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Abstract

AIM: To explore the expression of phosphatase and
tensin homolog deleted on chromosome ten (PTEN) in
liver of athymic mice with hepatocellular carcinoma (HCC)
and the effect of Fuzheng Jiedu Decoction (FID).

METHODS: Forty eight male BALB/c athymic mice
models were built by Bel-7402 with an indirect method.
After 24 h of postoperation, the 48 athymic mice were
distributed randomly into 4 groups: A, B, C, D, each
group had 12 athymic mice. Group A were treated by
intragastric administration with FT207 (Tegafur) for
4 wk. Group B, C and D were treated by intragastric
administration with FID (complex prescription of Chinese
crude drug) that had been delegated into 3 kinds of
density as the low, middle, and high for 4 wk. At last,
athymic mice were put to death, live time, volume of
tumors, exponent of tumors and the tumor metastasis
in livers were observed; and PTEN was detected in
hepatic tissue, latero-cancer tissue and cancer tissue by
immunohistochemistry.

RESULTS: Four weeks later, the total survival rate in
treatment group (A + B + C) was 50% and higher than
the control group (0%) treated by FT207, (P < 0.01). The
survival rate in group A, B, C was higher than in group
D, and except group A with D, there was significant
differences (Fisher's Exact Test 2 = 0.05 or 0.01). And
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no differences were observed between the treatment
groups and the control group in volume of tumors and
exponent of tumors (P > 0.05). Tumor metastasis in
livers of the treatment group was less than the controls
(Fisher’s Exact Test, P = 0.021). The result of
immunohistochemistry showed that the intensity of PTEN
in latero-cancer tissue was the highest, and then the
hepatic tissue, the lowest was cancer tissue (Kruskal-
Wallis test, x> = 60.67, 7 = 0.000). It also showed that
the intensity of PTEN in treatment groups (A, B, C)
was higher than the control group (D) (F = 5.90,
P = 0.002 in hepatic tissue and £ = 15.99, 2 = 0.000 in
latero-cancer tissue and 3> = 26.08, 2 = 0.000 in cancer
tissue), and group B is the highest in the treatment
groups (P < 0.05, r = 0.01. respectively). However, there
was no significant statistic difference between group A
and group C (P > 0.05).

CONCLUSION: FID can prolong the survival time and
decrease tumor metastasis in livers of these experimental
mice. Mechanisms of FID healing HCC may partially be
explained by enhancing the expression of PTEN in liver.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the major
cancer killers. Although surgical resection, liver
transplantation and percutaneous ablation are considered
as effective treatment for HCC"™” Traditional Chinese
Medicine (TCM) has been widely used as combined
therapies in treating the disease in China. According
to the theory of TCM, the main mechanism of HCC
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is deficiency of vital qi and exuberant pathogens, thus
strengthening body resistance and disintoxication is the
major method of treating HCC™, The previous study
demonstrated that reduced expression levels of PTEN
are involved in the pathogenesis of HCC. Moreover,
decreased phosphatase and tensin homolog deleted on
chromosome ten (PTEN) expression was correlated with
tumor progtression and poor prognosis in patients with
HCCP", whether TCM can down-regulate the expression
of PTEN in HCC is still unknown. The aim of out study
is to explore the effect of Fuzheng Jiedu Decoction
(FJD), complex prescription of Chinese crude drug in
treating BALB/c athymic mice with HCC, as well as the
expression of PTEN. We proclaim that the animal study
was acknowledged by the Ethical Committee of The First
Affiliated Hospital of Sun Yat-Sen University committee
in the materials and methods section. The results are
reported as following,

MATERIALS AND METHODS

Study animals and environmental conditions

Forty eight BALB/c athymic male mice, 4-6 wk, were
purchased from The Experimental Animal Center of
Traditional Chinese Medicine university of Guangzhou.
The animals were housed individually in cages and kept in
a room maintained at a temperature of 23 with a relative
humidity (RT) of 55 with a 12-h/12-h light/dark cycle.
Solid rodent chow and tap water were given ad libitum.

