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Mechanism of Jianpi Huayu Decoction
Enhancing Dormancy of Liver Cancer by
Inhibiting Angiogenesis
Ju-Ze Lin, M.D., Yong-Xin Lin, M.M., Chang-Jun Wang, M.D., Le Su, M.M.,
Qiao Su, M.M., Xu-Hui Huang, M.M., Wei Tan, M.D., and Li-Zhu Lin, M.D.

OBJECTIVE: To study the anti-hepatoma effect of Jianpi
Huayu decoction (JHD) by studying the mechanism of
anti-angiogenesis inhibition by JHD by using modern
medical research methods. This study is helpful to search

for drugs that can induce tumor dormancy of liver cancer
and prevent recurrence after operation.
STUDY DESIGN: A mouse liver cancer dormancy
model was constructed. The dormancy was broken by
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truncating the mouse tail, and then those mice were
administered JHD at dosages of 24.96 g/kg, 12.48 g/kg,
and 6.24 g/kg. The tumor dormancy rate was detected at
1, 4, 8, and 15 days after JHD administration.
RESULTS: JHD significantly increased the dormancy
rate of hepatocellular carcinoma (HCC) (p=0.01). More
over, higher doses induced a higher dormancy rate. That
is, JHD, with the dose of 24.96 g/kg, can significantly
increase the dormancy rate of HCC at 75% (p<0.01),
which was about 3 times as high as that in the control
group. HE staining, quantitative polymerase chain reaction (QPCR), and western blot were used to detect the
positive expression of HIF-1α, VEGF, MMP-9, TIMP1, and EMMPRIN proteins and RNA, respectively. The
results show that JHD significantly decreases the protein and RNA expression of HIF-1α, VEGF, MMP-9,
TIMP-1, and EMMPRIN and that the rate of decrease
is related to the dosage of JHD. Finally, flow cytometry
was used to detect the proliferation of circulating
endothelial cells (CECs) and viable CECs (vCECs) in
peripheral blood. The results show that JHD inhibits the
proliferation of CECs and vCECs, and the number of
cells decreases with the increase of JHD dose.
CONCLUSION: JHD may enhance the dormancy of
HCC by inhibiting angiogenesis, and the mechanism
may be achieved by affecting the expression of HIF-1α,
VEGF, MMP-9, TIMP-1, and EMMPRIN genes and
proteins. In addition, the dose of JHD is closely related
to its function. (Anal Quant Cytopathol Histpathol
2020;42:169–179)
Keywords: angiogenesis; drugs, Chinese herbal;
endothelial cells; flow cytometry; hepatocellular
carcinoma; Jianpi Huayu; liver cancer; phytother
apy; renal insufficiency, chronic; tumor dormancy.
Liver cancer has a high morbidity rate around the
world.1 Currently, its most efficient treatment is still
surgical resection for increasing long-term survival
rate.2 Recurrence after surgical resection is the main
reason for patient death, and the recurrence rate
after 5 years is about 50–70%.2 Liver cancer is a type
of malignant tumor which is abundant with blood
supply.3 According to a large number of reports,
liver cancer is closely related to the number of blood
vessels, and inhibition of angiogenesis is the key to
inhibiting the development of liver cancer.4,5
Blood supply is closely related to cancer in
aspects of growth, metabolism, infiltration, metas
tasis, and recurrence.6 Anti-angiogenesis has been
a research hotspot for anti-cancer, and it also pro
vides a new way to cure liver cancer. Hypoxia-
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inducible factor–1 alpha (HIF-1α) is one of the
most important tumor monitoring factors, which
regulates angiogenesis and vascular remodeling
through target genes.7 When the tumor cells overproliferate, the oxygen concentration in the tumor tissue will appear deficit, which further upregulates the expression of extracellular matrix
metalloproteinase inducer (EMMPRIN), vascular
endothelial growth factor (VEGF), and matrix metalloproteinases (MMPs). The expression of HIF-1α
was further upregulated.8 These would cause the
migration and adhesion of endothelial cells and
the angiogenesis of tumors. VEGF is an important
inducer of tumor angiogenesis and can also protect
endothelial cells from apoptosis, enhance vascular
permeability, and upregulate MMPs.9 Addition
ally, MMP is a tumor-inhibiting factor regulated
by both tissue inhibitors of metalloproteinase
(TIMPs) and EMMPRIN.10 TIMP is also a tumor
suppressor and anti-angiogenesis inhibitor.11,12
MMP is also important for tumors, and its expression level is in positive relation with the vol
ume of the tumor.9,13
