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• LIVER CANCER •
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Abstract

AIM: To study oval cells’ pathological characteristics and
relationship with the occurrence of hepatocellular
carcinoma (HCC); to observe the form and structural
characteristics of oval cells; to explore the expression
characteristics of C-kit, PCNA mRNA and c-myc gene during
the occurrence and development of HCC and the effect of
ulinastatin (UTI) on C-kit and PCNA expression.

METHODS: One hundred and twenty-five SD rats fed on
3,3’-diaminobenzidine (DAB) to construct HCC models were
divided into control group, cancer-inducing group and UTI
intervention group. In each group, rat liver samples were
collected at weeks 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 and
24 respectively to study pathological distribution
characteristics of oval cells in the process of carcinogenesis
under optical microscope. Oval cells were separated by
the methods of improved density gradient centrifugation
and their structural characteristics were observed under
optical microscope and electronic microscope respectively; the
oval cells expressing C-kit and PCNA in the collected samples
were observed by the methods of immunohistochemistry and
image analysis and the expression of c-myc mRNA was also
detected by reverse transcription polymerase chain reaction
(RT-PCR).

RESULTS: Oval cells proliferated firstly in the portal area
then gradually migrated into hepatic parenchyma in the
inducing group and intervention group. The oval cells
distributed inside and outside the carcinoma nodes. The
oval cells presented the characteristics of undifferentiated
cells: a high ratio of nucleolus and cellular plasm and
obvious nucleoli, rare organelle in plasm. Only a few
mitochondria and endoplasmic reticulum and some villus-
like apophysis on surface of cells could be seen. Cells
stained with C-kit and PCNA antibody were mainly oval
cells distributed in the portal area. The expression of c-
myc mRNA increased with the progression of HCC.
However, in the intervention group, UTI could retard its
increase.

CONCLUSION: Oval cells work throughout the development
of HCC, and might play important roles in this process.
c-myc gene may be a kind of promoter gene of HCC, and
play a key role in hepatic injury and development of HCC.
UTI could retard the occurrence of HCC.
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INTRODUCTION
HCC is one of the most common malignant carcinomas in China.
Because of its high rate of metastasis and recurrence and lack
of typical symptoms in early stage, HCC has the second
mortality rate among all the malignant carcinomas[1,2]. Up to
now, obvious progress has been made in the study of cell
origin of HCC. One is that HCC is originated from abnormally
differentiated oval cells, the other is that it results from
dedifferentiation of mature liver cells. In order to probe the
relationship between oval cells and HCC, we explored the
pathologic distribution characteristics, structural features of
oval cells in the pathogenesis of HCC in experimental SD rats
and the expression characteristics of C-kit, PCNA and c-myc
genes in oval cells.

MATERIALS AND METHODS
Materials
One hundred and twenty-five clearing SD rats (100±20 g)
(Experimental Center of Zhongshan University) were fed in the
environment of 18-28 °C and 40-70% humidity in Animal
Feeding Unit, Zhujiang Hospital, First Military Medical
University. DAB (Dako, Japan) was used as inducing drug for
HCC in rat; proline, asparagic acid, serine phenylalanine,
tyrosine pyruvate sodium, transferring, epidermal growth factor
(EGF) (Sigma, USA) and F12, F12/DMEM (1:1) (Gibco, USA),
and fetal bovine serum (Sijiqing Co, Hangzhou, China) were
used for culture medium for oval cells. Collagenase VI and
density gradient centrifugation (percoll) (Sigma) were used for
separating oval cells. C-kit polyclonal antibody (Sigma),
immunohistochemical kits (SABC methods) and poly-lysine
for adhibiting section, neutral resin for envelop section (Boshide
Co, Wuhan); PCNA immunohistochemical kits (SP methods),
DAB dyeing reagent (Zhongshan Co, Beijing); c-myc mRNA
kit, total RNA extraction kits, DNA marker (100 bp), primers for
polymerase chain reaction(PCR) and RNAsin (Huamei
Bioengineering Co), M-MLV reverse transcriptase (Promega
USA), Taq DNA polymerase (Gibco), 4×dNTP (Sigma),
amplification primer for reverse transcription polymerase chain
reaction (RT-PCR) were synthesized by Shanghai Biotech Co.
according to the GenBank database.