Drugs and reagents

FJD (Application: 200710026976.6) consists of the
following indegredients: Ezhu (Rhizoma Curcumae) 15 g,
Banzhilian (Herba Scutellariae Darbatae ) 30 g, ee. They
were decocted routinely and then made into a final
concentration of 2 g/mL which extracted and prepared
by college of pharmacy of Traditional Chinese Medicine
University of Guangzhou. The prepared herbal pieces were
purchased from Guangzhou City Pharmacy Company and
consistent with the requirement of Pharmacopoeia of the
People's Republic of China[s]; FT207 parenteral solution
(Tegafur parenteral solution), 5 mL/0.2 g per ramus,
Shandongqilu production (production batch number
06020032); rabbit anti-human PTEN polyclonal antibody
(production batch number 60182150), Power Vision™"
Two-Step Histostaining Reagent (production batch
number 125135), were bought from Beijing Zhongshan
Jingiao biotechnology limited company.

Preparation of animal model

The athymic mice with indirect orthotopic transplantation
tumor models were established in accordance with
the method by Dr. Zheng ]ianhuam. The animals were
inoculated Bel-7402 hepatoma carcinoma cell with
concentration of 1 million cells/mL on their waist and
back, until subcutaneous transplantation tumor grew to
diameter 1 cm, then cut down the tumor. Remove necrotic
tissue in the tumor and cut into pieces about 1 mm’ in
Hanks liquid. Anesthetize the athymic mice in abdominal
cavity with Pentobarbital 45 mg/kg weight, transverse

incise the left upper quadrant, expose liver, take 1 piece
of tumor tissue, use bodkin pinhead (20° angle of slope,
deep 3 mm) imbed the tumor tissue in deep part of hepatic
lobes parenchyma of athymic mouse in ex vivo 40 min,
comptresse the incision to stop bleeding then close abdomen.

Grouping and the treatment of the animals

Athymic mice were raised in SPF condition in divided
cages. After 24 h of postoperation, the 48 athymic mice
were distributed randomly into 4 groups, every group
has 12 mice. Low concentration group (A): drench the
Ganaifang (0.25 g Chinese crude drug/mlL, 0.2 mL/10 g
weight) with the dose of 10 times human unit kilogram
weight. Middle concentration group (B): drench the
Ganaifang (0.5 g Chinese crude drug/mL, 0.2 mL/10 g
weight) with the dose of 20 times human unit kilogram
weight. High concentration group (C): drench the
Ganaifang (1.0 g Chinese crude drug/mL, 0.2 mL/10 g
weight) with the dose of 40 times human unit kilogram
body weight. Chemotherapy group (D): drench the FT207
parenteral solution (Tegafur parenteral solution) (8 mg/mL,
0.2 mL/10 g weight) with the dose of 5 times human pet
day.

Record live time of each athymic mouse in the process
of observation. When the treatment was ended, get blood
from athymic mice eyeball, and put them to death, then
dissect them, meanwhile record the tumor volume, tumor
index number (the weight of the tumor/the weight of the
mouse), fix the normal hepatic tissue, latero-cancer tissue
and cancer tissue in 4% neutral formalin, sent to pathology
laboratory to make paraffin imbedding microtome sections
(4 mm thick serial sections) fixed in silicification glass.

Pathologic detection
Histologic detection: dying with the routine hematoxilin
-eosine (HE).

Immunohistochemistry detection: 4 um thick paraffin
sections were baked at 65°C until get deparaffinage and
hydration; incubate in 3% Hydrogen Dioxide about
5-10 min to inactivate the endogenous peroxidase;
microwave repairs the antigen; sealed by 10% normal
goat serum; PTFN multiclone rabbit antibody (1:100)
was incubated overnight at 4°C, washed by PBS 2 min
for 3 times; dropwise goat anti-rabbit IgG antibody-HRP
multimer, incubated about 30 min at 37°C, washed by PBS,
2 min X 3 times; DAB coloration; washed thoroughly by
distilled water. In the same time, PBS was used as first-
antibody and second-antibody in negative control.

