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Absiract

AIM: To investigate the multicellular resistance of
human hepatocellular carcinoma HepG2 cells in three-
dimensional culture to delisheng, 5-fluorouracil and
adriamycin, and the possible molecular mechanisms of
delisheng.

METHODS: Human hepatocellular carcinoma HepG2
cells were cultured with a liquid overlay technique. After
the formation of multicellular spheroids, morphology was
analyzed by phase contrast microscopy, scanning electron
microscopy and transmission electron microscopy.
Sensitivity of HepG2 cells to delisheng, 5-fluorouracil and
adriamycin was investigated by MTT assay in multicelluar
spheroids and monolayers. Vascular endothelial growth
factor (VEGF) and endostatin expression were analyzed
in multicellular spheroids treated with delisheng,
5-fluorouracil, adriamycin and negative control PBS, with
immunohistochemical staining.

RESULTS: Multicellular spheroids exhibited structural
characteristics somewhat different to those in
monolayers. The cells in three-dimensional cell culture
turned out to be less sensitive to delisheng, 5-fluorouracil
and adriamycin than the cells cultured in monolayer. This
showed that delisheng had a satisfactory cells inhibition
ratio compared to 5-fluorouracil and adriamycin.
Immunohistochemical staining showed that VEGF and
endostatin expression was positive during growth as
multicellular spheroids, and endostatin expression in
spheroids with treatment of delisheng was higher than
that with 5-fluorouracil, adriamycin and PBS (139.35
+ 7.83, 159.23 + 10.34, 162.83 + 3.47 and 148.48 +
11.06, P < 0.05).
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CONCLUSION: Chinese medicine compound delisheng
has satisfactory anti-tumor activity in HepG2 cells in
three-dimensional culture, and the effects are associated
with up-regulation of endostatin.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a highly malignant
tumor with a very high morbidity and mortality, and a
poor prognosis. Its incidence is increasing both in Asian
countries and in the USA. A majority of HCC patients
presents with advanced or unresectable disease. Even for
those with resected disease, the recurrence rate can be
as high as 50% at 2 years. Despite extensive efforts by
many investigators, systemic chemotherapy for HCC has
been quite ineffective, as demonstrated by low response
rates and no survival benefits" . With the continuous
development of the traditional Chinese medicine industry
in recent years, it has been proven that traditional Chinese
medicines (TCMs) have a marked effect on treating HCC,
with unique advantages, and have gained wide acceptance
as a safe, palliative and effective treatment in China"™”.
Delisheng is a Chinese medicinal compound and is
usually used in combination with chemotherapy for HCC.
Furthermore, it has been reported that it can improve
the clinical symptoms and quality of life, without severe
adverse reactions, in patients with late-stage HCC. It is
composed of ginseng, milk vetch root, secretion bufonis
and Cantharidium. As delisheng is attractive as a natural
product for medicinal use, increasing attention is being
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paid to its scientific evaluation and its possible molecular
mechanisms.

Three-dimensional cell culture has been widely
used for studying the various molecular processes and
the development of therapy in recent years, for subtle
changes in phenotypic expression and biological activity
not demonstrated in conventional monolayer culture. In
contrast, multicellular spheroids of tumor cells provide
an excellent three-dimensional 7z vitro model to facilitate
detailed investigations, including the response to various
antineoplastic agents and their possible molecular
mechanisms, since spheroids mimic the solid tumors
more closely than monolayers do'". Tumor resistance to
anticancer drugs is a real phenomenon, partly because of
the so-called multicellular resistance (MCR), and it may
be the most important obstacle to cancer treatment' ",
The resistance encountered in cells cultured as spheroids
seems to be analogous to the natural resistance observed
in patients, so the usage of three-dimensional cell culture
may provide a model for studies on the development of
anti-cancer drugs.

In this study, cells were cultured with a liquid ovetlay
technique'>"”. After the formation of multicellular
spheroids, morphology was analyzed by phase contrast
microscopy, scanning electron microscopy and
transmission electron microscopy. Sensitivity of human
hepatocellular carcinoma HepG2 cells to delisheng,
5-fluorouracil and adriamycin was investigated by MTT
assay in multicelluar spheroids and monolayers. Vascular
endothelial growth factor (VEGF) and endostatin
expression was analyzed in multicellular spheroids treated
with delisheng, 5-fluorouracil, adriamycin and negative
control PBS, with immunohistochemical staining.