Methods
HCC model The method of constructing HCC model in the
cancer-inducing group and inter group was according to the
references[3,4]. After fed on DAB for 14 wk, rats were given
normal drinking water, but in control group, the rats were fed
on standard food. In the interference group, as soon as the
DAB was administrated, UTI (2-104 U/kg) was injected into
abdominal cavity, twice a week until wk14[5,6]. One hundred
and twenty-five clearing SD rats were divided into control group
(24 rats), cancer-inducing group (48 rats) and UTI interference
group (48 rats), the other 5 rats were used to construct the



model of oval cells proliferation. Each group was divided into
12 sub-groups, and there were 2 rats in sub-group of the control
group and the cancer-inducing group, 4 rats in sub-group of
interference group. Two pieces of 1 cm×1 cm×1 cm tissue taken
from the right liver lobe of each rat in sub-group were fixed in
40 g/L formaldehyde and 2-4 pieces of soybean-sized tissue
taken from the left liver lobe of each rat in sub-group were
placed respectively in the 0.5 mL centrifuge tube and preserved
in a refrigerator at -80 °C at wk 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22
and 24  respectively during construction of HCC model. The
samples of right liver lobes were sliced serially to count
cancerous nodes under low power microscope. Nodes more
than 0.05 mm2 were measured by the gridding ocular micrometer.
Separation of oval cells  When the rats have been fed DAB for
4 wk, a large number of oval cells proliferated from the hepatic
portal area, which could be identified by HE dyeing section
analysis. Firstly, D-Hanks’ solution was perfused through portal
vein until the liver color turned yellow, then 1 g/L collagenase
IV was affused to digest liver. The digested liver was put in a
beaker, washed 3 times with Hank’s solution, and minced
thoroughly at the same time, then 0.6 g/L collagenase IV was
added to further digest liver for 30 min at 37 °C. The cell
suspension was filtrated through 100 holes/cm2 sieve, then
centrifuged at 300 r/min at 4 °C for 5 min, the cell suspension
was extracted and centrifuged again at 2 000 r/min at 4 °C for
10 min. The upper layer solution abandoned, then cells were
suspended again with 10 mL F12 solution. The density gradient
centrifugation solution (percoll) was blended with 100 g/L NaCl
at a ratio of 9:1 and diluted with F12 into the solution of 90%,
70% and 50%, respectively. Ten mL of each solution was put in
a high-speed centrifugation tube of 50 mL, according to the
concentration gradient of 90%, 70% and 50%. A 10 mL cell
suspension was placed on the top of each tube, then centrifuged
for 30 min at 4 °C, 12 000 g so that the oval cells were located
between the centrifugation solution of 70% and 50%, then the
oval cell suspension was extracted carefully to another tube,
Hanks’ solution was added with 5 kU/L benzylpenicillin and
streptomycin A, then centrifuged at 1 000 r/min for 5 min, the
precipitate was retained. Culture medium F12/DMEM (1:1)
solution was added to suspend cells. Then the suspension
was inoculated into 25 cm3 plastic culture bottles, according to
the density of 2×108/L, placed into incubating cabin with 5 mL/L
CO2 at 37 °C. After 24 h the culture solution was replaced and
oval cells could be seen adhering to the bottle wall.
Culture of oval cells  The culture medium consisted of 200 mL/L
fetal bovine serum which was diluted with the solution of
DMEM/F12(1:1) containing epidermal growth factor (20 µg/L),
transferring (20 µg/L) and some kinds of amino acid. The culture
medium was replaced every 2 or 3 d. When cells overgrew in
the bottles, some parts of cells were transferred into another
culture bottle. The culture medium in the bottles was extracted;
F12 solution was added to clean the cells three times, then
mixed with 2.5 g/L pancreatin to digest. The cells were observed
under the microscope for about 1 min, then oval cells could be
seen floating and then the culture medium was added to
terminate digestion. After the cells were separated completely,
they were inoculated into another bottle.
C-kit immunohistochemistry  Carry sheet glasses were treated
by polylysine. Paraffin sections (5 µm thick) were dewaxed by
dimethylbenzene and alcohol respectively. After washed by
0.01 mol/L PBS for 2 min 3 times, the sections were incubated in
3 mL/L H2O2 solution for 10 min to inactivate endogenous
peroxides, heated in citric acid sodium solution in microwave
oven at 100 °C to retrieve antigen for 10 min and then cooled for
25 min. After washed with 0.1 mol/L PBS for 2 min 3 times, they
were incubated with normal goat serum to block nonspecific
binding of antibodies for 10 min at room temperature. The
sections were then incubated with IgG of rabbit antiserum

