcAg with a fixed
concentration was added. The samples were kept
water both for 1h and centrifuged at 800×g
at 37
for 20s, 10µL of each sample was used for the
DIGFA test.
Detection by EIA It was performed according to the
operation i nstructions.
RESULTS

Comparison of DIGFA and EIA A total of 131
samples were detected at the same time by EIGFA
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and EIA (Table 1). Taking the results of EIA as
standard, the sensitivity of DIGFA was 98% and
specificity was 98%. The agreement between the
two methods was 97%.
Table 1 Comparison of DIGFA and EIA
EIA
DIGFA
Positive
Negative
Total

Total
Positive

Negative

49
1
50

3
78
81

52
79
131

Blocking test To confirm the specificity of DIGFA,
a blocking test was conducted in 10 positive control
sera, and all turned to negative. To further testify
the sensitivity of DIGFA, a dilution test was made
in 10 samples of positive controls at random. The
highest and the lowest titer were 1:256 and 1:32,
respectively. Moreover, identical results were
obtained when the 10 samples were tested for 3
times by DIGFA.
DISCUSSION

It is quite difficult to directly detect the HCV
antigen because the virus concentration in the blood
of infected person is extremely low. Therefore, it is
of great practical importance to establish a specific,
sensitive, simple and convenient method for diagnosing
HCV-infected persons, screening blood donors and
preventing hepatitis C from spreading.
In 1989, Chiron Company developed the firstgeneration anti-HCV detection kit by applying the
gene engineering to express the HCV-encoded 5-1-1
and C100-3 antigen[5,6]. Soon after the second
generation anti-HCV EIA kit was developed to
enhance its specificity and sensitivity[7,8]. At
present, Ortho Company has produced the third
generation EIA kit, the sensitivity and specificity of
the anti-HCV were further improved. The
difference of the three generation kits was in the
varied coated antigens. This means that the
difference is caused by the varied antigens[8]. At
present, the second generation EIA kit is being
widely used in detecting anti-HCV around the
world. Although better specificity and sensitivity
for detecting anti-HCV by EIA can be obtained, the
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proced ure is comparatively complicated, the process
is long, and special instruments are required, it is
rather difficult for an ordinary laboratory to carry
out the detection. Since SPA can bind human IgG
Fc fragment, we used the structural and nonstructural domains of recombinant HCV antigens
and established a new method for the rapid
detection of HCV antibody based on the mechanism
of dot immunogold filtration assay. It showed that
the specificity and sensitivity of the method are
basically equal to EIA. Furthermore, the new
method is simple, convenient and rapid. The
required amount of sera is less and no special
instrument is needed. Using the same antigen
coating as EIA, it is easy to get the reagents because
anti-human IgG used in EIA is replaced by SPA.
Moreover, the easier preparation of SPA do not
damage the activity of IgG so that the labeling
efficiency is higher. In dot immunogold filtration
technique, the reaction is on membrane, the
operation is much simple and convenient and the
results can be visually read. As are sult, the method
can be applied for the serological diagnosis and
epidemiologica l investigation of hepatitis C.
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Construction of eukaryotic expression vector of
HBV x gene
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gene expression
INTRODUCTION

Chronic infection with hepatitis B virus is closely
related to liver diseases, including hepatocellular
carcinoma. Hepatitis B virus x gene and its product
HBx Ag possibly play an important role in
carcinogenesis of hepatocellular carci noma. HBV x
gene can integrate into cellular DNA during chronic
infection[1]. HBx Ag overexpression may alter
signal transduction pathways of hepat ocyte[2]. HBx
Ag can bind to and inactivate negative growthregulatory molecules such as tumor suppressor
p53[3], suggesting its role in hepa tocarcinogenesis.
We have constructed the HBV x gene
eukaryotic expression vector in order to study its
contribution to chronic hepatitis and hepatocellular
carcinoma.
MATERIALS AND METHODS
Plasmids

Plasmids pTTHK containing HBV DNA and pT7Blue
were provided by Dr. ZHANG Huai-Zhong. PCR
primers were synthesized by Shanghai Shengon
Biology Coporation. Plasmid pCDNA3.1 was obtained
from our department.
Enzymes and bacterial cells

All restriction enzymes and T4 DNA ligase were
purchased from Hua Mei Coporation. E.coli JM109
and DH5α were obtained from our department.
Construction of pT7Blue-HBX

Polymerase chain reaction (PCR) was used to obtain
HBV x gene from the plasmid pTTHK. The sequence
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of primers was as follows. The restriction enzyme
sites of EcoR I and Kpn I were added at 5’ end of
upper and lower primer s respectively.
5’ATCGGTACCATGGCTGCTAGGCTG 3’
5’GGAGAATTCATGATTAGGCAGAGGTG 3’
The condition of PCR is 94 5min, 59 1min,
74 1min, 30 cycles and 74 10min. The PCR
results are shown in Figure 1. The PCR product was
recovered from the low melting agarose gel and
was digested by endonuclease EcoR I and Kpn I
simultaneously and was ligated to plasmid pT7Blue with
T4 DNA ligase. A fter recombinant plasmid pT7Blue-HBXwas introduced into DH5α, seven ampicillin resistant
clones were selected and the plasmid DNA was
extracted. The correct plasmids identified by the
restriction analysis were sequenced.
Construction of eukaryotic expression vector
pCDAN3.1-HBX

Plasmid p CDNA3.1 and p T7Blue-HBX were digested by
endonucl ease EcoR I and Kpn I. 480bp fragment
of HBX and 5.4kb frag ment of pCDNA3.1 were
recovered from the low melting point agarose gel
respectively. They were ligated by T4 DNA and
named p CDNA3.1-HBX. The reco mbinant DNA was
introduced into DH5α. Eight clones were selected
and correct plasmids were identified by combinative
digestion of EcoR I and Kpn I. One colony
exhibited 480bp and 5.4kb was in right juncti on
named pCDAN3.1-HBX.
RESULTS
Construction of pT7Blue-HBX

In order to construct the eukaryotic expression
vector of HBV x gene, we first constructed the
vector pT7Blue-HBX. The PCR result and the gene
structure of recombinant plasmid are shown in
Figures 1 and 2. The result of the sequence is shown
in Figure 3.
Construction of eukaryotic expression vector
pCDNA3.1-HBX

On the basis of correct sequence result of pT7Blue-HBX,
we inser ted HBV x gene at the sites of EcoRI and
Kpn I of pCDNA3.1 to construct the eukaryotic
expression vector pCDNA3.1-HBX. The recombin ant
plasmid gene structure is shown in Figure 4.
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Figure 1 The PCR product of HBV x gene.
Lane 1:
λDNA/Hind IIImarker; Lane 2-6: the PCR product of HBV x
gene.

Figure 2
The structure of recombinant plasmid pT 7Blue-HBX.
Lane 1: λDNA/ Hind III marker; Lane 2 - 3: pT7Blue-HBX
combinative digested by EcoR1 and Kpn1; Lane 4: p T7Blue
combinative digested by EcoR I and Kpn I; Lane 5: pT7Blue-HBX.

DISCUSSION

Hepatitis B virus (HBV) is a formidable threat to
public health. HBV associated HCC is one of the 10
commonly encountered cancers in the world. The
relative risk of HBV carriers developing HCC
approaches 200:1, which is one of the highest
relative risks known for a human cancer[4]. HBV x
gene and x antigen may play an important role in
the development of chronic infections and chronic
liver disease. HBV can integrate into cell DNA and
the HBV x region is the most frequently integrated
sequence[1]. These integrated fragments make HBV
encode x antigen that is capable of trans-activation
both in vitro and in vivo[5]. HBx Ag can stimulate
the cell growth directly[6], and inactivate the
negative growth regulators, such as tumor
suppressor p53 [2]. Furthermore, HBx Ag can
increase the resistance of HBx Ag-positive cells to
apoptosis mediated by cytotoxic cytokine through
altering signal transduction pathway of

WJG

August 1999

Volume 5

Number 4

Figure 3 The sequence result of pT7Blue-HBX.

Figure 4 The structure of pCDNA3.1-HBX.
Lane 1-2: pCDNA3.1-HBX combinative digested by EcoR I and Kpn
I; Lane 3: λDNA/EcoRI marker.

hepatocyte[2].
In conclusion, the topic of HBV is an old but
important one, and is worthy of further studies. We
have constructed the eukaryotic expression vector of
HBV x gene for this study.
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during open surgery. The majority of the irradiated lesions
were considered so typical for metastases.
Methods

INTRODUCTION

It is always a routine to resect lesions of the body by
surgery. Scientists have tried to obtain the same
results without surgery, but failed. In recent years,
with the development of multi-subject and high
technology, lesions can be locali zed precisely with
stereotactic technique. And with the help of
computer and medical imaging technique,
stereotactic conformal radiotherapy (SCR) has
become a “no pain, no blood” surgery. At the same
time, SCR is recognized globally, its therapeutic
range has transferred from intracranial lesions to
the lesions of extracranial sites of the body, and is
expected to become an important method in
conventional surgery. Therefore, it is called
“surgery of the 21 century” [1]. From May 1997 to
April 1998, we treated 8 cases of hepatic metastases
with SCR and the results are reported below.
MATERIALS AND METHODS
Materials

Eight patients (4 men and 4 women, 1-5
metastases/person) who received stereotactic highdose radiation therapy for hepatic metastases (21
lesions) using an accelerator were included.
Treatments were given from May 1997 to April
1998. The age ranged from 67 to 46 years (mean
55.4). Three cases had one lesion, 5 had more than
one lesions (one case had 5 metastases). The
maximal clinical target volume (CTV) was 232cm3,
and the minimal CTV 0.6cm3. The majority of the
patients had previously received treatment for
various types of primary tumors. At the time of
treatment most patients had one known lesion
increased in size as assessed by repeated CT
scanning.
Biopsies
for
histopathological
examinations were obtained from some patients
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Stereotactic conformal radiotherapy The stereotactic
body-frame was used in treatment. For targets
affected by the diaphragmatic motions due to
breathing, a device was developed to minimize the
motions to 1cm or less[2]. The reproducible position
of the patient in the frame was obtained by the
vacuum pillow and two markers, chest and tibia
marker respectively. These markers are set to
predefined stereotactic coordinates, at which the
markers should correspond to the tattoo-points on
the skin over sternum and tibia to ensure a high
reproducibility in the cranial-caudal direction.
Therapeutic technique Primarily, a positioning and
drawing plan was worked out. A stereotactic system
(including stereotactic setting and localization) was
used for stereotactic radiotherapy (SRT) to improve
the accuracy of localization and setting-up. A
consecutive CT scan of 2mm slice thickness was
outlined manually on the computer screen in every
horizontal CT-slice for patients with hepatic
metastases. Target point and width of the
collimator was calculated with specially designed
computor programs. Beam’s eye view technique
with digitally reconstructed radiographs from the
transverse CT scans was adopted to design the 3-D
treatment plan. The 3-D treatment planning is a
conformal technique, using 6 - 8 non-coplanar
stationary beams. On multi-leaf collimator, the
shape of beam eye view was similar with the target
in all directions. Patients were all treated with a
liner accelerator (VARIAN Clinic 600C). The
photon energies used were 6Mev.
Dose distribution The dose planning was made on a
3-D system (Virtuos 2.8.0). Apart from dose
distributions, the clinical target volume (CTV),
planning target volume (PTV), and organs at risk
volumes were also calculated. Several factors were
taken into consideration when the dose/fraction was
determined. These included size of the CTV, dose
distribution with dose-volume histogr ams and
radiation sensitivity of the surrounding normal
tissues. In this series, the CTV of tumors ranged
from 0.6cm 3 to 232cm3 (mean 36.4cm3), the
prescribed dose (PD) was 4 - 6.5Gy (mean
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extracranial tumors. For large and/or irregular
lesions, linear accelerator, with circle and multileaf collimator was employed. The treatment can be
achieved by a combination of several non-coplanar
rotational irradiations, each directed at the same
point , thus representing a convergent-beam
irradiation technique. The 3-D treatment system
demonstrates clinical superiority and flexibility to
treatment planning.

5.13Gy). Treatments were given in 2-8 fractions.
The total dose was 10-45Gy/2-8 fractions.
RESULTS

None of the patients died during SRT. Their
condition was evaluated by Karnofsky Performance
Standard (KPS), 20 - 90 before treatment (mean
58.75) and 30 - 100 after treatment. Very few, if
any, complications could be ascribed to the SRT.
Three (37.5%) patients developed slight fever (<
37.8 ). WBC count and hepatic function had no
distinct changes. During a follow-up period of 2-9
months, complete response (CR) was found in two
cases (Figures 1,2), partial response (PR) in three
cases, no change (NC) in two cases and progressed
(PD) in one case. After SCR, 87.5% of tumors
were controlled (62.5% of the tumors decreased in
size or disappeared). Three patients died during the
follow-up period, one died of bone metastases 303
months, one died of MSOF 1.5 months and one died of
hepatic failur e 2.3 months after treatment (Table 1).
DISCUSSION

Most of all patients who receive SCR are advanced
patients with tumor who underw ent no surgery and
conventional radiotherapy. Their prognosis is not
well[3 ]. So SCR is a new method for late case of
tumor.

Figure 1
Preoperative CT image of patient with hepatic
metastases of breast tumor.

Formation of SCR

In 1951, the term stereotactic radiosurgery was
introduced by Leksell[4] who was a neurosurgeon in
Karolinska Academy. In 1968, the first γ- knife of
the world was developed successfully. It was an
epochmaking event to neurosurgery and
radiotherapy technique. Since the beginning of
1980, with the improvement of stereotactic system
and collimator, stereotactic radiosurgery (Xknife)[5 ] has been performed to intracranial lesions
with linear accelerator based radiosurgery, and soon
the treatment extended from intracranial to

Figure 2
patient.

Three months postoperative CT image of the same

Table 1 Clinical data of hepatic metastases with stereotacti c conformal radiotherapy
Patient No.
1
Sex (M/F)
Age (years)
Primary tumor
Number of irradiated tumor
Volume of clinical
target (cm 3 )
Prescribed dose (Gy)
Number of fractions
KPS before treatment
KPS after treatment
Size of tumor after irradiation
Time period of follow-up
Time period after irradiation (months)

M
59
Colon
1
34.5
5.00
3
80
80
NC
8
Unknown

2
M
46
Lung
3
1.9,1.5
2.1
4.50
8
40
50
PD
4
3.3

3
F
49
Breast
1
14.8
5.00
8
90
100
CR
6
6

4
F
54
Breast
4
5.1,0.6
0.9,0.9
5.00
5
90
100
CR
6
6

5

6

7

8

F
M
F
M
67
61
9
58
Preventriculus Stomach
Breast Cholecyst
2
5
4
1
18.4
232,134.1 30.7,11.6
120.3
16.7
75.2,7.7,23.7 3.3,1.5
5.00
4.00
6.00
6.50
2
7
7
7
20
40
40
70
30
50
70
90
NC
PR
PR
PR
2
3
3
2
1.5
2.3
3
2
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Facilities and theory of SCR

Evaluation of SCR

Stereotactic radiotherapy is a system of 3-D
treatment planning and radiotherapy include
hardware and software. X-knife software
reconstructs radiograph from image data of CT,
MRI and DSA. The 3-D treatment planning was
designed by software could be made standard or
complex design based on these data from either
single or multi-convergent. X-knife software can
calculate radiation dose quickly and precisely. Dosecalculate formula is shown by dose-volume
histograms (DVHs) on the screening display.
Radiation dosage can be calculated by computer. Its
important character is to deliver a highly focused
radiation distribution to the target volume and to
reduce the dose to surrounding normal tissues as
much as possible[6].

In stereotactic radiotherapy, stereotactic technique
(localization and setting-up) is used to improve
localization accuracy and setting-up accuracy. The
difference between SRT and SRS is, the conception
of the former is fractional radiotherapy, the latter
is single fraction. When the size of the tumor is
large, either from radiobiology and radiophysiology
or from clinic, SRT must be adopted instead of
SRS[8]. Patients treated with SRT all obtained good
therapeutic effects. The development of SCR
technique will enrich the conventional surgery
means. In tumor treatment, SCR will exert an
indispensable effect. With the accumulation of
clinical experience, SRT will play an important role
in treatment of malignancies.
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Expression and alterations of different molecular
form γ -glutamyl trans ferase and total RNA
concentration during the carcinogenesis of rat
hepatoma *
TANG Qi-Yun, YAO Deng-Fu, LU Jian-Xin, WU Xin-Hua and MENG Xian-Yong
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INTRODUCTION

Carcinogenesis is closely related with DNA synthesis
and hypermetabolism of nucleic acid. γ-glutamyl
transferase (GGT, EC 2. 3. 2. 2) is a plasmaembrane-combined heterodimeric glycoprotein
which initiates the degradation of extracellular
glutathione and its conjugates. The cleavage of
glutathione by GGT into cysteinylglycine and a γglutamyl residue provides a mechanism for the
recovery of cystein by the cell and thus for renewed
glutathione synt hesis. In vivo, GGT is either highly
correlated with biotransformation, nucleic acid
metabolism and tumorigenesis, or the sensitive
enzymatic marker reflecting hepatocyte
parenchymatous lesions[1,2]. However, the expression
and alterations of GGT are not yet clear during the
course of hepatocyte damage and canceration. As a
consequence, in the present study, the pathological
changes, G GT activities and total RNA concentration
of rat livers were investigated on experimental rat
hepatomas induced with a chemical carcinogenic agent,
2-Fluoenylacetamide (2-FAA), to explore the clinical
significance of GGT in showing the extent of
hepatocyte damage and in diagnosing hepatoma.
MATERIALS AND METHODS
Animal model

Forty-eight male Sprague-Dawley (SD) rats
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weighing 140 g - 180 g wereobtained from the
Experimental Animal Centre, Nantong Medical
College. The rats were divided into 8 groups at
random, 6 in each group. All the rats were housed
in controlled surroundings. One of these groups was
randomly chosen as a control group. The control
group was fed with ordinary natural granular
forage, and experimental groups with forage
containing 0.05% 2-FAA. One group was killed
every two weeks respectively after feeding.
Peripheral blood was collected for biochemical assay
and a part of the liver tissues was used for liver
homogenate preparation and histopathological
examination (HE staining).
Preparation of hepatic tissue homogenate

Fresh rat hepatic tissues were washed with 0.9%
NaCl solution, and dried with filter paper and cut
into pieces. Two portions (part A and part B, 1g
each) of the tissues were weighed: to part A was
added 5mL homogenate solution (pH 8.6, 0.1mol/L
Tris-HCl buffer solution) to extract soluble GGT, to
part B was added 5ml homogenate solution containing
0.5% Triton X 100 to extract total GGT. It was
porphyrized on ice, then homogenized at 12 000r/min
in YQ-3 type homogenizer for 5 times (stopped
5min every 30 second), and followed by
centrifugalization at 15 000r/min for 45min at 4 .
In the end, the supernatants of liver homogenates
were taken and stored at -20 for analysis.
Total RNA extraction and detection of its
concentration

Fifty mg of hepatic tissue was weighed exactly in
analytical balance, and was put in a homogenizer
free from RNAase to which 1.0mL of RNAzole
reagent was added for homogenizing 2 minutes.
Total RNA was extracted according to the assay
described by Chirgwin, et al. RNA absorptance was
detected by a ultraviolet spectrophotometer of
Shimadzu UV-2201 type and converted to total RNA
concentration (µg/mg wet tissue). The GGT
activities (U/L) in superna tant of rat hepatic tissue
homogenate were detected by a γ-glutamyl pnitroanilinum directed assay, GGT protein

TANG Qi-Yun, et al. GGT expression and hepatocarcinogenesis

concentrations were detected by a Follin-phenol
reagent assay. GGT specific activities (U/g) were
conve rted according to the ratio of the GGT activity
(U/L) to the GGT protein conc entration (g/L).
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total RNA concentration (r = 0.90, P < 0.01).
Total RNA concentration of hepatic tissues was also
positively correlated with serum GGT specific
activities (r = 0.79 , P < 0.01).

Statistical analysis

Data were input to the computer, and processed
with analysis of variance and analysis of correlation
and expressed as x±s. Comparison was made
between every two groups. P<0.05 was considered
to be statistically signif icant.
RESULTS
Histopathological changes
induction of rat hepatomas

during

the

At the end of the second week, the livers turned to
grey-yellow and scabrous, all the hepatocytes
manifested granular degeneration. At the end of the
fourth week, half of hepatic tissues became
precancerous lesions, the histological manifestation
was normal liver lobules existing in most part of
areas, but hyperplastic small round cells or oval cells
or hyperplastic nodules existing in local areas. At
the end of the tenth week, most parts of hepatic
tissues were already cancerized. At the end of the
12th week, all the hepatic tissues were cancerized,
the normal structure of hepatic lobule was
completely destroyed and the liver tissues showed
diffuse patchy necrosis, a lot of small round cells
and overall patchy nodules of cancer nests were the
main histological alterations. Histological type of
hepatoma was well differentiated hepatocellular
cancer. The pathological changes in different stages
of rat livers after administration of 2-FAA are
shown in Table 1.
Table 1 The pathological changes of rat livers during different
stages of liver cancer induced with 2-FAA
Pathological feature (HE staining)
Groups

n

Control
2nd week
4th week
6th week
8th week
10th week
12th week

6
6
6
6
6
6
5a

Degeneration

Precancerosis

Cancerization

0
6
3
0
0
0
0

0
0
3
5
4
1
0

0
0
0
1
2
5
5

Table 2 Changes of total RNA concentrations and GGT specific
activit ies at different stages of rat hepatomas
GGT specific activity
Groups

n

Total RNA
(µg/mg tissue)

Liver GGT(U/g)

Control
2nd week
4th week
6th week
8th week
10 th week
12 th week

6
6
6
6
6
6
5

3.67±0.78
6.69±6.08
4.81±4.27
5.38±4.84
9.23±6.48a
8.37±6.51a
8.16±8.87a

1.06±0.24
4.77±4.41a
9.30±1.81b
5.95±1.23b
10.73±4.93b
16.03±5.22b
15.71±3.31b

a

Serum GGT(U/L)
6.0±4.8
20.2±17.8a
31.2±28.1b
37.8±32.1b
53.5±43.6b
40.6±23.6b
38.6±8.8 b

P<0.05, bP<0.01, compared with the control group.

Changes in activities of different molecular
forms of GGT

Hepatic soluble and membrane-combined GGT
activities increased markedly during the induction of
liver cancer, especially in the late phases. There
was also significant difference between each
experimental group and the control group (P < 0.05
or P < 0.01). The activities of two different
molecular forms of GGT increased in parallel, the
ratio of soluble GGT to total GGT was about 0.7 in
all the rats, no significant difference was found
between the control group and the experimental
groups. The activities of different GGT molecular
forms are shown in Table 3.
Table 3 The changes in specific activities of different GGT
forms at different stages of rat hepatomas
Hepatic homogenate GGT (U/g)
Groups

n
S(Soluble-type)

Control
2nd week
4th week
6th week
8th week
10 th week
12 th week
a

6
6
6
6
6
6
5

0.74±0.14
3.35±2.83a
7.07±0.92b
3.50±0.70b
8.68±5.24b
12.21±5.49b
9.56±2.27b

T-S(Membrane-type)
0.32±0.14
1.42±0.23
2.29±1.28b
2.45±1.25b
2.39±1.52b
3.82±1.32b
6.15±4.36b

S/T-GGT
0.71±0.08
0.72±0.14
0.76±0.10
0.60±0.15
0.74±0.18
0.73±0.13
0.64±0.24

P<0.05, bP<0.01, compared with t he control group.

a

One rat died during the experiment.

DISCUSSION
Changes of total RNA concentration and GGT
specific activities

The total RNA level and GGT activity were
observed at the different stages during the induction
of rat hepatomas (Table 2). Both total RNA
concentration and GGT specific activities increased
gradually during the administration o f 2-FAA. GGT
specific activities were positively correlated with

The activities of GGT are rather low in normal liver
tissues, expressed mainly on the border of epithelial
cell membrane of biliary duct and intrahepatic
cholangioles with strong secretory and absorptive
functions. To explore the laws of the production
and alterations of hepatoma-specific GGT in the
canceration of normal hepatocytes, the diazo
chemical carcinogens such as 2-FAA, DEAA,
MDAA, O-AT, 3’-MC-4DAB are usually
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administered to establish hepatoma model in male
SD rats or Wistar rats. With the feature of carcinoembryonic protein, hepatoma-related GGT is
produced and secreted when the genes controlling
GGT synthesis were expressed abnormally. Hence
GGT is usually considered as the early enzyme
marker of hepatocarcinogenesis.
Hepatocarcinogenesis is closely related with
DNA synthesis and nucleic acid metablism. Hepatic
GGT plays an important role in biotransformation
and nucleic acid metabolism. In addition, its
abnormal expression is a sensitive enzyme marker
for hepatocellular paranchymal lesions. Chemical
induction of cancer is a multistage course, its
fundamental causes are the activation of
prooncogenes or the inactivation of tumorsuppressor genes initiated by carcinogens. Thus, the
abnormal regulation of genes coordinated to lead
cancerization[3]. Most chemical carcinogens were
turned into strong electrophilic agents by enzymes
in vivo with high affinity with and response to
membrane-combined GGT. In the course of
canceration, liver tissues can synthesize and secret
various kinds of hepatocarcinoma-related proteins,
polynucleotides, isoenzymes such as A FP, GGTII[4,5]. When the abnormal expression of GGT
synthesized genes is controlled, hepatocarcinomarelated GGT is secreted with the characteristics of
embryonic liver, which are regarded as the early
enzyme marker of hepatocarc inogenesis[6].
In the present study it was obsered that in the
early phases of hepatoma induced with the chemical
carcinogen 2-FAA, the oval cells with the features
of undifferentiated type were found to have the
function to resist the cytotoxicity of the carcinogen,
and could express tumor-related enzymes or
proteins. In the preca ncerous and cancerous phases
of hepatic tissues, significant changes occurred in
total RNA concentration and GGT specific
activities. As a result of the damage of hepatocytes,
GGTs were released into blood to bring about the
rise of their a ctivities in the serum, suggesting that a
lot of GGT were expressed and secreted into blood
by hepatocytes in the early phases of cancerization.
Moreover, the features of GGT electrochroma-

WJG

August 1999

Volume 5

Number 4

tography were different from those of normal ones.
The results showed that GGT plays an important
role in resisting mutagenesis and carcinogenesis.
Hepatic functions in detoxification and
biotransformation could be strengthened by
enzymatic action which relieves toxic effect of
chemical mut agens, carcinogens and other
substances, and protects normal hepatocytes from
the effect of cancer initiating and promoting
factors[7].
During the course of canceration, different
GGT molecular forms were also overexpressed. As
shown in Table 3, the hepatic specific activities of
both soluble and membrane-combined GGTs in the
experimental groups were higher than those in the
control group (P < 0.05 or P < 0.01). The ratio of
soluble GGT to me mbrane-combined GGT was 0.7
in all groups. The specific activities of two GGT
molecular forms increased three to five times in the
early stage, ten to twenty times in the late stage,
indicating that the two kinds of hepatic GGT had
the parallel tendency to increase not only in the
early stage but also in the late stage. Furthermore,
hepatic GGT was released into the blood with high
level in sera. It is concluded that hepatoma-specific
GGT can be used as a tumor marker for the early
diagnosis of hepatic cancer[8].
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Detection of HBV DNA and its existence status in
liver tissues and peripheral blood lymphocytes
from chronic hepatitis B patients *
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INTRODUCTION

Cumulative clinical and experimental evidence
indicates that host immune responses to hepatitis B
virus (HBV) are responsible for liver damage in
chronic hepatitis B, which leads to cirrhosis and
hepatocarcinogenesis. The results of in vitro
experiments by use of B cell lines expressing HBV
antigens as effector cells have demonstrated the
presence of cytotoxic T cells recognizing viral
antigen epitopes in conjunction with MHC class I
molecules[1]. Extrahepatic tropism of HBV has been
increasingly recognized in recent years. Detection
of HBV DNA in peripheral blood leukocytes (PBL)
was reported recently[2], but no further study was
made on HBV DNA existence status in these cells.
In this study, the positive PBL DNA specimens were
selected by dot blot hybridization, and HBV DNA
existence status was analyzed by Southern blot
hybridization in order to provide experimental bases
for the treatment of hepatitis B and some
fundamental data for the research of
hepatocarcinogenesis.
MATERIALS AND METHODS
Materials

Subjects Liver tissues of 37 cases were obtained
from Shandong Provincial Hospital. Their diagnosis
was confirmed by histopathological examination
(n = 37, 26 males and 11 females, mean age 33.4
years). At the same time, PBL were separated and
stored at -20 immediately for use.
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Reagents Recombinant plasmid pBR322-2HBV was
provided by Professor CB, and DIG High Prime
Labeling and Detection Starter Kit was the product
of Boehringer Mannheim Company, Germany.
Restriction Endonucleases EcoR I, Leukocyte lysis
buffer and Proteinase K were purchased from
Huamei Compan y.
Methods

HBV DNA labeling Isolation of recombinant
plasmid pBR322 -2HBV and preparation of HBV
DNA probe were carried out as described by
Sambrook [3], HBV labeling procedures were
described before[4]. Template DNA (1.0µg) and
sterile redist water were added into a reaction vial.
The DNA was denatured and DIG high prime was
added and incubated for 20 h ours at 37 . Reaction
was stopped by adding EDTA. Quantification of
labeling efficiency was performed according to the
instructions of the manufacturer.
DNA extraction Genomic DNA from the liver
tissues was isolated according to the standard
methods[3]. Genomic DNA from PBL was extrac ted
according to WANG et al[5]. The PBL aliquots were
mixed with leukocyte lysis buffer, and proteinase K
was added to a final concentration of 100 µg/L.
for 12h - 16h , the
After being incubated at 37
digested preparation was extracted twice with
buffer-equilibrated phenol and once with a phenolchloroform mixture. DNA was precipitated by
adding sodium acetate and followed by ice-cold
absolute ethanol and stored overnight at -20 .
After being centrifuged and washed with ice-cold
ethanol, the DNA was dried under vacuum at room
temperature. It was redissolved in TE buffer and
stored at -20 .
HBV DNA dot blot hybridization Genomic DNA
5µL, λDNA 10ng, HBV DNA 10pg, and 1.0pg
were heated in a boiling water bath for 5min 10min, and cooled quickly in an ice/ethanol bath
for 5min. They were mixed with 20 × SSC and
tipped to nitrocellulose filters. The filters were
prehybridized for 8h - 12h, hybridized for 24h 36h at 42 , washed and subjected to
immunodetection according to the standard dot blot
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hybridization procedures.
Southern blot hybridization Positive DNA of liver
tissues and PBL containing HBV DNA verified by
dot blot hybridization were then digested comp letely
with specific restriction endonucleases according to
the proportion of 5U EcoR I to 1.0µg DNA
electrophoresed in agarose gels, denatured, and
transferred to nitrocellulose filters. The filters were
performed with standard Southern blot
procedures[6].
Statistical analysis µ test and χ2 test of paired data
were employed to determine the significance
between groups. P values < 0.0 5 were considered to
be significant.
RESULTS
Probes sensitivity and specificity

The high sensitivity and specifity of HBV DNA
probe were confirmed to be 1.0pg by dot blot
hybridization which also confirmed its high
specificity.
Results of HBV DNA detection in liver tissues
and PBL

The positive rates of liver tissues and PBL are shown
in Table 1.
Table 1 HBV detection in liver tissues and PBL
Positive rate
Specimens
PBL
Liver tissues

n
31
37

n

%

27
31

87.1
83.8

HBV DNA detection in liver tissues and PBL

The results of HBV DNA in liver tissues and PBL
are shown in Table 2.
Table 2 HBV correlation between PBL and liver tissues
Positive rate
Specimens

n

PBL
Liver tissues

31
31

n

%

27
28

87.1
90.3

r = 0.81, P<0.05.

Analysis of HBV DNA existence status

The existence status of HBV DNA is shown in
Table 3.
Table 3 HBV DNA existence status
Integrated type
Specimens

n

PBL
Liver tissues

9
9

Mixed type

n

%

n

%

5
5

55.6
55.6

4
4

44.4
44.4

DISCUSSION

In traditional sense, hepatitis B virus (HBV) has
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strict hepatic tropism, but in recent years,
extrahepatic tropism of HBV has been increasingly
recognized. HBV antigen or HBV DNA has been
demonstrated in the spleen, kidney, skin,
pancreatic tissues and bone marrow cells.
Lymphocytes are immunoreactive cells. Cytotoxic
lymphocyte recognizes viral antigen epitopes
expressed in the surface of target cell[7], and
subsequently induced-cytotoxic function which may
contribute to the elimination and clearance of
HBV[8]. In the process of HBV clearance, virus
may infect lymphocytes by way of infecting stem
cells, phagocytic function of lymphocytes, or the
cytotoxic effect mediated by hepatic surfacereceptors. In our study, the positive rate of HBV
DNA in PBL isolated from chronic hepatitis B
(CHB) was 87.1%. The HBV existence in
lymphocytes may affect the secretory function of
tumor necrosis factor alpha (TNFα) and
prostaglandin E2 (PGE2), which will influence the
prognosis of hepatitis[9]. So, attention should be
paid to the regulation of the function of
lymphocytes after HBV infection.
In our study, no statistical significance was
found between the HBV DNA positive rates in Liver
tissues and PBL. Six specimens of liver tissues which
did not acquire PBL because of some reasons were
removed from the study, and the data of the 31
paired cases were studied. To our astonishment, a
statistical correlation of HBV DNA was found
between liver tissues and PBL (r=0.81, P<0.05),
indicating that HBV DNA of PBL is almost equal to
that of liver tissues and HBV DNA of PBL can
reflect the viral status in liver tissues. Clinically,
HBV DNA of PBL should be detected at first in
order to reduce the occurrence of complications in
liver biopsy.
On the basis of HBV DNA integration into
chromosome or free existing in plasma, HBV DNA
positive specimens can be divided into three types:
integrated type which has integrated HBV DNA
only, free type which has free HBV DNA in
plasma, and mixed type which has HBV DNA both
in chromosome and in plasma. As a usual
carcinogen, integrated HBV DNA can mediate
secondary rearrangements of chromosome and lead
to chromosome instability. Also, as a
transactivator, integrated HBx DNA can cause cell
overproliferation and contain p53-mediated
apoptosis, which may be the possible reason of
hepatocarcinogenesis. In order to detect HBV
existence st atus in PBL, 9 PBL specimens were
selected and analyzed by Southern blot
hybridization. The results showed 55.6% was
integrated type and 44.4% was mixed type. HBV
DNA integration was found in each case of
specimens. This result raised the question that can

TANG Ren-Xian, et al. Detection of HBV DNA in liver tissues and lymphocytes

not be answered by “how PBL function after HBV
DNA integration has changed”. The further study
on HBV DNA integration may answer it in the
future.
The research of HBV status in PBL is of certain
significance in the treatment of chronic hepatitis B
(CHB). Among the medicines used to treat CHB,
interferon α (IFNα) is the best one, which contains
virus replication by influencing interferon
stimulated gene (ISG) protein synthesis and
regulating host immune response. HBV DNA in
plasma of PBL may be integrated into chromosome
with homologous sequence. This integration may
lead to repression of ISG expression and make the
cell lose its response to IFNα, indicating that HBV
existence status should be considered before IFNα is
used to treat CHB patients.
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Hujin Pill’s antisteatosis of rat liver: evaluation of
histopathology and ultrastructure *
HUANG Zhao-Sheng, WANG Zong-Wei, HUANG Zhen-Yan, ZHONG Shi-Qing, LI Qiao-Mei and XU Qin
Subject headings Hujin pills; fatty liver/
pathology; disease models, animal

20% lard, 0.4% cholesterol and 0.1% bile salt.
The control group was fed with standard diet and
others with high fat diet.

INTRODUCTION

Hujin Pill, is composed of rhizoma polygoni
cuspidati, radix curcumae, rhizoma alismatis,
radix notoginseng, fructus czataegi and ganoderma
lucidum, and has the actions of soothing the liver,
removing the blood stas is, promoting the blood
circulation and lowering the blood-fat[1]. Our
clinical practice have revealed that it has a marked
Our
effect in treating fatty liver [1].
phamacodynamic study also indicated that Hujin Pill
could evidently improve the experimental rat fatty
liver and markedly decrease the concentr ation of
cholesterol, triglyceride and malondialdehyde in
serum and liver, it also could reduce the plasma
medium molecular level[2]. In order to further
testify these effects and investigate its mechanism,
the effects of Hujin Pill on the histomorphology of
rat fatty liver were observed.
MATERIALS AND METHODS
Animals

SD rats, female, 200 g ± 18.5 g, were supplied by
the Experimental Animal Center of Guangzhou
University of Traditional Chinese Medicine.
According to their body weight, the 50
experimental rats were divided randomly into
control group A, pathology group B, tabellae
jiaogulanosidi treatment group C, low dose Hujin
Pill group D (5g/kg body weight) and high dose
Hujin Pill group E (4g/kg body weight).
Diet

Chojkier’s method was slightly modified[3]. This
high fat diet was comp osed of 79.5% standard diet,
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Drugs

According to the ratio of the formula, the herbs
were decocted and filtered for three times, then
merged and condensed to a concentration of
1g/mL. Befo reuse, it was diluted to 0.5g/mL or
concentrated to 1.4g/mL. Tabellae jiaogulanosidi
(No. 960738), provided by Shaanxi Ankang
Chinese Pharmaceutical Factory, was administered
at a dose of 0.5g/kg body weight (BW) .
Animal model duplication

The animals were given 30% ethnol at a dose of
1.0mL/100g BW per day except the control
group, 40% CCl4 vegetableoil solution was given to
posteri or limb by subcutaneous injection of each rat
on the 1st, 5th, 10th and 15th day. On the first
day, the dose was 0.5 mL/100 g BW, and was
0.3mL/100g BW on the other three days. The rats
were treated with different drugs at a dose of
1mL/100g BW each day 2 hours before sethnol
was given. At the same time, the control group was
given (i.g, s.c) the same dose of physiological
saline solution.
Sample preparation

The rats were killed after 15 days of treatment and
their livers were taken out and weighed. The left
liver lobe was cut into 4mm3 - 5mm3 masses and
fixed in 200mL/L formaldehyde solution, the
paraffin masses were embedded routinely, HE
stained, frozen and sectioned. The samples were
stained with Sudan III and observed under light
microscope. On the other hand, the central part of
another liver lobe was cut into 1mm3 masses and
fixed in 25mL/L glutaraldehyde and 10mL/L
OsO4. After they were rinsed and dehydrated step
by step, osmosis and embedding were conducted.
The Altracut-E microtome was used to cut these
liver masses into sections, which were stained in
uranium acetate and lead citrate and observed under
JEM-1200EX elec tron microscope.
RESULTS
Macroscopy

The livers of control group had no abnormal
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manifestation. However, the pathological model of
livers changed evidently. It could be seen that both
their volume and weight increased remarkably
(Table 1), their capsules were tense, their edges
were obtuse, their sections were greasy and milkyellow. These were the typical features of
hepatocyte steatosis. On the other hand, different
doses of Hujin Pill and tabelae jiaogulanosidi could
markedly improve the color, quality, volume and
weight of rat livers.
Table 1 The comparison of liver weight of rats after experiment
(x±s)
Group

Number of rats

A
B
C
D
E

10
8
9
10
10
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Table 2

The results of liver steatosis in rats of each group
The degree of liver steatosis

Number of Rate of liver
liver steatosis steatosis

Group
A
B
C
D
D

-

+

++

+++

++++

9
0
4
5
4

1
1
4
2
2

0
1
1
1
0

0
4
0
2
3

0
4
1
0
1

1
10
6
5
6

10
100
60
50
60

The standard of assessing the degree of hepatocytes steatosis . -,
no steatosis; +, the steatosis in hepatic lobules <1/3; + +, the
steatosis in hepatic lobules was between 1/3-2/3; +++, the
steatosis in hepatic lobules was between 1/2-2/3 ; ++++, the
steatosis in hepatic lobules >2/3.

Liver weight (g)
6.34±0.77b
10.01±1.03
8.12±0.90a
7.93±0.91a
7.46±1.28b

Compared with group B, aP<0.01, bP<0.001.

Light microscopy

No abnormal change was found in the livers of
control rats, but diffuse steatosis was found in the
pathological model of rat livers and some severe
cases became involved with inflammatory
infiltration, fat necrosis and fibrosis. These fatty
hepatocytes were mainly located in the peripheral
zone and middle zone of hepatic lobules. They
extremely swelled and were round in shape. Their
volume was 2 to 3 times larger than normal one. A
large amount of little fat vacuoles, which are very
like foam cells, were found in cytoplasm and some
of them became bullous or locally necrosed. The
degree of liver steatosis was significantly alleviated
with the number of fat drops decreased and the
volume of livers reduced. Other changes such as
inflammatory infiltration and fat necrosis were also
largely decreased with almost no proliferation of
fibrous tissue.
Statistical analysis of pathology

According to the range and extent of pathological
changes in liver and hepatic lobules, liver steatosis
could be divided into five grades. Meanwhile, by
using rank test, a statistical analysis was made for
the number of rat liver steatosis in each group. The
results showed that, compared with control group,
significant difference was found in the degree of
steatosis in the other four groups. The rate of
steatosis was 100%, the serious steatosis rate was
80% in group B, while it was much lower in groups
C, D and E. Administration of Hujin Pill at a dose
of 5g/kg had the best effect, and no significant
difference was found bet ween the two groups.
These results suggested that there was no dose-effect
relationship for Hujin Pill (Table 2).

Figure 1 The ultrastructure of rat hepatocytes in pathology
group. The hepatocyte nuclei were crushed by lots of fat drops and
became distorted and shrunken. A lot of fat drops were densely
accumulated in cytoplasm and the diameter of some single fat drops
could reach 4µm. The roughly surfa ced endoplasm was broken
with distortion, concentration or desalination around m itochodria.
HE×5000
Figure 2 The ultrastructure of hepatocytes of rats that
administered Hujin Pill at a dose of 5g/kg BW. The fat drops in
cytoplasm were largely lessened with insignificantly dilated
endoplasm and enlarged mitochodria. Most of the nuclei were
regular in shape. The perinuclear space be came normal, some of
them were slightly shrunken and the chromatin was evenly
distributed.

Ultrastructural observation

The volume of normal rat hepatocytes was relatively
great. These hepatocytes were closely arranged with
some desmosomes near the cholangiole. Most of
these cells were circular or oval in shape and had
monokayons with reticular or angular 1-3 nucleoli.
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There was abundant roughly surfaced endoplasmic
reticulum in cytop lasm that was usually distributed
near the mitochondrion. However, there was only a
small number of smoothly surfaced endoplasmic
reticula and ample mitchondria in the cytoplasm,
most of which had clear cristae. Meanwhile, a small
part of them had high electron densities and
indistinct cristae. Occasionally, in cytoplasm, there
were a few round or elliptic fat drops which were
irregular in tint and their diameter was less than
1µm.
In pathological group, obvious ultrastructure
change of hepatocytes was found (Figure 1). A lot
of fat drops were densely accumulated in cytoplasm.
Most of them were circular in shape and the
diameter of some single fat drops could reach 4µm.
The roughly surfaced endoplasm was broken,
degranulated and dilated into vesicular with
distortion, concentration, desalination, swelling
and adventitia destruction around mitochodria.
Mitochondrial crista was unclear and accompanied
by more lysosomes. The nuclei were crushed by lots
of fat drops and became distorted and shrunken.
The diameter of nucleus was decreased obviously
and perinuclear space was large. The sinusoidal
endothelial cells obviously swelled with the sinusoid
and Diss space became wide, and microvilli were
found in some of them. Fat-storing cell and Kupffer
cell were obviously hyperplastic. The perinuclear
space of Kupffer cell near the sinusoid was obviously
broadened. Masses could be found occasionally in
the space.
The structure of hepatocytes of rats
administered with 5g/kg BW (Figure 2), 14g/kg
BW Hujin Pill or tabelle jiaogulanosidi, was
markedly improved. The best effect was achieved in
those that administered Hujin Pill at the dose of
5g/kg BW and the cell ultrastructure almost
returned to normal. It also could be observed that
the fat drops in cytoplasm were largely lessened
with insignificantly dilated endoplasm and enlarged
mitochodria. The deletion of mitochodria crista was
mild and most of the nuclei were regular in shape.
The perinuclear space became normal and some of
them were slightly shrunken and the chromatin was
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evenly distributed. Now and then, some fat-storing
cells could b e found.
DISCUSSION

Generally, it was considered that CCl4 in
hepatocytes could be activated by liver microsome
cytochrome P450 and turned into CCl3 which could
induce microsome lipid peroxide and cause liver
steatosis. In this research, we duplicated rat models
of fatty liver with comprehensive pathologic
factors. The results confirmed that this method not
only is reliable and consistent with that reported in
literature[4], but also need shorter time than other
methods. On the other hand, the effect of Hujin
Pill on steatosis hepatocytes also suggested that this
drug could be used in treating fatty liver. Our
conclusion was coincided with that of
pharmacodynamic study. It provides a further basis
for the treatment of fatty liver with Hujin Pill.
The pathogenesis of fatty liver is so far unclear.
Some researchers hold that the phospholipid of
hepatocyte membrane is involved in its formation.
Lu et al [5] showed that the relative percentage of
phosphatidyl choline and sphingomyelin in total
phospholipid would change when liver was damaged
by CCl4. From this point of view, we believe that
improvement of steatos hepatocytes by Hujin Pill
can be achieved by means of protecting membrane
structure and cell organ stabilizing the content of
phospholipid. Its exact mechanism needs to be
further studied.
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Micronuclei and cell survival in human liver cancer
cells irradiated by 25MeV/u 40Ar14+ *
LI Wen-Jian1, GAO Qing-Xiang2, ZHOU Guang-Ming1 and WEI Zeng-Quan1
Subject headings liver neoplasms; heavy ions;
micronucleus; cell survival; tumor cell, cultured
INTRODUCTION

Heavy ions with high linear energy transfer (LET)
have the following advantages as compared with the
conventional X-rays and γ-rays therapy: a better
physical selectivity, a higher relative biological
effectiveness (RBE), a greater therapeutic gain
factor (TGF), a smaller oxygen enhancement ratio
(OER) for LET > 200KeV/µm, positrons emitted
from nuclear reaction products offering the
condition of monitoring heavy ion position in tissue,
and so on.
During the mid 1970s, 450 patients were treated
with heavy ions, mostly neon, at the Bevalac of
Lawrence Berkeley Laboratory (LBL), United
States[1]. Promising results with neon ions were
reported when compared with the conventional
radiotherapy for soft tissue sarcoma, bone sarcoma
and prostate cancer[2,3]. In 1994, the Heavy Ion
Medical Accelerator in Chiba (HIMAC) of Japan
was designed to deliver beams of ions, helium to
argon, to energies in the range of 100MeV/u800MeV/u. Carbon ions were used for clinical
treatment. By August 1997, a total of 301 patients
had been treated with carbon ions[4]. The treatment
was started at GSI, Darmstadt, Germany in
December 1997. Two patients suffe ring from tumors
at the base of skull were treated with five and four
fractions of carbon ions respectively[5]. In 1995,
HIRFL (Heavy Ion Research Facility in Lanzhou,
China) began the basic researches of cancer therapy
with heavy ions such as carbon, oxygen and argon.
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In order to collect basic data for clinical therapy,
we studied and discussed the dynamic changes of
micronuclei and cell survival in human liver cancer
cells SMMC-7721 irradiated by 25MeV/u40-Ar 14+.
MATERIALS AND METHODS
Cells and cell culture

Human liver cancer cells SMMC-7721, purchased
from Second Military Medical University in
Shanghai, were cultivated in RMPI-1640 medium
(Gibco product) supplemented with 10% calf serum
in standard incubator at 37 in air with 5% CO2.
One passage (subculture) of cells every 6-7 days
was performed. The cells were shifted to 35mm
petri-dishes 2 days before irradiation, each petridish had 2mL cell suspension, and density of the
cells was 5×104 cells/mL. Each dose had 6 petridishes. Before irradiation, cells in each petri-dish
were examined under reverse light microscope so as
to select materials good in growth and even in
density.
Selection of ion beams

Irradiation was performed using 40Ar14+ ion beam
with energy of 25MeV/u and intensity of 0.005nA
(2.1×106p/s). The doses of cells were measured by
air ionization chamber. Single (0.68, 6.8 and
68Gy) and fracti onated (twice and thrice, at an
interval of 2h, total dose of 68Gy) irradiations were
done.
Preparation of samples before irradiation

Four petri-dishes were taken arbitrarily before
irradiation, culture suspension, in which adhesive
cells were not included, was harvested, and
adhesive cells were fixed with Carnoy’s fluid. At the
same time, two other petri-dishes were taken and
cells were harvested by trypsinzation. Cells were
stained with typan blue, and number of dead and
living cells were counted, respectively. Covers of
petri-dishes were removed under condition of
asepsis, and irradiation of samples was started after
culture medium in petri-dishes was drawn out and
the mouths of perti-dishes were sealed using 4µm
sterilized mylar films.
Treatment after irradiation

As soon as irradiation ended, sealed films were
taken out from petri-dishes, 2mL fresh 1640 culture
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medium was then added into each petri-dish, petri dishes with cells were then placed in CO2 incubator
and kept on cultivating. Twenty-four, 48, 72, 96
and 120h after cell culture, cells in 2 or 3 petridishes from each time point were treated by
trypsinzation and stained with typan blue to identify
the number of dead and living cells. Medium 1640 in
other 2 or 3 petri-dishes from each time point was
removed, cells were fixed for 4 hours with Carnoy’s
fluid, and stained for 10 minutes with acridine
orange (0.01%, pH 6.8), rinsed three times with
PBS buffer at pH 6.8, for 30min each time.
Micronuclei were observed under fluorescence
microscope. Materials in which micronuclei had been
observed were rinsed with PBS and stained for 8min
with Giemsa (1:20, pH6.8). Each petri-dish was
observed under light microscope. Cells in 9 mesh
eye piece micro-ruler were counted, and converted
into cell numbers per area.
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have had mitoses. After 48h cultu re, the severely
damaged cells started mitoses, and the micronucleus
frequencies rose significantly (Figure 1).

Figure 1 The dependence of micronucleus frequency on culture
time for SMMC-7721.
(·) Control; ( ) 0.68Gy; ( ) 6.8Gy; ( ) 68Gy; ( ) Twice,
68Gy; ( )Thrice, 68Gy

RESULTS AND DISCUSSION
The dependence of micronucleus frequencies on
culture time for SMMC-7721

From Figure 1, it can be seen that micronucleus
frequencies induced by single radiation of 0.68Gy
and 6.8Gy and thrice radiation of 68Gy showed a
tend ency to rise between 24h and 96h culture after
radiation. The reas ons for this phenomenon might
micronuclei are delayed to appear
be that:
following mitoses, as proposed by Mitchell and
mitoses take place later in cells with
Norman[5];
severe chromosomal damage expressed as
micronuclei[6]. As compared with single radiation of
6.8Gy and thrice radiation of 68Gy, the
micronucleus frequency of single radiation of
0.68Gy increased over 48h culture after slight
irradiation (the micronucleus frequencies at 48h
and 96h were 12.86% and 13.45%, respectively).
This is because that cells irradiated with single dose
of 0.68Gy are damaged to a less degree and easy to
recover to normal through 48h culture, thereby the
damaged cells inducing micronuclei became so low
in number even reaching the number of normal
cells. At about 96h, the micronucleus frequencies
of cells irradiated with sin gle of 6.8Gy and thrice of
68Gy tended to fall (Figure 1). The reasons might
be that: in these cells with less damage, DNA is
repaired fast and easily recovered to normal; after
culture for a certain duration, normal cells without
micronuclei reproduce faster than the damaged cells
with micronuclei, ratio (micronucleus frequencies)
between the two was lowered.
Micronucleus frequencies are lowest at 48h for
single and twice radiation of 68Gy, because the
severely damaged cells have not recovered mitoses
and only the less-damaged or non-damaged cells

Figure 2 The dependence of number of living cells on culture time
for SMMC-7721.
( ) Control; (·) 6.8Gy; ( ) 68Gy; ( ) Twice, 68Gy; ( )
Thrice, 68Gy

Figure 3 Dose response to living cells after differe nt culture time
for SMMC-7721.

Relationship between number of survived cells
and culture time for SMMC-7721

Figure 2 shows the relationship between the number
of live cells and culture time for liver cancer cells. It
can be seen that irradiated (single or fractionated)
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liver cancer cells cultured for 24, 96 and 120 hours
grew much slower than control. This showed that
growth of liver cancer cells irradiated with heavy
ions was obviously inhibited and some of liver
cancer cells with different length of culture either
exfoliated or died. As culture time was prolonged,
survived control cells showed a rising tendency,
whereas those of cells irradiated with heavy ions
showed attenuating tendency. The latter resulted
from radiation with high LET heavy ions which
made the cell potentially lethal damage (PLD)
enhance obviously. This appearance was also found
in typan blue staining. In harvested cell suspension,
some of the suspension cells were not deeply stained
but stayed in anabiotic state which was a large
proportion in irradiated materials. Comparison of
single radiation of 6.8Gy, single, twice, and thrice
of 68Gy found that the number of survived cells for
single and twice radiation of 68Gy lowered gradually
during the whole culture period. The difference is
that after 96h culture, the number of survived cells
for single radiation of 68 Gy decayed faster than
those for twice radiation, as there was no interval
in the single radiation of 68Gy, i.e., without chance
of cell repair, and the number of induced
reproductive dead cells increased more obviously
than those for twice radiation. The number of
survived cells with single radiation of 6.8Gy and
thrice radiation of 68Gy increased after 96h
culture, which indicates that cell damage by these
two kinds of irradiation is slight, with lots of
subletha l damage (SLD) cells. These SLD cells
reactivated through certain time of cultur e,
therefore, the survived cells increased after 96h
culture.
Dynamic analysis of relationship between
number of survived cells and micronucleus
frequencies

The results in Tables 1 and 2 illustrate that
micronucleus frequencies and survived cells increase
or decrease with culture time with single and twice
radiation of 68Gy (relative coefficient r = -0.97
and r = -0.99, respective ly). Micronucleus
frequencies were negatively related to the number of
survived cells. For single dose of 6.8Gy and 3
fraction doses of 68Gy, the micronucleus
frequencies both reduced while the number of
survived cells increased 96 hours a fter culture. It is
indicated again that there was a negative
relationship between micronucleus frequencies and
the number of survived cells. Therefore
micronucleus frequency is an important parameter
describing the degree of the damaged cells.
Dose response to cell micronucleus frequencies
after different culture time
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Micronucleus frequencies of cancer cells after 96h
culture were significantly higher than those of 24h
culture with single radiation of 6.8Gy, single, twice
and thrice radiation of 68Gy. Some researchers
obtained a similar rule when studying irradiated
lymphocytes [5]. The reasons are that induced
micronucleus cells depend on mitosis while mitotic
delay of the damaged cells (chromosome lesion)
results in delayed production of large amounts of
micronuclei. The changing rule of 24h culture was
in agreement with the results by Shib amoto in his
studies on lymphocytes [6]. After 96h culture,
micronucleus frequencies of cells irradiated at a dose
of 68Gy fell. This may be because that this kind of
cancer cells were damaged more severely and
inhibited cell mitotic procedure (mitosis is a
prerequisite for micronuclei), therefore damaged
cancer cells died before micronuclei were expressed.
As compared with cells irradiated with 6.8Gy
following 96h culture the micronucleus frequencies
of cells irradiated with 68Gy decreased
significantly.
Table 1 Relationship between micronuclei and cell survival in
irradiated liver cancer with single irradiation
Cultural
time (h)

Dose
(Gy)

No. of scored
cells

Frequency of
micronuclei (%)

No. of Survived
cells (mm-2)

24
48

6.8
6.8

2008
2047

4.83
9.19

72

6.8

2150

21.72

96

6.8

1924

26.55

79

120
24

6.8
68

2096
1960

17.45
5.62

129
207

48

68

2150

3.00

158

72

68

2070

7.93

96
120

68
68

1975
2040

14.69
30.39

235
175

107
36

Table 2 Relationship between micronuclei and cell survival in
irradi ated liver cancer with fractionated irradiation
Cultural
time (h)

Dose
(Gy)

Time of
irradiation

No. of
scored cells

Frequency of
No. of Survived
micronuclei (%)
cells (mm-2)

24

68

2

971

5.13

48
72

68
68

2
2

1024
964

1.56
12.79

213

96

68

2

1152

19.01

101

120

68

2

1060

23.02

90

24
48

68
68

3
3

974
1050

2.47

250
136

72

68

3

1000

12.00

109

96

68

3

1000

20.00

50

120

68

3

1116

16.13

59

Dose response to survived cells after different
culture time

Figure 3 shows the dose response to cell survival in
human liver cancer cells. It can be seen that survival
of liver cancer cells following 24h and 96h culture
decreased with increase of radiation dose, i.e. cell
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survival was negatively related to doses (r24h = 0.68, r48h = -0.70). When radiation dose was the
same, the number of survived cells in human liver
cancer cells for 48h culture was lower than that for
24h culture. The results showed that the number of
survived cells of the irradiated liver cancer cells
decreased gradually with culture time (survived
number of control cells in creased with culture
time), which results from reproductive death of lots
of potentially lethal cells in irradiated cancer cells
through several division cycles.
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Editorials

Molecular mechanisms of H. pylori associated
gastric carcinogenesis
ZHANG Zun-Wu and Michael J.G. Farthing
Subject headings H. pylori; carcinogenesis,
molecular biology; p53, stomach neoplasms

H. pylori infects half of the world population
and the prevalence varies widely in different parts
of the world with average rates of 40%-50% in
western countries, rising to more than 90% in the
developing world[1,2]. Compelling evidence from
epidemiological and histopathological studies has
linked H. pylori infection to the subsequent
development
of gastric carcinogenesis [3].
Furthermore, Watanabe and colleagues recently
induced gastric adenocarcinoma in 37% of orally
infected Mongolian gerbils, which were preceded
with a series of premalignant changes in gastric
mucosa of these gerbils[4]. However , in spite of the
established causal relationship between H. pylori
infection and gastric carcinogenesis, the underlying
mechanisms remain unknown.
Disturbances in cell turnover in the
gastrointestinal tract are believed to predispose to
cancer development, and until recently, these
changes were considered to be a marker of increased
cancer risk[5]. It is clear that this organism is the
main cause of chronic gastritis and capable of
modifying epithelial cell turnover within gastric
glands and in culture gastric epithelial cells, by
influencing the balance between cell proliferation
and apoptosis[6-9]. We and others have studied the
effect of H. pylori infection on gastric epithelial
cell turnover and found that patients infected with
H. pylori had significantly higher proliferation
rates as compared with uninfected controls[6,8-12].
The density of H. pylori may be one of the
important determinants as we found that H. pylori
at low inocula, stimulates cell proliferation, but at
higher inocula (bacterium to cell ratio >100), it
causes a time- and concentration-dependent
reduction of cell number and a marked increase in
apoptosis and cell cycle arrest at G1 phase[8].
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Antioxidant vitamins C, E and β-carotene affect cell
growth in various human cells directly or through
their a ntioxidant properties[13,14]. Our in vitro
studies showed that the a bove vitamins can also
significantly inhibit gastric cancer cell proliferation
and induce apoptosis[15].Investigations on gastric
vitamins in patients with and without H. pylori
infection suggest that H. pylori infection affects
the concentrations of vitamin C, E and β-carotene in
the stomach and the CagA+ strains have an even
greater ability to reduce gastr ic juice vitamin C
levels[16,17].
Although many factors may be related to H.
pylori associated gastric carcinogenesis, the
underlying molecular mechanisms are still unknown.
However, many mediators and signal transduction
pathways are involved in the regulation of gastric
epithelial cell homeostasis, some of which may
determine the final outcome of H. pylori infection.
Understanding the molecular basis of H. pylori
associated gastric carcinogenesis is important for
determining prognosis, prevention and treatment of
H. pylori infection. This review examines the
possible mo lecular mechanisms responsible for H.
pylori associated gastric carcinogenes is.
BACTERIAL VIRULENCE FACTORS

Although many factors contribute to H. pylori
virulence, few have been directly related to gastric
carcinogenesis[18]. Most strains of H. pylori from
patients with intestinal-type gastric cancer or with
atrophic gastritis are type I and secrete vacuolating
cytotoxin (VacA) and carry CagA, a gene that
encodes an immunodominant protein of unknown
function, whereas many of the strains from
asymptomatically infected persons lack this
gene[19-21]. It has been shown that patients
harbouring CagA+ strains have significantly higher
gastric epithelial proliferation rates than patients
infected with CagA- strains, but the apoptotic
index in patients infected with CagA+ strains are
lower than in patients infected with CagA- strains.
Increased cell proliferation in the absence of a
corresponding increase in apoptosis may explain the
increased gastric cancer risk associated with
infection by CagA+ strains[10]. Although there is no
direct evidence suggesting that the CagA or VacA
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protein is carcinogenic, the enhanced inflammation
and marked reduction of gastric juice vitamin C
levels in CagA+ strain infected patients may ply a
role in H. pylori associated carcinogenesis[16].
H. pylori expresses a powerful urease enzyme,
which catalyses the conversion of urea to ammonia.
Individuals with H. pylori infection have higher
ammoni a concentrations in gastric juice than
uninfected controls[22]. A series of studies have
demonstrated that concentrations of ammonia
comparable to those found in gastric juice of
infected individuals can cause gastric atrophy in
rats, increase epithelial cell proliferation, and act as
a promoter in the methyl- N’ nitro-Nnitrosoguanidine (MNNG) rat model of gastric
cancer[23-28].
Furthermore, H. pylori phospholipases,
proteases and oxidases have been shown to cause
degradation of many molecules, such as
phospholipids in bio-membranes, transforming growth
factor-β (TGF-β) and vitamin C, which are
important in preventing carcinogenesis[16,29-31].
OXIDATIVE DNA DAMAGE AND p53

Mutation of the p53 tumor suppressor gene is the
most common alteration found in a variety of human
tumor cells and is considered to be one of the steps
leading to the neoplastic state. The importance of
p53 protein may be due to its effect on cell cycle
progression, including cell proliferation and
apoptosis, in response to cell DNA damage[32]. The
activated p53 protein can affect the expression of a
number of genes, including the cyclin-dependent
kinase inhibitor (CKI) p21, which regulates G1 cell
cycle check point and bax, a gene involved in
apoptosis. Therefore, the protein can either
prevent the cell from entering the S phase until the
DNA damage is repaired and/or can turn on the
apoptotic pathways to destroy an abnormal cell[33].
The p53 gene abnormalities in gastric cancer
are usually point mutations or allelic deletions
leading to over-expression of the protein, loss of
p53 function and with resulting defects in the
protective pathways of cell cycle arrest and
apoptosis. Furthermore, the increased p53
expression and gene mutations have also been
reported in gastric premalignant mucosa, such as
dysplasia, atrophy or even the mucosa without
obvious abnormality, suggesting that p53 function is
affected from the early stage of gastric
carcinogenesis[34].
The role of p53 in H. pylori associated
carcinogenesis is still unclear, but some evidence
suggests that it may be protective in this process. In
p53 knockout mice, atrophic gastritis developed in 2
of 4 animals infected with H. felis within 3 months
including one which developed moderate dysplasia.
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In contrast, these changes were not seen in any of
the control animals, suggesting that lack of
functional p53 accelerated carcinogenesis in
experimental Helicobacter infection[35]. Data from
Fox and colleagues further support the protective
role of p53. They examined the effect of infection
with H. felis in heterozygous mice deficient in one
p53 allele[36]. One year after infection, the wildtype and p53 heterozygous mice both showed severe
adenomatous and cystic hyperplasia of the surface
foveolar epithelium. However, infected p53
heterozygous mice had a higher proliferative index
than the infected wild-type mice.
Whether H. pylori and its associated
inflammation induces p53 mutations or affects the
activity of the protein is not clear, but p53 function
may be defective at an early stage in H. pylori
associated gastric carcinogenesis. Some studies have
reported increased expression of p53 protein in
gastric mucosa infected with H. pylori. However,
the enhanced p53 expression failed to have any
effect on gastric epithelial cell proliferation or
apoptosis, and there appeared to be a positive
relationship between the accelerated cell turnover
and p53 over-expression. The accumulation of p53
was also not associated with expression of the CDI
p21, a down-stream effector of p53[37,38]. We have
recently in itiated a study investigating the role of
p53 in H. pylori infected gastric cell lines and
found that H. pylori associated apoptosis is
independent to p53 status of gastric cells[39]. These
findings suggest that p53 function is defective in H.
pylori infected mucosa. There are several
mechanisms wh ich may lead to the loss of p53
function. Firstly, recent studies suggest that p53
mediated apoptosis is suppressed by signals from
growth factors, such as inte rleukin-6 ( IL-6 ),
interferon-γ (IFN-γ) and protein kinase C, which
are shown to be up-regulated by H. pylori
infection[40-42]. Secondly, it is likely that H.
pylori and its associated inflammatory responses
cause p53 gene mutation. H. pylori infection
induces increased production of reactive oxygen
metabolites (ROMs) by persistent inflammatory cell
infiltration in gastric mucosa[43-45]. Many studies
have indicated that ROMs can directly interact with
genomic DNA and cause damage in specific genes
that control cell growth and differentiation[46-48].
Furthermore, it has been reported that intact H.
pylori, as well as isolated cellular components,
stimulate nitric oxide (NO) synthesis[49-51]. High
concentrations of NO induce wild-type p53 protein
accumulation[52,53], and the NO-related deamination
of DNA has been reported to cause GC-AT
transitions, which are frequently found in p53
mutations in gastric cancer[23,54]. In addition, H.
pylori possesses several proteases which may
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directly affect p53 activity though there is no direct
experimental evidence of a relationship between
these proteases and p53 protein[55].
BCL-2 AND OTHER APOPTOSIS RELATED MOLECULES

Bcl-2 protein is a part of a large group of proteins
encoded by specific genes belonging to the bcl-2
family, which are known to play an important role
in reg ulation of apoptosis. Some of these proteins
(bcl-2 and bcl-xL) support survi val, whereas others
(bax, bad, bcl-x5) are apoptosis inducers[56]. Overexpression of bax and bak proteins encoded by the
two pro-apoptotic members of the bcl-2 gene family
has been associated with H. pylori infection and to
induce apoptosis in the AGS gastric epithelial cell
line and in gastric mucosal biopsi es from patients
colonized by H. pylori[57]. In contrast, the
expression of bcl-2 protein was not affected or even
suppressed by this organism[37]. However, overexpression of bcl-2 with abnormal distribution of
apop totic cells along the glands, which are usually
found at the extremities of normal gastric glands,
has been described in both intestinal metaplasia and
gastric dysplasia, which occur as a result of longterm H. pylori infection[58,59].
Several other molecules may also play a role in
H. pylori associated apoptosis. Treatment of
gastric cells with TNF-α and IFN-γ markedly
pot entiate H. pylori induced apoptosis[60]. Rudi et
al have recently reported that H. pylori upregulates the expression of the CD95 (APO-1/FAS)
and CD95 ligand (CD95L), which are involved in
initiating apoptosis. In fact, the enhanced CD95
expression observed in this study was associated with
incre ased rates of apoptosis in gastric epithelial cell
lines and in gastric mucosa[61]. The importance of
this study is not only the demonstration of the
in volvement of CD95 mediated apoptotic pathway
in H. pylori associated apoptos is, but also the
expression of CD95L mRNA on surface epithelium
and pyloric gland cells of H. pylori infected mucosa
at levels comparable to those found on lamina
propria lymphocytes. CD95L is normally expressed
by activated T cells and recently it has been found
that
many
tumors,
including
gastric
adenocarcinomas express CD95L[62]. CD95L can
induce apoptosis of activated immunocytes and is
thought to contribute to tumor immune escape[62].
The enhanced expression of CD95L mRNA in H.
pylori infected gastric mucosa may suppress normal
immune responses by inducing immunocyte
apoptosis, which may further potentia te genetic
instability due to the defect in the DNA damage-p53
mediated protect ive pathway.
TELOMERASE ACTIVITY

Activity of telomerase, which synthesizes the
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telomeric DNA to replaces the loss that occurs at
each cell division, is suppressed in most normal
human somatic cells but induced in most human
cancers. Normal human cells progressively lose
telomere sequences due to the lack of telomerase
activity. In contrast, most immortalized cell lines
and malignant human tumors appear to maintain
constant telomere length via the activation of
telomerase[63,64]. Reactivation of telomerase is
thought to be an important step in carcinogenesis.
Expression of human telomerase RNA (hTR)
and telomerase activity have been studied in gastric
cancer and corresponding non-cancerous mucosa[65].
Telome rase activity was detected in 23 of 26
carcinoma tissues. Although all tumor specimens
and non-cancerous mucosa expressed various levels
of hTR, 21 cases expressed hTR at a higher level in
the tumor than that in the adjacent normal mucosa.
Nine of 26 non-cancerous mucosa showed telomerase
activity and all of them contained intestinal
metaplasia. The incidence of telomerase-positive
mucosa in grade II intestinal metaplasia was
significantly higher than that in mucosa with grade
I intestinal metaplasia or without intestinal
metaplasia, whereas hTR over-expression was found
both in mucosa with and without intestinal
metaplasia regardl ess to their grades. The level of
hTR expression and telomerase positivity was shown
to increase in parallel with the degree of H. pylori
infection. These results suggest that H. pylori
infection may be a strong trigger for hTR over expression in intestinal metaplasia, and this may
lead to telomerase reactivation[65,66].
Recently, Chin and colleagues examined the
interaction between telomere dysfunction and p53 in
cells and organs of telomerase-deficient mice.
Coincident with severe telomere shortening and
associated genomic instability, p53 is activated,
leading to growth arrest and/or apoptosis. Deletion
of p53 significantly attenuated the adverse effects of
telomere dysfunction, but only during the earliest
stages of genetic crisis. Correspondingly, the loss of
telomere function and p53 deficiency cooperated to
initiate the transformation process[67]. These
findings suggest that p53 deficiency and telomerase
reactivation in H. pylori infected mucosa may play
an important role in H. pylori associated gastric
carcinogenesis.
HOST GENETIC FACTORS

Beales et al reported that the frequency of DQ 5,
one of the D-related human leukocyte antigen
(HLA) molecules, was significantly higher in
individuals with gastric atrophy or metaplasia than
in those without gastric atrophy or intestinal
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metaplasia and in uninfected individuals[68]. Azuma
and colleagues have studied the relationship between
H. pylori infection and the genotyping of another
D-type HLA molecule, DQA1 in 82 gastric
adenocarcinoma patients and 167 unrelated
controls. They found that the allele frequency of
DQA1 was significantly lower in H. pylori positive
atrophic gastritis group than in H. pylori positive
superficial gastritis and normal control groups. In
addition, the al lele frequency of DQA1 also was
significantly lower in H. pylori positive intestinal
type gastric adenocarcinoma group than in normal
control, H. pylori positive superficial gastritis, and
diffuse type gastric adenocarcinoma groups[69].
The importance of host genetic factors in
determining the outcome of H. pylori infection was
further demonstrated by Sakagami and colleagues.
They assessed H. pylori infection in different
strains of mice and found that the level of bacterial
colonisation, the severity of gastritis and the
development of gastric atrophy varied within these
mice. For example, in infected SJL, C3H/He,
DBA/2, and C57BL/6 mice, moderate to severe
chronic active gastritis was observed only in the
body of the stomach, which increased in severity
over time with specialised cells in the body glands
being replaced. As the severity of this damage in the
body increased and atrophic changes were seen, the
level of bacterial colonisation of the antrum
decreased. In contrast, in BALB/c and CBA mice,
there was only mild gastritis in the antrum, no
remarkable changes were detected in the gastric
body mucosa, and no atrophy was seen over time.
In both these strains of mice, heavy bacterial
colonisation was seen, which tended to increase
over the period of the experiment[70]. These
findings suggest that the host genetic factors are
important in H. pylori associated gastric
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carcinogenesis.
SUMMARY

Many molecules are involved in H. pylori
associated gastric carcinogenesis. However, how
the organism and its associated inflammation,
interact with these molecules in gastric mucosa to
induce carcinogenesis is still unknown. Over many
years, H. pylori infected mucosa may experience
sequential exposure to “damage-regeneration”
(Figure 1). Following the long-standing repeated
dama ge-regenerate cycle, gastric atrophy and
intestinal metaplasia gradually develop, which
finally results in adenocarcinoma. During this
process, the loss of p53 function may play an
important role. As mentioned above, H. pylori
infection may cause deficiency of p53 function and
subsequently, this may not only lead to defects in
the DNA damage-p53 mediated protective pathway,
but the mutated p53 protei n may also provide a
possible selective advantage for tumor cell
proliferation
by
attenuating
apoptosis[71].
Furthermore, H. pylori infection has be en shown
to induce the reactivation of telomerase and to cause
telomere dysfunction, which may cooperate with
p53 deficiency to accelerate carcinogenesis[67]. In
early stages of H. pylori infection, CD95 and bax
mediated apoptos is may play an important role in
eliminating damaged DNA or gene mutated cells,
thereby maintaining genetic stability. However, H.
pylori infection induces CD95L expression, which
may suppress host immune responses by causing
immunocyte apoptosis. Therefore, as shown in
Figure 2, the loss of p53 function, reactivation of
telomerase activity, inhibition of host immune
responses, together with host genetic factors, may
play important roles in the development of H.
pylori associated carcinogenesis.

Figure1 Long-term H. pylori infection may indu ce a repeated “damage-regeneration” process which gradually leads to gastric atrophy,
intestinal metaplasia and finally carcinoma. A. H. pylori infected gastric mucosa with inflammatory cell infiltration. B. Gastric epithelial
cells are damaged, become apoptotic and then are regenerated, with enhanced inflammato ry cell infiltration and disturbance of mucus layer.
C. Atrophy and intestinal metaplasia develop; fibrosis and thinning of the lamina propria; finally H. pylori is lost due to inhospitable
mucosa. D. Gastric carcinoma is induced.
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Figure2 Possible molecular mechanisms of H. pylor i associated carcinogenesis. H. pylori and its associated inflammatory re sponses
cause reactivation of telomerase, the loss of p53 function and also indu ce CD95 and bax mediated apoptosis. CD95L produced by gastric
epithelial cells m ay also cause intra-mucosal immunocyte apoptosis, which could facilitate tumor immune escape. However, mutated p53
may attenuate epithelial cell apoptosis, pro viding a possible selective advantage for tumor cell proliferation. Furthermore , p53 deficiency
may cooperate with telomere dysfunction to accelerate carcinoge nesis. All of these changes, together with host genetic factors may play
importa nt roles in the development of H. pylori associated carcinogenesis.
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Gastroesophageal reflux (GER) is a physiologic phenomenon occurring occasional ly in every human being, especially
during the postprandial period. Regurgitatio n occurs daily in almost 70% of 4-month-old infants and about 25% of their par
［1,2］
ents do consider regurgitation as “a problem”
. Indeed, it seems against logic that the normal function of the stomach
would reflux ingested material back into the esophagus. Whether all infants presenting with regurgitation need drug treatment
is a controversial question.
DEFINITION
GER is best defined as the involuntary passage of gastric contents into the esophagus. The origin of the gastric contents can
vary from saliva, ingested food and drinks, gastric, pancreatic to biliary secretions. Vomiting is used as a synonym for emesis,
and means that the refluxed material comes out of the mouth “with a certain degree of strength” or “more or less vigorously”,
usually involuntary and with sensation of nausea. Regurgitation is used if the reflux dribbles effortlessly into or out of the
［2,3］
mouth, and is mostly restricted to infancy (from birth to 12 months)
. Vomiting can be regarded as the top of the
iceberg in its relation to the incidence of GER-episodes.
CLINICAL PRESENTATION
Symptoms of reflux may be observed in normal individuals, but in those cases they are only found incidentally, and they occur
more often and are more severe in pathological situations. The usual manifestations and unusual presentations of GER(-
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［3］

disease) are listed in Table 1

. Infants with a Roviralta Astoul syndrome have pyloric stenosis associated with hiatal

hernia.
Emesis and regurgitation are the most common symptoms of “primary” GER-diseas e but they are also a manifestation of
［2,3］

many other diseases

. Such “ secondary” GER-disease can be caused by infections (e.g. urinary tract inf ection,

gastroenteritis, etc.), metabolic disorders and especially food allergy

［2,4］

. On clinical grounds, “secondary” reflux may be

difficult to sep arate from “primary” reflux. “Secondary” reflux is the result of a stimulati on of the vomiting center in the
dorsolateral reticular formation by all kinds o f efferent and afferent impulses (visual stimuli, the olfactory epithelium, laby
rinths, pharynx, gastrointestinal and urinary tracts, testes, etc.). “Secondary ” GER is not further discussed in this paper. It is
obvious that treatment of “primary” GER-disease should focus on motility and/or acid suppression, and that therapeutic
management of “secondary” GER should focus on the etiolo gic phenomenon.
PATIENT GROUPS
The following approach is a generalization that, like all generalizations, may need to be modified for an individual patient
［3］

. First, interest is focused on uncomplicated GER, mostly restricted to regurgitating infants. In a second paragraph, a

proposal is made for optimal management in patients with complicated GER disease (symptoms suggestive of esophagitis).
There is a continuum betw een normal infants with regurgitation and GER and those with severe GER which leads to disability,
discomfort or impairment of function. An approach is proposed for the management of patients with atypical presentations of
GER.

