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Liver Yin deficiency tonifying herbal extract induces apoptosis
and cell senescence in Bel-7402 human hepatocarcinoma cells
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Abstract. Liver cancer ranks as the fifth most prevalent malig-
nancy of all cancers worldwide. According to the principles of
traditional Chinese medicine, liver Yin deficiency is a common
clinical syndrome of liver cancer, and tonifying liver Yin is
a common treatment method for liver cancer. However, no
hepatocarcinoma-specific liver Yin tonifying formula has yet
been established. In the present study, we established a liver
cancer-specific combination of herbs, which we term liver Yin
tonifying formula (LYTF). We found that LYTF inhibits the
proliferation of Bel-7402 cells in a dose- and time-dependent
manner. LYTF induces apoptosis in Bel-7402 cells, which is
accompanied by activation of caspases-8, -9 and -3. Pan-caspase
blocking completely abrogates LY TF-induced apoptosis and
partially abrogates LYTF-induced proliferation inhibition.
LYTF also induces cell senescence, as indicated by a large and
flattened morphology, senescence-activated -galactosidase-
positive staining and GO/G1 cell cycle arrest, accompanied by
the up-regulation of pl6 and p21 and the down-regulation of
retinoblastoma protein phosphorylation. These findings suggest
that LYTF is effective in inhibiting the growth and survival of
hepatocarcinoma cells through the induction of apoptosis and
cell senescence. Our study also provides insight into traditional
Chinese medicine methods used for the treatment of liver
cancer.

Introduction

Liver cancer remains the fifth most common malignancy
worldwide, and its incidence is on the rise due to hepatitis virus
infection (1,2). The incidence of liver cancer is particularly high
in China and Southeast Asian countries. Current treatments
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for liver cancer mainly include early surgical treatment, inter-
vention, liver transplantation and targeted therapy (2,3). Since
liver cancer originates in an occult fashion and progresses
rapidly, most patients are at the late stage at diagnosis and are
no longer good candidates for surgical removal (3.,4). In addi-
tion, the clinical benefits of intervention or targeted therapy
are limited in most patients (5,6). Therefore, the development
of new paradigms for liver cancer treatment is crucial.

In China, traditional Chinese medicine has been widely
used in all aspects of liver cancer, including surgery, inter-
ventional and targeted therapy, even as a single treatment for
advanced liver cancer, and has been confirmed to effectively
control cancer progression, improve quality of life and prolong
survival times, to some extent, in liver cancer patients (7-10).
Liver Yin deficiency is one of the common syndromes included
in or accompanying liver cancer (11,12). Liver Yin tonifying
herbs have been used for the treatment of liver cancer with
liver Yin deficiency and are crucial elements of traditional
Chinese medicine prescriptions (13,14). However, the clinical
application of liver Yin tonifying herbs is empirical to some
extent, and there is a lack of an efficient liver Yin tonifying
herbal formula for liver cancer, limiting the improvement of
its efficacy.

Based on the principles of traditional Chinese medicine
and progress in the pharmacological characterization of
anticancer herbs, we developed a liver Yin tonifying herbal
formula (LYTF) for liver cancer. Our LY TF consists of glossy
privet fruit, Carapax trionycis (processed with vinegar) and
Polygonum cuspidatum. Glossy privet fruit and Carapax
trionycis are classic liver Yin tonifying Chinese herbs that
are frequently used in the treatment of liver cancer and
have demonstrated anticancer effects to some extent (15-17).
Oleanolic acid, the main component of glossy privet fruit,
has recently been reported to induce the apoptosis of
hepatocarcinoma cells (18). Polygonum cuspidatum has
anti-inflammatory, anti-viral, anti-tumor and anti-angiogenic
effects, and is commonly employed in treatments for viral
hepatitis and liver cancer (10,19). Resveratrol, the major
component from Polygonum cuspidatum, exerts desirable
anticancer effects by inducing apoptosis and cell senescence in
numerous types of cancer cells (20-22). In the present study, we
observed that LYTF inhibited proliferation, enhanced caspase
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activity and induced apoptosis in Bel-7402 hepatocarcinoma
cells. In addition, LYTF induced cell senescence in Bel-7402
cells, accompanied by the up-regulation of p16 and p21 expres-
sion and the down-regulation of retinoblastoma (Rb) protein
phosphorylation.

Materials and methods

Chemicals and reagents. RPMI-1640 medium and fetal
bovine serum (FBS) were obtained from Hyclone (Logan, UT,
USA). The Cell Counting Kit-8 (CCKS8) was purchased from
Dojindo (Kumamoto, Japan). The FITC Annexin V Apoptosis
Detection kit was obtained from BD Biosciences Pharmingen
(San Diego, CA, USA). The Colorimetric CaspACE™ Assay
System was the product of Promega (Madison, WI, USA).
Z-VAD-FMK, Caspase-8 and Caspase-9 Colorimetric Assay
kits were procured from R&D Systems (Minneapolis, MN,
USA). Antibodies against p16, p21,Rb, phospho-Rb, poly(ADP-
ribose)polymerase (PARP) and a-tubulin were the product of
Cell Signaling Technology (Danvers, MA, USA). The Hoechst
Staining kit was obtained from Beyotime (Jiangsu, China).
The Senescence [3-Gal Staining kit was purchased from Cell
Signaling Technology.