MATERIALS AND METHODS

Human hepatocellular carcinoma cell line

The human hepatocellular carcinoma cell line used in the
present study was HepG2 preserved in The Center of
Molecular Biology of Xi'an Jiaotong University.

Monolayer and three-dimensional cell cultures

Each HepG2 cell line was maintained in DMEM (Gibco,
USA) medium supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, 100 U/mL streptomycin in
5% CO2/95% air at 37°C. Cell cultures were maintained
in the exponentially growing state by passaging twice
weekly. Exponentially growing cells were harvested in a
monolayer cell culture, while for three-dimensional cell
culture obtained by liquid overlay technique, a single
cell suspension in complete medium was seeded in each
culture flask coated with 2% agarose. The conditions for
three-dimensional cell culture were exactly the same as for
monolayer culture, except for the presence of an agarose
layer. After 3 or 4 d incubation, multicellular spheroids
were obtained from each culture flask.

Scanning electron microscopy
After 3 or 4 d culture, monolayer cells and multicellular
spheroids were observed by phase contrast microscopy.

After which, samples were washed with PBS, pH 7.4, and
fixed with 2.5% glutaraldehyde for 2 h at 4°C. After three
washes in PBS, they were post-fixed with 1.0% osmium
tetroxide in PBS for 2 h at 4°C, then washed once in PBS,
followed by dehydration with an increasing ethanol series
(30, 50, 70, 90 and 100%). The samples were then treated
with isoamyl acetate for 10 min, dried to the critical point,
and coated with gold. Finally, the samples were observed
with a scanning electron microscope (JEOL, JSM-840,

Japan).

Transmission electron microscopy

Additional samples were fixed and dehydrated as described
for scanning electron microscopy, and embedded in
Epon812 epoxy resin. Thin sections were prepared
and examined with a transmission electron microscope

(HITACHI, H-600, Japan).

MTT assay

The Chinese medicinal compound delisheng was
dispensed into a physic liquor to give a clinical dosage of
80 mL (recommended dose is 50-100 mL/d). Delisheng
was attenuated with Hanks balanced salts solution,
and the final concentration was 12.5, 25, 50, 100 and
200 pL/mL. MTT [3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide] (Sigma, St. Louis, MO,
USA) was dissolved in PBS at 5 mg/mL and sterilized by
filtration. After treatment with 12.5, 25, 50, 100 or 200
pl/mlL delisheng; 6.25 x 107, 12.5 X 107, 25 X 107, 50
X 10” and 100 X 10° g/I. 5-fluorouracil; 0.15625 X 107,
0.3125 X 107, 0.625 X 107, 1.25 X 107 and 2.5 x 10” g/L
adriamycin in monolayer and three-dimensional cell culture
for 48 h, the cells were freshly disaggregated by enzymatic
dissociation, and the cell number was determined with
a hemocytometer. A cell suspension (150 pL) of each
sample was added to a 96-well plate. The cell number per
well was approximately 2 X 10°, Each well was added to
stock MTT solution (20 pL, 5 mg/mL). After incubation
in the presence of 5% CO2 and 95% air at 37°C for 4 h,
the supernatant was discarded. DMSO (150 pl) (Sigma)
was added to each well and mixed thoroughly to dissolve
the dark blue crystals. After 30 min at room temperature
to ensure that all crystals were dissolved, the plates were
read with a Micro Elisa plate reader at a wavelength of 492
nm. All samples were read five times. The cell inhibition
rate was calculated by the following formula: cell inhibition
rate (%) = (1-OD of treated cells)/(OD of control cells)
X 100%.

Immunohistochemical staining

Antibody staining was performed with multicellular
spheroids. The monoclonal anti-VEGF antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was used
at a dilution of 1:25. The monoclonal anti-endostatin
(Santa Cruz Biotechnology) was used at a dilution of
1:25. Spheroids treated with delisheng (25 uL/mL),
5-fluorouracil (40 x 107 g/I), adriamycin (1 X 107 g/IL)
and negative control PBS for 48 h were washed in PBS,
and fixed in 4% paraformaldehyde in PBS at 4°C for 1 h,

placed in a small tissue processing cassette full of 3%
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Figure 1 Multicellular spheroids of hepG2 cells observed with the phase contrast
microscope (x 100).