Group 1. Uncomplicated reflux: regurgitation
Regurgitation may occur in children who are normal and do not have complaints of GER-disease such as nutritional deficits,
esophagitis, blood loss, structures, apnea or airway manifestations. There is no difference in the incidence of regu rgitation in
［5］
breast-fed and formula-fed infants
. But, infants with u ncomplicated regurgitation are frequently perceived by their
parents as having a problem, and their parents often seek medical attention. The approach of the in fants presenting with
“excessive” regurgitation and of their parents has to be well balanced, and cannot be subject to overconcern or disregard. This
［1,3,5］
group of patients are mostly restricted to infants younger than 6 months, or at the most 12 months
. A careful
history, observation of feeding, and physic al examination of the infant are mandatory. Although the following statement has
not been thoroughly validated because randomization is not possible (only anxio us parents seek medical help), it is rather
unlikely that regurgitation will res ult in severe GER-disease. The effect of parental reassurance is suggested by m any placebo［6,7］
controlled studies showing a similar efficacy of placebo and the tested intervention
. If simple reassurance fails, dietary
intervention is recommended, including restriction of the volume in clearly overfed babies, and change to a thickened “anti［5-7］
regurgitation” formula
. Larger food volumes and high osmolality increase the number of transient lower esophageal s
［8］
phincter (LES) relaxations and drifts to almost undetectable levels of LES-pres sure
.Both are well known
pathophysiologic mechanisms provoking GER in infants, which might also explain why feed thickeners sometimes aggravate
their symptoms. The thickening of the formula, with starch (e.g. from rice, potato, etc.) or non-nutritive thickeners (bean
［5-7,9］

gum), decreases the frequency and volume of regurgitation

(Table 2). Some of these “anti-regurgitation” fo rmulae

are casein-predominant (casein/whey 80/20%) to optimize the curd for mation, while others contain 100% whey (hydrolysate)
enhancing gastric emptying. However, the effect of these formulae on GER-parameters, when measured with pH monitoring
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or scintigraphy are not convincing: most studies show that reflux pa rameters can improve, remain unchanged or worsen in
［6,7,10］
approximately one third of i nfants for each possibility
. In other words, “anti regurgitati on” formulae do what they
［5-7］
claim to do: they reduce regurgitation
but they do not influence (acid) GER. Thickened formula also increases the
［5,6］

duration of sle ep

. Therefore, anti-regurgitation formula should be considered as the first step in medical treatment,

［3,5-7］
and should only be available on prescription
. Anti-regurgitation formula and/or dietary intervention in gen eral
［34］

should be nutritionally safe

. However, regurgitation may be par t of the spectrum of symptom(s) of GER-disease,

necessitating an effective inte rvention to decrease the number and intensity of the GER-episodes. In this situation, an
intervention that is limited to alleviate the presenting manifestation (regurgitation) will not suffice. Differentiation between
regurgitation and (pathologic) vomiting can be difficult on clinical grounds, since there is a continuum between both conditions
［5］

. It is not always obvious in this patient group whether the parental complaints relate to physiological regurgitation or

whether they suggest GER-disease. In practice, feed thickeners or special formula ca n not be given to breast-fed infants.
Therefore, if the infant is breast-fed a nd/or in case of GER-disease, drug treatment with prokinetics should be consi dered
prior to diagnostic procedures.
It seems reasonable to add medication such as prokinetics to the treatment of cases that are refractory to dietary
intervention. They reduce regurgitation via their effects on the LES pressure and motility, esophageal peristalsis and gastric
emptying

［11］

. For this reason, they interact with the pathophysiologic mechanisms of regurgitations in infants, which are

［12］
related to immaturity of the gastroesophageal motor function
. A link between cisapride and increased salivary secretion
［13］
has been demonstrated
. This indicates that, in combination with increased peristalsis and hence esophageal clearance,
cisapride therapy may protect the esophagus via salivary components, such as bicarbonate and non-bicarbonate buffers, thus
facilitating symptomatic relief and healin g of the esophagus.Metoclopramide and domperidone have anti-emetic properties
due to their dopamine-receptor blocking activity, whereas cisapride is a prokinet ic acting through indirect release of
acetylcholine in the myenteric plexus
［6,7］

［11］

. Although all three agents have been shown to reduce regurgitation in i nfants

, data for cisapride are more convincing (Tables 3, 4). When compared to metoclopramide, cisapride appears to be

［14］
［15］
［15］
more effective in reducing p H-metric
, has a faster onset of action
, and is better t olerated
. Cisapride has
［16 ］
［17 ］
also been shown to heal oesophagitis
. Domperidone has been reported to be as effective as metoclopramide
(less effective than cisapride). Extrapyramidal reactions and increased pro lactine levels are effects related to the dopaminereceptor blocking activity o f these drugs. In case of cisapride, which is devoid of dopamine- blocking prope rties at
［11,18］
therapeutic doses, the most common adverse effects are transient diarrhea and colic (in about 2%)
. The isolated
reports of more serious adverse reactions, i.e., side-effects on the central nervous system, including extr apyramidal reactions
and seizures (in epileptic patients), cholestasis (in extre me prematures) and cardiac interactions. Indeed, cisapride, which is
［ 18］
metabolized by the cytochrome P450 3A4, has the potential to prolong the QT-interval
. However, an extensive review
［18］
.To date, serious cardiac adverse reactions have

of the literature resulted in reassuring sa fety consensus statements

not been reported in patients treated with a dosage within the recommended regimen (0.8mg/kg daily, max. 40mg/day) and
in the absence of a dditional risk factors (Table 4). The association of cisapride with systemic or oral azole antifungals and
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with macrolides is contraindicated. Both azole-antif ungals and macrolides interact with the cytochrome P450 3A4, resulting in
elevated cisapride plasma levels. In view of its mode of action, efficacy and safety, as well as its lower or equal cost when
compared to other therapeutic agents for GER, cisapride is recommended when dietary treatment fails or in regurgitating
breast-fed infan ts, if therapy is indicated. It merits consideration that prokinetics stimulate a physiologic activity (peristalsis),
while acid-suppressive medication inhibit s a physiologic secretion.
Table 1 Symptoms of GER(-disease)
Usual manifestations Specific manifestations

Symptoms possibly related to complications of GER*
Symptoms related to anaemia (iron deficiency anaemia)
Haematemesis and melaena

Regurgitation
Nausea
Vomiting

Dysphagia (as a symptom of oesophagitis or due to stricture
formation)
Weight loss and/or failure to thrive
Epigastric or retrosternal pain
“Non-cardiac angina-like” chest pain
Pyrosis or heartburn, pharyngeal burning
Belching, postprandial fullness
Irritable oesophagus
General irritability (infants)

Unusual presentations
GER related to chronic respiratory disease (bronchitis, asthma, laryngitis, pharyngitis, etc.)
Sandifer Sutcliffe syndrome
Rumination
Apnea, apparent life threatening event and sudden infant death syndrome
Associated to congenital and/or central nervous system abnormalities
Intracranial tumors, cerebral palsy, psychomotory retardation

A number of these symptoms may also be caused by other mechanisms.
Table 2(PDF) Effect of special formula and milk-thickening products on GOR, gastric emptying (GE) and clinical parameters in
infants with GOR disease (=: unchanged, ＜: worse, ＞: better)
a

means of age in groups, bO: open, SB: single blind, XO: crossover, PA: parallel, cthickened meal (FT) vs unthickened meal

(noFT) or vs baseline (B) or comparison of special formula, cn.d.: no data, N.S.: not significant.
Table 3(PDF) Effects of cisapride (CIS) on GOR disease in infants
aAge:

mean(s) of age in group(s); bO: open; DB: double bl ind; PA: parrallel; XO: cross-over with wash-out period; cCIS:

cisapride ; PLA: placebo; MCL: metoclopramide; DO: domperidone; CIM: cimetidine; GAV: Gavi scon; AA: antacid; FT: feed
d
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thickener; B: baseline; CO: controls; bm: before mea ls/each feeding; afm: after meals; DM: dietary measures; SD: standard
diet; dex: dextrose; glu: glucose; CF: customary formula; SF: solid food started if not yet done so; PN: parenteral nutrition;
*prior therapeutic measures co ntinued (positional and/or dietary); e,f-Outcome: GOR, reflux parameter s on pH monitoring;
GE, gastric emptying; ＞, better than; ＜, worse than; =, un changed, referring to the main/all parameters evaluated in paper;
exceptions for single parameters are mentioned separately. Symptoms: if not specified, clinica l assessment including
regurgitation and/or vomiting. PLES: pressure lower esoph ageal sphincter. n.d.: no data.
Table 4 Contraindications and risk factors for use of cisapride
Contraindications to cisapride administ ration in pediatric patients
-Combination with medication also known to prolong the QT interval or potent CYP3A4 inhibitors, such as astemizole,
fluconazole, itraconazole, ketoconazole, miconazole, eythromycin, clarithromycin, troleandomycin, nefazodone, indinavir,
ritonavir, josamycin, diphemanil, terfaridine.
-Use of the above medications by a breast-feeding mother, as secretion i n mother's milk of most of these drugs is unknown.
-Known hypersensitivity to cisapride.
-Known congenital long QT syndrome or known idiopathic QT prolongation.
Precautions for cisapride administration in pediatric patients
-Prematurity (a starting dose of 0.1mg/kg,4 times daily may be used, although 0.2mg/kg is also for prematures the normal
dose)
-Hepatic or renal failure (particularly when on chronic dialysis). In these cases, it is recommended to start with 50% of the
recommended dose.
-Uncorrected electrolyte disturbances (hypokalemia, hypomagnesemia, hypocal cemia), as may occur in prematures, in
severe diarrhea, in treatment with potass ium-wasting diuretics such as furosemide or acetazolamide.
-History of significant cardiac disease including serious ventricular arr hythmia, second or third degree antrioventricular block,
congestive heart failur e or ischaemic heart disease, QT prolongation associated with diabetes mellitus.
-History of sudden infant death in a sibling,and/or history of a“serious ”apparent life threatening event in the infant or a
sibling.-Intracranial abnormalities, such as encephalitis or haemorrhage, grape fr uit juice.

In the non-breast-fed infant, a change to a (thickened) hydrolysate or amino- acid formula should be considered, if
regurgitation is resistant to a thickened formula with normal proteins and to prokinetics, since protein allergy may prese nt as
therapy-resistant GER-disease.
Non-drug treatment (positional therapy, dietary advice) can help convince the p arents of the physiologic nature of the
［3］
regurgitations
. The influence of position on the incidence and duration of GER episodes has been demonstrated in
adults, children and infants both in asymptomatic healthy controls and sympt omatic individuals. The 30° prone reversed
［3,6,7］

Trendelenburg position is nowadays generally recommended and accepted as an essential element of treatment

.

However, positional treatment is in practice very difficult to apply correctly in infants and rather unfriendly to the babies, since
they have to be tied up in their beds or cot to prevent them from sliding down under the blankets, since an angle of 30° has
to be achieved and maintained. The ample evidence that the prone sleeping position is a risk factor in sudden infant death,
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［6］
independent of overheating, smoking or way of feeding
. Positional treatment remains, in view of its efficacy, a valid
“adjuvant” treatment in patients not responding to other therapeutic approaches or beyond the age of sudden infant death
［6］

.

Group 2. Overt GER-disease
Patients in this group did not either respond to the previous approach (parental reassurance, dietary treatment and
prokinetics) or present with symptoms suggesting esophagitis (hematemesis, retrosternal, epigastric pain, etc.) (Table 1).
［3,19］
Therefore, an underlying anatomic malformation should be excluded, and endoscopy is the investigation of choice
.
Upper gastrointestinal endoscopy in infants and children should only be performed by experienced and qualified physicians
［19］
. If the question being asked is restricted to underlying anatomic malformations, upper gastrointestinal series can be
［19］
. If symptoms and/or the esophagitis do not improve despite adequate medic al treatment and controlled

considered

compliance, upper gastrointestinal series should be performed to exclude anatomical problems such as gastric volvulus,
intestinal ma lrotation, annular pancreas, etc.
［6］
Antacids are reported to be effective in the treatment of GER
, although experience is limited in infants. Their
［20］
capacity to buffer gastric acid is strongly influenced by the time of administration
, and requires multiple doses.
Gaviscon (a combination of an antacid and sodium salt of alginic acid) is as effective as antacids and appears to be relatively
safe, since only a limited number of side effects have been reported. Occasional formation of large bezoar-like masses of
agglutinated intragastric material has been reported with the use of Gaviscon, and it can increase the sodium content of the
feeds to an undesirable degree especially in preterm infants (1g Gaviscon-powder contains 46mg sodium, and the suspension
［6］
contains twice this amount of sodium)
.
H2-receptor antagonists, of which ranitidine is by far the mostly used, are e ffective in healing reflux esophagitis in infants
［6］

and children

. Many new drugs have been developed (misoprostil, sucralfate, omeprazole, etc.). Of these, the proton

［21,57］
pump inhibitors (PPIs) have been studied best, although experien ce in infants and children is limited
. PPIs are
effective in supp ressing the acidity in patients with gastric stress ulcer(s) and also in neurolo gically impaired children. Even in
patients with circular esophageal ulcerations , recent experience suggests that PPIs should be given a chance prior to surgery
［21］

［21］

. Omeprazole is known to be effective in patients with severe esophagitis refractory to H2 blockers

. Sucralfate

［22］
was shown to be as ef fective as cimetidine for esophagitis in children
.
Immediate or early surgery is rarely indicated in life threatening conditions where medical management will be of no
benefit. Surgery can be life-saving in severely affected patients (notably the neurologically impaired children with recur rent
and life-threatening aspiration, etc.). Prior to surgery, a full diagnosti c work-up including upper gastrointestinal series,
endoscopy, pH monitoring, eventually completed with manometry and gastric emptying studies is recommended.

Group 3. Patients with unusual presentations of GER
The most obvious difference between this patient group and groups 1 and 2, is that this patient group does not present with
emesis and regurgitation (Table 1). Since these patients do not vomit, GER-disease is “occult”. Before considering GER as a
cause of the symptoms, classic causes of the manifestations need to b e excluded, such as allergy in a wheezing patient,
tuberculosis in a patient wit h chronic cough, etc.

file:///C|/Documents and Settings/Administrator/桌面/375.htm（第 6／10 页）2011-1-19 16:37:28

World J Gastroenterol

If GER-disease is suspected, pH monitoring of long duration (18-24 hours) is the investigation of choice. In this group of
patients, pH monitoring may need t o be performed in simultaneous combination with other investigations in order to relate
pH changes to events (e.g. polysomnography in the infants presenting with an apparent life threatening event). In patients
suspected of pulmonary aspiration, a scintigraphy might prove the association (although a negative scintigraphy does not
exclude reflux related aspiration, and the therapeutic approach will be identical).
If pH monitoring is abnormal or if events are clearly related to pH changes, prokinetics, eventually in combination with H2
［19,21］
receptor antagonists or PPIs, are indicated
.In this group, repeat pH monitoring under treatment conditions in
combination with a clinical follow-up is mandatory. Depending on the unusual presentation, treatment can be stopped after 6
to 12 months, since a possible mechanism for GER in association with unusual manifestations may be self-perpetuating GER
［23］
. Once reflux occurs, acid gastric contents containing pepsin and sometimes bile comes into contact with the
esophageal mucosa, which increases the esophageal permeability to acid and makes the esophageal mucosa much more
susceptible to inflammatory changes. Esophageal inflammation, even res tricted to the lower esophagus, impairs LES pressure
［23］

and function, and favors GE R

.

Severely neurologically impaired children
The vast majority of neurologically impaired children suffer from severe GER- disease. Most of these children are under
specialized follow-up, and only brief recommendations will be given here. The pathophysiological mechanism of GER-di sease
in these children is particularly multifactorial: the neurological disease itself (which might cause delayed esophageal clearance
and delayed gastric empt ying), the fact that most of these children are bedridden (gravity improves esop hageal clearance),
many are constipated (which increases abdominal pressure and favors GER), etc.
CONCLUSIONS
The diagnostic approach of GER(-disease) in infants and children principally de pends on its presenting features. Infants with
typical symptoms of uncomplicated GER (the majority of regurgitating babies) should be treated without prior investigations.
Endoscopy, in specialized centers, is recommended if esophagitis is suspected. Long-term esophageal pH monitoring is the
investigation of choice and occupies a central position in the diagnostic approach of the patient suspected of unusual or
atypical presentations of GER- disease (“occult” GER-disease). Non-drug treatment (the importance of parental reassurance
cannot be stressed enough) and dietary treatment are an effective and safe approach in infant regur gitation, but does not
treat GER-disease. If the symptoms are refractory to thi s approach, or in reflux-disease, cisapride is the drug of choice. PPIs
or H2-receptor antagonists, in combination with prokinetics, are recommended in (ulc erative) esophagitis. There is no excuse
to persist with an ineffective manageme nt of a disease which might result in stunting, chronic illness, persistent pain ,
esophageal scarring or even death. Management of GER(-disease) in infants and children should therefore be well
overthought, avoiding overinvestigations and o vertreatment of a self-limiting condition, but also avoiding underestimation of
potential severe disease, accompanied by serious morbidity.
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Reassessment of barium radiographic examination
in diagnosing gastrointestinal diseases
CHEN Jiu-Ru

Subject headings gastrointestinal radiography;
gastrointestinal diseases/radiography; barium
radiographic examination
Gastrointestinal radiography (GIR) has been a
major and first-choice method for diagnosing
gastrointestinal diseases with barium as contrast
media since its emergence in 1910, even in
diagnosing the mass lesions of the org ans outside
gastrointestinal tract (e.g., liver, pancreas, etc)
indirectly. The fiber endoscopy invented in the late
1960s can directly observe the changes on mucosal
surface intraluminally and obtain biopsies as well,
thus greatly improving the detection and sensitivity
of small, shallow or tiny lesions originated from
mucosa. This discovery is a big challenge to GIR,
which has not only profoundly modified the
dominant role of GIR in diagnosing gastrointestinal
diseases, but also aroused different viewpoints and
evaluations even more radically[1]. According to the
data collected from 69 radiologic units during the 12
years by the American Society of Gastrointestinal
Radiography, the number of upper GIR decreased
by 24%, colon examinations decreased by 29%,
averaging 25%[2]. The situation is similar
domestically. Some GI radiologists even gave up
their experienced studies in GIR. Young radiologists
are just eager to study the new inventions such as CT
and MR, and neglect GI. All those interfered with
and even lowered the quality and quantity of GIR.
This is one aspect of the problem.
On the other hand, the invention of endoscopy
has positive influence on GIR. It has made many GI
radiologists realize that lots of diseases can not be
detected with the single contrast GIR, which can
not meet the demand of therapy and must be
improved. In the 1960s, Japanese scholars
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contrast GI technique on the basis of the traditional
single-contrast GIR[3], meanwhile, through studies
on barium contrast media, assistant agents (mucus
detergent, gas agent)[4,5], radiologic technique, the
methods and the principles of imaging[6,7], great
achievements in practice and theory have been made
(Figure 1)[8]. The double-contrast GIR became the
universal method in the 1980s, the sensitivity of
double-contrast GIR in diagn osing early
cancer[9,10], superficial erosion and linear ucler
become higher and higher[11]. It made it possible to
observe the locations such as cardia which can be
hardly shown by single-contrast GIR much easier
for diagn osis[12,13], thus re-establishing the status of
GIR with high prestige. But it is a regret that this
achievement could not be popularized nationwide.
The multiphase gastrointestinal radiography
(MPGIR) can not only diagnose shallow mucosal
lesions as endoscopy, but also has its own special
effects that other approaches can not possess in
diagnosing gastrointestinal diseases[14].
AN IDEAL FIRST-CHOICE DIAGNOSTIC MODALITY
FOR GI TRACT

It has been well known that the different diseases of
gastrointestinal tract usu ally present the similar
symptoms, which are atypical. Clinical doctors can
hardly ascertain the exact location of the lesions
when making the diagnoses, and the physical
diagnostic approaches are usually necessary. The
symptoms caused by these lesions include the
following aspects: most of them originated from the
mucosa of the gastrointestinal tract, such as
inflammation, erosion, ulcer and cancer, etc.
(Figure 2); some originated from the submucosa,
such as nonepithelial (e.g. smooth muscle, fat and
nerve) benign or malignant tumors[15]; some are
functional disorders[16], such as reflux disorder,
achalasia etc.; some are of organic deformation,
such as various kinds of organ volvulus,
diverticulum and hernia; and some originated from
outside gastrointestinal tract (e.g., pancreas, gall
bladder, ovarium and uterus). It is doubtless that
the first choice for physical diagnosis is to judge
several aspects of these lesions mentioned above
simultaneously. MPGIR which possesses the
advantage of both single-contr ast and doublecontrast GIR, can not only examine organ
morphologic changes caused by the diseases

384

ISSN 1007-9327

CN 14-1219/ R

themselves or adjacent organs, but also identify
organic functional changes. It can satisfactorily
perform various examinations for the whole
gastrointestinal tract, including multiphasic
hypotonic upper gastrointestinal radiography, small
bowel enema SBE, GI series, and double contrast
enema DCE. That can meet the demand of clinical
doctors as the first choice examination.
AN OVERALL DIAGNOSTIC MODALITY FOR GI
TRACT

For the needs of planning the therapy and predicting prognosis correctly, four targets must be considered: site, sickness (qualitative determination),
structure ( quantitative determination ), staging.
That is the so called four “S” diagnosis. The basis of
four “S” diagnosis is pathomorphologic and pathophysiologic changes[17]. All of the physical examinational approaches (endoscopy, radiography, ultrasonography and endoscopic ultrasonography,
MR, etc.) are all expe cted to reflect the pathologic
changes objectively, and all kinds of examinational
methods must be based on these criteria.
Refined MPGIR, which can obtain a complete
view of the motion, the adoption, the ejection of
organs and the pathophysiologic situation of the
diseases, especially the location, shape, pathologic
changes (different size, degree and extent) caused
by mucosal or submucosal lesions, is superior to
other techniques[18].
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better technical quality the more truthful im age and
the more specific appearance the more accurate
diagnosis[15,19,20].
To identify the degree of the lesion-structure

Inflated by gas, the lesion outlined by barium is
very clear and complete in MPGIR. It is very
valuable for judging the size, extent and structure of
lesions[14]. For example, in Borrmann’s type I
cancer, it can clearly provide the overview of the
size and the shape of the tumor protruded into the
lumen, and can also obviously survey the gastric
wall involved by the tumor, which is bene ficial for
surgery (Figure 4). Multiple primary carcinoma
(MPC) of gastrointesti nal tract is not rare, it can
occur at either the same organ, such as multiple
esophageal carcinomas, multiple gastric carcinomas
or different organs, such as multiple
esophagogastric carcinomas and multiple
esophagogastrorectal carcinomas [21]. Preoperative
discovery and diagnosis of all these lesions are
espe cially important. It is less difficult to make
diagnosis for MPGIR if more atten tion is paid to it.
Nevertheless, other physical diagnostic approaches
can hardly detect all the lesions, which might cause
fatal results. For diagnosing gastro intestinal benign
or functional disorders, the concept of “structure”
still exists, such as evaluating the number and the
size of ulcers, the type and the volume of reflux by
using MPGIR.
To ascertain the stage of the lesion-staging

To detect the lesion-site

With full use of filling phase and double-contrast
phase, MPGIR can easily obtain a complete view of
the organ. Based on this, it can detect the
abnormality of organ location, size and shape,
making it easy to diagnose organ volvulus,
diverticulum, hernia and so on[14]. According to the
different organic changes caused by the lesions and
the correlation between lesions and organs, MPGIR
can clearly establish the origination (such as from
the organ itself, the intramural or the extramural)
of lesions for most of the patients. It can also show
the pattern of lesions, whether protruding or
depressing or both.
To determine the nature of the lesion-sickness

The nature of the lesion of gastrointestinal tract can
be determined by its specific signs which appears in
MPGIR under different contrast conditions (filling,
mucosal, double-contrast, compressed phase)
(Figure 3). Many these effective signs have been
found by the radiologists, such as “bull eyes sign”
indicating submucosal leiomyoma, “target sign”
meaning erosion, “dimness, coarse, rigid sign”
hinting malignant tumor, “step-like mucosal
pattern” suggesting early gastric cancer, etc[8]. The

MPGIR can sometimes ascertain the stage of the
lesion in diagnosis. A niche suggests “active period”
of the ulcer, a linear barium shadow means “healing
period”, and a scar formation indicates “healed
period” of the ulcer (Figure 5) [11]. To stage of
carcinoma, the present signs can be used for initial
judgement, for example, the special changes of
mucosal folds imply early cancer, the “stiff gastric
wall” sign suggests advanced cancer (Figure 6)[8].
However, the preoperational staging of cancers
should be combined with CT examination[17,22].
THE INNOVATION OF GASTROINTESTINAL (GI)
RADIOGRAPHY TECHNIQUE

The traditional GI radiography has experienced the
following periods: local-con trolled fluoroscopic
radiography, remote-controlled image intensifier,
TV display, spot film[1], etc. In recent years, with
the development of high-speed and high-efficiency
computer, radiologic diagnosis has gradually become
a new filmless technique using digital and
postprocessing imaging systems. Digital GI imaging
set on the basis of satisfactory double contrast GI
technique possesses many advantages as follows
which routine spot-film and fluororadiography do not
have[23,24].
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Figure1 Areae gastricae. Well-circumscribed polygonal radiolucencies surrounded by barium-filled shallo w grooves are clearly seen on the
mucosal surface. A small benign ulcer is also displayed (arrowhead).
Figure2 Erosive gastritis. Multiple varioliform erosions (arrows) in the posterior wall of gastric body are seen as tiny barium collections
with surrounding halos of edematous mucosa-“target” sign.

Figure3 Small early gastric cancer (type I). A sessile protruded lesion (5mm in size) with i ts base puckered into the lumen is seen on the
greater curvature of antrum.B. Micrograph shows the lesion originates from mucosa and infilt rates to the submucosal layer.

Figure4 Gastric carcinoma (Borrmann’s type I).
A bulky cauliflower-like mass etched in white by a thin layer of barium is seen on the greater curvature of the stomach.
Figure5 Linear ulcer. A long linear ulcer paralleled to the lesser curvature (ar rowhead) shown on the gastric posterior wall, representing the
healing and heale d stage of ulcer. B. Macrograph shows that the fine curve linear ulcer is compo sed of re-epithelialized (healed) and
granulating part (healing).
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Figure6 Advanced gastric carcinoma. A. Double-contrast phase. B. Filling phase reveal marked “rigid” and “coarse” contour of the lesser
curvature and lumen narrowing caused by infiltrative carcinoma.
Figure7 Digital esophageal barium radiography. The defect on posterior aspect of middle esophagus caused by the proliferation of
thoracic vertebrae is easily displayed by rapid sequence images (0.5 picture s/sec) and results in dysphagy clinically.

Rapid sequence
images

( 0.5-15

pictures/sec)

Rapid sequence images is very helpful for surveying
the moving gastrointestinal tract, especially in the
oral pharynx and the upper esophagus. As sufficient
esophageal dilatation and mucosa coating can only
keep on comparatively a short time, with the
pulsation of heart, the high-quality D.C. films are
not easy to acquire. Digital sequence exposure
(0.5-2 pictures/sec) which can overcome these
deficiencies, is obviously better than traditional
imaging technique, for obtainning multiphasic
images of esophagus (Figure 7)[25].
Quality control for the study

Every continuous picture can be accommodated
on the monitor as a “frozen image”, until the next
fluoroscopy begins. It can give the operator a clue
whether the lesion is displayed satisfactorily[24]. If
not, the doctor can adopt their apt procedure:
changing projective position, mucosa recoating, and
some more digital images in order to avoid the
lesions missed due to slipshod examinational
technique. Therefore, it can guarantee the quality
of MPGIR, and increase the detectability of
lesions.
Postproccessing

Digital imaging is not the same as the routing
radiography, which can change the parameters in

workstation, regulate the brightness and contrast of
the picture, magnify the interesting area, adjust the
edge enhancement, and annotate and print
findings, and enter the picture archiving and
communication system (PACS). All of these are
making MPGIR enter into a brand new information
era.
In summary a high-quality MPGIR can not
only diagnose gastrointestinal diseases or disorders, but
also make more complete judgement at the aspects
of “site”, “sickness”, “structure” and “stage”
provided by MPGIR[14,18,22]. It is charaterized by
its own speciality and advantages: the convenient
operatio n, and less sufferings caused to patients.
So, it is still an important and the first choice
examination. Both MPGIR and endoscopy must be
adopted in a compleme ntary manner to make up
each other’s deficiencies, but not to be replaced one
another. Of course, it is essential to maintain and
improve the quality of MPGIR constantly. It is
gratifying that the use of MPGIR examinations is
increasing by 9.8% after 1996 in spite of its decline
in the earlier 1990s according to the data from three
big comprehensive hospitals in Shanghai. The
current gastroi ntestinal radiology is one of the
valuable medical treasures accumulated by many
generations of scientists[8]. We should practise it
continuously and explore, develop and improve it
constantly, and do our best to contribute to
gastr ointestinal radiology.
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Fibrodynamics-elucidation of the mechanisms and
sites of liver fibrogenesis
Catherine H. Wu, Ph.D.
See article on page 397
Subject headings liver cirrhosis/pathology;
liver
cirrhosis/etiology;
liver
cirrhosis/
physiopathology; fibrodynamics; hepatic stellate
cells
ORIGINAL ARTICLE

Dynamic changes of type I, III and IV collagen
synthesis and distribution of col lagen-producing cells
in carbon tetrachloride- induced rat liver fibrosis.
MAJOR POINTS OF THE COMMENTED ARTICLE

In their article that appears in this issue, Du and
colleagues
used
a
combination
of
immunohistochemistry and in situ hybridization to
demonstrate increased levels of collagen types I,
III and IV in CCl4/choline deficient rat model of
hepatic fibrosis. Over the course of 20 weeks of
treatment mRNA levels for all three types of
collagen were increased, but there was a
preferential increase of type III collagen mRNA
over the other two types. This is consistent with the
results of previous investigators[1,2] where increases
in protein levels of collagen types I, III and IV
were found in CCl4 induced liver fibrosis. The
authors clearly demonstrated that collagen type I,
III and IV mRNAs were localized on sinusoidal cells
using in situ hybridization. This result is also
consistent with previous work of Maher and coworkers[3,4] who used the same technique to
demonstrate the localization of both interstitial and
basement collagen mRNAs in hepatic stellate cells in
normal rat and human livers. The aut hors have
utilized state-of-the-art technology to examine an
important questi on in liver fibrosis-the cells
responsible for overproduction of liver biomatrix
components. Their results are consistent with the
results of other investigato rs in the field. However,
caution should be taken not to overinterpret results.
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Correspondence to: Catherine H. Wu, Department of Medicine,
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Additional controls in which the in situ localization
of collagen mRNAs in untreated normal liver as
compared to that seen in fibrotic liver could have
given a clearer picture of changes in the fibrotic
liver. Nevertheless, the results add strong
confirmation to the temporal course of fibrogenesis,
and localization of the products in an important
model.
COMMENTARY

Liver fibrosis is the common result of chronic
hepatic injury of diverse origins such as chronic viral
infections (HBV, HCV), metabolic/storage
diseases (hemochromatosis), helminthic infections
(schistosomiasis), chronic toxin exposure (alcohol
and environmental poisons) and biliary obstruction
(biliary cirrhosis). In end stage liver fibrosis or
cirrhosis, the liver biomatrix may contain up to six
to ten times more collagen and proteoglycans than
in the normal state [5,6]. Because the connective
tissue support of the liver parenchyma is particularly
critical to its function, research that emphasizes the
nature of liver biomatrix, the molecular regulation
of the tumover of components of the biomatrix, and
identification of liver cells responsible for the
synthesis of biomatrix proteins are especially crucial
for the ultimate design of effective therapies for
liver fibrosis.
In the late 50’s, Hans Popper, the eminent
hepatologist, observed a correlation between the
histomorphology and biochemistry of liver collagens
in chronic liver diseases[7]. In the four decades
following Dr. Popper’s original obser vation, a great
deal of research on liver biomatrix has resulted in
our current knowledge of the pathogenesis of liver
fibrosis. Progress has been made in three areas of
liver fibrosis: characterization and quantitation of
matrix component s in normal and fibrotic liver;
identification of hepatic cells responsible for the
increased synthesis of matrix proteins; and the role
of cellular mediators of fibrogenesis.
Quantitation of matrix proteins in normal and
fibrotic livers

The use of animal models of liver fibrosis such as
the administration of liver toxins CCl 4[8],
dimethylnitrosamine[9], alcohol[10], helminthic
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infections [11,12] have greatly helped in the
characterization of the temporal expression of
various components of the biomatrix during
fibrogenesis. There is increase in the amounts of
collagens types I, III, IV, V and VI[1]. In early
fibrosis, the amounts of types III and IV collagens
increase relative to other collagens. In late fibrosis,
type I collagen predominates [13]. Other
components of liver biomatrix such as laminin,
fibronectin and proteoglycans are also increased in
fibrosis[14,15]. Although most investigations have
shown changes at the protein and mRNA levels of
various biomatrix components, the significance of
the changes in the fibrogenic process remain hotly
debated[16]. The biomatrix in the normal liver
changes from bein g rich in basement membrane
collagens to interstitial collagens during
fibrogenesis.
Hepatic stellate cells is the major effector cell
type in hepatic fibrosis

The search for effector cells in the liver responsible
for collagen synthesis became feasible with the
development of molecular probes[17] and
antibodies[14,18] to components of liver biomatrix.
Stellate cells are responsible for the increased
synthesis in liver biomatrix proteins such as
basement membrane collagens, interstitial
collagens,
fibronectin,
laminin
and
proteoglycans[3,4]. Activation of hepatic stellate
cells is the earliest response to liver injury. Upon
activation, stellate cells lose stored lipids and
retinoids[19] and rapidly undergo morphological
changes to myofibroblast-like phenot ype[20]. Other
phenotypic changes of activated stellate cells include
st imulation of α-actin gene expression[21,22] and
increased synthesis of hepatic biomatrix
components[3]. Activation also results in loss of an
important feedback regulation of collagen synthesis
by its terminal propeptides. In the normal liver,
stellate cells are capable of controlling the amount
of co llagen needed for normal biomatrix formation
by a feedback inhibition of collage n synthesis by its
terminal propeptides[23,24]. Following activation,
stellate cells lose their normal feedback regulation
of collagen synthesis leading to increased
accumulation of collagen[25]. In particular, there is
an increased synthesis of types I and III collagen
resulting in a biomatrix rich in interstitial collagens.
There is increasing evidence that accumulation of
fibers in the sinusoids is not only due to increased
synthesis of collagens, but also is a result of
decreased synthesis of tissue collagenases and
increased synthesis of inhibitors of collagenase
(TIMP-1: tissue inhibitors of metalloprotein-
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ase)[26]. Thus fibrogenesis is a net result of
increased synthesis and decreased degradation of
interstitial collagens of activated stellate cells.
Cellular mediators of hepatic fibrosis

Understanding
the
underlying
molecular
mechanisms responsible for hepatic fibrosis became
feasible with the availability of molecular probes to
cytokines. It is now accepted that the initial liver
injury results in a host of cytokine responses from
liver cells. Specifically, TGFβ[27], TNFα[28],
PDGF[29] and Kupffer cell soluble factors[30] have
been implicated in stellate cell activation and
proliferation. TGFβ mRNA and protein levels are
increased in activated stellate cells[27]. Overexpression of TGFβ gene in cultured fibroblasts[27]
and in stellate cells[31] results in increased synthesis
of collagens. Inhibitors of TGFβ decrease collagen
synthesis in vivo[32,33] while transgenic mice over
expressing TGFβ have kidney and liver fibrosis[34].
Both PDGF [29] and TNFα[35] are stellate cell
mitogens. PDGF-induced stellate cell proliferation
and matrix protein synthesis is mediated by factors
secreted by Kupffer cells [30]. TNFα acts via
transcription regulation of tissue collagenase and
TIMP-1 genes in activated stellate cells[28].
Current research

The elucidation of the molecular mechanisms of
cytokine regulation of liver biomatrix protein
synthesis continue to be a focus of current research
efforts. There is increasing evidence that cytokines
may act via interactions with DNA binding proteins
to affect matrix proteins synthesis. Both TGFβ and
TNFá interact with known transcription factors such
as C/EBP [36] and NFkappaB [37,38]. Transcription
factors are DNA binding proteins which act as
regulators of gene transcriptions [39,40]. There is
continued interest in the search for regulatory
elements within genes of matrix proteins[41].
Research on interactions of DNA binding proteins
to regulatory elements on matrix protein genes are
underway and may provide a link between cytokines
and regulation of liver biomatrix.
Future directions

Effective therapy for chronic hepatic fibrosis can be
designed only with complete understanding of the
molecular mechanisms that regulate matrix protein
gene expression. Future research may be centered
on the application of gene therapy to control hepatic
fibrosis[42]. Over-expression of tissue collagenase
gene, inhibition of TGFβ gene expression are
potential approach in controlling and regulating
hepatic fibrosis[43].
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Increased prevalence of intestinal inflammation in
patients with liver cirrhosis
Osamu Saitoh1 , Kazunori Sugi 1, Keishi Kojima1 , Hisashi Matsumoto2 , Ken Nakagawa1 , Masanobu
Kayazawa1, Seigou Tanaka1, Tsutomu Teranishi1, Ichiro Hirata1 and Ken-ichi Katsu1
Subject headings liver cirrhosis; intestinal;
inflammation; s ecretory IgA; fecal proteins

Abstract
AIM To investigate the pathophysiology of the
digestive tract in patients with liver cirrhosis.
METHODS In 42 cirrhotic patients and 20
control subjects, the following fecal proteins
were
measured
by
enzyme-linked
immunosorbent assay: albumin ( Alb ),
α1-AT) as a
transferrin (Tf), and α1-antitrypsin (α
marker for intestinal protein loss, hemoglobin
(Hb) for bleeding, PMN-elastase for intestinal
inflammation, and secretory IgA for intestinal
immunity.
RESULTS The fecal concentrations of Hb, Alb,
Tf, α1-AT, an d PMN-elastase were increased in
13 (31%), 8(19%), 10(24%), 6(14%), and 11
(26%) cases among 42 patients, respectively.
Fecal concentration of secretory IgA was
decreased in 7 (17%) of 42 patients. However,
these fecal concentrations were not related to
the severity or etiology of liver cirrhosis. The
serum Alb level was significantly decreased in
patients with intestinal protein loss compared to
that in patients without intestinal protein loss.
CONCLUSION These findings suggest that:
besides the well- known pathological conditions,
such as bleeding and protein loss, intestinal
inflammation and decreased intestinal immunity
are found in cirrhotic patients;
intestinal
protein loss contributes to hypoalbuminemia in
cirrhotic patients, and intestinal inflammation
should not be over looked in cirrhotic patients,
si nce it may contribute to or cause intestinal
protein loss and other various path ological
conditions.
1
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INTRODUCTION

Gastrointestinal symptoms are common in patients
with liver cirrhosis and portal hypertension. Their
pathophysiology remains, for the most part,
obscure. It is well known that esophageal varices
and portal hypertensive gastropathy[1,2] are common
causes of upper gastrointestinal (GI) bleeding in
patients with liver cirrhosis. Recently, portal
hypertensive colopathy, such as colonic vascular
ectasia and rectal varices, were recognized as causes
of lower gastrointestinal bleeding in cirrhotic
patients[3,4]. Other than bleeding, various
pathological conditions such as malabsorption[5,6]
and intestinal protein loss[7,8] have been reported in
cirrhotic patients. We developed fecal tests that are
useful for evaluating the various pathophysiologies
of the digestive tract[9-12]. Fecal hemoglobin (Hb)
is a useful marker of bleeding. Fecal albumin,
transferrin ( Tf ), and α1-antitrypsin ( α1-AT ) are
useful markers of intestinal protein loss. Fecal
secretory IgA (sIgA) level reflects the condition of
local immunity in the intestine and an increase in
fecal neutrophil granule-derived proteins, such as
PMN-elastase, indicates the presence of intestinal
inflammation. In the present study, we examined
the fecal protein profile to investigate the
pathophysiology of the digestive tract in cirrhotic
patients.
MATERIALS AND METHODS
Subjects

Forty-two patients with liver cirrhosis aged 59.0±
8.7 years ( mean ± SD ) were evaluated. The
diagnosis of liver cirrhosis in each case was
confirmed by a comb ination of clinical,
biochemical, radiological, and pathological
methods. The clinical severity of the liver disease in
each case was determined using the Pugh
modification of Child’s original classification[13].
These cases consisted of thirty-one males and eleven
females. The number of patients with Child A,
Child B, and Child C were 27, 6, and 9,
respectively. The etiology of the liver cirrhosis was
as follows: 33 patients with hepatitis C, 3 with
hepatitis B, and 6 with alcoholism. All patients had
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no obvious gastrointestinal bleeding. The control
group consisted of 20 subjects aged 41.0±18.1 years
with no demonstrated abnormality in the upper or
lower digestive tract. Informed consent was
obtained from each subject in accordance with the
Helsinki Declaration.
Stool collection and measurement of fecal
proteins

Patients were instructed to defecate into a
polystyrene container ( diameter 15 cm, depth
over a
12 cm). The stool samples, collected at 4
period of 48 h - 72 h, were homogenized with a
until
small amount of water, then sto red at -80
the time of measurement. The concentrations of
fecal Hb, Alb, Tf, α1-AT, PMN-elastase, and sIgA
were measured by enzyme -linked immunosorbent
assay ( ELISA ) as described previously[9-11].
Brie fly, anti-human Hb antibody (Institute of
Immunology, Japan), anti-human albumin antibody
(Dakopatts, Glostrup, Denmark), anti-human Tf
anti body (Dakopatts), anti-human α1-AT antibody
(Dakopatts), anti-human PMN-elastase antibody
(Serotec, Oxford, England ), or anti-human
secretory component antibody (Dakopatts) was
coated in the wells of a 96-well microplate. The
diluted fecal samples (100 to 10000 fold) were
for 1 h,
added to each well. After reaction at 37
the wells were washed with water . The samples
were then reacted with the respective alkaline
phosphatase- labeled antibody except alkaline
phosphatase labeled anti-human IgA antibody
(Dakopa tts) for ELISA of sIgA. The enzyme
reaction was then carried out, and color deve
lopment was measured with a microplate
colorimeter at 510/630 nm.
Statistical analysis

Values were expressed as medians (25%, 75%).
The Mann-Whitney U tests and/or χ2 tests were used
to compare groups. All P values were two-tailed; P
values less than 0.05 were considered statistically
significant.
RESULTS
Fecal protein
subjects
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subjects was used as the cu t-off value (10.6, 5.3,
1.0, 771, and 2.2 µg/g for Hb, Alb, Tf, α1-AT,
and PMN elastase, respectively). sIgA was
important when not only increasing, but also
decreasing. Therefore, the lower limit of the
normal range was defined as the 5th percentile
(26.8 µg/g) of the control subjects for sIgA.
Fecal protein concentrations in cirrhotic
patients

Daily stool weight (g/day) was 140 (100, 180). In
terms of daily stool weight, there was no significant
difference between the cirrhotic patients and
control subjects. As shown in Figure 1, the fecal
concentrations of Hb, Alb, Tf, α1-AT, and PMNelastase were increased in 13 (31%), 8(19%), 10
(24%), 6(14%), and 11 (26%) among 42 patients,
respectively. Conversely, the fecal con centration of
sIgA was decreased in 7 (17%) of 42 patients.
There were significa nt differences in fecal Hb, Alb,
sIgA, and PMN-elastase concentrations between the
cirrhotic patients and the controls.
Relationship
between
fecal
protein
concentrations and the severity of liver
cirrhosis

As shown in Figure 2, there was no relationship
between the concentrations of these fecal proteins
and the severity of the disease.
Relationship
between
fecal
protein
concentrations and the presence of
esophageal varices

As shown in Figure 3, fecal Hb concentration
demonstrated a significant difference between the
cirrhotic patients and the controls.
Relationship
between
fecal
protein
concentrations and the etiology of liver
cirrhosis

There was no association between fecal protein
concentrations and the etiology of the liver disease
(data not shown).
Intestinal protein loss and nutritional status in
cirrhotic patients

concentrations

in

control

Results are shown in Figure 1. Daily stool weight
(g/day) was 140 (100, 230) in control subjects.
The concentrations of fecal Hb, Alb, Tf, α1-AT,
sIgA, and PMN-elastase were 1.5 (0.1, 4.0), 0.1
(0.1, 1.8), 0.1 (0.1, 0.4), 327.4 (201.1, 421.3),
214.9 ( 56.6, 244.1 ), and 0.6 ( 0.3, 1.2 ),
respectively. The 95th percentile of the control

Results are shown in Figure 4. The patient was
defined as having intesti nal protein loss, when a
patient had increased concentrations of at least one
of Alb, Tf, and α1-AT. The serum Alb level was
significantly decre ased in patients with intestinal
protein loss compared to that in patients without
intestinal protein loss. The findings suggest that
intestinal protein loss contribute to the development
of hypoalbuminemia in cirrhotic patients.

Osamu Saitoh, et al. Intestinal inflammation in liver cirrhosis
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Figure1 Fecal protein concentrations in cirrhotic patients and control subjects. The dotted area shows the 95 percentile of the c ontrol
subjects. a: P<0.05 by c2 test; b: P<0.05 ; c:P<0.01 by Mann-Whitney U test.

Figure2 Relationship between fecal protein concentr ations and the severity of the liver cirrhosis. A: Child A, B: Child B, C: Child C.
The dotted area shows the 95 percentile of the control subjects.
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Figure3 Relationship between fecal protein concentr ations and the presence of esophageal varices. (+): cirrhotic patients associate d with
esophageal varices; (-): cirrhotic patients not associated with esophagea l varices;a: P<0.05 by X2 test.

Figure4 Serum concentrations of albumin, total chol esterol, and choline esterase in cirrhotic patients. Comparison between groups with or
without intestinal protein loss. a: P<0.05, NS; not significa nt by Mann-Whitney U test.

Osamu Saitoh, et al. Intestinal inflammation in liver cirrhosis
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Figure5 Proposed pathophysiology of digestive tract in cirrhotic patients.

DISCUSSION

The present study showed that 26% of the cirrhotic
patients had elevated fecal PMN-elastase
concentrations and suggested an increased
prevalence of intestinal inflammation in cirrhotic
patients. Furthermore, occult GI bleeding and
intestin alprotein loss were observed commonly even
in cirrhotic patients who had no mas sive GI
bleeding. The conditions such as bleeding, intestinal
protein loss, impa ired intestinal immunity, and
intestinal inflammation can be considered to be
included in portal hypertensive enteropathy,
because these seemed to be related not to the
severity of the liver disease, but to portal
hypertension. Recently, Stan ley et al[14] first
demonstrated that many of the manifestations of
portal hypertensive enteropathy can be corrected by
a trasjugular intrahepatic portosystemic stent-shunt
(TIPS) procedure. They described a cirrhotic
patient with diarrhea and hypoalbuminemia.
Protein losing enteropathy was confirmed by
analysis of whole gut lavage fluid. They then
performed a TIPS procedure, which eliminated the
portal hypertension. Both the patient’s diarrhea and
elevated whole gut lavage fluid protein
concentrations were reduced.
It is well known that the mechanism of

hypoalbuminemia observed in cirrhotic patients is
multifactorial. Decreased albumin production in the
liver is one of the causes. In the present study, the
serum Alb level was decreased significantly in
patients with intestinal protein loss compared to that
in patients without intestinal protein loss. The
findings suggest that intestinal protein loss
contributes to the development of hypoalbuminemia
in cirrhotic patients.
Little attention has been paid to the relation
between liver cirrhosis and intestinal inflammation.
The prevalence of colitis diagnosed by colonoscopy
in cirrhotic patients is not well established in the
literature, and ranges from 10% to 57.9%[3,15-18].
Such a wide distribution is considered to be due to
diff erences in the definition of inflammation and
wide variation between observers in describing the
mucosal appearance. The highest value, 57.9%,
was reported by Scandalis N et al[16]. In their
study, inflammatory changes included mucosal
edema as well as erythema, granularity, and
fragility of the mucosa. In contrast to colonoscopy,
stool test is presumably a relatively objective test for
assessment of inflammation. The value obtained in
the present study (26%) was highest among the
reported prevalence except for 57.9% reported by
Scandalis N et al. The following possible reasons
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should be taken into consideration.
Fecal PMNelastase, a marker of intestinal inflammation in the
present study, reflects mucosal inflammation of the
small intestine as well as the colon. The prevalence
of inflammation of the small intestine has not been
studied so far.
Difference in sensitivity between
the stool test and colonoscopy: the stool test seems
to be more sensitive than colonoscopy, since
colonoscopy does not always detect inflammation if
the inflammation is minimal or localized.
Our proposed pathology of the digestive tract in
cirrhotic patients is shown in Figure 5. The present
study suggested that impaired intestinal immunity
might be one of the predisposing factors to intestinal
inflammation. In the present study, 17% of the
cirrhotic patients showed decreased fecal sIgA
concentrations. This is the first report concerning
fecal sIgA in cirrhotic patients, although serum
sIgA in cirrhotic patients was shown previously to be
elevated[19]. Besides impaired intestinal immunity,
predisposing factors for intestinal inflammation
include intestinal dysmotility, bacterial overgrowth,
bacterial translocation, and increased mucosal
permeability[20]. Recently, we reported that bile
acids inhibit tumor necrosis factor-α-induced
interleukin-8 production in human intestinal
cells[21]. A decreased level or an altered composition
of the intraluminal bile acids may make cirrhotic
patients suscept ible to intestinal inflammation[22,23].
It is well known that GI bleeding, intestinal
protein loss, malabsorption, and bacterial
translocation develop in patients with inflammatory
bowel diseases[10,24,25]. In cirrhotic patients with
intestinal inflammation, therefore, such serious
pathological conditions may easily occur.
Therefore, it is importa nt to evaluate whether a
cirrhotic patient has intestinal inflammation or not
in order to manage the patient. Measurement of
fecal PMN-elastase is preferable to colonoscopy as a
screening test for intestinal inflammation in
cirrhotic patients, since the former is a sensitive and
non-invasive test.
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Dynamic changes of type I, III and IV collagen
synthesis and distribution of collagen-producing
cells in carbon tetrachloride-induced rat liver
fibrosis
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Abstract
AIM To find out the relationship between the
gene transcripti on of different types of
procollagen and the deposition of the relevant
collagens in the liver tissue and to confirm the
types of collagen producing cells in liver
fibrogenesis.
METHODS Dynamic changes of the expression
of α 1(I), α 1 (III) and α1(IV) procollagen mRNA
and relevant collagens and the distribution of
collagen producing cells during liver
fibrogenesis of rat induced by CCl4 (20 weeks)
were investigated with Northern blot analysis,
in situ hybrid ization and immunohistochemical
techniques.
RESULTS The increased expression of α1(III)
procoll agen mRNA by Northern blot analysis was
the most predominant one among the three
mRNAs during fibrogenesis. However, the
enhanced expression of α 1(IV) procollagen
mRNA occurred very early while the expression
of α1(I) mRNA was not enhanced much until the
middle stage of the experiment. Desmin (Dm)
positive hepatic stellate cells (HSCs) and few
myofibroblasts (MFs) in and around the necrotic
1
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areas expressed α 1(I), α 1(III) and α 1(IV)
procollagen mRNA signals detected by in situ
hybridization at the early stage of the
experiment. All the three procollagen mRNA
signals thereafter mainly localized in fibroblasts
(Fbs) and MFs in fibrotic septa during the middle
and late stages of fibrosis, which distributed
parallel to the correspond ing collagens detected
by immunohistochemical study. In addition, the
endothelial cells of sinusoids and the small
blood vessels within the septa also showed
α1(IV) procollagen mRNA and type IV collagen
expression
CONCLUSION It is considered that “HSC-MFFb” effect cell system is the major cellular
source of collagen production in liver fibrosis, in
which HSCs are collagen producing precursor
cells in the early liver fibrogenesi s, thereafter
the synthesis of type I, III and IV collagens
(Col I, Col III and Col IV) mainly derives from
MFs and Fbs, which play a very important role in
the progress of liver fibrosis. The endothelial
cells along sinusoids, as another s ource of Col
IV production, might participate in the
capillization of liver sinu soids.

INTRODUCTION

The synthesis and the amount of collagen deposited
in fibrotic liver have been studied by many
investigators. The biochemical data revealed that
the content of collagen proteins in liver fibrosis
increased. Pierce et al[1] found that the increased
total hydroxyproline was associated with collagen
synthesis in early liver fibrosis of the rat induced by
carbon tetrachloride (CCl4). Oga wa et al[2] and
Clement et al[3] investigated the localization and the
semiquantitative analysis of the increased collagens
in rat liver fibrosis immunohistochemically. The
amount of α1(I), α1(III) and α1(IV) procollagen
mRNA in liver fibrosis was found to be increased by
either slot blot or Northern blot[4-6]. Many kinds of
cells in liver fibrosis, such as hepat ic stellate cells
(HSCs), myofibroblasts (MFs), fibroblasts (Fbs),
parenchyma cells and endothelial cells were
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reported to be involved in producing collagens in
liver fibrosis in vivo and/or in vitro, but the results
still remain controversial[1,4,6-12]. The application
of immunohistochemical method pro vides a useful
way for identifying the content and the components
of the extrace llular matrix in the liver. However, it
could not reliably identify the cell types which were
responsible for synthesizing collagens during
fibrogenesis. The in situ hybridization method
provides a benefit to identifying the cell types
expressing the extracellular matrix gene. Some
studies demonstrated the α1(I), α1(III) and α1(IV)
procollagen mRNA expressing cells with in situ
hybridization using procollagen cRNA probes
labeled with isotope 35S in vivo and in vitro[7,8].
Because of the diffuse localization of 35Shybridization signals, it is also difficult to identify
accurately the cellular composition signals which are
exactly respons ible for the synthesis of collagen in
fibrotic liver. The purpose of this study is to observe
the dynamic changes of the expression of α1(I),
α1(III) and α1(IV) procollagen mRNA by Northern
blot analysis and the d istribution and content
(semiquantitatively) of type I, III and IV collagen
(Col I, Col III, Col IV) by immunohistochemistry
in different stages of liver fibrog enesis and to clarify
the types of collagen producing cells in liver
fibrogenesi s by immunohistochemical staining of
desmin (Dm) and á-smooth muscle actin (α-SMA)
and in situ-hybridization of α1 ( I ), α1 ( III ) and
α1(IV) procollagen mRNA with the procollagen
cDNA probes labeled by digoxigenin in serial tissue
sections.
MATERIALS AND METHODS
Animal model

Male Sprague-Dawley (SD) rats (n = 40, provided
by Shanghai Division of the Animal Center of
Chinese Academy of Sciences), weighing 180 g 220 g, were subcutaneously injected with CCl4 at a
dose of 0.33 mL/100 g of body weight, and an
equal mixture of olive oil twice a week with lowcholine diet to induce liver fibrosis model[12]. The
control rats (n = 24) were injected with an equal
amount of olive oil only and fed with standard diet.
Every five experimental rats were killed after 2-,
4-, 6-, 8-, 10-, 12-, 16-, and 20-week treatment
and with 3 age-matched ones as control. After
removal, small pieces of liver samples (5 mm310 mm3) were immediately froze n in liquid nitrogen
and stored at -80
for Northern blot analysis, and
other pieces of the liver tissues were cut into serial
frozen sections with 5 µm in thickness and placed
on poly-L-lysine coated slides. The sections
were fixed in 4 mL/L paraformaldehyde in PBS
(0.1 mol/L, pH 7.4, containing 5 mmol/L MgCl2 )
for 10 minutes , rinsed in PBS, then in 2×SSC
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three times for 10 minutes each and dehydrated in
ethanol and stored at -80
for in situ hybridization
and immunohistochemistry.
Northern blot analysis

Rat α1(I), human α1(III) and α1(IV) procollagen
cDNA plasmids were generously provided by Dr.
Chu ML (Jefferson Medical College, USA). The
sizes of the inserts contained in the pBR322 plasmid
vectors are 1.3 kb for α1(I), 0.7 kb for α1(III)
and 2.6 kb for α 1(IV) in size respectively. The
cDNA probes were labeled with 32P-deoxycytidine
triphosphate (Amersham) to a specific activity of
(2.5) × 10 8 cpm/µg of DNA using a primer
extension kit (Pharmacia) for α1(I) and α1(IV)
procollagen cDNA probes labeling and nick
translation kit (Gibco BRL) for α1(III) procollagen
cDNA probe labeling. Total RNA was isolated from
the liver tissue by extraction in guanidine
isothiocynate[13]. Twenty µg total RNA from each
sample was separated on a 10 g/L agarose gel
containi ng 2.2 mol/L- formaldehyde and then
transferred onto nitrocellulose filters (Stratagene),
and baked at 80
for 2 hours to bind the RNA
to the filters. The filters were prehybridized in
500 g/L formamide, 50 mol/L sodium phosphate,
0.8 mol/L NaCl, 1 mmol/L EDTA, and 2 g/L
SDS in 4×Denhardt’s solution with 250 µg/L
denatured herring sperm DNA (Sigma) for 4 hours
at 45
and then hybridized in the same fresh
solution as above containing the 32P-labeled α1(I),
α1(III) and α1(IV) procollagen cDNA probes
respectively overnight at 45 . After high
stringency washing in 2×SSC, 1×SSC, 0.5×SSC
and 0.1×SSC with 1g/L SDS sequentially at 45
for 15 minutes each, the nitrocellulose filters were
exposed to Kodak film at -80
for one week.
After autoradiography, the filters w ere boiled in
distilled water for 10 minutes to strip off the
radioactive probes and rehybridized again with 32Plabeled-glyceraldehyde-3-ph osphate dehydrogenase
(GAPDH) cDNA probe ( 1×106 cpm/µg DNA ) at
42
overnight
for
internal control.
Autoradiographic signals of mRNA bands were
quantified by scanning densitometry. The integrated
optical density (IOD) of the hybridization bands
were analyzed with TSTY-300 software (Sun
Company of Tongji University). The IOD of
α1(I), α1(III) and α1(IV) procollagen mRNA was
corrected by the IOD of GAPDH mRNA. The data
were analyzed by t test.
In situ hybridization

In situ hybridization was performed on poly-Llysine-coated frozen tissue sections with slight
modification of our previous report[14]. Briefly,
frozen liver tissue sections (5 µm) were fixed in
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40 mL/L paraformaldehyde before rehydrated with
0.1 mol/L PBS (pH 7.4), treated with 4 g/L Triton
X-100 in PBS at RT for 10 minutes and
incubated with proteinase K (20 mg/L, Merck
for 30 minutes.
Co.) in 0.1 mmol/L Tris at 37
Then the frozen tissue sections were postfixed with
40 mL/L p araformaldehyde in PBS (containing
5 mmol/L MgCl2) again at RT for 10 minutes and
quenched with glycine (2 m/L) in PBS for 5
minutes and acetyl ated in a freshly prepared solution
of 2.5 mL/L acetic anhydride in 0.1 mol/L
triethanolamine (pH 8.0, Sigma) for 10 minutes.
After rinsing with PBS, the tissue sections were
dehydrated in graded ethanols and air dried prior to
hybridization.
For in situ hybridization, the sections were
for 1 hour. Twenty µL of
prehybridized at 37
hybridization buffer was added to each section,
followed by incubation in a sealed humid chamber at
for 16-18 hours. The hybridization buffer
42
contained 500 mL/L deionized formamide,
100 g/L dextran sulfate (Sigma), 4×Denhardt’s
solution, 0.3 mol/L NaCl, 1 mmol/L EDTA (pH
8.0 ), 20 mmol/L Tris Cl ( pH 8.0 ), 200 mg/L
denatured herring sperm DNA (Sigma), 200 mg/L
yeast tRNA (Sigma) and 500 µg/L denatured
procollagen cDNA probes which were labeled with
digoxigenin-dUTP by the random priming method
using a DNA labeling and detection kit (Boehringer
Mannheim). After hybridization the excess of the
probe s was removed by rinsing in 2×SSC, 1×SSC
for 15 minutes each. The
and 0.5×SSC at 42
same kit as that used for DNA labeling was
employed for immunological detection. The sections
were washed briefly with buffer I solution
(100 mmol/L Tris Cl, 150 mmol/L NaCl, pH
7.6), and incubated with buffer II solution which
was prepared by buffer I solution with 10 g/L
blocking re agent of the kit at RT for 30 minutes.
After washing again briefly with buffer I solution,
the sections were incubated with a 1:500-dilution of
sheep a nti-digoxigenin Fab fragment conjugated
with alkaline phosphatase in buffer II solution with
1 mmol/L levamisole (Sigma) at 37 for 2 hours.
The sectio ns were washed twice with buffer I
solution at RT for 15 minutes, and equilibrated with
the buffer III solution ( 100 mmol/L TrisCl,
100 mmol/L NaCl, and 50 mmol/L MgCl2, pH
9.5) for 10 minutes. Then the sections were
incubated with the solution containing 4-nitroblue
tetra zoliumchloride and 5-Bromo-4-chloro-3-indolylphosphate in buffer III to de velop the color in a dark
box for 2 hours. After stopping the color reaction
with buffer IV solution ( 10 mmol/L TrisCl,
1 mmol/L EDTA, pH8.0 ), the sections were
mounted with glycerin and observed under light
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microscope.
Immunohistochemistry

The monoclonal antibodies against Col IV, α-SMA
and Dm were purchased from DAKO. The rabbit
anti-Col I, Col III and mouse and rabbit PAP kits
were prepared by our department[15]. Col I, Col
III, Col IV, α-S MA and Dm in normal and fibrotic
livers were detected with PAP method as described
previously[15]. Briefly, serial cryostat sections ( 5
µm) were treated with pure methanol (containing
for 30 minutes and washed
0.2 mL/L H2O2) at 37
in PBS, and then incubated in PBS with 100 mL/L
for 1 hour. The sections
bovine albumin at 37
were incubated with mouse anti-type IV collagen
(1:100 dilution), α SMA (1:40 dilution) and Dm
(1:100 dilution), and rabbit anti-type I collagen
(1:100 dilution) and type III collagen ( 1:1 000
for 1 hour and then at
dilution) respectively at 37
4 overnight. The sections were washed in PBS and
incubated with rabbit anti-mouse (1:200 dilution) or
for 1
goat anti-rabb it IgG (1:200 dilution) at 37
hour. After washing in PBS, the sections were
incubated with mouse or rabbit PAP complex (1:200
dilution) at 37
for 1 hour. The color was
developed with 0.5 g/L 3,3’-diaminobenzid ine/0.5
mL/L H2O2/0.05 mol/L TBS ( pH 7.6 ) for 10
minutes. Normal mouse or rabbit serum instead of
the specific primary antibodies were used as
negative control.
RESULTS
Morphologic changes

Liver fibrosis model of the rats was successfully
induced by CCl4 subcutaneous injection with lowcholine diet. At the 2nd week of the experiment,
the hepato cytes of pericentral areas of lobules
showed steatosis and necrosis. Likewise, HSCs
proliferated and enlarged with enhanced Dm
expression and some of them began to express αSMA. At 4th-6th weeks of the experiment, fine
cytofibrotic cords derived and extended from the
periphery of the central veins. The cells in the cords
were mainly composed of Dm and/or α-SMA
positive MFs and the negative ones (Fbs) with long
oval or spindle nuclei. There were also many
activated Dm and α-SMA positive HSCs near the
cords. In the middle stage of the experiment (8-12
weeks), the extended cytofibrotic septa connected
the neighboring central areas or portal areas
gradually. More Dm and/or α-SMA positive MFs or
negative Fbs appeared within the septa also with
Dm and α-SMA positive HSCs nearby (Figure 1).
The proliferated oval cells in portal areas and septa
expressed α-SMA and a few scattered hepatocytes
might also express α-SMA. Newly formed capillaries
could be found in the septa, and the long axes of
which were parallel with the septa. In the late stage
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(16-20 weeks), fibrotic septa was generally
broadened. There were still many cells with long
oval or spindle-shaped nuclei within the septa,
however, most of them were both Dm and α-SMA
negative. Only the cells located at the margin of the
septa still kept positive staining. Daughter septa
extended from the widened fibrotic septa might
occur and cut the liver par enchyma further. The
proliferated HSCs in the daughter septa continued to
be α-SMA and Dm positive.
Procollagen mRNA Northern analysis

The expression of α1(I), α1(III) and α1(IV)
procollag en mRNA was generally enhanced during
the experiment, but the sequence and degree of the
changes were not synchronous. At the 2nd week of
the experiment, the content of -α1(IV)- procollagen
mRNA was obviously increased compared with that
of the normal. Then it decreased after the 4th
week, but still kept a comparatively higher level
during the whole period of the experiment.
Although the enhancement of the expression of α1
(III) procollagen mRNA occurred later than that of
α1(IV) procollagen mRNA, the increase of the
expression of α1(III) procollagen mRNA was the
most predominant one among the three in the whole
experiment. The content of α1(III) procollagen
mRNA reached its peak at the 10th week, then
decreased gradually. The expression of α1(I)
procollagen mRNA was enhanced later than that of
α1(III) mRNA and reached its first peak at the 12th
week, then it decreased a little and increased again
after the 16th week. Finally the conte nt of α1(I)
procollagen mRNA reached the level as high as that
of α1(III) procollagen mRNA at the 20th week
(Figures 2, 3).
Procollagen mRNA in situ hybridization

The distribution of α1( I ), α1( III ), α1( IV )
procollagen mRNA was similar in the normal rat
liver, which mainly localized in mesothelial cells of
the liver capsule, smooth muscle cells of blood
vessels and periductal mesen chymal cells in portal
areas, endothelial cells of central veins and a few
HSCs in perisinusoids. In addition, α1( IV )
procollagen mRNA transcription was also detected
in sinusoid endothelial cells. In the early stage of
the liver fibrogenesis there were a lot of stellate and
spindle cells in the pericentra l areas of the lobules
expressed strong signals of α1( III ), α1( IV )
procollagen mRNA and only some of them
expressed α1( I ) procollagen mRNA signals
simultaneously. These cells were mainly regarded as
the proliferated HSCs and MFs and proved to
express Dm and/or α-SMA in the adjacent tissue
sections. The cytofibrotic septa composed of HSCs,
MFs and Fbs with positive hybridization signals
connected the neighboring centrol areas and protal
areas gradually (Figures 4, 5). The sinusoid
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endothelial cell s were also found to express strong
signals of α1(IV) procollagen mRNA. In the middle
stage of the experiment the MFs and Fbs in fibrotic
septa further enhanced in expression of α1(III)
procollagen mRNA, with some positive signals of α1
(I) and α1(IV) procollagen mRNA expression as
well. In the late stage of the experiment the spindleshaped cells within the septa often with negative
staining of Dm and α-SMA expressed strong signals
of α1(I) and α1(III) procollagen mRNA and weak
signals of α1(IV) procollagen mRNA. In addition,
the capillary endothelial cells of small blood vessels
in the septa, some sinusoid endothelial cells and
HSCs in perisinusoids also expressed strong α1(IV)
procollagen mRNA (Figure 6). Hepatocytes, oval
cells and the epithelia of bile ducts did not express
any identifiable procollagen mRNA by in situ
hybridization.
Immunohistochemical detection of collagens

Col I, Col III and Col IV of normal rat liver were
mainly localized in liver capsule, portal areas and
the walls of blood vessels. Liver sinusoids showed
interruptedly positive staining with Col III and Col
IV, but negative with Col I. In addition, Col IV
was also localized at the basement membrane of
capillaries and bile ducts. A few HSCs expressed
type I and III procollagen with positive staining in
cytoplasm. The change of the content of collagens
in tissue sections of the experimental groups showed
immunohistochemically the similar bias as that of
procollagen mRNA by Northern analysis. In the
early stage of the experiment, the content of Col III
and Col IV was increased, which was mainly
distributed in the necrotic areas or in fine
cytofibrotic cards and was parallel to the
distribution of the increased HSCs. The matrix of
these areas was also stained with Col IV diffusely but
weakly. However, the increase of Col I deposition
was mild. In the middle stage, Col IV and Col III
were further increased in the fibrotic septa. The
decrease of α1(III) procollagen mRNA after the
10th week detected by Northern blot analysis did
not seem to affect the content of Col III detected by
immunohistochemistry, which was still steadily
increased with fine fibers and diffusely distributed
in and around the septa. Col I was also increased
in the septa with thick fibers. Hyperplastic oval
cells and cholangioli in the septa and hepatocytes
did not express any procollagens. In the late stage,
Col IV and Col III were decreased a little and the
deposition of Col I was further increased in the
broadened septa. The proliferated small blood
vessels with positive staining of Col IV in basement
membrane within the septa communicated with each
other. The sinusoids were squeezed by the
proliferated hepatocytes cords, most of which were
Col IV and Col III positive continuously along the
sinusoids.
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Figure1 The cells in the cytofibrotic septa we re mainly composed of
desmin (Dm) positive hepatic stellate cells (HSCs) and myo fibroblasts
(MFs) and some Dm negative fibroblasts (Fbs) (8 weeks of CCl4 admi
nistration). Immunohistochemical staining for Dm, ×200

Figure2 Dynamic changes of α1 (I), α1 (III) and α1 (IV)
procollagen mRNA expression in different stages of the experiment
(Norther n blot analysis).
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Figure5 The serial tissue section of Figure 4, only a few of the
cells in the cytofibrotic septa expressed α1(I) procollagen
mRNA. In situ hybridization,×400

Figure6 Some spindle cells and the endothelial cell s of small
blood (arrow) vessels in the fibrotic septa and the endothelial cells
of the capillized sinusoids (arrow) expressed strong signals of á1
(IV) procoll agen mRNA in the late stage of the experiment (16
weeks of CCl4 administration). In situ hybridization, ×200

DISCUSSION

Figure3 The changes of α1 (I), α1 (III) and α1 (IV)
procollagen mRNA expression in different stages of the experiment
(Northern blot analysis).

Figure4 Most of the cells in the cytofibrotic septa expressed
α1(III)- procollagen mRNA (6 weeks of CCl4 administration). In
situ- hibridization,×400

The fibrogenic factors known to contribute to liver
fibrosis included CCl4 administration, alcohol
intake, dimethylnitrosamine administration, bile
duct obstruction, iron or cholesterol overload, lownutrient diet, schistosomiasis, immune complex
induction, hepatitis virus, etc[1,4-6,16-18]. The gene
expression of procollagen in liver fibrosis was
predominant. The increased procollagen mRNA
levels in liver fibrosis might result from both the
increased gene transcription and increased mRNA
stabilization. In fact, both of the mechanisms have
been demonstrated to increase procollagen mRNA
levels in vivo and in vitro[1,6-8]. Furthermore,
some of cytokines might also be involved in the
enhancement of expression of procollagen
mRNA[5,19-21]. In the present st udy, the content of
α1(I), α1(III) and α1(IV) procollagen mRNA
expression in the liver detected by Northern blot
analysis are all changed drama tically, but not
synchronously during fibrogenesis. In the early
stage of the ex periment, the expression of α1(IV)
procollagen mRNA was increased first, then that of
α1(III) mRNA, which always kept the predominant
expression over the other two. The expression of
the α1(I) procollagen gene increased slowly during
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the early stage, not as high as the content of α1(III)
mRNA until the 20th week. It suggests that there is
some difference in the regulation of transcription
and stabilization of these procollagen genes. The
data from early liver fibrosis in this study were
similar to those of Nakatsukasa et al[8] and our
previous investigat ion[14], but a bit different from
that of Pierce et al[1], in which slot blot analysis
showed the expression of α 1(I) procoll agen mRNA
was enhanced at a slightly earlier point in the liver
fibrogenesis than those of α1(III), and α1(IV)
procollagen mRNA. The reason for the discrepancy
between the studies is not clear. It might attribute
to different ways of CCl4 administration;
involvement of other fibrogenic factors; and
different methods, probes or animals used, etc.
Gene expression control is a very precise and
complex mechanism, which is involved at
transcription and post-transcription levels. It was
reported that the pol ypeptide fragment of type I
collagen could inhibit the transcription and
transl ation of α1(I) procollagen gene, and result in
a feedback inhibiti on in procollagen polypeptide
synthesis[22-24]. Perhaps it is because either the
activation of procollagen gene or the feedback
inhibition exerted by c ollagen polypeptides acted
alternately so that the enhancement of the
procollagen gene transcription during fibrogenesis
revealed a ladder-shaped curve rather than a
straight-line one. Moreover, the changes of
collagen protein contents (average grade detected
immunohistochemically) in liver during fibrogenesis
were not consistant with the expression contents of
their relevant procollagen mRNA completely,
possibly because the content of procollagen mRNA
was closely related to the real production of
procollagen at the certain moment of the
experiment, whereas the content of collagen protein
in fibrotic liver revealed by immunohistochemistry
in fact depended on all the finally accumulated
content of collagen p roduction, deposition, and
degradation in liver tissue[14,25-27]. For this reason,
the procollagen gene detection by nucleic
hybridization can more sen sitively and objectively
reflect the trend of collagen synthesis in liver
fibrog enesis.
Much more researches have focused on the
study of the source of collagen-produc ing cells in
liver fibrosis[4-8,10,14,16]. Besides HSCs and the
related MFs, Fbs, whether any other cells, i.e.
hepatocytes, endothelial cells and bile duct
epithelial cell involved in the collagen production, is
under active invest igation. Some authors indicated
that the collagens in vivo produced by hepatocytes
both in normal and fibrotic liver was responsible for
the principal amount of collagen content in
liver[3,28]. However, the data from other
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inves tigators demonstrated that hepatocytes had no
collagen-synthesizing ability [7]. In vitro, several
authors reported that the cultured hepatocytes could
synthesize collagens spontaneously. But from the
other investigators’ point of view, the reason why
the collagens appeared in cultured hepatocytes and
endothelial cells was because of HSCs
contamination[29,30]. Recent studies s howed that
HSCs, when stimulated by fibrogenic factors, were
activated and enhan ced in expression of Dm and αSMA, and underwent a phenotypic transformation
to MFs and Fbs, around which there was the
deposition of collagens. T he increase of the number
of these cells was parallel to the increase of the
content of collagen deposition and to the changes of
their distribution in the liver. Therefore, we
suggested that there might be a “HSC-MF-Fb” effect
cell sys tem in liver fibrosis, which was responsible
for collagen synthesis[12]. However, the conclusion
described above was mainly derived from the results
of our previous immunohistochemical and
ultrastructural studies. Up to now, there are still
contraversies regarding which cell population offers
the major contribu tion to liver fibrosis. In this
study, the content and the distribution of α1(I),
α1(III), and α1(IV) proco llagen mRNA and the
relevant collagens of rat liver fibrosis and cirrhosis
were
observed
in
detail
by
both
immuno histochemistry and in situ hybridization
with the procollagen cDNA probes la beled with
digoxingenin. The role of “HSC-MF-Fb” effect cell
system of colla gen synthesis during liver fibrogenesis
was further explored. In the early stage of the
experiment, a variety of Dm and/or α-SMA positive
HSCs a nd MFs appeared in necrotic areas around
central veins enhanced in the expression of α1(III),
α1(IV) and α1(I) procollagen mRNA.
Endothelial cells of sinusoids also increased in
the expression of α1(IV) procollagen mRNA. The
distribution of α1( I ), α1( III ) and α1( IV )
procollagen mRNA expression cells was similar to
those of the deposition of the corresponding
collagens. At the middle stage of the experiment,
the hybridization signals of these procollagen
mRNA were mainly localized in the Dm and/or αSMA positive MFs within fibrotic septa and the
HSCs around the septa. During the late stage of
liver fibrogenesis, except for newly formed
daughter septa, the number of Dm and/or α-SMA
positive cells in the fibrotic septa decreased
gradually. However, the hybridization signals of
these procollagen mRNA was still numerous in the
cells with long oval or spindle-shaped nuclei within
the septa. Therefore, the hybridiz ation signals of
the procollagen mRNA in well developed fibrotic
septa was mainly derived from Fbs. Our results are
consistent with those of several investigators who

DU Wei-Dong, et al. Collagen expression in liver fibrosis

demonstrated that HSCs, as well as MFs and Fbs,
contributed to the major source of collagen synthesis
during liver fibrogenesis by either in situ
hybridization or immunohistochemically[7,8]. In
contrast, no evidence of collagen synthesis by
hyperplastic hepatocytes and chlangioli-like tubules,
wh ich embedded in the increased extracellular
matrix of fibrotic septa and often with large amount
of Fbs nearby, could be observed both in situ
hybridization and immunohistochemically in the
present study.
On the basis of our findings described above, it
is confirmed that “HSC-MF-Fb” effect cell system is
the major cell source of collagen synthesis during
live r fibrogenesis, in which HSCs are the collagenproducing precursor cells in the liver. In and after
the middle stage of liver fibrosis, the production of
Col I, Col III, and Col IV in the fibrotic septa are
mainly derived from both MFs an d Fbs. The
expression of procollagen mRNA in these cells plays
a very important role in the process of liver fibrosis.
Furthermore, sinusoid endothelial cells, as another
source of Col IV production, might also participate
in the capillizat ion of liver sinusoids.
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Inhibitory activity of polysaccharide extracts from
three kinds of edible fungi on proliferation of
human hepatoma SMMC-7721 cell and mouse
implanted S180 tumor
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Abstract
AIM
To determine the activities of
polysaccharide extracts from Flammulina
velutipes (Curt. ex Fr.) Sing (FV), Lentinus
edodes (LE) and Agaricus bisporus-Sing (AB)
on the proliferation of human hepat oma SMMC7721 cells in vitro and on mouse implanted S-180
tumors in vivo.
METHODS The polysaccharide extracts were
isolated from the fru it bodies of FV, LE and AB
by the methods of hot-water extraction, Sevag’s
removal of proteins, ethanol precipitation,
trypsin digestion and ethanol fractional
precipitation. Human hepatoma SMMC-7721 cells
were treated with 50mg/L polysaccharide
extracts, and the mitosis index, mitochondria
activity and cell proliferation were detected at
different times in both control and experimental
groups. The mice with S-180 implanted tumors
were injected with the polysaccharide extracts
at 24mg/kg body weight for 9d and the tumor
weight was measured on the 15th day.
RESULTS The mitosis index of hepatoma cells
in vitro could be significantly decreased by
treatment with the polysaccharide extracts from
the three kinds of edible fungi (P<0.005). The
cell numbers and mitochondria activity of SMMC7721 cells treated with polysaccharide extracts
Biology Department, the Provincial Key Laboratory of Animal Stress,
Shandong Normal University, Jinan 250014, Shandong Province, China
JIANG Shi-Ming, male, born on 1961-11-26 in Zhaoyuan City,
Shandong P rovince, graduated from Shandong Normal University as a
postgraduate in 1985, no w associate professor of cell biology, an
M.Ph.D. candidate of the Heidelber g University, Germany, having
more than 30 papers and one book published.
Supported by a grant from the Science and Technology Committee of
Shandong Province, No.95071910.
Correspondence to: Dr. JIANG Shi-Ming, Biology Department,
Shan dong Normal University, Jinan 250014, Shandong Province,
China
Email.S.Jiang@DKFZ-Heidelberg.de
Received 1999-04-08

were lower than those in control groups (P<
0.005). The inhibition rates of polysaccharide
extracts against implanted S-180 tumors in mice
were 52.8%, 56.6% and 51. 9% respectively
compared with that in control groups.
CONCLUSION The polysaccharide extracts
from the three kinds o f edible fungi could inhibit
not only the cultured malignant cells in vitro but
also implanted S-180 tumor in vivo.

INTRODUCTION

The polysaccharides from edible fungi (e.g. LE[1],
FV[2,3]) were macromolecular substances with
strong antigenicity and were also verified to have
antitumor activity against S-180 implanted tumor in
mice in vivo and that from AB were shown to have
anti-infection of virus and anticanceration in vivo.
The references about the effects of polysaccharide
extracts from edible fungi on cancer cells in vitro
were very limited. In this report human hepatoma
SMMC-7721 cells were used as a model to detect the
anticancer activity of polysaccharide extracts from
the three kinds of edible fungi (FV, LE and AB).
The mitosis index, cell proliferation and
mitochondria metabolism a ctivity of SMMC-7721
cells were compared between the control group and
polysacc haride extracts treatment groups. The
antitumor activity of polysaccharide extracts from
these three kinds of edible fungi against implanted
S-180 tumor in mice in vivo was also observed.
MATERIALS AND METHODS

RPMI 1640 medium is product of GIBCO; trypsin
and MTT were from Sigma; the fruit bodies of FV,
LE and AB were from cultivated products in Jinan.
Mice with S-180 and Kunming male mice (22 g 25 g) were from Shandong Experiment al Animal
Center; 24 and 96-well plates were from Costar.
Cell lines and culturing

Human hepatoma SMMC-7721 cells were obtained
from the Shanghai Cell Bank of Chinese Academy
of Sciences and maintained in our laboratory. The
cells were grown as monolayers in RPMI 1640

JIANG Shi-Ming, et al. Polysaccharide extracts & cancer proliferation

medium supplemented with 10% fetal calf serum
(FCS) and incubated at 37
in the humidified
incubator with 5% CO2/95% air.
Extraction and purification of polysaccharide
extracts from the edible fungi

The extraction and purification of polysaccharide
extracts were modified according to the methods of
Cao[3]. The fresh fruit bodies of the edible fungi
were homogenized for three times, heated at 98 100
for 5 h, centrifuged for 15 min with 4500
rpm. The supernatants were collected and the
precipitation was extracted for another two times.
All the supernatants were concentrated to proper
volume and precipitated with 3 times 95% ethanol
and stayed overnight at 4 . The precipitation was
gathered by centrifugation, dissolved in distilled
water, dialyzed in 4
distilled water for 2 d,
digested with trypsin and precipitated protein with
Sevag’s method. The polysaccharide extracts were
dialyzed in 4
distilled water for another 2 d,
precipitated with 3 times 95% ethanol, stayed
overnight and collected with centrifuge. The white
precipitation of polysaccharide extracts from the
three edible fungi was rinsed with 100% ethanol
and acetone and dried at room temperature.
Determination of polysaccharide extracts on
the metabolism of mitochondria

The exponent growing SMMC-7721 cells in culture
flasks were harvested by trypsinization with 0.25%
trypsin, suspended in RPMI 1640 medium with 10%
FCS, adjust ed to the concentration of 1×105 cells/
mL, plated into 96-well plates (200 µL cells/well)
and incubated at 37
in 5% CO2/95% air for 24 h.
The medium was aspirated and the cells were
washed with RPMI 1640 medium. The medium was
replaced with RPMI 1640 containing 50 mg/L
polysaccharide extracts from different fungi as
treatment groups respectively and medium with 10%
FCS and Non-FCS as controls (each group having 8
repeated wells). The cells were incubated in
different treatments for 20 h, 44 h and 68 h
respectively. The metabolism of mitochondria[4]
were detected by adding 20 µL- MTT (final
concentration 10 mg/L) to media, incubating for
4 h, sucking out the media, adding 100 µL
dimethylsulfoxide (DMSO) to dissolve the violetcrystal and measuring the absorption at 570 nm.
Measurement of mitosis index

The exponent growing SMMC-7721 cells were
suspended in RPMI 1640 medium plus 10 % FCS,
adjusted to 1×105 cells/mL, plated 2 mL cells/well
into 24-well plates (with cover glass, 4 repeated
wells in each group) and incubated at 37
for 24 h.
After incubated in medium containing different
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polysaccharide ext racts (experiment groups) and
10% FCS or non-FCS (as control groups) for 24 h,
the cells were fixed with Carnoy solution and
stained with Feulgen reaction. The mitosis indexes
were detected randomly by counting 1000 cells[5].
Proliferation of SMMC-7721 cells in medium
containing polysaccharide extracts

The SMMC-7721 cells were treated with different
polysaccharide extracts for 7 d as above (6 repeated
wells in each group) and the proliferation of
SMMC-7721 cells were observed by counting the cell
number every day.
In vivo experiments with implanted S-180
tumor

The S-180 tumor cells were washed with normal
physiological saline for three times, adjusted to 1×
107 cells/mL and implanted by subcutaneous
injection 200 µL to each mouse. Twenty-four hours
late, the mice were injectedip with 24 mg
polysaccharide extracts/kg body weight in
experimental groups and physiological saline in
control group for 9 d. On the 15th day after the
treatment, the mice were killed and the tumors
were isolated a nd weighed. The inhibition rate of
tumor was calculated as follows:
(Mean tumor weight in controls-mean tumor weight in experiments)
Mean tumor weight in control group

×100%

RESULTS
The production of polysaccharide extracts

The production of the polysaccharide extracts
extracted from the three kinds of edible fungi were
1.53 mg/g ± 0.11 mg/g fresh fruit bodies of LE;
4mg/g ± 0.15 mg/g fresh fruit bodies of FV and
1.3 mg/g ± 0.11 mg/g fresh fruit bodies of AB,
respectively. None of the polysaccharide extracts
showed obvious absorption in the range of 220 nm780 nm.
The effects of polysaccharide extracts on the
metabolism of mitochondria

Within 24 h, the mitochondria metabolism of
hepatoma SMMC-7721 cells showed no obvious
differences in each group. At 48 h and 72 h, the
metabolism activities in experimental groups were
much lower than those in both FCS and non-FCS
control groups, but in different experimental groups
they were similar (Figure 1).
The effects of polysaccharide extracts on
mitosis index (MI)

The MI in all the groups treated with polysaccharide
extracts was lower than that in both control groups
(P<0.005) (Table 1).
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The effects of polysaccharide extracts on the
proliferation of SM MC-7721 cells

Table 2 The inhibitions of polysaccharide extracts on the
proliferat ion of S-180 implanted tumor in vivo

The cell number after treatment with polysaccharide
extracts for 48 h were obviously lower as compared
with both FCS and non-FCS controls (Figure 2). On
the 7th day the number of the cells covered 55.5%
(LE), 59.5% (FV) and 61.6% (AB) of that in the
FCS control and 63% (LE), 67.6% (FV) and 70.
3% (AB) of that in non-FCS control.