Circulating endothelial cells (CECs) are involved
in angiogenesis of tumors by constructing vessel
channels through its proliferation, migration, and
adhesion.14,15 Viable circulating endothelial cells
(vCECs) is a kind of CECs, and it takes an important role in angiogenesis of tumors.16,17 In the
stable phase of tumors, the level of CECs is similar to that of normal health, but its level, espe
cially the level of vCECs, is obviously increased
during the course of tumorigenesis and develop
ment.16 JHD is used for the patient with liver
cancer after surgical resection, and it consists of
Atractylodes 12 g, Curcuma zedoaria 12 g, Poria
20 g, Finger Citron 12 g, Sophora 20 g, and Hedyotis diffusa 20 g.18,19 According to our previous
study, JHD has the following effects: (1) it can inhibit the synthesis of DNA and induce the death
of liver cancer cells by affecting the expression of
p53, Bcl-2, and ras, (2) it can inhibit liver cancer
by inhibiting telomerase activity, and (3) it is ben
eficial to malignant phenotypic changes and reverse immune escape of liver cancer cells.20
In order to further study the anti-hepatoma effect of JHD, the mechanism of anti-angiogenesis
inhibition by JHD is studied by using modern
medical research methods. This study is helpful
to search for drugs that can induce tumor
dormancy of liver cancer and prevent recurrence
after operation.
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Materials and Methods
Experimental Materials
The materials used in the study were as follows:
SMMC-7721 hepatoma cell line (Shanghai Xin Yu
Biotech Co., Ltd.), 4–5-week-old SPF male BALB/c
nude mice (Beijing Vital River Laboratory Animal
Technology Co., Ltd.), JHD (Guangdong General
Hospital), Trizol (TAKARA, Dalian City, Liaoning
Province, China), RT-PCR Kit (DBI, Shanghai,
China), diethyl pyrocarbonate (DEPC) (Sigma, San
Francisco, California, USA), RNasin (Promega,
Madison, Wisconsin, USA), EDTA (Servicebio,
Wuhan, China), bovine serum albumin (BSA)
(Solarbio, Beijing, China), normal rabbit serum
(Boster, Wuhan, China), and immunohistochemi
stry (IHC) and 3,3’-diaminobenzidine (DAB) Sub
strate kits (DAKO, Shanghai, China).
JHD Preparation
Each ingredient included in JHD is taken accord
ing to a corresponding percentage. Atractylodes,
Curcuma zedoaria, and Finger Citron are extracted for volatile oils, respectively, at first. Then,
the dregs of Atractylodes, Curcuma zedoaria, and
Finger Citron are mixed with Poria, Sophora, and
Hedyotis diffusa. The mixture is soaked in distilled water (1:10) for about 30 minutes, and it is
extracted 3 times at 90–100oC, 15 minutes each
time. The extractions are combined and filtered,
concentrated. After the mixture is mixed with volatile oil, the extract of JHD used for the following research is obtained. The extract is radioster
ilized with Cobalt-60 and kept at −20oC. Further,
the ratio of JHD and extract is also calculated.
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to dilute the extract to be a suspension, and the
administration volume was 20 mL/kg. The solution was blended before being administered. Nude
mice were dosed via intragastric administration
with the JHD extract solution in the administration volume of 20 mL/kg. Each experimental
group was treated with a corresponding admin
istration dose, and the control group was admin
istered the same amount of saline. All mice were
administered for 15 days.
Mouse Liver Cancer Dormancy Model Construction
The mouse liver cancer dormancy model was
constructed as previously described.21,22 Human
live cancer cells in logarithmic phase were digest
ed with trypsin and suspended in a mixture of
DMEM and Matrigel (1:1, v), and the cell density
was controlled to be 5×107 cells/mL. Each 4–6week-old male BALB/c nude mouse was injected
subcutaneously with 0.1 mL liver cancer suspen
sion in the right axilla. After 15 days, nude mice
with an epidermal tumor larger than 0.5 cm in
diameter were resected for tumors. After resec
tion, 3 random tissues around the incision for
each mouse were pathologically examined, and the
mice were examined by PET/CT to detect whether
the tumor cells were residual or metastatic. Then,
liver cancer dormancy was broken by truncating
the mouse tail. Then the mice were divided into
control group, low JHD dose group (LJHD), medi
um JHD dose group (MJHD), and high JHD dose
group (HJHD). Each group consisted of 16 mice.
Bioassay