against mouse at 37 °C for 24 h or at 4 °C overnight, washed
with 0.01 mol/L PBS for 3 times for 2 min each, then incubated
with goat IgG anti-rabbit at 37 °Cfor 20 min, washed with
0.01 mol/L PBS for 2 min 3 times, Reagent SABC was added
and incubated at 37 °C for 20 min, section were washed again
with 0.01 mol/L PBS for 3 times. The immunoreacted cells were
then visualized by using DAB kits as follows: a drop of reagent
A, B and C was added into 1 mL distilled water, then they were
blended completely and dripped on the sections. The sections
were counterstained with hematoxylin for 50 s, then dehydrated
and observed with light microscope.
PCNA immunohistochemistry (SP methods)  The SABC
reagent was replaced by the solution of streptoavidin marked
with horse-radish peroxidase in the first steps and the other
steps were the same as C-kit immunohistochemistry. C-kit
protein was stained brown yellow. The localization of C-kit
protein and its change in quantity were observed when the
rats’ livers were injured. PCNA protein was stained as brown
yellow. The localization of PCNA positive cells in the hepatic
lobule was observed and PCNA labeling index (proliferating
index) was calculated by randomly observing 5 fields under
high microscope in each section. The positive cells among 100
cells were counted in each field and mean values were taken.
RNA extraction and assessment  The preserved 50-100 mg
liver tissues were mixed and grinded evenly with 1 mL cold
denaturant. A 1mL lysis liquid was added into a 2.0 mL centrifuge
tube and then mixed with 0.1 mL sodium acetate (pH4.0). A 100 mL
phenol/chloroform mixture was mixed with the above mentioned
liquid and intensely vibrated for 10 s, then placed on ice for 10 min.
The liquid was centrifuged at 4 °C. The top layer liquid was
transferred into a 1.5-mL centrifuge tube and kept at -20 °C for
15 min after mixed with isopropanol of identical volume. White
jelly-like precipitate after centrifugation at 10 000 g for 15 min at
4 °C was the total RNA. RNA was resolved completely by 1 mL
lysis and RNA precipitate and wall of the tube liquid were
washed with 250 mol/L alcohol. Resolved RNA in RNase-free
water and preserved it at -20 °C. The absorbance (A) of total
RNA was measured by ultraviolet spectrophotometer and the
RNA concentration(g/L) was A260×nucleic acid dilution
times×40/1 000 (A260/A280) (if A of RNA >1.8, the RNA is pure
enough to be used in the following experiment).
Agarose electrophoresis  RNA solution 1 µL mixed with 2 µL
bromphenol blue buffer was electrophored in the level
electrophoresis chamber treated by RNase-free water at 100 V
for 20 min then the gelatum was taken to be observed. Three
RNA straps of 28 s, 18 s, and 5 s could be seen through gel
electrophoresis.
cDNA synthesis and PCR reaction A 2 µL (1 µg) total RNA,
4 µL (20 pmoL) of c-myc downstream primer and 8 µL of RNA-
free water were mixed well at the room temperature, put in water
bath at 70 °C to degenerate for 5 min. Then they were put on ice
for 1 min, centrifuged at 200 g for 30 s. A 5 µL M-MLV reverse
transcriptase 5×Buffer, 5 µL dNTP (2.5 mmol/L), 5 µL rRNasin
(20 U) and 5 µL M-MLV RT were added and the total reaction
volume was 34 µL. The mixture was treated at 42 °C for 60 min
and at 95 °C for 5 min to inactivate reverse transcriptase, then
maintained at -30 °C. Sixteen µL of cDNA , 5 µL 10×Buffer ( no
MgCl2), 3 µL solutions MgCl2 (25 mmol/L), 4 µL (2.5 mmol/L)
dNTP, 3 µL (15pmoL) of sense including target gene and mark
gene repectively, 3 µL (15 pmoL) antisense including target
gene and mark gene respectively, 1 µL (3U) Taq DNA enzyme
and 9 µL RNA-free water were mixed totally at the room
temperature, and the above total reactive volume was 50 µL.
Then a drop of paraffin oil treated at high temperature was
added onto the surface of mixture , and degenerated at 94 °Cfor
5 min. PCR cycle was at 94 °C, 50 °C and 72 °C respectively, for
1 min each. After 35 cycles, an extension at 72 °C was performed
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for 5 min.
Agarose electrophoresis  A 8 µL product of c-myc DNA was
taken for caraphoresis in 20 g/L sepharose (containing small
quantity EB), and two straps of 228-bp and 120-bp (the product
of mark gene) were found under light. The caraphoresis strap
of PCR was scanned and quantitatively analyzed with gel image
analysis system.