Groups

n

LE 1
LE 2
LE 3
FV 1
FV 2
FV 3
AB 1
AB 2
AB 3
Control

10
10
10
10
10
10
10
10
10
20

The inhibition of polysaccharide extracts on
the proliferation of S-1 80 implanted tumor

The inhibitions of the three polysaccharide extracts
on the proliferation of the S-180 tumor in vivo were
52.8% (LE), 56.6% (FV) and 51.9% (AB),
respectively (Table 2).

Dose Tumor weight
(mg/kg)
(g)
24
24
24
24
24
24
24
24
24

0.369±0.058
0.387±0.069
0.417±0.085
0.371±0.034
0.348±0.039
0.376±0.044
0.379±0.049
0.39±0.067
0.427±0.087
0.83±0.17

Inhibition
(%)
55.5
53.3
49.7
55.3
58.1
54.7
54.3
53
48.5

P
Mean
value inhibition (%)
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

52.8

56.6

51.9

DISCUSSION
The efficiency of polysaccharide extracts

Following the same processes, the products of
polysaccharide extracts in the three kinds of edible
fungi were obviously different. The product of
polysaccharide extracts in FV was 4 mg/g fresh
fruit body, which was 4 times higher than that in
AB and 2.6 times than in LE. These differences
should be induced by the contents of polysaccharide
in different kinds of edible fungi. Although the
polysaccharide extracts were a mixture of
polysaccharides, they had no obvious absorption
peak in the range of 220 nm-780 nm.
Figure1 Effects of polysaccharide extracts on the m itochondria
metabolism of SMMC-7721 cells.

Figure2 The effects of polysaccharide extracts on the
proliferation of SMMC-7721 cells.
Table 1 The effects of polysaccharide extracts on the MI of
SMMC-7721 cells
Groups
C1
C2
E1
E2
E3

MI(%)

P value

18.2±1.1
13.4±1.2
5.8±0.7
8.5±0.9
8.4±0.8

<0.005
<0.005
<0.005

C1: 10% FCS; C2: non-FCS; E1: 50 mg/L polysaccharide
extracts from LE; E2: 50 mg/L polysaccharide extracts from
FV; E3: 50 mg/L polysaccharide extracts from AB.

The effects of polysaccharide extracts on the
hepatoma cell in vitro and S-180 in vivo

The polysaccharide from LE was the first extracts
which verified the anti-tumor activity in 1969[1],
which initiated the study of extraction,
purification, structure analysis and anti-tumor
activity of polysaccharides from LE. The best result
of anti-tumor activity of polysaccharides from LE
could
reach
90%-100%
in
vivo.
So
polysaccharides from LE were believed to be one of
the best effective substances for antitumor
treatment. On the other hand the polysaccharide
from LE was also verified to have anti-mutant
activity[6]. Both pure and mixed polysaccharides
from FV were shown to have strong anti-tumor
activity against implanted S-180 tumor in mice[3,7] .
In vivo the anti-tumor activities of polysaccharides
from edible fungi were mainly induced by activating
the immune system, although the detailed
mechanism was not clear. In this study, the cultured
hepatoma SMMC-7721 cells were used as a model to
detect the activity of polysaccharide extracts in
vitro. The results of MI, mitochondria activity and
cell proliferation showed that the extracts from the
edible fungi could inhibit the division of the cells
and induce the decrease of cell proliferation, which

JIANG Shi-Ming, et al. Polysaccharide extracts & cancer proliferation

was similar to that from fruit bodies of Ganoderma
lucidum[8]. The inhibition of the extracts from the
three kinds of edible fungi on the growth of
implanted S-180 tumor in vivo could reach 52.8%,
56.6% and 51.9% respectively, which agreed with
the previous reports[3].
These results suggested that the polysaccharide
extracts from LE, FV and AB could not only inhibit
the growth of implanted S-180 tumor in vivo but
interfere with the proliferation of human hepatoma
SMMC-7721 cells in vitro .
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Regulatory effect and mechanism of gastrin and its
antagonists on colorectal carcinoma
HE Shuang-Wu, SHEN Kang-Qiang, HE Yu-Jun, XIE Bin and ZHAO Yan-Ming
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Abstract
AIM To explore the effect and mechanism of
gastrin and its an tagonists proglumide and
somatostatin on colorectal carcinoma and their
clinical significance.
METHODS A model of transplanted human
colonic carcinoma was established from SW480
cell line in gymnomouse body. The volume and
weight of trans planted carcinoma was observed
under the effect of pentagatrin (PG), proglumide
(PGL) and octapeptide somotostatin (SMS201995, SMS). The cAMP content of carci noma cell
was determined by radioimmunoassay and the
DNA, protein content and cell cycle were
determined by flow-cytometry. The amount of
viable cells was dete rmined by MTT colorimetric
analysis, IP 3 content was determined by
radioimmuno assay, Ca2+ concentration in cell by
fluorometry and PKC activity by isotopic
enzymolysis. The expression of gastrin, c-myc,
c-fos and rasP21 in 48 case s of colorectal
carcinoma tissue was detected by the immunocytochemistry SP method. Argyrophilia
nucleolar organizer regions was determined with
argyrophilia stain.
RESULTS The volume, weight, cAMP, DNA
and protein content in carcinoma cell, cell
amount and proliferation index of S and G2M
phase in PG group were all significantly higher
than those of control group. When PG was at the
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concentration of 25 mg/L, the amount of viable
cells, IP3 content and C a2+ concentration in cell
and membrane PKC activity in PG group were
signi ficantly higher than those in control group;
when PGL was at a concentration of 32 mg/L,
they dropped to the lowest level in PG (25 mg/L)
+PGL group, but without significant difference
from the control group. The positive expression
rate of gastrin, c-myc, c-fos and rasP21 in
carcinoma tissue was 39.6%, 54.2%, 47.9% and
54.2% respectively and significantly higher than
that in mucos a 3 cm and 6cm adjacent to
carcinoma tissue and normal colorectal mucosa.
The pos itive expression rate of gastrin of highlydifferentiated adenocarcinoma group was
significantly higher than that of poorlydifferentiated and mucinous adenoc arcinoma
groups. The AgNORs count of carcinoma tissue
was significantly higher than that in mucosa
3 cm and 6 cm adjacent to carcinoma tissue and
norm al colorectal mucosa; and the positive
expression of c-myc and c-fos and the A gNORs
count in gastrin-positive group was significantly
higher than those in gastrin-negative group.
CONCLUSION Pentagastrin has a promoting
effect on the growth of transplanted human
colonic carcinoma from SW480 cell line. PGL has
no obvious effect on the growth of human
colonic carcinoma SW480 cell line, but could
inhibi t the growth promoting effect of PG on
transplanted carcinoma. Somatostatin can not
only inhibit the growth of transplanted human
colonic carcinoma from SW480 cell line directly
but also depress the growth-promoting effect of
gastrin on t he transplanted carcinoma. Some
colorectal carcinoma cells can produce and
secrete gastrin through autocrine, highlydifferentiated adenocarcinoma express the
highest level gastrin. Endogenous gastrin can
stimulate the cell division and pr oliferation of
carcinoma cell and promote the growth of
colorectal carcinoma regulating the expression
of oncogene c-myc, c-fos. Our study has
provided experi mental basis for the adjuvant
treatment using gastrin antagonist such as PGL,
so matostatin of patients with colorectal
carcinoma.
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INTRODUCTION

In recent years, some studies indicated that gastrin
could promote the growth of some colorectal
carcinomas, but gastrin antagonist such as PGL,
somatostatin (SS) could inhibit the growth of those
colorectal carcinomas. In order to explore the
mechanism of the effect and the clinical significance
of gastrin and its antagonists on colorectal
carcinoma, we established the model of
transplanted colonic carcinoma from SW480 cell line
in gymnomouse body, and observed the volume and
weight of transplanted carcinoma, content of
cAMP, DNA, protein and cell cycle of carcinoma
cell under the effect of pentagastrin ( PG ),
proglumide (PGL) and o ctapeptide somatostatin
(SMS 201-995, SMS). We also observed the effect
of PG and PGL on the amount of viable cells,
inositol 1, 4, 5-trisphosphate (IP3) content and
Ca2+ concentration in cell and protein kinase C
(PKC) activity of colonic carcinoma SW480 cell line
cultured in vitro, and detected the expression of
gastrin, cancer genes c-myc, c-fos and rasP21 in 48
cases of colorect al carcinoma tissue by the
immunocytochemical SP method and determined the
argyr ophilia nucleolar organizer regions count with
argyrophilia stain.
MATERIALS AND METHODS
Materials

Human colonic carcinoma SW480 cell line (Sloan
Kittin Memorial Cancer Center, US A), BALB/C
gymnomouse (Experimental Animal Center of Third
Military Medical Univ ersity), pentagastrin (PG,
Shanghai Lizhu Chemical Reagent Co. ),
octapeptide som atostatin (SMS 201-995, SMS,
PHARMA, Swiss); proglumide (PGL, No.11
Pharmacenti cal Factory, Shanghai), RPMI1640
culture solution (GIBCO, USA), 3H-myo-inositol
(Institute of Atomic Energy, Chinese Academy of
Sciences), T-32P -ATP (Ya Hui Biology Engineer
Co.), Fura-2/ AM ( Sigma, USA ), cAMP
radioimmu noassay reagent kit (Department of
Nuclear Medicine of Shanghai Second Medical
University), multiclonal antibody to gastrin and SP
kit (ZYMED Co., USA), monoclo nal antibody for
c-myc and rasP21, multiclonal antibody for c-fos
(Santa Cruz Co., USA).
Experiment methods

Establishment of transplanted carcinoma model The
human colonic carcinoma SW480 cell line was
resuccitated conventionally. Cell lines with
exub erant vitality were selected to form primary
transplanted carcinoma, digested with 0.25%
trypsin, centrifugated to wipe off the digestive
solution, and adjust ed the cell concentration with
RPMI1640 cultural solution to 5 × 106/mL. The
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living cell amount exceeded 99% by trypan-blue
stain. Twelve gymnomice were ran domized into six
groups. The cell line went through six passages,
each time two gymnomice were inoculated. After
0.2 mL of carcinoma cell solution was inoculated to
the back of the neck of gymnomouse, the
gymnomice were raised in clean room. When the
diameter of the carcinoma reached 1.5 cm to
2.2 cm, the gymnomice were killed by severing the
cervical vertebra, and the carcinoma mass was
stipped bacteria-freely. After preserving specimen
for histological and electron microscopical
examination, the mass was smashed, ground into
cell suspension with RPIM1640 cultural solution,
adjusted the cell concentration to 5×106/mL, the
next passage was started with 0.2 mL of the cell
suspension.
Experimental animal grouping After undergoing
passages stably-growing human colonic transplanted
carcinoma cells were inoculated into thirty
gymnomice. They were randomized into six groups
and injected with the experimental drugs
subcutaneously the next day, two times per day, for
35 days. The gymnomice were killed 24 hours after
the last injection. Control group: 0.4 mL normal
saline/mouse. PG group: 4 µg PG/ mouse. PGL
group: 10 mg PGL/mouse. SMS group: 6 µg SMS/
mouse. PG+PGL group: 4 µg PG and 10 mg PGL/
mouse. PG+SMS group: 4 µ PG and 6 µg SMS/
mouse.
Volume and weight of transplanted carcinoma The
long diameter and short diameter were measured at
the same time every sixth days after the inoculation,
and the measurement lasted six weeks. The volume
was calculated by the formula: V = 1/2a2b. The
weight of the mass was then determined after
decontamination of the non tumor tissue such as
blood and fat tissue.
Flow-cytometry Fifteen g transplanted carcinoma
tissue was cut and made into single-cell
suspension[1], adjusted to a cell concentration of 1×
108/L, and fixed with 700 g/L alcohol at 4 . The
DNA was stained with propidium iodide to redish
flourescence and the protein stained with fluorescein
iso thiocyanate to green flourescence. Thirty minutes
later, the suspension was analyzed on instrument at
room temperature. According to Barlogie cell cycle
analysis method, the cells were divided into three
parts: G0/G1 phase, S phase and G-2M phase.
Proliferation index (PI) of the cell was calculated
as: PI=(S+G 2M)/(G0/G1+S+G2M)×100%.
MTT colorimetric analysis[2] Suspend the large
intestine carcinoma SW480 cells in logarithmic
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growth stage in 100g/L bovine serum culture
solution to a concentration of 5×108/L. The
suspension was inocula ted in to a 96-well plate
(100 µL/well) and cultivated for 24 h. After the
supernatant was wiped off, 100 µL of 5 g/L bovine
serum culture solution was added to each well and
the first well as zero control, the second one as cell
control, which were added with 100 µL of 5 g/L
bovine serum culture solution respectively. From the
third one on, 100 µL different drugs with different
concentrati on were added to each well as follows
and repeated 8 times: PG group: the concentration
was 6.25, 12.50, 25.00, 50.00 and 100.00 mg/L,
respectively. PG (25 mg/L)+PGL group: the
concentration of PGL was 8.00, 16.00, 32.00, 64.00
and 128.00 mg/L. They were cultivated in 37 ,
50 g/L CO2 incubator for 72h, each well added
with 10 µL of 5 g/L MTT solution 6 hours before
termina ting the culture and 100 µL of 200 g/LSDS
solution was added at the termination, kept overnight
in the incubator, and the absorptivity (A value) at
the 570 nm wavelength was determined on the
instrument the next day.
Determination of IP3 content in carcinoma cell Add
15 mCi/L of [3H]-inosito into the suspension of
SW480 cell line, cultivate them in 37 , 50 g/L
CO2 incubator for 18 hours, then add LiCl solution,
2 hours later, add 100µL different drugs with
different concentration to each well and cultivate 1
minute as follows: PG group: the concentration was
6.25, 12.50, 25.00, 50.00 and 100.00 mg/L,
respectively; PG (25 mg/L)+PGL group: the
concentration of PGL is 16.00, 32.00 and 64.00 mg/
L. Separate IP3 from the suspension with anion
change separation column according to the method
described in reference[3,4], then determine its CPM
value with hydroflicker.
Determination of PKC activity Determine the
PKC activity in human colonic carcinoma SW480
cell line under the effect of PG and PGL according
to the method described in reference[5] with isotopic
enzymolysis. The grouping and concentration of PG
and PGL were the same with IP3 determination.
Determination of Ca2+ concentration Determine the
Ca2+ concentration in human colonic carcinoma
SW480 cell line under the effect of PG and PGL
according to the method described in reference[6]
with flu orometry. The grouping and concentration
of PG and PGL were the same with IP3
determination.
Specimen Fourty-eight cases of radical resection of
colorectal carcinomas collected from August 1996 to
April 1997 in our department were chosen as
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experimental materials. Ten cases of normal
colorectal mucosa served as c ontrol group, including
3 cases of inner prolapse of rectum, 2 of volvulus
of sigmoid and 5 of sudden death. All the specimens
were confirmed by pathological ex amination. Fresh
colorectal carcinoma tissue (3 g) and mucosas 3 cm
and 6 cm adjacent to carcinoma were cut
respectively, fixed with 40 g/L pa raformaldehyde,
dehydrated and embedded with paraffin.
Immunohistochemistry method Immunohistochemistry staining of gastrin, c-myc, c-fos and
rasP21 was carried out by SP method, referring to
the illustration of reagent kit. The first antibody
dilution of gastrin was 1:50 , while the dilution of cmyc, c-fos and rasP21 was all 1:100. Microwav e
was used to repair the protein of c-myc, c-fos and
rasP21. Normal mucosa of antrum was taken as
positive control for gastrin, positively stained tissue
of hepatic carcinoma served as positive control for
c-myc, c-fos and rasP21. PBS solution replacing the
first antibody was taken as negative control. Cells
containing brown-yellow pellets were considered as
positive cells.
Argyrophilia nucleolar organizer regions count
(AgNORs) Argyr ophilia staining was carried out
according to Hu PH’s modified method[7] and observed
under ×100 oil microscope. The nucleus background
appeared light yellow while the AgNORs granule
appeared palm-black. The amount of AgNORs
granule of 50-200 cells and the mean value were
calculated.
Statistics All the data was expressed as mean±
standard deviation (x±s), and analysed with t test
or one-way analysis of variance; the differences
between the rates of different groups were analysed
by χ2 test.
RESULTS
Model of transplanted human colonic
carcinoma in gymnomouse

The inoculation of transplanted carcinoma was
100% successful, no gymnomouse died. The
inoculation period was 6-8 days, the speed of
growth became stable till the sixth generation. At
the end of the 5th week, the long diameter of the
mass reached 1.6 cm-2.0 cm. It was elliptical in
shape and smooth on surf ace in the early stage;
while in the advanced stage, the shape became
irregular and the surface became nodal. The
histological H.E. stain and ultrastructure of the
transplanted carcinoma had the same pathological
feature of human colonic carcinoma.
Effect of PG, PGL and SMS on the transplanted
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human colonic carcinoma in gymnomouse

activity of SW480 cell line

All the gymnomice bearing the transplanted
carcinoma survived at the end of the experiment.
The volume, weight, cAMP, DNA and protein
content in carcinoma cell, cell amount and
proliferation index of S and G2M phase in PG group
were significantly higher than those of control group
(P<0.05-001), markedly lower in PGL and PG
+PGL group in PG group (P<0.05-0.01), yet there
was no st atistical difference between PGL, PG+PGL
groups and control group (P>0.05) ; and markedly
lower in SMS and SMS+PG group than in PG
group and control group (P<0.01). The cell amount
of G0/G1 phase in PG group was obviously lower
than in control group (P<0.01), markedly higher
in PGL and PG+PGL gro up than in PG group
(P<0.01), without statistical difference between
PGL, PG+PGL groups and control group (P>
0.05); markedly higher in SMS and SMS+P G
group than in PG group and control group (P<
0.01, Tables 1-3).

When PG was at the concentration of 12.5 mg/L,
the amount of viable cells, IP3 content and Ca2+
concentration in the cells of PG group were
markedly higher than those in control group (P<
0.05) while it was at the conce ntration of 25 mg/L,
they all reached the highest value, but plasma PKC
a ctivity decreased, and all had statistical difference
from those of control grou p (P<0.05-0.01). When
PG concentration exceeded 50mg/L, these items
did not continue to increase and plasma PKC activity
did not continue to decrease, but they were all
statistically different from those of control group
(P<0.05-0.01, Table 4).

Table 1 Effect of PG, PGL and SMS on the volume and weight
of transp lanted carcinoma (x±s, n = 5)
Volume (mm 3)

Group
Control
PG
PGL
SMS
PG+PGL
PG+SMS

Weight (g)

1766±36
1926±98 a
1750±53 d
210±13 bd
1708±59 d
224±19 bd

3.04±0.13
3.37±0.21 a
2.98±0.16 c
0.90±0.14 bd ªª
2.91±0.23 c
0.95±0.12 bd

a

P<0.05, bP<0.01 vs control group; cP<0.05, dP<0.01 vs PG group.

Table 2 Effect of PG, PGL and SMS on cAMP, DNA and protein
content (x±s, n = 5)
Group
Control
PG
PGL
SMS
PG+PGL
PG+SMS

CAMP(pmol/mL)

DNA(dalton)

2.74±0.14
3.18±0.23 b
2.72±0.15 d
1.87±0.14 bd
2.82±0.17 c
1.86±0.17 bd

947±16
1004±17 b
940±21 d
684±13 bd
940±25 d
687±21 bd

Protein(dalton)
364±12
675±18 b
356±9 d
272±11 bd
369±14 d
274±13 bd

b

P<0.01 vs control group; cP<0.05, dP<0.01 vs PG group.

Table 3
Effect of PG, PGL and SMS on cell cycle and
proliferation index (PI)
Group
Control
PG
PGL
SMS
PG+PGL
PG+SMS

G0/G 1 (%)

S (%)

64.92±1.72 18.24±1.20
59.22±1.18 b 20.16±1.06 a
67.18±2.23 d 18.04±1.43 c
80.04±2.29bd 14.90±1.46bd
67.76±2.41 d 18.10±1.40 c
80.26±2.73bd 15.22±1.78 bd

G2M (%)
16.84±2.35
20.62±2.05 a
14.78±1.09 d
5.06±1.61bd
14.34±0.66 d
4.54±1.25 bd

PI (%)
35.08±1.72
40.78±1.81b
32.82±2.27d
19.96±2.39 bd
32.24±2.41 d
19.22±2.73 bd

a

P < 0.05, b P < 0.01 vs control group; c P < 0.05, d P < 0.01 vs
PG group.

Effect of PG on the amount of viable cells (A
value), IP 3 content ( CPM ) and Ca 2+
concentration in cell and membrane PKC

Effect of PG+PGL on the amount of viable cells
(A value), IP 3 content (CPM) and Ca2+
concentration in cell and membrane PKC
activity of SW480 cell line

When PGL was at the concentration of 8 mg/L, the
amount of viable cells (A value) of PG (25 mg/L)+
PGL group was markedly smaller than that of
PG group (P<0.01), when at the concentration of
16 mg/L, the amount of viable cells, IP3 content
and Ca2+ concentration in cell and membrane PKC
activity of PG+PGL group decreased and plasma
PKC activity increased, all being statistically
different from those of control group (P<0.050.01). At the concentration of 32mL/L, they
decreased to the lowest value and were markedly
lower than those in PG group ( P < 0.05-0.01 ),
and did not differ significantly from those of the
control group (P>0.05). At the concentration of
64mg/L, these it ems in PG+PGL group did not
continue to decrease, but they all had statistical
difference from those of PG group ( P<0.05 - 0.01,
Table 5).
Expression of gastric, c-myc, c-fos and rasP21
and AgNORs count in carcinoma tissue

The positive expression rate of gastrin, c-myc, c-fos
and rasP21 in 48 cases o f carcinoma tissue was
39.6%, 54.2%, 479% and 54.2% respectively and
signif icantly higher than that in mucosa 3cm and
6cm adjacent to carcinoma tissue and normal
colorectal mucosa ( P < 0.01 ). The positive
expression rate of gastrin of highly-differentiated
adenocarcinoma was significantly higher than that
of
poorly-differentiated
and
mucinous
adenocarcinoma (P<0.05), there was no statistical
difference in the positive expression rate of c-myc,
c-fos and rasP21 between groups of different
pathological types (P>0.05). The AgNORs count
of carcinoma tissue was significantly higher than
that in mucosa 3 cm and 6 cm adjacent to carcinoma
tissue and normal colorectal mucosa (P < 0.01); and
the count of mucosa 3 cm adjacent to carcinoma

HE Shuang-Wu, et al. Effect of gastrin and its antagonists

412

tissue was signi ficantly higher than that in mucosa
6cm adjacent to carcinoma tissue and normal
colorectal mucosa (P<0.05, Tables 6-7).

The positive expression rate of c-myc and c-fos and
the AgNORs count in gastrin-positive group was
significantly higher than those in gastrin-negative
group ( P < 0.05 - 0.01 ), while the positive
expression rate of rasP21 in gastrin -positive group
was not different from that in gastrin-negative
group (P >0.05, Table 8).

Relationship between gastrin and the
expression of c-myc, c-fos, rasP21 and
AgNORs count in carcinoma tissue

Table 4 Effect of PG on VCC, IP3, [Ca2+] and PKC activity (pmol/min per mg protein) (x±s, n = 5)
VCC(A)

IP3(CPM)

[Ca2+]I(nM)

Plasma PKC

1.554±0.009
1.555±0.005
1.563±0.010a
1.580±0.011b
1.579±0.008b
1.578±0.010b

8.83±1.33
10.16±1.33
11.18±0.75a
16.17±0.75b
14.10±1.60b
13.00±2.53b

26.36±2.91
30.16±2.16
50.69±2.30a
101.44±2.49b
70.63±4.17b
62.59±2.59b

2.39±1.30
2.36±0.84
2.30 ±0.45
0.91±0.34a
0.92±0.26a
0.91±0.14a

Group(mg/L)
Control
PG6.25
12.50
25.00
50.00
100.00

Membrane PKC
1.07±0.28
1.09±0.16
1.15±0.15
2.65±1.21a
2.65±0.60a
2.66±0.68a

a

P<0.05, bP<0.01 vs control group.

Table 5 Effect of PG+PGL on VCC, IP3,[Ca2+]i and PKC acti-vity (pmol/min per mg protein) (x±s, n = 5)
Group
Control
PG
PG+PGL

PG(mg/L)

VCC(A)

IP3(CPM)

[Ca2+]i(nM)

Plasma PKC

Membrane PKC

1.554±0.009
1.580±0.011b
1.553±0.016d
1.551±0.008d
1.546±0.011d
1.549±0.011d
1.549±0.014d

8.83±1.33
16.17±0.75b

26.36±2.91
101.44±2.49b

2.39±1.30
0.91±0.34a

1.07±0.28
2.65±0.21a

9.17±1.47d
9.00±1.58d
9.33±1.97d

32.63±2.86d
31.79±4.41d
32.45±2.46d

2.33±0.29c
2.30±0.61c
2.32±0.17c

1.05±0.09c
1.05±0.20c
1.09±0.12c

PGL(mg/L)

0.00
25.00
25.00
25.00
25.00
25.00
25.00

0.00
0.00
8.00
16.00
32.00
64.00
128.00

a

P<0.05, bP<0.01 vs control group; cP<0.05, dP<0.01 vs PG group.

Table 6

Expression of gastrin, c-myc, c-fos, rasp21 and AgNORs

Group

n

gastrin positive
(%)

c-myc positive
(%)

c-fos positive
(%)

rasp21 positive
(%)

Carcinoma tissue
3cm mucosa
6cm mucosa
Normal

48
48
48
10

19(39.6)b
2(4.2)
0(0)
0(0)

26(54.2)b
12(25.0)
7(14.6)
1(10.0)

23(47.9)b
9(18.8)
4(803)
1(10.0)

26(54.2)b
10(20.8)
6(12.5)
2(20.0)

AgNORs
7.10±1.48b
3.65±1.04c
2.88±0.73
2.85±0.60

b

P<0.01 vs 3cm, 6cm and normal mucosa group. cP<0.05 vs 6cm and normal mucosa group.

Table 7

Expression of gastrin, c-myc, c-fos, rasp21 and AgNORs in different pathological carcinoma tissue

Group

n

Gastrin positive
(%)

Highly-differentiated
Moderately-differentiated
Poorly- and mucinous

26
12
10

14(53.9)a
4(33.3)
1(10.0)

c-myc positive
(%)

c-fos positive
(%)

15(57.7)
5(41.7)
6(60.0)

rasp21 positive
(%)

13(50.0)
7(58.3)
3(30.0)

15(57.7)
6(50.0)
5(50.0)

AgNORs
7.12±1.80
7.25±0.86
7.11±1.20

a

P<0.05 vs poorly-differentiated and mucinous group.

Table 8 Relation between gastrin and c-myc, c-fos, rasp21 and AgNO Rs
Group
Gastrin-positive
Gastrin-negative
a

n
19
29

c-myc positive(%)
15(78.9)
11(37.9)

P<0.05, bP<0.01 vs gastrin-negative group.

a

c-fos positive(%)
14(73.7)
9(31.0)

b

rasp21 positive(%)
11(57.9)
15(51.7)

AgNORs
7.84±1.30b
6.22±1.40

HE Shuang-Wu, et al. Effect of gastrin and its antagonists

DISCUSSION

The main physiological function of gastrin is to
stimulate the secretion of gastric acid and nourish
the gastrointestinal mucosa. In recent years, it has
been found that some gastrointestinal carcinomas
could express gastrin gene[8,9] and there existed
gastrin receptor on the carcinoma cell membrane,
and gastrin could stimulate the growth of gastrin
carcinoma. So, more and more researchers focus
their interest on the relationship between gastrin
and colonic carcinoma.
The transplanted human colonic carcinoma
model from SW480 cell line in gymnomouse
established by us remained the biological
characteristics of colonic carcinoma. After
subcutaneous injection of 8µg pentagastrin per day
for 35 days, the volume and weight of transplanted
carcinoma, the cAMP content in carcinoma cell
were significantly higher than those of control
group, indicating that gastrin promoted the
proliferation of transplanted colonic carcinoma.
Ishizuka[10] reported that the combination of gastrin
and receptor could increase the content of cAMP in
carcinoma cell, then transduct external information
into cell through the cAMP or protein kinase C
pathway to regulate the cell growth and
differentiation. Mauss[11]found that the promoting
effect of gastrin on colonic carcinoma cell was
selective, margarapeptide gastrin stimulated the
growth of HT29, LoVo, CoLo32 cell line, but
inhibited the growth of T84, HCT116 cell lines.
The difference depended on the quality and quantity
of cAMP-dependent protein kinase. The increased
expression of Type I cAMP protein kinase could
promote the differentiation and growth of
carcinoma cells, while the decreased expression of
Type IcAMP protein kinase or the increased
expression of Type II cAMP protein kinase could
inhibit the differentiation and growth of carcinoma
cells[12]. Baldwin[13] reported that gastrin could
promote the growth of 50 percent of the
transplanted colonic carcinoma in vivo. We also
determined the DNA, protein content and cell cycle
by flow-cytometry, and found that DNA and
protein content in carcinoma cell and the cell
amount and proliferation index of S and G2M phase
of PG group were significantly higher than those of
control group, while the cell amount of G0/G1
phase of PG group was significantly lower than that
of control group. It indicated that the mechanism
for the promoting effect of gastrin on the cell
division and proliferation of the human colonic
carcinoma SW480 cell line might be that gastrin
could promote the synthesis of cAMP, DNA and
protein in carcinoma cells, the cell growth from G0/
G1 phase to S and G2M phase, and regulate the cell
cycle of colonic carcinoma cells after receptor.

413

Venter[14] firstly found that there existed high
appetency gastrin receptor on the membrane of
human colonic carcinoma cell line LoVo and MC26, both the nutritious effect of gastrin on the
mucosa of normal large intestine and the growthpromoting effect of gastrin on large intestine
carcinoma were realized through the combination of
gastrin and its receptor on the membrane. We found
by MTT colorimetric analysis that pentagastrin
could promote the increase of viable cell count of
colonic carcinoma SW480 cell line and the effect
had a dose-effect dependent relationship with the
concentration to some extent, along with the
in crease of dosage of pentagastrin, its growthpromoting effect did not continue to increase, but
inclined to a stable level. This f inding was
consistent with the receptor theory, i.e., the
receptor had saturation and indirectly proved that
the growth promoting effect of gastrin on large
intestine carcinoma was intermediated by gastrin
receptor.
Some researches indicate that gastrin is a kind
of autocrine growth-promoting factor. Hoosein et
al[15] found that after the colonic carcinoma
HCT1 16 and CBS cell line were cultured for 72
hours, the concentration of gastrin was 10.15pg/106
cell.
Finley
et al [16] found by the
immunocytochemi cal method that at least 50% of
the colorectal carcinoma cells expressed gastrin. In
our experiment, 19 of 48 cases of colorectal
carcinoma expressed gastrin, with a positive rate of
39.6%, which was significantly higher than that in
mucosa adjacent to carcinoma and normal mucosa,
the expression rate of gastrin in highlydifferentiated group was the highest (53.9%), all
these indicated that so me colorectal carcinomas
could produce gastrin in an autocrine manner.
Translational processing of gastrin mRNA to
precursor forms of gastrin needs the participation of
multiple enzymes and cofactors to produce mature
gastrin finally. Therefore, the sound processing
enzymes such as peptidylglycine α-amidating
monooxygenase and cofactors in well differentiated
carcinoma cells may contrib ute to the production of
mature gastrin, while the lack of other cofactors or
en zymes in poorly-differentiated carcinoma cells
may contribute to incomplete processing of
precursor forms of gastrin and the difficiency of
mature gastrin[17]. So, the gastrin expression of
highly-differentiated adenocarcinoma was obviously
higher than that of poorly-differentiated one.
We firstly applied the AgNORs technique to the
clinical study of the growth-promoting effect of
gastrin on large intestine carcinoma. The AgNORs
count could mirror the structure and function of
nucleolus, the transcription activity of rRNA and
the cell proliferation. The AgNORs count of
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colorectal carcinoma in our study was significantly
higher than that of mucosa adjacent to carcinoma
and normal mucosa, while the count of mucosa 3cm
adjacent to carcinoma was higher than that of
mucosa 6cm adjacent to carcinoma and normal
mucosa. It indicated that the DNA in carcinoma cell
and mucosa 3cm adjacent to carcinoma was in a
disorder state, the regulation of cell proliferation
was uncontrolable. We also found that the AgNORs
count of gastrin-positive group was significantly
higher than that in gastrin-negative group,
indicating that endogenous gastrin had growthpromoting effect on some kinds of colorectal
carcinomas.
Oncogene c-myc and c-fos is a kind of effect
protein of the karyomitosis signal, which can trigger
and regulate the transcription of the genes related
with proliferation, besides, c-fos can also regulate
its own gene expression with a positive feedback and
promote the mitosis and proliferation of the
cells[18]. Oncogene ras, a kind of GPT protein
located at cell plasma and membrane, participates
in the signal transduction regulation of various
growth factor recept ors. Once being mutant, ras
oncogene will be continously activated and obviously
promote the mitosis of the cells[19]. Our results
revealed that the positive expression rate of gastrin,
c-myc, c-fos and rasP21 in carcinoma tissue was
significantly higher than that in mucosa adjacent to
carcinoma tissue and normal colorectal mucosa, the
positive expression rate of c-myc and c-fos in
gastrin-positive group was significantly higher than
that in gastrin-negative group. It indicated that the
growth-promoting effect of gastrin on colorectal
carcinoma may be correlated with the activation of
oncogenes. Wang et al[20] found that administration
of gastrin resulted in the rapid appearance of c-myc
mRNA in IEC-6 cells, the maximum increase in cmyc mRNA levels was 7.5-fold that of the normal
value. Andrea et al[21,22]reported that gastrin had a
promoting effect on the growth of AR4-2J cell line,
and could induce the increase of c-fos mRNA
content; after having combined with its receptor,
gastrin trige red a series of phophorylation in PKC
signal pathway and induced the activication of
extracellular signal regulatory kinase ERK 2, the
kinase increased the tra nscription activity of EIK1, then enlarged the expression of c-fos gene and
stimulated the cell proliferation. Seva et al [23]
reported that gastrin stimulated MAP kinase
activation in a dose- and time dependent manner,
rasP21 may link the MAP kinase pathway to gastrin
receptors to trigger the activation.
Phosphatidylinositol signal pathway played an
important role in the biological transmembrane
transduction, which was intimately correlated with
cell
proliferation and
tumorgenesis [24].
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Phosphatidylinositol-4, 5-bisphosphate (PIP-2) was
the direct precursor of second messengers IP3 and
PG, and it functioned through IP3-Ca2+ pathway
and DG-PKC pathway. The ascendance of
dissociate Ca2+ concentration was an important
mitosis promoting signal and Ca2+ correlated with
the genesis and growth of many kinds of
carcinomas. Protein kinase C was a kind of
important kinase in the phosphatidylinositol signal
path way, it existed in plasma of static cells by a
non activation form, and once it was activated, it
moved to cell membrane. The changes of activity
were intimately correlated with cell proliferation.
In our study, after we applied pentagastrin to
colonic carcinoma SW480 cell line, the VCC,
intracellular IP3 content and Ca2+ concentration and
membrane PKC activity all ascended and were
dose-d ependant obviously. But when pentagastrin
and antagonist of gastrin were taken together, they
remained changed, demonstrating that the growthpromoting effect of pentagastrin on human colonic
carcinoma SW480 cell line was correlated with
phosphatidylinositol signal pathway and it was
through its receptor intermediate function in
phosphatidylinositol signal pathway that proglumide
antagonized the growth-promoting effect of gastrin
on carcinoma cell. Ishizuka et al[10] suggested that
the combination of gastrin and its receptor activated
the membrane phospholipase and then hydrolyzed
phosphatide to PI and DG, the latter then activated
PKC, and finally Ca2+ was released and functioned.
All the findings above and our results indicated
that some carcinoma cells produced gastrin by
autocrine, after being intermediated by the second
messenger in the cells, the expression of oncogene
c-myc and c-fos was enlarged, thus promoting the
proliferation of the carcinoma cells.
To block any link in the function procedure of
gastrin could weaken or inhibit the growthpromoting effect of gastrin on large intestine
carcinoma. There were three kinds of gastrin
receptor antagonists: proglumide, somatostatin and
prostaglandin (PG). Most of the interests were
focused on proglumide, amide, the functional group
of proglumide could particularly compete gastrin
receptor with gastrin. In our research, 10mg
proglumide was injected subcutaneously into
transplanted carcinoma in gymnomice, 35 days
later, compared with control group, there was no
statistical difference in the volume, weight,
intracellular cAM P, DNA, protein content and cell
cycle of transplanted carcinoma in the PG group,
but all the value above including cell amount of S
and G 2M phase, proliferat ion index of PG and
proglumide group were significantly lower than
those of PG group, while the cell amount of G0/G1
phase was higher than that of PG group. All these
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showed that proglumide had no effect on the growth
of human colonic carcinoma SW480 cell line but
could inhibit the growth-promoting effect of gastrin
on transplanted carcinoma. Proglumide has been
applied to the clinical practice. K ameyama et al[25]
reported that seven large intestine carcinoma
patients with hepatic metastasis were treated with
proglumide (three times daily, each time 400mg)
and 5’DFUR (800mg) for 2 years after the
resection of the hepatic metastatic mass, at the
same time, patients received chemotherapy by hepatic
artery encheiresis and followed up for an average of
39 months. The relapse rate of the proglumide+
chemotherapy group was 14% (1/7), while the rate
of the chemot herapy alone group was 52% (14/
26), so they drew a conclusion that the
hormono therapy could effectively prevent the
relapse after the resection of the hepatic metastatic
mass. We used proglumide as an adjuvant drug to
treat 25 colorectal patients having radical resection,
besides administration of 400mg proglumide three
times a day, MFA chemotherapy program was
undertaken at the same time, while 25 patients as
control group undertook MFA chemotherapy
program alone. Follow-up results indicated that the
3-year survival rate of proglumide group (80%) was
higher than that in control group (64%), the
relapse or metastasis rate of proglumide group
(12%) was lower than that in control group (20%),
but without statistical differences (P>0.05). The 3year survival rate of Duke’s C and D patients in
proglumide group (73.3%) was obviously higher
than that in control group (42.8%) (P<0.05). It
indicated that administration of proglumide as
adjuv ant therapy for patients with colorectal
carcinomas, particularly the middle and late stage
ones, could decrease the relapse or metastasis rate
and prolong the survival period. But being a kind of
weak gastrin receptor antagonist, only when the
gastrin receptor level was high, could proglumide
have an inhibitory effect. Therefore, its curable
effect on large intestinal carcinoma awaits further
evaluation more clinical observations.
Somatostatin is a kind of annular peptide
hormone secreting by D cell. The main effect of
somatostatin is to inhibit the growth, secretion and
absorption of the mucosa of the gastrointestinal
tract and to inhibit the release of gastrin, secretin,
glucagon and growth hormone. Itzeu et al[26] found
with immunohistochemistry that there existed D cell
in the mucosa of colorectal carcinoma, and
suggested that D cell in mucosa of large intestine
might have local regulatory effect on the secretion
of other hormones. Dy et al[27] reported that SMS
20.995 could significantly and concentrationdependently inhibit the growth of transplanted
human colonic carcinoma from LIM2405 and
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LIM2412 cell line. We found that the volume,
weight, DNA and protein content in carcinoma
cell, cell amount and proliferation index of S and
G2M phase in SMS group and SMS+PG group were
markedly lower than those in PG group and control
group, and markedly higher in PG group than those
in control group. The cell amount of G0/G1 phase
in SMS group and SMS+PG group was significantly
higher than that in PG group and control group.
This demonstrated that octapeptide somatostatin
had a negative regulatory effect on the transplanted
carcinoma, and it could not only inhibit the growth
of transplanted human colonic carcinoma from
SW480 cell line directly but also inhibit the growthpromoting effect of gastrin on the transplanted
carcinoma. The half-life period of somatostatin is
shorter than two minutes, so it can not be used
pharmaceutically, but its analog manually
synthesized such as SMS 201-995 and RC-160 have
been used in clinical practice. Having treated 55
pati ents with advanced digestive tract carcinomas
who could not endure chemotherapy with SMS201995, Cascinu et al[28]found that SMS201-995 could
relieve symptom and improve the quality of life and
prolong the survival.
Colorectal carcinoma is a common kind of
malignant carcinoma. The carcinoma was mostly in
middle or advanced stage when patients first came
to see a doctor. Treatment of gastrin-sensitive
patients with colonic carcinoma with gastrin
recept or antagonists such as proglumide and
somatostatin as adjuvant therapy is expected to
prolong the survival of the patients and to raise the
curative effect and to create new approaches for
non-cytotoxic therapy such as hormonotherapy of
patients with colorectal carcinoma.
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Effect of retinoic acid on the changes of nuclear
matrix in termediate filament system in gastric
carcinoma cells
LI Qi-Fu
Subject headings stomach neoplasms; tumor
cell, cultured; retinoic acid; nuclear matrixintermediate filment system

inducement. This alternation is an important
morphological and functional expression to the
malignant phenotypic reversion of cancer cells.

Abstract
AIM To explore the relationship between the
configuration chan ges of the nuclear matrixintermediate filament system in cancer cell
induced by retinoic acid and the malignant
phenotypic reversion of cancer cells.
METHODS The human gastric adenocarcinoma
cell line MGc80-3 cells were induced with 10-6
mol/L retinoic acid and subcultured at cover slip
strip and gold grids. The cells were treated by
selective extraction method and prepared for
whole mount electron microscopy observation.
The samples were examined respectively with
scanning and transmission electron microscope.
RESULTS The nuclear matrix filaments and
intermediate filament s in MGc80-3 cells were
relatively few and scattered, not welldistributed and arranged irregularly. The nuclear
lamina was ununiformly thick and compact,
connected to the nuclear matrix filaments and
intermediate filaments relaxedly. However, the
two kinds of filaments were abundant and welldistributed, different in slender and thick form
and interweaved into a regular network in the
cells induced by 10-6 mol/L RA. The nuclear
matrix filaments and intermediate filaments were
connected closely by the thin and compact fiberlike lamina, and interlaced into a regular
network throughout the whole cell region.
CONCLUSION The NM-IF system in MGc80-3
cells had undergone a restorational change
similar to those of normal cells after RA
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INTRODUCTION

The nuclear matrix is a fine network in the
eukaryotic nucleus and plays an important role in
maintaining
nuclear
morphology,
DNA
organization, DNA replication and gene expression.
The morphological and functional alternations of
the nuclear matrix have an important effect on cell
proliferation and differentiation[1,2]. It has been
shown in previous studies that there were dramatic
differences in the configuration and protein
composition of the nuclear matrix between cancer
and normal cells[3,4]. Moreover, it has been
demonstrated that some carcinogens or anti-cancer
agents perform their function by affecting the
nuclear matrix[5]. These results suggest that
abnormal nuclear matrix is closely relevant to cell
canceration. However, the alternations of nuclear
matr ix during the differentiation induced by cancer
cells and its relation to the ma lignant phenotypic
reversion of cancer cells are still poorly understood.
To explore the correlation between the
configurational changes of the nuclear matrix and
the malignant phenotypic reversion of cancer cells,
a study was made on the alternations of the nuclear
matrix-intermediate filament (NM-IF) system in
human gastric adenocarcinoma cell line MGc80-3
induced by retinoic acid (RA).
MATERIALS AND METHODS
Cell culture and induced treatment

MGc80-3 cells were cultured in RPMI-1640 medium
supplemented with 20% heat-inactivated fetal calf
serum, and an appropriate amount of penicillin,
streptomycin and kanamycin. The MGc80-3 cells
were induced by the medium containing 10-6 mol/L
all-trans-retinoic acid (RA) (purchased from Sigma
Chemical Co.). Then, MGc80-3 cells and the cells
treated with RA were seeded in small penicillin
bottles with cover slip strip on which some gold
grids covered with formvar and coated with carbon
were sticked with polylysine, and grown in the
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normal medium or the medium containing 10-6
mol/L RA respectively. Cells were incubated at
37
in 5% CO2 atmosphere for 72 hours.
Cell selective extraction

The cells were selectively extracted as described by
Capco[6]. MGc80-3 cells and the cells treated with
RA were rinsed with D-Hank’s solution twice at
37 , and extracted by high ionic strength
extraction solution (10 mmol/L PIPES, pH 6.8,
250 mmol/L (NH4)2SO4, 300 mmol/L sucrose,
3 mmol/L MgCl2, 1.2 mmol/L PMSF, 0.5%
Triton X-100) at 4
for 3 min. The extracted cells
were rinsed in non-enzyme digestion solution
(10 mmol/L PIPES, pH 6.8, 50 mmol/L NaCl,
300 mmol/L sucrose, 3 mmol/L MgCl2, 1.2 mmol/
L PMSF, 0.5% Triton X-100), and digested in
digestion solution containing DNase I (400mg/L)
and RNase A (400 mg/L) for 20 min at 23 . The
samples were placed in high ionic strength extraction
solution at 23
for 5 min. So far only the nuclear
matrix- intermediate filament structure remained
intact.
Sample preparation for the whole mount
electron microscopy

The NM-IF samples produced by selective extraction
were prefixed in 2% glutaraldehyde (made in nonenzyme digestion solution) at 4
for 30 min. The
samples were then rinsed with 0.1 mol/L sodium
cacodylate buffer (pH 7.4), postfixed in 1% OSO4
(made in 0.1 mol/L sodium cacodylate) at 4
for
5 min, dehydrated in ethanol series, replaced in
isoamyl acetate, dried through the CO2 critical
point. The cell samples attached to grids were
examined with a JEM-100CX II transmission
electron microscope (TEM), and the cell samples
grown on cover slip strip were gilded in vacuum and
examined with a HITACHI S-520 scanning electron
microscope (SEM).

WJG

October 1999

Volume 5

Number 5

nuclear matrix filaments were short, and there
were few single filaments while most of the nuclear
matrix filaments were quite thick in bundle-like
form and interweaved into an irregular network or
in a flocculent structure. One or more residual
nucleoli were usually observed within the nucleus
region and maintained by a few of nuclear matrix
filament bundles (Figures 1, 2). However, in the
MGc80 -3 cells induced by RA, the nuclear matrix
filaments were abundant and well-distributed,
different in slender and thick form in the nucleus
region. The nuclear matrix filaments were slender,
in which the single filaments increased, and
interweaved into a regular network. The nuclear
matrix filaments or filament bundle s were arranged
radiately and connected to the residual nucleoli
(Figures 3-5).
Nuclear lamina

The nuclear lamina in MGc80-3 cells was
ununiformly thick and compact. The inner nuclear
lamina was nonected with some thick nuclear matrix
filament bundles or thin and short filaments. It
could always be seen that the intermediate filament
bundle and the thin or thick filament of its branches
were connected to and terminated on the outer
nuclear lamina. Nevertheless, the nuclear matrix
filaments and the intermediate filaments connected
to the nuclear lamina were relatively few and
scattered (Figures 1, 2). The nuclear lamina in
MGc80-3 cells induced by RA turned into a thin and
compact fibroid structure. The inner nuclear lamina
was connected closely with the nuclear matrix
filaments, and many long and slender intermediate
filament bundles were terminated directly on the
outer nuclear lamina. Both the nuclear matrix
filaments and the intermediate filaments connected
to the nuclear lamina increased and appeared quite
densely. It impelled the three parts to link up with
each other more closely (Figures 3, 5).
Intermediate filament

RESULTS

It was revealed by TEM and SEM that MGc80-3
cells and the cells induced by RA after selective
extraction remained a filament network spreading
all over the original cell region and structurally
interlinked. In addition, the original nucleus region
was maintained by the nuclear lamina and formed
an interlinking and integrated NM-IF system
(Figures 1-3). After induced treatment with RA,
the changes of NM-IF system in MGc80-3 cells were
observed.
Nuclear matrix

The nuclear matrix filaments in MGc80-3 cells were
relatively few and scattered, not well-distributed and
arranged irregularly within the nucleus region. The

The amount of intermediate filaments in MGc80-3
cells was rather small. They were present mainly in
the cytoplasm region around the nucleus and only a
few in t he peripheral region within cytomembrane,
and were not well-distributed. The intermediate
filaments in which single filaments were few, were
chiefly in thick bundles or in strip-rope-like
structure, and arranged irregularly (Figures 1, 2).
But they were abundant and well-distributed in the
cytoplasm in MGc80-3 cell s induced by RA. They
spread from the region around nucleus and to the
cellular edge. Quite a few single filaments were
found in intermediate filaments which in terweaved
with the slender intermediate filament bundles into
a well-distributed and regular network throughout
the cytoplasm region (Figures 3, 5, 6).
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Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
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SEM observation of NM-IF system in MGc80- 3 cells (L lamina). Bar=1µm
TEM observation of NM-IF system in MGc80-3 cells (Nu residual nucleolus). Bar=1µm
SEM observation of NM-IF system in RA-treated cel ls. Bar=1µm
TEM observation of NM filament network in RA-treat ed cells. Bar=1µm
NM filament connects closely with intermediate fila ment by thin and regular lamina in RA-treated cells. Bar=0.5µm
The network of plentiful intermediate filaments in RA-treated cells. Bar=0.5µm

DISCUSSION

The abnormality of nuclear matrix is largely
associated with the canceration of cell. Previous
studies demonstrated that the nuclear matrix in
cancer cells has undergone an irregular and
abnormal configuration distinguished from that of
normal cells[1,3], indicating that the nuclear matrix
in cancer cells has some distinctive configuration
characteristics which differed significantly from
those of normal cells. The observation in this study
displayed that the nuclear matrix filaments and
intermediate filaments in MGc80-3 cells were

relatively few, not well distributed, arranged
irregularly, and the single filaments were few while
filament bundles were plentiful. The thick nuclear
lamina was not largely associated with the nuclear
matrix filaments and intermediate filaments. It
showed the typical configuration characteristics of
nuclear matrix in malignant tumor cells. The NM-IF
system in MGc80-3 cells induced with RA had
undergone a significant change. The nuclear matrix
filaments and intermediate filaments were
abundant, well-distributed with the single filaments
increased and differed in slender and thick form and
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inteweaved into a regular network. Meanwhile, the
nuclear matrix and intermediate filaments were
connected closely by the thin and compact fiber-like
nuclear lamina and organized into an integrated
network throughout the cell. The characteristics of
this organized and integrated configuration of NMIF system were significantly different from those of
MGc80-3 cells but similar to those of normal cells of
epithelial origin[6-7]. It demonstrated that RA
could impel the NM-IF system in MGc80-3 cells to
exert a reversional configuration alteration. In this
regard, the restoration of the normal configuration
of nuclear matrix is obviously an important
morphological and functional expression to the
malignant phenotypic reversion of gastric carcinoma
cells.
The nuclear matrix plays a role not only in
maintaining nuclear morphology as a framework
within the nucleus, but in DNA replication and
chromosomal construction. Consequently, the
nuclear matrix can directly affect the cell division
and proliferation[1,2,8]. It is obvious that the
changes of nuclear morphology and the inhibition of
DNA synthesis and cell proliferation in MGc80-3
cells induced by RA are associated closely with the
configuration and functional alternation of the
nuclear matrix. It can be concluded that these
effects are resulted from the restoration of normal
configuration of nuclear matrix in MGc80-3 cells
induced by RA. In addition, the nuclear matrix
plays an important influence upon regulating gene
expression by acting on gene transcription, RNA
processing and modifying, and directional
transport[2,9]. Previous studies suggested that
oncogene of cancer cells mainly existed in DNA
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sequences connecting to the nuclear matrix, and the
transcription of oncogene couldn’t be underway
until the oncogene was connected to the nuclear
matrix [3,10]. It indicates that the nuclear matrix
plays an important role in oncogene expression.
Therefore, the restoration of normal configuration
and function of nuclear matrix in gastric carcinoma
cells induced with RA must have an important effect
on regulating the expression of oncogene and tumor
suppressor gene which are related to gastric
carcinoma cells. For this reason, how to investigate
the functional alternations of nuclear matrix in
cancer cells during the induced differentiation will
have a momentous significance in revealing the
mechanism of cell canceration and reversion.
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Gastroesophageal reflux: the features in elderly
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Abstract
AIM
To compare the features of
gastroesophageal reflux disease between elderly
and younger patients.
METHODS Twenty-four hour pH-monitoring and
endoscopy were per formed for the 66 elderly
patients with typical gastroesophageal reflux
symptoms, and the results were compared with
112 symptomatic younger patients.
RESULTS The results of 24-h pH-monitoring
and endoscopy showe d that the elderly patients
had pathological reflux and reflux esophagitis
more frequently than the younger patients.
Percentage time with pH<4 in elderly patients
with reflux esophagitis was 32.5% in 24 hours,
as compared with 12.9% in the younger patients
with reflux esophagitis (P<0.05). The elderly
patient s with reflux esophagitis have longer
periods of acid reflux in both upright and supine
positions than the younger patients. Endoscopy
showed that 20.8% of elderly patients had grade
III/IV esophagitis, whereas only 3.4% of
younger patients had grade III/IV esophagitis
(P < 0.002). Percentages of grades I/II
esophagitis in the two groups were 12.5% and
26.5%, respectively (P<0.002).
CONCLUSION Elderly patients, as compared
with younger patients, have more severe
gastroesophageal reflux and esophageal lesions.
The incompetence of lower esophageal sphincter
and the presence of hiatal hernia may be
important factors leading to the difference in
incidence and severity of reflux esophagitis
between elderly and younger patients.
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INTRODUCTION

With the introduction of intraesophageal 24-h pHmonitoring in clinical practi ce, it is now possible to
identify patterns of gastroesophageal reflux (GER)
in the healthy people and patients and to assess the
effect of H2 blockers and H + /K + adenosine
triphosphatase ( ATPase ) inhibitors on GER
diseases [1-7]. It is increasingly recognized that
symptomatic GER may occur in the patients of all
ages. However, little information is available on
symptomatic GER patterns in the elderly.
Recently, Mold et al, investigated GER disease
(GERD) in patients aged over 62 years in a primary
care setting[8]. However, the focus of this study was
not on patterns of GER, but on prevalence of GER
in the elderly. Therefore, the aim of the present
study was to identify patterns and features of
symptomatic GER in the elderly patients.
PATIENTS AND METHODS
Patients

One hundred and seventy-eight consecutive patients
who had experienced heartbur n, regurgitation and
chest pain for at least 6 months were studied. These
includ ed 66 elderly patients (36 men, 30 women)
ranging in age from 65 to 76 years (mean age 67
years), and 112 younger patients (64 men, 48
women) aged from 21 to 64 years (mean age 41
years). None had undergone upper gastrointestinal
surgery such as gastric resection and selective
proximal vagotomy. None had taken H2-blockers or
H+/K+-ATPase inhibitors in the 2-week period
before 24-h pH-monitoring.
Endoscopy

All patients underwent upper gastrointestinal
endoscopy. Esophagitis grade was assessed
endoscopically by using the Savary & Miller
Criteria[9], that is, from grade I to IV. Of these
patients, very few presented with grades II and III
esophagitis, and therefore grade I and II, and III
and IV were grouped together.
Twenty-four
monitoring

hour

intraesophageal

pH-

Twenty-four hour intraesophageal pH-monitoring
was carried out by a routine method used in our
laboratory [10]. Patients were advised to take a
stand ard 2200 kilocalories meal during 24-h

422

ISSN 1007-9327

CN 14-1219/ R

intraesophageal pH-monitoring. A glass pHelectrode with an incorporated potassium chloride
reference electrode (Ingol delectrode, No 440) was
introduced via the naso-esophageal route and
positioned with the tip 5 cm above the
gastroesophageal junction identified by the pHmetry[11,12]. The output from the pH probe was
recorded on a solid-s tate recorder (Autronicord CM
18), which could be carried on a belt by the
patie nts. Data were analyzed on a computer by
means of a dedicated computer program. The
parameters recorded included the frequency and
duration of GER in 24 hours, upright and supine
positions, and frequency of GER longer than 5
minutes. Pathological reflux was diagnosed if 1) the
pH value in the regurgitated contents was <4.0,
and 2) the complete reflux duration was more than
7% in 24 hours[10 -12]. Reflux esophagitis was
diagnosed if the patient with pathological GER had
inflammatory esophageal lesions.
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Table 1 Endoscopic findings in elderly and younger patients
Non-esophagitis
(%)

Esophagitis
I/II(%)

Elderly patients
Younger patients
b

44(66.7)
78(69.6)

8(12.1) b
29(25.8)

Hiatal hernia(%)

III/IV(%)
14(21.2) b
4(3.6)

16(24.2) b
17(15.1)

P<0.001, elderly patients vs younger patients .

Table 2 Percentages of physiological reflux (PhR), pathological
reflux and reflux esophagitis (RE) in elderly and younger patients
PhR(%)
Elderly patients
Younger patients

24(36.4)
59(52.7)

PR(%)
a

20(30.3)
19(17.0)

RE(%)
a

22(33.3) a
34(30.3)

a
P < 0.05, elderly patients vs younger patients; PhR =
physiological reflux; PR = pathological reflux; RE = reflux
esophagitis.

Statistical methods

Anamnestic data and endoscopic findings were
analysed by means of the Chi-square test. The
Mann-Whitney test and Fisher exact test were used
to evaluate GER parameters.
RESULTS

Endoscopic findings showed that elderly patients
had more severe esophageal lesions and a higher
incidence of hiatal hernia than younger patients
(Table 1) (P<0.002).
On the basis of the results of the endoscopy and
intraesophageal 24-h pH-monitoring, patients can be
divided into three subgroups: physiologic reflux,
pathologic reflux and reflux esophagitis. Table 2
lists the percentages of the three groups in elderly
and younger patients. The incidence of pathologic
reflux and r eflux esophagitis in elderly patients was
higher than that in younger patients (P<0.05).
Figure 1 shows the percentage time of GER
episodes in 24 hours. In the reflux esophagitis
group, percentage time of GER episodes in the
elderly and younger patients during the entire 24-h
period was 36.2% and 17.8%, respectively (P
<0.05). No statistically significant differences in
the percentage time with GER episodes were found
between the elderly and younger patients in
either the physiologic or pathologic reflux
subgroups.
Figures 2 and 3 show the percentage time of
GER episodes in upright and supine positions.
Elderly patients with reflux esophagitis had
significantly greater percentage time of GER
episodes than younger patients with reflux
esophagitis (upright position, 32.4% versus 13.6%
supine position, 30.7% versus 11.7%; P<0.05).

Figure1 Percentige time of GER episodes in 24 hours .
PhR: physiological reflux; PR: pathological reflux; RE: reflux
esophagitis.

Figure2 Percentage time of GER episodes in upright position.

Figure3 Percentage time of GER episodes in supine positions.
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Elderly patients with reflux esophagitis had a
higher frequency of GER episodes than younger
patients with reflux esophagitis, the difference
being statistically significant (Table 3). There was
no significant difference between elderly and
younger patients in frequency of GER episodes
lasting more than 5 minutes (Table 4).
Table 3 Frequency of GER episodes in elderly and younger
patients (x±s)
Elderly patients
Upright position
PhR
PR
RE
Supine position
PhR
PR
RE
a

Younger patients

10
45
85

10 a
21 b
64 c

24
55
53

20 a
21 b
32 c

3
17
18

4
9d
3e

3
8
7

9
7d
7e

P < 0.01, elderly vs younger; c P < 0.05, elderly vs younger;
P<0.01, elderly vs younger; eP < 0.05, elderly vs younger.

d

Table 4 Frequency of GER episodes lasting more than 5 mintues
in eld erly and younger patients (x±s)
Elderly patients
Upright position
PR
RE
Supine position
PR
RE

Younger

patients

3
9

2
6

5
5

3
6

3
3

2
2

5
2

3
2

P>0.05, elderly patients vs younger patients; PR=pathological
reflux; RE=reflux esophagitis.

younger
counterparts.
Thirdly,
24-h
intraesophageal pH-monitoring showed that elderly
patients with reflux esophagitis had a more severe
acid reflux than younger patients with reflux
esophagitis. This is due to prolonged periods of acid
reflux in both upright and supine positions.
Similarly, in elderly patients with reflux
esophagitis, the frequency of GER episodes in both
upright and supine positions is higher than that in
younger patients with reflux esophagitis. It is
generally agreed that esophagitis may be the result
of abnormal acid GER in most patients. Our results
suggest that more severe patterns of GER in elderly
patients leads to more severe esophageal lesions.
The present results showed that there was no
statistically significant difference between the
elderly and younger patients regarding frequency of
GER episodes lasting more than 5 minutes
(Table 4). This suggests that an impaired
esophageal clearing function is not responsible for
the difference in incidence and severity of reflux
esophagitis observed between elderly and younger
patients. Therefore, different pathogenetic
mechanism such as the incompetence of lower
esophag eal sphincter and the presence of hiatal
hernia may be important factors leading to the
difference in incidence and severity of reflux
esophagitis between elderly and younger patients.
REFERENCES
1

DISCUSSION

Although several studies of GER patterns have
been carried out in healthy subjects and patients,
the GER profile in the elderly has not been
investigated. Many older people, as a result of
physiological change or disease, have decreased
salivary flow, gastric acid production, esophageal
motility, gastric emptying, and/or lower esophageal
sphincter tone. These changes may affect the
features of symptomatic GER in the elderly
patients.
The present study demonstrated that patterns of
GER and esophageal lesions in elderly patients with
GER symptoms showed different features from
those presented by the younger patients. Firstly,
the incidence of pathological reflux and reflux
esophagitis in the elderly patients with GER
symptoms was significantly higher than in the
younger patients (66.7% vs 46.9%). Secondly, the
elderly patients with GER symptoms have more
severe esophageal lesions than younger patients. In
the elderly patients, 20.8% of patients had grades
III/IV esophagitis, as against only 3.4% of patients
in the younger group. In addition, elderly patients
had a higher incidence of hiatal hernia than their

423

2

3
4
5
6
7
8
9
10
11
12

Smout AJPM, Breedijk M, Vanderzouw C, Akkermans LMA. Physiological gastroesophageal reflux and esophageal motor activity
studied with a new systemfor 24-hour recording and automated
analysis.Dig Dis Sci,1989;34:372-378
Duroux Ph, Emde C, Bauerfeind P, Francis C, Grisel A, Thybaud L,
Armstrong D, Depeursinge C, Blum AL. The ion sensitive field
effect transistor pH electrode: a new sensor for long term ambulatory pH monitoring.Gut,1991;32:240-245
Champion G, Richter JE, Vaezi MF, Singh S. Duodenogastro esophageal reflux: relationship to pH and importance in Barrett's
esophagus. Gastroenterology,1994;107:747-754
Breumelhof R, Smout AJPM. The symptom sensitivity index: a
valuable additional parameter in 24-hour esophageal pH recording.
Am J Gastroenterol,1991;86:160-164
Hewson EG, Sinclair JW, Dalton CB. Twenty-four-hour esophageal pH monitoring: the most useful test for evaluating noncardiac chest pain. Am J Med, 1991;90:576-583
Richter JE, Bradley LA, DeMeester TR, Wu WC. Normal 24-hr
ambulatory esophageal pH values.Dig Dis Sci,1992;37:849-856
Kahrilas PJ, Quigley EMM. Clinical esophageal pH recording: a technical review for practice guideline development.Gastroenterology,
1996;110:1982-1996
Mold JW, Reed LE, Davis AB, Allen ML, Decktor DL, Robinson
M. Prevalence of gastroesophageal reflux in elderly patients in a
primary care setting. Am J Gastroenterol,1991;86:965-970
Savary M, Miller G.The esophagus. Handbook and atlas of
endoscopy. Switzerland:Gassmann,1987:1-250
Zhu HM, Bianchi Porro G, Sangaletti O, Pace F. Thresholds of
gastroesophageal reflux in the diagnosis of esophageal reflux
diseases. China Natl J New Gastroenterol, 1996;2:9-12
Zhu HM. Study of influence of hiatus hernia on gastroesophageal
reflux. China Natl J New Gastroenterol,1997;3:27-30
Zhu HM, Huang X, Deng CZ, Pianchi Porro G, Pace F, Sangaletti
O. Pathogenetic factors affecting gastroesophageal reflux in patients with esophagitis and concomitar duodenal ulcer: a multivariate analysis.WJG,1998;4:153-157

Edited by MA Jing-Yun

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 October; 5(5):424-429
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Review
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Cryptosporidium parvum (C. parvum) is a
coccidian parasite of the phylum Apicomplexa that
infects the gastrointestinal, biliary and respiratory
epithelium of humans and animals[1]. Early reports
described a disease in humans characterized by
protracted, watery diarrhea occurring in
immunosuppressed patients, many with acquired
immunodeficiency syndrome (AIDS). Recent
epidemiologic studies indicate that cryptosporidiosis
may also present as an acute, self-limited diarrheal
disease in immunocompetent individuals and may
account for 1%-10% of diarrheal disease
worldwide[2,3]. Despite the magnitude and severity
of cryptosporidial infection, the pathogenesis is
poorly understood, and there is currently no
effective therapy[3]. In this review, we provide a
concise summary of what is known about
cryptosporidial infection of the intestinal and biliary
tract.
THE PARASITE

Cryptosporidium is a coccidian parasite and one of
many genera of the protozoan phylum,
Apicomplexa (class Sporozoea, subclass Coccidia).
Six species are currently recognized on the basis of
differences in host specificity, oocyst morphology
and site of infection (C. parvum, C. muris, C.
meleagridis, C. baileyi, C. serpentis and C.
nasorum); only C. parvum causes diseases in
humans[1,4].
C. parvum has a monoxenous life cycle, all
stages of development ( asexual and sexual )
occurring in one host. The entire life cycle may be
completed in as few as 2 days in many hosts, and
infections may be short-lived or may persist for
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months. Once ingested, oocysts excyst in the
gastrointestinal tract releasing infective sporozoites.
The freed sporozoites attach to epithelial cells and
becom e enclosed within parasitophorous vacuoles,
developing attachment organelles (stages referred as
trophozoites ). The trophozoites then undergo
asexual proliferat ion by merogony and form two
types of meronts. Type I meronts form 8
merozoites that are liberated from the
parasitophorous vacuole when mature; the
merozoites then invade other epithelial cells where
they undergo another cycle of type I merogony or
develop into type II meronts. Type II meronts
form 4 merozoites which do not undergo further
merogony but produce sexual reproductive stages
(called gamonts). Sexual reproduction occurs by
gametogony and both microgamets (male) and
macrogametocytes ( female ) are formed.
Macrogametocytes are then fertilized by mature
microgamets, and the resultant zygotes undergo
further asexual developme nt (sporogony) and form
sporulated oocysts containing 4 sporozoites. Most
oocysts are thick-walled and are excreted from the
host in faecal material; some oocysts, however, are
thin walled and have been reported to excyst within
the same host leading to a new cycle of
development[1]. The presence of these autoinfective oocysts and recycling type I meronts are
believed to be the means by which persistent chronic
infections may develop in hosts without further
exposure to exogenous oocysts[1].
EPIDEMIOLOGY

Infection of C. parvum in both immunocompetent
and immunocompromised humans occurs
worldwide. From prevalence studies, oocyst
excretion rates are known to vary between 1%-3%
in industrialized countries and 10% in less
industrialized nations. Seroprevalence rates are
much higher. In developed countries, they vary
between 25%-35%, while in the developing world
these rates are as high as 60 %-90 % (Figure
1)[3,5,6]. C. parvum infection was reported in
10%-15% of the children with diarrhea in the
developing world. It has been reported that 10%16% of AIDS patients with chronic diarrhea in
North America and 30%-50% in the developing
world are infected with C. parvum[7,8] while the
in fection mainly occurs in the intestine in both
immunocompetent and immunocompromised
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individuals, biliary cryptosporidiosis has only been
reported in HIV-infec ted patients, being found in
20%-65% of the patients with so-called AIDSchola ngiopathy[9].
It has been reported that as low as 10 oocysts of
C. parvum can cause human diseases. Many
instances of human-to-human transmission have
been recorded bet ween household and family
membranes, sexual partners (both heterosexual and
homo sexual), hospital patients and staff, and
children attending day care centers. While most
cases of transmission involve oocysts derived from
faecal samples, contaminated water is a source of
infection among international travelers, and
outbreaks have been associated with contamination
of well water, surface water, swimming pools and
public water supplies. C. parvum oocysts have been
recovered from untreated surface waters, filtered
swimming pool water, and most importantly, from
treated drinking water. Homosexuals practicing
oral-anal and/or anal-genital sex, veterinary
personnel and animal handlers are particularly at
risk[1]. Immunocompromised individuals with
hypogammaglobulinaemia, organ transplanted
recipients, patients undergoing bone marrow
transplantation and patients on immunosuppressive
drugs are also at high-risk[10].
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intracellular developmental stages in which the
parasite is covered by host membranes is
unknown[1].
Experimental studies using immunocompromised SCID mice and nude mice have shown that
resolution of a C. parvum infection requires B and/
or T lymphocytes[12]. The identification of
cryptosporidiosis as one of the opportunistic
infections affecting individuals with AIDS also
suggests that immunity to this parasite requires
CD4+ T cells. CD4+ T cells of patients with AIDS
infected with C. parvum show that fulminant and
persistent disease only occurs in individuals with
CD4+ counts < 50 cells/mm3. Individuals with
CD4+ T counts > 200 cells/mm3 display only
transient disease. Individuals with CD4+ T counts
<50 cells/mm 3 have an increased incidence of
biliary disease, an indicator of chronic
cryptosporidiosis, and a decreased survival when
compared to those individuals with higher CD4+ T
cell counts[9]. IFNγ is important for resistance to
C. parvum; the absence of this cytokine in mice
with a targeted disruption of the IFNγ gene (gene
knockout ) results in uncontrolled C. parvum
infection[13].
Pathogenesis

IMMUNOLOGY AND PATHOGENESIS
Immunology

Immunocompetent individuals who become infected
generally experience a self-lim ited syndrome and
become immune to reinfection. In contrast, severe
chronic infe ctions may develop in
immunocompromised individuals with either
congenital or acquired lymphocyte or γ-globulin
deficiencies, suggesting both cell -mediated and
humoral immune responses are involved in the
resolution of infections and the development of
immunity[1].
Immunoserological tests have detected specific
IgG, IgM, IgA and even IgE antibodies in acute or
convalescent sera from infected patients. Local and
secretory antibodies have been detected in
association with infections, including IgA antibodies
in duodenal fluid[11]. Passively acquired antibodies
have also been implicated in the prevention or
control of infections. Several epidemiological
studies recorded a lower prevalence of infections in
breast-fed children than in bottle-fed children.
However, the role of serum or secretory antibodies
in the resolution of infections is unclear.
Neutralizing antibodies against surface membrane
determinants of free sporozoites and merozoites
reduce infectivity, sug gesting that some antibodies
may neutralize intraluminal stages of the parasite.
Whether these antibodies would be effective against

Histological changes associated with intestinal
cryptosporidiosis are relatively non-specific and
include blunting of villi, hyperplasia of intestinal
crypt cells, and infiltration of inflammatory cells
into the luminal propria. Neutrophilic infiltrate,
villus blunting, cryptitis, epithelial apoptosis and
reactive epi thelial changes in the intestine in AIDS
patients with cryptosporidiosis correlate with the
intensity of C. parvum infection[14]. Biliary
cryptospor idiosis is also associated with a nonspecific inflammatory response. Histologically,
there is a periductal inflammatory response with
interstitial edema, mixed inflammatory cell
infiltrates, and hyperplasia and dilatation of the
periductual glands. The fibrosis that develops
around the portal tracts of AIDS patients with
chronic cryptosporidial infection can mimic the
histologic changes seen in primary sclerosing
cholangitis. Autopsy reports and prospective studies
have supp orted an etiologic role for the organism
in biliary syndromes like sclerosing cholangitis and
acalculous cholecystitis [15,16]. However, the
pathophysiol ogical mechanisms underlying C.
parvum infection of intestinal and biliary epithelia
are not well understood, and at present our
understanding of the pathogenesis is still limited to
data from animal experimental studies.
The process by which C. parvum sporozoites
infect epithelial cells consists of two sequential
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steps:
attachment of sporozoites to the plasma
membrane of epithelial cells, a primary event in the
initial host-parasite interaction and a prerequisite
for the pathophysiological consequences; and
invasion of sporozoites into host cells by
invagination of the host cell plasma membrane,
which engulfs and eventually completely surrounds
the sporozoite to form a parasitophorous vacuole in
which the organism remains intracellular but
extracytoplasmic[17-19]. Electron microscopy has
confirmed the intracellular but extracytoplasmic
location of the organism within a parasitophorous
vacuole formed by a continuous covering of
microvillous membranes, and nearly all endogenous
developmental stages of C. parvum are confined to
the apical surface of epithelial cells. The parasite
contains a unique “attachment” or “feeder”
organelle which is prominent at the base of each
parasitophorous vacuole. Originally, this feeder
organelle was thought to be formed by repeated
folding of parasite and host epithelial cell
membranes. However, recent electron microscopic
studies showed that the dense band of feeder
organelle underlying the parasite attachment site
represents modified host cell cytoskeleton. This
organelle is thought to facilitate the uptake of
nutrients by the parasite from the host cell.
C. parvum displays a clear predilection to
infect only certain sites within the host. The
parasite usually infects epithelia in the intestine,
respiratory tract and bile ducts. In the human
intestine, the stomach is rarely infected, and the
upper small bowel, colon, and rectum are less
affected than the mid small bowel[1]. Several cell
lines from human or animal intestine are sensitive to
C. parvum-infection in vitro, but the
susceptibilities of those cells to infection differ[20].
Sporozoites attach to the cultured host cells by their
anterior pole and attachment is dose, time, ion, pH
and host cell-cycle dependent, and is inhibitable by
antibodies against antigens on the sporozoite surface
membrane[21,22]. Recently, we developed an in
vitro system of biliary cryptosporidiosis, and
demonstrated that the infection is both apical
plasma membrane and liver cell specific (i.e., C.
parvum can infect bile duct cells but not
hepatocytes in vitro)[19]. These characteristics
suggested specific molecules on the surface of both
epithelial cells and C. parvum sporozoites are
involved in the infection process. Previous studies
did demonstrate the presence of a galactose-Nacetylgalactosamine (Gal-GalNAc) specific C.
parvum sporozoite surface lectin which may
mediate attachment of sporozoites to host
cells[22,23]. Moreover, recent reports have shown
that C. parvum sporozoite motility depends on the
parasite cytoskeleton, and host cell cytoskeleton
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rearrangement might be involved in the biogenesis
of parasitophorous vacuoles[19]. Nevertheless, the
molecular mechanisms and specific molecules
involved in the initial interaction between C.
parvum sporozoites and epithelial cells remain
obscure. Moreover, essentially nothing is known
about how the organism actually invades cells and
forms a parasitophorous vacuole, a complex
organelle on which the life cycle and possibly the
cytotoxicity of the organism is dependent. Based on
our observations on the interaction of C. parvum
with intestinal and biliary epithelial cells in vitro,
we propose a molecular model for C. parvum
infection of epithelial cells shown in Figure 2.
When microbes interact with host cells, the
result is generally host cell dysfunction. Recent data
in a variety of tissues infected with either parasite
(such as Entamoeba histohytica, Schistosoma
mansoni, Trypanosoma cruzi and Toxoplasma
gondii), bacteria or viruses are consistent with the
concept that microbial pathogens can kill host cells
by an apoptotic mechanism. Experimentally, it has
been shown that C. parvum infection of intestinal
and biliary epithelial cell monolayers results in a
functional disruption of the monolayers and release
of LDH from the cell surface. Epithelial apoptosis
and reactive epithelial changes in the intestine in
AIDS patients with cryptosporidiosis have recently
been shown to be associated with C. parvum
infection[14]. We found that apoptosis occurs in the
epithelial cells adjacent to C. parvum-infected
biliary epithelia in vivo in the gallbladder of a
patient with AIDS and biliary cry ptosporidiosis[19].
More recently, we found that C. parvum can
indu ce apoptosis in the cultured human biliary
epithelia [19,24]. These results suggest that C.
parvum, like some other parasites, is directly
cytopathic for epithelia via an apoptotic
mechanism, a mechanism which is believed critical
in liver diseases like primary biliary cirrhosis,
primary sclerosing cholangit is, and hepatitis[25].
Release of cytokines and chemokine plays a
critical role in the inflammation associated with
microbial infection. Rapid upregulation of the C-XC chemokine fa mily was found in human intestinal
epithelial cells infected with gram-negative or grampositive bacteria. In an in vitro model of intestinal
cryptosporid iosis, C. parvum induces IL-8 release
from
infected intestinal epithelial cell
monolayers[26]. Release of cytokines and
chemokines like IL-8 could be involved in the
pathogenesis of inflammation in cryptosporidiosis.
However, little is known about the early events
following host-parasite interactions that influence
the course of cytokine and chemokine upregulation
and release.
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Figure1 Prevalence of IgG antibodies to C. parvum in different
populations from Brazil, China and the United States. M =
month. D ata reproduced from reference 3 with perission.
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C. parvum infection and CD4+ cell count[27]. The
diarrhea is watery and stool frequency can be up to
10 times a day with a mean volume of one litter.
Individuals with AIDS infected with C. parvum can
experience a 10% drop in body weight, and usually
develop severe malabsorption. Most of them never
clear the infection, and ultimately have a shorter
survival
than
AIDS
patients
without
cryptosporidiosis[28].
AIDS patients infected with C. parvum also
develop extraintestinal disease, most frequently of
the biliary tract[29]. Biliary cryptosporidiosis has
only recently been recognized as a clinical entity,
and is even less understood than the intestinal form
of the disease. Although a number of pathogens
account for opportunistic biliary tract infections in
AIDS patients, C. parvum is the single most
common identifiable pathogen and is found in 20%65% of the patients with so-called AIDScholangiopathy[9]. These patients often have right
upper quadrant pain, nausea, vomiting, fever and
biochemical evidence of cholestasis. Strictures,
narrowing and irregularities of the intrahepatic bile
duct s, with dilatation of the common hepatic and
common bile ducts and the thickening of the ductal
walls, are often found by noninvasive and invasive
imaging studies[30].
Diagnosis

Figure2 Molecular model for C. parvum infection of epithelial cells.
C. parvum sporozoite attaches specifically to the apic al membrane
surface of epithelial cells. The attachment induces rearrangement
of the host cell cytoskeleton and facilitates the parasite’s invasion
and parasit ophorous vacuole formation. Host cell cytoskeleton
rearrangement forms the feede r organelle underlying the parasite
attachment site and facilitates the uptake o f nutrients by the
parasite from the host cell cytoplasm.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations

The most common clinical manifestation of
cryptosporidiosis is diarrhea, characteristically
profuse and watery and often containing mucus but
rarely blood or leucocytes. Other clinical signs
observed include abdominal cramps, low grade
fever, nausea and vomiting[10]. The duration and
severity of clinical symptoms depend largely on the
immune status of the infected individual. In
immunocompetent individuals, the disease is usually
self-limited. After an incubation period of 7-10
days, >90% of infected cases present with watery
diarrhea lasting approximately 2 weeks, 50%
present with nausea, vomiting and cramp-like
abdominal pain and 36% present with a febrile
illness. In immunocompromised individuals, the
disease is much more severe. In HIV-infected
patients, the disease severity is related to the site of

Indirect methods of diagnosing cryptosporidosis (by
comparative symptomatology or clinical
parameters) have proven unsatisfactory. Serological
studies also have no place in diagnosis as many
healthy individuals already have antibodies. At
present, most cryptosporidial infections are
diagnosed by the microscopic examination of host
faecal material for the presence of C. parvum
oocysts. Experimental studies have shown that
oocyst excretion coincides well with the onset and
duration of most clinical signs of disease. Most
asymptomatic individuals can be screened to detect
subclinical infections and even water samples can be
examined for contamination by oocysts. C. parvum
oocysts are much smaller than those of other
coccidian parasites, and they differ in many of their
staining and buoyancy characteristics. Thus, most
conventional coprological techniques used in
parasitology and microbiology laboratories are not
entirely suitable for their detection. Many
specialized staining procedures have been described
to stain the oocysts and differential staining
techniques are more desirable to avoid confusion.
The technique of choice for many diagnostic
laboratories has been acid-fast staining. Oocysts
stain bright red whereas yeast, bacteria and other
faecal debris only take up the counterstain. Several
immunolabelling techniques have also been
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developed to detect oocysts. Both polyclonal rabbit
antisera and monoclonal antibodies have been used
to detect C. parvum oocysts in faecal and water
samples by immunofluorescence and several
diagnostic test kits are now commercially
available[19,31,32].
When biliary disease is suspected,
ultrasonography is the best initial diagnostic
method. It will be suggestive in most cases by
identifying biliary ductal wall thickening and/or
gallbladder dilation or both. Computerized
tomography might also be helpful. However, the
most sensitive method to diagnose biliary tract
disease in HIV-infected patients is endoscopic
retrograde cholangiopancreatography ( ERCP )[30].
If biliary disease is highly suspected and the patient
has normal ultrasonography, ERCP should be
performed. However, ERCP is not recommended to
work-up
suspected
asymptomatic
AIDScholangiopathy. The cholangiographic a ppearance
of AIDS cholangiopathy is quite variable and has
been
described
in
different
ways.
Characteristically, the biliary tree appears irregular
and distorted with focal dilation and narrowing in
the intrahepatic and/or extrahepatic biliary tree.
The most common cholangiographic pattern is
papillary stenosis associated with intrahepatic
sclerosing cholangitis, which occurs in
approximately 50% - 60% of patients[30,33,34].
Although occasionally diagnostic, percuta neous liver
biopsy is rarely helpful and thus plays no role in the
diagnosis of AIDS-cholangiopathy. Serum alkaline
phosphatase is the most commonly elevated liver
biochemical test with mean values in most series of
700 IU/L-800 IU/L.
Mild
increases
in
aminotransferases are common with values ranging
from 65 to 123 IU/L, whereas hyperbilirubinemia is
distinctly uncommon[30].
THERAPY AND PREVENTION
Therapy

At present, there is no effective antimicrobial
treatment available for cryptosporidiosis in man or
animals. Gererally, immunocompetent individuals
need no specific therapy. Supportive care with oral
or intravenous fluids and electrolyte replacement is
beneficial in alleviating the dehydration
accompanying acute diarrhea while awaiting
spontaneous recovery. In children, however,
spiramycin may shorten the duration of oocyst
excretion and diarrhea, although conflicting results
have been obtained[35,36]. In AIDS patients without
antiretroviral therapy, AZT therapy should be
started. In these patients, a relationship between
disease severity and CD4+ count has been
documented. Paromomycin is the only agent so far
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that has been found to have efficacy in animals and
humans in the treatment of intestinal
crytosporidiosis[37-39]. It is an aminoglycoside
anti biotic that is not significantly absorbed when
given orally and is used for intestinal amoebiasis. In
most studies, including a double blind trial, there
was a good clinical and parasitological
response[37-40]. However, after discon tinuation of
treatment, many patients relapse. In a welldocumented study, paromomycin, 500 mg 4 times
daily for 4 weeks and maintenance therapy of
500mg twice daily, was used[41].
Therapy of biliary cryptosporidiosis in AIDScholangiopathy is primarily endoscopic[30]. For
those patients with abdominal pain or cholangitis
associated with papillary stenosis, endoscopic
sphincterotomy may provide striking symptomatic
relief as it facilitates drainage and decompression of
the biliary system. Although survival is not
prolonged, sphincterotomy may help improve the
quality of life for those with papillary stenosis and
pain. There is no evidence that sphincterotomy is
beneficial for sclerosing cholangitis in the absence
of papill ary stenosis and CBD dilation, or in
asymptomatic patients and it may be associated with
a higher complication rate. Patients with diffuse
intra- and extrahepatic sclerosing cholangitis alone
have few specific treatment options. Paramomycin
is not effective in biliary cryptosporidiosis in AIDScholangiopathy[40].
Prevention

Since therapy remains difficult, prevention of the
disease is critical. C. parvum infections are
contracted by the ingestion or inhalation of oocysts,
and therefore effective control measures must aim to
reduce or prevent oocyst transmission. C. parvum
have been proven remarkably resistant to chemical
disinfection. Many commercial disinfectants (based
on aldehyde, ammonia, alcohol, chlorine or
alkaline compounds) are ineffective when used
according to the manufacturers’ instructions and
most conventional methods of water treatment do
not effectively remove or kill all the oocysts from
contaminated water [1]. Many recommendations
have been made for the prevention and control of
infections in specific locations; such as hospitals,
laboratories, and day care centers. These
recommendations have basically involved
managerial practices designed to minimize further
host contact with sources of infection. Isolation of
infected individuals, careful handing and disposal of
biohazardous waste, and heat treatment (boiling) of
suspect contaminated water before consumption are
helpful.
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Expression of inducible nitric oxide synthase in
human gastric cancer
Jun Yu, Fei Guo, Matthias P.A. Ebert and Peter Malfertheiner
Subject headings stomach neoplasms; nitric
oxide synthase; nit ric oxide

INTRODUCTION

Inducible nitric oxide synthase (iNOS) is an enzyme
that catalyzes the formation of nitric oxide (NO)
from L-arginine. iNOS expression and activity results
in the production of high levels of NO[1].
The generation of physiological levels of NO is
important for mucosal function and it also exerts a
cytoprotecti ve effect on the gastrointestinal mucosa.
However, increased iNOS expression has been
observed in patients with chronic inflammatory
diseases of the gastrointes tinal tract, such as
ulcerative colitis[2,3], and gastritis[4] and it has been
speculated that increased NO may induce DNA
damage[5,6] and angiogenesis[7]. Nonetheless, the
role of iNOS in human GI neoplasia is largely
unkown. Previous studies have demonstrated
increased iNOS expression in breast cancer[8,9], and
increased iNOS activity and protein levels have
been demonstrated in colorectal cancer[10] and
adenocarcinoma of the esophagus[11]. However, to
date, the role of iNOS in gastric carcinogenesis has
not been elucidated.
MATERIALS AND METHODS

Gastric biopsies were obtained from individuals
undergoing gastric endoscopy. Two or three mucosal
biopsies were endoscopically obtained for
histological study. One or two additional biopsies
were obtained for mRNA isolation. The biopsies
were snap frozen in liquid nitrogen and stored at
-80 . The samples used in this study were
collected from tumor and a tumor free location in 6
gastric cancer patients, and 7 biopsies were obtained
from the histologically normal gastric mucosa in
corpus and/or antrum from healthy subjects. RNA
was extracted using the RNA-zol B procedure. After
completion of this extraction, RNA was separated on
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a 1.5% agarose gel and RNA was visualized by
ethidium bromide staining. cDNAs were generated
from one microgram of total RNA; it was denatured
at 65
for 10 min and cooled on ice for 2 min.
The RNA was reversely transcribed in a 20 µL final
volume of 5x AMV RT buffer, MgCl2, dNTPs,
random primers, 16 U of Rnasin and 1.5 U AMV
Reverse Transcriptase. The reaction mixture was
incubated for 1 hour at 37 , and for 5 min at 96
. For confirmation of cDNA integrity, a RT-PCR
analysis using β-actin primers was also performed.
The sequence of the primers were as follows: sense
primer ( s-iNOS ), 5’ TAGAGGAACATCTGGCCAGG-3’; antisense primer (as iNOS), 5’-TGGCAGGGTCCCCTCTGATG-3’; generating a 372
bp fragment of the iNOS transcript. PCR was
performed under the following conditions: 94
for
5 min, 60 for 45 sec, 72
for 1min; which was
repeated for 35 cycles. Ten mL of the PCR reaction
was separated on a 1.5% agarose gel and cDNA was
visualized by ethidium bromide staining.
RESULTS

RT-PCR analysis using primers specific for human
iNOS mRNA generated a 372 bp fragment of the
predicted size. Using this RT-PCR analysis iNOS
mRNA was detected in 3 of 6 tumor tissues, and in
one of the adjacent tumor free gastric tissues
obtained from gastric cancer patients (Table 1). In
addition, a fragment of iNOS mRNA was amplified
in one of 7 normal gastric tissues obtained from four
healthy individuals
undergoing
endoscopy
(Table 2). H. pylori infect ion was detected
histologically in 5 of 6 cancer patients and in the
stomach of two of the four healthy individuals. In
two of the H. pylori infected indivi duals iNOS
mRNA was detected in the non-cancerous mucosa,
whereas all individuals without H. pylori infection
did not exhibit iNOS mRNA.
Table 1 iNOS expression in gastric cancer patients
Patient Age

Sex

1
2
3
4
5
6

m
m
f
m
m
m

Cancer
type

Hp
status

Intestinal
Diffuse
Diffuse
Intestinal
Unknown
Intestinal

+
+
+
+
+
-

iNOS expression
Tumor

37
55
69
71
73
63

+
+
+
-

Tumor-free
+
-
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Table 2 iNOS expression in healthy individuals
iNOS expression
Patient Age

Hp

24
37
60
49

+
+
-

from the Land Sachsen-Anhalt (2775A/0087H) awarded to
M.P.A. Ebert.