Herbal preparation. LYTF was prepared as a lyophilized dry
powder of hot water extracts as described previously (23-25).
Authentic herb materials were from the Longhua Hospital herb
store. The herbs used were glossy privet fruit (24 g), Carapax
trionycis (processed with vinegar) (60 g) and Polygonum
cuspidatum (30 g). All herbs were soaked for 1 h and decocted
twice with an 8-fold volume of distilled water for 2 h. The
decoction was filtered and centrifuged twice at 12,000 rpm for
30 min to remove insoluble ingredients. The supernatants were
mixed with an equal volume of ethanol, maintained at 4°C
overnight and centrifuged at 12,000 rpm for 30 min to remove
insoluble ingredients. The resultant supernatants were lyophi-
lized, weighed, dissolved in RPMI-1640 medium and adjusted
to a concentration of 400 mg/ml, and were sequentially passed
through 0.45 and 0.22 pm sterilization filters.

Cell culture. The Bel-7402 human hepatocarcinoma cell line
and HL-7702 human hepatocyte cells were obtained from the
Cell Bank of Type Culture Collection of the Chinese Academy
of Sciences. Bel-7402 and HL-7702 cells were grown in
RPMI-1640 medium with 10% FBS and 1% Pen-Strep, and
maintained at 37°C in a humidified incubator with a 5% CO,
atmosphere.

Cell growth inhibition assay. Cells in the logarithmic growth
phase were seeded into 96-well plates (4x10° cells/well) and
allowed to attach for 24 h prior to treatment. The cells were
exposed to various doses of LYTF for 72 h, and cell viability
was evaluated every 24 h using the CCK-8 colorimetric assay,
according to the manufacturer's instructions. The cell survival
rate was calculated as follows: cell survival rate (%) = experi-
mental optical density (OD) value/control OD value x 100%.

Detection of apoptosis. Bel-7402 cells were treated with various
doses of LYTF for 72 h, stained with 5 ug/ml Hoechst 33258
in the dark for 5 min and assessed under fluorescence micros-
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Figure 1. Effects of LYTF on the proliferation of Bel-7402 and HL-7702 cells.
(A) Human hepatocarcinoma Bel-7402 cells and (B) human normal hepatocyte
HL-7702 cells were treated with various concentrations of liver Yin tonifying
formula (LYTF) for 72 h. Cell viability was evaluated every 24 h by CCK-8
assay. Data shown are representative of three independent experiments. CCK-8,

Cell Counting Kit-8.

copy. For flow cytometric analysis, LYTF-treated Bel-7402
cells were collected, stained with Annexin V-FITC and
PI as recommended by the manufacturer, and detected in a
FACScalibour flow cytometer (Becton-Dickinson).

Caspase activity assay. Following treatment with varying
concentrations of LYTF, caspase-3, -8 and -9 activities were
measured by the cleavage of the specific chromogenic substrate
according to the manufacturer's instructions. For caspase inhi-
bition, cells pre-treated with Z-VAD-FMK (50 pgmol/l, 2 h)
were incubated with LYTF for a further 72 h.

Senescence-activated f3-galactosidase staining (SA-f-gal).
Bel-7402 cells (3x10%) were plated in 35-mm diameter plates
and treated with 200 pg/ml of LYTF for 5 days. SA-f-gal
staining was performed according to the manufacturer's
instructions (Cell Signaling Technology).

Western blot analysis. Western blot analysis was performed
as described previously (24). Briefly, collected cells were
lysed and subjected to 8-12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
onto a nitrocellulose membrane (Amersham Biosciences,
Buckinghamshire, UK). The transferred membrane was
blocked with 5% nonfat milk, washed and probed with the
indicated antibodies. Blots were then washed and incubated
with IRDye 700- and IRDye 800-conjugated secondary anti-
bodies (Rockland Immunochemicals, Gilbertsville, PA, USA),
and visualized in Odyssey Infrared Imaging System (LI-COR
Biosciences, Lincoln, NE, USA).

Statistical analysis. Results are expressed as the means +
standard deviation of at least two independent experiments,
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Figure 2. LYTF-induced apoptosis in Bel-7402 cells. (A) Bel-7402 cells were treated with indicated doses of LYTF for 72 h, stained with Hoechst 33258 and
observed under a fluorescence microscope (magnification, x400). Apoptotic cells were further confirmed by (B) Annexin V/PI staining and (C) flow cytometric
analysis, and expressed as the means + SD. LYTF, liver Yin tonifying formula; SD, standard deviation.

each conducted in triplicate. Differences between the control
and LYTF-treated cells were analysed by one-way ANOVA.
Differences were considered significant at P<0.05.