20 KVix 1000

agarose for 1 h, then dehydrated and embedded in paraffin.
Four-micrometer sections from the representative blocks
were immunohistochemically stained with mouse anti-
human monoclonal antibodies against VEGE, and rabbit
anti-human monoclonal antibodies against endostatin.
Four-micrometer thick sections were deparaffinized,
rehydrated and washed in PBS for 15 min, before
endogenous peroxidase activity was blocked. Primary
antibody was substituted by normal mouse and rabbit
serum as a negative control .Then endogenous peroxidase
activity was blocked by 30 min incubation in 3% hydrogen
peroxide solution. The specimens were washed with
PBS, pH 7.5. Non-specific binding was blocked by
incubating the slides with normal goat serum in PBS for
15 min at 37°C, then incubated overnight at 4°C with the
primary antibodies. After washing three times with PBS,
the sections were incubated with secondary antibody,
biotinylated antibodies for 40 min at 37°C. After washing
three times with PBS, the sections were immunostained
with avidin-biotin complex for 40 min at 37°C.
Visualization of the immunoreactions was conducted
with 3, 3'-diaminobenzidine (DAB, Sigma, UK) for 5 min.
Finally, sections were counterstained with hematoxylin.
The degree of the expression of immunohistochemical
products was classified into negative (< 10% of cells had
a positive reaction) and positive (> 10% of cells had a
positive reaction). Simultaneously, VEGF- and endostatin-
positive staining particles were quantitatively analyzed
by a LeicaQQ550cw imaging analysis system (Germany)

www.wjgnet.com

o S el A S S VST A L N P L
oD i . AL (DY Tl 0, i ;
L 0 -_>;Q_c?'$.(g§$;!§2p'?:

Ry -f—‘it. s !

vl o B el Wl o 7

~ 'é"':' ‘Mp?ﬁ-‘f‘%' oLy . :‘%ﬂ;"ﬁh a8 i,

P A o Y |

| LNl \ i
Ao

Figure 2 Monolayer of hepG2 cells observed with the phase contrast microscope
(x 100).

Figure 3 Scanning electron microscopy of hepG2 cells. A: The
multicellular sphere was irregular with a diameter up to 1.0-2.0
mm, tight cell junctions were observed; B: Monolayer cells spread
dispersively and cell junctions were hardly observed.

to determine the mean grey values, the lower mean grey
values, and the stronger substrate coloration. The mean
grey values are an inverse ratio with the protein expression

quantity.

Statistical analysis

Data were reported as means * SE. The 7 test was used
for statistical analysis, P < 0.05 was considered statistically
significant.

RESULTS

Cell morphology (phase contrast microscopy, scanning
and transmission electron microscopy)

Multicellular spheroids and monolayer cells were observed
with phase contrast microscopy. The cells were oval
spheroids in three-dimensional cell culture (Figures 1 and 2).

Scanning electron microscopy showed that the
multicellular spheroids were irregular, with a diameter
of up to 200 um at 3-4 d. The cells were oval spheroids
or polyhedrons, with tight cell junctions, compared to
monolayer cells that were spread in a dispersed manner
and had few cell junctions (Figure 3).

Transmission electron microscopy showed that
desmosome and intermediate junctions were observed in
three-dimensional cell culture, but such structures were
rarely observed in monolayer cell culture. Multicellular
spheroids of approximately 200 um diameter showed no
obvious signs of extensive central apoptosis or necrosis,
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Table 1 Test sensitivity of delisheng in 3d and 2d cell culture

Figure 4 Transmission electron
microscopy of hepG2 cells: A (x
60000); B (x 30000): desmosome
junctions and intermediate junctions
were observed in three-dimensional
cell culture; C (x 3000); D (x 5000):
cell junctions were hardly observed in
monolayer cells with more microvilli on
the surfaces.