Gastritis
Antrum

1
2
3
4
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+
+
++
-

-

Corpus
+
nd
-
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DISCUSSION

H. pylori infection of the gastric mucosa may lead
to chronic gastritis[12]and to the development of
gastric or duodenal ulcers[13]. Furthermore, H.
pylori infection is considered a risk factor for
gastric cancer [14-16]. The molecular alterations
underlying the pathogenesis of gastric cancer,
however , remain largely unkown. In addition, the
molecular alterations induced by H. pylori infection
of the gastric mucosa which may contribute to
gastric carcin ogenesis are not well established.
Recently several studies have identified high levels
of iNOS expression in H. pylori associated
gastritis[17,18]. Furthermore, it has been shown that
both whole H. pylori bacteria and lysates may
induce iNOS mRNA levels and iNOS release[11].
Interestingly, after eradication of H. pylori
infection iNOS expression reverts as determined by
immunohistochemistry[18]. In our present study we
found that iNOS expression was present only in
individuals infected with H. pylori infection,
whereas individuals without H. pylori infection did
not exhibit iNOS mRNA in the gastric biopsies.
The chronic inflammation caused by H. pylori
may induce molecular and cellular pathways
contributing to the malignant transformation of the
gastric mucosa. In our study 4 of the 6 cancers
exhibited iNOS mRNA. While the increased
formation of NO may lead to DNA damage, may
stimulate angiogenesis, and may inihibit DNA
repair mechanisms, the increased expression of
iNOS in gastric cancers raisesthe hypothesis that the
chronic inflammation caused by H. pylori infection
may lead to molecular alterations of the gastric
mucosa which activate molecular pathways that
could lead to the transformation of the gastric
mucosa and the development of gastric cancer[19].
In summary, our study supports the hypothesis
that molecular alterations induced by H. pylori
infection of the gastric mucosa may precede the
development of gastric cancer and provide a further
link between chronic inflammation and malignant
transformation in the gastrointestinal tract.
ACKNOWLEDGMENTS This study was supported by a grant

4
5

6

7

8
9
10

11

12

13

14

15

16
17

18

19

Xie Q, Nathan C. The high-output nitric oxide pathway: role and
regulation.J Leukoc Biol,1994;56:576-582
Godkin AJ, De Belder AJ, Villa L, Wong A, Beesley JE, Kane SP,
Martin JF. Expression of nitric oxide synthase in ulcerative colitis.
Eur J Clin Invest, 1996;26:867-872
Gupta SK, Fitzgerald JF, Chong SK, Croffie JM, Garcia JG. Expression of inducible nitric oxide synthase (iNOS) mRNA in inflamed
esophageal and colonic mucosa in a pediatric population.Am J
Gastroenterol,1998;93:795-798
Rachmilewitz D, Karmeli F, Eliakim R, Stalnikowicz R, Ackerman
Z, Amir G, Stamler JS. Enhanced gastric nitric oxide synthase
activity in duodenal ulcer patients.Gut,1994;35:1394-1397
Wink DA, Kasprzak KS, Maragos CM, Elespuru RK, Misra M,
Dunams TM, Cebula TA, Koch WH, Andrews AW, Allen JS.DNA
deaminating ability and genotoxicity of nitric oxide and its
progenitors.Science,1991;254:1001-1003
Nguyen T, Brunson D, Crespi CL, Penman BW, Wishnok JS,
Tannenbaum SR. DNA damage and mutation in human cells exposed to nitric oxide in vitro.Proc Natl Acad Sci USA,1992;89:
3030-3034
Penkins DC, Charles IG, Thomsen LL, Moss DW, Holmes LS,
Baylis SA, Rhodes P, Westmore K, Emson PC, Moncada S. Roles
of nitric oxide in tumor growth.Proc Natl Acad Sci USA,1995;92:
4392-4396
Thomsen LL, Lawton FG, Knowles RG, Beesley JE, RiverosMoreno V, Moncada S. Nitric oxide synthase activity in human
gynecological cancer. Cancer Res, 1994;54:1352-1354
Thomsen LL, Miles DW, Happerfield L, Bobrow LG, Knowles
RG, Moncada S. Nitric oxide synthase activity in human breast
cancer. Br J Cancer, 1995;72:41-44
Ambs S, Merriam WG, Bennett WP, Felley-Bosco E, Ogunfusika
MO, Oser SM, Klein S,Shields PG, Billiar TR, Harris CC. Frequent
nitric oxide synthase-2 expression in human colon adenomas:
implication for tumor angiogenesis and colon cancer progression.
Cancer Res, 1998;58:334-341
Wilson KT,Fu S,Ramanujam KS, Mettlzer SJ. Increased expression of in ducible nitric oxide synthase and cyclooxygenase-2 in
Barrett’s esophagus and associated adenocarcinomas. Cancer Res,
1998;58:2929-2934
Miller MJ, Thompson JH, Zhang XJ, Sadowska-Krowicka H,
Kakkis JL, Munshi UK, Sandoval M, Rossi JL, Eloby-Childress S,
Beckman JS. Role of inducible nitric oxide synthase expression
and peroxynitrite formation in guinea pigileitis.Gastroenterology,
1995;109:1475-1483
Chang AD, Ramanujam KS, Wilson KT. Co-expression of inducible nitric oxide synthase (iNOS), cyxlooxygenase (COX-2), and
TGF-β in rat models of colitis.Gastroenterology,1996;109:14751478
Lin JT, Wang LY, Wang JT, Wang TH, Yang CS, Chen CJ. A
nested case-control study on the association between Helicobacter
pylori infection and gastric cancer risk in a cohort of 9775 men in
Taiwan.Anticancer Res, 1995;15:603-606
Forman D, Newell DG, Fullerton F, Yarnell JW, Stacey AR, Wald
N, Sitas F. Association between infection with Helicobacter pylori
and risk of gastric cancer: evidence from a prospective investigation.
BMJ, 1991;302:1302-1305
Parsonnet J, Friedman GD, Vandersteen DP, Chang Y, Vogelman
JH, Orentreich N, Sibley RK.Helicobacter pylori infection and the
risk of gastric carcinoma.N Engl J Med,1991;325:1127-1131
Wong A, Fu S, Varanasi RV, Ramanujam KS, Fantry GT, Wilkson
KT. Expression of inducible nitric oxide synthase and
cyclooxygenase-2 and modulation by omeprazole in Helicobacter
pylori gastritis. Gastroenterology, 1997;112:A332
Mannick EE, Bravo LE, Zarama G, Realpe JL, Zhang XJ, Ruiz B,
Fontham ET, Mera R, Miller MJ, Correa P. Inducible nitric oxide
synthase, nitrotyrosine, and apoptosis in Helicobacter pylori
gastritis: effect of antibiotics and antioxidants.Cancer Res, 1996;
56:3238-3243
Williamson WA, Ellis FH Jr, Gibb SP, Shahian DM, Aretz HT,
Heatley GJ, Watkins E Jr.Barrett’s esophagus. Prevalence and
incidence of adenocarcinoma. Arch Intern Med,1991;151:22122216
Edited by MA Jing-Yun

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 October; 5(5):432-434
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Partial sequencing of 5’non-coding region of 7 HGV
strains isolated from different areas of China
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and compared with GBV-C (U36380) and HGV
(U44402) reported from the United States.

INTRODUCTION

MATERIALS AND METHODS
Subjects

Although sensitive tests for detection of known
hepatitis viruses are available, the etiology of 10%15% post-transfusion and community-acquired
hepatitis cases has remained undefined. It suggests
the existence of unknown causative agents associated
with the disease. GBV-C and HGV were newly
discovered as putative non-A to E hepatitis viruses
reported by Simons[1] and Linnen[2] independently.
However, the sequence homology analysis of the
two strains revealed that they are different isolates
of the same virus. HGV is a positive-strand RNA
virus with an entire genome of 10kb which contains
a continuous open reading frame (ORF) encoding a
viral polyprotein. The structural region (C, E1 and
E2) is located at the N-terminal, while the nonstructural region (NS2, NS3, NS4A/B, NS5A/ 5B)
is situated at the C-terminal. The long ORF is
preceded by a 5’ untranslated sequence and followed
by a 3’ untranslated sequence. Our previous report
has confirmed the existence of HGV infection in
China[3]. There is evidence that the gene of
hepatitis C virus (HCV) is hypervariable in
different areas[4-8]. The variability of HCV is also
found in the same strain of the virus. HGV and
HCV are classified in the same genus of the
flaviviridae family. So it is of great significance to
clarify the geographical distribution of HGV
genotypes in the world[9]. In this study, the partial
sequences of 5’ non-coding region of 7 HGV strains
isolated from different areas of China were analyzed
1
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Seven HGV RNA positive sera tested by RT-PCR
were collected from blood donors of Beijing,
Jiangsu, Anhui, Liaoning, Hebei Provinces, and
Guangxi Zhuang and Xin jiang Uighur Autonomous
Regions.
Primers

According to the nucleotide sequence of 5’ noncoding region of a Chinese HGV strain, the primers
for RT nPCR were designed using the software of
OLIGO 5.0. They were as follows: S1 5’ GGT GGT
GGA TGG GTG ATGAC 3’; A1 5’ CCG AAG GAT
TCT TGG GCT AC 3’; S2 5’ GCT GGT AGG TCG
TAA ATC 3’; A2 5 ‘ ACT GGT CCT TGT CAA
CTC 3’.
Detection of HGV RNA and nucleotide
sequencing

HGV RNA extraction, HGV cDNA synthesis and
PCR procedure were performed by the methods
described previously[3]. All the PCR products were
cloned into the pGEMT vector (Promega, Madison,
WI), and positive clones were identified. The PCR
products were purified and sequenced bidirectionally
using the dideoxynucleotide chain termination
method. The HGV cDNA sequences were analyzed
with a DNA sequencer (ABI PRISM 377 DNA
Sequencer, Perkin-Elmer Cetus).
RESULTS
Detection of HGV RNA

The positive rates of anti-HGV varied from 1.2%
(35/2916) to 5.4% (49/907) in blood donors and
42.9% ( 15/35 ) 75.5% ( 37/49 ) of anti-HGV
positive sera were also HGV RNA positive.
Partial sequencing of 7 Chinese HGV strains

The partial nucleotide sequences of the 5’ noncoding region of 7 HGV strains isolated from blood
donors of Beijing, Jiangsu, Anhui, Liaoning, Hebei
Provinces, and Guangxi Zhuang and Xinjiang
Uighur Autonomous Regions, China were analyzed
and compared with GBV-C (U36380) and HGV
(U44401) (Figure 1).
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Figure 1 Comparison of partial nucleotide sequences of the 5’non-coding region of 7 HGV strains isolated from different regions of China.
Ch2: Beijing; Ch3: Jiangsu; Ch4: Anhui; Ch5: Liaoning; Ch6: Guangxi; Ch7: Xinjiang; Ch8: Hebei
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Table 1 Comparison of the partial nucleotides of 7 Chinese strains o f HGV with reported strains
HGV strains
U36380
U44402
Ch2
Ch3
Ch4
Ch5
Ch6
Ch7
Ch8

Homology of the nucleotides (%)
U36380

U44402

100.0
87.23
85.92
88.26
88.26
85.54
86.85
85.92
88.26

100.0
86.85
92.02
86.67
89.20
89.67
89.67
91.55

Ch2

Ch3

Ch4

Ch5

Ch6

100.0
93.42
92.96
92.96
92.96
94.84
92.02

100.0
96.24
93.90
96.24
97.18
95.30

100.0
94.37
99.06
95.31
95.31

100.0
93.43
96.71
93.70

100.0
95.31
95.31

Homology of 7 Chinese HGV strains

The nucleotide homology of the 5’ non-coding
region of 7 Chinese HGV strains was 85.92%,
88.26%, 88.26%, 85.45%, 86.85%, 85.92% and
88.26%, respectively, as compared with the
African strain GBV-C (U36380). It was 86.85%,
92. 02%, 86.67%, 89.02%, 89.67% and 91.55%,
respectively, as compared with the A merican strain
HGV (U44402). The homology of nucleotide
sequences was 92.02 % - 97.18 % among the 7
Chinese HGV strains (Table 1).

100.0
94.37

Ch8

100.0

85.34% and 85.34% with HGV ( U44402 ). It is
very close to the homology of the 5’non-coding
region of 7 Chinese HGV strains with GBV-C
(U36380) and HGV (U44402), indicating that the
NS3 region may not be the site of immune selection.
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INTRODUCTION

Promoting hepatocyte growth factor (pHGF)
extracted from the sucking pig liver is a series of
polypeptides with molecular weight less than Mr
10 000 and has specific biological activities to
stimulate the rat hepatocyte DNA synthesis after
1/3 partial hepatectomy and promote recovery of
rat hepatic injuries induced by endotoxin and Daminogalatose. These properties are similar to the
results reported by Labrecque [1]. pHGF can
effectively cure clinical acute fulminant hepatitis,
chronic hepatitis and other hepatic injuries by
significantly
reducing
serum
alanine
aminotransferase (sALT), eliminating jaundice and
increasing the survival rate of fulminant
hepatitis[2,3].
It was reported that three of the six fractions of
pHGF purified by HPLC, can promote the DNA
synthesis of rat primarily cultured hepatocytes[4,5].
Two of the fractions can inhibit the proliferation of
BEL-7402 hepatoma cell line, their activities were
not cross- affected, indicating that there exist at
least two different active components in pHGF. To
investigate the inhibitory mechanism of pHGF, we
purified these inhibitory components and studied
their physico-che mical properties and apoptosis
inducing effects.
MATERIALS AND METHODS
Primarily cultured hepatocytes

Male Sprague Dowley rats of 250g±30g in weight
were purchased from the Experimental Animal
Center, Sun Yatsen University of Medical
Sciences, Guangzhou, China. The animals were
1
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anaesthetized with ether, and their livers were
removed, decapsulated, cut into small pieces, rinsed
with PBS (pH 7.4) to wash away the blood. The
liver pieces were incubated with 0.25% trypsin
(Gibco) for 30min and gently homogenized. The
hepatocytes were collected after centrifugation at
1000×g for 10min. Pellet parenchyma cells were
washed three times with PBS (pH 7.4) by
centrifugation, resuspended in RPMI-1640 medium
containing 10 % FCS, 100 IU/mL penicillin and
100 µg/mL streptomycin and placed to Costar
(3596) 96 well culture plate at a density of 10.6
cells/ cm3, 0.1mL each well. The cells were cultured
at 37 , 5% CO2 until use.
Neoplasm cell lines

BEL-7402 human hepatoma cell, Hepe murine
hepatoma cell and CNE-2 human nasopharyngeal
carcinoma cell lines were gifts of Experimental
Animal Center, Sun Yat -sen University of Medical
Sciences. SMMC-7721, QGY-7703 human hepatoma
cell lines, HCT8 human colic adenocarcinoma cell
and GLC-82 human lung adenocarcinoma cell lines
were purchased from the Cellular Institute of
Chinese Academy of Sciences. SGC-7901 human
gastric carcinoma cell line was purchased from the
Biochemistry Department of the Fourth Military
Medical University. The cultured cells were grown
to confluence, digested with 2.5 g/L trypsin
containing 0.2 g/ L EDTA, washed with PBS ( pH
7.4) and resuspended in DME/F12 or RPMI-1640
medium, added into Costar (3596) well culture
plates at a density of 2.5-5.0×104 cells/mL in
0.05 mL each well, then incubated at 37 , 5% CO2
for 24 h. After remained at 4 for 1 h, the cells were
immediately recovered at 37
for further use.
Proliferation inhibitory experiments

Various concentrations of HP (S4) in DME/F12 or
RPMI-1640 medium containing 10% FCS were
added to the cultures, incubated for another 12, 24,
48 and 72 h, MTT solution (1.5 g/L in PBS) was
then added to all wells (10 µL per 100 µL medium)
in the last 4 h-6 h, rinsed with PBS, DMSO was
added and vibrated to dissolve the dark blue
crystals. After placed at room temperature for a
few minutes until all crystals were dissolved, the
optic-metric density (OD) was read on 960 ELISA
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reader at test wavelength of 570 nm and referent
wavelength of 630 nm.
Apoptosis inducing experiments

In situ cell death detection kits ( POD ) were
purchased from Oncor Co., USA. The cells were
adjusted to a density of 2.5 - 5.0×104 cells/cm3,
added to 24-well plates with cover glass-slides in
0.5 mL each well. Incubated at 37
5% CO2 for
for 1h, the
24 h, the cells were remained at 4
tempera ture was then promptly recovered to 37 .
Various concentrations of S4 were added and
incubated for different periods. The glass slides
were
taken
out,
rinsed,
fixed
and
immunohistochemically stained. The negative
control with omission of Tunel enzyme was designed
according to the manufacturer’s manual. The cells
stained with dark yellow brown nucleus were
considered as positive cells. Ten optical fields,
about 500-1 000 cells were counted in each glassslide under the high magnification ( × 400 )
microscope. Results presented as ± indicated 5%
slightly positively stained cells; +, >5 <10%
positive cells; + +, >10 <20% positive cells; and
+++, >20 <30% positive cells.
Effects of S4 on the expressions of 4 oncogenes
in 8 neoplasm cell lines

The antibodies used in this study including p53, a
murine monoclonal antibody IgG2b against human
p53, and Bcl-2, a murine monoclonal antibody
against human Bcl-2 -p25 oncoprotein were
purchased from DAKO Co Inc. Fas, a rabbit
polyclonal antibody against human Fas oncoprotein,
and c-myc, a murine monoclonal antibody IgG2a
against p67 oncoprotein purchased from Santa Cruz
Biotechnology Inc, UK. Secondary antibody
(DAKO products) was a rabbit antibody against
murine immunoglobulin conjugated with horseradish
peroxidase.
The neoplasm cells were adjusted to 2.5-5.0×
104cells/cm3, added into 24 -well culture plates with
cover glass-slides in 0.5 mL each well, incubated at
37
5% CO2 for 24 h, then remained at 4
for
1 h for cell growth at the same step. Immediately
after the temperature was recovered to 37 , S4
was added and continued to inoculate for 48 h, then
the cells were fixed and immunohistochemically
stained following the instruction of the manufacturer.
The negative control with primary antibody was
replaced by PBS, and observed under light
microscope. The results were presented as “+ +” to
“+ + +” which indicated the slight positive staining
to the strongest positive staining.
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dish, and RNA in the cells was extracted rapidly
with Guanidinium isothiocyanate. According to the
method of random primer (Promega), the cDNA
probe of human Bcl-2 gene was labeled with α-32PdCTP, and hybridized for 24 h at 68
in 6×SSC,
2 ×Denbart’s reagent and 0.5% SDS. After the
filters were washed, autorad iography was
performed by exposing the filter to X-ray film at
-70
for 48 h. The results were determined with
an intensifying screen.
Apoptosis of BEL-7402 hepatoma cells
transplanted in BALB/C nude mice induced by S4

Male BALB/C nude mice, weighing 18 g-22 g were
provided by the Experim ental Animal Center of Sun
Yat sen University of Medical Sciences. BEL-7402
he patoma cells were injected s.c. into the right neck
(1.46×107 cells/mL) of BALB/C male nude mice.
When growing to about 0.8 cm3, tumors were cut
into small pieces of about 1 mm3 and transplanted
into the renal capsulae of BALB/C nude mice, and
their width and lengths were measured with
micrographer. Twenty-six mice were divided into
four groups. In the high-dose group, the six mice
were injected ip with 1.0 mg S4/kg-per day and in
the low-dose group, with 0.5 mg of S4/kg per day.
In the positive control group, the six mice were
injected ip with 1 mg Doxorubicin ( Huaming
Pharmaceutical Co, LTD)/kg per day, while in the
negative control group, the eight mice were injected
ip with 0.4 mL physical saline daily for 16 days.
The nude mice were killed 2 days after the end of
treatment. The width and lengths of the tumors
were measured with a micrographer. All the data
including body weight of mice were input to
computer to calculate the growth inhibitory rate of
tumors and T value.
Statistical analysis

Statistical significance was determined by using χ2
test or Student’s t test.
RESULTS
Homogeneous peak of hepatocyte extracts

DEAE-Sephadex A25 purified hepatocyte extract
was desalted and lyophilized, the proliferation
inhibitory activities were tested. The active fraction
was further purified by Superdex 75 and C 18
reversed-phase chromatography and lyophilized.
The last purified fraction was called Subfraction 4
(S4). A combination of the above procedures
produced an almost pure peak with 95.8% relative
area, and molecular weight of M r 4020.6
determined by HPLC and MALDI-TOF-MS mass
spectrometer.

Northern blot

The quantity of cells was adjusted to 1×107 per

Proliferation inhibitory effect of pHGF and its
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cells to die at concentrations of 1 mg/L-10 mg/L
from 24 to 72 h, we selected the 5 mg/L of S4 and
48 h affecting period as experimental conditions so
as to better compare the results of S4 on 8 neoplasm
cell lines. The apoptosis inducing effect of pHGF
and S4 on BEL-7402 hepatoma cells showed that the
apoptosis inducing effect of S4 is 100 times as strong
as that of pHGF calculated by their activities in
weight. S4 induced apoptosis of 8 neoplasm cell
lines with different activities, and apparently
induced all the hepatoma cells to die, the effect on
non-hepatoma cell lines being smaller than that of
hepatoma cell lines. S4 had no apparent apoptotic
effect on HCT-8 cell line, and even stagnated the
apoptosis of CNE-2 cell line (Table 3). All these
may be related to the histocellular sources and the
signal differences tran smitted in the cells.

fractions on normal hep atocytes and 7402
hepatoma cells

After the hepatocytes were removed from the livers
of the SD rats, 7402 hepatoma cells were incubated
for 24 h, 500, 1 000 and 2 000 mg/L of pHGF and
20 mg/L S4 purified by DEAE-Sephadex A25 were
added into each well with 0.1mL medium. After
incubation at 37 , 5% CO2 for 48 h, MTT was
added and reincubated for 4 h-6 h, then DMSO
was added and mixed thoroughly to dissolve the
dark blue crystals. OD value was read on 960
ELISA reader. The inhibitory rate (%)=(100 test
group OD value/control group OD value ×100%).
pHGF apparently inhibited the proliferation of
BEL-7402 hepatoma cells at concentrations of
500 mg/L - 2 000 mg/L, and promoted the activities
of primarily cultured hepatocytes. Of six fractions
of pHGF purified by DEAE- Sephadex A25,
fractions 3 and 4 significantly inhibited the
growth of 7402 hepatoma cells while fractions 1, 2
and 5 promoted the activities of primarily cultured
hepatocyte dehydrogenase (Table 1).
The results showed that the fractions of pHGF
both promoted the activities of normal hepatocyte
dehydrogenase and inhibited the activities of
hepatoma cell dehydrogenese. There were no cross
effects between the two actions.

Effect of S4 on the 4 oncoprotein expressions
of 8 neoplasm cell lines

Confluent cells digested by trypsin, adjusted to 2.55.0×104 cells/cm3, added into 24 - well Costar
plates with cover glass-slides in each well with
0.1mL medium and cultured in DME/F12 medium
containing 10% FCS, at 37 , 5% CO2 for 24 h.
To grow at the same step, the cells were placed at
4
for 1h before use. Temperature was quickly
recovered to 37 , 5 mg/L S4 was added and
incubated for an other 48 h. Immunohistochemistry
staining
was
performed
following
the
manufacturer’s manual and positive and negative
controls were designed. The results ( Table 4 )
showed that S4 significantly up -regulated the
expression of P53, Fas and depressed Bcl-2, but had
no apparent effect on the expression of c-myc in 4
hepatoma cell lines, and the most prominent effect
fell upon the BEL-7402 cell line. Effects of S4 on
regulating oncogene expressions of 4 nonhepatoma
neoplasm cell lines differed. S4 slightly promoted
the expression of Fas and depressed Bcl-2 and c-myc
in 7901 cell line; slightly down-regulated Bcl-2 and
c-myc in GLC-82 cell line; but promoted the
expression of Bcl-2 in CNE-2 cell line. Based on
the results in 8 neoplasm cells, the apoptotic induction
of S4 on the cells was considered to be exerted via
affecting the Bcl-2 oncogene expression.

Inhibition of S4 on the proliferation of 8
neoplasm cell lines

S4 at concentrations of 1, 5, 10 mg/L were added
into the culture plates (96 wells), each well
containing 0.1 mL medium, and incubated at 37 ,
5% CO2 for 12, 24, 48 and 72h. MTT solution
(1.5 g/L in PBS) was added to all the wells (10 µL
per 100 µL medium), and incubation was continued
for h - 6 h, then 100 µL DMSO was added and
mixed to dissolve MTT dark blue crystals. After
vibrated at room temperature for 15min, the plates
were read on 960 ELISA reader at test wavelength
of 570 nm and referent wavelength of 630 nm. The
results showed that S4 can significantly inhibit the
proliferation of the 8 neoplasm cells with a clear
dose and time dependent manner (Table 2).
Apoptosis of 8 neoplasm cells induced by S4

Based on the above results that S4 can induce tumor

Table 1 Effect of pHGF and its fractions on normal hepatocytes an d hepatoma cells (x±s, n = 8)
pHGF (OD, mg/L)

Fractions (OD, 20mg/L)
Control

500

1000

2000

1

2

3

4

5

6

7402 cells 0.422±0.11b 0.410±0.09 b 0.401±0.07 b 0.545±0.03 0.601±0.11 0.427±0.067 b 0.411±0.09 b 0.580±0.08 0.649±0.21
631±0.12
Primary
0.390±0.07b 0.398±0.09 b 0.388±0.06 b 0.293±0.06 b 0.308±0.06b 0.223±0.07 0.236±0.06 0.280±0.10b 0.219±0.11 0.218±0.07
hepatocytes
b

P<0.01, vs control.
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Table 2 Effects of S4 on 8 neoplasm cell lines at different time
points
IC50 (mg/L)
Cells
24h
BEL-7402
SMMC-7721
QGY-7703
Hepe
SGC-7901
GLC-821
CNE-2
HCT-8

8.2
15.2
30.2
2.4

48h

72h

5.0
8.4
24.2
8.9
19.7
9.9

3.9
4.2
9.5
6.5
14.3
5.4
8.9
9.9

S4 Treatment

+
+
±
+
±
±
±
++

++
++
++
++
±
+
+
+

BEL-7402
SMMC-7721
QGY-7703
Hepe
HCT-8
GLC-82
SGC-7901
CNE-2

Fas

C

T

+
+
±
+
+
++
+
+

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

Bcl-2

Number 5

High dose of S4
Low dose of S4
Doxorubicin
Control

2.0
1.0
1.0
0.0

Dn
(mm 3)

2.19±0.24
2.00±0.12
2.26±0.12
2.17±0.23

2.81±0.49
2.55±0.22
2.16±0.32
3.67±0.52

Dn-Do Inhibitoryrate
(mm 3 )
(%)
0.61±0.38
0.56±0.26
0.10±0.29
1.50±0.55

59 b
63 b
107 b

Do: Dimension of tumors at onset; Dn: Dimension of tumors at
necropsy. bP<0.01, vs control.
Table 6 Apoptosis of hepatoma cells in nude mice induced by S4
(LI, x±s, n=6)
Dose (mg/kg)
High dose of S4
Low dose of S4
Doxorubincin
Control

Table 4 Effects of S4 on the 4 oncogene expressions of 8
µ g/well, 48h)
neoplasm ce ll lines (S4, 5µ
P53

Volume 5

mitosis and differentiation of BEL-7402 hepatoma
cells observed under the optical microscope. Cell
shrinkage and condensation, microvillus
disappearance, condensed chromatin margination and
apoptotic body formation were found under
electronic microscope.

Dose
Do
(mg/kg) (mm3)

Table 3 Apoptosis of 8 neoplasm cell line induced by S4
(5mg/L, 48h)

BEL-7402
SMMC-7721
QGY-7703
Hepe
HCT-8
GLC-82
SGC-7901
CNE-2

October 1999

Table 5 Inhibition of S4 on hepatoma cells in nude mice (x±s, n=6)

IC50: the half inhibitory concentration.

Control

WJG

b

2.0
1.0
1.0
0.0

LI (%)
18.70±4.92 b
13.22±1.74 b
14.18±2.46 b
8.40±2.81

P<0.01, vs control. LI: lable index.
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±
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C: control group; T: test group.

Northern blot

The changes of Bcl-2 mRNA in BEL-7402 cell line
after incubation with 5 mg/ L S4 were observed by
blot hybridization. The results showed that S4 can
apparently inhibit the Bcl-2 mRNA transcription
determined by the quantity measure ment of
intensifying screen. Relative value of the test group
was related to the dose of S4. This result was
concordant with the oncoprotein expression and demo
nstrated that S4 can inhibit the Bcl-2 oncogene
expression at mRNA transcript level.
Experiments of BALB/C nude mice transplanted
with BEL-7402 hepatoma cells

The mice transplanted with BEL-7402 hepatoma
cells were injected ip with S4 at d3 after tumor
transplantation, once daily for 16 days. The results
showed that S4 can apparently inhibit the growth of
BEL-7402 hepatoma cells innude mice. This
inhibitory effect was also induced by apoptosis
(Tables 5 and 6). S4 had no apparent effect on the

DISCUSSION

There are lots of substances in the human body
which can stimulate the proliferation and
regeneration of liver, e.g. insulin, platelet derived
growth factor (PDGF), transfer growth factor β
(TGF-β), epithelial growth factor (FGF), etc, but
their effects are not specific. It has been shown
that the hepatocytes of young animal livers might
produce network self-regulators to modu late their
growth, differentiation and apoptosis. Because of
the differences in extracting and preparing the liver
derived growth stimulating factors and inhibitors, it
is difficult to enunciate whether these stimulating or
inhibitory effects are caused by the double or polyfunctional effects of one factor or by the specific
effects o f two factors with different functions.
It was reported by Labrecque[1] that a series
of substances extracted from the regenerating livers
of young rats, dogs and rabbits with Mr12 000-21 000
are called hepatic stimulating substance (HSS) that
can stimulate the DNA synthesis of the primarily
cultured hepatocytes and the hepatocytes after
partial hepatectomy (2/3)[1]. HSS can raise the
survival rate of rats with fulminant hepatic failure
and inhibit the growth of some neoplasm cell lines.
A series of polypeptides which can raise the
survival rate of human fulminant he patitis, reduce
sALT, eliminate jaundice and ameliorate liver
functions are called promoting hepatocyte growth
factors
( pHGF ).
The
monoclonal

KONG Xiang-Ping, et al. Hepatic peptides induced tumor cell apoptosis

immunohistochemical study showed that pHGF is
located in the hepatocytes, not in mesenchymal cells
such as Kupffer cells, endotheliocytes and
fibroblasts[6].
In our previous papers[4], we found that pHGF
contained not only hepatic regeneration stimulating
substances, but also growth inhibitory factors which
can inhibit the growth of hepatoma cell lines. These
inhibitory factors can not inhibit the growth of
normal
primarily
cultured
hepatocytes.
Homogeneous fraction S4 extracted from sucking
pig liver by HPLC and FPLC in this report is a
small peptide with Mr4020. Its inhibitory activities
are 100 times as that of pHGF and can be destroyed
by pronase K, but resist to acids, alkalis, RNAase
and DNAase.
We selected 8 neoplasm cell lines to study the
biological activities of S4 in the growth inhibition,
apoptotic induction and oncogene expression related
with apoptosis of these cell lines in vitro, and
studied the effects of S4 in the hepatoma cells
transplanted in nude mice in vivo. The results
showed that S4 inhibit the proliferation of neoplasm
cell lines in vitro by inducing apopto sis in a clear
dose and time dependent manner. The apoptotic
effect of S4 on the se cells is exerted via regulating
the expression of oncogenes related to apoptosis,
especially by affecting Bcl-2 gene expression. It was
testified by in vitro and in vivo tests that S4 is an
effective apoptotic inducer of neoplas mcell lines.
Modern molecular biology investigations have
indicated that proliferation inhibition of some
neoplasm cells is related to apoptosis induction
regulated by the oncogene expression of these cells.
The different growth inhibitions of S4 were found in
8 neoplasm cell lines with the different expressions
of p53, Fas, Bcl-2 and c-myc oncogenes. S4 can
apparently promote the oncoprotein expression of
p53, Fas and depress the Bcl-2 and c-myc oncogenes
while inducing hepatoma cells to die. It was
reported that p53 induced apoptosis via stimulating
apoptosis inducing genes, and inhibiting the survival

439

necessitating genes, or participating in the enzyme
cleavage of DNA. The apoptotic induction of Fas is
caused by its ligands and receptor reaction, and the
apoptotic induction of c-myc is related to the
apoptotic mechanism controlled by Bcl-2 gene,
which depends on the circumstantial factors,
leading to either death or proliferation[7,8].
It is generally considered that Bcl-2 is an
important gene for cells to survive, we have further
confirmed that the Bcl-2 gene expression of BEL7402 hepatoma cells is inhibited by S4 at m-RNA
transcript level by using the techniques of blot
hybridization. This may be the initial factor for the
cell apoptotic induction, because Bcl-2 gene can
inhibit the apoptosis by blocking the last tunnel of
apoptotic signal transmitted system.
S4 inhibited the growth of hepatoma in vivo
by inducing apoptosis, and had no apparent effect
on the mitosis and differentiation of hepatoma cells.
The results showed that the apoptotic induction of
S4 is directly working against the target cells.
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The possible relationship between hepatomegaly
and release of HGF into plasma induced by
clofibrate in rats
XU Wei and WU Shu-Guang
Subject headings clofibrate; hepatocyte growth
factors; hepa tomegaly; rat

400, 300, 200 or 100mg·kg-1·d-1 by adding it into
food.
Measurement of liver weight

INTRODUCTION

Hepatocyte growth factor ( HGF ) is a newly
discovered multifunctional growth factor, and the
most potent mitogen known for hepatocyte[1]. It
has been shown that recombinant human HGF can
protect animal liver against the damaging action of
carbon tetrachloride[2]. However, the generation of
HGF is also associated with certain liver diseases
and several extra-hepatic diseases[3-5]. For
example, after partial hepatectomy or carbon
tetrachloride poisoning, HGF level in rat plasma
increases markedly[3,4]. Therefore, it is believed
that HGF plays an important role in the restoration
and regeneration of liver after injury.
As hypolipidemic drugs, such as clofibrate,
may
cause
experimental
hepatomegaly,
proliferation of hepatic peroxisomes and hepatic
carcinoma, they are taken as a unique class of
carcinogens[6-8]. How the HGF level changes after
liver damage due to clofibrate or the like has not
been reported. This study was designed for
examination of the relation between hepatomegaly
and the changes of plasma HGF levels in rats caused
by clofibrate.
MATERIALS AND METHODS
Animals

Male Wistar and Sprague-Dawley rats were supplied
by the Laboratory Animal Center of the First
Military Medical University.
Clofibrate administration

Clofibrate ( bought from Shanghai 19th
Pharmaceutical Factory) was given at doses of 500,
Institute of Pharmaceutical Sciences, The First Military Medical
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At different time intervals after clofibrate
administration, the rats were killed with their livers
weighed, and the weight was expressed as the
percentage of body weight.
Serum preparation

At different time intervals after clofibrate
administration, the tail of the rat was severed with
a knife and the whole blood was collected. After
centrifuge, the serum was stored at -20
in a
freezer.
Measurement of the biological activity of HGF
in the primary culture of rat hepatocytes[9]

Isolation of rat hepatocytes Male Sprague-Dawley
rats were supplied by the Laboratory Animal Center
of the First Military Medical University. The rats
were 6-7 weeks old, weighing about 200 g. They
were fasted for 8 h-10 h before operation, then
were anesthesized with ether. Ane sthesia was
discontinued when the respiration turned from rapid
and shallow to slow and deep. The rats were fixed
on a wooden plate, and the whole abdomen was
sterilized with 750 mL/L ( V/V ) alcohol. The
peritoneal cavity was cut open along the midline,
and the portal vein and the inferior vena cava were
exposed accordingly. The distal part of the portal
vein was ligated, and a cannula was inserted into
the proximal portal vein. D-Hank’s solution (preheated
to 37 ) was used for the infusion of liver, and at
the same time, the inferior vena cava was cut open
for blood-letting. The rate of infusion was about
30 mL·min-1-40 mL·min-1 from slow to rapid to wash
out any stagnant blood from the liver. After
infusion, the surface of liver became smooth and
wet, and light-yellow in color. The infusion fluid
was then changed to 0.3 g·L-1 collagenase solution.
Small vacuoles formed slowly on the connective
tissue membrane of the liver surface with gaps in
the liver tissue under the vacuoles. Eye-forceps
were used to press lightly on the surface, and when
the pressure was relieved, the infusion was stopped.
The capsule of the liver was then torn open very
carefully, and the liver tissue was put into Ham-F12
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hepatocyte culture medium (preheated to 37 ),
and was blown mildly with a pipette into dispersed
free liver cells, which were then filtered through
nylon nets of 200 and 400 mesh size, and were
centrifuged with 50 ×g three times at 4 . Thus,
the hepatocytes with more than 90% viability could
be obtained. The cell density was adjusted to 1.5×
105/mL, and the cells were plated in a 96-well
culture plate at 200 uL per well. These liver cells
were incubated in 50 mL/L CO2 for 24 h. After the
cells adhe red to the vessel wall, the culture media
were replaced by serum-free ones and incubated
for another 24 h. Afterwards, 3H-TdR (185 MBq·L-1)
and the animal serum to be tested (which was
diluted to different concentrations) were added and
incubation continued for 24 h. Standard
recombinant human HGF (to replace the animal
serum) was used as the positive control. After
incubation, the cells were harvested with a multichannel cell collector and cpm values were measured
with a liquid scintillation counter (Beckman Co.,
USA, Model LS9800).
RESULTS
The variation of HGF level in rat serum 4 days
after clofibrate adminis tration
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with their serum collected 4 days after. We could
see that when the serum was diluted sequentially,
the increased cpm value would fall down gradually,
showing good dose-effect relationship. After the
serum was diluted five-fold, the cpm value was still
higher than that of the normal control group
(Figure 2).

Figure 2 Variation of HGF level in rat serum 4 days after
clofibrate administration.
- : Normal control group, - : Clofibrate administration
group.

Variation of the weight of rat liver and the HGF
level in rat serum at different time intervals after
clofibrate administration

Figure1 Dose-effect curve of the effect of clofibr ate on the HGF
level in rat serum 4 days after clofibrate administration.
- : Normal control group. - : Clofibrate administration
group.

As shown in Figure 1, in the normal control
group, the cpm value caused by the incorporation of
3
H-TdR in the primary liver cells was 800±150, as
it was promoted by the serum of the normal rats.
However, in the clofibrate ( 100 mg·kg-1·d -1 )
group, the undiluted rat serum caused significant
increase of the cpm value to 1010±180. Moreover,
in pace with the increasing dosage of clofibrate, the
cpm value increased also. When the dose of
clofibrate increased to 500 mg·kg-1·d-1, the cpm
value reached as much as 4800±810, so the doseeffect relationship was eminent.
Rats were given 500 mg·kg-1·d-1 of clofibrate

Figure 3 Variation of liver weight and serum HGF level in rats
after clofibrate administration.
- : HGF level in normal control group,
: HGF level in
clofibrate administration group, - : Liver weight of normal
control group, - : Liver weight of clofibrate administration
group.

As shown in Figure 3, 4 days after clofibrate
administration, HGF level in serum reached its
peak, and then fell gradually. Two weeks after
taking clofibrate, HGF level still remained high,
about 2-fold of the normal level while hepatomegaly
also reached its highest level 2 weeks after intake of
drug, and remained at this high level ( 1.8-fold
above the normal level).
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DISCUSSION

It was discovered in our study that after
administration of clofibrate which can induce
hepatomegaly, the HGF activity in rat serum
increased significantly.
Previous studies by other investigators indicated
that 24 h after carbon tetrachloride (a hepatotoxin)
administration, the HGF level in rat plasma
increase d by over 20-fold of the normal level[3]. In
patients with partial hepa tectomy or with severe
fulminating hepatitis, the releasing of HGF into
plasma was closely related to liver injury[4]. Many
experiments indicate that clofibr ate-related
compounds can induce hepato megaly, proliferation
of hepatic peroxisomes, and hepatic carcinoma[6].
It is shown in our experiments that the release of
HGF induced by clofibrate rea ched a high level 4
days after the drug administration, and could
maintain for a long time, while hepatomegaly
reached its peak 2 weeks after drug administration
and remained at a relatively steady level. So the
HGF level is somewhat related to hepatomegaly,
suggesting that hepatomegaly induced by clofibrate
may depend partly upon the promoting action of
HGF on liver regeneration. Although the
mechanism of liver injury by clofibrate and carbon
tetrachloride is different, both of them can induce
liver injury, which is a signal leading to the
generation of HGF. Via the action of HGF. DNA
synthesis in liver is promoted, which ultimately
results in repair and regeneration of the injured
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liver. Therefore, HGF plays an import ant role in
the repair and regeneration of liver. However, the
mechanism through which the release of HGF is
promoted by these two compounds (clofibrate and
carbon tetrachloride) is still unclear and needs
further studies.
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The effect of retinoic acid on Ito cell proliferation
and content of DNA and RNA
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INTRODUCTION

The development of liver fibrosis is due to an
imbalance between synthesis and degradation of
extracellular matrix. Recent studies have shown
that Ito cells which are located along the sinuses of
liver, can store and metabolize Vit A, and are the
main cells that produce collagen, among which type
I, III and IV and laminin, account for 80%-95%
of the total hepatic collagen[1]. Ito cells in the
course of proliferation and synthesis of collagen
showed a reduction of Vit A contents and retinoic
acid receptors[2]. This study was designed to
investigate the effect of retinoic acid on Ito cell
proliferation and the contents of DNA/RNA and to
analyse further its mechanism or pathways.
MATERIALS AND METHODS
Ragents

DMEM medium ( Gibco Compony ); all transretinoic acid (RA), retinol palmitate (RP) (Sigma
Company); 3H-TdR (Shanghai Nuclear Energy
Research Institute); Solution A: 0.1% Triton X100, 0.08N HCl, 0.15N NaCl; solution B: 120µM
acridine orange (AO), 1mM EDTA, 0.15N NaCl;
vidas microspectr ophotometer analysis system.
3

H-TdR incorporation test

The isolation and culture of Ito cells were done by
the method as published before[3]. Rat Ito cells of
5-day primary culture were suspended on DMEM
me dium containing 20% bovine serum. The number
of the cells was adjusted to 1×105/mL. One mL of
1
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the cell suspension was put into each well of the 24
-well culture plate, which contained serial
concentrations of RA/RP. The control wells
contained no RA/RP. After incubating for 24 h,
8 µci-3H-TdR was added to each well and incubated
for another 48h. The cells were collected on the
F49 filter paper, fixed with 4mL 10% trichloroacetic acid and dehydrated with 4mL alcohol. The
dried filter papers were put on the bottom of the
scinti bottle which contained 5 mL scintillating
solution for counting the pulse per minute (CPM).
The degree of DNA replication was indicated by
CPM/well. We set three wells for each sample.
DNA/RNA content analysis

Ito cell culture and treatment were handled with the
same procedure as above and the difference was
as follows: drug treatment with RA/RP at 10-4mol/
L, small cover glass was put into each well of the
plate to bear the growing cells. After the culture
medium was discarded, the Ito cells on the small
cover g lass were fixed for 30min with 70% alcohol
and washed with PBS solution. Solution A (0.4mL)
was added into each well, the preparation was set
onice bath for reacting 15 seconds, 1.2mL solution
B was then used for 8min staining. The small cover
glass was put on a glass slide, fluorescent
microscopic examinati on was made immediately
with the inciting light wave of 488 nm. DNA was
examined with a screened filter at a wave-length of
530 nm, with green in stain, whereas RNA
examined with a filter at 610 nm showed a red
fluorescence. Fifty cells were examined in each
group with fluorescent microspectrophotometer-30
(FMSP-30); the fluorescence intensity was
converted into grey scale value, corresponding to
the relative aver age DNA/RNA contents of Ito
cells.
RESULTS
3
H-TdR incorporation test

Lower densities of RA/RP ( 10-6 mol/L ) had no
effect on the 3H-TdR incorporation of Ito cell.
With higher densities 3H-TdR incorporation of Ito
cell was inhibited as compared with the control
(P<0.05)(Table 1).
DNA/RNA content analysis

The results showed that RA/RP at 10-4mol/L
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could reduce DNA/RN A- contents of Ito cells as
compared control (P<0.01) (Table 2).
Table 1 3H-TdR incorporation test
Group

Dosage (mol/L)

Control
Test groups
RA

(CPM±s)/well
2866.4±253.2

10 -6
10 -5
10 -4
10 -6
10 -5
10-4

RP

2657.6±104.8
1279.4±236.4a
182.2±67.6a
2598.4±76.4
1182.6±154.4a
897.2±82.6a

a

P<0.05 vs control group (Student’s t test).

Table 2 DNA, RNA content analysis
Group
Control
RA
RP
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Our study showed that RA/RP could inhibit
H-TdR incorporation of rat Ito cells and reduced
the DNA/RNA contents of rat Ito cells. Our
previous study indicated that RA could restore
retinoic acid receptor content and increase cAMP
content in the primary culture of rat Ito cells[6].
The form of biologic effect of RA was similar to
that of thyroxin[7], i.e. they both act on nuclear
receptor resulting in a change of the second
messenger and regulating the gene expression of
RAR and collagen in the Ito cells. RA may be
expected to be an effective antihepatofibrotic
agent.
3
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INTRODUCTION

Progress has been made in microorganism breeding
under space conditions by board ing on recoverable
satellite and high altitude balloon in China. To
further study the mutagenesis in space, three strains
of E. coli were put on board the recoverable
satellite ( JB1-B9611020 ) launched in October.
1996. After the satellite returned to the earth, the
survival and mutation frequencies were determined
and the results were discussed as well.
MATERIALS AND METHODS
Bacterial strains

CSH108[1], an arginine autotrophic (Arg) strain,
was provided by the E. coli Genetic Stock Center,
USA (CGSC) and was used to study Arg+ reversion
mutation. Both Arg- and LacZ- in CSH108 were
caused by amber mutation. The strain A2 and A3
were constructed for lacI- mutation in this study
(the detailed procedure was not described here). A3
was a lacI-qstrain used for the selection of LacImutation after boarding, while A2 is a lacI- strain
serving as a control strain. The properties of flight
E. coli strains are listed in Table 1.
Table 1 Properties of the boarded E. coli strains
Strain

Genotype

A2
A3
CSH108

ara(lac proB)strA/F’lacI - proA+ B+
ara(lac proB)strA/F’lacI q pro +
ara(gpt-lac)gyrA argEam proB/F’lacI - Z-proA + B+

Boarding methods and space conditions

Since E. coli strains usually are hard to survive
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from space board, soft agar culture of E. coli cells
was made in this boarding. It was prepared as
below: the cells grown on plate were suspended in a
small amount of LB liquid medium, and then added
melted sterile agar to get soft agar culture (the final
concentration of agar was 3.5 µg/L).
In order to study the mutagenesis induced by
different factors in space conditions, the boarding
samples were divided into three groups and each
group included the three strains. When boarding on
the satellite Group I was held in small polymethyl
methacrylate tubes, Group II was placed in a
centrifuge inside DM-11 small biocabin, where
oxygen was supplied[2] and the gravity was adjusted
to 1g, and Group III was placed in a lead chamber
( usually used to store radioisotope ) which had
3.5 mm-8.0 mm thick wall and coated with 5 mm
layer of hard plastics outside. The lead chamber
could block part of t he radiation, but the exact
amount of block efficiency was not determined in
this study. Part of the ground control bacteria was
placed in a dark vessel at room temperature (13 20 ), the other was stored in a freezer (-60 ).
The satellite flew for 15 days. The angle of
satellite orbit was 63°, apogee was 354 km, perigee
was 175km, microgravity was 5×10-5 g, density of
high energy particle was 136 counts/cm2 [it was
(35.6±6) counts/cm2 on the earth]. The records
show that the biocabin worked regularly in flight,
in which the temperature was 17 -26
and the
mean dosage of ionizing radiation was 0.177 mGy/d.
Mutation frequency of the bacteria

The mutation frequency was measured soon after
the flight. The procedure was as follows: 0.5 mL of
the boarded and control samples were inoculated in
5 mL of LB medium respectively. After 4 h at 37 ,
2.5 mL of 50% sterile glycerol was added, and all
samples were divided into 1 mL of aliquot, and
stored at -20 . During the measurement, an
aliquot of the sample was used for bacterial cell
counting, and then concentrated sample was spread
on screening plates to select mutants. The number
of mutants was scored in 48 h-72 h incubation at
37 . The mutation frequency of bacteria was
calculated according to the formula: The mutation
frequency=mutant cells per mL/total bacterial cells
per mL.
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Media

The LB medium, minimal medium, MacConkey
medium and Pgal medium were used in experiment
as described[1].
Selection of Arg+ reversion mutants and test of
Arg+ Lac+ mutants

The concentrated CSH108 sample was spread on
minimal plate without arginine. The Arg+
revertants could grow after incubation. Then the
Arg+ revertants were streaked on minimal plate
with lactose as the only carbon source. If some of
the revertants could grow up on the medium, they
were Arg+ Lac+ revertants. These were determined
by the method of Miller[1].
Selection of LacI- mutant

Phenyl-β-D-galactoside ( Pgal ) is a noninducing
sugar that se rves as a substrate for β-galactosidase
and can provide a carb on source for growth, but
only the constitutive mutants of LacI-, which
produce enough β-galactosidase, can form colonies
on Pgal[1]. To prove to be LacI- mutants, the
colonies grown on the Pgal plate were streaked on
MacConkey plate to compare with A2 strain as the
LacI- control.
RESULTS
The survival of the boarded strains

Before boarding, the cell counting of samples was
up to 2×109/mL and after flight the survival of
each sample was about 3×108/mL counted on LB
plate, suggesting that the survival of the strains was
accomplished as expected in this study.
The Arg+ reversion frequency of strain CSH 108

After flight the Arg+ reversion frequencies of
CSH108 in the three groups and the ground control
were determined. The results are shown in Table 2
(the reversion frequency of each was the mean of
seven tests). In fact the Arg+ reversion frequency
of the ground control was the spontaneous reversion
frequency. It was worth mentioning that the Arg+
reversion frequency of Group III was 10 times that
of the ground control.
Table 2 The Arg+ reversion frequency of strain CSH108 in
different boarding ways
Sample

Group

Boarding sample

Group I
Group II
Group III
A(1)
B(2)

Ground control
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The Lac mutation frequency among Arg +
revertant

The Lac+ mutation frequency of CSH108 varied
with the groups. As shown in Tables 2 and 3, Group
III had not only a high Arg+ reversion frequency,
but also a high Arg+ Lac+ frequency. It is suggested
that most of the Arg+ revertan ts were suppresser
mutations, which resulted from mutations located in
tRNA genes.
Table 3 The occurrence of Lac + phenotype among Arg +
revertants
Sample

Group

Boarding sample

Group I
Group II
Group III
A(1)
B(2)

Ground control

Total No. of
Arg+ reversion
60
139
384
36
39

No. of Lac +/Arg +
Lac +
(%)
25
52
376
14
27

41.7
37.4
97.9
38.9
69.2

A(1) and B(2) are the same with that in Table 2.

The LacI- mutation in A3 strain

In A3 strain, the survival and LacI- frequencies are
shown in Table 4. The LacI- frequency in Group II
was remarkably higher than that in other groups
and it was 67 times that of the ground control. In
addition, we also observed that when the boarded
strains were plated on Pgalagar at 37 , Group II
formed colonies in 48h, while other groups formed
colonies in 72h. From Table 4, it also can be seen
that the LacI- mutation frequency in Group III was
4.4 times that in the ground control. A further test
showed that most of the LacI- mutation in A3 strain
could not be suppressed in suppresser strains,
therefore they were not amber mutations (The
detailed result was not described here).

Table 4 The survival and frequency of LacI- mutant from A3
strain
Sample

Group

Boarding sample

Group I
Group II
Group III
A(1)

Ground control

Survival
(×108)
3.6
5.5
3.0

LacI- frequency
(×10-8)
0.4
240.0
15.8
3.6

All figures were means of four tests. (1) Ground control: strain
was kept at room temperature.

Arg+ reversion
frequency(×10 -8)
2.9
1.8
26.3
1.2
2.8

(1) Ground control: strain was kept at room temperature; (2)
Ground control: strain was stored in freezer (-60 ).

DISCUSSION
Arg+ revertant

Reversion mutation is a simple and accurate method
used to determine the mutation frequency of
bacteria[5]. At least two kinds of mutations can
reverse the Arg- ( arginine synthesis defective )

WENG Man-Li, et al. Space conditions and mutation of E. coli

phenotype in CSH108: the mutation at ArgEam
position and the suppresser mutation. They are both
point mutations, but occur in different places. In
the revertants with only Arg+ phenotype, the
mutation results from a base substitution at ArgEam
position to restore Arg+ by a sense triplet; in the
revertants with Arg+ Lac+ phenotype, the mutation
occurs in tRNA gene and gets the intergenic
repressor by suppresser mutation[1,3]. According to
the results shown in Table 3, the revertants of
suppreser mutation in Group III covered 97%, while
the frequen cies of such mutation were below 70%
in other groups, usually about 50% (Table 3).
LacI- mutant

lacI gene encoded repressor for lacZ gene. LacI+
bacteria could not grow in Pgal plate unless they
were mutated to LacI- strain. According to the
results in Table 4, the LacI- mutation frequency in
Group II was 67 times that of the ground control,
and was 4.4 times in Group III that in the ground
control. Both mutation and reversion are often used
in microorganism genetic experiment[1] . It is
convincing to use the markers in this study to
investigate the mutagenesis of microorganism in
space conditions.
Boarding methods

Three boarding methods were used, and the
reversion mutation frequency of Arg+ and the
mutation frequency of LacI- were measured in this
study. The samples of Group II were placed in
DM-11 small biocabin, therefore the microgravity
had little effect. The main factor affecting the
samples was space radiation. In addition, oxygen
was supplied in biocabin. It had been reported that
in mammalian cell the break incidence of singlestranded DNA in O2 environment was four times
higher than that in no O2 environment[4], and the
occurrence of mutation was closely related with the
repair of DNA damage[3,5]. These are probably the
reasons why the LacI- mutation frequency of A3
strain in biocabin was 67 times that of the ground
control.
The small lead chamber could block part of
the space radiation in flight. The results showed
that in lead chamber the Arg+ reversion frequency
of CSH108 was 10 times that of the ground control,

447

and that the LacI- mutation frequency of A3 strain
was 4 times that of the ground control. In this test,
the effect of space radiation was decreased by the
chamber, the main effective factor should be the
microgravity.
The boarded Group I was influenced by
microgravity and strong space radiation, but no
significant effect on mutation in E. coli strains was
found. It may be due the interference of the samples
located in the satellite, or the antagonis m between
different space factors, or some unknown reasons.
It was shown that after flight some E. coli
strains had high mutation frequencies which varied
with boarding conditions. That is to say, in
different boarding conditions, there were different
space factors that influenced the bacteria
mutagenesis, therefore different types and
frequencies of mutations were induced. The effects
of spaceflight have been increasingly understood[1].
This research indicated that the spaceflight may
greatly enhance the mutation frequency of certain
genes in microorganism and may provide an
effective way for microorganism breeding. But
space factors, such as strong radiation, microgravity
and so on, which influence the mutation of E. coli
are complicated. The mutation effect would vary
with strain, gene, and even the nucleotide location
in DNA. Therefore much work is to be done in
understanding the mechanism of space induced
breeding. In addition, it is meaningful to take the
advantages of quick growth and clear selective
markers in E. coli strains to develop a high-speed
routine method for predicting the space induced
efficiency. The method can serve all the purposes of
biological investigation.
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Treatment of corticosteroid-resistant ulcerative
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INTRODUCTION

The etiology and pathogenesis of ulcerative colitis
(UC) have remained unclear. Treatment is
nonspecific based on the anti- inflammatory agents
corticosteroid and sulfasalazine. A significant
proportion fail to respond to this therapy[1]. As the
relapse, refractory or serious UC patients had a
hypercoagulable state and an increased incidence of
thromboembolic events[2-4], heparin has been used
by some authors[5-7]. Yet, its half-life period is
short, needing long-term injection, which restricts
its further clinical application. Our previous studies
have demonstrated oral LMWH not only overcomes
the shortcomings of common heparin[8,9], but also
has anti-inflammatory effects[10,11]. The aim of this
paper is to study the therapeutic effects and
mechani sm of oral LMWH in patients with
corticosteroid-resistant UC.
MATERIALS AND METHODS
Clinical materials

There were eight men and twelve women aged 21
years to 56 years (mean 33 years). All cases were
histologically confirmed and met the diagnostic
standard of chronic non-infectious intestinal disease
of China ( Taiyuan meeting, 1993 ), including
seventeen cases of severe, and three moderate UC.
Duration of diseases ranged from 8 months to 11
years (mean 4.1 years). Rectal bleeding, diarrhea,
mucus stool, abdominal pain were the main
symptoms. Four patients were associated with
thromboembolic diseases. All patients were treated
1
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with high-dose corticosteroi d and sulfasalazine for
more than 4 weeks without effect, sulfasalazine was
maitained in combination with oral LMWH (366U/
kg, twice daily ) for more than 4 weeks.
Prednisolone was tapered and stopped.
Monitoring parameters

Assessment of platelet activation and aggregability[2,4].
We used a sensitive flow cytometric technic designed
to minimize sample handling and render fixation
unnecessary to quantify platelet activation. Blood
samples were incubated by 10 minutes of venesection
with fluorescein isothiocyanate (FITC) conjugated
antibodies to the platelet surface antigens, Pselectin (CD62P) and CD63 (Immunotech, Marseilles,
France). Analysis was made within 15 minutes of
venesection using a BD (Becton Dickinson
Immonocytometry Systems) FAC Scan. TXA-2
(Suzhou Medical College) was measured using RIA
method, samples wer e taken without tourniquet into
chilled tubes containing 1:9 anticoagulant/
antiaggregant solution (trisodium cirrate 3.8%),
centrifuged for 15min-30min, later at 4
for 30
minutes to minimize in vitro activation, supernatant
was decanted off and stored at -20
for assay
within 3 months. Platelet aggregation rates (PAR)
and thrombosis length (TL) in vitro were assessed
by XSN-R II instrument according to the
manufecturer’s instruction.
Measurment of CD54. CD54 in blood and tissues
were measured using flow cytometric technic
according to our previous report[12 ].
Assessment of efficacy[7]

Pre- and post-treatment scores were calculated for
the following disease parameters:
Stool
frequency (average number per day for the past
week).
Rectal bleeding (0: absent, 1: streak of
blood on stools occationally, 2: obvious blood on
stool frequently, 3: complete bloody stools).
Colonoscopic appearance 0: normal vascular
pattern, 1: mild lesion (loss of vascular pattern,
mucosa edema, no bleeding), 2: moderate lesion
(granularity and friability of the mucosa), 3: severe
lesion ( discrete ulceration and spontancous
bleeding).
Histological grading: serial biopsies
of the rectum and the colon were taken. Five
histological chang es seen in UC (cellular infiltrate
in the lamina propria, cryptitis, crypt abscess

CUI Hui-Fei, et al. Heparin in treatment of corticosteroid-resistant ulcerative colitis

formation, golet cell depletion, and regenerative
hyperplasia of the epitheli um) each were scored
from 0 (absent) to 3 (severe), a total UC score of 5
or less indicated mild disease, a score of 5-10,
moderate, and a score of 10-15 severe desease.
General health status ( 0: excellent, 1: good, 2:
poor, 3: poorer, 4: very poor, 5: poorest).
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CD54 in blood and tissues

CD54 elevated in both blood and tissues in
corticosteroid-resistant UC patients ( P < 0.01 ),
CD54 in tissues being higher than in blood. After
oral LMWH, CD54 lowered significantly in both
blood and tissues ( P < 0.01 ), but still higher than
that of normal controls (P<0.05), (Table 3).

Statistical analysis

Student’s t test and Friedman test were used to
assess the significance of differences between mean
pre- and post-treatment parameters.
RESULTS
Therapeutic effects

Nineteen patients ( 95.0% ) achieved clinical
remission (normal stool frequency and no rectal
bleeding) on a combination of oral LMWH and
sulfasalazine. One patient had reduced rectal
bleeding only. The average period of marked
improvement was 2.9 weeks (range 1 week-4
weeks), and of remission was 5 weeks (range 1
week-12 weeks). Rectal bleeding ceased in 19
patients (5 patients within 5 days -8 days, the
others within 2 weeks-7 weeks). Nineteen patients
had general health condition improved earlier on
oral LMWH, than bowel symptoms. There were
highly significant improvement in mean scores for
all disease parameters (Table 1).
Table 1 Therapeutic effects of oral LMWH in corticosteroidresist ant UC patients
Group

Stool frequency Rectal bleeding Colonoscopy HistologyWell-being
(times/day)
(score)
(score)
(score)
(score)

Pre-treatment
Post-treatment

8.6
1.5b

2.6
0.2b

2.7
1.0b

12.0
4.0b

4.0
0.6b

b

P<0.01 vs pretr eatment.

Blood contents of CD62P, CD63, TXA2, platelet
aggregation rate (PAR) and thrombosis length
(TL) in vitro

All the indexes in corticosteroid-resistant UC
patients increased significantly as compared with the
normal controls (P<0.01). After treatment with oral
LMWH, all the parameters of UC patients decreased
(P<0.01), but CD62P and CD63 remained higher than
normal (P<0.01), (Table 2).
Table 2 Effects of oral LMWH on CD62P and CD63 , TXA2,
platelet aggregation rate (PAR) and thrombosis length (TL) in
vitro in UC patients (x±s)
Group

CD62P(%)

CD63(%)

UC patients
Pre-treatment
Post-treatment
Normal controls

8.1±3.2b
4.2±1.9a,d
1.9±00.4

6.2±2.2b 541.7±82.4b
3.1±1.7ab 396.4±75.8d
1.6±0.8 340.2±40.4

a

TXA2(ng/L)

PAR(%)

TL(cm)

44.5±10.1 b
35.2±8.7d
34.1±9.1

2.4±0.5b
1.9±0.4d

P<0.05, bP<0.01 vs normal person; dP<0.01 vs pretreatment.

Table 3 Effects of oral LMWH on CD54 in UC patients
(x±s,%)
Group
UC patients
Pre-treatment
Post-treatment
Normal controls
a

Blood CD 54

Tissue CD54

28.7±6.1 b
14.6±5.2 a,d
6.2±3.7

50.7±6.8b
22.8±4.7 a,d
8.8±3.2

P<0.05, bP<0.01 vs normal; dP<0.01 vs post-treatment.

Complications

No serious complications were associated with the
use of oral LMWH.
DISCUSSION

Heparin, a group of sulphated glycosaminoglycans,
in addition to its physiological effects and
anticoagulant, antithromboembolic, antiallergic,
antiviral, antiendotoxic and immunoregulative
biological activities, has a wide range of potentially
anti-inflammatory effects, including inhibition of
neutrophil
elastase
and
inactivation
of
chemokines[5,13]. Compared with heparin, LMWH
has a enhanced antithromboembolic effects, longer
half life period, less bleeding tendency, higher
bioavailability, easier absorption by oral
administration[8,9], and has the anti inflammatory
effects as well [10,11]. Previous reports[5-7] on
improvement in UC patients treated with heparin
prompted us to perform a pilot study of oral LMWH
to find a more convenient and effective drug for
patients with corticosteroid-resistant UC. The
observed response to oral LMWH is paradoxical.
Nineteen of 20 patients with corticosteroid-resistant
UC achieved clinical remission and became
asymptomatic on oral LMWH combined with
sulfas alazine. Opposite to the traditional idea that
heparin can enhance bleeding, rectal bleeding was
the first symptom to be improved by oral LMWH.
The results are similar to other reports of heparin
treatment[5-7].
If oral LMWH has a therapeutic effect in UC,
its mechanism of action should shed some light on
the elusive pathogenesis of this disease. There are
several thrombophilic features of UC that suggest
the effect of oral LMWH on colitic symptoms may
be attributable to its anticoagulant and
antithrombotic properties. Evidence of a
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thrombotic process in UC includes: reports of a
hypercoagulable state[2-4], an increased incidence
of thromboembolic event[14], and ischemic
complications such as toxic megacolon and
pyoderma gangrenosum. In this study, the
membrane marks of platelet activity CD62P and CD63
increased significantly, and the derivative of active
platelet TXA-2 also elevated, sugge sting that the
blood platelet was in an active state, which not only
led to a hy percoagulable state and an increased
incidence of thromboembolic events, but also
enhanced inflammatory reaction[24]. Activated
hyperaggregable platelets in the mesenteric
circulation could amplify the inflammatory cascade
by promoting neutrophil recruitment and
chemotaxis. P-selectin has an established action as
the adhesion molecule for neutrophils, and
circulating platelet aggregates may contribute to
ischemic damage and infarction by occluding the
intestinal microvasculature. Platelet derived
thromboxane A2 may also contribute to the ischemia
by inducing local vasocontriction. After treatment
with oral LMWH, all these par ameters dropped
markedly, suggesting that the therapeutic effect of
LMWH is partly related to inhibition of platelet
activity[9]. CD54 antigen reacts with the 85 kD110 kD integral membrane glycoprotein, is also
known as an intercellular adhesion molecule-1
(ICAM-1) expressed on endothelial cells and both
resting ( weak ) and activated ( moderate )
lymphocytes and monocytes. CD54 is ligand for the
leukocyte function antigen-1 (CD11a. Its expression
is up- regulated upon stimulation by inflammatory
mediators such as cytokines and LPS, and it is
involved in B cell-T cell co-stimulatory interations.
In this study, CD54 elevated significantly in blood
and tissues of UC patients, being in tissues higher
than in blood[12]. Therefore, it could reflect the
inflammation of intestinal mucosa. After oral
LMWH, CD54 dropped significantly in both blood
and tissues, indicating that oral LMWH could
relieve the inflammat ory activity in these patients
who received prednisolone for a long period (more
than 4 weeks) and had no significant improvement
and were regarded as corticost eroid-resistant
refractory cases of UC. In other reports[5], heparin
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can also inhibit c-reactive protein (CRP), tumor
necrosis factor ( TNF ) and L-se lectin of UC
patients. The detailed mechanisms by which the
anti-inflammatory properties of oral L MWH are
mediated in UC remain to be elucidated further.
From these results, we conclude that oral
LMWH may play a role in treating corticosteroidresistant UC, the mechanism is partly related to
inhibition of platelet activity, hypercoagulable state
and anti-inflammatory effects. No serious
complications were found associated with the use of
oral LMWH.
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Methylation status of p16 gene in colorectal
carcinoma and normal colonic mucosa
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INTRODUCTION

p16 gene (also known as MTS-1, INK4a,
CDKN2A), located on chromosome 9p21, is a G1specific cell-cycle regulatory gene. It is composed of
three exons, which encode 156 amino acids[1]. The
gene is frequently inactivated in many human
cancers. Unlike other tumor-suppressor genes that
are commonly inactivated by point mutations, small
homozygous deletions and methylation of the
promoter represent the major mechanism of p16
gene inactivation[2,3]. In the Western countries,
colorectal carcinoma ranks first among malignant
tumors. The mortality from colorectal carcinoma
has been rapidly growing in China in the last two to
three decades. The genetic alterations involved in
this tumor are still unclear. Rare mutation and
infrequent deletion of p16 gene in primary
colorectal car cinoma has been widely reported[4].
There were a few papers on p16 gene methylation
in colorectal carcinoma, but the results were
contradictory[5,6]. In this study, we have examined
a total of 60 samples of colorectal carcinoma and
paired 60 samples of the normal colonic mucosa for
methylation by means of PCR-based methylation
assay. There is infrequent methylation in the
promoter of p16 gene both in colorectal carcinoma
and normal colonic mucosa. The methylation status
in 5’ CpG island of p16 gene in colorectal carcinoma
is not re lated to the clinical pathologic parameters
of these tumors.
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MATERIALS AND METHODS
Patients and specimens

The samples were provided by the First and Second
Affiliated Hospitals of Zhejiang Medical University
and Hangzhou Railway Central Hospital from 1996
to 1998. C olorectal carcinoma specimens (n = 60)
and matched normal colorectal mucosa (n = 60)
were obtained from 60 patients (38 men and 22
women) with colorectal carcinoma. Their ages
ranged from 20 to 78 years with a mean age of 57.
The size of the tumors ranged from 1.5 cm to
7.8cm in diameter.
Template preparation

DNA was isolated by proteinase K digestion and
phenol chloroform extraction. The DNA
concentration and purity were determined on the
ultraviolet ray spectrometer (Pharmacia Bioth
Ultrospec 2000). All DNA templates were diluted to
1 µg/µL with TE.
PCR-based methylation assay

Genomic DNA (1 µg) was either overdigested with
20 U three methylation-sensititive restriction
enzymes ( Hpa II, Sac II and Sma I ) or placed in
the appropriate buffer without enzyme (control)
overnight. A liquots of 120 ng of the digested and
non- digested DNA were PCR amplified using
primers
5’GAAGAAAGAGGAGGGGGTG-3’
(sense) and 5’GCGCTACCTGATTCCAATTC-3’
(antisense), which corresponded to a part of 5’
noncoding region and a part of the 3’ end of exon 1
of the p16 gene. The undigested DNA of the
correspondent samples was also amplified and used
as control. A total of 25 µL volume of PCR mixture
contained 2 µL of 10×buffer, 0.8µL of MgCl2
(25 mM), 2 µL of dNTP (0.2 mM), 2 µL of primer
(20 pM), 15 U of Taq polymerase and 2.5 µL of
digested DNA. Amplifications were performed in a
temperature cycler (MJ Research, Inc., USA) for 1
cycle at 95
(5 min), 30 cycles at 95
(30 s),
55 (30 s) and 72
(30 s), and 1 cycle at 72
(5 min). After PCR, the reaction mixture was
electrophoresed in 1.5% agarose gel and examined
to find out whether a 340 bp long product was
generated. The sample which is unmethylated and
cut by restriction enzyme, has no amplified product
while the sample which is methylated and not cut by
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restriction enzyme, has amplified product.
Statistical analysis

Statistical analysis was made by Chi-square test. The
difference was regarded significant when P value is
less than 0.05.
RESULTS

Methylation of the p16 gene in colorectal carcinoma
and normal colonic mucosa. We have investigated
the biopsies of 60 cases of primary colorectal
carcinoma and paired 60 cases of normal colonic
mucosa for methylation of the p16 gene in Hpa-II,
Sac-II and Sma-I sites. All of the undigested
control of 60 cases of colorectal carcinoma and 60
cases with normal colonic mucosagot the same PCR
products of 340 bp, while the digested samples
achieved the different results (Figure 1). In the
normal colonic mucosa, at the Hpa-II site in 5’CpG
island of p16 gene, 13 (21.6%) of 60 samples
showed full methylation and 7 (11.6%) samples
partial methylation, at the Sac-II site 28 (46.6%)
of 60 showed full methylation and 8 (13.3%)
partial methylation and at the Sma-I site, 5
(8.3%) showed full methylation and 4 (6.7%)
partial methylation. In the colorectal carcinoma, at
the Hpa-II site, 11 (18.3%) samples showed full
methylation and 10 (16.7%) partial methylation, at
the Sac-II site, 22 (33.3 %) full methylation and 6
(10%) partial methylation, and at the Sma-I site,
9 (15%) full methylation and 3 (5%) partial
methylation. In comparison of the methylation
status of colorectal carcinoma and that of normal
colonic mucosa, there was no significant difference
(P>0.05).
Statistical analysis revealed a marked
significant difference in the methylation status of
Hpa-II, Sac-II and Sma-I sites of p16 gene in
normal colonic mucosa ( χ2 = 28.6, P < 0.01 ), and the
methylation of pro moter in p16 gene tended to be
associated with aging ( χ2 = 5.64, 0.1>P>0.05 )
(Table 1).

Table 1 Correlation between methylation of p16 gene and age,
enz yme cutting site of normal clonic mucosa
Number of
Full
site
methylation
Age (yrs)
40
41-60
>60
Site
Hpa-II
Sac-II
Sma-I
a

Partial
methylation

Unmethylation

33
60
87

4
19
23

3
8
8

26 a
33
56

60
60
60

13
28
5

7
8
4

40 b
24
51

0.1>P>0.05, bP<0.005.
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The 60 cases of colorectal carcinoma were
divided into groups according to the pathological
types and size of cancer and the lymph node
metastasis. It was found that the methylation of 5’
CpG island of the p16 gene was not related to the
clinicopathologic parameters (Table 2).
Table 2 Correlation between methylation of p16 gene and
clinicop athologic parameters of colorectal carcinoma
Numbers of
Full
Partial
Unsite
methylation methylation methylation
Histological type
(adenocacinoma)
Well-differentiated
Moderately-differentiated
Poorly-differentiated
Mucinous
Size (cm)
2.5
2.6-4
>4
Lymph node metastases
With LN metastases
Without LN metastases
a

18
117
15
21

6
26
3
6

3
14
2
0

9a
77
10
15

27
54
87

5
15
21

4
5
10

18 a
34
56

78
102

20
26

5
14

53a
62

P>0.05.