The equivalent dose of JHD was calculated according to equivalent dose ratio of human and
mouse. The value of equivalent ratio calculated
according to body surface area is 0.0026 when
the weights of human and mouse are 70 kg and
0.020 kg, respectively. So, the equivalent dose for
a mouse is 12.48 g/kg (96 g×0.0026/0.020 kg=
12.48 g/kg). The equivalent dose is used as the
medium dose, and the administration doses are set
to 6.24 g/kg, 12.48 g/kg, and 24.96 g/kg as the low,
medium, and high doses, respectively.

The tumor was resected and peripheral blood was
collected after the mice in each group had been
administered doses for 1, 4, 8, and 15 days, respectively. Pathological condition of the resected
tumors was observed through HE staining. Positive expression of HIF-1α, VEGF165, MMP-9,
TIMP-1, and EMMPRIN were tested for by immu
nohistochemistry test, respectively. The expression
levels of HIF-1α, VEGF165, MMP-9, TIMP-1, and
EMMPRIN were tested for by QPCR and western
blot. Circulating endothelial cells (CECs) and activated circulating endothelial cells (vCECs) in peripheral blood were detected by flow cytometry.

JHD Administration

Immunohistochemistry Test

The mass of extract used for each mouse administered with a different dose was according
to the ratio of JHD and extract. Saline was used

The tumor tissue was embedded in paraffin and
then sliced into sections. The tissue sections were
dewaxed and dehydrated with dimethylbenzene

Administration Dosage
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and alcohol, respectively. Each section was put
into EDTA (pH 9.0) and boiled 8 minutes. After
the temperature decreased to room temperature,
the section was soaked with 3% H2O2 for about
5–10 minutes. Then, the section was steeped in 3%
BSA in room temperature for about 30 minutes.
The first antibody was dropped onto the section,
and the section was incubated overnight at 4oC.
The section was washed for 5 minutes with PBS 3
times on a decolorizing orbital shaker, and then,
after PBS was removed, the second antibody was
added to the section and the section was incubated
at room temperature for 50 minutes. The section
was washed for 5 minutes with PBS 3 times on
decolorizing orbital shaker, and then, after PBS
was removed, DAB solution was dropped on the
section. Color developing time was controlled by
microscope, and color development was stopped
by washing with water. The section was recolored
by hematoxylin for 3 minutes. Then the section
was washed with water and differentiated with
1% HCl-alcohol solution for about 5–10 sec. After
the section was washed with water, it was pro
cessed with 0.6% ammonium hydroxide solution.
The section was washed with water, and then it
was dehydrated with dimethylbenzene and alcohol in that order. After the section became trans
parent, it was dried at room temperature and
mounted with neutral balsam.

Table II

QPCR Test

JHD Inhibited Tumor Cell Proliferation

Total RNA was extracted from frozen tumor tis
sue and treated with DNase. First Strand cDNA
was synthesized with Bestar qPCR RT Kit. Realtime PCR reaction was performed with Bestar
SybrGreen QPCR MasterMix, and designed pri
mers (Table I) for analyzed DNA included Jagged1, Notch, VEGF, and GAPDH. The protein rela

The density of liver cancer tumor cells was tested
by HE staining. JHD was shown to inhibit tumor
cell proliferation (Figure 1). The densities in the
LJHD, MJHD, and HJHD groups were all lower
than that in the control group, and the liver cancer
tumor density decreased with the increasing of
dosages of JHD.