Evaluation of coloration result: using Bresalier!"’
semiquantitative formula to judge coloration result.
Selecting randomly 10 fields of vision from every section
when enlarged 200 times, then we classified the cell
coloration intensity into four categories: Negative, cell
hasn’t colored (0); Cell has colored buff (1); claybank (2);
chocolatebrown (3). Count the number of field of vision
of each intensity, and according to the formula calculate
the average coloration intensity. IS (intensity score) =
>0 X FO) + (1 X F1) + 2 X F2) + (3 X F3)], ¥ = »/10
(n =0, 1, 2, 3 the number of field of vision of different
score). Two people read the section two times with double
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Table 1 Survival time in different groups

Table 4 Expression intensity of PTEN in the 3 kinds of tissue

(a0 = 0.01)

Group n  Survival days Survival rate (%)
mean + SD 3 wk 4 wk Kind of tissue n PTEN intensity median
A 12 2367492 10/12 (83.3) 5/12 (41.7) Normal hepatic tissue 48 1.00
B 12 26.08+2.31 12/12 (100)* 6/12 (50)* Latero-cancer tissue 48 1.31
C 12 25924271 12/12 (100)* 7/12 (58.3)" Cancer tissue 48 0.23
D 12 18.83+229 7/12 (58.3) 0/12 (0)

*P <0.05, °P < 0.01 vs group D.

Table 2 Volume and index of tumors (mean + SD)

Group n Volume (mm®) Index

A 12 466.43 + 645.66 0.0037 + 0.0403
B 12 215.91 + 275.23 0.0305 + 0.0403
C 12 325.23 +464.30 0.0313 + 0.0436
D 12 309.7 £ 309.72 0.0462 + 0.0296

Table 3 Tumor metastasis in livers

Group Rate of tumor metastasis in liver (%)
A+B+C 23/36 (63.9)"

A 7/12 (58.3)°

B 9/12 (75)

C 7/12(58.3)°

D 12/12(100)

P <0.05 vs group D; P < 0.05 vs group D.

blind method, calculate IS for each time, and get the two
times average as the result.

Statistical analysis

Using SPSS 14.0 statistic software, variance analysis and
rank-sum test were used for measurement data; chi square
test and rank-sum test were used for numeration data.

RESULTS

General situation
The dissection witness that achievement ratio of making
model is 100%; at the end of the experiment, get 48 utility
pathologic samples. Most tumors were enormous, some
were accompanied multilesions in the liver and/or lung,

It was demonstrated that the model was stable and
facility, consistent with dissection characteristic of human
liver cancer.

Survival state

After 3 wk of drug intervention, the total survival rate in
treatment group (A + B + C) was 94.4% and much higher
than the chemotherapy group (58.3%) (P = 0.007, Fisher’s
Exact Test). Though the survival rate in group A was
higher than that of group D, no differences were observed
between them (P > 0.05). The survival rate in group
Band C is higher than in group D, there was a significant
difference (P = 0.014). 4 wk latet, the total survival rate in
treatment group (A + B + C) was 50% and much higher

www.wjgnet.com

Figure 1 Intensity of PTEN: Latero-cancer tissue. A: > cancer tissue; B: > hepatic
tissue; C: Two-Step, x 100.

than the chemotherapy group (0%) (P = 0.02). Though the
survival rate in group A was higher than that of group D,
no difference were observed between them (P > 0.05). The
survival rate in group B and C was higher than in group D,
there was significant difference, (P < 0.05 or 0.01) (Table 1).

Tumor state

No differences was observed between the group A, group
B, group C and the group D in volume and index of
tumors (P > 0.05) (Table 2).

The state of tumor metastasis in liver

After the transplantation tumors in liver of each mouse
was taken out, then the remain liver were observe by
microscope, if it existed hepatoma carcinoma cell, We
diagnosed the liver had the metastases. Tumor metastasis
in livers of group A and group C were both 58.3% (7/12)
and much less than the group D 100% (12/12) P = 0.037.
Tumor metastasis in livers of group A, group B and group
C was 63.9% (23/36) and much less than the group D
(P = 0.021), but there was no difference among group A,
group B and group C (Table 3).