Figure1 PCR-based detection of 5’ CpG island meth ylation.
N: normal colonic mucosa; T: colorectal carcinoma. A 5’ CpG
island sequence (34 0bp) of the p16 gene was PCR amplified after
sufficient digestion with a met hylation sensitive enzyme Hpa-II
(2), Sac-II(3) and Sma-I(5) and undige sted control (1, 4).
A: case 715c, in the normal colonic mucosa, Hpa-II and Sma-I
sites unmethylation (N2, N5) and Sac-II sites partial methylation
( N3); in the colorectal carcinoma, Hpa-II and Sac-II site partial
methylati on (T2, T3) and Sma-I site unmethylation (T5). B:
case 701, in the normal co lonic mucosa, Sac-II site full
methylation (N3) and Sma-I and Hpa-II sites partial methylation
(N5, N2); in the colorectal carcinoma, Hpa-II, Sac-II and Sma-I sites
full methylation (T2, T3, T5).

ZHANG Jing, et al. p16 gene methylation in colorectal carcinoma

DISCUSSION

There are two major mechanisms of gene
inactivation. One is the genetic mechanism, i.e.
the aberration of DNA structure such as homozygous
deletion or intragenic mutation resulting in the gene
inactivation. The other is the epigenetic
mechanism, i.e., the methylation of the position 5
of cytosine (C) leading to the lack of gene
expression, while the structure and the product of
the gene remained unchanged. In higher order
eukaryotes, DNA is methylated only at cytosines
located 5’ to guanosine in the CpG dinucleotide.
This modification has important regulatory effects
on gene expression, especially when involving CpGrich areas kno wn as CpG islands, located in the
promoter region of many genes. While almost all
gene-associated islands are protected from
methylation on autosomal chromosomes, extensive
methylation of CpG islands has been associated
with transcriptional inactivation of selected imprinted
genes and the genes on inactivated X-chromosome
of females. Aberrant methylation of normally
unmethylated CpG islands has been associated with
transcription inactivation of gene[7].
The exon 1 coding sequences of the p16 gene
resides within 5’ CpG islands. This area is not
methylated in most normal tissues but methylated in
many human cancers. The rates of homozygous
deletion and intragenic mutation of p16 gene in
colorectal carcinoma are very low, but how about
the methylation of 5’ CpG islands of p16 gene in
this tumor? We examined the methylation status of
3 40bp sequence within 5’ CpG islands of p16
gene in colorectal carcinoma and normal colonic
mucosa using the PCR-based methylation assay.
Our data suggest that there was no significant
difference in the methylation status of p16 gene 5’
CpG islands between the colorectal carcinoma
and normal colonic mucosa. We further studied the
correlation between methylation of p16 gene
and clinicopathologic parameters of colorectal
carcinoma, which also showed that the methylation
of p16 gene did not play an important role in the
progress of colorectal carcinoma. Recently, some
scholars suggest that the cell proliferation in
colorectal carcinoma, unlike in most other tumor
types, could bypass p16ink4a-mediated growth
arrest[8]. Our experiment, which combined with the
reports of low rates of homozygous d eletion and
intragenic mutation of p16 gene in colorectal
carcinoma, support s this opinion.
There are contradictory results on the
methylation of the 5’ CpG island of p16 in
colorectal carcinoma and normal colonic mucosa
reported by Herman et al and Gonzalez-Zulueta et
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al[5,6]. We found the methylation of the 5’CpG
island of p16 gene in colonic mucosa was very
complicated. The full methylation rates of Hpa-II
and Sma-I sites in 5’ CpG island of p16 gene were
low (21.6% and 8.3%), while that of Sac-II site
was high ( 46.6% ). There were significant
differences in methylation status of three different
sites (P<0.01. It suggested that using different
methylation-sensititive restriction enzymes in
different experiments without self control might
lead to contradictory results.
The existence of partial methylation status has
also been verified. We could see the weak bands (1/
2-1/8 of control) after the samples were digested
by methylation-sensititive restriction enzymes in some
cases. It was confirmed by repeated digestion. This
could be explained by the presence of distinct cell
subpopulati on. The other explanation is the
methylation of one allele. As PCR-based technique
facilitates the detection of low numbers of
methylated alleles, the DNA of stroma may
influence the results.
DNA methylation plays an important role in
the development, imprinting and aging. It has been
reported that the methylation of estrogen receptor
gene CpG island links with aging in human colon[9].
In this experiment, the rates of the methylation of
promoter in p16 gene increased with aging in
colonic mucosa.
Southern hybridization is a classical method for
detecting methylation status of specific sequence in
specific genes, it needs not only more DNA but also
radioactive element. PCR-based methylation assay
has provided significant advantages of being
markedly more sensitive and highly efficient, and
need no radioactive element and expensive
instruments.
To avoid false positive results, the key problem
of this method is the sufficient digestion of DNA
templates with restriction enzymes. In this
experiment, we diluted all the DNA sample to
1µg/µL, and selected the smallest numbers of
template which could find clear PCR product by
ladder diluted met hod. We digested the DNA with
the largest amount of enzyme, prolonged the
digestion time (overnight) and repeated digestion to
some partial methylation cases to confirm results.
We used the digested products without ethanol
precipitation as template of PCR to avoid the loss
of DNA and adjusted the reaction mixture in
accordance with different buffers (Hpa-II, Sac-II
with buffer A, Sma-I with buffer J ) used in
different restriction enzyme digestion. For each
case, we amplified the digested template and the
undigested one simultanously with the same
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digestion buffers as control.

5
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Study
on
the
expression
of
matrix
metalloproteinase-2 mRNA in human gastric cancer
JI Feng, WANG Wei-Lin,YANG Zi-Li, LI You-Ming, HUANG Huai-Di and CHEN Wei-Dong
Subject headings matrix metalloproteinase-2
mRNA; stomach neoplasms; polymerase chain
reaction
INTRODUCTION

During tumor invasion and metastasis, malignant
cells in primary site acquire the ability to degrade
extracellular matrix (ECM) and penetrate tissue
barriers. Among the proteolytic enzymes which
degrade ECM, matrix metalloprotenase (MMP) is
one of the important ones. MMP2 (72kDa type IV
collagenase) is a member of the MMPs gene family
which degrades the macromolecules of connective
tissue and ECM, such as collagen, proteoglycans,
laminin and fibronectin. Thus MMP2 is believed to
play an important role in tumor invasion and
metastasis. Several imm unohistochemical studies
have shown that MMP2 mRNA is overexpressed in
gastric cancer and related to the clinical stage of
cancer[1,2]. However, samples were not enough and
lack completeness in these studies. Reverse
trans criptase-polymerase chain reaction (PT-PCR)
was used in our study to examine the expression of
MMP2 mRNA in tumor and normal tissues adjacent
to human gastric cancer.
MATERIALS AND METHODS
Samples

The samples, including tumour tissue and tumouradjacent normal tissue (2 cm and 5 cm or over 5 cm
distance from the tumour) came from twenty gastric
cancer patients at the surgery department of our
hospital and People’s Hospital of Yun-He County,
Zhejiang. Gastric tissues from five benign ulcer
patients after partial gastrectomy were used as
controls. The histological diagnosis was made by the
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pathologists of these two hospitals. Patients’ clinical
features are shown in Table 1. Among these cancer
patients, five and fifteen were cases of early and
advanced cancer respectively. All samples were
quenched in liquid nitrogen immediately after
operation and were then stored at -70 until used
for the study.
Reagents and primer synthesis

The dNTP, RNAsin and MMLV reverse
transcriptase and Taq DNA were provided by
Str atagene, La Jolla, CA, U.S.A. MMP2 primer
pair was synthesized by Shanghai Cell Research
Institute, Chinese Academy of Sciences[2] and its
sense
and
anti-sense
were
5’ACAAAGAGTGGCAGTGCAA-3’
and
5’CACGAGCAAAGGCATCATCC-3’ respectively.
The expected size of MMP-2 product was 302bp.
RT-PCR analysis

Total RNA was extracted from frozen tissues by
cesium chloride purifing method. A total amount of
20 µL reaction solution contained 5 µg RNA sample
tissue, 1 mmol/L dNTP, 10 U RNAasin,
100 mmol/L Tris-HCl pH 8.4, 50 mmol/L KCl,
2.5 mmol/L MgCl2, 100 mg/mL BSA, 100 pmolrandom six-polyoligo-nucleotide and 100 U MMLV
reverse transcriptase. The reverse transcriptional
condition was 37
for 1 h, and 95
for 5 min.
Twenty µL cDNA reverse transcriptase product
was put in PCR reaction solution containing
100 mmol/L Tris-HCl, pH 8.4, 50 mmol/L KCl,
2.5 mmol/L MgCl2, 100 mg/mL BSA, 30 pmol
sense and anti-sense primers, and then 2 U Taq
DNA polymerse was added in the solution. The
PCR amplification condition was: denatured at 95
for 1 min, annealed at 65
for 1 min and extended
at 72
for 1min. The number of cycles was
35.10 µL DNA, amplificating product was subjected
to electrophresis in 4% agarose gel, stained with
ethidium bromide and observed under ultroviolet
light. The photographs of PCR results were used to
measure the level of optical density (OD) of MMP-2
cDNA bands with densitometry ( Backman CD
2000).
Statiscal analysis

The significance of differences in expression rates
and OD levels among groups was determined by χ2
test and Student’s t test respectively.
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RESULTS
Expression of MMP-2 mRNA in tumor and tumoradjacent tissues (Figure 1)

In 20 cases of gastric cancer, MMP2 mRNA was
expressed in 13 tumor tissues, 11 in 2 cm and 6 in
5cm adjacent tissues respectively (Table 1). The
positive rate of MMP2 mRNA expression in tumor
tissues was significantly higher than that in 5cm
adjacent tissues (P<0.05). There was no positive
expression of MMP2 mRNA in the 5 samples of
the control group.

Figure 1 Expression of MMP-2 mRNA in case No.3
Lane M: Marker; Lane 1, 2: tumor tissues; Lane 3-5: 2cm,
adja cent tissues and normal gastric tissue of one control.

1a
2
3
4
5
6
7a
8a
9
10
11
12a
13
14a
15
16
17
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20

64/M
48/M
72/F
75/F
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63/M
73/F
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56/M
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Body
Lesser curve
Lesser curve
Body
Lesser curve
Lesser curve
Lesser curve
Body
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Body
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Body
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Body
Cardia
Body
Body

Histology Clinical stageb
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Poor
Poor
Poor
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Poor
Poor
Poor
Poor
Poor
Poor
Poor
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Poor
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Poor
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Poor
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T4N2M1(IV)
T3N0M0(II)
T2N1M0(IVA)
T4N2M0(IV)
T1N1M0(IIIA)
T1N0M0(I)
T3N0M0(II)
T3N1M1(IV)
T4N1M0(IV)
T1N0M0(I)
T3N2M0(IIIB)
T1N0M0(I)
T3N1M0(IIIA)
T2N0M0(IB)
T4N2M1(IV)
T3N2M0(IVB)
T4N2M1(IV)
T4N2M1(IV)
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from 1.10 to 19.23 (mean 5.38± 0.98) in tumor
tissues, 0.86 to 4.17 ( mean 2.41±0.30 ) in 2 cm
5 cm
and 0.78 to 3.80 (mean 1.88±0.22) in
adjacent tissues respectively. There was significant
difference in OD levels between tumor tissues group
and 2 cm or 5cm tumoradjacent tissues one (P
< 0.01), and no si gnificant difference in OD levels
between the two adjacent tissues groups.

5cm

MMP2 mRNA expression
Age/sex

October 1999

Figure 2 OD of MMP-2 cDNA signals in tumor tissues and
tumor-adjacent tissues (2cm and 5cm). As compared with tumor
tissues: 2cm: P<0.01; 5cm: P<0.01.

Table 1 Clinical features of cases and expression of MMP-2
mRNA
No.

WJG

T

2cm

5cm

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

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

T: Tumor tissues; 2cm: 2cm adjacent tissue from tumor; 5cm:
5cm or over 5cm adjacent tissue from tumor. a: early gastric
cancer. Poor: poorly differentiated adenocarcinoma; Well: well
differentiated a denocarcinoma. b: According to the American Joint
Commission Staging of Gastric Cancer.

The OD levels of MMP-2 mRNA in tumor and
tumor-adjacent tissues (Figure 2)

The OD of MMP-2 detected cDNA signals ranged

The OD levels of MMP-2 mRNA in early and
advanced cancer (Table 2)

The MMP-2 cDNA signals in tumour and 2cm
adjacent tissues of 15 advanced cancer were
significantly higher than those in the two
corresponding tissues of 5 early cancer respectively
(P<0.05). In the
5 cm adjacent tissues, there
was no-significant difference in the signals between
the advanced and early cancer.
Table 2 OD of MMP-2 cDNA signals in early and advanced
cancer (x±sx)
T
Early cancer (n=5)
1.63±0.42
Advanced cancer (n=15)6.63±1.12 a
a

2cm
1.07±0.29
2.80±0.34 a

5cm
1.50±0.22
1.94±0.29

P<0.05, vs early cancer.

DISCUSSION

In 20 gastric cancer cases, 13, 11 and 6 cases
positively expressed MMP-2mRNA in tumor, 2 cm
adjacent and 5 cm adjacent tissues respectively.
The cases with MMP-2 mRNA expression in tumor
tissues and their corresponding tumor adjacent
normal tissues (2 cm and/or 5 cm) were almost
poorly differentiated adenocarcinoma and in higher
clinical stage. MMP-2 mRNA was seldom expressed
in tumor and tumor adjacent tissues of well
differentiated or early carcinoma. These results

JI Feng, et al. MMP-2 expression in gastric cancer

showed that proliferative and invasive gastric cancer
cells had higher MMP-2 secretion. In ultrastructural
study, MMP-2 mRNA was expressed markedly in
cancer cells with rich false feet and rapid movement
in culture, but insignificantly or with few false feet
in cancer cells from unmetastatic and uninvasive
gastric cancerous tissues, indicating that MMP-2
secretion was correlated with the invasion and
metastasis of gastric cancer[3]. In addition, some
immunohistochemistry studies have shown that the
positive rate of staining cells for MMP-2 protein
was consistently higher in poorly differentiated and
diffuse gastric carcinoma than that in well
differentiated and early gastric carcinoma[1,4]. The
results of these studies were very similar to those
of MMP-2 mRNA expression in our study, indicating
that the increased MMP-2 positive staining was
related to the overexpression of MMP-2 mRNA.
This is probably due to increase in MMP-2
transcriptional activity and MMP-2 protein products
in the cell proliferative process of gastric cancer
which is often accompanied with the acceleration of
cancer invasion and metastasis.
In the current study, although the levels of
MMP-2 cDNA signals in tumor-adjacent tissues (2
cm and/or 5 cm) were lower than those in tumor
tissues, MMP-2 mRNA was overexpressed in the
tumor adjacent tissues in certain extent, suggesting
that both gastric cancer cells and adjacent
mesenchymal
cells,
including
fibrocyte,
endothelium cell, macrophage and lymphocyte have
the ability to secrete MMP-2. There may be
information exchange between the cancer cells and
these mesenchymal cells through the dissolvable
intercellular substance and membrane cement
factor, and such information exchange may regulate
the productio n of MMP-2. This may be very
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important in elucidating the mechanism of invasion
and metastasis of cancer cells[5,6]. In our case No.
6, MMP-2mRNA was detected only in tumoradjacent tissues, but not in tumor tissue. The reason
for this is unclear. The discrepancy may be due to
the necrotic tumor tissue. Overexpression of MMP-2
mRNA only in tumour adjacent tissues also indicates
the malignant degree of cancer is rather high.
The prognosis of early gastric cancer is better
than that of advanced cancer. Our study showed
that the levels of MMP-2 cDNA signal in advanced
cancer tissues ( tumor and 2 cm tumor-adjacent
tissues) were significantly higher. This suggests
MMP-2 may play a role in gastric cancer invasion
and metastatic progression, and the overexpression
may be associated with poor prognosis. Further
study on relationship between the expression of
MMP-2 mRNA and the survival rate of gastric
cancer is being carried out.
REFERENCES
1
2
3
4

5

6

Grigioni WF, D’Errico A, Fortunato C, Liotta LA, Rogers L.
Prognosis of gastric carcinoma rerealed by interactions between
tumor cells and basement membrane.Mod Pathol,1994;7:220-225
Huang Y, Ti TK, Moochhala SM. Expression of matrix
metallprotinases (MMP-2 and MMP-7) mRNA in human gastric
cancer. Med Sci Res,1997;25:405-407
Schwartz GK, Wang H, Lampen N, Altorki N, Kelsen D, Albino
AP. Defining the invasive phenotype of proximal gastric cancer
cells.Cancer,1994;73:22-27
D’Errico A, Garbisa S, Liotta L, Jeffery RE. Augmentation of type
IV collagenase,laminin receptor and Ki67 proliferation antigen
associated with human colon, gastric, and breast carcinoma
progression.Mod Pathol,1991;4:239-246
Poulson R,Pignatelli M, William G, Liotta LA, Wright PA, Jeffery
RE, Longcroft JM, Rogers L, Stamp GWH. Stromal expression
of 72kDa type IV collagenase and TIMP-2 mRNAs in colorectal
neoplasia.Am J Pathol,1992;141:389-396
Grigionl WF, D’Errico A, Fiorentino M, Baccarini P, Onisto M,
Cacnazzo C, Stetler Stevenson WG, Garbisa S, Mancini AM.
Gelatinase A (MMP-2) and its mRNA detected in both neoplastic
and stromal cells of tumors with different invasive and metastatic
properties.Diagn Mol Pathol,1994;3:163-169

Edited by MA Jing-Yun

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 October; 5(5):458-460
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Islet separation and islet cell culture in vitro from
human embryo pancreas
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INTRODUCTION

Diabetes mellitus is the most common disease and its
death rate ranks the 8th in the world. Up to now,
its incidence has a tendency to increase[1]. Since
disorder of sugar metabolism might result in
microvascular degeneration and injury of important
human organs, it will endanger human health
seriously. In 1969, Younszai first reported the
method that could decrease diabetes symptoms by
islet tissue transplantation. In 1981, our country
began to treat diabetes type I by transplanting
cultured islet tissues. In our study, we digested the
pieces of pancreas with collagenase and made
morphological observation on islet cells cultured for
3 d, 5 d, 7 d, 9 d and 13 d respectively, and the
contents of insulin and C-peptide in the supernatant
were detected by radioimmunoassay. The
experimental model of rabbit diabetes was
established, and certain curative effect was achieved
in the treatment of experimental diabetes in rats.
METERIALS AND METHODS
Islet isolation

Four cases of 18wk-28wk human embryo induced
by hydrostatic bag were sterilized with 75%
alcohol, and their pancreas were removed with the
surrounding connective tissues eliminated. After the
pancreas were washed with cold Hank’s balanced
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salt solution, they were cut into 1 mm fragments
digested three times with 0.5 g/L collagenase
(Sigma Type V 663 U/mg) and shaken thoroughly.
Then the islets were carefully isolated under
stereoscope (islets are white with different
dimensions), and washed two times with Hank’s
balanced salt solution and put into glass bottles to
be cultured.
Islet cells culture

Islet cells were cultured with RPMI-1640 medium
containg 20% bovine serum, 10 mmol/L glutamine,
80 U penicillin and 0.5 g streptomycin. Appro
ximately 30 islets were inoculated in the 5mL
bottles, and were cultured in CO2 incubator (95%
atmosphere, 5% CO2, 37 ). The cells were
digested by 0.25% sodium citrate and their
fibroblast was cleaned[2]. The medium solution was
replaced every 2 d after the 3 days. One mL-2 mL
culture solution was put into clean bottles which
were placed into refrigerater ( 4 ) to detect the
contents of insulin and C-peptide.
Observation of islet cell morphology

In the process of culture, growth of islet cells was
observed under invert microscope, and the islet cells
cultured for 3 d, 5 d, 7 d, 9 d and 13 d respectively
were observed under transmission electron
microscope. The samples were fixed with 1.25%
glutaraldehyde, and embedded with epoxy 618,
sectioned with LKB-V ultramicrotome, and observed
under JEM-100CX electron microscope.
Measurement of content insulin and C-peptide
by radioimmunoassay

FT-630G computer with multiprobe γ counter and
kit of De Pu Company were used to collect the
supernatant fluid of islet cells cultured for 3 d, 5 d,
7 d, 9 d and 13 d respectively by strict standard
operation, and contents of insulin and C-peptide in
the culture suspension were measured by
radioimmunoassay (RIA) with antigen labeled by
radionuclide 125I.
Establishment of experimental model of rabbit
diabetes and evaluation of experimental cure

YUAN Zhu, et al. Islet separation and islet cell culture in vitro from human embryo pancreas

effect

Fasting blood sugar, insulin and C peptide were
detected in 18 adult rabbits (9 male and 9 female
weighing 1.5 kg - 2.0 kg). All rabbits were given
injection of alloxan of 150 mg/kg into the posterior
auricular vein to establish the model of rabbit
experimental diabetes. Their biological behavior
was observed after 48 h, and the contents of blood
sugar, insulin and C- peptide were measured[3]. The
cultured rabbit embryo islet cells were injected (1.1
×107 cells/each) into their pancreatic artery after
72 h and the experimental treatment was evaluated.
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Table 2 Changes of blood sugar, insulin, C-peptide after
experiment al treatment in normal and diabetes rabbits (x±s)
Experimental rabbits
Normal controls
Diabetes rabbits
Experimentally
treated rabbits
P

Blood sugar
(g/L)
1.0524±0.0510
4.7979±0.9233
3.3193±0.4110a
<0.01

Contents of
insulin(IU/L)

Contents of
C-peptide
(mg/L)

6.27±4.6
2.65±1.4
13.88±1.5 a

13.23±4.77
Not detected
Not detected

<0.05

a
After transplanted with rabbit islet cells, diabetes rabbits showed
good spirit, less drinking and urine excretion.

RESULTS
Morphology of the cultured islet cells

After the islets were cultured for 24 h, fibroblast
growth was found on the wall of glass bottle, but
no islet cell mass was found. After the fibroblasts
were eliminated with citrate sodium, islet cells began
to grow and form a single layer of cells with typical
morphology. Under invert microscope, the cells
were found growing quite well, most of them were
of epithelioid type with plenty of cytoplasm. The
cell number was counted directly after stained with
trypan blue and their survival rate reached up to
90%. Many cells were observed under transmission
electron microscope and most of them were found
to be beta cells with m any β-granules, alpha cells,
and a few extracrinous cells and macroph0ages.
These beta cells after cultured for 5 d-9 d with a
high density cytoplasm and cytoplasmic β-granule
developed well. But eleven days later, the number
of cytoplasmic granules decreased with
karyopyknosis and degeneration in them.
Contents of insulin and C-peptide in human
embryo islet cell culture solution (Table 1)

Table 1 Contents of insulin and C-peptide in human embryo
islet cel l culture solution
Islet cells
(culture days)
3
5
7
9
11
13

Contents of insulin
(IU/L)
47.30
64.75
72.30
72.70
68.75
72.20

Contents of C-peptide
(mg/L)
3.05
6.05
6.20
>6.00
5.15
>6.00

*Insulin antibody is negative in all tubes.

Contents of blood sugar, insulin and C-peptide
in normal rabbits and diabetes rabbits after
experimental treatment (Table 2)

Figure 1 Islet cells developed well after cultured for 5d. TEM
×10 000
Figure 2 Cytoplasmical APUD granules were observed after
cultured for 9d. TEM×20000
Figure 3 Islet cells were aging after cultured for 13d with
karyopyknosis and cytoplasmic lysis. TEM×30 00
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DISCUSSION

The quality and quantity of islet cells play a crucial
role in the effectiveness of transplantation. An ideal
preparative method can provide sufficient pure,
viable and functional islet cells. We have achieved
good digestive effect by digesting pancreas with
collagenase at optimum pH and temperature[4] . In
order to obtain good islets, it is necessary to control
digestive time and mix the pieces of pancreas with
collagenase thoroughly. The islet cells obtained
were growing and their structure was not mature
before they were cultured for 5 d. But after 5 d9 d, they grew well with their structure fully
matured. The survival rate was 90% according to
the trypan blue stainning. However, eleven days
later, most cells became ageing with karyopyknosis
and cytoplasmiclysis.
Activity and function are the important indexes
in assessing the effect of islet cells. The contents
of insulin and C-peptide in the culture suspension
measured by radioimmunoassay were two times
higher than those in normal control serum,
indicating that our method is rather good. The
highest amount of contents of insulin and C-peptide
was found after they were cultured for 13 d, but
was not in accordance with the morphological data.
The reason why their contents inc reased in insulin
culture solution was aging and released the
remaining insulin that made insulin contents of the
degeneration of most cells and release of the
remaining insulin from cells from the 11th day.
We have used the same method to culture
rabbit islet cells and made experimental treatment of
rabbit diabetes model after rabbit islet cells were
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cultured for 7 d. Blood sugar was 1.052 g/L ±
0.5012 g/L and 4.7979 g/L ± 0.9233 g/L in normal
and experimental rabbits. Three days after the
rabbits were given an injection via pancreatic
artery at a density of 1. 1×107 cells/each islet cell,
their blood sugar decreased to 3.3193 g/L ±
0.4110 g/L. Compared with diabetes rabbit ( P <
0.01), the difference was significant. Serum insulin
contents increased from 2.65 IU/L ± 1.4 IU/L to
13.88IU/L±1.5IU/L (P<0.05), the difference was also
significant. All these indicated that experimental
treatment was effective.
In the past ten years, most tissue
transplantation focused on subcutaneous and
intramuscular transplantation of cultured islets.
Present method is to treat diabetes type I with
cultured islet cells which were planted by portal
vein[5].
Therefore, we believe that the culture of the
islet cells by this method can be used to treat
diabetes type I, and the optimum time of
transplantation is 5-9 days after the islet cells were
cultured.
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Editorial

Update of preclinical and human studies of calcium
and colon cancer prevention
Martin Lipkin
Subject headings calcium/metabolism; colonic
neoplasms/prevent ion and control; vitamin D

Many articles on the subject of colon cancer
begin by noting that the disease continues to be a
major cause of tumor mortality in the United States
and other countries. Despite attempts at reduction,
the incidence of this disease is still high in Western
populations and is increasing in some Eastern
countries. Chemoprevention of this disease
therefore continues to be an important public health
objective. Among recent chemopreventive
approaches, an increased intake of calcium and
vitamin D continues to be evaluated in both
preclinical and clinical studies. Many experimental
findings, as described below, have indicated real
associatio ns between high calcium and vitamin D
intake and decreased risk for colorectal c ancer.

carefully regulated, 1, 25-dihydroxyvitamin D3 is an
important calcium modulator that can become
deficient as a consequence of inappropriate diet or
inadequate exposure to sunlight. Therefore vitamin
D3 also may have a role in the regulation of cell
proliferation and differentiation while modulating
calcium metabolism. It has also been shown to
directly inhibit the proliferation of several
malignant cell lines in vitro[8-10], and to induce the
differentiation of human colonic cells[11], human
myeloid leukemia cells[12], and other cell lines in
vitro [13,14]. A role of vitamin D as a
chemopreventive agent has also been studied in
rodent models [15-19], and the tumor growth and
promotional stag e of chemical carcinogenesis have
been inhibited by vitamin D. On the other hand,
vitamin D 3 enhanced chemically-induced
transformation of cultured cells in vitro[20,21] and
promoted skin tumor formation in mice[22].

BASIC STUDIES OF CALCIUM METABOLISM

PRECLINICAL AND EARLY HUMAN INTERVENTION

Calcium is both an essential structural body
component and a critical functional element in
living cells. It is a key component for maintaining
cell structure, membrane viscosity or rigidity, and
the related membrane permeability is partly
dependent on local calcium concentration. Calcium
is also a pivotal regulator of a wide variety of cell
functions in its role as a major second messenger[1].
Among the numerous cell properties modulated
by calcium, its participation in cell division and the
regulation of cell proliferation and differentiation
are particularly important[2]. Low levels of
intracellular ionized calcium contribute to cell
proliferation, and increasing calcium concentration
in cell and organ culture media decreased cell
proliferation; and induced cell differentiation in rat
esophageal epithelial cells[3], murine epidermal
cells[4], mammary cells[5,6], and colon cells[7].
The absorption and metabolism of calcium are
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STUDIES OF

EFFECTS OF INCREASED DIETARY

CALCIUM
Preclinical studies

The results of direct experimental studies of calcium
intake and colon cancer development are
summarized in Table 1. The results of many
individual studies are further described in Tables 25. In many preclinical experimental models,
calcium effects on colon cancer development and
on cellular processes associated with colon cancer
have been remarkably consistent:
decreasing and
normalizing excessive proliferation of colonic
epithelial cells, reducing the susceptibility of
proliferating epithelial cells to accumulate
abnormalities in their DNA;
reducing the
increasing the
cytotoxicity of fecal water;
differentiation and maturation of colonic epithelial
cells; and
decreasing the end-stage development
of colon cancer itself.
In animal models (Tables 2,3), oral calcium
supplementation decreased epithelial cell
hyperproliferation when it was induced by several
factors that stimulate tumor promotion: the
administration of bile acids and fatty acids, dietary
fat, a Western-style diet, and partial enteric
resection. Of further importance colonic
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carcinogenesis itself, when induced by chemical
carcinogens, decreased with increasing dietary calcium
intake, with almost all studies showing a decrease in
the number of tumors induced, the percent of invasive
carcinomas, or the number of animals with multiple
tumors.
Thus, a wide variety of rodent studies (Tables
1-3 with references) demonstrated that increasing
dietary calcium intake reduced colonic tumor
formation: mechanisms involved included decreased
epithelial cell hyperproliferation; decreased or nithine
decarboxylase activity; decreased ras mutations in
colonic epithelial cells; and calcium-binding of bile
acids, fatty acids and phosphate into insoluble
complexes, reducing their direct irritant and
hyperproliferative effects on colonic epithelial cells
and reducing the cytotoxicity of fecal water.
Two recent series of studies also have evaluated
the effects of calcium and vitamin D on colonic
tumor development when these nutrients were fed
to rodents on Western-style diets. The first group of
studies utilized preclinical models of n ormal mice.
In the colonic crypts of these normal mice
hyperproliferation, hyper plasia, abnormal
differentiation and maturation of colonic crypt
epithelial cells, and the late-stage preneoplastic
lesion of whole-colonic-crypt dysplasia developed
when the mice were fed- Western-style diets
containing low calcium and vitamin D[26,33,34].
The second series of studies utilized mice having
targeted mutations that are relevant to human colon
cancer, the targeted mutation causing adenomas and
carcinomas to develop in the mice[35,36]. Recent
studies demonstrated the Western-style diets
increased the development of the neoplastic colonic
lesions that were initiated by those mutations; and
the neoplasms together with carcinomas were
decreased by: @ increasing calcium and vitamin D
together with lowering fat content of diet[37], or
increasing dietary calcium and vitamin D alone
(Yang et al, unpublished data).
In other organs, Western-style diets also have
induced epithelial cell hyperproliferation and
hyperplasia in mammary gland [38,39], and
hyperproliferati on in pancreas[40] and prostate
gland[41] in short-term studies; increasing dietary
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calcium and vitamin D alone also inhibited the
development of those lesions[25].
EARLY HUMAN CLINICAL TRIALS OF CALCIUM AND
COLON CANCER CHEMOPREVENTION

Prior to most of the preclinical studies noted above,
a first human study was carried out[28]which began
to evaluate calcium’s chemopreventive effects on
the human colon. That first study, and a majority of
the human studies that followed demonstrated that
increased dietary calcium could decrease
hyperprolife ration of colonic epithelial cells in
human subjects; and several studies further
demonstrated calcium’s binding of bile acids and
fatty acids into insoluble complexes in the colon,
decreasing the cytotoxicity of fecal water, the latter
co ntributing to the decreased colonic epithelial cell
hyperproliferation observed in human subjects
(Tables 4,5).
The first pilot study in this human series noted
above, and several other that followed,
demonstrated significant reduction of excessive
colonic epithelial cell proliferation, or reduced size
of the proliferative compartment in colonic crypts.
However, other human studies of supplemental
calcium administration did not show this effect[42].
Several of those studies were accompanied by
experimental techniques that included extremely low
initial baseline levels of colonic cell proliferation
measured before calcium administration, very high
amounts of calcium intake by subjects before
calcium was given, and enemas given prior to
colonic biopsies that likely perturbed the
mucosa [42]. Because early positive results were
found in humans where calcium reduced colonic
epithelial cell proliferation [28], a further large
randomized adenoma-recurrence clinical trial was
developed and carried out, recently verifying that
increased calcium intake caused a significant
reduction in the development of actual tumors
(recurrent adenomas) in the human colon[32]. A
further human study was recently carried out
increasing dietary calcium intake through low fat
dairy foods: this caused increased maturation and
decreased proliferation of colonic epithelial cells
following the increased dietary calcium intake[43].

Table 1 Summary of studies on calcium and colon cancer
·Majority of epidemiologic studies suggest protective effect
·In vitro studies: decreased proliferation and increased differentiation and maturation of many types of epithelial cells
·In vivo rodent studies: numerous studies demonstrated inhibition of colonic tumor development preceded by decreased hyperproliferation,
ODC and ras mutations, binding of bile and fatty acids into insoluble complexes reducing irritant and hyperproliferative effects, reduced
cytotoxicity of fecal water
·Human studies: decreased hyperproliferation in most studies, increased differentiation and maturation of colonic epithelial cells, binding
of bile and fatty acids into insoluble complexes, decreased cytotoxicity of fecal water
·Decreased recurrence of human adenomas

Martin Lipkin. Update of preclinical and human studies of calcium and colon cancer prevention
Table 2 Dietary calcium effects on epithelial cells in the colon and other organs of rodents
Cell proliferation

References*

Calcium decreased hyperproliferation Gover et al, 1994
Calcium: decreased hyperproliferation when induced by doxycholic acid
Decreased hyperproliferation when induced by fatty acids
Decreased hyperproliferation when induced by cholic acid
Decreased hyperproliferation induced by partial enteric resection
Decreased deoxycholic acid-induced hyperproliferation
Decreased MNNG-induced hyperproliferation on diet low in fat and calcium
Decreased hyperproliferation induced by Western-style diet
Decreased AOM-induced ODC and Tyr K
Decreased ODC induced by bile acids
Decreased hyperproliferation when induced by Western-style diet
Decreased hyperproliferation in other organs when induced by Western-style diet

Wargovich et al, 1983
Wargovich et al, 1984
Bird et al, 1986
Appleton et al, 1986
Hu et al, 1989
Reshef et al, 1990
Newmark et al, 1991
Arlow et al, 1989
Baer et al, 1989
Richter et al, 1995[24]
Xue et al, 1999[25]

*Studies without reference numbers are found in[23].
Table 3 Dietary calcium effects on colonic epithelial cells of rodents
Tumor development

References*

Calcium: decreased tumors induced by partial enteric resection and carcinogen
Decreased proliferation and tumor formation induced by dietary fat and carcinogen
Decreased intestinal tumors after AMO
Decreased colonic tumors induced by AMO
Decreased the number of invasive carcinomas after MNU and cholic acid
Decreased the number of rats with multiple tumors after DMH
Decreased K-ras mutations
Unchanged tumor incidence after DMH
Unchanged tumor incidence after DMH
Decreased late-stage precancerous lesion of whole colonic crypt dysplasia

Appleton et al, 1987
Pence et al, 1988
Skrypec et al, 1988
Wargovich et al, 1990
McSherr y et al, 1989
Sitrin et al, 1991
Llor et al, 1990
Karkara et al, 1989
Kaup et al, 1989
Ri sio et al, 1996[26]

*Studies without reference numbers are found in [23].
Table 4 Calcium effects on colonic cell proliferation, differentia tion and cytotoxicity in human subjects
In vitro

References*

Decreased proliferation (2mM)
Decreased proliferation (2 4mM)
Decreased proliferation (2mM)
Decreased proliferation (2mM)
Decreased proliferation (2mM)
Protected colonic cells against toxicity of bile acids and fatty acids (5mM)
Decreased growth of human colon cancer cell lines
Increased histone acetylation: cell differentiation (1-2mM)

Buset et al, 1986
Appleton et al, 1988
Arlow et al, 1988
Buset et al, 1987
Friedman et al, 1989
Buset et al, 1989
Guo et al, 1990[27 ]
Boffa et al, 1989

*Studies without reference numbers are found in [23].
Table 5 Calcium effects on colonic cell proliferation, differentiati on and cytotoxicity of fecal water in human subjects
In vivo

References*

Decreased hyperproliferation
Decreased hyperproliferation
Decreased hyperproliferation
Decreased proliferation
Decreased proliferation
Decreased proliferation
Decreased proliferation
Decreased proliferation
Decreased proliferation
Unchanged proliferation
Unchanged proliferation
Decreased ODC
Normalized differentiation-associated lectin binding
Decreased cytotoxicity of fecal water
Increased maturation of colonic epithelial cells
Decreased adenoma recurrence

Lipkin et al, 1985[28]
Lipkin et al, 1989
Rozen et al, 1989
Lynch et al, 1991
Berger et al, 1991
Wargovich et al, 1992
Barsoum et al, 1992
O’Sullivan et al, 1993
Bostick et al, 1995
Gregoire et al, 1989
Cats et al, 1995
Lans et al, 1991[29]
Yang et al, 1991[30]
Govers et al, 1996[31]
Holt et al, 1998[43]
Baron et al, 1999[32]

*Studies without reference numbers are found in [23].
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A DNA delivery system containing listeriolysin O
results in enhanced hepatocyte-directed gene
expression
Cherie M. Walton, Catherine H. Wu and George Y. Wu
Subject headings DNA; gene expression;
listeriolysin O; hepatocytes

Abstract
AIM To determine whether incorporation of the
pH-dependent ba cterial toxin listeriolysin O
(LLO) into the DNA carrier system could increase
the endosomal escape of internalized DNA and
result gene expression.
METHODS A multi-component delivery system
was prepared consist ing of asialoglycoprotein
(ASG), poly L-lysine (PL), and LLO. Two
marker genes, luciferase and β-galactosidase in
plasmids were complexed and administered in
vitro to Huh7[ASG receptor (+)] and SK Hep1
[ASG rece ptor(-)] cells. Purity, hemolytic
activity, gene expression, specificity, and
toxicity were evaluated.
RESULTS
An LLO-containing conjugate
retained cell-targeting specificity and
membranolytic activity. In ASG receptor (+)
cells, luciferas e gene expression was enhanced
by more than 7-fold over that of conjugates
with out the incorporation of listeriolysin O. No
significant expression occurred in ASG receptor
(-) cells. Enhancement of β-galactosidase gene
expression was less, but still significantly
increased over controls. There was no
detectable toxicity at concentrations shown to
be effective in transfection studies.
CONCLUSIONS ASOR-PL can be coupled to
LLO using disulfide bonds, and successfully
target and increase the gene expression of
foreign DNA.

Department of Medicine, Division of Gastroenterology-Hepatology,
Univer sity of Connecticut Health Center, Farmington, CT
Correspondence to: George Y. Wu, M.D., Ph.D., Department of
Medi cine, Division of Gastroenterology-Hepatology, University of
Connecticut Health Center, Farmington, CT 06030, USA
Tel.(860)679-3878, Fax.(860)679-3159
Email.Wu@nso.uchc.edu
Received 1999-08-17

INTRODUCTION

We have previously demonstrated targeted delivery
of DNA to the liver via the recognition of
asialoglycoprotein-polylysine (PL) containing
conjugates by the hepatic asialoglycoprotein (ASG)
receptors [1,2]. Binding of the ASG-PL -DNA
complexes to the ASG receptors resulted in
internalization of the ligand-rece ptor complex into
the cells via receptor-mediated endocytosis.
However, a probl em with using receptor-mediated
endocytosis as a gene delivery system is that once
the specific ligand-DNA complex is internalized, it
must escape the endosom e before delivery to the
lysosome in order to avoid intracellular degradation.
The endocytosis pathway is somewhat “leaky”,
which allows for the escape of some DNA without
additional membrane disruption. However, most of
the delivered genetic material remains trapped in
the endosome and is degraded by lysosomal proteases.
This may account for low transfection efficiency
and transient expression[3].
To address this problem we sought to use the
natural properties of a bacterial toxin to enable
targeted DNA to escape from endosomal vesicles.
Listeriolysin O (LLO) is a pH dependent, thiolactivated, membranolytic protein secreted by the
bacteria Listeria monocytogenes. LLO is necessary
for the pathogenicity of L. monocytogenes.
Ingested bacteria are taken up by host cells,
primarily by macrophages, into phagolysosomes.
However, the organism secretes LLO in the pha
golysosome, where upon acidification, the LLO
undergoes a conformational change, resulting in
rupture of the vesicle. Escape of the bacteria from
the vesicle occurs before contact with lysosomal
enzymes allowing for further replication in the
cytosol[4,5].
In the following report, we demonstrate that
the incorporation of LLO into the ASG-PL carrier
system results in increased gene expression while
retaining cell type specificity.
MATERIALS AND METHODS
Synthesis of asialoorosomucoid (ASOR)-PL-LLO
conjugates

ASOR and polylysine were chemically conjugated
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using a water soluble carbodiimide as described
previously [6,7]. In brief, ASOR, prepared by
desialylation of orosomucoid from pooled human
serum[6], was mixed with PL, MW=38500 (Sigma
Chemical Co.), in a 1:1 weight ratio. The reactants
were coupled by addition of 1-ethyl-3-(3dimethylaminopropyl )-carbodiimide ( Pierce Chem
ical Co. ) and purified by cation exchange
chromatography. LLO was purified using a CH2
spiral concentrator (Amicon) and DEAE Sephacel
column (Pharmacia Fine C hemicals)[18]. The
cleavable cross linker N-succinimidyl 3-(2pyridyldithio) propionate, SPDP, (Pierce Chemical
Co.) was added to both ASOR-PL and LLO
proteins according to the Pierce protocol. One
milligram of both proteins was incubated with
25mM SPDP in dimethylsulfoxide for 30 minutes at
room temperature. Free SPDP was se parated from
linked by application to a PD-10 desalting column
(Pharmacia Fine Chemicals) and elution with
water. The concentration of SPDP linked to the
proteins was determined by measuring the release
of 2-thione after reduction with 100 mM DTT and
reading the absorbance at 343 nm. The LLO-SPDP
was activated f or coupling by reduction with 12mg
DTT in 100 mM NaCl, 100 mM Na acetate pH 4.5.
Free DTT was removed by application to a PD-10
desalting column and elution with water.
Preparation of ASOR-PL-DNA complexes

The reporter genes used in these experiments were
either CMV luciferase (CMV luc) or β-galactosidase
(β-gal) plasmid DNA. The ratio of conjugate
needed to bind a specific amount of DNA was
determined by a dding increasing amount of ASORPL-SPDP to 1 mg of CMV luc or β-gal plasmid
DNA in 0.15 M saline. These samples were run on
1% a garose gels, and the point of DNA retardation
was visualized by staining with ethidium bromide
and observation with UV. This ratio was used in
subsequent experiments. One milligram of the SPDP
linked ASOR-PL and CMV luc or β-gal plasmid
DNA in the proper proportion were incubated for
30min at room temperature in 0.15M saline. The
ASOR-PL-SPDP-DNA complex was added to DTT
reduced LLO-SPDP in a 2:1 molar ratio. The
conjugate was incubated overnight at 4
and
filtered through a 0.2 µm Nalgene syringe filter.
Characterization of protein-DNA complexes

The conjugate was characterized by Western
blotting with polyclonal antibodies to LLO (Immune
Response Corporation). One milligram of LLO and
the final conjugat e either with or without DTT
(100 mM) reduction were run on a 7.5% SDSPAGE gel. The proteins were transferred to a nylon
membrane (Amersham), quenched for one hour in
5% dry milk dissolved in 10 mM Tris, 150 mM NaCl
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and 0.5% Tween-20, and probed in the same buffer
with a polyclonal antibody to LLO. Detecti on of
the antigen-antibody complex was determined by
exposure to anti-rabbit IgG horseradish peroxidase
(Sigma) and developed with 3’,3’diaminobenzidine
and hydrogen peroxide (Sigma)[9].
To determine if the DNA remained bound
conjugates under experimental conditions, agarose
gels were run. One microgram of DNA bound to
conjugate was run in an 1% agarose gel and
visualized with ethidium bromide and UV.
Hemolytic activity

Hemolytic activity was determined by the adding
the conjugate to one milliliter of PBS, pH 5.5, and
5 mM DTT plus 6×108 human red blood cells.
Samples were incubated for 30 minutes at 37
and quantified by absorbance at 541 nm on a spect
rophotometer. One hemolytic unit (HU) is the amount
of LLO needed to release hem oglobin from 50%
of the red blood cells[10].
Targeted gene expression
Conjugates containing 1µg of CMV luc or β-gal

DNA were added to Huh7 (ASG receptor positive)
or SK Hep1 (ASG receptor negative) cells in 1 mL
of DMEM containing 2 mM CaCl2 and incubated
for 4 h at 37 . Then FBS was added to a final
concentration of 10% and cells were further
incubated for 48 h. ASOR-PL-DNA, ASOR-PLDNA plus free LLO, and ASOR-PL-LLO-DNA
plus a 200-fold excess ASOR were used as controls.
Gene expression was measured by luciferase
detection using the luciferin substrate (Promega),
and detection of activity using a luminometer.
Luciferase expression results were standardized by
measuring protein concentrations according to the
Bradford assay[9].
Cells incubated with â-gal were washed with
PBS pH 7.4, fixed with 4% paraformaldehyde, and
stained with X-gal (20 µg/ L in dimethylformamide)
for 30 minutes at 37 . Cells were observed with
light microscopy and positive (blue stained) cells
were counted.
Toxicity studies

Huh7 and SK Hep1 cells were incubated with
ASOR-PL-DNA, free LLO, ASOR-PL-LL O-DNA
or ASOR-PL-LLO-DNA in the presence of a 200fold excess of ASOR in Du lbecco’s minimal
essential media (DMEM)+2 mM CaCl2 for 4 h at 37
. Fetal bovine serum (FBS) in a final concentration
of 10% was added, and the cells w ere further
incubated for 24 and 48 hrs at 37 . Cell viability
was determined by trypan blue exclusion[11].
RESULTS

The molar ratio of SPDP linked to ASOR-PL and
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LLO, determined by the release of 2-thione after
reduction, was found to be 1:1. The ratio of ASORPL-SPD P needed to retard migration of DNA in
agarose gels was 114:1 moles. ASOR- PL-LLODNA complexes were analyzed on a Western blot
with a polyclonal antibod y to LLO. As shown in
Figure 1, purified LLO migrated at a position
expected for Mr58000, lane 2. Molecular weight
markers are shown in lane 1. ASO R-PL alone, as
expected, did not bind to the antibody indicating that
the ASOR -PL conjugate i tself was not capable of
non-specific binding with the anti-LLO antibody,
lane 3. However, after coupling to LLO, the conjugate
did react with anti-LLO antib ody, and this conjugate
was found not to migrate into the gel, lane 4. No
contaminating bands were visualized. Chemical
reduction of the complex with DTT resulted in a
free band migrating at the position of LLO, lane 5.
An agarose gel of the conjugate revealed no
migrating bands, indicating that DNA remained
bound (data not shown).
The results of hemolytic assays are shown in
Table 1. LLO alone, as expected, was highly
hemolytic at pH 5.5, but only minimally active at
pH 7.4 when concentrations were low. However, at
high concentrations, greater that 0.5 µg/mL, the
pH had little effect. Hemolytic assays demonstrated
that hemolytic activity of the conjugate was
concentration dependent. Similar to LLO alone, the
highest activity occurred at pH 5.5. At pH 7.4, the
conjugate did not cause appreciable hemolysis. This
suggested the conjugation procedure does not
appreciably alter the hemolytic characteristics of the
LLO, and that at phys iological pH, the conjugate
has no active LLO.
Figure 2, panel A, shows that prototype
ASOR-PL-DNA complexes introduced into Huh7
[ASG receptor positive]cells produced approximately
5000 light units, lane 1. However, compared to the
prototype, ASOR-PL-LLO-DNA complexes produced
luciferase activity 7 times higher, lane 2. This
enhancement was decreased by 60% with the
addition of free ASOR to compete with the complex
for ASG receptors, lane 3. The addition of free (not
conjugated) LLO to ASOR-PL complexes in exactly
the same molar concentration as provided by the
ASOR-PL-LLO conjugate did no t enhance luciferase
gene expression, lane 4. This indicates that the
observed e nhancement of transfection could not be
due to the effects of any free LLO. DNA alone
had no significant gene expression, lane 5. In SK
Hep1[ASG receptor negative] cells there was no
significant gene expression with prototype, lane 1, or
ASOR-PL-LLO-DNA complexes, lane 2. Of course,
controls consisting of addition of LLO to prototype
ASOR-PL complexes, and DNA alone in this cell
line alone h ad no detectable levels of luciferase
expression, lanes 3 and 4, respectively.
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Figure1 A Western blot of purified conjugates. One milligram of
LLO and the final conjugate either with or without DDT
(100mM) redu ction were run on a 7.5% SDS-PAGE gel. The
proteins were transferred to anylon membrane, quenched, and
probed with a polyclonal antibody to LLO. Detection of the
antigen-antibody complex was determined by exposure to antirabbit IgG ho rseradish peroxidase and developed with 3’,3’diaminobenzidine and hydrogen peroxide as described in Materials
and Methods. Molecular weight markers, lane 1; LLO alone, lane
2; ASOR-PL, lane 3; ASOR-PL-LLO-DNA, lane 4; ASOR-PL-LLO
-DNA+100mM DTT,lane 5.

Figure2 Targeted luciferase gene expression. Conjugates
containing 1µg of CMV luc were added to Huh7 (ASG receptor
positive) or SK Hep1 cells (ASG receptor negative) and incubated
for 48h as describ ed in Materials and Methods. Gene expression
was measured by luciferase detection using the luciferin substrate,
and detection of activity using a luminometer. Luciferase
expression results were standardized by measuring protein
concentrati ons according to the Bradford assay. Panel A, Huh7
cells: ASOR-PL-DNA, lane 1; ASOR-PL-LLO-DNA, lane 2;
ASOR-PL-LLO-DNA+200-fold molar excess of ASOR, lane 3;
ASOR-PL-DNA+LLO, lane 4; DNA alone, lane 5. Panel B, SK
Hep1 cells: AS OR-PL-DNA, lane 1; ASOR-PL-LLO-DNA, lane
2; ASOR-PL DNA+LLO, lane 3; DNA a lone, lane 4.
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Table 1 Hemolytic activity* of ASOR-PL-LLO and LLO alone
LLO

LLO ( µg)
0.005
0.010
0.050
0.100
0.500
1.000
2.000

ASOR-PL-LLO-DNA

pH 5.5

pH 7.4

pH 5.5

pH 7.4

1.000
1.380
1.680
1.900
1.900
2.100
2.100

0.024
0.051
0.074
1.280
1.730
1.900
2.100

0
0
0.010
0.021
0.349
0.947
1.900

0
0
0
0
0
0.013
0.020

*A541 where 100% hemolysis a value of 2.100.

Figure3 Targeted β-galactosidase gene expression. Conjugates
containing 1µg of β-gal DNA were added to Huh7 (ASG receptor
positive) or SK Hepl cells (ASG receptor negative) and incubated
for 48h . Cells incubated with â-gal were washed with PBS pH
74, fixed with 4% paraf ormaldehyde and stained with X-gal as
described in Materials and Methods. Cells were observed with light
microscopy and positive (blue stained) cells were coun ted. ASORPL-DNA, lane 1; ASOR-PL-LLO-DNA, lane 2; ASOR-PLLLO-DNA+ASOR, lane 3; ASOR-PL-DNA+LLO, lane 4;
DNA alone, lane 5.

Figure 3 shows the results of studies of Huh7
cells transfected with a gene for β-galactosidase.
The ASOR-PL-LLO-DNA complex containing β-gal
DNA increased gene expression 185% over
prototype ASOR-PL complexes (complex lacking
LLO), lane 2. The enhancement was inhibited by
30% with addition of a 200-fold excess ASOR, lane
3. ASOR-PL-DNA plus free LLO, and DNA alone
had no significant gene expression, lanes 4 and 5,
respectively.
In order to determine whether the LLOcontaining conjugate was toxic, cell viability studies
were performed and the results are shown in Figure
4. Huh7 and SK Hep1 cells, panels A and B
respectively, treated with ASOR-PL-DNA, ASORPL-L LO-DNA with or without an excess of ASOR
proliferated at the same rate as control (untreated)
cells. However, LLO alone in the same
concentration as present in the ASOR-PL-LLODNA repidly decreased viable cell numbers. Thus,
the concent ration of complexes used for expression
studies were found not to be toxic to either Huh7
or SK Hep1 cells.
DISCUSSION

Figure4 Toxicity of complexes. Huh7 (ASG receptor p ositive)
and SK Hep1 (ASG receptor negative) cells were incubated with
ASOR-PL-DNA, free LLO, ASOR-PL-LLO-DNA or ASOR-PLLLO-DNA in the presence of a 2 00-fold excess of ASOR as
described in Materials and Methods. Cell viability was determined
by trypan blue exclusion. Panel A, Huh7 cells; Panel B SK Hep1
cells.

Many approaches have been developed to solve the
problem of low transfection efficiency and transient
expression of gene delivery systems. Partial
hepatectomy, chloroquine administration, and
viruses or viral peptides have shown to be usedful
in increasing in the duration of expression[6,12-16].
The current report is the first demonstration that
the natural escape strategies of the bacterial toxin
LLO can be useful as a potential component of a
targetable DNA delivery system to increase
efficiency[4,5].
LLO is a thiol-containing protein [5].
Experiments on direct bonding to ASOR-PL-SPDP
resulted in low efficiency (data not shown). In
subsequent experiments LLO was also treated with
SPDP to increased the number of potential cross
linking residues. Subsequent reduction with DTT
resulted in successful conjugation.
The conjugated LLO had lower hemolytic
activity compared to equal amounts of free LLO.
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This was in spite of the fact that DTT is added to
samples to activate the thiol groups. This reduction
would also cleave coupled LLO from the conjugate.
The lower molar activity of the released LLO may
have been due to the addition of SPDP, or to
interference from ASOR or DNA that was
independent of thiol reduction. Nevertheless, the
hemolytic activity of the conjugate was pH dependent
as seen with native LLO. This is important as one
of the theoretical advantages for the use of LLO
was the lack of activity at physiological pH, and
restored activity in the acidic environment of the
endosome. Toxicity due to extracellular activity
would be minimized.
In summary, the above experiments show that
ASOR-PL can be coupled to LLO using disulfide
bonds, and successfully target and increase the
gene expression of foreign DNA. The increase in
expression was blocked with the addition of a large
molar excess of ASOR, and was present only in
ASG receptor positive cells, indica ting retention of
hepatocyte specificity.
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Characterization of six tumor suppressor genes and
microsatellite instability in hepatocellular
carcinoma in southern African blacks
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Subject headings carcinoma, hepatocellular;
southern African b lacks; cumulative LOH; tumor
suppressor genes; microsatellite genomic instability;
liver neoplasms

Abstract
AIM
To analyse cumulative loss of
heterozygosity (LOH) of ch romosomal regions
and tumor suppressor genes in hepatocellular
carcinomas (HCC s) from 20 southern African
blacks.
METHODS p53, RB1, BRCA1, BRCA2, WT1 and
E-cadherin- ge nes were analysed for LOH, and
p53 gene was also analysed for the codon 249
mutation, in tumor and adjacent non-tumorous
liver tissues using molecular techniques and
10 polymorphic microsatellite markers.
RESULTS p53 codon 249 mutation was found in
25% of the subjects, as was expected, because
many patients were from Mozambique, a country
wit h high aflatoxin B1 exposure. LOH was found
at the RB1, BRCA2 and WT1 loci in 20%(4/20)
of the HCCs, supporting a possible role of these
genes in HCC. No LOH was evident in any of the
remaining genes. Reports of mutations of p53
and RB1 genes in combination, described in
other populations, were not confirmed in this
study. Change in microsatellite repeat number
was noted at 9 /10 microsatellite loci in different
HCCs, and changes at two or more loci were
detected in 15%(3/20) of subjects.
CONCLUSION We propose that microsatellite/
genomic instability may play a role in the
pathogenesis of a subset of HCCs in black
Africans.
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INTRODUCTION

The evolution of cancer is thought to occur from the
stepwise accumulation of ge netic aberrations in the
same cell. These include loss of function of tumor
supp ressor genes, activation of proto-oncogenes,
faulty DNA mismatch repair, and the integration of
viral DNA[1,2]. Hepatocellular carcinoma (HCC) is a
leading cause of death in both Africa and the Far
East, resulting in at least 310000 deaths worldwide
each year[3]. HCC is multifactorial in aet iology and
its pathogenesis is complex. The major risk factors
involved in the development of the tumor are
chronic HBV and HCV infections, cirrhosis and
aflatoxin B1 (AFB) exposure[4,5].
Heavy dietary AFB intake is thought to cause
a guanine (G) to thymine (T) transversion at the
third base of codon 249 of the p53 gene, and for
this reason clustering of this point mutation occurs
in HCCs from Africa and China[6-8]. In addition,
other mutations in, or deletions of, the p53 gene
(on chromosome 17p13.1) are found with relatively
high frequency in human HCCs in other countries.
The functional loss of this tumor suppressor gene,
as well as its abnormal expression, have been proposed
to play a significant role in HCC development[9] or
at least in the development of a subset of HCCs.
The majority of p53 alterations reported to date
have loss of one allele accompanied by mutations of
the second allele[10]. Abnormalities of the p53
gene, such as gene mutation, deletion, or the
nuclear accumulation of mutant p53 protein have
also been found to correlate with increased allelic
loss at the Breast Cancer Susceptibility Gene 1
(BRCA1) locus (17q21). This gene is thought to
encode a transcription factor which acts as a tumor
suppressor[11]. LOH of the BRCA1 gene in HCC
was reported in a Korean study[12]. The Breast
Cancer Susceptibility Gene 2 (BRCA2) (13q12-13)
product is thought to be a tumor suppressor[13]
involved
in
cellular proliferation and
differentiation[14], and may be involved in the
development of HCC[15]. LOH at the BRCA2 locus
has been reported in HCC[15,16] and it has been
suggested that mutations of the BRCA2 gene may be
involved in hepatocarcinogenesis [15].
The
retinoblastoma ( RB1 ) gene ( 13q14.2 ) product
(pRB) functions as a cell cycle regulator[17], and its
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absence leads to unrestricted cell growth. Although
there is no definite evidence that mutations of the
RB gene are involved in HCC, LOH of the RB1
gene has been documented in human HCCs[18,12].
LOH of WT1 and 11p13 have been reported in
human HCCs[12,16]. WT1 appears to be involved in
proliferation, differentiation and apoptosis[19,20].
The product of the E-cadherin (Uvomorulin) gene
(16q221) is the primary adhesion molecule in
epithelium[21]. Loss of function of E-cadherin may
lead to decreased cell-cell adhesion[22], cellular
phenotypic changes, and the development of
invasive properties [23]. In HCC, multicentric
development and the formation of intrahepatic
metastases is common[24]. LOH on chromosome 16q
has been previously reported to be important in the
initiation or progression of HCC[25,26].
Polymerase chain reaction (PCR) amplification
of microsatellites (sequences uniformly distributed
throughout the human genome) provides a simple
and effective method of rapidly detecting loss of
heterozygosity/microsatellite
instability (LOH/
MI)[27]. Microsatellite instability is defined as the
loss or gain of microsatellite repeats at 2 or more
loci and is detected by the presence of extra bands
or band shifts between tumor and non-tumorous
tissue DNA.
In this study, we examined the G-T transversion
at codon 249 of the p53 gene, LOH of the
p53, RB1, BRCA1, BRCA2, WT1 and Ecadherin genes, and micr osatellite instability at 10
loci flanking these genes, in HCC and adjacent non
-tumorous liver, from 20 southern African blacks.
MATERIALS AND METHODS
Subjects

The subjects included 20 southern African black
men, aged between 20 and 40 years. HCC tissue
and matched non-tumorous liver were obtained at
necropsy or during surgical resection. DNA was
extracted from the tissues using a modified “saltingout” procedure[28].
HBV markers

The HBV status of the subjects was determined
previously using commercially available kits to
detect HBV markers in serum (Abbott Labs,
Chicago, IL, USA).
LOH and microsatellite instability

Microsatellite instability (MI) and loss of
heterozygosity (LOH) studies were carried out by
PCR and gel electrophoresis using polymorphic
repeat markers (Table 1).
PCR products of the polymorphic loci p53,
D17S846 and RB1.20 were resolved on 4%
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composite agarose gels, while radioactively labeled
PCR products of the remaining loci were resolved
on polyacrylamide gels, and viewed by
autoradiography. Band mobility shifts between
tumor and matched non-tumorous liver DNA were
scored as a change in allele repeat number. LOH
was characterized by the disappearance of one
band or a considerable (£¾80%) decrease in band
intensity in heterozygotes, whilst microsatellite
instability was determined by expansion and/or
contraction of microsatellite sequences.
PCR for LOH and MI

A standard PCR protocol (primers, Table 1) was
followed for the p53, WT1, D1 3S137, RB(1.20),
D13S120, D13S127, D17S855, and D17S846 loci.
Each PCR reaction consisted, at final volume, of
100ng DNA, 1U Taq DNA polymerase (Promega,
Madison, USA), 1×buffer, 1 mM each dATP,
dTTP, dGTP, 0.1 mM dCTP, 0.025 µCi α 32 P
dCTP, and 50 pmol of each pr imer; in a total
volume of 50 µL, amplification for 30 cycles of
for 30 s, annealing 55
for
denaturation at 94
for 1min, and a final cycle
30 s, extension at 72
for 10 minutes.
of 72
The PCR reaction for the D16S301 and
D16S260 loci (primers, Table 1) consisted, at final
volume, of 100 ng DNA, 1U Taq- DNA Polymerase,
1×buffer, 0.1 % gelatin, 1 mM each dGTP, dATP,
dTTP, 0.1 mM dCTP, and 0.025 µCi α 32P dCTP,
50 pmol of each primer; in a total volume of 25 µL,
amplification for 25 cycles of denaturation at 94
for 1 min, annealing at 55
for 2 min, extension at
for 2.5 min, and a final cycle of 72
for 10
72
minutes.
p53 codon 249 mutation

The p53 codon 249 mutation was detected by PCR
-RFLP using primer sequences F3 and R3 (Table 1),
and confirmed by sequence analysis. The PCR
reaction consisted of, at final volume[6], 100 ng
DNA, 2.5U of Taq-DNA polymerase (Promega),
1×buffer, 1mM MgCl2, 0.8 mM each of dCTP,
dATP, dGTP, dTTP, and 50 pmol of each primer;
in a total volume of 50 µL, amplification for 30
cycles of denaturation at 94
for 15 s, annealing
for 15 s, and extension at 72
for 30 s.
at 56
The 110 bp PCR product was sized on ethidium
bromide stained agarose gels against a 100 bp DNA
ladder (Promega). AG to T transversion at the third
base of codon 249 was detected by the
presence or absence of a HaeIII restriction site[6].
All samples shown by digestion to have the codon
249 mutation were sequenced in both directions
both upstream and downstream in separate reactions,
to confirm the presence of the mutation.
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Table 1 PCR primers
Gene/Locus

Primer

Primer sequence

Amplicon

Amplicon length
[6]

110bp

p53

p53F3
p53R3

5’GTTGGCTCTGACTGT-ACCAC
5’CTGGAGTCTTCCAGT-GTGAT

exon 7 spanning codon 249

p53

p53ivs1a
p53ivs1b

5’GCACTTTCCTCAACTCTACA
5’AACAGCTCCTTTAATGGCAG

ALU sequence within intron 1
of p53 gene[43]

200bp-300bp

D13S120
(BRCA2)

1353L
1353R

5’ATGACCTAGAAATGATACTGGC
5’CAGACACCACAACACACATT

(AC)73repeat at D13S120[44]

112bp-136bp

D17S846
(BRCA1)

FF
RF

5’TGCATACCTGTACTACTTCAG
5’TCCTTTGTTGCAGATTTCTTC

(GGAA)25 repeat a t D17S846[45]

250bp-300bp

D17S855
(BRCA1)

FS
RS

5’GGATGGCCTTTTAGAAAGTGG
5’ACACAGACTTGTCCTACTGCC

AC repeat at D17S855[46]

145bp

WT1

400
401

5’AATGAGACTTACTGGGTGAGG
5’TTACACAGTAATTTCAAGCAACGG

AC repeat within 3’ untranslated
sequence of WT33[47]

100bp-200bp

RB1

B57
B103

5’TGTATCGGCTAGCCTATCTC
5’AATTAACAAGGTGTGGTGGT

[CTTT(T)]n (n=14-26) repeat
within intron 20 of RB gene[48,49]

400bp-600bp

D13S127
1341L
(BRCA2/RB1) 1341R

5’CAGATATGTACTCATGCACATG
5’AAACAAATGAGTTTGGCTGT

(AC)35 repea t at D13S127[44]

130bp-142bp

D13S137
(RB1)

F
R

5’TTTCCTCATTCTTTCCCAATTG
5’CAGGAGGGATGGACTCACTTC

(GT)22 repeat at D13S137[50]

±135bp

E-cadherin

E-cadF1
E-cadF1

5’GATCCTAAGGACAAATGTAGATGCTCT D16S301 locus polymorphic
5’AGCCACTTCCCAGAACTTGGCTTCC
AC region[51]

146bp

E-cadherin

E-cadF2
E-cadR2

5’GGTTGAGATGCTGACATGC
5’CAGGGTGGCTGTTATAATG

±234bp

D16S260 locus polymorphic
AC repeat region[52]

Note: WT1: Wilm’s tumor gene; RB1: Retinoblastoma gene; BRCA1: Brea st cancer susceptibility gene 1; BRCA2: Breast cancer
susceptibility gene 2; bp: base pairs.

Sequencing

All sequencing was carried out using the Sequenase
PCR Product Sequencing Kit (United States
Biochemical Corp., Cleveland, Ohio), according to
the manufacturer’s instructions.
RESULTS
HBV status

Seven patients were currently infected with HBV (5
of these were HBsAg-positive ; HBeAg-negative;
the HBeAg status of the remaining 2 was
unknown), and 6 were previously infected (antiHBc and anti-HBs-positive). The HBV status of
the remaining patients was not known (Table 2).
LOH/MI analyses

LOH was noted for the WT1 (1/13 subjects), RB
(1.20) ( 1/10 subjects ), D13S120 ( 1/20 subjects )
and D13S127 (2/14 subjects) loci (Table 2).
The D13S137 and D13S127 loci flank the RB1
gene, while the RB (1.20) repeat sequence is within
intron 20 of the same gene. LOH at the D13S127
locus suggests loss of at least a portion of the RB1
gene as shown in 2/14 informative subjects. LOH
at RB (1.20) indicated loss of the RB1 gene in a

further 1/ 10 informative subjects. The RB1 gene
was thus lost in 3/18 informative subjects
(Table 2). LOH at the D13S120 and D13S127 loci
flanking the BRC A2- gene was shown in 2/20
informative subjects (Table 2). No LOH was found
for any of the remaining loci (Table 2).
Microsatellite/genomic instability ( or a gain/
loss of microsatellite repeats ) was found in 15% (3
/20) of subjects.
p53 gene codon 249 analysis

The p53 codon 249 mutation was detected in 25%
of the subjects using PCR-RFLP analysis, and
confirmed by sequencing. The p53 codon 249
mutation was det ected in the tumor tissue of 3
subjects, in the non-tumorous liver of 1 subject, and
in both the tumor and non-tumorous liver tissue of 1
subject (Table 2).
Sequencing gel electrophoresis of the p53 gene
product revealed a gel artifact, in all subjects with
wild-type chromosomes, previously described by
Kapelner et al (1994).
All tumors were at an advanced stage. No
attempt was made to correlate the presence of LOH
or microsatellite instability with clinical or other
features.
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Table 2 LOH, SSCP and sequence analysis
VNTRs
p53

WT1

RB1

BRCA2

BRCA1

E-cadherin

p53 codon
249

Subject
number (ALU) (AC) D13S137 RB1.20 D13S120 D13S127 D17S855 D17S846 D16S301 D16S260 T
(AC) (GGAA)25 (AC)
(AC)
(GT)2 2 [CTTT(T)]n (AC)73 (AC)35

NT

HBV
status

1
2
3
4
6
7
8
14
16
18
24
39
40
48
50
51
52
53
54
56

-/-/-/-/-/-/-/-/-/-/+/-/-/-/-/-/-/-/-/-/-

HBsAg+; HBeAgHBsAg+
HBsAg+; HBeAganti-HBc+; anti-HBs+
HBsAg+; HBeAganti-HBs+; anti-HBc+
anti-HBs+; anti-HBc+
anti-HBs+; anti-HBc+
HBsAg+
HBsAg+; HBeAganti-HBs+; anti-HBc+
HBsAg+; HBeAganti-HBs+; anti-HBc+
?
?
?
?
?
?
?

NI
?

NI
?
?

?

NI
?
+
NI
?
-

NI
NI
NI
NI
NI
NI
NI

?
?
NI
?
?
NI
?
?
NI
-

NI
?
?
+
NI
?
?
?
NI
NI
NI

-

NI
NI
NI
-

?
?
?

NI
?

NI
?
-

+

+
+
NI
NI
NI
-

?
?
-

?
?
?
NI
NI
NI

?

NI
NI
NI

?
NI
?
?
?
NI
NI

?
NI
NI
NI

-

-/-/+/-/+/-/+/-/-/-/-/-/-/-/-/-/+/-/-/-/-

Note: LOH: loss of heterozygosity; -: HBV status-negative for particular antigen/antibody, mutation studies-mutation absent; LOH
studies: no LOH; p53 codon 249 mutation analysis: G T transversion absent; +: HBV status-positive for particular antigen/ antibody,
mutation studies-mutation present, LOH studies: LOH, p53 codon 249 mutation analysis: G T transversion present;
?: results not obtained because of unsuccessful PCR or HBV status unknown; : a change in repeat number between tumor (T) and nontumorous liver (NT) in both chromosomes; / : an increase/decrease in repeat number between tumor (T) and non-tumorou s liver (NT)
in one chromosome; NI: not informative; VNTRs: Variable number of tandem repeat sequences; HBV: Hepatitis B virus; WT1: Wilm’s
tumor gene; RB1: Retinoblastoma gene; BRCA1: Breast cancer susceptibility gene 1; BRCA2: Breast cancer susceptibility gene 2; HBsAg:
hepatitis B virus S antigen; HBeAg: hepatitis B virus E antigen; anti-HBs: antibody to hepatitis B virus S antigen; anti-HBc: antibody to
hepatitis B virus C antigen

DISCUSSION

LOH of the p53 gene has been reported with
relatively high frequency in HCCs from Japan (29%69%)[29,30], and also from southern Africa (60%),
an d Taiwan (39.3%)[6,31]. No LOH was detected
for p53 in this study, although inactivation/
reduction of p53 gene expression or of its product
by means other than LOH may have occurred in
our population. In a study by Walker et al (1991),
p53 allele loss occurred only in HBV-negative tumors.
It thus appeared as if a mechanism other than loss
of one p53 allele and mutati on of the second allele
was operating in HBV-positive tumors, thereby
eliminati ng fully functional p53 protein. The obvious
mechanism would be the formation of complexes
between wild-type p53 protein and viral protein/?s
leading to the loss of function of wild-type p53
protein. Such associations have been well docume
nted in the literature[32]. In our study most samples
were HBV positive and a mechanism such as that
mentioned above, rather than p53 gene
inactivation by physical mutation and LOH, may
have been operating in our tumors to eliminate the
function of the p53 protein. Alternatively, should

both alleles of t he p53 gene be mutated in ways
other than LOH in our samples, such as point
mutations and small deletions ( <50bp )[18], these
would not have been de tected by the techniques
employed in this study.
The p53 codon 249 mutation was detected in
25% (5/ 20) subjects. This was expected as the
subjects were southern African blacks, some of
whom came from Mozambique and other areas
where aflatoxin exposure is prevalent. The p53
codon 249 mutation was found in both tumor and
non-tumorous liver tissues of one subject. This could
have been caused by contamination of the nontumorous liver with tumor tissue. In another subject
the mutation was detected in the non-tumorous liver
only. The presence of this mutation has been
documented in non-tumorous liver and not in the
corresponding tumor tissues [33], where it was
proposed that normal liver subjected to prolonged
aflatoxin exposure could gradually accumulate high
levels of AGT mutations, whereas the mutation
would not necess a rily arise in neoplastic populations
that were cloned from single progenitor cells
resistant to aflatoxin. Unfortunately, insufficient
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tissue was available in these two patients for
histopathological examination, so we cannot exclude
microscopic contamination as a cause of this finding
in the two subjects. Two patients with a codon 249
G¡úT transversion were HBsAg positive, 2 subjects
were anti-H Bs/anti-HBc positive and the HBV
status of 1 subject was unknown. This concur red
with previous studies where mutations at codon 249
were not found in non-HB V-related HCCs[34], and
is in agreement with previous work which suggests
that both aflatoxin exposure and HBV infection are
required for this mutation to occur[29,33].
A gel artefact generated by formation of a
mini hairpin secondary structure in the codon 249
region of the p53 gene in 34 wild type
chromosomes, lead to a “missing” G at the third
base of codon 249 in the sequence of the sense
strand[35]. In a study by Kapelner et al (1994), as
with our samples, Hae-III digest confirmed the
presence of the recognition sequence GGCC.
However, since there has been no other report of
this “G deletion” in such a commonly sequenced
region, Kapelner et al (1994) suggested that this
artifact may not occur often.
LOH appears to have occurred in 4 subjects
at the RB1 (3/18 ro 17%), BRCA2 (2/20 or 10%)
and WT1 (1/13 or 8%) loci (2 of these subjects had
LO H at both the RB1 and BRCA2 genes). Although
reduction to homozygosity h as been apparent in
certain individuals, and has consistently been scored
as LOH, ‘band disappearance’ may also be caused
by a gain/loss in microsatellite repeats. We think,
however, that this is unlikely to be the case in so
many indiv iduals.
LOH of the retinoblastoma gene has been
documented in 33% of HCCs from Korea[12], 16%73% of HCCs from Japan[18,30]and 27% of HCCs
from Austra lia[36]. One copy of the RB1 gene was
lost in 17% (3/18) of HCCs in this study. Although
our sample is small, this frequency differs from the
higher percentages found thus far. This may reflect
population differences, LOH of t he RB1 gene may
play a role in a small subset of southern African
HCCs. Coin cident mutation of the p53 and RB1
genes has been observed in 25%[18], and 12.9%[37]
of advanced HCCs in Japan and Australia
respectively[36]. Mutations and LOH in these genes
is most frequently observed in advanced stage
HCCs, like those investigated here. However, no
coincident mutati on of these genes was detected in
this study.
LOH of the BRCA2 gene has been reported
in 3% of Japanese HCCs[15], and in 40% of HCCs
from the USA[16]. In this study one copy of the
BRCA2 gene was lost in 10% (2/20) HCCs. This
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finding supports the notion that BRCA2 may
function as a tumor suppressor gene in the liver[15],
and that it may in some way be involved in the
progression of a small number of HCCs. To our
knowledge, LOH of the BRCA1 gene has been
reported only once, in a study in which 11.5% (3/
6) of HCCs showed LOH at this locus[12]. No LOH
was found for this gene in our sample population.
LOH at 11p13, the region containing the WT1
gene, as well as LOH of the gene itself has been
reported in 4%-7% HCCs[12,16]. Our result of 8%
(1/13) LOH agrees with these findings. LOH of
the region where the E-cadherin gene is located
(16q22) has been reported in 64%-91% of Chinese
and Japanese HCCs[25,26]. No LOH w as found for
this gene in our study. Although all the HCCs used
in this study were in advanced stages, it was not
established
whether they were highly
undifferentiated. There may be retention of Ecadherin expression in these samples and no loss
of intercellular adhesiveness.
We cannot say whether HBV played any role
in the chromosome losses reported here[37].
Cumulative LOH is thought to reflect the sequential
development of HCC progression.
LOH of a number of tumor suppressor genes
may be important in the advancement of HCC[37].
Frequent loss of tumor suppressor genes has been
reported in Korean HCCs, where 86% HCCs had
LOH of 1 gene, and 59% had LOH of 2 - 4
genes[12]. Piao et al (1997), investigated 10 tumor
suppressor genes (-VHL, APC, EXT1, WT1, RB1,
p53, BRCA1, nm23, DPC4, DCC). The genes
most often lost were p53 (66%), RB1 (33%),
EXT1 (33%), and APC (20%). The genes found
to be lost most often in our study were RB1 (17%)
and BRCA2 (10%). However, as the total LOH of
the p53, RB1, BRCA1, BRCA2, WT1 and Ecadherin genes in this study was 20% (4/20), we
conclude that LOH of tumor suppre ssor genes is
infrequent in our HCCs.
Microsatellite/genomic instability is reflected
in the expansion/contraction of microsatellite
sequences, and is thought to be a product of
replication errors[38]. Microsatellite instability has
been considered to be insignificant in HCC
development by some authors, while others believe
that it may be significant[39]. To our knowledge,
this is the first time microsatellite instability has
been looked at in HCCs from a southern African
black population. It is important to note that there
are differences in allele frequency between our
so uthern African Negroid population and the Asian,
European and Australian populat i ons, characterized
previously at the WT1, D13S137, D13S120,
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D13S127, D17S855 , D16S301, and D16S260 loci
(paper in preparation ). Microsatellite instability
has been documented in 40% of HCCs from the
USA[39], and in 41% of HCCs at two or more loci in
a French study[40]. In a Korean study microsatellite
instability was detected in 4/10 ( 40% ) HCCs,
where each subject showed inst ability at two or
more loci[39]. Of the 9 markers used in their study,
3 showed genetic instability in one or more subjects.
In our study 3/20 (15%) H CCs showed instability
at two or more loci. Of the 10 loci investigated, 9
showed genetic instability in one or more subjects.
Cumulative microsatellite in stability indicates
advanced HCC. One of these subjects also had the
codon 249 mutation in the p53 gene. We were not
able to determine whether joint changes at the loci
were necessary for tumor development, or whether
they represented independent events in tumor
initiation and/or progression. Microsatellite/ genomic
instability is believed to occur at random and
may reflect alteration of the entire genome of the
cancer cell[41]. The order of these changes is
most likely insignificant. Their cumulative effect
however, may be important [42]. We propose that
microsatellite/genomic instability may play a role
only in a small subset of HCC in our population.
In conclusion, our observations support a
possible role of p53, WT1 and BRCA2 genes in the
pathogenesis of HCC, and that microsatellite
instability appears to be an important factor
contributing to HCC development in a subset of our
HCCs.
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on
monochloramine induced gastric mucosal lesions
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Abstract
AIM To examine the effect of irsogladine, a
novel antiulcer drug, on the mucosal ulcerogenic
response to monochloramine ( NH2Cl ) in rat
stom ach, in comparison with rebamipide,
another antiulcer drug with cytoprotective
activity.
METHODS AND RESULTS Oral administration of
NH2Cl (120 mM) produced severe hemorrhagic
lesions in unanesthetized rat stomachs. Both
irso gladine (1 mg/kg-10 mg/kg, po) and
rebamipide (30 mg/kg -100 mg/kg, po) dosedependently prevented the development of
these lesions in response to NH2Cl, the effect of
irsogladine was significant at 3 mg/kg or
greater, and that of rebamipide only at
100 mg/kg. The protective effect of irsogladine
on NH 2 Cl-induced gastric lesions was
significantly reduced by NG-nitro-L-arginine
methyl ester (L-NAME) but not by indomethacin,
while that of rebamipide was significantly
mitigated by indom ethacin but not by L-NAME.
Topical application of NH2Cl (20mM) caused a
marked reduction of potential difference (PD)
in ex-vivo stomachs. This PD reduction was not
affected by mucosal application of irsogladine,
but significa ntly prevented by rebamipide. The
mucosal exposure to NH 4OH (120 mM) also
caused a marked PD reduction in the ischemic
stomach (bleeding from the carotid artery),
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resulting in gastric lesions. These ulcerogenic
and PD responses caused by NH 4 OH plus
ischemia were also significantly mitigated by
rebamipide, in an indomethacin-sensitive
manner, while irsogladine potently prevented
such lesions without affecting the PD response,
in a L-NAME-sensitive manner.
CONCLUSION These results suggest that
NH 2 Cl generated either exogenously or
endogenously damages the gastric mucosa,
both irsogladine and rebamipide protect the
stomach against injury caused by NH2Cl, and
the mechanism underlying the protective action
of irsogladine is partly mediated by endogenous
nitric oxide, while that of rebamipide is in part
mediated by endogenous prostaglandins.