Group
Control
LJHD
MJHD
HJHD

Tumor Dormancy Rates of Nude Mice with Liver
Cancer After Tumor Resection
Dormancy
Tumor recurrence, days
No. of					 rate
mice
1
4
8
15
(0–100%)
16
16
16
16

0
0
0
0

2
2
1
0

5
5
3
1

12
10
6
4

25.0
37.5
62.5
75.0

LJHD = low-dose JHD group, MJHD = medium-dose JHD group, HJHD =
high-dose JHD group.

tive expression level of each gene was analyzed
by 2-ΔΔCT method.
Results
JHD Can Enhance Dormancy of Liver Cancer
Tumor dormancies in all groups were increased
with the passage of time (Table II). Additionally,
tumor dormancy was increased with the increasing dosage of JHD. On day 15 the tumor dorman
cies of the control group, LJHD, MJHD, and HJHD
were 25%, 37.5%, 62.5%, and 75%, respectively.
The differences of tumor recurrence among each
group on day 15 were tested by χ2 test, and the
results showed that the differences were significant between each group (χ2 =16.667, p=0.001).

JHD Decreased the Expressions of HIF-1α, VEGF,
MMP-9, TIMP-1, and EMMPRIN
Table I Primer Sequence and Product Length
		
		
ID
Sequence (5’-3’)
Jagged-1 F
Jagged-1 R
Notch F
Notch R
VEGF F
VEGF R
GAPDH-F
GAPDH-R

GCCTGGCCGAGGTCCTATA
CGTGTTCTGCTTCAGCGTCT
CCGCCTTTGTGCTTCTGTT
CGCCGCTTCTTCTTGCTG
GCCTTGCCTTGCTGCTCTAC
CACCAGGGTCTCGATTGGAT
ACACCCACTCCTCCACCTTT
TTACTCCTTGGAGGCCATGT

Product
length
(bp)
144
127
146
154

The expressions of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN were tested by IHC (Figures 2–6).
The expression levels increased over time and were
decreased with increasing JHD dosage. The results
show that JHD can decrease the expression of
HIF-1α, VEGF, MMP-9, TIMP-1, and EMMPRIN.
JHD Decreased the RNA Concentration of HIF-1α,
VEGF, MMP-9, TIMP-1, and EMMPRIN
The RNA concentrations of HIF-1α, VEGF, MMP9, TIMP-1, and EMMPRIN are shown in Figure 7.
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Figure 1
HE staining of liver cancer
tissue of nude mice (×200).

Figure 2
Effect of JHD on expression of
HIF-1α in liver cancer (×200).
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Figure 3
Effect of JHD on expression of
VEGF in liver cancer (×200).

Figure 4
Effect of JHD on expression of
MMP-9 in liver cancer (×200).
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Figure 5
Effect of JHD on expression of
TIMP-1 in liver cancer (×200).

Figure 6
Effect of JHD on expression
of EMMPRIN in liver cancer
(×200).
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Figure 7
RNA expression of HIF-1α,
VEGF165, MMP-9, TIMP-1,
and EMMPRIN (*p < 0.05,
**p < 0.01).

Figure 8 Protein expression of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN on day 1.

Figure 9 Protein expression of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN on day 4.
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9). On days 8 and 15, the protein expression levels
of HIF-1α, VEGF, MMP-9, TIMP-1, and EMMPRIN
were all decreased with the increasing JHD dosage (Figures 10–11). The test results show that
JHD can inhibit the transcription of HIF-1α, VEGF,
MMP-9, TIMP-1, and EMMPRIN.
JHD Attenuated the Numbers of CECs and vCECs

Figure 10 Protein expression of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN on day 8.

At day 1, there were just the RNA concentrations
of VEGF and MMP9 in the high-dose JHD group,
which was significantly lower than the control
group (p<0.05). At day 4, only the RNA concentra
tion of HIF-1α in the high-dose JHD group was
significantly lower than the control group (p<0.05),
and the RNA concentrations of VEGF, MMP-9,
and TIMP-1 of the low-dose JHD group were not
significantly lower than those of the control group
(p > 0.05). Moreover, all RNA concentrations of
HIF-1α, VEGF165, MMP-9, TIMP-1, and EMMPRIN
of the low-, medium-, and high-dose JHD groups
were significantly lower than the control group
(p<0.05) at days 8 and 15. Additionally, the RNA
concentrations of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN all increased over time.