Table 3 Test sensitivity of adriamycin in 3d and 2d cell culture

Inhibition ratio (%)

Concentration (uL/mL) 3-d Monolayer P value
125 11.73 £11.58 33.81 £10.54 0.014

25 20.94 + 8.29 37.79 £ 9.55 0.018

50 2545 +5.62 46.01 £ 6.32 0.001

100 36.69 +5.37 75.65 +10.47 < 0.001

200 43.93 +7.81 84.62 +3.24 < 0.001

Inhibition ratio (%)

Concentration (g/L) 3-d Monolayer P value
0.15625 x 10° 11.40+£2.71 10.39 £ 5.07 0.705
0.31250 x 10° 12.17 £ 6.49 21.31+2.85 0.02
0.62500 x10° 18.61 £9.41 25.69 +8.19 0.24
1.25000 x 10° 29.45 +5.26 41.66 + 6.52 0.012
2.50000 x 10° 38.09 +£20.71 84.56 +7.97 0.002

Table 2 Test sensitivity of 5-fluorouracil in 3d and 2d cell

culture

Inhibition ratio (%)

Concentration (g/L) 3-d Monolayer P value
6.25 x 10° 18.25 +7.85 33.89 +9.41 0.021
12.50 x 10° 17.51+£7.28 39.08 +7.74 0.002
25.00 x 10° 18.18 £11.34 4318 +£5.92 0.002
50.00 x 10° 17.87 £10.93 67.72+2.18 <0.001
100.00 x 10° 36.42 +10.54 81.17 +2.81 <0.001

although there was some swelling and there were fewer
microvilli on the surface of multicellular spheroids
compared to monolayer cells (Figure 4).

Response to delisheng, 5-fluorouracil and adriamycin
exposure

The sensitivity of monolayer and three-dimensional cell
cultures to delisheng, 5-fluorouracil and adriamycin was
investigated by MTT assay. The cell inhibition ratio in
three-dimensional cell culture treated with delisheng,
5-fluorouracil and adriamycin was lower than that in
monolayer culture (P < 0.01) (Tables 1,2 and 3, Figures

Data were reported as means + SE (1 = 5).

5,6, and 7), which indicated the HepG2 cells in three-
dimensional culture became resistant to delisheng,
5-fluorouracil and adriamycin. Cell inhibition ratio
increased with concentration of delisheng, 5-fluorouracil
and adriamycin. The results showed that delisheng had a
satisfactory cell inhibition ratio compared to 5-fluorouracil
and adriamycin.

Immunohistochemistry staining

VEGF and endostatin protein expression were confirmed
in multicellular spheroids in three-dimensional culture.
Immunohistochemical analysis demonstrated that
VEGF and endostatin were expressed in the cytoplasm.
Endostatin expression in spheroids treated with delisheng
was higher than that with 5-fluorouracil, adriamycin
and negative control PBS (P < 0.05). However, VEGF
expression in spheroids treated with delisheng was similar
with 5-fluorouracil, adriamycin and PBS (P > 0.05) (Tables
4 and 5; Figure 8).

piscussion
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Figure 5 Sensitivity of HepG2 cells to delisheng determined by the MTT assay.
After the treatment with 12.5, 25, 50, 100 and 200 uL/mL delisheng for 48 h, the
cells in three-dimensional cell culture and monolayer culture were cultured with
MTT solution and cell inhibition ratio was determined. The cells in monolayer
culture were more sensitive to delisheng (P < 0.01).
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Figure 6 Sensitivity of HepG2 cells to 5-fluorouracil determined by the MTT assay.
After the treatment with 6.25, 12.5, 25, 50 and 100 x 10° g/L 5-fluorouracil for 48
h, the cells in three-dimensional cell culture and monolayer culture were cultured
with MTT solution and cell inhibition ratio was determined. The cells in monolayer
culture were more sensitive to 5-fluorouracil (P < 0.01).

HCC is one of the most common types of human
malignancy worldwide. The prognosis in patients with
untreated HCC is very poor, with a median survival of
6 mo in patients who receive no specific treatment .
Curative therapy such as surgery, liver transplantation
or percutaneous treatments benefit only 25% of patients.
Systemic chemotherapy has been widely used in an
attempt to prolong this short survival time or to provide
symptomatic relief" but it appears to be less efficient,
possibly because it is used when metastases are already
present, and the tumor is large and spreading; moreover,
anticancer drug resistance is frequent. Tumor resistance
to anticancer drugs is a real phenomenon, but the most

[15]
>

prevalent mechanism may not correspond to multidrug
resistance!”. Instead, the so-called MCR, first described
in 1972 by Durand and Sutherland may be the most
important obstacle to cancer treatment. The resistance
encountered in cells cultured as spheroids seems to be
analogous to the natural resistance observed in patient
tumors. Tumor cells often form compact multicellular
spheroids when maintained in a three-dimensional culture
system. Various changes in molecular expression and even

www.wjgnet.com
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Figure 7 Sensitivity of HepG2 cells to adriamycin determined by the MTT assay.
After the treatment with 0.15625, 0.31250, 0.62500, 1.25000, 2.50000 x 10° g/L
adriamycin for 48 h, the cells in-three dimensional cell culture and monolayer
culture were cultured with MTT solution and cell inhibition ratio was determined.
The cells in monolayer culture were more sensitive to adriamycin (P < 0.01).