INTRODUCTION

Helicobacter pylori, recognized as the major cause
of gastritis and peptic ulcer diseases[1-3]has a high
activity of urease, resulting in a high concentration
of amonia (NH4OH) in the stomach of infected
patients[3]. Since H. pylori associated chronic
active gastritis is characterized by an invasion of
neutrophils in the gastric mucosa[1,2,4] and since
neutrophils utilize the H2O2-myeloperoxidase-halide
system to generate an oxidant capable of destroying
a variety of mammalian cell targets as well as
microorganis ms[5,6], it is assumed that neutrophilderived hypochlorous acid (HClO) interacts with
NH4OH to generate cytotoxic monochloramine
(NH2Cl)[7,8]. Indeed, it has been shown that
NH2Cl plays a role in the pathogenesis of NH4OHinduced gastric lesions in rats[9,10]. We have also
reported previously that both endogenous and
exogenous NH2Cl damaged the gastric mucosa at
much lower concentrations than NH4OH[11,12].
Irsogladine, a novel antiulcer drug [ 2, 4diamino- 6- ( 2, 5- dichlorophenyl )-s-triazine
maleate], has been shown to not only prevent
gastric mucosal lesions in a wide variety of
experimental models but show the healing
promoting action of gastric ulcers as well, without
any suppression of gastric secretion[13-15]. These
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effects of irsogladine may be accounted for by
cytoprotective activity, yet the detailed mechanism
is not fully understood. Thus, it is of in terest to
test whether this agent has any prophylactic action
against NH2Cl-i nduced gastric lesions.
In the present study, we examined the effects
of irsogladine on the mucosal ulcerogenic response
induced by NH2Cl, either administered exogenously
or occurring endogenously, and compared those
with the effects of another cytoprotective drug,
rebamipide. We also investigated the underlying
mechanism of their protection, especially in relation
to endogenous prostaglandins (PGs) and nitric oxide
(NO).
MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (200 g-240 g in weight,
Nippon Charles River , Shizuoka, Japan) were used
in all experiments. The animals, kept in separate
cages with raised mesh bottoms, were deprived of
food but allowed free access to tap water for 18
hours prior to the experiments. Studies were carried
out using four to eight rats under either conscious
or anesthetized conditions induced by urethane
(1.25 g/kg, ip). All experimental procedures
described here were approved by the Experimental
Animal Research Committee of the Kyoto
Pharmaceutical University.
General procedures

The experiments were classified into roughly two
studies: one was to investigate the effects of
irsogladine and rebamipide on gastric ulcerogenic
response to exogenously administered NH2Cl in
unanesthetized rats, and the other was to investigate
their effects on gastric ulcerogenic response to
NH4OH in anesthetized rats subjected to ischemia.
In the latter situation, it is assumed that NH2Cl is
generated endogenously from interaction of NH4OH
with neutrophil-derived HClO[10].
Induction of gastric lesions induced by NH2Cl

The effects of irsogladine and rebamipide on gastric
mucosal ulcerogenic response induced by exogenous
NH2Cl. The animals were administered 1 ml of
NH2Cl (120 mM)-po by esophageal intubation. The
solution of NH2Cl was prepared by mixing NH4OH
(240 mM) and HClO (240 mM) in a test tube,
immediat ely before the administration. The animals
were sacrificed 1 hour after the admi nistration of
NH2Cl, and the stomachs were removed, inflated
by injecting 8 mL of 2% formalin and immersed in
2% formalin for 10 min to fix the gastric wall, and
opened along the greater curvature. The area
(mm2) of hemorrhagic lesions was measured under
a dissecting microscope with a square grid (×10).
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The person measuring the lesions did not know the
treatment given to the animals. These procedures
were used in all the subsequent studies for evaluating
macroscopical lesions. Irsogladine ( 1, 3 and
10 mg/kg ) and rebamipide ( 30 and 100 mg/kg )
were administered po 30 min before NH 2Cl
treatment. In some cases, indomethacin (10
mg/kg, sc) or L-NAME ( 10 mg/kg, iv ) was given
60 min or 40 min before NH2Cl treatment.
Measurement of transmucosal potential
difference

Transmucosal potential difference ( PD ) was
measured in chambered stomachs of anesthetized
rats as previously described[15]. Briefly, a rat
stomach was mounted on an ex-vivo chamber (area
exposed 3.14 cm2) and perfused at a flow rate of
1mL/min with saline (154mM-NaCl). PD was
determined using two agar bridges, one positioned
in the chamber and the other in the abdominal
cavity, and monitored continuously on a recorder
(U-228,
Tokai-Irika,
Tokyo,
Japan ).
Approximately 1h after PD was stabilized, the
perfusion system was interupted and the solution in
the chamber was withdrawn, and the mucosa was
exposed to 1 mL carboxymethyl cellulose (CMC)
solution (control group), 20 min later followed by
1 mL NH2Cl (20 mM, the final concentration is
10 mM) for 10 min. After application of NH2Cl, the
mucosa was rinsed with saline, another 2 mL saline
was instilled, and the perfusion system was
resumed. Irsogladine ( 3 mg/kg ) or rebamipide
(100 mg/kg) was app lied to the chamber for 30 min
in place of CMC solution, starting 20 min before
NH2Cl treatment. In a separate experiment, the
animals were subjected to ischemia by bleeding from
the carotid artery ( 1 mL/100 g body weight ), then
the mucosa was exposed to 1 mL of CMC, 2 0min
later followed by 1 mL of NH4OH (120 mM, the
final concentration is 60 mM ) for 1 hour. At the
end of the experiment, the mucosa was excised, and
the area ( mm2 ) of hemorrhagic lesions was
measured as described as above. Irsogladine
(3 mg/kg ) or rebamipide (100 mg/kg) was applied
to the chamber 10min before the onset of ischemia
plus NH4OH treatment. Control animals received
CMC as the vehicle. In some cases, indomethacin
(10 mg/kg) was given sc 30 min before rebamipide,
while L-NAME ( 10mg/kg ) was given iv 10 min
before irsogladine treatment.
Preparation of drugs

Drugs used in this study were urethane (Tokyo
Kasei, Tokyo, Japan ), irsogladine ( NihonShinyaku Co., Kyoto, Japan), rebamipide (Otsuka
Pharmaceutical Co., Toku shima, Japan ),
indomethacin and L-NAME (Sigma Chemicals, St.
Louis, MO, USA). I ndomethacin was suspended in
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saline with a drop of Tween 80 (Wako, Osaka,
Japan), while L-NAME was dissolved in saline.
Other drugs were suspended with 0.5% CMC
solution. Each drug was prepared immediately
before use and administered poorsc in a volume of
0.5 mL/100 g body weight or iv in a volume of
0.1 mL/100 g body weight or applied topically to
the chamber in a volume of 1mL/stomach.
Statistics

Data are presented as the means±SE from 4 to 8
rats per group. Statistically analyses were performed
using two-tailed Student’s t test or Dunnett’s
mult iple comparison test, and P<0.05 values were
regarded as significant.
RESULTS
Effects of irsogladine on gastric ulcerogenic
response to NH2Cl

Intragastric administration of NH2Cl caused severe
band-like hemorrhagic lesi ons in the gastric mucosa,
the lesion score being 138.0 mm2 ± 19.0 mm2.
Pretreatment of the animals with irsogladine (1, 3
and 10 mg/kg, po) significantly reduced the
severity of gastric lesions in response to NH2Cl in
a dose-dependent manner. The degree of inhibition
was 35.1%, 86.3% and 83.3%, respectively
(Figure 1 ). Rebamipide ( 30 and 100 mg/kg, po )
also lowered the severity of gastric lesions induced
by NH2Cl, but the degree of inhibition at
100mg/kg was 59.3%, which was less than that
obser ved by irsogladine at 3mg/kg.
Effects of L-NAME and indomethacin on
protective action of irsogladine against NH2Clinduced gastric lesions

The severity of gastric lesions induced by NH2Cl
was not affected by prior administration of either
indomethacin (5mg/kg, sc) or L-NAME (10 mg/kg,
iv), the lesion score being 146.8mm2±9.8mm 2 or
135.6 mm 2±7.0 mm 2, respectively (Figure 2).
However, the pro tective action of irsogladine (3
mg/kg, po) against NH2Cl-induced gastric lesions
was significantly mitigated by prior administration of
L-NAME but not indomethacin; the lesion score in
the presence of L-NAME was 72.8 mm2±9.1 mm2,
which was significantly greater than that observed
in the absence of L-NAME (19.8 mm2±3.1 mm2).
By contrast, indomet hacin but not L-NAME
significantly antagonized the protective action of
rebamip ide (100 mg/kg, po) against these lesions.
Effects of irsogladine on mucosal PD response
induced by NH2Cl

Normal stomachs mounted on the chamber and
perfused with saline generate d a stable PD of -30
to -38 mV ( mucosa negative ), and the values
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remained relatively unchanged during a 2-hour test
period. Mucosal exposure to NH2Cl (10 mM) caused
a marked reduction of PD to 60.0%±6.2% of basal
values within 10 min, and the PD remained low for
1 hour thereafter (Figure 3). The PD reduction in
response to NH2Cl was not affected by prior
exposure of the mucosa to irso gladine (3 mg/kg).
However, the reduced PD response to NH2Cl was
signif icantly mitigated when the mucosa was preexposed to rebamipide (100 mg/kg) for 30 min; the
PD reduced to 57.7%±3.1% of basal values 10 min
later, which was significantly less as compared with
that ( 60.0%±6.2% of basal values ) in control
rats.
Effects of irsogladine on mucosal ulcerogenic
and PD responses induced by NH4OH under
ischemic conditions

To confirm the protective action of irsogladine and
rebamipide on NH2Cl-induc ed gastric toxicity, we
tested the effects of these drugs on the mucosal
ulcerogenic and PD responses induced by
endogenously generated NH2Cl by application of a
low concentration of NH 4OH (60 mM) in the
ischemic stomach[9]. As shown in Figure 4, topical
application of NH 4OH at 60 mM produced a
persistent reduction of PD in the stomach made
ischemic by bleeding; the PD was reduced to 42.6%
±6.2% of basal values within 10min and remained
low thereafter. This conc entration of NH4OH did
not have any effect on PD in normal stomachs
without subjecting to ischemia (not shown). The
reduced PD response to NH4OH plus ischemia was
not affected by prior exposure of the mucosa to
irsogladine ( 3 mg/kg ), in the absence or presence
of L-NAME. By contrast, rebamipide ( 100 mg/kg )pre-exposed to the mucosa significantly attenuated
the PD reduction in response to NH4OH plus
ischemia. In these animals the recovery of PD was
also significantly expedited, and the PD almost
completely normalized within 60min after NH4OH
plus ischemia. In addition, the preventive effect of
rebamipide on the PD response to NH4OH plus
ischemia was also significantly antagonized in the
presence of indomethacin.
On the other hand, the mucosal exposure to
NH4OH in the ischemic stomachs resulted in severe
hemorrhagic lesions within 1 hour, the lesion score
being 53.6 mm 2 ± 12.2 mm2 ( Figure 5 ). The
development of gastric lesions induced by NH4OH
plus ischemia was significantly prevented by
irsogladine ( 3 mg/kg ) as well as rebamipide
(100 mg/kg ), the inhibition being 79.5% and
82.3%, respectively. The protective effect of
irsogladine or rebamipide against NH4OH plus
ischemia-induced gastric lesions was significantly
antagonized by L-NAME or indomethacin,
respectively.
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Figure1 Effects of irsogladine and rebamipide on ga stric lesions
induced by NH 2Cl in rats. The animals were given NH 2Cl
(120 mM:5mL/kg) po, and sacrificed 1 hour later. Irsogladine
(1mg/kg-10 mg/kg ) or rebamipide ( 30, 100 mg/kg) was given
po 30 min before administration of NH2Cl. Data are presented
as the mean±SE fr om 5-7 rats. aStatistically significant difference
from control (P<0.05).
Figure4 Effects of irsogladine and rebamipide on changes in
transmucosal PD in response to NH4OH in rat stomachs under
ischemic conditions. The stomach mounted on a ex-vivo chamber
was subjected to ische mia by bleeding from the carotid artery
(1 mL/100 g body wt), and then e xposed to NH4OH (120 mM;
1 mL) for 1h thereafter. Irsogladine (3 mg/kg) or rebamipide
(100 mg/kg) was applied to the chamber 20 min before the onset
of ischemia and NH4OH treatment. Indomethacin (5 mg/kg, sc)
or L-NAME (10 mg/kg, iv) was given 30 or 10 min before the
above agents. Data are presented as the mean±SE of values
determined every 5 min from 5-6 rats. Statistically significant
difference at P<0.05; *from control; #from vehicle.
Figure2 Effects of indomethacin and L-NAME on the mucosal
protective action of irsogladine and rebamipide against NH2Clinduced gastric lesions in rats. The animals were administered po
with 1mL of NH2Cl (120 mM), and sacrificed 1 hour later.
Irsogladine (3 mg/kg) or rebamipide (100 mg/kg) was given po 30
min before NH2Cl treat ment. Indomethacin (5 mg/kg, sc) or LNAME (10 mg/kg, iv) was given 30 or 10 min before the
above agents. Data are presented as the mean±SE from 5-8
rats. Statistically significant difference at P<0.05; *from the
corresponding control (CMC);#from the corresponding value in
normal group.

Figure3 Effects of irsogladine and rebamipide on ch anges in
transmucosal PD in response to NH2Cl in anesthetized rat
stomachs. Th e stomach was mounted on an ex-vivo chamber, and
NH2Cl (20 mM; 1 mL) was applied topically to the stomach for
10min. Irsogladine (3 mg/kg) or rebamipide (100 mg/kg) was
applied to the chamber for 30 min, starting 20 min before exposure
to NH2Cl. Data are presented as the mean ± SE of value
sdetermined every 5min from 5-7 rats. aStatistically significant
differen ce from control, P<0.05.

Figure5 Effects of irsogladine and rebamipide on ga stric mucosal
lesions induced by NH4OH in anesthetized rat stomachs under
ischemic conditions. The stomach mounted on an ex-vivo chamber
was subjected to ischemia by bleeding from the carotid artery
(1 mL/100 g body weight), and then exposed to NH4OH
(120 mM) for 1 h thereafter. Irsogladine (3 mg/kg) or
rebamipide (100 mg/kg)- was applied to the chamber 20 min
before the onset of ischemia and NH4OH treatment. Indomethacin
(5 mg/ kg, sc ) or L-NAME ( 10 mg/kg, iv ) was given 30 or
10 min before the above agents. Data are presented as the mean±
SE from 4-6 rats. Sta tistically significant difference at P<0.05;
*from control;# f rom vehicle.
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DISCUSSION

The present study demonstrated that irsogladine, a
novel antiulcer drug, conferred a protection against
gastric damage induced in rat stomachs by NH2Cl,
either given exogenously or occurred endogenously.
We also found that rebamipide, another antiulcer
drug, showed similar protection against such
damage, although the effect was less potent than
that of irsogladine. In addition, the present results
suggest that the mechanisms underlying their
protection are different; the protective action of
irsogladine is partly mediated by endogenous NO,
while that of rebamipide is accounted for by
endogenous PGs as well as a radical scavenging
action.
H. pylori has a high urease enzyme activity,
resulting in an abnormally high concentration of
ammonia (NH4OH) in the stomach of infected
patients[3]. It is also known that NH4OH interacts
with neutrophil-derived HClO to gen erate cytotoxic
NH2Cl, a powerful oxidant capable of destroying a
variety of micro-organisms as well as mammalian
cell targets[4-7]. Murakami et al[17] demonstrated in
rats that NH4OH-induced gastric mucosal lesions
were significantly inhibited by taurine, a scavenger
of HClO, suggesting a pathogenic role of NH2Cl in
the development of such lesions. We also found
previously that the mixture of low concentration of
NH4OH and HClO, which did not have any gastric
mucosal toxicity by each alone, caused severe lesions
in the rat gastric mucosa under unanesthetized
conditions[11,12]. In addition, we reported that the
gastric lesions induced by endogenously generated
NH2Cl by a low concentration of NH4OH plus
ischemia were totally prevented by taurine in
anesthetized ex-vivo stomachs[11,12]. It is known
that ischemia activates xanthine oxidase, which is
responsible for the production of reactive oxygen
metabolites such as H2O2, and that the generation
of HClO by neutrophils is dependent on the quantity
of H2O2 produced[4,5]. It may therefore be assumed
that NH4OH even at low concentrations produces
NH2Cl by intera ction with HClO in the ischemic
stomach, resulting in damage to the mucosa.
The gastric lesions induced by oral
administration of NH2Cl were significantly
prevented by irsogladine as well as rebamipide in a
dose-dependent manner, although the effect of
irsogladine was more potent than that of
rebamipide. Similar results were obtained by these
drugs against gastric lesions induced by NH4OH
plus ischemia, where NH2Cl is assumed to be
generated endogenously from inter action of NH4OH
with neutrophil-derived HClO[10]. These results clearly
showed that both irsogladine and rebamipide
conferred a protection against damage induced by
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NH2Cl, either administered exogenously or
occurring endogenously. However, the mechanisms
underlying gastric protection seemed to be different
between these two drugs. The protective action of
irsogladine was significantly attenuated by
pretreatment with L-NAME but not indomethacin,
while that of rebamipide was attenuated by
indomethacin but not L-NAME. These results
suggest that the protective action of irsogladine and
rebamipide may be mediated by endogenous NO
and PGs, respectively. Moreover, these drugs caused
different effects on the PD response induced by
NH2Cl or NH4OH plus ischemia. Rebamipide
signifi cantly prevented the PD reduction in response
to these treatments while irsogladine had no effect
on such PD responses. It is considered that gastric
PD is one of the indicators for the integrity of the
gastric mucosa, including the develop ment of
mucosal injury as well as the recovery from
injury[18,19]. From the present results, it is suggested
that irsogladine does not inhibit the onset of injury
caused by NH2Cl but prevents the ultimate
generation of gastric damage, probably by
preventing the later extension of injury, while
rebamipide redu ced the gastric ulcerogenic response
by inhibiting the initial irritating action of NH2Cl
on the mucosa.
The local release of NO regulates the gastric
mucosal microcirculation and maintains the mucosal
integrity in collaboration with PGs and sensory
neurons[20,21]. At present, the mechanism by which
irsogladine stimulates the release of NO in the
gastric mucosa remains unknown. We previously
reported that mucosal application of NO donor
prevented the development of gastric lesions induced
by NH 2Cl without any influence on the PD
responses[11,12]. These data are in agreement with
the present findings that irsoglandine reduced the
severity of NH2Cl-induced gastric lesions but had
no effect on the reduced PD response. On the
other hand, it has been shown that rebamipide
protects the gastric mucos a from various necrotizing
agents by increasing PG biosynthesis in the mucosa
and scavenging free redicals[22-24]. Exogenous PGE2
has also been shown to inhibit gastric lesions in
response to NH2Cl or NH4OH plus ischemia[11].
These data support the present observation that
rebamipide protected the stomach against NH2Clinduced damage, in an indomethacin-sensitive manner.
It should also be noted in the present study that
rebamipide prevented the PD reduction in response
to NH2Cl or NH4OH plus ischemia. Since taurine,
a scavenger of HClO, markedly suppressed the PD
reduction caused by NH2Cl[11,12], it is likely that
rebamipide may prevent gastric ulcerogenic and PD
responses to NH2Cl through a radical scavenging
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action, in addition to mediation by endogenous
PGs.
In conclusion, the present results taken
together suggest that NH2Cl generated either
endogenously or exogenously, damages the gastric
mucosa at a low concentration. Gastric mucosal
lesions caused by NH2Cl was prevented by both
irsogladine and rebamipide, although the former
action was more potent than the latter. Although
the exact mechanisms underlying gastroprotection
afforded by irsogladine and rebamipide remain
unknown, it is assumed that their mechanisms are
different; the effect of irsogladine is mediated at
least partly by endogenous NO, while that of
rebamipide is attributable to endogenous PGs as well
as its radical scavenging action. Since an important
feature of H. pylori infection is neutrophil
infiltration in the gastric mucosa[1,2], it is possible
that NH2Cl is formed in the inflammed gastric
mucosa, where neutrophil and H. pylori are located
in juxtaposition. Thus, the present study also
suggests that irsogladine may have therapeutic
potential in the prevention and/or treatment of
gastric mucosal damage related to H. pylori.
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Abstract
AIM To report a single Australian oncology
unit’s experience with the management of
patients with hepatocellular carcinoma (HCC),
in the context of a literature review of the
current management issues.
METHODS Retrospective case record review of
76 patients with diagnosis of HCC referred to the
unit between 1984 and 1995.
RESULTS Sixty-three patients had adequate
records for analysis. Thirty-six (56%) were
migrants with half from Southeast Asia. Twentyfour p atients had a documented viral aetiology.
Nine (14%) of 51 patients with pathological
confirmation of HCC had normal alphafetoprotein levels. Median survival of the 20
patients managed palliatively was 5 weeks
compared to 16 weeks for the cohort overall.
Surgery in 16 patients rendered all initially
disease free with a median survival of 88 weeks.
Chemoembolisation induced tumor responses
in 5 of the 11 patients so treated. Systemic
chemotherapy and tamoxifen treatment caused
tumor response in two of 12 and one of 25
respectively.
CONCLUSION Prolonged survival of patients
with HCC depends on early detection of small
tumors suitable for surgical resection. Other
active t reatments are palliative in intent and
have limited success. In addition to tumor
response and survival duration, the toxicities of
1
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therapies and the overall quality of life of
patients need to be considered as important
outcomes. Viral hepatitis prevention and
screening of individuals at risk are strategies
that are important for HCC management in
communities where the disease is endemic.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fourth most
common cause of death from malignancy in the
world and the third most common in men[1]. High
risk areas such as Asia and Africa are associated
with endemic hepatitis B and C infections. In
Australia HCC is still a relatively uncommon cancer
as it is in most developed nations. In the state of
New South Wales the incidence was 2.6 per 100 000
for males and 1.1 per 100 000 for females from 1985
to 1989. The incidence is significantly higher in
male and female migrants from China, Taiwan and
Vietnam[2].
We reviewed all cases of HCC that were seen
in the Department of Medical Oncology at Royal
Prince Alfred Hospital a tertiary centre situated in
central Sydney between January 1984 to December
1995. Patient demographics, presenting symptoms,
disease stage, prognostic indicators as well as
treatment and outcomes were determined.
METHOD

Using the Clinical Reporting System ( CRS )
database in the Department of Medical Oncology,
the names of 76 patients with the diagnosis of HCC
were obtained. The departmental files and the
medical records were then examined and
information collected using a proforma. Parameters
collected included sex, age, nationality, clinical and
pathological status, presenting symptoms, ECOG
(Eastern Cooperative Oncology Group )
performance status at time of initial contact,
presence or absence of cirrhosis, documentation of
possible etiological factors and alpha-fetoprotein
(AFP) levels. Tumor response to therapy was
recorded using WHO response criteria. Partial
response was defined as a greater than 50%
reduction in the sum of the products of the longest
tumor dimension and its widest perpendicular, in
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the absence of new lesions. Where disease was not
measurable, changes in AFP level were monitored.
Complete response was defined as no tumor evident
on imaging plus normalisation of AFP if this was
measured. Progressive disease was defined as 25%
increase in measurable tumor size or sustained
increase in AFP.
Survival time was measured from the date of
diagnosis to the date of death determined where
possible from the hospital records, contact with
local doctors and computer search of the New
South Wales Cancer Registry databases.
RESULTS

Seventy-six patients with a diagnosis of HCC were
seen in the Department during this period. Of
these, sixty-three patients had records that
contained sufficient information for analysis.
Demographics

The mean age of the patients was 50 years (range 27
-77 ) with 43 males and 20 females. Fifty-six
percent of the patients were born overseas with over
half of these born in Southeast Asia (Table 1).
Clinical characteristics

Of 57 patients where data on symptoms were
available, thirteen ( 23% ) patients were
asymptomatic at the time of diagnosis. Three had
an ECOG performance status of 4 (totally bedbound)
and six a score of 3 (spending more than 50% of
waking hours in bed). The most common presenting
symptom was pain in 33 (58%) followed by weight
loss in 27 (47%) and abdominal distension in 17
(30%). Sixteen (28%) patients presented with
jaundice. The median duration of symptoms before
presentation was two months, ranging from
immediately prior to presentation up to 50 weeks.
The most common documented aetiological
factor for hepatocellular carcinoma in this series
was hepatitis B infection in 21 (33%) patients. Five
patients had hepatitis C infection, and three of
these were co-infected with both hepatitis B and C.
Routine testing for hepatitis C at Royal Prince
Alfred Hospital only be came available from mid
1989 and retrospective testing was not done in the
cohort, which may explain the relatively low
infection rate in this series. Five (22%) of the 23
patients with viral hepatitis were Australian born.
Of the three patients who had cirrhosis secondary
to hemochromatosis all had alcohol as a cofactor.
Alcohol was a cofactor in 5 (19%) of the 26
Australian born patients and five (14%) of the
overseas born patients. Twenty-three patients had
no apparent causative factor. One patient had a
past history of low grade lymphoma and another
hydatid liver disease. These causative factors are listed
in Table 2.
Pathological confirmation of diagnosis was
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obtained in 51 patients (81%) mainly by fine needle
aspiration biopsy. In the remainder, a clinical
diagnosis was based on radiological appearance on
CT scan or hepatic angiogram and a raised serum
AFP level. There were nine patients (14%) with
pathological confirmation of HCC who had normal
AFP levels at presentation. The initial levels ranged
from 0 to 36000 IU. Thirty-five (69%) of the 51
patients where information was available had
clinical, pathological or radiological evidence of
cirrhosis at initial presentation. Thirty-four patients
(of 56 evaluable) had multifocal tumors on imaging
or pathology and six had regional node
enlargement. Ten of 61 patients (16%) had distant
metastases with the sites being lung in (7) and bone
(4).
Treatment

Twenty (30%) patients received no anti-tumor
treatment and were managed with supportive care.
Six of these patients presented with ECOG
performance status 3 or 4. The median survival of
this group was five weeks from the time of
diagnosis.
The remaining 43 patients received some form
of anti-tumor therapy. The median time from
diagnosis to initiation of treatment was 15 days
(range 0 days to 5.2 years). Seventeen patients
received two types of therapy and four patients
received three or four different treatments.
Surgery was performed in 16 (25%) patients,
either in the form of a lobectomy or
hemihepatectomy. Three of these patients had
surgery after chemoembolization. Two patients had
repeat resections for relapse 5 and 39 months after
curative resection. No patients in the series received
allograft transplantation as their first therapeutic
intervention. All patients who underwent surgery
were rendered clinically disease free afterwards.
Their median survival was 88 weeks (range 5- 354
weeks) from diagnosis or surgery with the median
time to relapse being 43 weeks (range 4-182). Two
patients are still alive at one year and two years
after surgery.
Chemoembolization of the HCC by the selective
injection of cisplatin and Lipiodol into the hepatic
artery was carried out in 11 (17%) patients. In
three patients this was done prior to surgery in an
attempt to reduce the vascularity and size of the
tumor. One of these patients received alcohol
injection into the tumor as well and proceeded to an
orthotopic liver transplantation. The other two
patients had initial marked falls in the AFP to
almost within normal range but these had risen to
beyond pretreatment levels prior to surgery. Six
patients (55%) had a 50% reduction in AFP with
the median time to progression being 25 weeks
(excluding the transplanted patient from the
calculation of the duration of response). Median
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survival from chemoembolization was 48.5 weeks.
Twelve (19%) patients were treated with
systemic chemotherapy. Three were given
anthracycline treatment alone (2 adriamycin, 1
epirubicin ), while others received various
combinations of cisplatin, adriamycin, 5fluorouracil (5FU), etoposide and mitomycin C.
Two patients received more than one regimen of
chemotherapy. Only two patients had objective
tumor responses to chemotherapy. Another two had
stable disease. The median time to tumor
progression was 26 weeks.
Tamoxifen was administered to 25 (40%)
patients, with only one showing evidence of AFP
response. The time to progression was 44 weeks.
Two other patients had stable disease.
Table 3 summarises the response rates,
response duration and overall survival of the groups
of patients according to the treatments received. The
median survival of the group as a whole was 16
weeks with the mean being 50 weeks.
Table 1 Countries of birth of cohort
Country of Birth

No.

Australia
Egypt
Europe
India
Pacific Islands
Southeast Asia
Unknown

26
3
11
1
1
20
1

Total

63

Table 2 Breakdown of established aetiological factors in cohort
Alcohol
Chronic autoimmune hepatitis
Hepatitis B
Hepatitis C
Hepatitis B+C
Haemochromatosis
Unknown

10
3
21
5
3
3
23

Total

63

Table 3 Summary of treatments received for hepatocellular
carcinoma
Treatment

Number of
Number
Median time to
patients (%) responding (%) progression (weeks)

Observation
20
Surgery
16
Chemoembolization
11
Systemic chemotherapy 12
Tamoxifen
25

(30)
(25)
(17)
(19)
(40)

16 (100)
6 (54)
2 (27)
1 (4)

43
25
26
44

DISCUSSION

Despite a variety of therapeutic strategies HCC
remains a significant cause of cancer death
worldwide. The mainstay of treatment is resection
of the disease. This is facilitated by early detection
of tumors and by liver transplantation when poor
hepatic function would otherwise prevent resection.
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Other treatments, largely directed at palliation such
as chemotherapy (±embolization), percutaneous
ethanol injection, radiation and hormone therapy
are modest in their effects however they may play
a role in conjunction with surgery. Equally or more
important strategies are prevention of predisposing
illnesses (e.g., hepatitis B) or modification of the
cirrhotic pre-malignant field defect.
Hepatic resection is generally only feasible in
patients with focal lesions and with adequate
underlying hepatic function[3]. Because of tumor
stage at presentation and the presence of cirrhosis,
the proportion of patients suitable for surgery is
generally small. The role of orthotopic hepatic
transplantation is still controversial. There have
been concerns about the perioperative mortality and
the frequency of tumor recurrence in the
transplanted liver, but transplantation offers some
chance of cure of both the tumor and the cirrhosis.
A recent series[4] of 48 patients with small tumors
(single <5 cm or no more than three <3 cm) and
cirrhosis undergoing transplantation, reported
overall survival and disease free survival at four
years to be 75% and 83% resp ectively. Ninety-four
percent of these patients had underlying viral
hepatitis.
Percutaneous ethanol injection of these tumors
has usually been restricted to non-surgical candidates
and one series from Italy has shown encouraging
survival figures where ethanol injection was used
instead of surgery[5]. This approach may provide a
treatment for patients with no access to resection
services or those with poor liver reserve, who are
not otherwise able to have a liver transplant. Other
forms of imaging-directed destruction such as
cryotherapy, laser and thermotherapy may have
similar potential.
As is the published experience, we found the
response rate with systemic chemotherapy low and
of short duration. Doxorubicin, remains the most
widely used agent but being liver metabolized it may
result in unpredictable toxicity in those with hepatic
disease. When used as a single agent it generally
has a response rate below 20%[6]. Epirubicin,
idarubicin and mitoxantrone all have activity
comparable to doxorubicin. Single agent activities
of other intravenously administered cytotoxics such
as cisplatin, 5-fluorouracil, etoposide and
mitomycin C are all in the range of 0%-15%[6].
The Eastern Cooperative Oncology Group[7] has
evaluated 432 patients in four sequential trials of
varying combinations of 5-FU, streptozotocin,
semustine, doxorubicin, zinostatin, amsa crine and
cisplatin. The median survival of the group as a
whole with systemic chemotherapy was 14 weeks
with a one-year survival of only 15%. The best
median survival of 24 weeks was obtained with the
combination of 5-FU and semustine. Al though any
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of these agents may cause greater response rates if
given intra-arte rially with or without embolization,
most reports of trials of chemotherapy, both single
agent and combinations have small patient numbers
and none shows a convincing superiority to be
considered standard treatment[7,8].
Chemoembolization consists of a relatively
selective embolization of the tumor blood supply
with agents such as cisplatin and Lipiodol. While
theoretically attractive, the technique may result in
hepatic decompensation because the cirrhotic liver is
more dependent on blood from the hepatic artery
than the portalvein. For this reason embolization
techniques are suitable for a small group of patients.
In the Group D’Etudeetde Traitment du Carcinome
randomised
trial
of
Hepatocellularie [9]
chemoembolisation versus conservative management
in 96 selected patients from 24 centres, there was
no significant survival difference detected after
accounting for differences in baseline and prognostic
characteris tics. Small survival differences however
would not be detected by a study of this size. Half
of the patients in the treatment group had reduction
in AFP levels. These observations are in keeping
with the findings in our study. Hepatic
decom pensation however was seen in 70% of
patients having chemoembolization. Another
multicentre randomised study[10] of Lipiodol/
cisplatin chemoembolization in 73 patients also
reported no survival difference. Transarterial
embolization without chemotherapy in a single
institutional study has also demonstrated no survival
advantage versus supportive care[11]. In these
circumstances, a more appropriate endpoint may be
symptom control, analgesic requirements and
quality of life rather than survival. Symptomatic
rather than asymptomatic patients may be more
appropriate candidates for chemotherapy.
Oestrogen receptors have been detected in
normal liver tissue and in HCC with the levels
tending to be higher in the neoplastic tissue. This
provides the rationale of using the anti-oestrogen
tamoxifen. Seven randomized trials of tamoxifen
versus placebo in advanced HCC have been
reported [12-18]. Three[12-14] which had under 38
patients each reported improved survival in the
tamoxifen treatedarms. An additional two
randomized trials investigating chemo therapy and
tamoxifen found no improvement in response or
survival when tamoxifen was added to
doxorubicin[19] or intra-arterial cisplatin and
5FU[15]. An overview of the published randomised
trials of tamoxifen versus active or no active
treatment in HCC between 1978 and 1995 suggested
a moderate benefit with a 2.2 odds ratio for 1 year
survival[20]. However the largest randomized study
so far involving 496 patients has recently been
presented and showed no survival benefit of
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tamoxifen compared to supportive care[19].
Antiandrogen therapy has also been tried in
HCC on the basis that it is a male predominant
disease, it can be induced by androgen therapy and
that the receptors are expressed in high levels in
the tumors. A European Organisation for Research and
Treatment of Cancer (EORTC) multicentre trial[21]
compared antiandrogen therapy with a luteinising
hormone-releasing hormone (LHRH)agonist either
goserelin or triptoreline, with a pure antiandrogen
nilutamide alone or in combination against placebo
in 244 patients with advanced HCC. No significant
difference however was found in any of the groups.
A recent study reports an apparent reduction
in the incidence of new primary HCCs in patients
administered polyprenoic acid, an acyclic retinoid,
after resection for HCC. This strategy targets the
pre-malignant field defect that leads to HCC[22].
Radiation therapy has been more usually
applied in the form of radioactive ligands injected
into the hepatic artery than as external radiation. A
preliminary report of a randomized trial from Hong
Kong has shown that 131I labelled lipiodol injected
post-resection improves the time to tumor
recurrence[23]. Similarly data from pilot studies
suggest post-transplant/resection - chemotherapy
may improve outcome, although randomized trials
are still underway[24].
Viral hepatitis is a significant causative factor
for HCC in our cohort especially in those born
overseas, being present in over one-third. In the
migrant population high hepatitis B endemicity
accounts for the high prevalence rate. In hepatitis B
associated cirrhosis the cumulative incidence of
hepatocellular carcino ma has been found to be 59%
over a six-year period[25]. With hepatitis C
associated cirrhosis, a Japanese prospective study[26]
has reported th at 75% of patients will develop
HCC by 15 years. Preventative measures such as
hepatitis B vaccination in endemic disease populations
is obviously an important and effective strategy. A
recent study from Taiwan has reported that a
national hepatitis B vaccination program has
reduced the annual HCC incidence in children of
aged 6-14 years from 0.7 to 0.36 per 100 000
(P< 0.01), with a similar effect on population
mortality[27]. Treatment of viral related chronic active
hepatitis with interferon alpha may not only prevent
development of cirrhosis but also reduce the
frequency of subsequent HCC[28].
Alcohol was also an important risk factor in
the Australian born patients in our series. In a
larger published series of HCC[29] from western
Sydney it was found to be an association in 46% of
the Australian patients and only 13% of those born
overseas.
Screening of high risk populations for HCC by a
combination of serum AFP determination and
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imaging with high resolution real time ultrasound
can detect HCC at an early stage which might be
amenable to curative resection. AFP however can
be normal in patients with asymptomatic small
tumors. The reliability of ultrasound is operator
dependent and many studies have been in Japanese
patients who have generally a thinner body habitus
which may make imaging easier than in Westerners.
Studies suggest that treatment of these early lesions
may produce a true survival benefit although there
have been no randomized trials reporting mortality
reduction from screening[30]. This strategy can only
be considered an option in high risk populations,
rather than on a general population basis.
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CONCLUSION

18

Hepatocellular carcinoma is becoming a greater
problem in developed countries such as Australia
with the wave of immigration from countries
affected by endemic viral hepatitis. Treatment
modalities are unsatisfactory once the tumor has
spread and become inoperable. Public health
measures need to focus on the targeting of risk
factors and surveillance of at risk subgroups.
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Abstract
AIM To investigate the activation, expression
of c-src gene and its role in the carcinogenetic
process of human cardia adenocarcinoma (CA).
METHODS Fifty-six cases of CA, 34 cases of
normal, 36 cases of protife rative epithelia
adjacent to carcinoma, and 20 cases of lymph
node metastases of CA were studied for
PP60c-src, the expression product of c-src gene
immunohistochemically by using the specific
monoclonal antibody, Mab327.
RESULTS The positive rates of PP60c-src in the
normal ep ithelia, protiferative epithelia, CA and
lymph node metastases were 29.4% (10/ 34),
94.4% (34/36), 71.4% (40/56) and 60.0%
(12/20), respectively, among them, the
differences of the positive rates were
statistically significant ( P < 0.01 ). The
expression levels of PP60 c-src in CA and
proliferative epithe lia were significantly higher
than that in the normal epithelia (P<0.01) . The
PP60c-src positive rates in the papillary, tubular,
poorly
differentiated
and
mucous
adenocarcinoma were 75.0% (6/8), 81.8%
(18/22), 50.0% (10/20) and 100.0% (6/6),
respectively, whereas those of tubular and
mucous adenocarcinomas were significantly
higher than those of papillary and poorly
differentiated adenocarcinomas (P<0.05), and
the PP60c-src expression levels of tubular and
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mucous adenocarcinomas were also significantly
higher than those of papillary and poorly
differentiated adenocarci nomas(P<0.01).
CONCLUSION The activation and expression of
c-src gene are associated with the initiation and
development of human CA; the protein amount
of PP60c-src increased during the process of
carcinogenesis; and PP60c-src expression is also
related to lymph node metastases.

INTRODUCTION

There is a general tendency in gastric cancer that
the incidence rate of cardia adenocarcinoma (CA)
is increasing steadly, and cancer of the distal stomach
is decreasing proportionately. The biological and
epidemiological features of CA are distinct from
those of the distal stomach, and the underlying
cause remained unelucidated[1-3]. PP60c-src is the
product of c-src gene pos sessing the activity of
tyrosine kinase. Increased expression ofc-src gene
had been reported in some human sarcoma and
cancers of breast[4], esoph agus[5], stomach[6] and
colon[7], and the activation and expression of c-src
gene might be associated with the initiation and
devel opment of some cancers. Our previous study
showed the activation and expression of c-src gene
was associated with the development and
differentiation of esophageal squamous cell
carcinomas[8], we believed that s imilar changes
might occur in cancer of cardia, therefore, the
following study was carried out.
MATERIALS AND METHODS
Sample collection and processing

All 56 cases of CA samples were collected from
the CA patients surgically treated in Yanting Institute
of Cancer Prevention of Sichuan Province. All
tissue specimens were routinely processed, formalinfixed and paraffin-embedded, at least 2 serial
paraffin sections of 4 µm - 6 µm thickness were
made, one was stained with hematoxylin and eosin
(HE) and the other was use d for PP60c-src protein
detection by immunohistochemical staining.
Reagents

The monoclonal antibody Mab327 (mouse IgG) was
kindly given by the Molecular Pathology
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Department of Nagoya University, Japan;
Streptavidin-Peroxidase
Immunohistochemical
Staining Kit (Zymed USA) was purchased from
Fuzhou Maxim Biotech, Inc.
Immunohistochemical analysis of PP60c-src
protein

PP60 c-src
protein
was
detected
immunohistochemically with LSAB method
according to the manufacturer’s instructions with
slight modification. Briefly, the tissue sections were
deparaffinized and rehydrated through graded
alcohols, and digested with trypsin. Then,
endogenous peroxidase activity was blocked with
3% H2O2, and after treatment with normal serum,
the sections were incubate d with Mab 327 at a
dilution of 1:100 overnight at 4 , with biotinylated
second antibody 20 min, and with streptavidin
peroxides 30 min at room temperature.
Subsequently, the sections were subjected to color
reaction with 0.02% 3, 3-diaminobenzidine
tetrahydrochloride containing 0.005% H2O2 in PBS
(pH 7.4), and were counterstained with
hematoxylin lightly. In each staining run, a known
PP60c-src positive sample was added as positive
control, and a section of the same sample was
incubated with PBS instead of Mab327 as negative
control.
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Localization and distribution of PP60c-src

Positive PP60c-src protein cells showed brown staining
in their cytoplasm s and cell membranes, no positive
staining was found in the negative controls. The
intensity of staining varied with different lesions
and different histologic types. Positive staining of
PP60c-src was localized in apex of glandular epithelial
cells (Figure 1); in papillary and tubular
adenocarcinomas, positive staining was distributed
along the papillary margin or glandular lining, both
the cytoplasms and cell membranes were positively
stained but that of cell membranes were stronger
than those in cytoplasms (Figure 2); the positive
staining in poorly differentiated adenocarcinomas were
evenly distributed in cytoplasms and cell membranes
(Figure 3); and in the mucous adenocarcinomas, the
positive PP60c-src staining was unevenly distributed
as micromasses.
PP60c-src expression in CA and in the related
lesions

The positive rates of PP60c-src expression in CA,
proliferative and norma l epithelia adjacent to cancer
were 71.4% (40/56), 94.4% (34/36) and 29.4%
(10/34), respectively (Table 1). The positive rates
of the former two were higher than that in the
latter (P<0.01), and the positive staining in tensities
in CA and proliferative epithelia were also stronger
than that in the normal epithelia (P<0.01).

Histopathological examination

Histopathological diagnosis for CA and related
lesions were made, and the histological types of CA
were examined by 2 expierenced pathologists
according to the given criteria[8].
Qualitative and quantitative analysis of
immunohistochemical staining o f PP60c-src

The immunostaining results of PP60c-src were
analyzed according to the kn own criteria[5]. The
percentages of positive PP60c-src cell in CA and
related lesions were assessed and scored as follows:
negative ( - ), <25% ( + ), 25%-50% ( ++ ), >50%
(+++); The intensity of staining in PP60c-src positive
cytoplasm and/or cell membrane were compared
with the negative control and scored as follows:
negative (-), weak (+), moderate (++) and strong
(+++).
RESULTS
Histopathologic examination

Among the 56 cases of CA samples, there were 34
normal epithelia adjacent to cancer, 36 proliferative
epithelia adjacent to cancer, 56 adenocarcinomas
including papillary ( 8/56 ), tubular ( 22/56 ),
poorly differentiated ( 20/56 ), mucous
adenocarcinomas ( 6/56 ), and 20 CA with lymph
node metastases.

PP60 c-src expression in different histological
types

The positive rates of PP60c-src in papillary, tubular,
poorly differentia ted and mucous adenocarcinoma
were 75.0% (6/8), 81.8% (18/22), 50.0% (10/20),
and 100.0% ( 6/6 ), respectively ( Table 2 ) and
the positive rates in tubular and mucous
adenocarcinomas were higher than those in poorly
differentiated or papillary adenocarcinomas (P
<0.05); the percentages of high PP60c-srcªª
expression (+ + - + + +) in tubular and mucous
adenocarcinoma were 63.6% (14/24) and 100.0%
(6/6), respectively; while that in papillary and
poorly differentiated ones were all low (+), there
were significant differences between them
(P<0.01).
PP60c-src expression in CA with lymph node
metastases

The positive rate of PP60c-src expression was 60.0%
(12/20) in 20 case s of metastatic lymph node
(Table 1), among them, the positive ones in
papillary, tubular, poorly differentiated and mucous
adenocarcinomas were 2/2, 2/4, 6/12 and 2/2,
respectively; the expression intensity of P P60c-src in
CA with lymph node metastases was the same as
those without (Figure 4).
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Table 1 The expression of PP60c-src in CA and related lesions
Staining intensity
Lesion

Case
-(%)

Normal epithelia
Proliferative epithelia
Cardia adenocarcinoma
Lymph node metastases

+(%)

Positive rate
(%)

+ +-+ + +(%)

34 24(70.5) 10(29.4) 0(0)
36 2 (5.6)
6(16.7) 28(77.8) d
56 16(28.6) 20(35.7) 20(35.7) d
20 8(40.0) 8(40.0) 4(20.0)

10(29.4)
34(94.4) b
40(71.4) b
12(60.0)

b

P<0.01, in comparison of the positive rates in different lesions
(χ2=34.19) vs normal epithelia; dP<0.01, in comparison of the
positive intensity in different lesions ( χ2 = 25.08) vs normal
epithelia.
Table 2 The expression of PP60c-src in CA of different histo
logical types
Staining intensity
Lesion

Case
-(0/10)

Papillary
Tubular
Poorly differentiated
Mucous
Total

+(%) + +-+ + +(%)

Positive rate
(%)

8 2(25.0)
6(75.0) 0(0)
6(75.0)
22 4(18.2)
4(18.2) 14(63.6) b 18(81.8) a
20 10(50.0) 10(50.0) 0(0)
10(50.0)
6 0(0)
0(0)
6(100.0)b 6(100.0)a
56 16(28.6) 20(35.7) 20(35.7) 40(71.4)

a

P<0.05,in comparison of the positive rat es of tubular and
mucous adenocarcinomas vs those of papillary and poorly
differentiated adenocarcinomas ( χ 2 = 8.11); b P<0.01,in
comparison of the positive rates of tubular and mucous
adenocarcinomas vs those of papillary and poorly differentiated
adenocarcinomas (χ2 = 27.56).

DISCUSSION

Figure 1 The expression of PP60c-src in the p roliferative epithelia
adjacent to carcinoma. LSAB×200
Figure 2 The expression of PP60c-src in tubular adenocarcinoma.
LSAB×200
Figure 3 The expression of PP60c-src in the poorly differentiated
adenocarcinoma. LSAB×200
Figure 4 The expression of PP60c-src in the lymph node metastasis
of CA. LSAB×200

PP60c-src is a phosphorylated cytoplasmic protein
encoded by c-src gene, having the activity of
tyrosine kinase. The expression of PP60c-src can be
found in many normal cells, which plays important
roles in the regulation of cell proliferation,
differentiation and transformation [4] Recent
studies indicated that the increase in the amount of
PP60c-src protein and kinase activity was associated
with initiation and development of some human
neoplasms, and the activation and increase of
expression were one of the factors for cancer
initiation[4-8]. In this study, the expressions of
PP60c-src in CA, proliferative epithelia and normal
epithelia were 71.4% ( 40/56 ), 94.4% ( 34/36 )
and 29.4% (10/34), respectively and the positive
rates of PP60 c-src in CA and proliferative epithelia
were much higher than that in the normal epithelia
(P<0.01). Jankowiski et al analyzed the
expression product of c-src gene in 15 cases of
esophageal adenocarcinoma and 15 cases of Barrett’s
esophageal epithelia immunohistochemically, the
positive rates were 20% (3/15), suggestin that the
expression of c-src gene is related to the
development of esophageal adenocarcinoma.
Therefore, the results of t his study indicated that
the activation and expression of c-src gene might
be associated with the initiation and development of
CA. However, the high expre ssion of PP60c-src in
the proliferative epithelia might be associated with
the proliferation of glandular epithelial cells,
occurring in the aged rats[9]. The low PP60c-src
expression in some normal epithelia adjacent to
cancer might be explained by the fact that there had
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been PP60c-src expression in the normal epithelia
related to the initiation of cancer[5-8]. On the other
h and, it indicated that the activation and expression
of c-src gene might be an early event in the
carcinogenesis of CA.
Athough it was well known that the activation
and expression of c-src gene were associated with
the initiation of some human neoplasms. The results
obtained mainly from biochemical assay by
measuring the protein amount and kinase activity of
PP60c-src varied with the methodology. Most of the
studies reported that PP60c-src protein kinase activity
increased in the cancer cell lines and cancer tissues
from cancers of stomach, colon, lung and kidney,
etc., but compared with those of normal tissues
related to cancer, no difference of PP60c-src protein
amount was found, the increase in PP60c -src protein
kinase activity could not be explained by the
increase of protei n expression encoded by c-src
gene[6,10]. In the present study, PP60c-src protein was
detected by using the specific monoclonal antibody
Mab 327, immunohistochemically, the high level of
PP60c-src expressions ( + + - + + +) in CA and
proliferative epithelia were 35.7% and 77.8%,
respectively, a low PP60c-src expression (+) was
found in some normal epithelia adjacent to cancer,
the difference of expression intensity was significant
statistically (P<0.01). The results of this study
suggested that the protein amount of PP60c-src
expression was increased in carcinogenesis of CA.
With regard to the relationship between
expression product of c-src gene, PP60c-src and the
differentiation of cancer cells, there was no
consensus in this aspect[6,8,9,11]. Fanning et al[1]
reported a high l evel of c-src expression in well
differentiated bladder cancers, and pro posed that
PP60c-src protein and kinase activity were associated
with the differentiation of epithelial cells of urinary
tract and grade I-II bladder carcinomas.
However, Takekura et al[6] could not find the
differen ce of PP60c-src kinase activity between well
and poorly differentiated ga stric carcinomas. In this
study, PP60c-src positive rates varied in different
histological types of CA; the positive rates in
mucous adenocarcinomas ( 100.0%, 6/6 ) and
tubular adenocarcinomas ( 81.8%, 18/22 ) were
higher than those in papillary (75.0%, 6/8) and
poorly differentiated types (50.0%, 10/20), the
difference being significant statistically ( P<0.05 ).
And the high level of expressions (++ - +++) in
mucous and tubular adenocarcinomas were 100.0%
(6/6) and 63.6% ( 14/18 ), respectively, only low
expression (+) was found in papillary and poorly
differentiated adenocarcinomas, the differences of
expression level were also significant statistically
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(P<0.01). These results suggested that the
expression level of PP60c-src was associated with
the differ entiation and histological types of CA,
high PP60c-src expressions in mucous and tubular
adenocarcinomas might be related to their well
differentiation and other biologic behaviors.
The relationship between the PP60 c-src
expression with increase in kinase activity and
metastatic colon carcinomas had been reported
already[12,13], but there was no report of detection
of PP60c-src protein in lymph no de metastases by
immunohistochemical staining. Talamonti et al[12]
discovered increase in PP60c-src kinase activity, in
the stages o f polyps and primary carcinomas.
Termuhlen et al[13] reported that P P60c-src kinase
activity in hepatic metastases of colorectal
carcinoma in creased by 2.2 folds, and in
extrahepatic metastases increased by 12.7 folds,
while compared with that in normal mucosa,
PP60c-src kinase activity in the hepatic metastases of
non-colorectal carcinomas increased only slightly.
In this study, PP60c-src protein was detected in the
lymph node metastases o f CA, the positive rate
was 60.0% (12/20), the expression level of PP60c-src
was equal to that of the same primary
adenocarcinoma. The results of this study suggested
that PP60c-src expression is associated with the lymph
node metastases of CA, which deserved further
investigation.
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Abstract
AIM To study the therapeutical effectiveness,
dosage range an d toxic adverse effects of
domestic phosphorus 32 glass microsphere and
evaluate its clinical significance.
METHODS I. Fifty-two BALB/c tumor bearing
male nude mice w ere allocated into treatment
group ( n = 38) and control group ( n = 14). In
the former group different doses of 32P-GMS
were injected into the tumor mass, while in the
latter 31P-GMS or no treatment was given. The
experimental animals were sacrificed in batches,
and then the tumors and their nearby tissues
were examined by light and electron
microscopy.
II.
Through
selective
catheterizati on of hepatic artery, 32P-GMS
was infused to 5 healthy domestic pigs in a
dosage equivalent to the therapeutic dose for
human being, and 31P-GMS was infused to
another 5 healthy domestic pigs. Two pigs
infused with con trast medium served as whole
course blank controls. One pig from each group
was surrendered to euthanasia at week 1, 4, 8
and 16 respectively. The ultrastructur al
histopath-ological changes in liver tissues taken
from different sites were evaluated semiquantitatively. III. One hundred and twenty-seven
times of 32 P-GMS intrahepatic artery
interventional therapies were performed on 93
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patients with hepatic carcinoma, including 79
cases of primary hepatic carcinoma and 14 cases
of secondary hepati c carcinoma. 32P-GMS ( n =
30), and group B, 32P-GMS and half-dose of
trans-hepatic artery embolization ( TAE )
( n = 49), and 18 patients with HCC by TAE only
as control group C. Fourteen patients with
secondary hepatic carcinoma were treated in
the same way as group B or C.
RESULTS
I. Comparing with the control
group, the treatment group of tumor bearing
nude mice attained the tumor inhibition rates
of 59.7%-93.7% (F = 579.62, P<0.01) at 14d.
At an absorbed dose of 7320Gy, the tumor cells
were completely destroyed. When the
absorbed doses ranged from 1830Gy to
3660Gy, most of the tumor cells showed the
evidences of injury or necrosis, but there
appeared some well-differentiated tumor cells
and enhanced effect of the autoimmunocytes.
At an absorbed dose of 366Gy or less, some
tumor cells still remained active proliferative
ability. The definite anticancer effect appeared
as early as 3d after intratumoral injection of
32
P-GMS. II. The cumulative amount of 32P-GMS
in the target tissue after trans-hepatic artery
instillation attained more than 90% of the tot
al dose administrated. Semiquantitative
analysis of ultrastructral morphology in the
experimental group showed no statistical
difference between the nuclear abnormality (
nabn) and mitochondrial variability (Mvar) at week
1 or 2 , but revealed prominent difference
(χ2 = 6.70-9.68, P<0.01, χ 2 = 65.09-115.09,
P<0.001) as compared with those in the other
groups. In the experimental group the nabn in
tissues showed no significant difference
between week 8 and week 16. no apparent
changes were found in the stomach, spleen,
kidney and lung tissues of the experimental
pigs. III. The therapeutical results of
HCC patients in group A were closely
approximated to those of group C, no
hematological toxic side effects were noted, and
the systemic reaction was mild. In some patients
2 mos-3 mos after treatment some secondary
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foci appeared around the periphery of the
primary lesion. In general better effectiveness
was obtained in patients with small lesion. After
analyzing by RIDIT method, the therapeutic
result in group B was significantly better than
that in group C, and secondary foci around the
original lesion were rarely seen at 3mos after
treatment. In group C the collateral circulation
was reestablished along the periphery of primary
foci and the secondary foci appeared more
frequently, and were required to undergo
several courses of treatment. In group B, 4
cases of HCC were treated surgically as their
mass decreased in size after 32P-GMS treatment.
Resected specimens showed that the tumor was
encapsulated by fibrotic tissue and most of the
tumor cells necrosed. The 3-year survival rates
were 43.3%-51.0% after A and B regimen
treatment. In 14 cases of secondary HCC, the
foci were well controled within one year aftertreatment.
CONCLUSION When the experimental model of
implanted human liver cancer cells received 32PGMS of 1830Gy-3660Gy, it produced excellent
anticancer effect without any injury to the
normal neighboring tissues and the prominent
anticancer effect was shown within 3d after
intratumoral injec tion. Intrahepatic arterial
administration of 32P-GMS at the macrocosmic
absorbed dosage less than 190 Gy/dose exerted
reversible sub-lethal injury to domestic pig liver
tissues. It took more than 8 weeks to repair the
injured liver tissue and restore its function.
32
P-GMS trans-hepat ic artery embolization is an
effective and safe regimen in treating hepatic
carcinoma.
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regional medication, which aroused the interest and
notice of investigators in this field[3-5].
We report the results of evaluating the
pharmacology, toxicology and clinical effect of 32phosphorus-glass microspheres (32P-GMS) in three
parts. I. By using human liver cancer cell bearing
nude mouse model to explore the experimental anti
cancer effect of intratumoral injection of 32P-GMS
and investigate the appropriate dose range, time
course and the influence on the neighboring tissues.
II. By administrating 32P -GMS to the whole liver or
certain liver lobes of domestic pig model and
observing the local irradiative reaction and systemic
toxic effect on the normal liver tissue to provide the
experimental basis for determining the appropriate
tolera ble dosage and treatment course of 32P-GMS
internal irradiation in normal human liver tissues.
III. From 1996 to 1998, 93 patients with liver cancer
received 127 times of interventional 32P-GMS
internal irradiation.
MATERIALS AND METHODS
Medicaments

By activation of standardized glass microspheres
with nonradioactive 31P (31P-GMS, cold sphere)
through nuclear-chemical reaction [31P (n,γ)32P]
transformed into radioactive 32P glass microsphere
(provided by nuclear Power Rese arch Institute of
China, nPIC)[6], having the properties as follows:
dia meter of glass sphere 46 µm-76 µm, radioactive
nuclide purity>99%, radioactivity per unit 550 MBq·g-1
3700 MBq·g-1 (15 mCi·g-1-100 mCi·g-1), 32P elution
rate<0.1% within 30 days; 32P physical half-life
1428 days, average β ray energy per
disintegration: 0.695 MeV ( maximum energy
1.711 MeV); and soft tissue pen etration distance,
max. 8.0 mm, averaging 3.2 mm. 32P-GMS
suspension was prepared by mixing 32P-GMS with
super-liquidized iodized oil or 50% glucose solution
to the concentration of 100 mg·mL-1 on oscillator.

INTRODUCTION

Trans-hepatic artery embolization (TAE)[1] is the
main regimen for trea ting unresectable hepatic
carcinoma (HCC). The experimental investigation
using microsphere carriers such as colloidal
microsphere, artificial cell membrane-liposome etc,
in treating malignant tumors had been carried out
for more than a decade with advanced
development[2]. The microspheres mainly
conjugated with anticancer drugs released slowly
into the cancer tissue. Up to now, a novel
anticancer microsphere preparation has been
evolved, i.e. incorporation of radionuclide (32P of
90
Y) to the glass microspheres forming a nontoxic,
unde gradable radioactive radiation source through

Dosimetry

Loevinger’s formula[7] for calculating the absorbed
dose of β emitter radionuclide:
Dβ = 73.8EβC0Teff
where Dβ the total absorbed beta particle dose
(cGy), E β, the average beta ray energy per
disintegration (MeV), C 0, the initial tissue
concentration of radioactivity ( mCi/kg ) and Teff,
the effective hal f-life (days).
Based on the pharmacokinetic characteristics
of regional administration of 32P-GMS and the
related parameters, the following formulae were
established[8]:
D (cGy)=20A (MBq)·m (kg)-1
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D (cGy)=732A (mCi)·m (kg)-1
where A: the cumulative activity of radioactive
nuclide, D: the total dose of absorbed β particles in
tissue, m: the tissue weight.
Animal experiment

Human liver cancer cell-bearing nude mouse model
and anti-cancer effect of 32P-GMS Human liver
cancer cell line subset (H-CS)[9] with higher
oncogenicity and liability of metastasis was implanted
into the dorsal subcutaneous tissue of 52BALB/c
nu/nu nude mice (male, body we ight 16.8 g-21.3 g,
mean 19.2 g, aged 4 weeks, derived from Shanghai
Experimental Animal Center, Chinese Academy of
Sciences) at the dosage of 0.1 mL-0.2 mL (1×107
tumor cells for each animal).
Experiment 1. Forty tumor-bearing nude mice
with the tumor mass diameter of 0.7 cm-1.0 cm,
different doses of 32P-GMS were injected to the
mass center of 32 nude mice (subgroup 1-V) in the
treatment group and non-radioactive 31P-GMS to
mass center of 8 nude mice as the control subgroup.
The animals were sacrificed on the 14th day.
Experiment 2. Twelve tumor-bearing nude
mice with matched tumor size were eq ually allocated
into treatment and control group, and 32P-GMS
3.7 MGq were injected to the tumor mass at points
with 0.8 cm apart from each other, the total dosage
being 7.4 MBq-14.8 MBq, varied with the size of
tumor. no treatment was given to the control
animals. The mice in the treatment group were
sacrificed in batches on day 3, 6, 13, 20, and 28
after medication and the same was done for those
in control group. The tumor masses were disposed
similar to Experiment 1. One mouse in both
treatment and control groups died on day 19 and 22
spontaneously without any difference from the
survivals in appearance. All of the tumor specimens
were submitted to gross inspection, light and
electron microscopy to observe the morphological
and ultrastructral changes and then calculate the
tumor inhibition rate. Tumor inhibition rate (at the
time of execution) = (tumor weight of control-tumor
weight of treatment group )/ tumor weight of
control group×100%.
Experimental study on the toxicology of 32P-GMS
Twelve domestic pigs (6 males, 6 females) with
average body weight of 23.4 kg, were randomly
divided into 3 groups: warm sphere group, 32P-GMS
( n = 5 ), cold sphere group 31P-GMS ( n = 5 ) and
whole course blank control group ( n = 2 ). Under
generalized anesthesia the catheter was inserted
through femoral artery to the hepatic artery of the
experimental animal. To the warm sphere group
32
P-GMS was administered at a dose equivalent to
that of man, 31P-GMS administered to the cold
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sphere group a nd roentgenographic contrast medium
to the blank control group. For the pigs with
32
P-GMS, the distribution of nuclide radioactivity
was studied by SPECT. The radioactivity count rate
was recorded on the body surface of hepatic,
pulmonary and splenic regions of pigs for 14
consecutive days. One pig a time was surrendered
to euthanasia on week 1, 2, 4, 8 and 16. The
animal liver was dissected and weighed as soon as
possible. From different sites of liver 8 tissue
specimens were taken for light and electron
microscopy. And at the same time, the major organs
suspected to be involved such as lung, spleen,
stomach and kidney were sampled for light
microscopy. At the corresponding time point, liver
biopsies were performed on the rest surviving animals
for light and electron microscopy.
Venous blood specimens were taken for routine
blood count, estimation of liver and renal function
and for dynamic study of liver fibrosis markers,
such as hyalu ronic acid (HA), human procollagen
III (hPCIII), collagen IV(C-IV), laminin (LN) and
glycocholate (CG) by radioimmunoassay. The
specimens prepared routinely were studied under H600 electron microscopy at 8 000 folds
magnification, to observe the ultrastructure and
analyze morphometrically. A total of 100
hepatocyte nuclei and 100 mitochondria were
observed in each sample group, and the nuclear
abnormality ( N abn ) and mitochondrial variability
(Mvar) were calculated respectively. The
characteristics of abnormal nuclei were: nuclei
irregular and deformed in shape; abnormal nuclear
membrane, distension of the perinuclear gap;
abnormal chromatin with peripheral condensation,
and increase in intranuclear inclusion bodies with
giant nucleolus. The abnormal mitochondria were
characterized by swelling with disrupted external
membrane and decrease in cristae; shrunken
mitoch ondria, deep staining of ground matrix with
decreased granules but with some vacuoles. The
rates of abnormal nucleus and mitochondria
variation were the percentage calculated from the
number of abnormal or variation per total number
of nuclei observed.
Preliminary clinical application of
treating hepa tic carcinoma

32

P-GMS in

Clinical materials Seventy-nine cases of primary
hepatocellula r carcinoma, male 67 and female 12
with average age of 52 years (32 years-77 years).
The diagnosis was based on the evidence afforded
from the results of B- mode sonography, computed
tomography or angiogram and blood AFP>
400 µg/L. In some cases with negative AFP, their
pathological and cytological evidence settled the
diagnostic problem. The clinical types in 79 cases of
HCC were single massive types (52 cases, left lobe
3, right lobe 49); multi-nodular type (24 cases); and
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diffuse type (3 cases). According to Child’s
classification of liver function, 25 were of grade A,
40 grade B and 14 grade C. The average diameter
of tumor mass was 8 cm ( 3 cm-15 cm), 62 cases
(78.5%) showed positive hepatitis B antigen, 52
cases (65.8%) were complicated with cirrhosis, 4
cases (5.1%) portal veine mbolization, 6 (7.6%)
pulmonary metastasis, 7 (8.9%) peritoneal lymph
node met astasis and 8 (10.1%) had family histories
of gastrointestinal tumors. In 14 cases of secondary
hepatic carcinoma, 6 were primary colonic tumors,
5 gastric, 1 pulmonary and 2 esophageal cancers.
Treatment regimen and grouping Superselective
catheterization w as performed by Seldinger’s
procedure to the distal end of hepatic artery proper
for 127 times in 93 cases of hepatic carcinoma. No
hepatic A-V fistula was found in all of the cases as
confirmed by DSA, then the 32P-GMS suspension
prepared by occillation of super-liquidized iodized
oil 4 mL-10 mL and 32P-GMS with calculated tumor
tissue absorbed dose of 50Gy -100Gy and activity
range from 370 MBq-470 MBq was instilled. HCC
patients were allocated randomly into 3 groups.
Group A: 32P-GMS internal irrad iation embolization
therapy (30 cases); Group B: 32P-GMS and half
dose TAE [Adriamycin (Adr) 30 mg/m2+cis-diammine
dichloroplatinum (CDDP) 50 mg/m2+iodized oil]
combined therapy (49 cases); Group C: TAE (18
cases). Fourteen cases of secondary hepatic
carcinoma were tr eated by B and C regimen.
After embolization the vasculature and tumors
taining disappeared on DSA.
Follow-up Before treatment the average life
quantity score was 65.5 (Karnofsty score)[10]. The
results in liver and renal function, ECG, routine
blood counts, blood AFP and CEA on day 10-14
after tre atment were compared with the
corresponding basal data. SPECT liver images were
conducted in 20 cases before treatment. Distribution
of nuclide radioactivity in chest and abdomen within
80 h after treatment was studied using
bremsstrah lung conducted by SPECT. Plain film of
liver region showed the foci of condensed iodized
oil shadow within 5 days after treatment. B-mode
sonogram, or computed tomogram or plain film of
abdomen was taken at the scheduled time of
follow-up.
Evaluation of therapeutical results According to
the modified WHO[10]criteria for tumor therapy, the
effectiveness of grades A, B and C was the product
of two perpendicular diameters which were
decreased >50%, 50%-25% and 25%-10%,
respectively, while the product decreased <10%
was defined as stable. When the product was
increased, it meant ineffective.
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Statistical method

Chi-square test and RIDIT method were used for
analyzing categorical data, t test and ANOVA were
used for analyzing numerical data and survival rate
was calculated by life-table method.
RESULTS
Changes in implanted human hepatic
carcinoma

Gross inspection ( Figure 1 ) The similar
manifestation in Experi ments I, II and controls
was the rapid progressive growth of tumor mass,
beginn ing from the dorsal injection points extended
to the contralateral side, eventua lly distributed to
the whole dorsa and buttocks. At the time of
execution, the tumor mass presented nodular or
lobular in shape with axial diameter of 2.3 cm 4.0 cm, hard and firm in consistency on palpitation
with thin intact reddish covering epiderma without
ulceration. After the covered epiderma was incised,
there was plenty of blood vessels on the mass
surface, bleeding readily, and the section showed
light reddish in color, dense in consistency, rich in
vessels, and sometimes with central necrosis and
focal liquification. In the treatment group the growth
of tumor mass was evidently inhibited, and the
inhibiting rate was directly proportional to the dosage
administered and time elapsed (Tables 1, 2). About
5 days after medication, the tumor mass began with
uleration, bleeding or petech ia, liquification and
cystic degeneration. These changes might result in
increas e in tumor size, but that was qualitatively
different from the growth of tumor in control
group.The tumor of subgroups I and II shrank
with scars or cystic degeneration. The section of
tumor showed grayish white color with poor
vascularity. In subgroups III-IV, most of the
implanted tumors presented with ulceration,
bleeding, liquification and cystic degeneration, the
section of tumor showed grayish white in color with
poor vascularity, too. These changes had already
appeared on 3 day after medication.
Table 1 Nude mice in different absorbed dosage group the tumor
weigh t (g) variance, SNK analysis and tumor inhibiting rate (14d)
Group

No. of
Cases (n)

Control
I
II
III
IV
V

8
6
6
8
6
6

Tumor weight
Absorbed dose Tumor inhibiting Necrosed
(x±s)
SNK mean value (Gy)
rate (%)
tumor cell (%)
6.25±0.39
0.40±0.10a
0.46±0.08a
0.94±0.10a
2.17±0.26a
2.43±0.33a

A
B
B
C
D
E

7320
3660
1830
366
183

93.6
92.5
84.8
65.3
59.7

4
82
78
70
47
40

Variance analysis of the mean tumor weight of different doses
and control group after square root correction, F = 579.62, aP<
0.01. Different or same alphabets denote with or without
statistical signific ance of mean deviations between groups
respectively.
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Table 2 Relationship between tumor inhibiting rate and
execution time in tumor-bearing nude mice accepted 32P-GMS
in absorbed dose of 366Gy
Time of
execution (d)
3
6
13
20
28

Weight of tumor (g)
treatment group/control group
1.5/2.3
1.7/3.2
2.1/5.9
1.6/6.7
1.0/6.8

Tumor inhibiting
rate (%)
34.8
46.9
64.4
76.1
85.3

Light microscopy (Figure 2) The tumor cells of
control group w ere closely arranged in the form of
trabeculae with large nuclei and prominent nucleoli.
Some cells showed binuclei or giant nucleus and
mitosis were readily found. Plenty of blood sinusoids
and concentrated bile could be found between the
intercellular space of tumor cells. Some of the
tumor tissues showed fatty change or scattered
focal necrosis. In the treatment group the
microscopic manifestat ion varied with the different
activities of the 32P-GMS administrated . In the I
and II subgroups the tumor cells were loosely
arranged with widely d istributed coagulation
necrosis. Some nuclei showed prominent shrinking
degeneration. In subgroup III the tumor cells were
loosely arranged and separated by thick or thin
bundles of vesiculo-fibro-connective tissue forming
pseudoacini, and in the nest some nuclei were
broken with deeply stained scant cytoplasm. The
histological characters in subgroups IV and V were
that the arrangement of tumor cells transformed
from dense to loose with scattered spot necrosis,
blood sinuses being not found. In loosely arranged
tumor cells desmosomes were fewer than those in
the closely arranged tumor cells, but the
degenerated necrotic cells increased. The necrosis
was mainly located at the center of tumor mass
and scattered among the dispersed tumor cells. In
this experiment, a tumor mass with largest dose of
radiation showed metaplasia in the neighboring
epidermal tissues.
Electron microscopy (Figure 3) In the control
group, most of the tumor cells were poorly
differentiated and rapidly multiplicated, with the
characteristics of irregular large nuclei with deep
indentation, pseudo-inclusion body formation, large
and prominent nucleoli, several peripherally
aggregated, nucleoli with plenty of chromatin in it.
In cytoplasm mainly free polyribosome presented,
while mitochondria, glycogen and rough
endoplasmic reticulum were scant. In the nearby
interstitial tissue infiltrated tumor cells,
degenerated lymph ocytes, damaged fibroblasts,
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loose collagen fiber, and many vesicular inclusion
bodies in the nuclei were found. The tumor cells of
subgroup I revealed necrotic injury, and in the
severely injured cells the nuclei lysed, cell membrane
disrupted and numerous debries were found. The
injured tumor cells showed condensation of nuclear
chromatin, peripheral aggregation of heterochromatin
in pieces, dam aged organellae in cytoplasm,
disappearance of mitochondrial cristae and ribosom
es, appearance of many vacuoles and lipid particles.
In subgroup II, many tumor cells presented
histological structures similar to those in subgroup
I, but with many lysosomes and mimetic secretory
granules. Some were differentiated tumor cells
with the characters of round nucleus with small
nucleolus, evenly distributed chromatin, mainly
euchromatin, mitochondria and rough endoplasmic
reticula in the cytoplasm, formation of microvilli at
the interface of tumor cells. The capillaries between
the moderately differentiated tumor cells had
thickened or loosened basal membrane with local
defects, and abundant fibroblast and coll agen
fibers could be found in the matrix. And there
was a tendency of bile canal iculi formation
somewhere in the matrix. The tumor cells in
subgroup III showed different morphologic
appearance, some damaged mildly and others
severely, but some were moderately differentiated
with plenty of cytoplasmic free polyribosomes.
Plasma cells scattered among the tumor cells, and
some lymphocytes protruded pseudopodia when
contacted with the tumor cells, no abnormality was
found in the dermal cells of adjacent skin. There
were residual tumor cells showing active
proliferation in subgroup IV, and some normal or
degenerated lymphocytes, fibroblasts and collagen
fibers presented in the interstitial tissue near the
tumor. In subgroup V, the histological structure
was manifested in various complicated forms, and the
active multiplication of tumor cells were readily
seen.
Toxicological manifestation of liver tissue in
domestic pigs

Absorbed dose of 32P-GMS Liver tissue histological
parameter of domestic pigs with intrahepatic
arterial administration of 32P-GMS and the absorbed
dose of internal radiation in liver lobe at the time of
euthanasia were estimated (Table 3). By scanning
the different body surface regions of experimental
pigs, the macrocosmic radioactivity counts in the
target organ might attain more than 90% of total
dose of 32P- GMS given through the hepatic arterial
catheterization. The effect of the dispersed
radiation was also included in this rate.
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Figure 1
After intratumoral injection of 3 2P-GMS, SPECT
revealed radioactive image condensed in the tumor but not in the
non- target tissue. On the 14th day tumor in treatment group
shrank prominen tly. Increased in size and plenty of blood supply
in control group.

Figure2 On the 14th day, Control group tumor cell s densely
arranged and actively growing (HE×100). Treatment group,
tumor cells in coagulation necrosis (HE×100).
Treatment
group, radiation injury in neighboring epidermal tissue
(HE×200).

Figure3 Results of intratumoral injection of 32P-GMS
Necrosed tumor cells
demonstrated by electron microscopy:
(×5000 ). Formation of bile duct-like structure among tumor
cells (solid arrow) (×8 000). Plenty of microvilli on the surface of
tumor cell (×7000). In control group, intratumoral injection of
32
P-GMS showing heteromorphic tumor cell with cleavage of
nucleus and scanty microvilli on surface (×7000).
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Table 3 Histological liver tissue parameter and estimated value of a bsorbed dose in domestic pigs with hepatic arterial administration
of 32 P-GMS
32

P-GMS (MPq·mg -1 )

Animal
serial
No.
1
2
3
4
5
6
7
8
9
10
11
12

Sex

F
M
F
M
F
M
F
M
F
M
F
M

Route of
medication
Right hepatic artery
Left hepatic artery
Hepatic artery proper
Hepatic artery proper
Right hepatic artery
Right hepatic artery
Left hepatic artery
Hepatic artery proper
Left hepatic artery
Right hepatic artery
Hepatic artery proper
Hepatic artery proper

Time of
death
(wk)
1
2
4
8
16
1
2
4
8
16
16
16

Administered
activity (MBq)

Cumulated
activity (MBq)

0
0
0
0
0
925
944
1070
459
461
0
0

0
0
0
0
0
266
465
825
529
459

Weight
(mg)
300
260
1353
374
1000
313
705
375
343
349
0
0

Tissue macrocosmic
mean absorbed
dose (Gy)

48
190
104
136
61

Calculated from the estimated liver weight of 1.5kg before medication.

Serological manifestation In warm sphere group,
the lactic acid dehydrogenase level attained 2 folds
to the upper limit of normal in human being at the
beginning, and one week later it rose to 4-6 folds.
It did not decline significantly to 3-4 folds until
week 4, and then it continuously declined to the
initial level at week 8. As for aspartate
aminotransferase (AST) or γ-glutamyl transpeptidase
(γ-GT) there was an elevation in different degr ee,
but for total protein (TP) and total bilirubin (TB) no
changes were observed. The se items were neither
found abnormal in the cold sphere group nor in
blank control one. As for the markers of pig liver
fibrosis, the basal level of HA was wi thin normal
human range (2µg/L-100µg/L),in the warm sphere
group and rose to the peak and then declined to
normal. While in the cold sphere one, it rose slightly
at week 1, then restored gradually to normal. The
initial level of hPCIII was 2 folds to the upper limit
of normal (<120µg/L). Within two weeks of warm
sphere admini stration it increased to 3 folds of the
normal value and recovered to initial le vel within 8
weeks; for the cold sphere group, hPCIII value
increased slightly at week 2, then returned to the
initial level at week 4. There was no abnormality of
above markers in the blank control group. In the
dynamic studies of G-IV, C G and LN, no apparent
alterations were found in any animal group.
Light microscopy In the portal area the debris of
32
P-GMS (Figure 4) was found. In the warm sphere
group, some hepatocytes show ed granulation and
eosinophil granulocytes infiltration at week 2 and
week 4; slight granulation of hepatocytes and some
with fatty change were found at week 8; no
apparent abnormalities were found at the week 16

and during the whole course in cold sphere and
blank control groups. no apparent changes were
seen in the lung, spleen, stomach and kidney of all
the experimental animals.
Electron microscopy (Figure 5) By clectron
microscopic morphome tric analysis, the Nabn and
Mvar of the hepatocytes are shown in Table 4. One
to two weeks after internal irradiation, in the warm
sphere group there were alterations in nuclei and
mitochondria, dilatation of rough endoplasmic
reticulum, local lytic injury in endothelial lining of
sinusoid, and apale faint halo at the periphery of
erythrocyte. no liver tissue abnormality was found in
the cold sphere group. In warm sphere one at
week 4 of internal irradiation, the hep atocytes still
showed some abnormal features including decreased
mitochondira, distended rough endoplasmic reticulum,
detached ribosome, greatly increased lysos omes
and myeloid bodies, bile canaliculi disrupted showing
cholestasis, and vasc ular endothelium was
prominently damaged. Eight weeks after irradiation,
the injured hepatocytes decreased. There were plenty
of organellae and glycogen particles in cytoplasm,
intercellular junction among the hepatocytes showed
normal configuration with regularly arranged microvilli,
the matrix of mitochondria condensed, rough
endoplasmic reticulum distended, and fat-storing
cells of collagen fibers were prominently presented
in the Disse’s spaces; and endoth elium of blood
sinus was integrated and accompanied with
neutrophil granulocytes infiltration. In the liver tissue
of whole liver embolization with cold spheres the
nuclei of hepatocytes remained normal, but the
cytoplasm revealed the chang es similar to those
found 4 weeks-8 weeks after internal irradiation.
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The liver tissue specimens taken at 16 week of
internal irradiation demonstrated that most of the
hepatocytes recovered almost to normal with
abundant collagen fibers in the Disse’s space, while
those from cold sphere group were essentially normal.
The liver tissue was morphologically normal in the
whole course of blank c ontrol group.
Table 4 Nabn and M var of nucleated hepatocytes and their
standard error (P±SE)
Warm sphere group Cold sphere group
No. of
week
1
2
4
8
16

N abn

M var
a

60±4.09
58±4.94 a
38±4.85 b
8±2.71 cd
4±1.96 cd

N abn
a

80±4.00
77±4.21 a
60±4.90 b
12±3.25 ce
4±1.40 ce

Bland control

M var
c

9±2.86
8±2.71 c
5±2.18 c
3±1.71 c
2±1.40 c

N abn

Mvar

c

5±2.18
4±1.96 c
6±2.37 c
5±2.18 c
2±1.96 c 2±1.40 2±1.40

Warm sphere group no statistical significance between week 1 and
week 2, χ2=0.27, aP<0.50. In warm sphere group comparison
of week 1 and week 2 with week 4, χ2 = 6.70 - 9.68,bP < 0.01
and with other groups, χ2 = 65.09 - 115.09, cP < 0.001. Nabn of
week 8 compared with that of week 16, χ2 = 1.42, dP < 0.20.
Mvar of week 8 compared with that of week 16, χ2 = 7.68, eP <
0.01.