Statistical analysis
Experiment results were analyzed with SPSS10.0 software. Data
were analyzed with single-side analysis of variance and with
LSD methods for inter-group analysis. Chi-squared test was
used to compare rates between two groups. P<0.05 indicates
significant difference.

RESULTS
Pathological characteristics
The rats, liver cells in the early period of cancer-inducing group
showed balloon-like degeneration under light microscope (1-8 wk).
Since the 2nd wk in the cancer-inducing group, the oval cells
started to proliferate in portal area and gradually migrated into
liver parenchyma (Figure 1). The pseudo-lobules formed in the
liver and oval cells migrated into lobules in the middle period
from the 15th to 24th wk. The cancer cell nucleus presented in
different sizes and karyokinesis often occurred. Cancer cells
infiltrated toward the periphery of liver tissue, and at the same
time, focal bleeding and necrosis obviously occurred. Huge
amounts of leucocytes infiltration could be seen in the peripheral
area of nodes and portal area, and lots of oval cell proliferations
were shown in portal area and in cancer nodes (Figure 2).
Beginning from the 2nd wk of cancer induction, the proliferation
of oval cells could be seen in portal area. Firstly oval cells
appeared in the epithelial lining of bile duct of portal area and
then gradually proliferated and migrated into liver parenchyma.
In the fibrosis formation period, the proliferation of oval cells
could be seen in portal area and in its peripheral area. The
volume of oval cells was about as big as one third of normal
liver cells, round or oval-shaped and its margin was unclear
with scant cytoplasm and basophils. The cell nucleus was round
or oval shaped, with slight stain, vague membrane and obvious
nucleolus. Oval cells proliferated first in portal area and then in
liver limiting plate, migrated along liver sinusoids and to the
middle part of lobules. These cells often presented as two lines
or branches, destroying the neighboring liver cord. The left
lobe liver cells were scattered among the proliferated oval cells
that distributed inside and mainly outside of the cancer nodes.
Oval cells showed the characteristics of undifferentiated cells:
a big ratio of nucleus and plasm and obvious nucleoi, rare
organele in plasm, only a few mitochondria, endoplasmic
reticulum and some villus-like apophysis on surface of cells
could be seen under the electronic microscope (Figure 3).

Figure 1  Early inflammatory liver tissues in cancer inducing
group at the 2nd wk and the differentiation of oval cells in the
portal area (HE staining, original magnification: ×200).

Figure 2  A large quantity of oval cells gathered around the
cancer nodes in cancer inducing group at 20th wk (HE staining,
original magnification: ×200).

Figure 3  Electron microscopic observation showed: the volume
of oval cell was about as big as one third of normal liver cell,
round or oval shaped, scant cytoplasm with unclear cell margin.

      The effect of UTI on cancer induction: in the early period,
the balloon-like degeneration of liver cells was much milder
than that of the liver cells in cancer-inducing group. The
balloon-like degeneration of liver cells was obvious in the middle
period and local liver cells became necrosis, liver lobes were
destroyed and the liver fiber proliferated and the pseudo-lobues
formed in the local area with a large amount of oval cell aggregating
in the portal area and liver parenchyma could be seen. In the
period of carcinoma formation, pseudo-lobues were seen
apparently in large parts of liver parenchyma and a large number
of oval cells aggregated to an extreme extent. Some liver cancer
cells with column-like or glandular-like structure appeared in
part of liver parenchyma and oval cells scattered among the
cancer cells. The neoplasia nodes were counted as in Table 1.