The expression intensity of PTEN in different tissues
Three groups were compared with each other applied
Kruskal-Wallis test, ¥ = 60.67, P = 0.000. The result
showed that the intensity of PTEN in latero-cancer tissue
was the highest, and then the normal hepatic tissue, the
lowest was cancer tissue (Table 4, Figures 1 and 2).

Interclass analyses positive expression intensity of PTEN
in three kinds tissue

Tested by One-way ANOVA, LSD, Tamhane Test was
used in normal hepatic tissue and latero-cancer tissue, and
Mann-Whitney U in cancer tissue. in normal hepatic tissue
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Figure 2 A: Hepatic tissue; B: Latero-cancer tissue; C: Cancer tissue, (HE, x 100).

(Test of Homogeneity of Variances, Levene Statistic = 2.18,
P = 0.104; and One-way ANOVA Test, ¥ = 5.90, P = 0.002),
A>D,P=0.001;B>D,P=0.031; C>D, P=0.001. It
represented that the intensity of PTEN in Chinese crude
drug group was higher than the Tegafur group. However,
there was no significant statistic difference among
Chinese crude drug group in difference concentrations
(P > 0.05). In latero-cancer tissue, (Test of Homogeneity
of Variances, Levene Statistic = 3.09, P = 0.037;
and One-way ANOVA Test, = 15.99, P = 0.000),
A<B P=0170; A>C,P=0.091;B > C, P=0.017;
C > D, P = 0.028, it showed that expression intensity of
PTEN under the intervention of Chinese crude drug was
higher than that of Tegafur, the expression intensity of
PTEN in medium dose group was the highest (P = 0.05).
In cancer tissue, A < B, U = 30.5, P = 0.016; A > C,
U =44 P=0.104, A > D, U =24 P = 0.005 C > D,
U=18,P=0.002,B<C,U=95,P=0.000;B>D,U =4,
P = 0.000. It represents that the intensity of PTEN in
medium dose group was highest among the 3 kinds of
tissue. In cancer tissue, A < B, P =0.014; A > C, P = 0.114;
A >D, P=0.005C=>D,P=0.001; B> D, P=0.000, It
also represented that the intensity of PTEN in medium
dose group was highest (P < 0.001). However, there was
no significant statistic difference between medium dose
group and low group, low dose group and high dose group
(P> 0.05) (Table 5).

DISCUSSION

PTEN/MMAC! (mutated in multiple advanced cancer 1)
or TEP1 (TGF-regulated and epithelial cell-riched
phosphatasel), located in human chromosome band
10q23“”, was recently identified together as tumor
suppressor gene by three America research teams. As the
first discovered dual-specific phosphatase, it may suppress
tumor cell growth, regulate tumor cell invasion and
metastasis through inhibiting many signal pathways of cell
proliferation“zfls].

FT-207/tegafur, which belongs to the Second-
generation fluoropyrimidine drugs, is metabolized to
5-fluorouracil through certain hepatic metabolizing
enzymes and the cytochrome P450 (CYP450) system. Its
anticancer mechanism is the same with that of 5-FU!"’.
The advantage of Tegafur is highly fat-soluble, rapid

Group n Normal hepatic Latero-cancer Cancer tissue
tissue tissue (median)