Clinical application

Therapeutic effectiveness (Table 5) In groups A
and B, most of the HCC patients with 32P-GMS
treatment revealed prominent symptomatic
improvement, relief of pain in liver region,
improvement of appetite, gain of body weight,
decreased tumor-size and iodized oil condensed in
the form of fragments or encapsulated cumulation
on the film or CT ( Figure 6 ). No collateral
circulation around the tumor body was found after
32
P-GMS treatm ent, but in 5 cases of group A some
secondary foci neighboring the primary foci which
had been controlled, appeared within 2-3 months
after therapy. no such pro blem was found in group
B. In three cases of diffused type of HCC, the foci
were not controlled effectively. Of the 79 cases of
HCC, the post-treated tumor size as compared with
their original sizes, was decreased more than 50%,
50%- 25%, 25%-10% and less than 10% in 24
(30.37%) cases, 25 (31.64%), 22 (27.84%) and 8
(10.1%), respectively. After 32P-GMS and TAE
treatment in group B, 4 received surgical resections
of tumor with fair results but the other 6 with
decreased tumor size refused to be operated on.
Twelve of 14 cases of metastatic hepatic carcinoma
after regimen B and C treatment showed decrease in
size of foci, giving an effective rate of 85.71%.
Toxic or adverse effects About 2-3 days after TAE
treatment in group C, some patients experienced
fever of 38.5
and had grade IV leukocytopenia,
almost all patients had nausea, vomiting and upset
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or pain in liver region. Serum ALT, ALP and
bilirubin were slightly elevated, the markers of liver
fibrosis HA and hPCIII revealed transient elevation,
restored to the pretreatment level about half month
later, C-IV, LN and CG did not show any
fluctuation. no abn ormalities were found in renal
function and ECG. As compared with group C, the
a bove features in group A patients were rare and
mild, among them 7 cases had pre treatment WBC
<2.0×109/L and one patient with uremia under
regimen A treatment did not present significant side
effects or complications. In group B patients no
grade III-IV gastrointestinal reaction and no grade
IV leukocytopeni a occurred after treatment
(Table 6).
Living quality and survival period The median
survival period of HCC patients in groups A and B
was 585 days, in group C, 455 days. The 0.5, 1, 2
and 3 year survival rates in group A, B and C were
100%, 96.7%, 56.7%, 43.3%; 97.7%, 91.8%,
61.2%, 51.0% and 96.4%, 81.8%, 41.2%, 31.0%,
respec tively. The living quality of patients in
groups A and B has improved prominently as
evaluated by Karnofsty score, which rose from the
basal level of 65.5 to 7 5.5, eventually to 80 in the
recovery stage of some individual patients. A
patient complicated with uremia maintained by
hemodialysis survived up to 26 months after
treatment, another patient committed suicide due to
the cause unrelated to hisillness. Two cases
complicated with cancer cell embolism of portal
vein survived merely 3.5 and 6.5 months and died
from upper digestive tract bleeding a nd hepatorenal
syndrome respectively.
Prognostic factors affecting the survival rate
Multifactorial analysis revealed that the following
prognostic factors may affect the survival rate:
accumulation of 32P-GMS in the tumor mass,
parameters of hepatic fibrosis, the clinical types,
size and its magnitude of decrease after treatment
and whether intrahepatic or remote metastasis was
present. The therapeutic effectiveness was not fully
dependent upon the different histocyto logical types.
Table 5 Comparison of effectiveness in different therapeutic
groups
Grade of effectiveness
>50%
50%-25%
25%-10%
<10%
Effective rate %

Group A

Group B
(n)

9
7
9
5
83.33

15
18
13
3
93.87

Group C
4
5
5
4
77.77

RIDIT analysis: A/C: α 0.05, no statistical diff erence between
two groups. B/C: α=0.05, significant difference between t wo
groups.
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Table 6 Comparison of toxic hematological reaction in different
grou ps
Group A ( n )

Group B ( n )

Group C ( n )

Grading
0
I
II
III
IV

Hb

WBC

Plt

Hb

WBC

Plt

10
12
8

12
16
2

12
10
8

18
22
7
2

15
24
8
2

16
23
9
1

Hb WBC Plt
2
5
6
3
2

4
2
6
4
2

2
4
6
3
3

Figure4 Pig no.10 by intrahepatic artery instillati on of 32P-GMS
after 16wk, showing the glass fragments (solid a rrow shows) in
the portal area, the distorted venule in the lower part of the pi cture
is the artifact due to compression of interlobular venule by the gl
ass microsphere during preparating slide. HE stain×400

Figure5 First week of internal irradiation irreg ularly distorted
nuclei of hepatocytes, aggregation of heterochromatin at the pe
riphery of nuclei, distension of perinuclei gap (solid arrow);
decreased number of mitochondria in cytoplasm with heavy or
light stained substance: dilatation of rough endoplasmic reticulum,
depleted glycogen, and increased lysosomes and vacuoles. ×10
000 16wk of internal irradiation: normal configuration of
hepatocytes, plenty of plasmic mitochondria with normal cristae
(curved arrow), no distention of the rough endoplasmic reticulum
pool (small arrow), nor mal cellular conjunction (solid arrow). ×6000

Figure6 Case 1. Hepatic carcinoma, massive type, apparent
decreased in size two months after 32P-GMS treatment (s olid
arrow). Case 2. Multiple metastatic hepatic tumor apparently
decreased in size of left lobe focus after 32P-GMS treatment (solid
arrow).
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Figure7 SPECT imaging before and after 32 P-GMS internal
irradiation in patients with relapsed HCC (interlobular) after
operation. Upper picture demonstrates interlobular colloidal image
(anterio-posterior and light lateral position). Lower picture shows
80h after 32 P-GMS treatment, most of 32P-GMS cumulated in the
foci, no e xtrahepatic organ imaging was found.

DISCUSSION

As the experiment demonstrated that the local
internal irradiation of 32P-GMS surely had the
cytocidal effect on tumor cells and exerted a potent
inhibitive effect on the growth of tumor even at the
third day of medication. T he β-ray generated from
32
P-GMS exerted injurio us effect on tumor tissue
with very complicated mechanism:
After the
tumor cel ls absorbed the â-ray energy, it directly
affected the ionizat ion a nd excitation of biological
active macromolecules or broke its chemical bonds
an d destroyed the molecular structure. Since the
active biological macromolecules were the main
component of cell membrane, organelle and
nucleus, defects in these structures apparently would
reflect the impairment of their function.
The
indirect effect of â-ray irradiation was to conduct
ionizatio n and irradiation of the water molecule in
intracellular environment and to gene rate many
kinds of free radicals and superoxides such as O2,
H2O2 etc. hav ing very active chemical property
with high oxidative toxicity. These irradiative
products injured or destroyed the biological
macromolecules[12]. β-ray acted on the cell DNA
to induce the ce ll-death related gene expression,
hence to accelerate the apoptosis of cancer cells[13].
When the cancer cells received massive dose of
irradiation, the metabolic activity ceased
immediately, the cell structure disrupted and lysed,
resulting in cell death at metaphase; when the
cancer cells received irradiatio n at a certain dosage,
and fulfilled several times of multiplication, they
would lose the ability of proliferation leading to
proliferative death[14]. In addition,
β-ray
irradiation had the effect on occluding capillary
vessels and inducing the hyperplasia of connective
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tissue in tumor resulti ng in structural derangement
and promotion of the injury and necrosis of tumor
cells.
On the 14th day of local injection of 32P-GMS
to the tumor, the tumor cell death rate was 43%82% in different treatment groups, but 4% in
control group. The anticancer effect of 32P-GMS
was directly proport ional to the dose administrated.
In a particular time period, the rate of tumor cell
death exceeded its rate of proliferation, then the
tumor decreased in size; on the contrary, the death
rate of tumor cell did not exceed their rate of
growth, the tumor growth might be somewhat
inhibited in a certain extent too. In the specimens
of different treatment groups, the tumor cells might
exhibit as survi ved, denatured or necrosed (in early
or typical changes). This reflected essentially the
whole course of tumor cell progression from
denaturing to cell death after irradiation. The
ultrastructural changes demonstrated that under the
effect of high-dose irradiation, the tumor tissues
received a lethal radiation energy in a short period,
resulting in nonexistence of tumor cells which had a
high ability to synthesize endogenous protein. In
subgroup I, two tumor masses ne crosed thoroughly
the skin neighboring to one of them showing
metaplasia. Whether this was the result of radiation
injury evolving to malignant change and
degenerati on or not should be further investigated.
Under the appropriate dose of irradiat ion (subgroup
II and III), besides most of the tumor cells
necrosed, the tendency of deriving to nearly normal
histological picture evolved, such as plenty of
microvilli on the cell surface, genesis of bile
canaliculi-like structure, etc. These demonstrated
that the 32P-GMS has the ability of killing the
actively proliferative tumor cells and promoted the
normalization of regenerative cells. These were
similar to the effect of irradiation in trace amount
which mig ht stimulate and enhance the local
metabolism of inflammatory tissues, accelerate the
death of injured cells and promote the growth of
normal tissue, but this was not found in control
group. It is also observed that the synergestic effect
of immunocytes, cytolytic phenomena and its
inhibition on the dispersion of tumor cells were
enhanced in the tumor cells or nearby tissues. It
denoted that the a nticancer effect of 32P-GMS was
directly proportional to the time course of
medication, based on the principle of after effect
and cumulative effect of radioactive nuclide
therapy. After intratumoral injection of 32P-GMS,
it was not dispersed or displayed to the nontargeting tissue as confirmed by SPECT imaging. In
comparison with intratumoral injection of ethyl
alcohol [15] or acetic acid[16,17], 32P-GMS needs no
repeated injection, with minimal side reaction[18].
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Intratumoral injection of 32P-GMS was the best
choice in treating the unresectable tumor or some
metastasized lesion as well as those unsuitable for
intra-arterial interventi onal therapy, it was also
suitable for solid malignant tumors which could be
reached anywhere on the human body.
We have got sufficient data from the dynamic
study on the ultrastructural morpho metric analysis
of liver tissues taken from warm sphere, cold sphere
and control groups. According to the injury of
normal liver after internal irradiation and its
repairing process, it was allocated into 4 periods:
acute reactive period (within 2 weeks ), subacute
reactive period (2-4 weeks), prerecovery period
(4-8 weeks),
recovery period (8-16 weeks). In
the acute period of warm sphere group, there was
decreased proteosynthetic function and alteration of
energy metabolism, decreased synthetic ability of
ATP. The faint halo around the erythrocytes in the
blood sinus as shown under electronmicroscopy
probably was the super liquidiz ed iodized oil. The
disruption of sinusoidal endothelium was closely
related to the route of medication. No apparent
injury of hepatic tissue was found in the control
group. This suggested that the serial changes in
ultrastructure which was seen in the warm sphere
group might be the result of radiation injury. The
sinu soidal endothelium was most prominently
disrupted. All these changes represented the
synergestic action of internal irradiation and
embolization. At the prerecovery period, the
abnormal nuclei of hepatocytes were scarcely seen,
but the cytoplas mic organellae recovered more
slowly than the nuclei. Cell injury was resulting in
increase in myeloid bodies in the cytoplasm, which
indicated the liver tissue evolved into self-repairing
stage. The hepatocytes appeared essentially normal
in the recovery period. Electron microscopy
revealed prominent collagen fibers in the Disse’s
space in some of the liver specimens, whether it
indicated the te ndency of early liver fibrosis or not
should be further studied.
Recent evidences[19] showed the C-IV increases
prominently in the early stage of liver fibrosis, LN
is closely related to the genesis of liver fibrosis, and
CG is the important marker for estimating the
severity of biliary cirrhosis, but the serum C-IV, LN
and CG all fell into the human normal range in the
whole course of the experimental animals.
Therefore, the presence of collagen fibers in the
Disse’s space was probably of transient local
changes. The transient ch anges in HA value were
similar to those of hPCIII, and the liver injury
induced serum HA elevation was positively
proportional to the severity of illness, and the serum
hPCIII level was closely related to the extent of
fibrosis. When the function of hepatocyte was
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damaged, hPCIII might be released to circulation
and often used as the guidance for selection of
therapeutic medicine[20]. Therefore, the transient
changes in domestic pig serum HA and hPCIII values
were the imp airment of liver function resulted from
32
P-GMS administration. It was reported[21] that
intra-hepatic arterial administration of cold spheres
to the dosage equivalent to 12 folds of the human
tolerable dose merely induced the clinical
permissible intrahepatic changes and did not follow
with portal fibrosis or hepatic cirrhosis after 90 days
observation. The experiment demonstr ated that the
cold sphere slightly injured the hepatocytes,
probably being the embolization of the nutritional
artery rather than irradiation. In this experiment,
through hepatic artery medication, no non-target
organs developed in all of the domestic pigs. no
prominent ultrastructural changes were found in the
hepatic lobe during the whole course in the control
animals. The experiment demonstrates that
intrahepatic change of clinically permissible extent
might be induced in the liver tissue of domestic pigs
that received 32P-GMS in the macrocosmic average
absorbed dosage of 48Gy-190Gy. These changes
were reversible subleth al injury[14] and essentially
recovered within 8 weeks. In the observ ation of 120
days there was no evidence of portal fibrosis. This
is the eviden ce that superselective intrahepatic
medication may yield a high energy region and
without serious injury to the nearby non-medicated
tissues or organs.
Hepatic artery embolization is the important
measure in treating hepatic carcinoma [22,23].
Investigating an ideal embolizing agent is the
substantial project in interventional therapy of
tumor. The ideal internal radioactive nuclide should
serve as a spotted source of radiation with high
energy reserve and the carrier having high
orientating rate, lasting longer in the target tissue,
and the loaded nuclide was not easy in detaching or
leaking to circulation. 32P-GMS, administrated
through the hepatic artery, wedged in the terminals
of this artery with its mixed iodized oil which was
not absorbable could occlude the arterial capillary.
In addition to the radiation obliteration of blood
vessels induced by internal irradiation, the collateral
circulation was not readily generated in the foci. All
of the above mentioned advantages will benefit to
boost ing therapeutic efficiency. Therefore 32P-GMS
is an appropriate inte rnal radioactive embolizing
agent with medium or long duration. It has been
conf irmed in the clinical investigation, the tumor in
liver showed angiogenesis at the microcirculatory
level and might trap microspheres 3-4 folds to that
of normal liver tissue [24-26]. Instillation of
therapeutic dose of radionuclide to the nutritional
arteries of tumor, particularly condensed in the
tumor tissue, may exert potent cytocidal effect to
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fulfill the purpose of therapy. It has been
reported[27-29] that Yttrium-90-GMS ( 90Y-GMS )
used in intrahepatic arterial embolization got fair
result, and the absorbed dosage attained 50Gy100Gy in the tumor may have radical
effectiveness [29]. neve rtheless 90Y-has the
disadvantages of short half-life, inconveniened in
clinical application, and 90Y-GMS having smaller
diameter, and higher hepato-pulmonary shunting
index than that of 32P-GMS[30]. As reported that
intratumoral injection of 90Y-GMS in 33 cases of
hepatic carcinoma, the bremsstrahlung radiation
conducted by SPECT showed 21.4% had
development in lung, and 14.3% in intestine. In
our study 32P-GMS in therapeutic dosage through
superselective hepatic arterial regional instillation,
particularly condensed in the tumor tissue including
the central and peripheral portions, forming a high
energy region and it is worth noting that extrahepatic development was not found (Figure 7).
Therefore transhepatic artery administration of
anticancer agent is the first choice in regional
medication to treat hepatic tumor. If the hepatic
artery is severely distorted or fails in
catheterization, intraparenchymal injection of 32PGMS should be considered instead.
The therapeutical results of TAE were
inconsistent in different histocytological type of
HCC[31]. The clear cell type was most sensitive, the
small cell and poorly or undifferential type was
moderately sensitive. Based on the radio-biology,
cell sensitivity to nuclide beam depended upon the
functional status of the cell proper. The cytocidal
effect and durability of 32P-GMS was superior to
the other anticancer chemicals. The therapeutic results
de pended upon the clinical classification rather than
histocytological types.
The results of clinical observation revealed that
the clinical classification and the specific features of
angiogram might be the basis for evaluating the
therapeutical effectiveness and predicting the
prognosis. The clinical materials suggested that the
regimen B is superior to regimen A and C in the
respect of decreasing tumor size and prolonging the
survival period. The follow-up results demonstrated
that the excellent effect was evolved in the cases
with small tumors, plenty of blood supply, intact
capsule and heavily aggregated 32P-GMS in the
tumor as revealed by SPECT. Analysis of the
clinical classificati on showed that in average
survival time of the 3 clinical types of HCC solitary
mass type was longer than the multiple and diffuse
type. The patients with apparent decrease in AFP
level were consistently accompanied with decrease
in tu mor size and necrosis in the tumor. In case of
these features relapsed and eleva tion of AFP or
complicated with intrahepatic or remote metastasis,
all these would result in poor prognosis.
Strategy of therapy: for those hepatic
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carcinoma with intact capsule and diameter below
6cm treated by the regimen A for 1 or 2 courses
could get satisfac tory result, and for those with
occult metastatic foci, the secondary foci would be
present besides the controlled original lesion several
months later. It is of significance to use 32P-GMS
and TAE in combination resulting in apparent
synergetic effect (regimen B), which not only
enhanced the anticancer and embolic effects but also
lessened the side effects, and could completely cure
the small liver cancer, eliminated the need of
operation (Figure 8), diminished the number of
medication with mild liver injury and low relapse
rate. After underg oing regimen B treatment, some
cases of unresectable tumor acquired the possibility
of being resected (Figures 9, 10). The dosage of
32
P-GMS shou ld be decided by the specialists
majoring in nuclear medicine and interventional
therapy. The optimal schedule was to give two
courses of medicine at an interval of 2 months, and
as the tumor size decreased, the residual lesion
should be resected as soon as possible in order to
improve the survivability. There were few viable
cancer cells in the 4 resected specimens on
pathological examination after the regimen B
treatment. Hepatic carcinoma readily invaded the
portal vein with cancer cell emboli. It is apparent in
such case that intrahepatic artery medication should
be complemented with other measures as minimal
invasive embolectomy which will be an intelligent
choice. For the metastatic abdominal lymph nodes
intratumoral injection of 32P-colloids under the
guidance of CT is also a hel pful measure. It is
emphasized that we should choose reasonable
regimen, strict manipulation, superselective
catheterization, well controlled speed in medication
to avoid regurgitation of nuclide to the non-target
blood vessel, and lessen the complication,
particularly depending on the individualized
situation. The he patic arterio-venous fistula should
be considered as the contraindication for medication
via catheterization.
In conclusion, 32P-GMS which possesses the
anticancer effect through interventional medication
may block the blood supply to tumor and evenly
distrib ute the highly concentrated anticancer
medicines in the tumor to exert the radioactive
cytocidal effect with the advantage of low local
radiation reaction and no apparent systemic toxic
effect.32P-GMS is an effecti ve measure for the
comprehensive treatment of hepatic cancer. Owing
to the moder ate half-life of 32P, the dosage of 32PGMS required to attain the same absorbed
radioactivity is approximately one-fourth or one third of 90Y-GMS dosage[8]. Therefore it will satisfy
the clinical requirement in reducing the risk of
radiation to the handlers, simplify ing the medical
care and lowering the expenses. Thus, a hopeful
prospective ther apeutic weapon will be developed
and popularized in the near future.

504

ISSN 1007-9327

CN 14-1219/ R

WJG

December 1999

Volume 5

Number 6

Figure8 Male, aged 60, hospital no.202929, clinical diagnosis: right lobe medium sized hepatic carcinoma (4cm×5cm), treated by
regimen A and B with an interval of 2 months. AFP from 103µg/L restored to normal range, tumor size decreased >50%, CT: 1, on pretreatment showing a low density region in right lobe (arrow), 2, on post-treatment iodized oil distributed in fragments or encapsulated
forms (arrow). Body weight gained more than 5kg and no subjective symptoms on 36 months follow-up.

Figure9 Male, aged 55, hospital no.202295, cl inical diagnosis: left lobe medium sized hepatic carcinoma (5cm×6cm) near t he hepatic
hilus, treated by TAE and regimen B, with interval of 2 months, and left hepatic lobectomy was performed 6 months later. The tumor
(4cm×4cm) was with hard consistency, and encapsulated fibrotic degeneration . Most of the cancer cells showed necrosis under light
microscopy. Some cancer c ells in the cholecystic wall were alive (may be due to the blood supply from cho lecystic artery). The electron
microscopy showed: 1, cancer cells degenerated and necrosed; in cytoplasm some vacuolized mitochondria (M), irregular sized vacuol es
(V) and lysosome (Ly) and lipid droplet (L) were seen. The rest struct ures were not clear (×30000). 2, Prominent fibro-connective tissue
hyperplasi a (F) in the tumor tissue (×10000) was found. Patient gained body weight and no subjective upset on follow up until 12mos
after operation.

Figure10 Male, aged 41, hospital no.207089, clinical diagnosis: uremia, right hepatic small carcinoma (4cm×3cm), with A FP>400µg/L
treated by regimen A for 2 courses with interval of 3 month s, resulted in AFP restored to normal level and decreased tumor size over 50%.
1, Colloidal SPECT imaging showed the space occupying lesion in the right liver l obe (as shown by arrow). 2, Comparing the tumor size
before and after treatment of plain film (as arrow shown), the patient died from renal failure 26 months after operation.
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Portal vein embolization by fine needle ethanol
injection: experimental and clinical studies
LU Ming-De, CHEN Jun-Wei, XIE Xiao-Yan, LIANG Li-Jian, HUANG Jie-Fu
Subject headings liver neoplasms/therapy;
portal vein embolization; enthanol injection;
carcinoma, hepatocellular/therapy

Abstract
AIM To improve the technique of intraportal
embolization (PVE) therapy, a new embolic
method, was devised and the safety,
effectiveness and feasibility were evaluated.
METHODS PVE with intraportal ethanol
injection via a fine needl e was performed in 28
normal dogs, 22 SD rats, and 24 cirrhotic SD
rats. After P VE, portography, histological and
functional alteration of the liver were evaluated
in dogs and rats, and the changes in portal
hemodynamics as well as hepatic anatomy were
observed in rats. In the clinical study, PVE by
ethanol injection was performed in 61 patients
with hepatocellular carcinoma under the
guidance of portoechography with intraportal
injection of CO2. The effect of PVE was
evaluated by ultrasonography and laparotomy.
RESULTS The effectiveness and toxicity were
dependent on the do se of ethanol. In the dogs,
0.25mg/kg of ethanol caused incomplete
embolization with least liver damage, while
1.0mg/kg induced complete embolization with a
high mortality of 57.1% (4/7) due to respiratory
arrest. T he dose of 0.5mg/kg resulted in
complete embolization with slight toxicity to the
liver. In the rats, the survival rate was 100% in
normal group but 40 .9% in cirrhotic models after
ethanol injection by dose of 0.05mg/100g. PVE
for cirrhotic rats with 0.03mg/100g of ethanol
induced satisfactory embolization with
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significant hypertrophy in nonembolized lobes,
and only slight damage to the hepatic
parenchyma, and transient alteration in liver
function, portal pressure and portal flow. In the
clinical study, 12 cases with reverse portal flow
were excluded judged by portoechography.
Satisfactory embolization was gained in 90.2%
(55/61) of the remaining patients determined by
ultrasonography and surgery. All cases ran an
uneventful postembolization course with no
aberrant embolization.
CONCLUSION PVE with intraportal ethanol
injection of appropriate dosage via a fine needle
is safe and effective and has several advantages
comparing with transcatheter method.
Portoechography is a mandatory approach for
the prevention of aberrant embolization.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in China. The resection rate
is less than 30% since most patients are associated
with cirrhosis and poor liver function.
Furthermore, there are tumor emboli in the portal
vein which limits surgical resection. Portal vein
embolization (PVE) has been performed to increase
the safety and resectability of hepatectomy by
improving the functional reserve of the liver[1-3],
and prevent cancerous dissemination via portal
vein[4]and enhance the therapeutic efficacy of
transcatheter
arterial
chemoembolization
(TACE)[5]. However, conventional PVE requires
catheterization under both sonographic and
fluoroscopic guidance, and selective embolization is
not easy. To improve the technique, we developed
a met hod of intraportal ethanol injection via a fine
needle under the guidance of portoechography. This
study is mainly to investigate the safety,
effectiveness and feasibility of this technique and a
series of experimental and clinical studies were
carried out.
MATERIALS AND METHODS
PVE in dogs with normal liver

Twenty-eight mongrel dogs of both sexes weighing
7.5kg-15.0kg we re provided from the Laboratory
Animal Center of our university. Under
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intraper itoneal anesthesia with sodium pentobarbital
30 mg/kg, laparotomy was per formed and the left
portal branches were exposed. Puncture of the
origin of the portal branches supplying the left
central and lateral lobes was done with a 22-gauge
needle. Then 95% ethanol was injected at a dose
of 0.25 mL/kg (group A, n = 7), 0.5 mL/kg (group
B, n = 11) and 1.0 mL/kg (group C, n = 7) at a rate
of 3 mL/min.
One or two dogs in each group underwent
relaparotomy 30 or 60 min after injection and a 6 Fr
catheter was placed in the portal trunk. The liver
together with the portal trunk was taken out.
Portography with the mixture of Urografin
(Schering AG, Germany) and Lipiodol (Guerbet,
France) via the catheter was performed. Then the
intrahepatic portal system was dissected to confirm
the site of the thrombus. The same procedures were
carried out at day 1 and 3, as well as of week 1, 2
or 4 in groups A and B and week 2 or 4 in group C
after ethanol embolization. Tissue samples from
embolic and nonembolic liver lobes were examined
histologically at the same time.
PVE in rats with normal and cirrhotic liver

Sprague-Dawley (SD) rats with a body weight
between 200 g-250 g were used in this experiment.
Initially, twenty normal rats had liver resected
under a nesthesia, and the right, middle, left lobes
and the whole liver of each rat were weighed. The
mean weight ratios of right, middle and left lobes to
the whole liver were 40.5%, 36.5% and 23.0%,
respectively.
The cirrhotic model of rat was reproduced by
subcutaneouly injection of 60% CCl4 with a dose of
0.3 mL/100 g once every 4 days. Throughout the
period, the rats were fed with ordinary food and
5% ethanol drinking water. Histological
examination confirmed the development of cirrhosis
at 60 days after initial ad ministration of CCl4.
In order to test ethanol tolerance of the normal
and cirrhotic rats, laparotomy was performed in
both normal ( n = 10 ) and cirrhotic rats ( n = 22 )
under intraperitoneal anesthesia with pentobarbital.
After exposure of the hepatic hilum, portal vein was
punctured with a 3-gauge needle and inject a dose of
0.05 mL/100 g of absolute ethanol. All rats in the
normal group were alive but only 9 of 22 (40.9%)
in the cirrhotic group survived 4 days after the
injection.
Based on the technique and the results described
above, embolization of the portal branches of left
and central lobes (the embolized tissue accounted
for 77% of the whole liver) was employed for 22
normal rats ( NE group ) with a dose of
0.05 mL/100 g of absolute ethanol. The portal
branch of middle lobe (accounted for 36.5% of the
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liver) was embolized in 24 cirrhotic rats (ME group)
with a dose of 0.03 mL/100 g. The same amount of
normal saline was injected into portal vein in 10
normal rats (NC group) and 10 cirrhotic rats (MC
group).
At day 1, 3, 7 and 14 after PVE, the following
examinations were carried out: X-ray portography,
the weight ratio of hepatic lobes, liver function tests
(ALT, TBIL, ALP, ALB, A/G), liver histology,
portal blood flow and portal pressure measured by
MRF-1200 electromagnetic flowmetry ( Nikon,
Japan).
PVE in patients with HCC under the guidance
of portoechography

PVE was undertaken under local anesthesia. A
portal branch supplied the tumor bearing segment
was punctured percutaneously under the guidance
of Aloka SSD 650 or 1200 ultrasound system and
3.5 MHz linear puncture probe. In order to identify
the precision of the puncture and whether or not a
retrograde
blood
flow
was
present,
portoechography was initially introduced with
injection of 5 mL carb on dioxide (CO2). If the
diffusion of CO2 was beyond the ipsilateral lobe of
the liver, PVE was abandoned in case of aberrant
embolization; otherwise PVE was performed with
intraportal injection of 95% ethanol. The dose of
ethanol ranged from 4mL to 10mL depending on the
level the portal branch to be blocked.
From February 1993 to February 1993,
portoechography was performed in 73 patients with
HCC. But was quit in 12 cases due to CO2 diffusing
into both lobes of the liver. Sixty-one patients (55
males and 6 females) with an average age of 52.5
years received PVE. Forty-nine patients had
cirrhosis without jaundice, ascites or serious liver
function had damage[6]. The tumors ranged from
3 cm to 12 cm in diameter, located at right lobe in
58 and left lobe in 15. All 61 patients underwent
surgery 3-5 days after PVE including hepatectomy
in 37 patients.
RESULTS
Canine experiment

One dog in group B died of wound infection on day
5. Four of 7 dogs in group C died of respiratory
arrest on the day of the injection.
Intrahepatic portography and dissection of the
portal system showed the injected portal branches
were patent at 30min and 60min after embolization.
Thrombosis w as developed on day 1. In group A,
portal vein embolization occurred at one segment of
the liver in six dogs and failure of embolization in
one dog. In groups B and C, embolization occurred
at both left and central lobes in most dogs. In one
dog of group B, the orifice of the branch of the
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quadrate lobes was approximate to the branch of
left lobe, and overembolization involving the quadrate
lobes occurred. No thrombus was detected at the
non-injected branches in any other dogs.
Macroscopically, the embolized lobes were
swollen and congested but without any evidence of
necrosis. Darked red thrombus had developed within
the ethanol-injected portal branches on day 1 or 3,
which were organized one week after PVE.
Microscopically, focal inflammation of the intima
was found in the affected portal branches. Small
foci of coagulation necrosis prominently surrounding
Glisson cap sule were detected at the embolized
lobes and the normal structure of the lobule s was
preserved. The necrotic area was less than 10% of
the effected lobes. Tran sient elevation of white
blood cell and alanine aminotransferase (ALT)
occurred at day 1 but returned to the baseline
values within one week. The level of total bilirubin,
albumin and γ-globulin did not significantly change
after PVE.
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Figure1 Changes in weight of hepatic lobes after PVE with fine
needle technique.

Rat experiment

The survival rate after PVE was 95.8% in both NE
and ME group. Postoperative portography
demonstrated filling defects at injection sites and
dissection of the portal system indicated the
corresponding portal branches were embolized. The
weight of the embolized hepatic lobes decreased
gradually as the weight of non-embolized lobes
increased with the time after PVE (Figure 1). On
day 14, the weigh t of nonembolized lobes was
significantly greater than the baseline value in
both NE group (5.25 g±0.38 g vs 1.86 g±0.42 g, P
<0.01) and ME group (9.58 g±1.10 g vs 5.13 g±
0.53 g, P<0.01) and ratio of the nonembolized
lobes to the whole liver significantly increased from
23% to 68.8% in NE group and from 63.5% to
86.8% in ME group.
Histological findings on day 1 or 2 were similar
to that in the experiment of normal dogs. With
respect to the ratio of total necrosis area to embolized
area, ME group (30%-40%) was more severe than
NE group (10%-20%). One week after PVE,
organization or calcification of thrombi with partial
recanalization as well as hyperplasia of fibrotic
tissue in the embolized lobes was noted. Hepatocytes
of the non-embolized lobes became hypertrophied
and proliferative, which were more remarkable in
ME group than in NE group.
The hemodynamic study demonstrated that ME
group had significantly higher portal blood flow and
portal pressure than NE group before PVE. On day
1 after PVE, portal blood flow and portal pressure
declined slightly in both groups, then increased to a
limited degree and returned to the baseline values at
week 1 after PVE (Figures 2 and 3).

Figure2 Changes in portal vein pressure after PVE.

Figure3 Changes in portal blood flow after PVE.

The serum ALT, TBIL and ALP were elevated.
After PVE, they began to fall on day 3 and returned
to the pre-PVE level. The albumin and A/G ratio
did not significantly change in both groups after
PVE.
Clinical study

The punctures were confirmed to be proper by
portoechography in all cases. By CO2 injection, a
regional liver parenchyma was enhanced as highecho pattern and developed a hyperechoic ring
surrounding the tumors as our previous
observation[7]. The echo within the tumors

LU Ming-De, et al. PVE by fine needle ethanol injection

remained unchanged in 64 patients, but enhanced in
9 patients which represented portal blood stream
within the tumors.
Enhancement of the hepatic parenchyma was
localized to the area supplied by the injected
branches or confined in the same lobe in 61 patients
and subsequent PVE was performed. PVE was
abandoned in 12 cases due to CO2 diffusing into both
lobes of the liver.
Ultrasonography did not reveal any
abnormality in the injected portal branches on the
day of PVE. Forty-eight hours after PVE,
embolization was found in 55/61 patients (90.2%),
exhibiting substantial hypoechoes within the lumen
of portal vein. Of 37 patients who underwent
hepatectomy afterwards the specimen inspection
confirmed the injected portal veins were occluded
by thrombosis. Embolization failed to develop in six
patients, who were the initial cases of PVE, due to
inadequate amount of ethanol ( 4 mL - 5 mL )
injected.
Forty-five patients (73.8%) complained of
abdominal pain at the right upper quadrant,
sweating, transient low-grade fever or decreased
pulse rate during ethanol injection. Acute ischemic
cholecystitis was encountered in one patient, for
which the needle may be displaced accidentally
during the injection, resulting in vascular occlusion
of the gallbladder. Accidental embolization by reflux
ethanol was not found in all patients and the liver
function tests did not show significant change
following PVE.
DISCUSSION

Comparing with transcatheter PVE, the advantages
of PVE with fine needle are obvious: easy to
achieve selective embolization, simple in
manipulation, inexpensive and radiation free.
However, at least two questions have to be
answered which are prerequisite for conducting this
procedure. The first question is about the safety of
this procedure and the second is how to avoid a
possible reflux of the ethanol to other portal
branches. Furthermore, the feasibility of this
technique should be convinced clinically.
Absolute ethanol is an effective embolizer in
PVE. However, its toxic effect should not be
neglected. In the present study, the dose of
0.25 mg/kg had little toxic effect but failed to
induce complete embolization. While the dose of
1.0 mg/kg caused complete embolization but
resulted in severe liver dysfunction and even
respiratory arrest. Satisfactory embolization could
be obtained at a dose of 0.5 mg/kg in normal dogs
with mild toxicity to the liver parenchyma and only
transient changes in the liver function. In
transcatheter PVE with ethanol injection while the
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portal was occluded to blood flow, a rapid vascular
obliteration and immediate embolization with entire
necrosis at the affected region occurred[8]. On the
contrary, since the portal vein was not occluded
during ethanol injection in our technique, most of
the ethanol might be diluted by the slow blood
stream rather than flushed up to the liver
parenchyma. The thrombosis was resulted from
agglutinations, coagulation of plasma proteins and
local pylephlebitis, and the thrombosis development
was relatively slow. Thus, the damage to the liver
tissue was relatively mild. Such a mechanism may
be more favorable for the patients with HCC and
underlying cirrhosis. The local overembolization in
one dog in our study was probably due to an
extension of the thrombus after the injection. This
complication could be prevented by carefully
selecting a point for puncture that is not too close to
the confluence of the portal branches.
Since 80% of the patients with HCC are
associated with cirrhosis, it is necessary to
investigate the effect of PVE on cirrhotic liver for
a better orientation on its clinical application. The
present study indicated the cirrhotic rats were less
tolerant to ethanol than the normal rats, so the dose
of ethanol used for PVE should be strictly
controlled. On the other hand, once PVE was
undertaken with a tolerant dose, the changes in
histology, liver function and portal hemodynamics
in cirrhotic rats were not more severe and persistent
than those of normal rats. It indicated that an
uneventful postoperative course could also be
achieved in cirrhotic rats with an appropriate dose
of ethanol.
In both normal and cirrhotic liver, the weight
of nonembolic lobe was increased with hypertrophy
and proliferation in the nonembolized lobe in the
current study. Increase in mitotic index, DNA
synthesis and the number and function of
mitochondrial in these lobes has been reported[9,10].
The hypertrophy may be contributed to the increase
of nourishing factors carried by portal blood flow to
the nonembolized lobes. This mechanism may play
an important role in the surgery for cirrhotic
patients as the improvement of functional reserve on
the nonembolized lobe, hence the resectibility of
HCC increased and the risk of postoperative liver
failure reduced.
The features of portal circulation in the liver
with HCC and cirrhosis were considered when our
approach was planned for clinical use. Portal flow
reflux may occur due to the circulatory disturbances
within the tumor, portal branch compressed by huge
mass, serious cirrhosis, portal hypertension and
arteriovenous shunts. According to our previous
portoechography and color Doppler study on
patients with HCC, the incidence of portal vein
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reflux was about 10%-30%[11]. Since the injected
portal branches were not be occluded during ethanol
injection, accidental embolization could occur as the
embolic agent might be carried to other branches by
the reverse flow. In order to avoid the accidental
embolization, it is important to obtain the
information of portal hemodynamics individually
prior to the procedure. Matsuda and Yabuuchi first
reported a method of contrast-enhanced
ultrasonography with arterial infusion of CO2
microbubbles for assessment of the nature of liver
tumor[12]. Because the ultrasonic impedance of CO2
gas is much different from that of the liver and the
gas can be rapidly washed out off the liver. It
possesses excellent contrast effect without hepatic
injury. This technique has been demonstrated as
high sensitivity and specificity in clinical use[13,14].
Furthermore, the CO2 was directly injected into the
destined portal branches, such portoechography
could truly reveal the hemodynamics status of the
portal branch[7]. In addition, it can be conveniently
applied during the procedure of PVE. In the present
study, reflux of portal stream was detected by
portoechography in 12/73 patients and subsequent
embolization was ceased for those patients. No
accidental aberrant embolization occurred in the
patients with CO2 confined at ipsilateral half of the
liver,
substantiating
the
usefulness of
portoechography in our procedure.
The present study demonstrated that intraportal
ethanol injection via fine needle was able to produce
complete portal vein embolization with mild liver
injury in both normal and cirrhotic liver in animal
and patients with HCC. Portoechography was a
mandatory approach for the prevention of aberrant
embolization in patients with HCC.
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Study on the anticarcinogenic effect and acute
toxicity of liver-targeting mitoxantrone
nanoparticles
ZHANG Zhi-Rong, HE Qin, LIAO Gong-Tie and BAI Shao-Huai
Subject headings mitoxantrone-nanospheres
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Abstract
AIM To study the anticarcinogenic effect and
acute toxicity of liver targeting mitoxantronenanospheres.
METHODS The anticarcinogenic effect of
mitoxantrone-polybutyl
cyanoacrylatenanoparticles ( DHAQ-PBCA-NP ) was
investigated by using heterotopic and orthotopic
transplantation models of human hepatocellular
carcinoma ( HCC ) in nude mice and was
compared with mitoxantrone (DHAQ) and
doxorubicin (ADR). The acute toxicity of DHAQPBCA-NP lyophilized injection in mice was also
studied.
RESULTS The tumor inhibition rates of ADR,
DHAQ, DHAQ-PBCA-NP to orthotopically
transplanted HCC were 60.07%, 67.49% and
99.44%, respectively, but regard to
heterotopically transplanted HCC, these were
80.03%, 86.18 % and 92.90%, which were
concordant with the results acquired by mitosis
counting and proliferating cell nuclear antigen
(PCNA). After iv administration to mice with
DHAQ-PBCA-NP, the LD50 was 16.9mg/kg±
3.9mg/kg, no obvious local irritation was
observed and there was no significant damage to
the structure of liver cells, and that of the heart,
spleen and kidneys.
CONCLUSION The effect of DHAQ-PBCA-NP
was significantly higher than that of DHAQ and
ADR in the anti-orthotopically transplanted HCC
and the acute toxicity was relatively low.
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INTRODUCTION

DHAQ is a new synthetic antitumor agent, effective
in many cancers, especially in hepatic cancer, a
principal cancer of high incidence and mortality[1].
Nanoparticles (NP) is a new drug carrier[3] showing
a distinguished liver targeting ability, therefore, NP
loading with antihepatic cancer drug could improve
the effect of original drug. The DHAQ-PBCA-NP
used in this study has be en proved to have
remarkable liver-targeting effect. In this paper, the
anticar cinogenic effect, acute toxicity and local
irritation of DHAQ-PBCA-NP were studied and
compared with those of ADR and DHAQ injection.
MATERIALS AND METHODS
Materials

DHAQ was obtained from Organic Chemistry
Department, School of Pharmacy, West China
University of Medical Sciences. DHAQ-PBCA-NP
was self-made with a content of DHAQ
0.15 mg/mL diameter 55.82 nm ± 12.46 nm ( n =
505 ) and drug loading 51.03%. The lyophilized
ADR injection was provided by TuoBin
Pharmaceutical Factory and DHAQ injection
provided by Hua Da Pharmaceutical Factory with a
content of DHAQ 2 mg/2 mL.
BALB/C-nu/nunude mice, Kunming mice and
the heterotopic and orthotopic transplantation
models of HCC in nude mice were all supplied by
our Laboratory Animal Center. Animal tumor cells
LTNM4 (86 generation) was obtained from Liver
Cancer Laboratory, Zhongshan Hospital, Shanghai
Medical University.
Methods

Tumor inhibition test of DHAQ-PBCA-NP Twenty
nude mice were randomly divided into physiological
saline group ( 0.1 mL/10 g ), ADR group ( 20 µg/
10 g), DHAQ group ( 20 µg/10 g ) and DHAQPBCA-NP ( 15 µg/10 g ) group. The drug was given
intravenously to each mouse 36 h after the
transplantation of HCC, then given continuously
once every three days for four times. On the 14th
day after the last injection, the diameter of the
armpit tumors of nude mice in the physiological
saline group was found over 10 mm, and one mouse
died. The mice were killed, and the livers as well as
the tumors were taken out, weighed and the rate of
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tumor inhibition ( TRI ) was calculated by the
following formula:
RTI%=

The average tumor weight of control group-average tumor weight of experimental group
The average tumor weight of control group

×100%

Microscopic observations and nuclear division count
of tumor The hepatic cancer of nude mice taken from
control group and experimental group was sectioned
into ultra-slices and observed under microscope.
Calculation of positive rate of the tumor PCNA The
tumor of each groups was sampled, fixed in
formalin and embedded in paraffin wax, then antiproliferating cell nuclear antigen ( PCNA )
monoclonal antibody PC10 was used to show the
proliferating cells by highly sensitive method of
ABPAP, the number of tumor cells were counted
and positive rate was calculated[4].
Acute toxicity One hundred and eight Kunming
mice were randomly divided into DHAQ-PBCA-NP
group, PBCA-NP group and DHAQ group. Each
group was given 6 different dosages with the
maximum dose 75.0 mg/kg, 1150 mg/kg and 25.2
mg/kg, respectively. The mice were observed for
21 d and the death rate of each group was recorded.
Pathologic examination Nine of 10 Kunming mice
were given DHAQ -PBCA-NP intravenously in the
dosage of 15 mg/kg and were killed after 5 min,
10 min, 15 min, 20 min, 30 min, 1 h, 24 h, 38 h and
72 h, respectively, another one was injected normal
saline at the dosage of 0.1 mL/10 g. Tissue samples
of the heart, liver, spleen, lung and kidney were
fixed in formalin and embedded with paraffin
wax for routine section, HE stain and observed
under microscope. The liver tissue was fixed by
glutaraldehyde, dehydrated with acetone gradually,
embedded with 618 to make ultrathin section,
then stained by uranium acetate and lead citrate
and examined under transmission electron
microscope.
Local irritation testing Ten Kunming mice were
given DHAQ-PBCA -NP intravenously at a dosage
of 0.1 mL/kg and the changes at the tail were
observed for 1-7 days.

Figure 1 The liver in nude mice taken from armpit.
Figure 2 Tumor taken from liver.
Figure 3 Tumor taken from armpit.

RESULTS
Tumor inhibition rate

Microscope observations of the tumor

The tumors obtained from the liver and armpit in
each group were photographed (Figures 1-3). The
tumor and tumor inhibition rate are listed in Tables
1 and 2, respectively. No significant difference was
noted among the anti-HCC effect of DHAQ-PBCANP, DHAQ and ADR, but in the antiorthotopically transplanted HCC, the effect by
DHAQ-PBCA-NP was much higher than that by
DHAQ or ADR.

The tumor cell proliferation in control group was
very active. The tumor cell karyokinesis in DHAQPBCA-NP, DHAQ and ADR groups was less than
that of control group (508/HP), especially in the
DHAQ-PBCA-NP group, only 0-3/PH, and most
were in the metaphase.
Tumor cell proliferative activity analysis The PCNA
positive percentage of nude mice tumor in each
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group was shown in Table 3, the killing activity of
DHAQ-PBCA-NP was significantly stronger than
that of DHAQ and ADR (P<0.05) on nude mice
transplanted with HCC, and the activity of DHAQ
was almost equal to the of ADR (P>0.05).
Table 1 Weight (g) of tumor taken from four different groups
Group

Liver tumor

DHAQ-PBCA-NP
1
2
3
4
5
ADR
1
2
3
4
DHAQ
1
2
3
4
5
0.9% NS
1
2
3
4

0.000
0.000
0.000
0.000
0.030

0.215
0.060
0.005
0.015
0.015

0.820
0.000
0.675
0.210

0.100
0.050
0.137
0.410

0.585
0.650
0.000
0.000
0.500

0.270
0.120
0.065
0.082
0.066

1.320
1.530
1.000
0.420

1.160
1.026
0.635
0.670

RTI (orthotopic)

LD 50 (mg/kg, P=0.95)*
Group

n
7d

DHAQ
60
DHAQ-NP
60
DHAQ-PBCA-NP 60

12.8±1.9
309.9±26.2
16.9±3.9

14d

21d

8.2±1.7
301.0±28.3
12.3±2.7

6.1±1.0
299.0±24.2
10.1±1.9

*Dosage calculated as DHAQ.

Results of pathologic examination

There were no apparent pathological changes in the
heart, liver, spleen, lung and kidney. Under the
transmission electron microscope, the liver cells
were structurally intact and arranged normally, only
part of the mitochondria criste were sparse and
swollen (Figure 4A), but the cells returned to
normal in 24 h (Figure 4B).
Local irritation

The tail veins of the mice were stained blue 1-7
days after i.v. DH AQ-PBCA-NP. Except one which
appeared red and swollen sightly, the stained blue
disappeared completely 4 days later, which
demonstrated no irritation by DHAQ-PBCA-NP
injection.

RTI (heterotopic)

67.49 a
60.07b
99.44 c

DHAQ
ADR
DHAQ-PBCA-0.9%NS

Table 4 The LD50 of DHAQ-PBCA-NP, DHAQ and PBCA-NP
i.v. in mice

Armpit tumor

Table 2 Rate of tumor inhibition (RTI, %) of each group of
nude mice
Drug
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86.18d
80.03 e
92.90f

c vs b, a P<0.05; f vs d, e P>0.05; b vs a P>0.05.

Table 3 The cell proliferative activity of tumor of each nude
mice
DHAQ-PBCA-NP
1

2

3

4

PCNA(%) 7
0

2
0

1
0

3
0

x±s (%)

31.0±23.0

a

DHAQ

5

1

2

3

4

2
5

7
0

9
0

7
0

6
0

76±13.4

ADR

b

3

0.9%NS

5

1

2

4

1 2 3 4

9
0

7
0

9 10 82 10 95 10 90
0 0
0
0

85.5±12.7 c 96.3±4.8

a vs b, c P<0.05; b vs c P<0.05.

LD50 and toxicity parameters The LD50 was
calculat ed by Karber method based on the mice
death rate of each dosage gorup (Table 4).
The absolute lethal dose of DHAQ-PBCA-NP
and DHAQ in mice was 75.0 mg/kg and
25.2 mg/kg, respectively whereas the minimal
lethal dose was 6. 5 and 4.8 mg/kg, respectively,
the maximum tolerance dose was 4.5 mg/kg and
3.0 mg/kg, the earliest time of death was 7 d and
4 d, the latest time of death was 21 d and 16 d and
the average time of death was 9.7 d ± 8.8 d and
7.5 d±4.2 d, respectively.

Figure4 The mouse liver cell at 20 min (A) and 24 h (B) after
i.v.15mg/kg DHAQ-PBCA-NP. TEM×800
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DISCUSSION

The effect of DHAQ-PBCA-NP on the antiheterotopically transplanted HCC was almost the
same as that of DHAQ and ADR, which implied
that it was more eligible to use the model of
orthotopic transplantation than to use the
heterotopic one.
The cell proliferative activity could be used for
assessing the efficacy of chemotherapy. PCNA was
an antigen existed largely at the junction of G1 phase
and S phase in the process of tumor cell
proliferation, PC10 was the monoclonal antibody of
PCNA. In order to investigate inhibiting effect of
various drugs on tumor cell proliferation, a highly
sensitive method of ABPAP was used for expression
of PCNA by PC10 in this study, and the results were
satisfactory. Furthermore, the DHAQ-PBCA-NP

WJG

December 1999

Volume 5 Number 6

injection had no adverse effect on the structure of
heart, spleen, lung and kidney only some mild and
reversible changes on the mitochondria of the
hepatocytes implicating preparation of DHAQPBCA-NP was more effective and much less toxic
than DHAQ.
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Study of the mechanisms of acupuncture and
moxibustion treatment for ulcerative colitis rats in
view of the gene expression of cytokines
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Abstract
AIM To observe the effect of acupuncture and
moxibustion on the expression of IL-1β and IL-6
mRNA in ulcerative colitis rats.
METHODS The SD rat ulcerative colitis model
was created by immunological method
associated with local stimulation. Colonic
mucosa was prepared from human fresh surgical
colonic specimens, homogenized by adding
appropriate amount of normal saline and
centrifuged at 3000r/min. The supernatant was
collected for measurement of protein
conentration and then mixed with Freund
adjuvant. This antigen fluid was first injected
into the plantae of the model group rats, and
then into their plantae, dorsa, inguina and
abdominal cavities (no Freund adjuvant for the
last injection) again on the 10th, 17th, 24th and
31st day. When a certain titer of serum anticolonic anti body was reached, 2% formalin and
antigen fluid ( no Freund adjuvant ) were
administered separately by enema. The
ulcerative colitis rat model was thus set up. The
animals were randomly divided into four groups:
model control group ( MC, n = 8 ), electroacupuncture group (EA, n = 8), herbs-partition
moxibustion group (HPM 8), normal control
group ( NC, n = 8 ). HPM: Moxa cones made of
refined mugwort floss were placed on the
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medicinal pad (medicinal pad dispensing: Radix
Aconiti praeparata, cortex Cinnamomi, etc) for
Qihai (RN 6) and Tianshu (S T 25, bilateral) and
ignited. Two moxa cones were used for each
acupoint once a day and 14 times in all. EA:
Tianshu (bilateral) and Qihai were stimulated by
the intermittent pulse with 2Hz frequency, 4mA
intensity for 20 minutes once a day and 14 times
in all. After treatment, rats of all four groups
were killed simultaneously. The spleen was
separated and the distal colon was dissected.
Total tissue RNA was isolated by the
guanidinium thiocyanate phenol-chloroform
extraction method. RT-PCR technique was used
to study the expression of IL-1β and IL-6 mRNA.
RESULTS IL-1 β and IL-6 mRNAs were not
detected in the spleen and colonic mucosa of the
NC rats, whereas they were significantly
expressed in that of the MC rats. IL-1β and IL-6
mRNAs we re markedly lower in the EA and HPM
rats than that in MC rats. There was no
significant difference between the levels of IL-1β
and IL-6 mRNAs in the EA and HPM rats. The
expressions of IL-1β and IL-6 mRNAs were nearly
the same in the spleen and colon of all groups.
CONCLUSION Acupuncture and moxibustion
greatly inhibited the expression of IL-1β and IL-6
mRNA in the experimental ulcerative colitis rats.

INTRODUCTION

Ulcerative colitis ( UC ) is a nonspecific
inflammatory bowel disorder of unknown etiology
but associated with immunological abnormalities[1].
The cytokines, involved in the regulation of the
immune response, play important roles in the
pathogenesis of UC. Especially the interleukin-1β
(IL-1β) and interleukin -6 (IL-6), inflammatory
mediators released by lymphocytes, monocytes and
macro phages, are intricately linked with the
initiation and propagation of the inflammatory
reaction in UC[2]. Both clinical and experimental
researches indicated that acupuncture and
moxibustion had good therapeutic effects on UC.

516

ISSN 1007-9327

CN 14-1219/ R

The mechanism of such effects may be related to
its immunoregulation, but the role of cytokines in it
has not been reported. In this study, a UC rat
model was established by immunological method to
observe the effect of acupuncture and moxibustion
on the expression of IL-1β and IL-6 mRNA in spleen
and colonic mucosa of model rats, in order to clarify
the possible mechanism of acupuncture and
moxibustion on UC.
MATERIALS AND METHODS
Material

Male SD rats weighing, 140g±20g, were provided
by The Experimental Animal Center of Shanghai
University of TCM. The rats were randomly divided
into the model group (n=24) and normal control
group ( NC, n = 8 ). We consulted the Methodology
of Pharmacy and created the rat model by
immunological method associated with local
stimulation (refer to the Abstract). These models
were randomly subdivided into three groups after
being created: model control group (MC, n=8),
electro-acupuncture group (EA, n=8) and herbspartition moxibustion group ( HPM, n = 8 ). The
points Qihai (CV6) and bilateral Tianshu (ST25)
were located on analogy of person’s points. HPM:
Moxa cones made of refined mug wort floss were
placed on the medicinal pad (medicinal pad
dispensing: Radix A coniti praeparata, cortex
Cinnamomi, etc ) for Qihai ( RN 6 ) and Tianshu
(ST 25, bilateral) and ignited. Two moxa cones
were used for each acupoint once a day and 14 times
in all. EA: Tianshu (bilateral) and Qihai were
stimulated by the intermittent pulse with 2Hz
frequency, 4mA intensity for 20 minutes once a day
and 14 times in all. After treatment, all rats of the
four groups were killed simula taneously. The spleen
was separated and the distal colon 6cm long was
dissected and reserved in liquid nitrogen.
Method

According to the reference[3], total tissue RNA was
isolated by the guanidinium thiocyanate phenol
chloroform extraction method. The concentration
of sample RNA was measured with ultraviolet
spectrophotometer OD260; the integrity of RNA
was identified by agarose (sepharose) gel (10g/L)
eletrophoresis.
Two µg total RNA was reverse transcribed to
cDNA, 20µL reverse transcription reaction system
(Promega ), which comprised 10× reverse
transcription buffer solution 2 µL, 25 mmol/L
MgCl2 4µL, 4×dNTPs (10mmol/L for each) 2µL,
RNAase inhibitor 0.5 µL ( 20U ), AMV reverse
transcriptase 0.65 µL ( 15U ), oligomer ( dT )15 and
primer 1 µL ( 0.5 µg ); added DEPC up to 20 µL,
well mixed, placed in 42 water for 40 minutes,
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heated in 95 water for 5 minutes to deactivate
reverse transcriptase, and then preserved at -20 .
According to the reference[4], the primer was
synthesized in the oncogene laboratory of the Cell
Institute of the Chinese Academy of Sciences. The
sequence of IL-1β was ATAGCAGCTTTCGACAGTGAG (sense chain), GTCAACT ATGTCCCGACCATT (antisence chain) 748bp; IL-6, TTCCCTACTTCACAAGTC (sense chain), CTAGGTTTGCCGAGTAGA (antisense chain) 567bp;
glyceraldehyde dehydrogenase (GAPDH) triphosphate, TGAAGGTCGGTGTCAACGGATTTGTC
( sense
chain ),
CAGTAGGCCATGAGGTCCACCAC (antisense chain) 983bp. GAPDH as
house keeping gene monitor s the consumption of
RNA and eliminates the errors among samples.
The total 50µL PCR reaction system consisted
of 10 × amp lification buffer solution 5 µL, 4 ×
dNTPs ( 2.5 mmol/L for each ) 4 µL, primers of
sense chain and antisense chain 50 pmol for each,
2µL reverse transcripti on product, Taq- DNA
polymerase 2.5U, and added ddH2O up to 50 µL,
to mix them together. After 10 second
centrifugation, 50µL liquid paraffin was added and
placed in PCR Gene Amp Machine (Pharmacia).
The amplification condition: IL-1β:94
predenature 4min, 94 30s, 50 45s, 72 90s for 30
cycles; IL-6 and GAPDH: 94 pre-denature 4min,
94 1min, 52 1min, 72 1min for 30 cycles.
Ten µL PCR product was added to 6×
electrophoresis buffer solution 2µL, and underwent
agarose gel ( 1.5 g/L, containing Ethdium bromide
0.5mg/L) electrophoresis at 100V for 1 hour and
photographed under ultraviolet lamp.
RESULTS
Total RNA extraction

The ratios of OD260/OD280 of the total RNA
samples were between 1.70-2.00 and two bands,
18s and 28s, were shown in electrophoresis,
indicating that the total RNA was not polluted and
degraded.
IL-1β and IL-6 mRNA in spleen and colon
mucosa (Figure 1)

IL-1β and IL-6 mRNA expressions of spleen and
colon mucosa were observed in model control
group, electro- acupuncture group and herbspartition moxibustion group, but the degrees of
expression in EA or HPM were lower than that in
MC. There was no significant difference between
EA and HPM, but the degree of expression in HPM
as a whole tended to be less. The expressions of
spleen and colon mucosa in all groups were nearly
the same. Neither IL-1β nor IL-6 mRNA expression
of spleen and colon mucosa could be observed in the
normal control group.

WU Huan-Gan, et al. Acupuncture and moxibustion treatment for ulcerative colitis rats

Figure1 The effect of acupuncture and moxibustion o n IL-1β and
IL-6 mRNA expression in spleen and colonic mucosa of ulcerative
c olitis rats.
M: Sign of PCR (Hua Mei), 1543, 994, 694, 515, 377 and 237bp
from up to down re spectively. 1, 3, 5 and 7 are mRNA of colonic
mucosa in MC, EA, HPM and NC grou ps respectively; 2, 4, 6
and 8 are mRNA of spleen in MC, EA, HPM and NC groups
respectively.
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immunoglobulin
secretion,
activate
the
complements, killer cells and phagocytes, and
enhance tissue injury mediated by cellular and
humoral immune reactions. In addition, IL-1β and
IL-6 can promote the expression of adhesion
molecules on endothelial-leukocyte and are regarded
as a chemoattractant of circulating neutrophils to
migrate in to the inflammed site, thus causing a
series of long lasting intestinal inflammatory
reaction and tissue injury[7-9].
This study demonstrated that IL-1β and IL-6
were undetectable in the spleen and colonic mucosa
of the normal control rats, whereas they were
significantly expressed in that of the model control
rats. Lymphocytes and monocytes/macrophages in
the rats were activated by persistent stimulation of
exogenous antigens which might contribute to the
expression of cytokines. The amount of IL-1β and
IL-6 mRNA was nearly the same between the spleen
and colon in different groups, suggesting that
immunocytes in the spleen and colon responded to
the antigen in a similar way and interacted through
the pathway of cytokines. In our study the markedly
decreased expressions of IL-1β and Il-6 mRNA in
EA and HPM suggested that acupuncture and
moxibustion could inhibit the expression of
inflammatory cytokines in UC model rats, regulate
the
immunological
abnormalities,
reduce
immunocyte response to inflammation, and then
contribute to the elimination of inflammation and
repair of tissue.
The pathogenesis of UC may be due to an
imbalance between inflammatory cytokines on one
hand and anti inflammatory immune factors such as
IL-4, IL-1ra, IL-1 0, etc on the other. Our results
suggest that in addition to inhibit the expression of
inflammatory cytokines, acupuncture and
moxibustion can activate the anti-inflammatory
factors, but further studies are needed.

DISCUSSION

The pathogenesis of UC may involve in both local
and systemic immunological abnormalities.
Cytokines now have attracted special attention by
virtue of their participation in the intestinal
inflammation and immune reactions. IL-1β and Il-6,
as important inflammatory factors and immune
regulators, play a fundamental role in the
pathogenesis of UC. Many studies showed increased
IL-1β and IL-6 levels in the colonic mucosa and
peripheral blood of patients with UC, and indicated
that IL-6 was possibly correlated with the severity
of the manifestations in UC patients[5,6]. IL-1β and
IL-6, produced mainly by activated phagocytes and
lymphocytes, show a wide variety of biological
functions. They can influence secretion of other
cytokines and inflammatory mediators in an
autocrine or paracrine fashion, induce expression of
surface immune molecules of antigen-presenting
cells to serve as an activation factor and
differentiati on factor on T cells and B cells, mediate
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Review

Intestinal stasis associated bowel inflammation
Shunichiro Komatsu1, Yuji Nimura1 and D. Neil Granger2
Subject headings intestinal stasis; bowel
inflammation; endothelial cell intercellular adhesion
molecule-1
INTRODUCTION

Anatomical structures that create reservoirs for
stagnant intestinal contents are a characteristic feature
of common inflammatory disorders such as
diverticulitis
and
appendicitis.
Intestinal
diverticula, surgically constructed blind loops and
pouches, obstructing carcinomas of the colon, and
Hirschsprung’s disease are accompanied by chronic
inflammatory changes in the intestine, and are
occasionally associated with mucosal ulceration
followed by massive bleeding. These diseases are
etiologically associated with disorders characterized
by intestinal stasis and/or an altered fecal stream,
resulting from “cul de sac” structures (blind loop or
pouch) in the intestinal tract, bowel obstruction or
impaired motility. Furthermore, some of these chronic
inflammatory conditions appear to exhibit similar
pathological features, such as ischemic colitis. Although
these inflammatory changes have been described
individually, often as case reports, relatively little
attention has been devoted to the overall clinical
impact of these diseases and to understanding the
pathophysiology of disease initiation and progression.
Studies in our laboratory and by others have provided
novel insights into the molecular and cellular basis
for the intense inflammatory responses that are
associated with intestinal stasis. This review
summarizes the findings of these studies and provides
a unifying theory to explain the inflammatory
responses that result from intestinal stasis.
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CLINICOPATHOLOGICAL FEATURES

Whereas most intestinal ( duodenal, jejunal,
Meckel’s, and colonic ) diverticula remain
asymptomatic, gastrointestinal bleeding is the most
common complication, associated with mucosal
ulceration[1-4]. Meckel’s diverticulum, located on the
antimesenteric border of the ileum, is the most
common congenital a nomaly of the gastrointestinal
tract. Although ulcer formation in Meckel’s divertic
ulum is generally thought to result from ectopic
gastric tissue, all of the cases cannot be explained
by acid production from the functioning gastric
mucosa [2]. The diagnosis of gastrointestinal
bleeding due to diverticula of the sm all bowel is
difficult, because neither the symptoms nor physical
finding are specific and endoscopic observation is
hampered by the length of the intestine. Surgical
resection of the involved segment of the intestine is
the treatment of choice for the diverticula identified
as a source of gastrointestinal hemorrhage[1].
The terms “blind pouch” or “blind loop
syndrome” represent the complications resulting
from a stagnant intestine that are usually created by
a side-to-side anastomosis with or without bowel
resection, respectively. In cases of this syndrome,
diarrhea and occult intestinal bleeding are usually
found as well as sym ptoms resulting from
malabsorption[5-9]. Shallow and longitudinal ulcer
ations are occasionally observed in the resected
blind intestine, similar to those of ischemic
enteritis[5,6]. Bacterial overgrowth in the blind loop
has been presented in experimental models of
animals[8,9]. While this syndrome is now rare
because the safety of an end-to-end anastomosis has
been established, the pathological features of this
condition may provide important insights
concerning the linkage between intestinal stasis and
the resulting inflammatory response.
Restorative proctocolectomy with ileal pouch
anal anastomosis has become the surgical treatment
of choice for both ulcerative colitis and familial
adenomatous polyposis. In spite of the excellent
functional results and improved quality of life with
this procedure, major concerns persist regarding the
risks for and consequences of ileal pouchitis, a long
term complication that is recognized with increasing
frequency. Pouchitis is a nonspecific inflammation
of an ileal reservoir that typically results in
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increased bowel frequency, decreased stool
consistency, diminished continence, low-grade
fever, malaise, and arthralgias. Oral treatment
with antibiotics, such as metronidazole, is an
effective therapy for active pouchitis[10-12].
The term “obstructive colitis” was originally
used to define the ulcerative inflammatory lesions
that occur proximal to the colonic lesion and which
is partially or potentially obstructive rather than
completely obstructed[13-16]. Complications include
peritonitis, perforation, and breakdown of
anastomoses made through involved segments of the
colon that may appear externally normal at
surgery[13,15]. The inflammatory response associated
with colonic obstruction exhibits a variety of
pathological features, including ischemic[13-16],
acute necrotizing[17], or pseudomembranous
colitis[18], resulting in confusion about the
definition of this disease[14]. The are a of colitis is
usually mildly dilated with moderate thickening of
the wall. Thus, it is characteristically distinguished
from marked distension of the bowel that is
associated with thinning of the wall and transmural
necrosis caused by an increased intraluminal
pressure, followed by acutely developing arrest of
the intramural circulation[13].
Enterocolitis associated with Hirschsprung’s
disease, which can induce perforation and/ or
systemic sepsis, remains a major source of morbidity
and mortality, both before and after definitive
surgical treatment[19-22]. The risk of postoperative
entero colitis is significantly increased by mechanical
factors related to anastomotic stricture and
intestinal obstruction[21,22], possibly eliciting a
delayed intestinal transit. Crypt abscess,
intraluminal fibrinopurulent debris, or mucosal
ulceration are histologically observed[19,20]. The
etiology of enterocolitis is uncertain; ischemic and
bacterial causes and recently, rotavirus infections,
have been suggested[23,24].
While much attention has been devoted to
defining the relationship between enteric bacteria
and the pathogenesis of inflammatory bowel disease
(IBD), it remains unclear whether intestinal stasis,
resulting in overgrowth of enteric bacteria,
contributes to the development of IBD. However,
there are several interesting published observations
that suggest the linkage between intestinal stasis and
the pathogenesis of IBD. A previous study showed
evidence that the recurrence of Crohn’s disease in
the neoterminal ileum after curativeileal resection is
dependent on intestinal transit[25]. Although
ulcerative colitis ( UC ) has been described as a
continuous inflammatory process starting from the
rectum, isolated inflammatory changes can be
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observed in the periappendicial area of a number of
patients with left-sided UC [26,27]. In recent
epidemiology-ba sed studies, the risk of progression
of UC was significantly lower after previous
appendectomy[28,29].
Although peptic ulcers (gastric or duodenal)
have been extensively studied, the mechanisms
underlying the ulcerative inflammatory changes in
the stagnant intestine, where acid from the stomach
has already been neutralized, remains poorly
characterized. Many of the features of the disease
suggest an ischemic origin, which cannot be
explained by atherosclerotic obstruction of the
feeding arteries. Microvascular dysfunction, due to
hypoperfusion following raised intraluminal
pressure, has been assumed to account for the
mucosal ischemia[13]. Contribution of enteric
bacteria has also been suggested, based on the
observati on that treatment with oral antibiotics can
often relieve clinical symptoms induced by these
diseases[10-12,30,31].
INTESTINAL

STASIS

AND

ENDOTHELIAL

CELL

ADHESION MOLECULES

Leukocyte-endothelial cell adhesion is now
recognized to represent an early and rate-limiting
step in the leukocyte infiltration and accompanying
tissue injury associated with acute or chronic
inflammation. There is also evidence that adherent
and activated leukocytes produce microvascular
dysfunction by occluding microvessels, damaging
endothelial cells and increasing vascular protein
leakage[32,33]. Leukocyte-endothelial cell adhesive
interactions, such as rolling, firm adhesion, and
transendothelial migration, represent a highly
coordinated process that is governed by a number of
factors, including the expression of specific
adhesion glycoproteins, physical forces generated
within the microc irculation, and inflammatory
mediators released by a variety of activated
cells[32-37]. The pivotal role of endothelial cell
adhesion molecules (CAMs) in regulating leukocyte
recruitment has been demonstrated in different
models of gastrointestinal and liver inflammation
using either blocking monoclonal antibodies directed
against specific CAMs or mice that is genetically
deficient in one or more endothelial CAMs[34,35].
The â2 subfamily of integrins (CD18) are expressed
on leukocytes and these integrins firmly bind to
glycoproteins of the immunoglobulin superfamily,
such as intercellular adhesion molecule-1 (ICAM-1)
and ICAM2, which are expressed on vascular
endothelium. ICAM-1 is constitutively expressed on
the surface of en dothelial cells and this expression
can be enhanced by endotoxin or cytokines[36,37].
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Figure1 Mechanism underlying the influence of enteric bacteria on ICAM-1 expression on endothelial cells of the intestinal vasc ulature.
Intestinal stasis likely causes an increased production bacterial factors that promote ICAM-1 expression and consequently enhances the
recruitment and activation of leukocytes in the intestine.

Our previous study, which employed surgical
procedures to improve cecal stool flow in the
rats[38], represented the first attempt to address the
issue of how intestinal stasis results in an
inflammatory response. The findings of this study
indicate that intestinal stasis is associated with an
increased expression of ICAM-1 on endothelial cells
and granulocyte infiltration. This study also
suggested that it be the bacterial load of a stagnant
intestine that determines the activation of
mechanisms leading to infiltration of inflammatory
cells, based on the responses noted in animals
receiving oral antibiotics. This view is supported by
a previous study, in which pretreatment with
metronidazole inhibited the leukocyte-endothelial
cell adhesion in rat mesenteric venules elicited by
indomethacin or leukotriene B4[39].
A definitive explanation concerning how
enteric bacteria enhance ICAM-1 expression on
endothelial cells in the stagnant intestine is not
readily available. How ever, our recent work on
germfree mice demonstrated that the expression of
ICAM -1, but not other endothelial CAMs such as
ICAM-2, vascular cell adhesion mole cule-1 (VCAM1), or E-selectin, is altered by germfree
conditions[40]. The ICAM-1 specificity of this
response argues against a role for systemic levels of
bacterial endotoxin or tumor necrosis factor-α
released from macrophages, which are powerful
stimuli for VCAM-1 and E-selectin as well as ICAM
-1[34], as mediators of the response. There is a
growing body of evidence, derived from germ free

animals, that enteric microflora contribute to the
basal level of activation of the immune system, such
as antibody-forming potential, phagocytosis, T-cell
population and responsiveness to cytokines[41-47].
As illustrated in Figure 1, some unique factor that is
normally released from enteric bacteria promotes
the increased constitutive expression of ICAM-1 in
the intestinal microvasculature. Events associated
with an altered enteric microflora, such as intestinal
stasis or an altered fecal stream, are likely to affect
the amount of this bacteria- derived factor that
regulates ICAM-1 expression. In doing so, the
enteric bacteria can exert a profound influence on
the trafficking of leukocytes in the intestinal
microcirculation. As intestinal stasis and
overgrowth of enteric bacteria are associated with
increased I CAM-1 expression, subsequently
affecting leukocyte-endothelial cell adhesion, it is
tempting to speculate that the ischemic and
inflammatory changes observed in the several
disorders associated with intestinal stasis may have
share a commonunderlying mechanism that largely
explains the ulcerative inflammatory lesions.
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Preparation and purification of F(ab’)2 fragment
from anti hepatoma mouse IgG1 mAb
LIU Cheng-Gang1, ZHU Mei-Cai1 and CHEN Zhi-Nan2
Subject headings antibody, monoclonal; F
(ab’)2 fragment; papain digestion; liver neoplasms;
ion-exchange chromatography

INTRODUCTION

Since the advent of hybridoma technology[1],
monoclonal antibodies have been widely used in
basic studies and clinical application. F(ab’)2 is a
bivalent antibody fragment which is currently used
for both diagnosis and treatment [2], and better than
the original mAbs, because it does not retain
complement binding function due to lack of Fc
regions and reduced interaction with non-specific
proteins and the smaller molecular weight than the
mAbs, furthermore, it can be digested by pepsin or
papain and purified by size exclusion chromatography[4], ion-exchange chromatography[6] or hydrophobic interaction[7]. However, these methods
are time-consuming, and cannot attain sufficient
purity and recovery of F(ab’)2 fragment.
Development of efficient procedures for F(ab’)2
preparation is an urgent necessity.
In the present paper, we described a method
for preparation of F(ab’)2 fragment from papain
digest of mouse IgG1 mAb Hab18 and then purified
by FPLC using DEAE-Sepharose-FF gel. The results
showed this method was suitable for large-scale
preparation and purification of F(ab’)2 fragments.
MATERIALS AND MATHODS
Materials

Mouse mAb Hab18 belonged to the IgG1 subclass
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was used, and the specific antigen was human
hepatoma. It was produced by our laboratory;
papain was purchased from Sigma.
Methods

Papain digestion MAb HAb18 was purified from
the ascitic fluid which was centrifuged at
1000 r/min for 20 min to remove cells, and the
supernatant was dialyzed against 10 mmol/L
phosphate buffer (PB), pH 5.5, and then placed at
column of SP-cellulose FPLC, the fraction
containing IgG1 HAb18 was precipitated by adding
ammonium sulfate to give 50% saturation, followed
by centrifugation at 5000 r/min for 10 min after
standing for 2 h. The precipitate was dissolved in
PBS (10 mmol/L sodium phosphate, pH 7.4,
150 mmol/L NaCl ) to 20 g/L, and dialyzed
overnight against 0.1 mol/L sodium acetate,
pH 5.5.
MAb digestion was carried out by the method
of Parham et al[8] with some modification. Briefly,
papain was dissolved in 0.1 mol/L sodium acetate,
pH 5.5 with 3 mmol/L EDTA, 1 mmol/L DTT
(Sigma) and then incubated for 30 min at 37 .
Activated papain was freed from excess DTT by
gel filtration of the Sephadex G-25 (Pharmacia).
The papain was determined by measuring absorbance
at 280 nm and adjusted to 2 g/L. Preactivated papain
was added to mAb HAb18 at a ratio of 1:20 (w/w)
for 2h. The
and the mixture was incubated at 37
reaction ceased by addition of 30 mmol/L
iodoacetamide (Fluca) and the products analyzed by
SDS-PAGE in the absence of β-mercaptoethanol.
Chromatographic purification The papain digest was
dialyzed against 10 mmol/L Tris-HCl, pH 8.0 and
applied to a column of DEAE-Sepharose-FF (2 cm×
18 cm, Pharmacia) connected to FPLC which wasequilibrated and then washed in the same buffer
until the absorbance at 280 nm reached a
background value of 0.01. The column was then
eluted with a linear gradient from 0 mmol/L - 100
mmol/L NaCl in the same buffer. Fractions were
collected and assayed for absorbance at 280 nm and
analyzed by SDS-PAGE.

LIU Cheng-Gang, et al. Preparation and purification of F(ab’)2 fragment from anti-hepatoma mouse lgG1 mAb

Analytical studies The purity of F(ab’)2 fraction
was detected by SDS-PAGE which was performed
in a 10% gel under reducion or non-reducion
conditions according to the method of Laemmli[9].
Proteins were treated with loading buffer in the
absence or presence of â-mercaptoethanol at 100
for 5min and stained with Comassie Brilliant Blue
R-250.
Antigen binding activities of F(ab’)2 were
measured by indirect immunofluores cence. Viable
hepatoma cells were fixed on the plates. F(ab’)2
fraction was d iluted with PBS to 1 mg/L, and series
of two-fold dilu tions were prepared and added to
plates which were incubated for 60 min at 37 ,
washed with BPS, and added fluorochromeconjugated rabbit anti-mouse -F(ab’)2 antibody
(Sigma) then incubated for 30 min at 37
and
examined
under
an
immunofluorescence
microscope.
Concentrations of F(ab’)2 and mAb were
estimated using an extinction coeffici ent at 280nm
and at 260 nm, protein concentration (g/L) = 1.45
×OD280-0.74×OK260.
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Analytical studies

The collected F(ab’)2 pool from the DEAE column
was applied to SDS-PAGE and then examined by
thin-layer chromatography scanning. The results
showed that the purity of F(ab’)2 fragment was
more than 95%.
The immunoactivity of initial mAb and the F
(ab’)2 obtained after digestion were determined
using indirect immunofluorescence. After
proteolytic digestion and chromatographic
purification, the minimal detective concentration F
(ab’)2 was 0.125 µg/mL, corresponding to 90% of
their initial mAb activity.
The total protein digested by papain was
100mg. The quantity of the F(ab’)2 obtained from
the DEAE-FPLC was 53mg, and the purity greater
than 95 %, due to the molecular size of F(ab’) 2
fragment is 68% of the intact IgG, thus, the actual
yield of F(ab’)2 was about 78% of theoretical yield.

RESULTS
Papain digestion

The ascitic fluid from which the mAb was purified
by SP-FPLC, the product of the papain digestion for
2 h and the purified F(ab’)2 were applied to SDSPAGE under non-reduction and reduction
conditions, the results indicated abou t 95% of the
antibody were degraded to F(ab’)2 fragment after
2 h incuba tion. The digest contained F(ab’)2, F
(ab’), and Fc fragments as well as intact IgG and
other contaminating proteins. A band with Mr
160000 was corresponding to IgG under nonreduction condition before the reaction, and a band
of Mr160 000 was considered to be F(ab’)2 after
digestion. Under reduction condition, IgG showed
two bands of Mr50 000 and Mr28 000, which
corresponded to heavy (H) and light (L) chains,
respectively. In contrast, the H and L chains of F
(ab’)2 were about M r30 000 and Mr28 000
(Figure 1).

Fignre1 Photograph of SDS-PAGE get of anti-hepato ma IgG1
mAb HAb18 before and after digestion and purification. Lane
1, molecul ar weight standards; lane 2-3, reduced and nonreduced mAb HAb18; lane 4, papai n digest of HAb18; lane 56, purified F(ab’)2 fragment under non-reduction and reduction
conditions.

Chromatographic purification

The papain digest was separated by FPLC using
DEAE-Sepharose-FF column. As shown in Figure 2,
the strength of interaction with DEAE was papain<
(ab’)2 Fab ‘<IgG<Fc. Papain flow through the
column, F ( ab’ )2, F ( ab’ ), IgG, Fc and other
protein bound to the column and purified F(ab’)2
fragment was obtained after elution with
50mmol/L NaCl. According to the SDS-PAGE
result, the fragment was separated entirely with
intact IgG, Fc, papain and other proteins.

Fignre2 Purification of F(ab’)2 fragme nt from papain digest of
mAb HAb18 by FPLC using DEAE-Sepharose-FF column.
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DISCUSSION

Classical preparation of F(ab’)2 fragments from
mouse IgG mAbs used to be digested by pepsin,
however, Lamoyi et al[3,4] reported that the
sensitivity to pepsin varied in different mouse IgG
subclass, it was IgG3>IgG2a>IgG2b>IgG1, pepsin
had little effect on most mouse IgG1 proteins.
Parham et al[6,8] used preactivatedthiol-free papain
to cleave IgG1 mAbs to F(ab’)2 and Fc fragments
efficiently, but it needed 18h- 25h for digestion.
The method described here was modified according
to the reference[8], the study showed that 2h was
sufficient, more than 95 % of mAb was cleaved
successfully to F(ab’) 2 fragment using papain
digest ion. Under the conditions described above, 3
anti-hepatoma IgG1 mAbs had been so far tried and
the same results obtained. The relative amounts of
F(ab’)2 produced might vary with changes in the
conditions
of
digestion,
duration
and
concentration[8], so we suggested that the
conditions of digestion for each monoclonal
antibody pre paration be assessed by experience. In
addition, it was critical to inactivate the papain, for
we observed in our experiment that it might retain
activity and led to degradation of F(ab’)2 to Fab and
smaller fragments.
There have been some papers reporting the
purification of F(ab’)2 fragments by gel filtration[2]
or ion-exchange chromato graphy[3,6]. However,
F(ab’)2 cannot be purified to homogeneity by
single-step chromatography. Koichi[7] reported a
purification scheme for F(ab’)2 fragment, using
hydrophobic interaction, and ammonium sulfate
was used in protein precipitation and purification.
However, this technique might reduce significantly
the antibody activity[10]. In the present paper, we
described the use of FPLC using DEAE-SepharoseFF to the purification of F(ab’)2 fragment of mouse
IgG1 MA b. The advantage of the method described
here was not only could be completed within on
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single-step, but also the fraction containing F(ab’)2
fragment was h omogeneous (Figure 1), which had
been separated entirely from papain, intact IgG and
Fc fragment, though F(ab’)2 sometimes contain a
little of F(ab’), for m any purpose it was no need
for further purification. To be more important, the
recovered F(ab’)2 retained 90% of their initial mAb
activity.
By using the procedures above a purification
cycle was only 60 min, and F(ab’)2 fragment
obtained from each cycle could reach the level of
preparation scale. Because of these advantages,
they could be a simple and rapid process. This
method was quite useful in immunological diagnosis
and therapy with antibody fragment.
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Measurement of liver volume and its clinical
significance in cirrhotic portal hypertensive patients
ZHU Ji-Ye, LENG Xi-Sheng, DONG Nan, QI Gui-Ying and DU Ru-Yu
Subject headings liver volume; hypertension,
portal; liver ci rrhosis; prognosis
INTRODUCTION

Accurate assessment of hepatic reserve function in
cirrhotic portal hypertensive patients is important for
selection of surgical proc edure and evaluation of
prognosis. The measurement of liver volume has
been applied in clinic as widely as Child’s class[1,2].
Limited by technical condition, measurement of
liver volume in vivo has seldom been reported in
China. Using double helix-spiral CT (Elscint CT
Twin), the liver volume of 25 cirrhotic patients and
30 patients in controls was assessed, and a
correlation analysis was made between the liver
volume and preoperative natural shunting rate,
portal vein flow, portal pressure and prognosis of
cirrhotic patients.

99m

Tc-MIBI750mBq (20mci) was given intrarectally
to cirrhotic portal hypertensive patients who lied
supine under the detector of Techneca 438H/560γ
camera to image heart, liver and spleen. The region
of interest (ROI) with equal area was set up over
the surface of heart and liver, portal-systemic
shunting index ( SI ) = ROI ( heart )/ROI ( heart )
+ROI (liver).
Measurement of portal flow and portal pressure
During breath holding after inspiration, the bore
and average/maximal blood flow rate of portal vein
were measured from 2-dimensional real-time
ultrasonographic image with AC USON 128P/10
color Doppler ultrasound system. The portal flow
was measured according to the formula (flow volume
= sectional area × flow rate). Portal pressure was
measured by gastroepiploic venous centesis.

RESULTS
MATERIALS AND METHODS
Patients

Twenty-five patients with post-hepatitis cirrhotic
portal hypertension were included in this study (16
males and 9 females, aged 24-66 years, averaging
44.2 years ± 10.7 years, 1.58 m-1.76 m in hight
and 47.5kg-70 .5kg in weight). All patients were
HBsAg or HCV-antigen positive with no cardiac
disease and hepatic space-occupying lesion.
Thirty patients with chronic cholelithiasis with
no hepatic disease served as controls (13 males and
17 females, averaging 45.1 years ± 14.0 years,
1.58 m-1.82 m in hight and 48 kg - 85 kg in weight).
All patients were HBsAg negative with no
cardiac disease.
Methods

Measurement of liver volume The upper abdomen
was scanned by double helix-spiral CT (Elscint CT
Twin). The liver volume was measured by 3dim ensional shaded surface display software[3].
Measurement of natural portal-systemic shunting rate
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According to double helix-spiral CT, the average
liver volume in the control group was 1070.68cm3±
227.52cm3, and was positively correlated with
height, the correlation coefficient ( γ = 0.42, P
<0.05) was not correlated with that ( γ = 0.17, P>
0.05) of body weight.
According to double helix-spiral CT, the
average liver volume of portal hypertensive patients
was 797.02cm3±135.11cm3, which was significantly
smaller than that in the controls (P<0.05).
The liver volume of cirrhotic portal
hypertensive patients was correlative with Child’s
class, the liver volume and liver volume/height of
patients who were Child B were significantly greater
than that of patients who were Child C (P < 0.05).
There was no significant correlation between liver
volume and natural portal-systemic shunting index
(SI ) ( correlation coefficient γ = -0.27, P > 0.05 )
and portal flow ( correlation coefficient γ = 0.17,
P>0.05)(Table 1).
Among the 24 cirrhotic portal hypertensive
patients who received H-graft portal -caval shunt
(the bore of the artificial vessel was 8 mm), the
morbidity of postoperative encephalopathy and the
one-year mortality in patients with their liver
volume lower than 750 cm3 were found to be higher
than those in patients with their liver volume higher
than 750 cm3. Significant difference was found in
the morbidity of postoperative encephalopathy
(Table 2).