Table 1  Number of cancerous nodes and cancer nodes’ area in
rat liver (mean±SD, n=8)

t/wk                 Cases of          Number of           Area of cancer
                     hepatic cancer      cancerous              nodes (mm2)

                         A         B            A          B               A               B

2-4 0 0   0   0        0               0
6-8 0 0   0   0        0               0
10-12 2 0   4   0   9.5±8.2          0
14-16 6 2 15   5 10.7±8.7     5.8±4.5a

18-20 8 4 17   9 11.4±8.9     8.5±7.6
22-24 8 4 16 10 11.2±9.3     8.6±7.3

aP<0.05 vs group A; A: cancer- induction group; B: intervention
group.

Characteristics of c-kit positive stain cells
C-kit positive stain localized in cell plasm in normal liver showed
brown-yellow and was mainly in the mitotic and proliferating
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liver cells. At the 2nd wk in the cancer-inducing group, some
c-kit positive stain cells, mainly oval cells, appeared in the portal
area and punctated positive pigmentations could be seen in
liver lobules as well. At the 8th wk, oval cells in the portal area
in the cancer-inducing group were obviously positively stained,
with some positive pigmentation forming patches and some
punctating in the rim of portal area (Figure 4). At the 14th wk,
the normal liver structure was replaced by a lot of pseudo-
lobule and still a large number of c-kit positive stain cells could
be seen which mainly gathered in portal area. In the 22nd wk in
the cancer-inducing group, a large number of cancerous nodes
formed and some positive cells scattered among them (Figure 5).
The characteristics of c-kit positive staining cells in the samples
of intervention group was almost identical with that in cancer-
inducing group.

Figure 4  Expression of c-kit in liver tissue in cancer inducing
group at the 8th wk. The oval cells were mainly stained in
portal areas (Immunohistochemistry, ×200).

Figure 5  Expression of c-kit in the HCC tissue in cancer induc-
ing group in the 24th wk (Immunohistochemistry, ×200).

Characteristics of PCNA positive cells
PCNA positive staining located in the nucleus, as granules or
diffusively. Occasionally positive stains were seen in normal
liver tissue. At the 2nd wk of the cancer-induction, the PCNA
positive cells firstly appeared among the oval cells in the portal
area. At the 4th wk, a lot of hepatic cells were positively stained,
especially in central vein area. At the 6th wk, also the middle
stage of inflammatory process, PCNA positive cells were seen
all over the lobules of liver. At the 8th wk, the number of PCNA
cells was comparatively decreased and nuclei of positive cells
around the portal area tended to become larger gradually. From
the 10th to 14th wk, some of the proliferating hepatic fibers
were lightly stained and the oval cells in portal area still over
expressed PCNA. From the 16th to 24th wk, a large number of
cancerous nodes formed and PCNA over expressed in some
cancerous nodes (Figure 6), while the number of positive cells
was relatively fewer in necrotic cancerous nodes than in other
areas and the number of dotted positive stain cells adjacent to
the carcinoma tissue was apparently fewer than inside the

carcinoma tissue. In the intervention group, PCNA positive
stain cells firstly appeared among the oval cells in portal area,
and then their number increased with the aggravation of hepatic
intoxication by DAB. The PCNA positive stain rate and
expression level reached the peak at the 10th wk in rat liver. The
distribution characteristics of PCNA positive cells were similar
to those in the cancer inducing group when HCC formed. The
labeling index of PCNA positive stain cells is shown in Table 2.

Figure 6  PCNA expression in HCC tissue in the cancer induc-
ing group at the 24th wk (Immunohistochemistry, ×200).

Figure 7  Electrophoresis image of total RNA in rat liver tissue.

Figure 8  Products of RT-PCR of c-myc mRNA (up-strap: 228-bp
c-myc; low-strap: 120-bp β-actin; Lanes1 and 2: Hepatocarcinoma
tissue; Lane 3: Hepatocirrhosis tissue; Lanes 4-6: Inflammation
tissue; Lane 7: Normal tissue).