A 12 1.05 +0.34 1.42 +0.24 0.36

B 12 0.90 £ 0.31 1.75+0.42 0.86

C 12 1.06 + 0.18 1.27 £0.21 0.20

D 12 0.59 + 0.48 0.64 £ 0.61 0.05

gastrointestinal absorption, much longer half-life, as well
as suitable for oral administration, its side effects is only
one seventh that of 5-FU, while the efficacy index is twice
higher. As the representative of the Second-generation
5-FU, Tegafur is used to treat several types tumors of
alimentary canal as a routine chemotherapy drugs[w’w]
TCM includes primary hepatic carcinoma in the
category of diseases such as: liver mass, abdominal mass,
Zheng]ia, tympanites, jaundice, ¢#. The etiological factors
ate concerned with yin-yang disbalance caused by the
reception humid heat, long-term eating and drinking
without temperance, being addicted to drink, internal
injury caused by excess of seven emotions. When the vital
qi gets deficient, evil factor easily invades the body and
are stagnated in the liver cause the depression of liver-
QI, activities of qi is stagnated and the blood circulation
is blocked; Phlegm knobbing stagnant blood leads to
the formation of abdominal mass, finally resulting in the
formation of liver cancer™?!. The primary pathogenesis
of liver cancer lies in the qi-stagnancy and blood stasis,
the stagnation of humid heat, the discord of the spleen
and the liver, as well as the weakness of vital gi’”. At the
eatly stage, this disease manifests itself in the unimpaired
vital-qi, the type is most likely be sthenia syndrome or
syndrome of blood stasis; at the middle stage, vital vital-
qi is impaired, and asthenia and sthenia complicated with
each other; at the advanced stage, the main syndrome is
asthenia syndrome. Thus, the main treatment of TCM
for liver cancer lies in strengthening body resistance and
eliminating pathogen; the former is the main way, the later
is the assistant Way’[23’24]. Correlated investigation confirmed
that the therapy of invigorating the spleen and regulating
the qi could inhibit or delay the tumorous growth and
metastasis, strengthen body’s immunity, prolong the
life span, and was more effective than the therapy of
promoting blood flow and dissolving the stagnated blood
and of ™ what’s more, different therapeutic methods
of TCM can in different degree regulate the transcription
of some important oncogenes which play an important
role in the process of occurrence and development of the
liver cancer”™ thereby have some anti-tumorous effect.
Therefore, TCM becomes one of important combined
therapies for cancer in China. In dealing with tumor,
Chinese crude drugs have such advantages as following:
guidance of wholism, strengthening the internal anticancer
mechanism, mild toxicity, without pain, easily be accepted,
it can relieve the symptoms, improve patient’s function,
lighten the toxicity and side effect meanwhile enhance
effectiveness of the radiotherapy or chemotherapy, and
accelerate recovery from operation, further more, can
inhibit tumor growth, control or delay its recurrence,
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improve life quality, prolong survival time. During to
the traditionary chemotherapy with the characteristic
of being exist without tumor impacts the patient's exist
quality, while people pay close attention to TCM with the
characteristic of being exist with tumor.

FJD (Appl.: 200710026976.6) has been widely used
to treat the hepatocellular carcinoma for years in our
department. According to the special pathogenesis of
middle and advanced hepatocellular carcinoma, the
decoction can smooth the liver and strengthen the spleen,
meanwhile can strengthen the body resistance, remove
toxin and treat Biaol and Ben. So the decoction has the
effect of strengthening the spleen and replenishing qi,
diminishing stagnation by detoxification, relieving the
depressed liver qi and regulating the blood. Previous
research showed that this decoction had a certain
anticancer effect on liver cancer cell lines i vitrd™ and in
clinic™. In this study, we found that each TCM groups
had distinct superiority in prolonging the live time and
raising the survival rate of athymic mouse beating cancer
compared with the chemotherapy group. At the same time,
middle and high concentration groups were more effective
in prolonging the live time than that in low concentration
group, which indicated TCM groups in prolonging the
live time had dose-effect relationship. However, the TCM
groups and the chemotherapy group has the similar
effect in shortening tumor. Moreover, each group of
the medicinal herbs were better than chemotherapy
group chemotherapy group in inhibiting tumor diffusion
and reducing tumor metastasis in liver. Compared with
chemotherapy group, every TCM groups could reduce
the number of tumor metastasis in liver, there was no
difference between TCM groups and chemotherapy group
in tumor metastasis rate in liver, which might relate with
the insufficient the number of the sample. As mentioned
previously, FJD could inhibit tumor metastasis and
prolong the live time, the anti-tumorous effect of FJD
might through certain way to inhibiting tumor diffusion
and metastasis other than shorten tumor, thus slowed
down pathogenetic condition progressing, and prolonged
the live time™”.