The number of CECs were observed to decrease
with time and with the increasing doses of JHD
(Figure 12). At 1 day after JHD treatment, the
numbers of CECs in the MJHD and HJHD groups
were significantly lower than those in the control
group (p<0.05), and the numbers of CECs in the
HJHD group were significantly lower than those
in the control group at day 4 (p<0.05). Moreover,
both at 8 and 15 days after treatment with JHD,
the numbers of CECs in all experimental groups
were significantly lower than those in the control
group.
The numbers of vCECs in the test group were
also seen to be decreasing with time and with
increasing doses of JHD (Figure 12). At 1 day
after JHD administration, the number of vCECs
in the HJHD was significantly lower than that in
the control group (p<0.05). At days 2 and 8, the
numbers of vCECs in both MJHD- and HJHD-dose
groups were significantly lower than in the con
trol group (p<0.05), and at day 15 all experimental groups were significantly lower than the control group (p<0.05).

Protein Expression of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN
On day 1 after the administration of JHD, the pro
tein expression of HIF-1α was decreased accord
ing to the increasing dosage of JHD, while the
protein concentrations of VEGF, MMP-9, TIMP-1,
and EMMPRIN in all experimental groups were
almost the same levels as those of the control
group (Figure 8). On day 4 after the administra
tion of JHD, protein expression levels of HIF1α, VEGF, MMP-9, TIMP-1, and EMMPRIN were
all decreased with the increasing dosage of JHD,
while the expression level of EMMPRIN was not
changed with the change of JHD dosage (Figure

Figure 11 Protein expression of HIF-1α, VEGF, MMP-9, TIMP-1,
and EMMPRIN on day 15.
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Figure 12
Effect of JHD on proliferation
of CECs and vCECs (*p < 0.05,
**p < 0.01).

Discussion
Liver cancer is one of the greatest health threats
all over the world, and the number of deaths and
new cases in China make up almost half of the
total number worldwide.1 The development and
transferring of tumors is correlated with blood
vessels.6 Surgical resection is still one of the most
important treatments for liver cancer, but recurrence is a serious problem. In order to avoid recurrence, drugs used in adjuvant therapy are
mostly Western medicine and not Chinese medicine. In the present study, a mouse liver cancer
dormancy model was constructed. Then, the dor
mancy was broken by truncating the mouse tail,
and those mice were administered JHD, which
was developed based on the experimental decoction for liver cancer with its effect on liver cancer
proved in clinic.18 Results showed that JHD sig
nificantly increased the dormant rate of tumor
cells of liver cancer, inhibited protein and RNA
expression of HIF-1α and VEGF, and inhibited
proliferation of both CECs and vCECs in a dosedependent manner.
According to ancient Chinese medical records,
liver cancer belongs to “Ganji,” “Jiju,” “Gu Zhang,”
“skin qi,” or “Zheng Jia.” Ancient doctors anal
yzed the etiology and pathogenesis of liver cancer
according to a large number of cases. The main risk
factors of liver cancer were classified as “Zheng Qi
Xu Sun” and “liver stasis skin Xu.” Yin and Yang
Stone tune, dry Qi Yu Jie, Hua Huo Shang Yin, Qi
Zhixue Yu, Yu du Yunjie, and Shi du Inner Cloud
eventually led to the formation of liver cancer.23
In addition, “Yu Xue” is also a basic pathological
change in patients with liver cancer, and this process exists throughout the period of liver patho
genesis. Traditional Chinese medicine has advan
tages in the treatment of primary liver cancer,

especially in the comprehensive treatment of advanced liver cancer. As a type of Chinese medi
cine, JHD has been used to treat liver cancer in
our previous research. In order to explore the
mechanism of JHD promoting dormancy of liver
cancer, the effect of JHD on liver cancer dormancy
rate, expression of HIF-1α, VEGF, MMP-9, TIMP1, and EMMPRIN, and proliferation of CECs and
vCECs were analyzed. The results showed that
JHD can increase the dormancy rate of liver can
cer, and the dormancy rate is positively correlated
with JHD dosage. The positive expression, protein
expression, and RNA expression of HIF-1α, VEGF,
MMP-9, TIMP-1, and EMMPRIN can also be inhibited by JHD, and the higher the dosage, the
stronger the inhibition. Moreover, JHD can suppress the proliferation of CECs and vCECs, which
is also increased with the dosage of JHD. In con
clusion, the mechanism of JHD enhancing dor
mancy of liver cancer is that it attenuated the pro
liferation of CECs and vCECs and decreased the
expression of HIF-1α, EGF, MMP-9, TIMP-1, and
EMMPRIN. Moreover, the dose of JHD is related
to its function, which provides a new theoretical
basis for the treatment of liver cancer with tradi
tional Chinese medicine.
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