Table 2  PCNA positive index and c-myc relative gray value in
liver (mean±SD)

                 Cancer induction (n = 8)                       Intervention (n = 8)       Control
t/wk                                                                                                                                         (n = 4)
                    PCNA (%)           RGV          PCNA (%)         RGV         PCNA (%)       RGV

2-4  14.1±7.5a          1.3±1.0            7.6±3.3         1.2±0.6         3.0±1.2        1.0±0.3

6-8  48.2±15.5b        2.0±07          24.3±7.4a        1.5±0.7         2.9±1.5        1.1±0.4

10-12  23.7±9.6a          3.6±1.2a        35.1±6.5b        2.2±0.9         3.3±0.9        1.1±0.5

14-16  25.9±5.1a          5.7±1.4a        21.5±4.2a        3.5±1.0a        3.7±2.1        1.3±0.4

18-20  36.8±6.3b          7.8±1.4a        29.6±7.6a        6.5±1.1a        3.6±1.3        1.3±0.6

22-24  41.2±8.2b          8.2±2.2b        30.2±8.7a        8.0±1.3b        3.5±2.2        1.3±0.4

aP<0.05, bP<0.01 vs group C; RGV: Relative gray value.
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  5 S

1       2      3       4      5     6
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c-myc gene expression
Expression of c-myc gene existed in normal rat liver tissue, but
the expression quantity is relatively small. The expression of
c-myc mRNA increased as soon as liver was intoxicated with
DAB and its expression quantity tended to gradually increase
with the aggravation of liver injury. In the period of carcinoma
formation, c-myc mRNA expression level also gradually rose
with the development of HCC (Table 2, Figures 7, 8). The
intervention of UTI could not stop but could retard the increase
of expression level of c-myc mRNA.

DISCUSSION
Oval cells are round or oval shaped with scant and basophilic
cytoplasm, and round or oval shaped nucleus, small and clear
light stained nucleolus and clear nuclear membrane. Because
they can differentiate towards hepatic cells or bile duct epithelial
cells when hepatic cells are severely injured or the proliferation
is inhibited, oval cells are considered as a kind of progenitor
cells with potential bilateral differentiation[7]. It is reported that
the activation of Ito cells was probably a precondition for the
activation of oval cells and stimulates oval cells in the
portal areas to migrate towards the hepatic fibrosis area.
Consequently, oval cells may participate in the formation of
HCC[8-11].
        There is no doubt that there are hepatic stem cells in hepatic
tissues, but where do the hepatic stem cells come from? Some
researchers thought that they were originated from the terminal
biliary duct of portal area[12,13], but some insisted that they were
from the canal of Hering[14-16], and some even found authentic
evidence that the oval cells came from bone marrow stem
cells[17-20]. In order to identify the origin of hepatic stem cells
and the relationship between hepatic stem cells and the
development of HCC, we carried out the study on the surface
marker antigen c-kit with immunohistochemical methods, and
found that: (1) In the early stage of hepatic injury, the c-kit
positive stain cells firstly appeared among the oval cells in the
portal area. (2) In the late stage of inflammatory lesion, c-kit
was over expressed in the oval cells in the portal area and
positive pigmentation presented as patches. (3) During the
period of hepatic proliferation and fibrosis, positive expression
of c-kit in portal area decreased compared with that in the late
stage of inflammatory lesion. (4) In period of the formation of
HCC, heteromorphisms of cancer cells were obvious and c-kit
was still expressed in portal area. (5) At the beginning of
inflammatory lesion, there were small quantities of c-kit positive
cells in hepatic lobules with smaller nuclei and more were found
near portal area. During the period of hepatic fibrosis, c-kit
positive cells were rarely seen in hepatic lobules, but during
the formation of HCC, c-kit positive cells appeared both inside
and around the cancerous nodes. (6) In the normal hepatic
tissues, c-kit-positive stain cells could be occasionally observed
in the mitotic and proliferating hepatic cells. From these results,
we can conclud that: (1) Oval cells had the highest expression
level of c-kit in the portal area from hepatic injury to the
occurrence and development of HCC. As it has been proved
that the oval cells originate from bile duct epithelial cells in the
portal area, we suggest that the terminal bile ducts are an
important source of hepatic stem cells. (2) In the course of
hepatic injury, c-kit positive cells could be found in hepatic
lobules as well, especially near the portal area, which may be
related to migration of oval cells along hepatic fibrosis into
hepatic lobules. (3) C-kit was not only expressed in hepatic
stem cells, but in the mitotic and proliferating hepatic cells,
which indicated that c-kit might be a specific mark antigen for a
type of juvenile cells, express only in a certain stage of mitotic
and proliferation of hepatic cells. (4) C-kit positive stain cells
played a role in the whole process of occurrence and development