What on earth is the mechanism of the anticancer
treatment by the Chinese herbs that strengthen the body
resistance and remove toxic substances? Our research
showed that the low, middle and high concentrations of
the Chinese herbs could obviously increase expression of
PTEN on the athymic mice bearing tumor respectively,
compared with chemotherapy by {t207, which indicated the
antitumous mechanism of medicinal herbs in this study.
Interestingly, we found the expression of the PTEN in
adjacent cancerous tissues of athymic mice bearing tumor
was higher than that of the normal tissues, we inferred
that this phenomenon might be a protection of the body
itself to prevent cancer cell from further developing by
high expression of PTEN in adjacent cancerous tissues
under stressful condition. Therefore, the expression
density of PTEN closely relates with the occurrence
and development of liver cancer. Our study showed that
FJD can provocate the expression of PTEN, and high
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expression of the PTEN in adjacent cancerous tissues
seem to explain the reason why the intrahepatic metastasis
rate in TCM groups is lower than that of chemotherapy
group. The comparison among the TCM groups indicated
that middle concentration achieved the best curative effect,
low and high groups ranked secondly, this result illustrates
that it is necessary for us to pay more attention to the
dosage of medicinal herbs in clinic practice, because only
the moderate dosage may acquire the best therapeutic
effect. However, the best concentration of the FJD in
treating HCC needs to be studied furtherly.

However, a control group of mice which were
inoculated HCCs in the liver and were not given FZDJT
and tegafur had been allocated. It's a pity that due to the
too much cellular necrosis in pathological section we
cannot get the result of immunohistochemistry. Next time
we should do better.

In conclusion, our study showed that FJD can prolong
the survival time and decrease tumot metastasis in
livers of these experimental mice. Mechanisms of FJD
healing HCC may partially be explained by enhancing the

Background

Traditional Chinese Medicine (TCM) which is useful to improve life quality,
prolong survival time has been widely used as combined therapies in treating
hepatocellular carcinoma (HCC). The primary pathogenesis of liver cancer lies in
the gi-stagnancy and blood stasis, the stagnation of humid heat, the discord of the
spleen and the liver, as well as the weakness of vital gi. Fuzheng Jiedu Decoction
(FJD) (Appl.: 200710026976.6) has been widely used to treat the hepatocellular
carcinoma for years. Previous research showed that this decoction had a certain
antitumous effect on liver cancer cell lines in vitro and in clinic.

Research frontiers

TCM has been widely used as combined therapies in treating HCC in China. The
novelty and innovation of the research consist in researching the mechanism of
treatment of FJD to the hepatocellular carcinoma with mole-biological method.
Mechanisms of FJD healing HCC may partially be explained by enhancing the
expression of PTEN in liver.

Innovations and breakthroughs

TCM has been widely used as combined therapies in treating HCC, whether it can
down-regulate the expression of PTEN in HCC is still unknown. The aim of our
study is to explore the effect of FJD, complex prescription of Chinese crude drug
in treating BALB/c athymic mice with HCC, as well as the expression of PTEN.

Applications

The mechanism of treatment of FJD to the hepatocellular carcinoma may partially
be explained by enhancing the expression of PTEN tumor suppressor gene. We
also found that different concentration of FJD had different effect in prolonging
survival time and decreasing metastatic tumour. This study was indicated that FJD
can be used as one of combined therapies in treating HCC and which was the
best concentration of FJD.

Terminology
PTEN: Phosphatase and tensin homolog deleted on chromosome ten. FJD:
Fuzheng Jiedu Decoction. FT207: Tegafur. TCM :Traditional Chinese Medicine.

Peer review

This is a good study in which the main objective is to explore the expression of
PTEN in liver of athymic mice with HCC and the effect of FJD. PTEN was recently
identified together as tumor suppressor gene. FJD can prolong the survival time
and decrease Tumor metastasis in livers of these experimental mice. Mechanisms
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of FJD healing HCC may partially be explained by enhancing the expression of
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