Drug Mean grey value
Delisheng 139.35 +7.83
5-fluorouracil® 159.23 £10.34
Adriamycin® 162.83 +3.47
PBS® 148.48 £ 11.06

°P < 0.05 5-fluorouracil vs delisheng, ‘P < 0.05 adriamycin vs delisheng, °P <
0.05 PBS vs delisheng.

Drug Mean grey value
Delisheng 188.00 + 6.33
5-fluorouracil® 189.93 +16.58
Adriamycin® 193.44 +5.11
PBS® 184.82 +13.87

°P > 0.05 5-fluorouracil vs delisheng, ‘P > 0.05 adriamycin vs delisheng, °P >
0.05 PBS vs delisheng.

in biological activity have been reported to exist between
the three-dimensional and conventional monolayer
cultures™".

There are abundant resources in TCMs that have
been used clinically for > 5000 years in China and Asia,
and increasing attention is being paid to their scientific
evaluation. With continuing development of TCM, it has
a marked effect on the treatment of several, including
tumors, with unique advantages. Delisheng is a common
Chinese medicinal compound, whose composition
includes ginseng, milk vetch root, secretion bufonis and
Cantharidium. Satisfactory effects of delisheng have been
reported in patients with late-stage HCC that may improve
clinical symptoms and quality of life, without severe
adverse reactions. However, the mechanisms responsible
for this treatment are unknown. Many kinds of solid
tumors iz vivo and tumor cells in three-dimensional cell
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culture 7z vitro exhibit intrinsic or acquired resistance to
cytotoxic drugs, which is one of the major obstacles to
clinical treatment.

In this study, human HepG2 cells were cultured with
a liquid overlay technique to form multicellular spheroids.
The results indicated that the cells were oval spheroid
or polyhedral, with fewer microvilli on the surface and
more desmosome and intermediate junctions, compared
to monolayer cells. The cells in three-dimensional culture
turned out to be less sensitive to delisheng, 5-fluorouracil
and adriamycin than those cultured in monolayer. Some
studies have indicated that more cells in multicellular
spheroids shift into a quiescent state. However, the
majority of conventional cytotoxic anticancer drugs
preferentially kill cycling cells. The increase in quiescent
cells might result in decreased sensitivity. VEGF
and endostatin expression were confirmed in three-
dimensional culture. The data indicated that endostatin
expression in spheroids treated with delisheng was
higher than that with 5-fluorouracil and adriamycin and
negative control PBS, and a previous study has shown that
delisheng has a satisfactory cell inhibition ratio compared

Figure 8 Immunohistochemical
staining patterns of formalin-
fixed and paraffin-embedded
multicellular spheroids of
HepG2 cells (x 200). [A:
delisheng; B: adriamycin; C:
5-fluorouracil; D: negative
control PBS; E: negative
control (Primary antibody was
substituted by normal rabbit
serum)]. Endostatin expression
was confirmed in multicellular
spheroids, and the expression
of endostatin with treatment of
delisheng was higher than that
of 5-fluorouracil, adriamycin and
PBS (P < 0.05).

to 5-fluorouracil and adriamycin. This suggests that the
satisfactory effects of delisheng on HCC were associated
with the up-regulation of endostatin. As we know, one
of the components of delisheng, ginseng, has some
antiangiogenic activity. Recent studies have reported that
ginseng extract exerts anti-tumor activity through its effect
on the vascular system; furthermore, some investigators
have suggested that ginsenoside Rg3, a saponin extracted
from ginseng, alone or combined with cyclophosphamide
(CTX), inhibits growth and angiogenesis of ovarian cancer
by decreasing the microvessel density (MVD value) and
VEGF expression™ ). Endostatin as an angiogenesis
inhibitor has been shown to inhibit VEGF-induced
endothelial cell migration iz vitro, and to have anti-tumor
activity in viro™**. Some investigators have studied tumor
growth in transgenic mice overproducing endostatin
specifically in the endothelial cells (a 1.6-fold increase
in the circulating levels), and found that tumor growth
was 3-fold slower than in wild-type mice™™. Therefore,
we think that the endostatin up-regulation induced by
delisheng in our experiment was possibly due to the
antiagiogenic activity of its ginseng component, and this