of HCC and appeared in cancerous nodes, so we thought that
hepatic stem cells, just as was reported in literature, were
involved in the occurrence and development of HCC.
       PCNA is a type of Mr 36 000 nuclear protein which is only
synthesized and expressed in proliferating cells. Cyto-dynamics
shows that PCNA begins to increase in the late G1 phase in the
cell cycle, reaches the peak in the S phase and begins to decrease
in the G2-M phase, in this way it regulates the replication of
DNA[21-23]. Therefore, PCNA can effectively reflect the proliferation
ability of cells. In this experiment we found that the high level
expression of PCNA appeared firstly in the oval cells in portal
area at the early stage of inflammation, significantly higher
than adjacent tissue. When the mitosis and proliferation of
hepatic cells were inhibited, oval cells presented firstly with
active proliferation and DNA was synthesized in a large amount
in nucleus. The farther they were away from the portal area, the
more mature the oval cells differentiated and the larger the size
of nucleus tended to be. Thus the expression of PCNA
distributed radiatively and regionally around the portal area
and the regional predominance was kept for a long time in the
process of carcinoma induction. Oval cells took part in the
whole process of development of HCC, we could speculate
that there might be close relationship between the development
of HCC and the PCNA overexpressing oval cells.
       c-myc gene is a maintaining gene for malignant tissue, coding
for a protein located in nucleolus, a type of DNA conjugated
protein with the function of transcription regulation[24-27]. This
experiment suggested that the expression of c-myc gene
increased slightly at the beginning of hepatic injury and the
expression of c-myc mRNA increased progressively with the
aggravation of hepatic injury. The expression of c-myc mRNA
also tended to increase with the development of HCC. The
above results indicated that: (1) As an oncogene, c-myc might
be a promoter gene for HCC and played an important role in
maintaining hepatic injury and hepatocyte carcinomatous
change. (2) During the development of HCC, the expression
level of c-myc continued to increase, indicating that c-myc was
not only a maintaining gene for malignant carcinoma, but the
quantity of its expression was a symbol for the degree of
malignancy and progression of HCC.
       UTI is a kind of broad-spectrum trypsin inhibitor extracted
from human beings’ urine. It has been found that UTI plays a
prominent role in preventing cancer cells from spread. Some
researchers pointed out that there were combination spots with
UTI on the surface of nearly all kinds of cancer cells membrane
and UTI could inhibit cancer cells to secrete granulocyte
protein lyase, fibrinoclase, matrix metalloproteinase and
collagenase[28,29], which can degrade peripheral matrix and lead
tumor cells to spread, by combining with their receptors on the
surface of cancer cell membrane. Some clinical reports showed
that UTI could inhibit the cancer cells to combine with other
anti-cancer drugs[30]. In this experiment, the interference of UTI
throughout development of HCC and its effect on HCC were
observed. It was found that from the 14th to 16th wk, the
occurrence rate of HCC in the interference group was 25% (2/8),
which was significantly different (P<0.05) from that of cancer
induction group at the same time. During the 18th to 20th wk
and the 22nd to 24th wk, the occurrence rate of HCC was both
50% (4/8), which was lower than that in the cancer inducing
group at the same time. UTI’s effect on inhibiting the occurrence
of cancer was related to the following factors: (1) The occurrence
of HCC needed certain micro-environment and UTI could inhibit
some local cells from releasing inflammatory mediators by
stabilizing lysosome membrane, then the inflammatory cells’
chemotaxis was inhibited and local inflammation was relieved,
thus it could inhibit the occurrence of tumor by stabilizing
micro-environment. (2) Researches proved that UTI had fairly
strong function to inhibit and clear away oxygen-derived free
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radicals, while a lot of oxygen-derived free radical receptors
existed on the surfaces of liver cells and oval cells, so possibly
UTI could protect liver tissue from being damaged by oxygen-
derived free radicals. Furthermore, during the whole process of
cancer induction, the average cancer node area of liver rats in
interference group was smaller than that of cancer inducing
group at the same time points (P<0.05), especially at the early
stage of carcinogenesis, which indicated that UTI could partly
inhibit the growth and local spreading of tumor cells.
      The results that interference of UTI could not stop but could
retard the increase of the expression of c-myc mRNA indicate
two points: (1) UTI can prevent the occurrence of hepatic injury
and HCC to some extent, but can not inhibit the expression of
c-myc gene, which might be related with inhibitory effect on
hepatic tissue inflammation and protective effect on
hepatocytes of UTI. (2) The expression of c-myc gene closely
relates to the severity of hepatic injury.
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