526

ISSN 1007-9327

CN 14-1219/ R

WJG

December 1999

Volume 5

Number 6

Table 1 Comparison of liver volume in different hepatic function class (x±s)
Hepatic function class

Liver volume (cm3)

Case(n)

Child A class
Child B class
Child C class

2
13
10

Liver volume/height (cm3/m)

1133.0
888.2±92.6a
672.4±91.1

645.6
533.1±50.1a
393.8±48.2

a

Compared with Child C class, P<0.05.

Table 2 Morbidity of post-shunting encephlopathy and post-shunting mortality in patients with different liver volume

Liver volume>750cm3
Liver volume<750cm3

Case (n)

Encephalopathy (n)

13
11

1
4

Morbidity of encephalopathy
7.7%a
36.4%

One-year death
1
1

Mortality
7.7%
9.1%

a

Compared with liver volume<750 cm3 group,P<0.05.

DISCUSSION

Liver cirrhotic portal hypertension is a disease with
considerable individual difference. The complicated
liver function and other factors will influence portal
pressure and the operational results. How to
evaluate patients’ tolerance to operation, how to
select optimal operation for patients and how to
predict the prognosis are challenges to surgeons.
Age, nutritional condition and hepatic function class
(Child’s class) have often been regarded as the
criteria. Liver volum e and amount of liver cells,
which is an important index of the hepatic function,
were overlooked, while the volume and weight of
liver have been regarded as the factors as important
as Child’s class[3,4].
Liver is an irregular wedge-shaped organ,
critical deformity is present during the course of
cirrhosis, which has brought certain difficulty to the
measurement of liver volume and its weight in vivo.
With the help of double helix-spiral CT (Elscint CT
Twin), scanning could be completed during the
course of breath holding, thus reduced the error.
Liver volume was measured by 3-dimensional
integral software accurately. The result showed that
liver volume in adult had a positive and linear
correlation with height, but no close correlation
with body weight, this will guide the selection of
donor and receptor for liver transplantation. The
liver volume of cirrhotic portal hypertensive
patients decreased by 25.6% as against controls.
The liver volume of patients in Child C class
decreased obviously in contrast with patients in
Child B class, indicating that hepatic reserve
function was correlative with liver volume. If
patients were divided into two groups according to
liver volume of 750 cm3, the morbidity of
postoper ative encephalopathy in patients who
received portal-caval shunt with their liver volume

less than 750 cm3, was 4.5 times that of patients
with their liver volume higher than 750 cm3. Owing
to the poor hepatic reserve functi on, patients with
lower liver volume were prone to enceplopathy,
therefore it was not adequate to perform shunt
operation on patients whose liver volume was too
low. It played a role in objective evaluation of
patients’ tolerance to operation and selection of
operational procedure[5,6]. Our study showed that
although the extent of liver atrophy was negatively
correlated with portal pressure, correlation
coefficient was small. Statistical analysis showed no
significant difference, and portal flow was not
closely correlated with liver volume. These suggest
that there are many factors that influence portal
pressure, natural portal-systemic shunting index and
portal flow. Liver volume is probably just one of
them. At the same time, the relationship between
liver volume and portal pressure, portal flow and
portal-systemic shunting rate needs to be further
studied.
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Localization of keratin mRNA and collagen I
mRNA in gastric cancer by in situ hybridization and
hybridization electron microscopy
SU Chang-Qing1, QIU Hong1 and Zhang Yan2
Subject headings keratin; collagen; in situ
hybridization; nucleic acid; stomach neoplasms;
mRNA
INTRODUCTION

Immunohistochemistry and immune electron
microscopy were used to determine the keratin and
collagen I polypeptides expressed in gastric mucosa
and gastric cancer. We found that the canceration
of gastric epithelia and the infiltration and
metastasis of gastric cancer are closely related with
cellular skeleton and extracellular matrix[1]. The in
situ hybridization (ISH) technique, developed by
Gall and Pardue in 1969[2,3] , has become an
essential tool for detecting the localization of
synthesis and abundance of RNA transcripts on
tissue sections. With a K6 (Mr 56000) keratin cDNA
probe and a collagen I α1-chain cDNA probe, the
cDNA-mRNA ISH technique was used to study
changes of keratin mRNA and collagen I mRNA
expression in gastric mucosa and gastric cancer.
MATERIALS AND METHODS
Tissue preparation

Tissue samples of 58 cases of gastric cancer and 40
cases of gastric mucosa were obtained from fresh
surgical specimens at the Cancer Center of PLA,
Nanjing 81 Hospital, Nanjing, China. The samples
for light microscopic ISH were immediately fixed in
100mL/L buffered formalin. The samples for
ultrastructural ISH were fixed in PG fixative
solution.
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Probe preparation

Biotinylated probes of K6 keratin cDNA and
collagen I α1-chai n cDNA were prepared from the
Pst I fragments cloned at plasmid PBR322
(Amersham). The probe preparation was essentially
carried out according to the methods of Obara et
al[4,5] by randomly primed in vitro transcription,
with the use of biotin-11-dUTP (BRL).
Light microscopic ISH

Formalin-fixed, paraffin-embedded tissue sections
were cut and mounted on glass slides that had been
treated to inactivate RNase and coated with 0.05%
polyly sine (Sigma). All hybridization procedures
were tested according to Plummer et al[3] and
Mandry et al[6].
The sections were deparaffinized in xylene,
washed in alcohol, and then air-dried. After washed
in PBS, the sections were treated with 3 mg/L
proteinase K ( Sigma ) in 10 mmol/L Tris-HCl, pH
7.4, 2mmol/L CaCl2 for 10 min at 37 , and
washed in PBS containing 0.2% glycine followed by
fixation in 4% paraformaldehyde for 5min at 37 ,
and then dehydrated and air-dried. All sections
were covered with prehybridization buffer (50%
formamide, 2×SSC, 2×Denhardt’s solution, 10%
dextr an sulfate, 500mg/L herring sperm DNA,
500mg/L yearst tRNA) for 60min at room
temperature. The labeled probes were diluted to the
concentration of 0.5 mg/L in the same buffer,
heat-denatured at 100 for 5min. Each section was
overlaid with this hybridization solution, covered
with a coverslip, and then incubated overnight for
24 hours at 44
in moist chamber.
Posthybridization washing was either with 50%
formamide in 2×SSC or with 1mmol/L-EDTA in
PBS. Blo cking solution containing 3% BSA and
1mmol/L EDTA in 0.1mol/L, pH 7.4, TBS was used
to reduce background staining, 10min at room
temperature, followed by a brief washing in
distilled water. Tissues were reacted with 1:20
streptavidin-peroxidase (Maxim) in the blocking
solution for 60min at 37 , washed thoroughly with
2×SSC and 0.1mol/L, pH 7.4, TBS, and revealed
by the addition of hydrogen peroxide and AEC,
finally counterstained with hematoxylin.
The positive staining was classified into four
grades: ( - ) no positive grains, ( + / - ) a few tiny
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grains in the cells, ( + ) many positive grains
gathered to coarse grains, (+ +) thick grains in the
cells gathered to slices.
Ultrastructural ISH

The positive cases demonstrated by light microscopic
ISH on paraffin sections were chosen to be used for
ultrastructural ISH, including 22 cases of gastric
mucosa and 49 cases of gastric cancer. The prepared
samples fixed in PG fixative solution were washed
in PBS containing 5% sucrose, cut into 30µm-50µm
thick oscillating sections and mounted on slides. The
ultrastructural ISH steps, including enzymatic
digestion, denaturation, hybridization, and
detection probe, were carried out the same as in
light microscopic ISH, with the exceptions of probe
concentration of 0.1mg/L and streptavidin-peroxidase
working titer of 1:100.
After the hybridization signals had been
revealed, the sections were gently separated from
slides and carefully folded to tissue blocks, followed
by postfixation in 1% osmium tetroxide. The
following procedures, including dehydration,
embedded in Epon-812, ultrathin section making
and staining with lead citrate and uranyl acetate,
were executed according to the conventional steps
of diagnostice lectron microscopy. Finally, the
hybridization signals were observed under H-300
transmission electron microscope.
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positive signals were found in 21 of 49 cases of
gastric cancer. The positive grains in the epithelia
were tiny and distributed in cytoplasm, especially
more around nuclei (Figure 2). In cancer cells,
keratin mRNA positive grains increased and
appeared in two forms, one was tiny grains gathered
in certain sites of cytoplasm and distributed
irregularly, most of which came out in poorlydifferentiated cancer cells; the other was coarse
grains scattered evenly in cytoplasm, which mostly
emerged in well differentiated cancer cells (Figure
3). The sections of cancer tissue, through the
treatment of RNase A before ISH, had few tiny
grains in cytoplasm of cancer cells.
Expression of collagen I mRNA

Collagen I mRNA positive reaction was localized
in the cytoplasm of mesenchymal cells, like
fibroblasts in mucosal and cancer stroma. The
reaction in mucosal mesenchymal cells showed dense
black staining. In the stroma of well-differentiated
cancer, the positive cells distributed around or in
the cancer nests dispersively, most cells had coarse
and thick grains and some cells only had a few tiny
grains (Figure 4). In poorly-differentiated cancer,
collagen I mRNA reaction distributed irregularly
in fibroblasts was dense and looked like the form of
dust.
Comparison of mRNA expression in gastric
mucosa and gastric cancer is shown in Table 1.

Negative controls

Negative controls included the sections digested
previously with RNase A (Sigma) and the sections
incubated in prehybridization solution without
probes, all of which had undergone the
simultaneous ISH processes.
RESULTS
Distribution of keratin mRNA

Under light microscopy, different extent of
hybridization signals was found in 22 of 40 cases of
gastric mucosa, and positive grains were found in 49
of 58 cases of gastric cancer. The gastric epithelial
cells positive for keratin mRNA were scattered in
mucosal glands, especially in the bases of glands.
The hybridization grains were tiny and dense in
cytoplasm. Keratin mRNA in cancer cells
increased, the quantity and distribution of positive
grains were related to the histological type and
differentiation of cancer cells. In welldifferentiated cancer, the grains in cancer cells were
thick and coarse, while in poorly-differentiated
cancer, the positive grains distributed in all
cytoplasm matrix and always gathered to form slices
(Figure 1).
Ultrastructurally, 8 cases showed positive
reaction in 22 cases of gastric mucosa, and 21 cases

Table 1 Comparison of keratin mRNA and collagen I mRNA
expression
Staining
grade
+/+
++
Total
a

Keratin mRNA

Collagen I mRNA

Mucosa

Cancer a

Mucosa

Cancer

18
10
7
5
40

9
23
12
14
58

19
12
5
4
40

25
18
9
6
58

P<0.05 vs mucosa group.

Figure 1 Poorly-differentiated carcinoma, keratin mRNA positive
grains increased and distributed in cytoplasm. ×400

SU Chang-Qing, et al. Expression of keratin mRNA and collagen I mRNA

Figure 2 Normal gastric mucosa: the positive grains for keratin
mRNA in the epithelial cell were tiny and distributed around
nucleus. ×15000
Figure 3 Well-differentiated adenocarcinoma: coarse grains for
keratin mRNA increased and scattered evenly in cancer cell
cytoplasm. ×1500
Figure 4 Well-differentiated adenocarcinoma: collag en I mRNA
positive grains appeared in mesenchymal cells. ×200

DISCUSSION

In the past experiments, immunohistochemistry was
used to localize cellular skeleton and extracellular
matrix at gene product levels. But it is unable to
differentiate active production of proteins on site
from proteins stored in passive cells[4]. A valuable
alternative is the detection of mRNAs by ISH which
can identify specific cell types actively transcribing
specific genes. With the use of K6 keratin cDNA
probe and collagen I α1-chain cDNA probe, the
detection of specific mRNAs by ISH was applied to
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the study of their changes in gastric mucosa and
gastric cancer. On paraffin sections, the expression
of keratin mRNA and collagen I mRNA in target
cells was directly observed, and on ultrathin
sections, keratin mRNA positive reaction was
observed under electron microscope. But on sections
that had been treated with RNase A before ISH and
hybridized without probes, no obviously positive
reaction grains were found. The results
demonstrated that the hybridization signals
originated from RNA. The technique of preembedding hybridization and tissue section
posthybridization treatment, is a new preembedding method for ultrastructural ISH.
Although pre-embedding technique has the
disadvantages of loss of ultrastructural membrane
detail and potential loss of label during the
embedding procedure, it is sufficient to localize
mRNA ultrastructurally and to study the
transcription and expression of genes.
The keratin, characteristic of epithelial cells,
represents a complex family of 19 different
components with molecular weights varying from
Mr4000 0 to Mr67000. Because individual keratin is
synthesized from d ifferent mRNA, the transcript
level of specific keratin reflects changes in the
expression of the genes, cDNA probes for various
keratin mRNAs from various spec ies have been
produced. With K6 keratin cDNA probe, which has
been shown to be complementary to the mRNA for
the Mr56000 keratin and to share significant
homology with the mRNA for Mr58000 keratin[4],
the positive hybridization signals appeared clear in
gastric mucosa and gastric cancer. The
hybridization grains in epithelia were tiny and
distributed around nuclei, and the grains in cancer
cells increased (P<0.05), often gathered to coarse
grains or slices, and distributed heterogeneously,
especially in poorly- differentiated cancer cells. The
results,
unanimous
with
that
of
immunohistochemistry[1], demonstrated further that
the increase of keratin in cancer cells is due to its
active synthesis in cancer cells. This ability to
synthesize cellular skeleton protein is related to the
active reproduction and strong motility. The
positive rate of keratin mRNA by ISH in gastric
mucosa and cancer was lower than that of keratin by
immunohistochemistry [1], due to loss of
hybridization information during the sample
treatment and weakness of gene expression in some
cells.
Collagen I, one of extracellular matrix
components, mainly arises from mesenchymal cells.
A few investigators, with immunohistochemistry
and ISH, described that epithelial tissue and cancer
cells, such as hepatocytes and hepatocarcinoma
cells, can produce collagen I[7]. With the use of
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collagen I cDNA probe, we found that collagen I
mRNA was expressed only in mesenchymal cells.
Further study will prove whether this is related to
the difference of probes or not. In gastric cancer
stroma, the hybridization grains were thick and
dense in mesenchymal cells which were distributed
around or in the cancer nests. The active synthesis
of collagen I plays an important role in the
formation of fibrous capsule around cancer nests
and in the inhibition of cancer cell infiltration and
metastasis. During the process of cell canceration
and cancer infiltration and metastasis, some changes
will occur in extracellular matrix including collagen
I, possibly due to the changes of synthesis and
degradation of these components [1,8]. In our current
study, the expression of collagen I in cancer
stroma had no obvious changes compared with that
in gastric mucosa (P>0.05), so that we believe
that the degradation yielded by cancer cells is an
essential factor in the changes of extracellular
matrix. This degradation is of great impo rtance to
the infiltration and metastasis of cancer cells.
Finally, the changes in the biological
characteristics of gastric cancer are due to the effect
of cellular skeleton and extracellular matrix. The
increase of keratin synthesis and the ability of
extracellular matrix degradation in cancer cells are
the key mechanism of cancer infiltration and
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metastasis. The ISH technique has been proven to
be a powerful tool in situ gene expression in
individual cell. Further study of other cellular
skeleton and extracellular matrix compo nents is in
progress.
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In situ detection of Epstein Barr virus in gastric
carcinoma tissue in China highrisk area
WAN Rong, GAO Mei-Qin, GAO Ling-Yun, CHEN Bi-Feng and CAI Qian-Kun
Subject headings stomach neoplasms; EpsteinBarr virus; In situ hybridization; LMP-1 protein

INTRODUCTION

Epstein-Barr virus ( EBV ), a gammaherpesvirus,
has been strongly associated with African Burkitt’s
lymphoma and nasopharyngeal carcinoma. Recently
it has been identified in lymphoepithelioma-like
carcinoma of thymus, tonsil, lung and in some
gastric carcinoma[1-4]. The development of very
sensitive methods for detection of EBV infection in
archival pathologic tumor sections has allowed us to
study the association of EBV with gastric
adenocarcinomas by using In situ hybridization with
EBER-1 oligoprobes and immunohistochemistry
with anti-LMP1 antibodies.
MATERIALS AND METHODS
Materials

Cases were selected from a series of primary gastric
carcinomas collected at the Department of
Pathology, Fujian Medical University, Fuzhou,
Fujian. The specimens included 58 primary gastric
carcinomas, 5 chronic peptic ulcer and 10 additional
specimens of normal gastric mucosa obtained from
postmortem patients without gastrointestinal
disease. Formalin-fixed, paraffin-embedded tissues
were prepared for light microscopic examination.

the nucleus over background levels was considered
positive. In each case, hybridization was applied to
section that contained both neopla stic and adjacent
non-neoplastic mucosa.
A known EBV-positive nasopharyngeal
carcinoma served as positive control and In situ
hybridization without EBER probe was taken as
negative control.
Immunohistology

Paraffin-embedded sections were stained with
monoclonal antibodies ( CS1-4, DAKO ) to
evaluate the expression of LMP-1. Immunostaining
was performed with the avidin-biotin complex
(ABC) method as previously described. For these
antibodies, the method of antigen retrieval was used
by microwave oven pretreatment in place of
proteolytic digestion before immunostaining. LMP-1
positive nasopharynge al carcinomas were used as
positive controls.
RESULTS
Clinical data and histological subtype

The age range of patients was 37-74 years, with a
median age of 54.5 years. Fifty patients were males
and 8 were females, the ratio of males to females
being 6.3:1. Among the 58 gastric
adenocarcinomas, 22 were poorly-diffe rentiated, 18
tubular, 10 mucinous, 7 signet-ring cell carcinoma,
1 papillary a denocarcinoma.

Method

In situ hybridization The EBV sequence, EBER-1,
was detected with a complementary digoxigeninlated
30 -base oligomer using a procedure proviously
described[5]. A blue-brown or brown color within
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EBV gene expression

EBER-1 expression In situ hybridization, signals
were stro ng and limited to the nucleus of carcinoma
cell (Figure 1). A blue- brown or brown color was
considered a positive signal. Six cases ( 10.3% )
showed EBER-1 exp ression, including 5-poorlydifferentiated and 1 papillary adenocarcinoma. In
positive cases, virtually all malignant cells were
strongly labeled with EBER pro bes, while the
infiltrating lymphocytes, blood vessels and smooth
muscle were EB ER-1 negative. No EBER-1 signals
were observed in adjacent non-neoplastic epithelial
cells, dysplastic epithelial cells and normal gastric
mucosa.
LMP-1 expression No expression of LMP-1 was
seen in both EBER-1 positive and negative cases.
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Figure 1 EBER-1 expression in nuclei of essentially all gastric
malignant cells. ×200

DISCUSSION

EBER-1 is EBV encoded small RNA, of which high
levels expression can be up to 106-107 copies per
cell exceeding DNA in EBV-infected cell. EBER
oligoprobe may combine with EBER-1 enabling for
detecting EBV on paraffin-embedded tissues using
non-isotopic labeling and In situ hybridization
technique which are now considered the most
sensitive methods.
EBV is an oncogenic virus which has neoplastic
transforming properties. The incidence of EBV
infection is high in Chinese population especially in
east and south China. In the current study, we had
demonstrated the presence of viral RNA in 10.3%
of our cases of gastric carcinomas by this method.
The frequency of EBV gene expression in gastric
malignant epithelium in Fuzhou was higher than
that (1.6% to 6.1%) reported in Changsha and
Shenyang[6]. Our study suggested that the frequency
of EBV infection was different in different regions
of China.
The presence of EBV in neoplasms seemed to
be related to the histological subtype of neoplasms.
Raab-Traub et al[7], found EBV in undifferentiated
and poorly differentiated nasopharyngeal
carcinomas, which generally contained a relatively
large number of EBV genome equivalents. In
Hodgkin’s disease, presence of EBV was often in
mixed cellularity ( HD-MC, 91% ) and nodular
sclerosis (HD-NS, 43%) subtypes[8]. In our study,
most of the EBV-postive cases were poorly
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differentiated gastric carcinomas. The relation
between EBV infection and poorly differentiated
carcinomas is unknown. Many believed that EBV
virus might multiply easier in the poorly
differentiated
carcinoma,
EBV
genome
amplification favored growth of malignant cells,
promote infiltration and metastasis[7] . We failed to
detect LMP-1 expression in this tumor due to the
methylation of coding and regulatory regions of this
protein[9].
Shibata et al[10] and Gulley et al[11], found that
the EBER-1 was present in dysplastic epithelium of
gastric mucosa before malignancy transformation.
But our result showed no EBER-1 expression in the
adjacent non-neoplastic epithelium, dysplastic cells
and normal gastric mucosa. Finally low frequency
of Eps tein-Barr virus in gastric carcinoma suggests
that EBV does not play any import ant role in the
pathogenesis of gastric carcinoma.
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Comparison of gene expression between normal
colon mucosa and colon carcinoma by means of
messenger RNA differential display
WANG Li1, LU Wei1, CHEN Yuan-Gen1, ZHOU Xiao-Mei2 and GU Jian-Ren2
Subject headings colonic mucosa; colonic
neoplasms; RNA, mess enger; gene expression

normal colon mucosa and colon carcinoma using
single-step method of guanidine thiocyanate
described by Chomczynski[2,3], some steps had been
modified.

INTRODUCTION

Messenger RNA differential display technique,
developed by Dr. Liang in 1992[1], is a powerful
new tool for identifying and cloning differentially
expressed genes in a certain type of cell line, tissue
or a special developing stage. Using this method,
large amounts of molecular biological information
can be obtained easily and quickly. In our study,
this technique was used to compare genes expressed
differentially between normal colon mucosa and
colon carcinomas, in order to understand the
molecular biological basis of colon cancer.
MATERIALS AND METHODS
Samples

Fifteen samples of colon carcinoma were obtained
from radical colectomy, samples of normal colon
mucosa were obtained 8 cm - 10 cm apart from
colon carc inoma.
Reagents

Guanidine thiocyanate and β-mercaptoethanol were
purchased fro m BRL (America); T12MN primer
and AP primer were presented by the National
Laboratory for Oncogene and Related Genes,
Shanghai Cancer Institute.
Experimental procedures

RNA preparation Total RNA was isolated from
1
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Reverse transcription DNA-free RNA was reversely
transcribed using the oligo-dT primer T12MN in the
presence of [γ-32P]dATP.
PCR amplification Using cDNA products as
temples, PCR reaction s were performed in the
presence of [γ-35S] dATP, the primer combination
was T12MN and AP. Following denaturation for 30
seconds at 94 , the PCR steps consisted of 30
seconds at 94 , 2 minutes at 40 , 30 seconds at
72
for 40 cycles, followed by 5 minutes at 72 .
Amplified PCR products from normal colon mucosa
and colon carcinomas were separated side by side on
a 7.5 M urea/6% polyacrylamide gel.
Recovery of differentially expressed bands After
autoradiograp hy, the cDNA bands representing
differently expressed mRNAs were excised from the
gel. For each band, extracted cDNA was
reamplified for 30 cycles with the same primers and
the same PCR conditions used in the initial PCR,
except that no radioactive dNTP was included.
After PCR, the product was run on 1.5% low melt
agarose gel and stained with ethidium bromide.
Northern blot analysis PCR bands of the expected
size were cut from the gel, purified and used as
probes. DNA probes were radio-labeled by the
random prime labeling method, hybridized with
RNA from pre samples and other RNA samples
respectively.
RESULTS

Total RNAs from normal colon mucosa and colon
carcinomas were isolated using single-step method of
guanidine thiocyanate, then reversely transcribed
into first string of cDNA, T12MA, T12MC, T12MT
and T 12MG were used as oligo-dT primer
individually. The result of alkaline denatured
electrophoresis indicated that cDNA molecules were
in the range of 0.5kb-5kb. cDNAs were amplified
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by PCR reaction using the primer combination. T12
MN and AP2, AP4, PCR products were separated by
6% polyacrylamide gel electrophoresis. Fourteen
bands were obtained which were differentially
displayed between normal colon mucosa and colon
carcinoma. Eight bands (T 1-T8) were highly
expressed in carcinomas, and the other 6 bands were
expressed only in normal tissues. T1 band was
verified to be highly expressed in tumor, but had no
expression in normal tissues by Northern blot. This
cDNA band would be used for cloning and
sequencing.
DISCUSSION

The technique of mRNA differential display, by
means of combinating T12MN and arbitrary primer
AP, can detect all expressed genes in mammalian
cells and recover their molecular biological
information. These cDNA fragments can be used as
probes to isolate target genes from genomic DNA
or cDNA library for intensive molecular biological
identification. The technique has several advantages
over other methods, such as simplicity, sensitivity,
reproducibility, versatility and speed, so that it has
been used in researches of many diseases, especially
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in molecular biological study of malignant tumors.
We screened 14 cDNA fragments by means of
mRNA DD, one of these bands (T1) was highly
expressed in the colon carcinoma which was used for
differential display. Using T1 band as probe, we
found that it was also highly expressed in many
other colon carcinomas ( 12/15 ). In the further
study, this DNA fragment can be used for cloning
and sequencing. Checking the database of
Genebank, if the sequence of this cDNA band has
no homology to the sequences of other nucleic acids,
it can be considered as partial cDNA fragment of
a new colon carcinoma-related gene. By screening the
genomic DNA or a certain cDNA library, the fulllength cDNA can be cloned, which may be helpful
in the study of the molecular biology of colon
carcinoma.
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An improvement method for the detection of in
situ telomerase activity: in situ telomerase
activity labeling
FENG De-Yun, ZHENG Hui, FU Chun-Yan and CHENG Rui-Xue
Subject headings methodology; telomerase; in
situ labeling ; polymerase chain reaction

assay on the basis of TRAP, which is very easy to be
performed. A stable result can be gained on frozen
sections of tumor tissue.

INTRODUCTION

Telomerase is a special reverse transcriptase which
consists of a template RNA and protein, and uses
the RNA template to catalyze the addition of
telomeric DNA to chromosome ends[1-5]. The
enzyme is active in adult male germ-line cells,
embryonic cells and hemopoietic stems, but is
undetectable in normal somatic cells except for
proliferative cells of renewal tissue, e.g., activated
lymphocytes, basal cells of the epidermis and
intestinal crypt cells, whereas in almost all
malignant tumor cells and immortal cell lines,
telomerase activity has been measured. Thus, it is
believed that activation of telomerase is closely
as sociated with genesis and development of
malignant tumors. Most studies to date have
measured telomerase activity by telomeric repeat
amplification protocol ( TRAP ) in heterogeneous
tissue extracts[1,3-5]. With the introduction of
sensitive TRAP, telomerase has been reported to be
detectable in small tissue samples from almost all
tumors and tumors-derived cell lines. It is not
known if all cells within a tumor have telomerase
activity or if only a subset does. It is necessary to
develop an in situ assay for detecting telomerase
activity levels in cytological and tissue samples.
Ohyashiki[2]reported an in situ assay for telomerase
activity by in situ PCR with fluorescence TS and
CX telomerase primers to detect telomerase activity
of cultured cells and free cells, but the attempts to
use in situ PCR telomerase assay on frozen sections
of pathological materials were unsuccessful. Now
we report an improved in situ telomerase activity
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MATERIALS AND METHODS
Samples and reagents

Twenty-four hepatocellular carcinoma (HCC), 20
colorectal carcinoma (CRC) and 18 nasopharyngeal
carcinoma ( NPC ) tissues were obtained from
patients in Xiangya Hospital and the Second
Affiliated Hospital of Hunan Medical University,
Changs ha, People’s Republic of China. Each tissue
was divided into 2 pieces. One piece was fixed in
100 mL/L formalin and embedded in paraffin for
pathological diagnosis, the other was soaked in
liquid nitrogen, and preserved at -76 .
In situ TRAP kit was purchased from
Department of Pathology, Beijing Medical
University (P.R.China). SP detection kit and
development kit were from Maixing Comp (Fuzhou,
P.R.China). RNase was the product of SinoAmerican Ltd (Shanghai, P.R.China).
Methods-In situ telomerase activity labeling

Six ìm frozen tissue sections were cut by freezing
microtome (Leica, Germany) and the slides treated
by poly-lysine were mounted, and detected for in
situ telomerase activity.Briefly, each section was
added 20 µL telomerase reaction mixture containing
up-stream primer TS (5’AATCCGTCGAGCAGAGTT-3’) 0.5 µL, down-stream primer CX (5’CCCTTACCCTT ACCCTTACCCTTA-3’) 0.5 µL,
2 mM biotin-dNTP 2 µL, 2×buffer A 5 µL, 10×buffer
B µL and H2O 11 µL, coverslips were sealed.
for 60 min,
They were then incubated at 30
rinsed with 0.01 M PBS for 3 min, fixed by
40 g/L paraformaldehyde for 15 min, rinsed with
0.01 M PBS for 2×3 min, submerged into 800 mL/L
ethanol for 2 min and dried, dealt with 2% H2O2 for
20 min to block endoperoxidase, rinsed with 0.01 M
PBS for 2×3 min, blocked by normal goat serum for
60 min, incubated by peroxidase-streptavidin at 37
for 60 min, rinsed with 0.01 M PBS for 3×5 min,
developed with DAB, and then counterstained with
hematoxylin.
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In situ TRAP

In situ telomerase activity was also detected by in
situ TRAP. The proce dure was as follows: 6 µm
frozen sections were dripped with 20 µL mixture
(primer TS 0.5 µL, 2×buffer A 5ìL, H2O 14.5 µL),
incubated at 30
for 60 min, rinsed with 0.01 M
PBS for 3 min, fixed by 40 g/L paraformaldehyde for
10 min, rinsed with 0.01 M PBS for 3 min, digested
with 25 mg/L proteinase K at 37 for 10 min, washed
with 0.01 M PBS for 2×3 min, soaked in 800 mL/L
ethanol for 2 min and dried, dripped with PCR
mixture (primer TS and CX 0.5 µL respectively,
2 mM biotin-dNTPs 2 µL, 10×buffer B 1 µL, Taq
polymerase 2 U and H2O 15 µL), added coverglasses
and sealed with liquid paraffin, and amplified by
PCR (PCR conditions were 35 cycles at 95
for
1min, at 50
for 1min, at 72
for 1 min) on
Ericomp Thermocycler (Ericomp Ltd Comp.
America), washed by chloroform and absolute ethanol
for 5min respectively to scavenge the liquid paraffin
and the coverglasses, washed with 0.01 M PBS for
4×5 min, blocked by normal goat serum at 37
for
60 min, dripped with ABC reagent and incubated at
37
for 1h, rinsed with 0.01 M PBS for 3×5 min,
developed by DAB, and counterstained with
hematoxylin.

WJG

December 1999

Volume 5

Number 6

positive cells were small nested or patchy in shape.
Positive results for telomerase activity were
obtained from positive control group, and negative
results from negative control groups.
Comparison of results obtained by two
methods

When our improved method was used to detect in
situ telomerase activity, its positive signal
localization, intensity and character, and
distribution of positive cells were very similar to the
results by in situ PCR-TRAP with much better
morphosis preservation and background of tissues.

Negative control

Distilled water replaced primer TS and CX in
reaction mixture or biotin-dNTPs in PCR miture.
The sections were digested by RNase at 37
for
60 min to remove te lomerase RNA templates. The
sections were heated at 95 for 10min to inactivate
telomerase.
Positive control

Positive sections in the kit were used for positive
control.
RESULTS
Detection of telomerase activity in HCC, CRC
and NPC tissues

We first tested in situ labeling to detect telomerase
activity in HCC, CRC and NPC tissues. Cancer cells
contained detectable levels of telomerase activity.
Positive signals of telomerase activity in HCC were
almost in nuclei (Figure 1), a few in cytoplasm.
Distributions of the positive cells were clustered or
diffused in HCC. Weaker telomerase activity was
also detected in cytoplasm and nuclei in liver tissues
surrounding HCC, and mainly localized in nuclei of
hepatocytes near cancer tissues, and positive cells
were small patchy or clustered (Figure 2). In CRC,
positive signals of telomerase activity were
principally localized in nuclei, and much weaker in
cytoplasm. In NPC, the telomerase activity was
detected in nuclei (Figure 3). Distributions of

Figure 1 Positive signal of telomerase activity localized in nuclei of
HCC. In situ labeling, ×400
Figure 2 Weak positive signal of telomerase activity in liver tissue
surrounding HCC in nuclei and cytoplasm of hepatocytes. In situ
labeling, ×400
Figure 3 Nuclear positive signal of telomerase activ ity in NPC. In
situ labeling, ×400

FENG De-Yun, et al. Telomerase activity detection

DISCUSSION

Telomerase is a specific reverse transcriptase which
utilizes its own RNA as a template to catalyze
synthesis of telomere[1-5]. According to molecular
biological theory, if the telomerase is active, it can
synthesize cDNA by adding the primers and dNTPs
under suitable condition. Because dNTPs used to
synthesize cDNA are labeled with biotin which has
an affinity for streptavidin-peroxidae, and when
developed by DAB, the telomerase activity can be
detected. Affinity reaction of streptavidin with biotin
can amplify positive signals, therefore PCR
amplif ication procedure may be omitted for in situ
detection of telomerase activit y. Thus, the method
for in situ detection of telomerase activity is very
simple and particularly successful on frozen sections
of pathological materials. Morphological
preservation and background of tissue sections are
much better.
According to the data, in order to achieve
satisfactory results during experiment. The
Coverglasses,
following points are worth notice:
tips, forceps and distilled water must be sterilized
After sections were
by high temperature;
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incu bated with reaction mixture, the sections should
not be rinsed too long, and intensity should not be
too strong, otherwise, synthetic cDNA by reverse
transcription is easy to be washed away, resulting in
false negative, because cDNA is not fixed and fast
The slides must be
adhered to the sections;
treated with poly-lysine to avoid separation of the
sections from slides.
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INTRODUCTION

Primary intestinal B cell lymphoma is one of the
most common extra-nodal lymphomas, which
includes two types: intestinal mucosa-associated
lymphoid tissue lym phoma ( IMALToma ) and
lymphomatous polyposis ( LP ). Both have
characteristic pathologic features, immunophenotypes and biological behaviors. In this article,
twenty-five cases were retrospectively analyzed with
regard to criteria of diagnosis and clinicopathologic
characteristics.
MATERIALS AND METHODS
Methods

All 25 tissue specimens obtained from surgical
operation, were embedded in paraffin, sectioned
and stained by haematoxylin-eosin and
immunohistochemical stains ( ABC method ). The
first antibody ( CD20, CD45, CD45R0, CD68, CD30,
K, λ, IgG, IgM, IgA, IgD and bcl-2 ), second
an tibody and ABC Kit were produced by Dako and
Vector Co.PBS buffer solution was substituted for
the first antibodies as the negative control, whereas
the lympho ma cases were used for positive control.
Clinical data

There were 21 cases of IMALToma, in which 16
were males and 5 females, age ranged 9-70 years,
mean age 39.6 years. Location of tumors, 10 were
situated in ileum, 2 at jejunum, 6 in colon, 1 at
rectum and 2 in both ileum and colon; there were
4-cases of LP, 3 men and 1 woman, age 30-47
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(average 38.8 ) years, all were located at the
terminal ileum. Clinical manifestations of
IMALToma were similar to LP with abdominal pain
and mass, melena and mucous stool, intestinal
intussece ption and intestinal obstruction, fever,
loose bowel movement.
Pathological data

Macroscopically, the IMALToma could be
categorized into mushroom, constrictive and
ulcerative types; the size of tumor varied from 2 cm
×1 cm × 1 cm to 20 cm × 10 cm × 3.5 cm. Sixteen
cases had single nodule, five were multiple. The
lymphomatous cells infiltrated in the mucosa, submucosa and muscular layer diffusely or focally.
Lymphoid follicles were seen in 7 cases. In 9 cases,
the germinal centers were partly or entirely replaced
by lymphoma cells. Dendritic cells and macrophages
with chromophilic bodies disappeared. This
phenomenon is called follicular colonization ( FC ).
9 cases showed lymphoepith elial lesion (LEL) in
which there were clusters of lymphomatous cells
infiltrate d focally at the surface epithelium and/or
glands (Figure 1). The glandular epithelia were
destroyed. The neoplastic cells presented a serial
cell lineage of small lymphocyte, centrocyte-like
cell (CCL), monocyte-like B cell (MCB) and
lymphoplasma cell (LPC), and also centroblast like
cells (CBL). All these cells, several kinds were in
a mixed distribution, but usually one kind was
predominant. IMALToma was divided into
following subtypes:
CCL subtype seen in 11 cases. The tumor
cells were medium and small in size, with less
cytoplasm, irregular and angular nuclei of dark
staining, which looked like centrocytes.
MCB subtype seen in 4 cases. The tumor
cells were of medium size, their cytoplasm was
abundant, lightly stained and clear. The nuclei were
round, with visible nuclear membrane, fine
chromatin and small nucleoli.
LPC subtype seen in 2 cases. The cytoplasm
tumor cells looked like plasma cells and nuclei like
small lymphocytes. The cytoplasm was abundant
and stained red, in some, the cytoplasm contained
immunoglobulin inclusions. The nuclei of tumor
cells were round, dark stained, similar to small
lymphocyte.
CBL subtype: CBL cells were more than
50% in four cases, medium size with light stained
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cytoplasm and round vacuolated nuclei, and 1-3
basophilic nucleoli nearby the nuclear membrane.
CBL cells were focally distributed with a few CCL
cells scattering or clustering around the CBL cells.
Transition could be shown between CBL and CCL
cells. Mitoses were easily found, especially the
pathologic mitoses.
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In the above 3 subtypes, 14 with few or none
of CBL cells were low-grade malignant. Another 2
of CCL type and 1 MCB type was low-grade
malignant but with high-grade malignant component,
of which the proportion of CBL cells was more
than 25%. Four CBL types having more than 50%
CBL cells were highly malignant. Lymph node
metastases were seen in 3 of 14 cases of low
grade malignancy, 2 low grade malignancy with
high-grade malignant component and 4 high grade
malignant IMALToma.
Four cases of LP were located at terminal
ileum within the range of 20cm-40cm. They were
hundreds stalkless polyps, varied from millet to
broad bean. Three-fourth were mushroom-like or
narrow masses, which were 1 cm × 1 cm × 1 cm-6
cm×4 cm×2.5 cm in size; with ulceration on the
surface. Histologically, the lymph follicles were
surrounded by numerous layers of lymphomatous
lymphocytes, infiltrating into the germinal centers.
The dendri tic cells and macrophages with
chromophilic bodies decreased and even
disappeared. Neoplastic cells infiltrated diffusely,
forming nodular and mantle-like growth pattern.
The nuclei of the lymphomatous cells were round or
irregularly angular with thick nuclear membrane
and condensed chromatin (Figure 2). One case
showed blast cell transformation.
RESULT

Immunohistochemically, twenty one cases of
IMALToma and four cases of LP were CD45 and
CD20 positive( Figure 3 ). The reactive lymph
follicles we re polyclonal, while LEL and FC were
monoclonal; one case of CBL lymphoma was
negative for bcl-2. Ten cases and 5 cases were
positive in CD68 and CD45R0, in reactive histocytes
and small lymphocytes, respectively.
DISCUSSION

Figure 1 In IMALToma CCL cell infiltrated and destro yed glands
forming the lymphoepithial lesion, HE stains. ×100
Figure 2 In LP, mantle cells increased in layers and infiltrated into
germinal centers, dendritic cells and the macrophages with
chromophilic bodies were replayed entirely.
Figure 3 In IMALToma, lymphoplasmatic cells infilt rated
mucosa membrane, in which the CD20 was positive, ABC method.
×100

The significance of the LEL and FC pathological
diagnosis of IMALToma.
LEL is considered a characteristic feature of
IMALToma[1]. In our data, less than 50% (9/21)
had LEL. The nest formation could also be found in
the in flammatory and reactive status, it might be
difficult to distinguish them from the real LEL, in
such case, immunohistochemistry may be helpful.
The former is several leukocytes with poly-clone and
the latter is the lymphocytes with mono -clone. FC,
appeared in 9 cases, is easy to misjudge as reactive
follicles.
The
following
morphological
characteristics and immuno-phenotype may be
helpful for the differentiation:
FC has no
dendritic cells or macrophages with chromophilic
bodies.
CCL cell is the immunophenotype of B
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cells in the marginal ar ea, rather than at the
germinal center[2].
Both LEL and FC were characteristic features
for diagnosis[3], but they could only be seen in some
of the cases, then, immunohistochemistry and
molecular biology technique should be done.
The diagnostic criteria and correlations of
clinico-pathologic features of low and highgrade malignant IMALToma

Fourteen were of low-grade malignancy, including
CCL, MCB and LPC subtypes. The proportion of
CBL cells was more than 25% in two CCL
lymphoma and one MCB lymphoma, one should pay
attention to transformation from low-to high-grade
malign ancy. Four CBL lymphomas were of highgrade malignancy, in which the CBL cells were >
50%, distributing around the FC in fused clusters or
trabeculae, and Igmight be positive and bcl-2
negative[4,5]. The rates of metastasis of the above
three types of lymphoma were 28.5%, 66.7% and
100%, respectively, which proved that histological
grading and the clinical staging were intimately
related to prognosis.
The origination of LP

The lymphomatous polyps were first described, and
named LP by Corn in 196 1. The origination of LP
was argued for a long time. Only recently, LP could
be defined as originating from both mantle cells and
the centrocytes, which were similar in
morphology[6]. The former was positive in IgD,
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CD 5 and cycl in D 1 without blastocyte
transformation, while the latter was positive in IgM
and CD10 with blastocyte transformation[7,8]. In our
group, three cases had the morphologic feature of
mantle cells, one was originated from germinal
center, which was transformed from centrocytes to
centroblastocytes. Thus the term LP could not
reflect the origination and the nature. LP has two
patterns, showing similar macroscopic and
histologic features here we suggest a better terms for
LP: mucosal mantle cell lymphoma and mucosal
follicular lymphoma.
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INTRODUCTION

With the progress of the studies on neuroendocrine
and immunology in the gastrointestinal tract, it has
been recognized that the intestinal neuroendocrine
system and the immune system can influence and
modulate each other and a neuroendocrine
immunomodulation network in the intestine has
been established[1]. Neuropeptides, such as
vasoactive intestinal peptide (VIP), substance P
(SP), somatostatin (SS) etc. are widely distributed
in the gastrointestinal tract and they play an
important role in the immunomodulation of the
intestinal mucosa.
MATERIALS AND METHODS
Tissue specimens

Surgical specimens were obtained from ileum of 25
cases of CD (25 ileum) and 10 normal subjects
(from sudden death and who received surgery for
intestinal neoplasm). The specimens were fixed in
10% formalin and embedded in paraffin. Sections
with thickness of 4ìm were made continuously.
Staining method

Immunohistochemical staining was carried out by
ABC method. Antibodies included rabbit polyclonal
antibodies to VIP ( 1:400 ), NSE ( 1:200 ), S-100
protein ( 1:400 ), SS ( 1:200 ), serotonin ( 1:600 )
(Dako Co.) and ABC Kit.
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Histomorphometric analysis

Olympus CH light microscopy with occular linear
micrometer and double quardral grid test system
C64 (from the Academy of Military Medical Sciences)
were used to measure immunoreactive neurons and
nerve fibers in 10×40 high power field. The point
count method was used[2]. Fifteen neuron cells
(with nucleus) w ere examined at random, the
maximal diameter of each was measured and the
values were averaged. The total length of all
immunoreactive nerve fibers was measured
separately in the mucosa and the length was
estimated per unit area ( µm/µm ) which was
expressed as linear density ( Lv% ). In the
submucosa and the muscle layers, the total volume
of the immunoreactive neurons together with the
nerve fibers was measured and the volume was
estimated per unit which was expressed as volume
density ( Vv% ). The numbers of SS, serotonin
immunoreactive cells and a rgyrophil cells in the
mucosa were counted at random in 10 high power
fields of each case. The results averaged.
Statistical analysis

Results were analysed by t and t’test.
RESULTS
Immunohistochemistry of neurons and nerve
fibers

In CD, the VIP-IR and NSE-IR nerve fibers in the
mucosa of ileum were markedly increased. They
were deeply stained, coarse, irregular ( Figure 1 )
and the linear densities were significantly raised
(P<0.01, P<0.01, respectively, Table 1). In the
submucosa, the VIP-IR neurons were hypertrophial
(P<0.01, Figure 2 ). VIP-IR, S-100 protein IR
and NSE-IR nerve fibers were all remarkably
increased. They were coarse, thickened and
irregular (Figure 3). The neuron and nerve fiber
volume density of each immunor eactive type stated
above was significantly increased ( P < 0.01,
respectively). In the muscle layers the volume
density of neurons and nerve fibers containing NSE
or S-100 protein was also significantly increased
(P<0.01, respectively, Figure 4), but the changes
in VIP-IR neurons and nerve fibers were
unremarkable.
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Immunoreactive cells of somatostatin and
serotonin

In CD, argyrophil and serotonin-IR cells in the ileal
mucosa around the lesions were significantly reduced
(P<0.01, respectively, Figure 5). SS- IR cells were
decreased (P<0.01, Figure 6), Table 2
DISCUSSION

In CD, there had been several reports about the
morphological alterations in the enteric nervous
system. Dvorak et al[3] described the changes in
enteric nervous system in the surgical specimens
from patients with CD including proliferation and
focal necrosis of nerve fibers and hypertrophy of
neurons in the myenteric plexus. Bishop et al[4] and
Sj-lund et al[5] assessed the alterations of VIP-IR
enteric nerve fibers in CD observation and
counting. In the study, we used the
histomorphometric analysis to obtain objective
information about the changes in the
immunoreactive enteric nervous system in CD. We
found that in the submucosal plexus the VIP
containing neurons were mar kedly hypertrophied,
the linear density of VIP-IR nerve fibers in the
mucosa an d the VIP-IR neuron nerve fiber volume
density in submucosa were significantly increased.
The results were consistent with that of Bishop et al
and O’Morain et al[6] who measured by
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immunohistochemistry and radioimmuno assay, but
different from that by Sj-lund et al and Koch. By
immunohistoche mistry, Sj-lund et al found that in
unaffected muscle layer of the ileum and the
affected muscle layer of colon, the VIP-IR nerve
fibers were reduced. The coarse VIP-IR nerve
fibers were more frequently observed in the affected
mucosa of ileum and in the affected muscle layers of
the colon than those in the control. El-Sathy et al[7]
reported that the areas of the argyrophil cells as
well as those immunoreactive to chromogranin A
and serotonin were significantly increased in both
patients with UC and CD, compar ed with those in
the controls. In patients with CD, the areas of
polypeptide YY (PYY) and pancreatic polypeptide
(PP) immunoreactive cells were significantly
reduced. In this study, we also found that SS and
serotonin containing cells and argyrophil ones were
reduced in CD. These diversities among different
investig ators may be due to the various locations
selected the difference in degree of activity and the
methods used.
This paper shows that VIP immunoreactive
neurons and nerve fibers are increased whereas the
immunoreactive cells containing somatostatin and
serotonin are reduced, suggesting that there be
abnormalities in neuroendocrine system in CD which
may play an important role in the pathogenesis of
CD.

Table 1 Lv and Vv of immunoreactive nerve fibers and neurons for V IP, S-100 protein and NSE in Crohn’s disease
CD

Item
n
VIP
Mucosa Lv
Submucosa Vv
Submucosal neuron (diameter, µm)
Myenteric plexus Vv
NSE
Mucosa Lv
Submucosa Vv
Myenteric plexus Vv
S-100 protein
Submucosa Vv
Myenteric plexus Vv

Control
x±s

25
25
25
25

n

3.6±1.2
2.0±1.1
21.1±5.6
3.2±1.8

P
x±s

10
10
10
10

2.0±0.8
0.9±0.8
13.1±2.0
2.6±1.4

<0.01
<0.01
<0.01
<0.01

25
25
25

3.4±0.7
5.1±2.2
11.1±2.6

10
10
10

1.9±1.4
1.3±0.5
5.1±1.2

<0.01
<0.01
<0.01

25
25

3.9±1.0
9.4±2.3

10
10

2.3±0.4
5.7±1.0

<0.01
<0.01

Table 2 Density of serotonin, SS containing cells and argyrophil cells in Crohn’s disease
Group
CD
Control
b

Serotonin containing cell
n
25
10

P<0.01, vs normal control.

SS containing cell

x±s

n
b

4.2±1.7
8.9±2.9

25
10

Argyrophil cell

x±s
1.0±0.6
2.0±1.2

b

n

x±s

25
10

3.2±1.5b
7.7±2.5
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Figure 1 VIP immunoreactive nerve fibers were coarse in mucosa of CD. ABC method ×400
Figure 2 VIP immunoreactive neurons were hypertrophi al in submucosa of CD. ABC method ×400
Figure 3 VIP immunoreactive nerve fibers were irregu larly thickened in submucosa of CD. ABC method ×400
Figure 4 S-100 protein immunoreactive nerve fibers were increased in myenteric plexus of CD. ABC method ×400
Figure 5 Serotonin immunoreactive cells in mucosa of CD. ABC method ×400
Figure 6 Somatostatin immunoreactive cells in mucosa of CD. ABC method ×400

REFERENCES
1
2
3

4

Shanahan F, Anton P. Neuroendocrine modulation of the immune system.Possible implications for inflammatory bowel disease.
Dig Dis Sci,1988;33:41s-49s
Zheng F. Stereocytomorphometry. 1st Ed. Beijing: Beijing Medical University and Union Medical College United Press, 1990:1820,146-147
Dvorak AM, Osage JE, Monahan RA, Dickersin GR. Crohn’s
disease: transmission electron microscopic studies. III. Target
tissues. Proliferation of and injury to smooth muscle and the
autonomic nervous system. Human Pathol,1980;11:620-634
Bishop AE, Polak JM, Bryant MG, Bloom SR, Hamilton S. Ab-

5
6

7

normalities of vasoactive intestinal polypeptide-containing nerves
in Crohn’s disease. Gastroenterology, 1980;79:853-860
Sjlund K, Muckadell OBSD, Fahrenkrug J, H-kanson R, Peterson
BG,Sundler F. Peptide containing nerve fibres in the gut wall in
Crohn’s disease. Gut, 1983;24:724-733
O’Morain C, Bishop AE, McGregor GP, Levi AJ, Bloom SR, Polak
JM, Peters TJ. Vasoactive intestinal peptide concentrations and
immunohistochemical studies in rectal biopsies from patients with
inflammatory bowel disease.Gut,1984;25:57-61
El-Sathy M, Danielsson A, Stenling R, Grimelius L. Colonic endocrine cells in inflammatory bowel disease.J Intern Med, 1997;242:
413-419

Edited by WU Xie-Ning
Proofread by MIAO Qi-Hong

PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com www.wjgnet.com

WJG, 1999 December; 5(6):544-546
World Journal of Gastroenterology
Copyright1999 by the WJG Press ISSN 1007-9327

Study on incisional implantation of tumor cells by
carbon dioxide pneumo peritoneum in gastric cancer
of a murine model
WANG Hao, ZHENG Min-Hua, ZHANG Hao-Bo, ZHU Jian, HE Jian-Rong, LU Ai-Guo, JI Yu-Bao, ZHANG MinJun, JIANG Yu, YU Bao-Ming and LI Hong-Wei
Subject headings stomach neoplasms; colonic
neoplasms; cell movement; carbon dioxide
pneumoperitoneum; murine model
INTRODUCTION

Port-site recurrence after laparoscopic tumor
surgery is a frequent complication in cancer
operations, such as gallbladder, stomach, ovary and
colon[1-5]. The incidence of port-site recurrence
after laparoscopic colectomy ranged from 1.1% to
6.3%, in contrast to a 0.68% tumor wound
recurrence rate in patients undergoing curative open
colectomy[6-8]. The possible mechanisms proposed
were:
contaminated laparoscopic instruments
passing in and out of the port frequently;
increased exfoliated cancer cells from laparoscopic
adhered tumor cells by
manipulation;
pneumoperitoneum [9-12].
Some
experiment
sreported that desufflation related to seeding of port
wounds via a stable suspension of tumor cells in CO2
gas was an unlikely cause of port tumors, some
supported a direct intraperitoneal seeding of
exfoliated tumor cells as its etiology and the
instruments passing in and out of the port may play
an important role in local recurrence[13-15]. The
colon tumor cells were more common since
laparoscopic colectomy was wildly performed.
The purpose of this study was to determine
whether CO2 pneumoperitoneum could increase
tumor implants in the port site.

MATERIALS AND METHODS
Materials

A 5mm laparoscopic port ( 5 mm trocar ) was
inserted in the left iliac fossa and Veress needle was
placed in the right iliac fossa, below which was the
injecti on site of malignant cells. Then the right iliac
fossa port was used for insufflation, and another
was used for desufflation, through the same
collection device. Laparoflator was made in
Germany ( laparoflator electronic 3509 WEST
GmbH).
Colon cancer cell line LoVo and gastric cancer
cell line SGC-7901 (from Shanghai Institute of
Digestive Surgery) were suspended in liquid culture
media and divided into 2 groups:
the liquid tumor
cell suspension contained 1 million cells in 1mL
the liquid tumor cell
volume (109 cells/L);
suspension co ntained 10 thousand cells in 1mL
volume (107 cells/L). The concentrati on of cells
was calculated with a hemocytometer (Fischer
Scientific, Pittsburg, PA) and then appropriately
diluted to achieve the final concentration. Liquid
culture media were RPMI 1640 containing 10
percent fetal bovine serum. Cell viability control
culture and cell viability of each tumor cell
preparation were determined to be greater than 95
percent by trypan blue exclusion. Continuous flow
of CO2 was allowed by leaving the outflow port
opened during insufflation, intraperitoneal pressure
was maintained at the desired level via constant
insufflation during co ntinuous flow studies.
Methods

Department of Surgery, Ruijin Hospital of Shanghai Second Medical
Univer sity, Shanghai 200025, China Shanghai Institute of Digestive
Surgery, Shanghai 200025, China
Dr. WANG Hao, male, born in 1972-09 in Nanyan, Henan Province,
Han nationality, graduated from Shanghai Second Medical University
as a postgraduat e in 1998, majoring in colorectal oncology and
laparoscopy, having 20 papers published.
Supported by the Shanghai Technological Development Founds, No.
98QMB1405
Correspondence to: Dr. WANG Hao, Department of Surgery, Ruijin
H ospital of Shanghai Second Medical University, 197 Ruijin Er Road,
Shanghai 2000 25, China
Tel. +86·21·64370045, Fax. +86·21·64333548
Email.wanghaosh@hotmail.com
Received 1999-07-18 Accepted 1999-09-18

Male Sprague-Dawley rats (250 g-350 g, from
Shanghai Experimental A minal Center ) were
anesthetized with 25 g/L sodium barbitone
(1 µL/g). Abdomens were shaved and prepared
with bromo-geramine. Animals then received a
right lower quadrant intraperitoneal injection of
1 mL of a suspension of SGC-7901 gastric cancer
cells or LoVo colon cancer cells (107/L, 109/L),
respectively. Veress needle and 5mm trocar were
placed in the abdomen and served as port sites.
There were 4 pairs of groups for LoVo or SGC-7901
(4 rats for each group):
continuous pneumo of
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2 kPa (5 min) at gas flow of 5 L/min for 5 min with
continuous flow
(107/L, 109 /L) cells injected;
(5 L/min ) of CO2 with ( 107 /L, 109 /L ) cells
injected, maintaining a pressure of 4 kPa for 5 min
continuous flow
inside the peritoneal cavity;
(5 L/min) of CO2 with (107/L, 109/L) cells injected,
maintaining a pressure of 2 kPa inside the peritoneal
continuous flow (5 L/min)
cavity for 60 min; and
of CO2 with ( 107 /L, 109 /L ) cells injected,
maintaining a pressure of 4kPa for 60min inside the
peritoneal cavity. At the end of the experiments, a
peritoneal washing sample was cultured as a cell
viability control. All collection dishes were
and 50 mL/L CO2 concentration
incubated at 37
for one week, then detected under microscopy to
demonstrate whether tumor cells existed or not.
RESULTS

Continuous CO2 pneumoperitoneum with different
number of cell injection in LoVo & SGC-7901 cell
line were shown in Table 1 and Table 2,
respectively. After one week of incubation, in the
group of 5 L/min, continuous CO2 flow of 4 kPa for
60min with 109 /L SGC-7901 cell injected, it
demonstrated tumor growth in 3 of 4 dishes when
compared with the same experimental condition in
LoVo cell. All 4 peritoneal washing samples also
showed tumor growth, whereas other dishes showed
none.

Table 1 Results in continuous flow pneumo with LoVo cell
injection
Cell number No. of rats Pressure (kPa) Duration (min)Tumor growth
10 9 /L
10 7 /L
10 9 /L
10 7 /L
10 9 /L
10 7 /L
10 9 /L
10 7 /L
Control

4
4
4
4
4
4
4
4
2

2
2
4
4
2
2
4
4

5
5
5
5
60
60
60
60

0/4
0/4
0/4
0/4
0/4
0/4
0/4
0/4
2/2

Table 2 Results in continuous flow pneumo with SGC7901 cell
injection
Cell number No. of rats Pressure (kPa) Duration (min)Tumor growth
10 9 /L
10 7 /L
10 9 /L
10 7 /L
10 9 /L
10 7 /L
10 9 /L
10 7 /L
Control

4
4
4
4
4
4
4
4
2

2
2
4
4
2
2
4
4

5
5
5
5
60
60
60
60

0/4
0/4
0/4
0/4
0/4
0/4
3/4
0/4
2/2
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DISCUSSION

Laparoscopic surgery has been carried out
nationwide in patients with cancer of the
gastrointestinal tract despite relatively high
incidence of port site recurrence after curative
resection[1,7]. Several clinical reports have proposed
that recurrence may be caused by direct
implantation of the tumor cells, whereas the proof
is still uncertain. Many experimental studies of
colon carried out more than those in gastric
cancer[16].
Our design was to evaluate and compare the
incidence of port site recurrence by direct seeding
of either colon or gastric cancer cells. We injected
LoVo cells into the mice and found none of the 32
mice had tumor growth in the dishes, but when
injected SGC-7901 cells into the mice with 109/L
SGC901 cells and pneumoperitoneum pressure 4
kPa for 60 min, 3 out of 4 dishes showed tumor
cells growth. The gastric cancer cell line SGC-7901
was more likely to cause port-site recurrence than
colon cancer LoVo cell line. This may partly be due
to the difference of tumor metastatic behavior. It
had been reported that the capacity of gastric cancer
cell implantation in the peritoneum was much easier
than that of the colon cancer cells[18,19]. Our
finding corroborated the above conclusion. The
pneumoperitoneum pressure in the abdominal cavity
and its duration played an important role in the
development of port-site recurrence of gastric
cancer cells.
The mechanism for tumor cell port-site
tumor
implantation may be explained as follow:
cell exfoliation by surgical manipulation of the
contaminated laparoscopic instruments
tumor;
tumor
frequently passing in and out of the ports;
cell viability, number of cells, duration,
pneumoperitoneum pressure and the metastatic
surgery induced immunonature of tumor cells;
suppression facilitating tumor growth at the portsite wounds[13,20]. Thus significant effort should be
strived for to prevent tumor growth in the port
wound. It has been suggested that all instruments
should be routinely wiped on withdrawal from a
port with a cytotoxic agent (povidone-iodine) and a
similar agent flushing the laparoscopic port before
withdrawl. The external aspect of the port should
be sprayed and wound liberally irrigated with a
cytotoxic agent[17].
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HCV genotypes in hepatitis C patients and their
clinical significances
HUANG Fen, ZHAO Gui-Zhen and LI Yeng
Subject headings hepatitis C; hepatitis C
virus; genotyping
INTRODUCTION

It has been discovered that hepatitis C virus (HCV)
presents considerable nucleotide variation and has
many genotypes. At least twelve, 5 of which
prevalent, i.e.: I/1a, II/1b, III/2a, IV/2b, and
V/3a types. The different genotypes of HCV may
possess some retationship with regional distribution,
clinical manifestation, response to treatment and
prognosis of HCV infection, thus to study the
genotypes of HCV further in different areas is of
practical value. We detected HCV genotypes in
94 patients with hepatitis C and in 6 patients
with primary hepatocarcinoma by PCR assay with
four kinds of type-specific primers with a view to
study the distribution of HCV genotypes in
hepatitis C in Shenyang area and their clinical
significances.
MATERIALS AND METHODS
Patients

One hundred serum samples with positive anti-HCV
and HCV RNA were received from patients who
were in clinic or in ward of our department from
July 1993- June 1 996. Among the 94 patients with
hepatitis C, there were 9 acute hepatitis, 73 chronic
hepatitis (50 mild degree, 14 moderate and 9 severe
ones), 12 active posthepatitic cirrhosis. Mean age
38.8 years ± 15.6 years, male 77 and female 17.
Forty-nine of them (52.1%) had history of blood or
blood product transfusion. Superinfection or
coinfection with B hepatitis was excluded, 2
cirrhosis were confirmed pathologically after
operation.
Six
patients
with
primary
hepatocarcin oma were diagnosed by serum AFP, B
-ultrasound, CT and MRI. One had surgical biopsy.
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HCV genotyping primers

HCV genotyping primers in core region were
synthesized by the Bioengineering Research Center
in Shanghai of Chinese Academy of Sciences.The
nucleotide sequences of primers were as follows: universal primers: P1 sense 5’ CGCGCGACTAGGAAGACTTC 3’ (nt 139-158); P2 antisense 5’
ATGTACCCCATGAGGTCGCT 3’ ( nt 391-410 ),
type specific primers: P3 sense 5’ AGGAAGACTTCCGAGCGGTC 3’ (nt 148-167); P4 antisense 5’TGCCTTGGGGATAGGCTGAC 3 ‘ (nt 185204) (HCV-I); P5 antisense 5’ GAGCCATCCTGCCCACCCCA 3’ (nt 2 72-291) (HCV-II); P6
antisense 5’ CCAAGAGGGACGGGAACCTC 3’ (nt
302-321) (HCV-III); P 7 antisense 5’ ACCCTCGTTTCCGTACAGAG 3’ ( nt 251 - 270 )
(HCV-IV).
Methods

Serum HCV RNA was extracted using one-step
method of guanidinium thiocyanate. For detecting
HCV genotypes, Okamoto’s[1] method was used but
reverse
modified. Major procedures were:
transcription and first PCR amplification: in
extracted RNA, we added 5 units of avian
myeloblastosis virus reverse transcript ase (AMVRT) (Promega), 20 units of inhibitor of RNAase
(RNasin) (Promega), 2 U Taq enzyme (Promega),
2 mM dNTP 3 µL, 10×AMV- RT buffer 3 µL and
universal primers ( P1, P2 ) 0.8 µmol/L. Total
volume was 30 µL.After reverse transcription at
for 20 min, first PCR was performed for 35
42
cycles. Each cycle included denaturation at 94
for 1 min, annealing at 55
for 1.5 min and
extension at 72
for 2min.
The second PCR
amplification: in 5 µL products of the first PCR, we
added 3 µL 10 ×AMV-RT buffer, 2 mM dNTP 3 µL,
2 U Taq enzyme and 0.8 µmol/L of type-specific
primers (P3, P4,5,6,7). Total volume was 30 µL. PCR
conditions were: denaturation at 94
for 1 min,
annealing at 60
for 1 min, extension at 72
1.5 min, for 30 cycles, then another extension at
72
for 5 min. In every amplification, positive
control of HCV RNA serum and negative control of
normal blood sample were provided.
Ten
microliters products of the second PCR were
subjected to electrophoresis on 6% polyacrylamide
gel, stained with ethidium bromide, and observed
under ultraviolet ray. Each HCV genotype was
characterized by different nucleotide lengths: 57 bp
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(P<0.05 or P<0.01), but the proportion of type III
was significantly lower than that in mild ones
(P<0.05). Six patients with hepatocarcinoma were
all infected by genotype II HCV (Table 1). The
genotype distribution of HCV in post-transfusional
and sporadic hepatitis C was identical. The results
were analyzed with R×C Table χ2 test, χ2 = 3.74,
P>0.05 (Table 2).

for type I, 144 bp for type II, 174 bp for type III
and 1.23 bp for type IV.
RESULTS

One hundred serum samples were genetically
classified into 3 types: type II in 5 8 samples
(58%), type III in 27 ( 27% ) and mixed type
(II/III) in 14 ( 14% ), only 1 sample ( 1% )
remained unclassified (Figure 1).

DISCUSSION

There are some differences in distribution of HCV
genotypes in different regions. In America,
infection of HCV-I genotype is predominated, but
in China and Japan, HCV-II genotype is dominant
over HCV-III genotype. Du et al[2] reported that
infection by type II was predominant in Beijing,
Wuhan, Guangzhou, Xi’an, Chongqing, Guangxi
areas. Among these areas the highest infection rate
of type III was in Beijing (19%), the infection rates
of mixed type II/III were the highest in Guangzhou
(9%). Our study showed in Shenyang that the
infection rate of type II ( 58% ) >type III ( 27% )
and mixed type II/III (14%), the latter two were
higher in Shenyang than those in other parts of
China. Therefore, future prevention and treatment
strategy should be directed towards type II HCV
mainly, but not neglecting type III and type II/III.
In our study, no HCV-I and HCV-IV were found.
One serum sample was positive for HCV RNA by
repeated PCR assay, but it could not be classified
after the two tests, indicating there might be other
HCV genotype in our area.
Clinical manifestations of hepatitis C infected
by HCV type II are usually more severe, those of
HCV type III are milder. The HCV genotypes seem
to be closely related to the clinical condition and
degree of severity of hepatitis C. All our 6 patients
with hepatoca rcinoma were found to carry HCV
type II which indicated that infection of type II
may
be
related
to
occurrence
of
[3]
hepatocarcinoma .

Figure 1 The results in HCV genotyping.
1, 6: II/III mixed type. 2: HCV-II genotype. 3: Negative
control. 4,5: HCV-III genotype. 7: x 174 DNA / Hae III
marker.

In 94 patients with hepatitis C, the distribution
of HCV genotypes in patients with hepatitis C was
not identical. The data were analyzed with R×C
Table test, χ2 = 28.9, P < 0.01. In acute hepatitis,
in mild, moderate and severe chronic hepatitis,
cirrhosis, the infectious rates of type II were
55.6%, 36.0%, 71.4%, 88.9% and 91.7%,
respectively, but those of type III were 22.2%,
46.0%, 7.14%, 0% and 8.3%, respectively. In
moderate an d severe chronic hepatitis and cirrhosis,
the proportion of type II was significantly elevated
in comparison with that in mild chronic hepatitis

Table 1 HCV genotypes of hepatitis C and hepatocarcinoma
Clinical status
Acute hepatitis
Chronic hepatitis
Mild degree
Moderate degree
Severe degree
Cirrhosis of liver
Hepatocarcinoma
Total
a

HCV II

Cases

HCV III
Cases

Mixed (II/III)

Cases

(%)

9

5

(55.6)

2

50
14
9
12
6

18
10
8
11
6

(36.0)
(71.4)a
(88.9)b
(91.7)b
(100.0)a

23
1

(46.0)
(7.14)a

1

(8.3)

100

58

(58)

27

P<0.05, bP<0 .01, compared with mild chronic hepatitis, by x 2 test.

(%)

Cases

(22.2)

2

(22.2)

9
2
1

(18.0)
(14.3)
(11.1)

1

(7.14)

14

(14)

1

(1)

(27)

(%)

Unknown
Cases

(%)
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Table 2 HCV genotypes of post-transfusional and sporadic hepatitis C
Groups

Cases

Post-transfusional hepatitis
Sporadic hepatitis

49
45

HCV II
Cases
26
26

HCV III
(%)
(53.1)
(57.8)

No significant difference was found in the
distribution of HCV genotypes in post -transfusional
and sporadic hepatitis C, showing HCV genotypes
may be not related to routes of infection. The
infection rate ( 20.9% ) of mixed type ( II/III ) in
post-transfusional hepatitis was higher than that in
sporadic hepatitis ( 9.8% ), indicating repeated
blood or blood product transfusion may be
contributory.

Mixed (II/III)

Unknown

Cases

(%)

Cases

(%)

Cases

(%)

12
15

(24.5)
(33.3)

10
4

(20.4)
(8.9)

1

(2.0)
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Establishment and preliminery use of hepatitis B
virus preS1/2 antigen assay
CHEN Kun, HAN Bao-Guang, MA Xian-Kai, ZHANG He-Qiu, MENG Li, WANG Guo-Hua, XIA Fang, SONG
Xiao-Guo and LING Shi-Gan
Subject headings hepatitis B virus; PreS1/S2
antigen; ELISA; hepatitis B; E antigen/analysis
INTRODUCTION

Hepatitis B virus (HBV) is a DNA virus with an
envelope, its membrane protein gene preS/S have
three parts-preS1, preS2 and S, there is a
translation initiation codon ATG in each of them.
By different ATG, the membrane protein gene can
be translated into three kinds of products, i.e. the
large protein ( preS1 + preS 2 +S ), medium ( preS2+
S) and small (S) (also called primary protein). In
patients with acute hepatitis B, PreS antigen
occurred together with other HBV markers and
parallels the level of HBV DNA. Disappearance of
PreS antigen predicts a benig n outcome[1]. Its
presence in chronic hepatitis B is somewhat
correlated with HBsAg, the ratio of PreS1/HBsAg
antigen titers can reflect the level of DNA
replication[2]. Meanwhile, the PreS domain in the
membrane prote in include the binding sites for
hepatocyte receptor and a number of epitopes of B
cells and T cells. The PreS domain possesses very
strong immunogenicity in mouse and man. In mice
with consanguinity, the PreS domain can induce
broad-spectrum protective antibodies and overcome
their nonresponsiveness to protein S. In human
body, it has been proved the PreS domain is an
effective immunogen at both B and T cell levels.
The antibodies directing against synthetic peptides
(PreS: 21 - 47 ) mimicking receptor-binding sites
can protect chimpanzee from HBV infection[3].
During the disease course appearance of antibody
against PreS1 is considered an early marker for
elimination of HBV infection[4,5]. Therefore PreS
antigen/ antibody is a pair of important indexes for
diagnosis of hepatitis B. As one part of a research
project granted by the EC Foundation, we have
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prepared a recombinant PreS protein with high
purity, a polyclonal anti -PreS antibody and
established the ELISA method for detection of PreS
antigen, preliminary clinical studies had been
carried out.
MATERIALS AND METHODS
Immunologic reagents

HRP-conjugated murine anti-human IgG was
provided by Department of Molecular Immunology,
Institute of Basic Medical Sciences, Academy of
Military Medical Sciences: HRP-conjugated murine
anti-human HBs were provided by the Department
of Immunology, No.302 Hospital of PLA; and
HRP-conjugated sheep anti-rabbit IgG was provided
by the Department of Molecular Biology, No.307
Hospital of PLA.
Blood specimens

They were provided by the Central Blood Bank of
PLA units under Beijing Command and No.301, 302
Hospitals of PLA.
Preparation of PreS antigen

The engineered E. coli for hepatitis B viral PreS/2
recombinant antigen was provided by Department of
Virology, Max-Plank Institute of Biochemistry,
Germany. The PreS1/2 recombinant antigen
containing PreS1:10-108PreS2: 1-55/S1-22 (ayw
subtype) was expressed by using pQe8 (Quiagen)
expression vector and six histidin residuals were
fused to the N-terminal of the product, which was
purified by affinity chromatography using Ni-NTA
agarose column (Quiagen) to a purity above 95%.
The purified protein was stored at -20 for use.
Preparation of recombinant antigen-directed
immune sera

New Zealand large-ear white rabbits were
immunized by four injections of renatured PreS
recombinant antigen, once each on the wk 0, wk 2,
wk 7 and wk 11. One hundred micrograms of the
antigen were injected subcutaneousl y on multiple
sites at one time. In the first injection, Freund’s
complete adju vant was used, while Freund’s
incomplete adjuvant was used in the latter three
injections. Blood samples were obtained before each
booster injection for determ ination of serum
antibody titer. Serum was separated from blood
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samples. The anti-PreS sera were purified using
Protein A Sepharose 4B Fast Flow affinity
adsor ptiongel column and was stored at -20
for
later use.
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purified prote in could be obtained. Then the
denaturant was removed from the purified protein in
the course of renaturation.
Results

Preparation of ELISA plate for detection of
PreS antigen

The ELISA plate was coated with purified rabbit
anit-PreS polyclonal antibody at a concentration of
10 mg/L at 4
stored overnight. After blockage
with 1% BSA and dilution, the plate was vaccumdried. then it was stored at 4 for later use. When
it is used, test blood sample (50 µL) was added and
for 30min. After washing, the
incubated at 37
enzyme -labelled anti-HBs monoclonal antibody was
for 30 min after
added and incubated at 37
washing, OPD color developer was added to develop
the color by protecting from light at 37
for
10 min, then 2 mol/L H2SO4 was added to terminate
the reaction. The 492 value was determined using
DG3022 Enzyme Labelling Instrument. When the D
value of the test sample was the average positive
value ×0.08, it was taken as positive, otherwise, as
negative.

Using routine methods, rabbits were immunized
with renatured recombinant PreS1 /2 antigen and
the titers of their immune sera against the
recombinant prote in were determined by ELISA.
Rabbit sera of blood samples taken before
immunization served as the negative control (D
value < 0.01 ). The titer of antibody directing
against PreS1/2 antigen in rabbit sera reached
1:128 000, 1:512000, respectively on 40 d, 60 d
after first immunization. In order to identify the
immunogenicity of different components of the
recombinant PreS1/2 antigen, recombinant PreS2
(PreS2: 1-55/S:1-9) and PreS121-47 synthetic
polypeptides were also used in determination of the
serum titer on d40 ( Figure 1 ), and the result
indicated in the immune sera the titers of antibodies
directing against PreS1 polypeptide and PreS2
antigen were similar.

Competitive inhibition test

The PreS-positive sera were diluted with serumdiluting solution containing purified rabbit anti-PreS
antigen polyclonal antibody ( 20 mg/L ). After
incubation at 37
for 1 h, the diluted sera were
placed at 4
overnight. The n 100 µL of the sera
were taken out and were added to the ELISA plate
coated with rabbit anti-PreS1 antibody. After that
for 30 min. The rest
the plate was incubated at 37
steps were carried out by following the routine. The
neutralizing inhibition rate
50% was taken as
positive.
Competitive inhibition rate=
Average non-competitive D value minus Average competitive D value
×100%
Average non-competitive D value

RESULTS
Purification of recombinant antigen

Using pQe8 expression vector, the vector
pQePreS1/2 expressing HBV ayw subtype including
PreS1 and PreS2 gene fragments was constructed.
After incubation, PreS1/2 protein with the relative
molecular mass of 22000 (including three partsPreS1:10-108/preS2:1-55/S1-22 ) was expressed.
There were six histidine residues binding to the Nterminal of the product, the quantity of the
recombinant protein expressed amounted to about
10% of the whole bacteria. The PreS1/2 existed
mainly in inclusion bodies. The inclusion bodies
were dissolved by denaturant and were purified on
Ni-NTA agarose column. A purity over 95% was
achieved. From 1 L cultured bacteria, 10 mg

Figure1 The immunogenicity of different components of the
recombinant PreS1/2 antigen

Establishment of a detection method for PreS
antigen and determination of its sensitivity,
specificity and preciseness

Using purified anti-PreS1/2 polyclonal antibody a
double antibody sandwic h ELISA method for
detecting PreS1/2 antigen was established. The
anti-ser a of rabbits immunized with PreS1/2 were
purified by using Protein A Sep harose 4B Fast Flow
affinity adsorption gel column. Then 10 mg/L of
the purified antibody was used to coat ELISA plate
to adsorb HBV viral particles present in the sera
and PreS1/2 antigen on the subunit particles. The
specifically absorbed particles were detected with
enzyme labeled anti-HBs antibody. This method was
used in determination of purified Dane particle
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sera. Along with multiple proportional dilution, the
D values of reaction wells decreased successively and
the dilution titer of the sera could be up to 1:2048,
corresponding to detection of 5000 HBV viral
particles per mL. Purified Dane particle sera and 99
hepatitis C patients’positive sera were detected and
the result of the former was positive, whereas that
of the latter was negative. Neutralization of PreS
antigen-positive patients’ sera with purified rabbit
anti-PreS antibody resulted in competitive inhibition
all rates reached over 80%.
Judged by intra-and inter-assay coefficients of
variation, the precision of the detection method for
PreS/2 antigen was evaluated. The intra-assay
coefficient of variation was revealed by choosing
PreS antigen-positive sera with high, medium and
low values one each and by paralleled determination
of 10 well s simultaneously each. The inter-assay
coefficient of variation was demonstrated by
determination of the above three sera for 10 times
each at different time. The intra-assay coefficients
of variation of the high, medium, low PreS antigenpositive sera were 3.8%, 4.5% and 13.3%,
respectively; while the inter-assay coefficients of
variation were 2.56%, 3.17% and 10.5%,
respectively. These results indicate that precision
has reached the requirement of Ministry of Public
Health of China for intra and inter-assay
coefficients of variation for diagnostic reagents (the
national standard is
15%). Detection rates of
PreS1/2 antigen in various populations of people,
in sera of 200 normal blood donors, PreS1/2 was
not positively detected. The detection rates of
PreS1/2 antigen in sera of patients at different
phases of HBV infection were listed in Table 1.
Table 1 Positive rates in sera at different phases of HBV
infection
Number of cases

Positive
rate(%)

Phase of infection
Negative Positive
PreS1/2 PreS1/2
HBsAg(+)HBeAg(+)Anti-HBc(+)
40
HBsAg(+)Anti-HBe(+)Anti-HBc(+) 50
Anti-HBs(+)
24

260
142
0

87
74
0

DISCUSSION

The PreS domain of HBV protein locates on the
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surface of HBV particle and can induce protective
antibody in human body and in mouse. In the
literature it is reported that the elimination of PreS
antigen from serum patients with acute hepatitis B
can foresee the disappearance of clinical symptoms.
For patients with chronic hepatitis B, persistent
existence of PreS in serum indicates progression of
the disease course. In the meantime, monitoring
PreS1/2 antigen has also important significance for
evaluation of curative effect of antiviral therapy in
the se patients.
Most investigators have established detection
methods for PreS antigen by using anti-PreS
monoclonal antibody. This study used highly
expressed in Escherichia coli and purified HBV PreS
antigens, which cover the whole PreS2 domain and
the most parts of PreS1 domain. Three experimental
results indicate that the re comb inant PreS antigen
is also a good immunogen in rabbit. In rabbit antiPreS sera, the titer of antibody directing against
PreS1:21-47 basically equal to the o f antibody
directing against PreS2: 1 - 55. A method of
detecting PreS antigen established by using purified
rabbit polyclonal antibody is predicted to be able to
determine simultaneously PreS1 and PreS2 antigens
in serum of patient. By using this method, we have
detected preliminarily PreS antigen in HBeAg
positive and anti-HBeAg positive and the results
show that the detection frequency of PreS antigen
is relatively high in both situations. Statistical analysis
indicates that the presence of PreS antigen in serum
is independent of the existence of HBeAg (χ2 =
12.59, P<0.01).
REFERENCES
1

2

Total
300
192
24

WJG

3
4
5

Delfini C, Colloca S, Taliani G, Mazzotta F, D’Agata A, Buonamici
C, Stroffolini T, Carloni G. Clearance of hepatitis B virus DNA
and pre S surface antigen in patients with markers of acute viral
replication.J Med Virol, 1989;28:169-175
Petit MA, Zoulim F, Capel F, Dubanchet S, Daugute C, Trepo C.
Variable expression of preS1 antigen in serum during chronic
hepatitis B virus infection: an accurate marker for the level of
hepatitis B virus replication. Hepatology,1990;11:809-814
Neurath AR, Seto B, Strick N. Antibodies to synthetic peptides from
the preS1 region of the hepatitis B virus (HBV) envelope (env) protein
are virus-neutralizing and protective. Vaccine, 1989;7:234-236
Galn MI,Toms J,Bernal MC,Salmer¨®n FJ, Maroto MC. Evaluation of the pre-S (preS(1)Ag/preS(2)Ab) system in hepatitis B
virus infection. J Clin Pathol, 1991;44:25-28
Coursaget P, Buisson Y, Bourdil C, Yvonnet B, Molinie C, Diop
MT, Chiron JP, Bao O, Diop Mar I. Hepatitis B virus induced liver
disease and after immunization. Res Virol, 1990;141:563-570

Edited by WU Xie-Ning
Proofread by MIAO Qi-Hong