www.wjgnet.com
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may explain why delisheng has satisfactory anti-tumor
activity too. Although major emphasis has been placed
on the down-regulation of VEGE, the potential role of
endostatin increase induced by ginseng as an endogenous
inhibitor of angiogenesis in tumor growth inhibition can
not be ignored.

Further understanding of the mechanisms involved
in the activity of delisheng will help in the development
of new approaches to therapy of HCC. The satisfactory
activity of delisheng on HCC was associated with ginseng
up-regulation of endostatin expression.
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Background

HCC is a highly malignant tumor with a very high morbidity and mortality. Despite
extensive efforts by many investigators, systemic chemotherapy for HCC has been
quite ineffective. Delisheng is a Chinese medicinal compound and is often used
in conjunction with chemotherapy for HCC, with satisfactory results. Our work
tried to establish the mechanisms for these effects of delisheng on HCC. Three-
dimensional cell culture has been widely used for studying the various molecular
processes, since spheroids mimic solid tumors more closely than monolayers do,
so the use of three-dimensional culture provides a model for the development of
anti-cancer drugs. In this study, cells were cultured with a liquid overlay technique. After
the formation of multicellular spheroids, we used the model to perform our experiments.

Research frontiers

With the continuous development of TCM in recent years, it is been demonstrated
that it can have a marked effect on treating HCC, with unique advantages, and it
has gained wide acceptance as a safe, palliative and effective treatment in China.
Delisheng is a Chinese medicinal compound and is often used in conjunction with
chemotherapy for HCC. Furthermore, it has been reported in patients with late-
stage HCC that delisheng may improve the clinical symptoms and quality of life,
without severe adverse reactions. As delisheng is attractive as a natural product
for medicinal use, increasing attention is being paid to its scientific evaluation
and its possible molecular mechanisms. Three-dimensional cell culture has been
widely used for studying the various molecular processes and development of
therapy in recent years, as it detects subtle changes in phenotypic expression
and biological activity not seen in conventional monolayer culture. In contrast,
multicellular spheroids of tumor cells provide an excellent three-dimensional in
vitro model to facilitate detailed investigations, including the response to various
antineoplastic agents and their possible molecular mechanisms, since spheroids
mimic solid tumors more closely than monolayers do. The resistance encountered
in cells cultured as spheroids seems to be analogous to the natural resistance
observed in patient tumors, so the usage of three-dimensional cell culture may
provide a model for developing anti-cancer drugs.

Innovations and breakthroughs

We used three-dimensional cell culture to study a Chinese medicine and its anti-
cancer effects. We showed that delisheng had satisfactory anti-cancer effects on
HCC, and these were associated with the up-regulation of endostatin. This was
possible because of the presence of ginseng in delisheng.

Applications

We confirmed that three-dimensional cell culture was suitable for the study of a
traditional Chinese medicine, and this may help other researchers to find a better
model for drug development. We also found that delisheng had satisfactory anti-
cancer effects on HCC, and these were associated with the up-regulation of
endostatin. This was made possible by one of delisheng's components, ginseng,
and this may provide a new method of therapy for HCC.

www.wjgnet.com

Terminology

Three-dimensional cell culture: this has been widely used for studying the various
molecular processes and development of therapy in recent years, because it can
detect subtle changes in phenotypic expression and biological activity not seen
in conventional monolayer culture. This is because spheroids mimic solid tumors
more closely than monolayers do. Delisheng: a Chinese medicinal compound that
is often used in conjunction with chemotherapy for HCC. Furthermore, it has been
reported in patients with late-stage HCC that it can improve clinical symptoms and
quality of life, without severe adverse reactions. Its composition includes ginseng,
milk vetch root, secretion bufonis and Cantharidium.

Peer review

The article provides a new model to study TCM, and explains the test outcome
rationally; furthermore, it introduces the Chinese medicinal compound delisheng
and indicates its further applications.
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