Results

LYTF inhibits the proliferation of Bel-7402 cells. To determine
the effects of LY TF on the growth of Bel-7402 cells, the CCK-8
assay was performed. At a final concentration of 100-1,000
pg/ml, LYTF inhibited the proliferation of Bel-7402 cells in
a dose- and time-dependent manner (Fig. 1A) (P<0.05). By
contrast, LYTF had no significant effect on the proliferation of
human normal hepatocyte HL-7702 cells at these concentra-
tions (Fig. 1B).

LYTF induces apoptosis of Bel-7402 cells. Following 72 h of
incubation with 100-400 ug/ml of LYTF, Bel-7402 cells were
stained with Hoechst 33258. We observed dense blue fluo-
rescent particles within the nucleus or cytoplasm in addition
to significant nuclear morphological changes, indicating the
occurrence of apoptotic processes (Fig. 2A). Flow cytometric
analysis further confirmed that incubation with 100-400 ug/ml
of LYTF for 72 h induced considerable apoptosis of Bel-7402
cells, compared to the control group (Fig. 2B and C) (P<0.01).

Role of caspases in LYTF-induced anticancer effects. To
determine whether caspases attributed to the LY TF-induced
apoptosis in Bel-7402 cells, the activities of caspase-3, -8 and
-9 were measured by the cleavage of the specific substrate.
Caspase activity assays revealed that LYTF was capable of
activating caspases-3, -8 and -9 in Bel-7402 cells to varying

degrees in a dose-dependent manner (Fig. 3A-C) (P<0.01).
In addition, PARP, one of the earliest substrates of caspase-3
during apoptosis (26), was also cleaved following LYTF treat-
ment (Fig. 3D). Furthermore, the LY TF-induced apoptosis of
Bel-7402 cells was completely abrogated by the pan-caspase
inhibitor, Z-VAD-FMK (Fig. 4A) (P<0.01), suggesting that
the LYTF-induced apoptosis was associated with caspase
signaling cascades. To our surprise, the inhibitory effects of
LYTF on the proliferation of Bel-7402 cells were partially
abrogated by the Z-VAD-FMK inhibitor (Fig. 4B) (P<0.01),
suggesting that there may be another mechanism contributing
to the LY TF-induced anticancer effects.

LYTF induces cell senescence in Bel-7402 cells. With low-
dose LYTF treatment, partial Bel-7402 cells exhibited a large
and flattened morphology, reminiscent of cell senescence
(Fig. 5A-b). Therefore, SA-f-gal staining was performed. As
shown in Fig. 5B-a and -b, LYTF treatment resulted in SA--
gal-positive staining, compared to the controls. By contrast,
neither morphology nor SA-f-gal activity was affected by
LYTF treatment in normal HL-7702 hepatocytes (Fig. 5B-c
and -d). In addition, flow cytometric analysis revealed that the
cell cycle of LYTF-treated Bel-7402 cells was arrested in the
GO0/G1 phase (Fig. 6) (P<0.01). These observations suggest that
LYTF may induce senescence in Bel-7402 cells.

Effects of LYTF on the expression of senescence-associated
genes. The effects of LYTF on the expression of senes-
cence-associated genes in Bel-7402 cells were detected by
Western blot analysis. As shown in Fig. 7, treatment with
LYTF caused an up-regulation in the expression of p21 and
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Figure 3. LYTF activated caspases in Bel-7402 cells. Bel-7402 cells were treated with various doses of LY TF for 72 h; (A) caspase-3, (B) caspase-8 and (C) cas-
pase-9 activity were detected as described in Materials and methods. Caspase activities were expressed as fold activation over the control. (D) Cleaved PARP

(c-PARP) was detected by Western blot analysis with specific antibody. a-tubulin was used as the loading control. Cas, caspase; PARP, poly(ADP-ribose)
polymerase; LYTF, liver Yin tonifying formula.
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Figure 4. Role of caspases in LYTF-induced anticancer effects in Bel-7402 cells. Following pre-treatement with Z-VAD-FMK (50 gmol/l) for 2 h,
Bel-7402 cells were exposed to 100-400 ug/ml LYTF for 72 h, and subjected to apoptosis detection by (A) flow cytometry and (B) CCK-8 assay. Data
presented are from three separate experiments. LYTF, liver Yin tonifying formula; CCK-8, Cell Counting Kit-8.

Figure 5. LYTF activated SA-B-gal in Bel-7402 cells. (A) Bel-7402 cells (a and b) and HL-7702 cells (c and d) were treated with 200 yg/ml LYTF for 5 days.
Cell morphology observed under a microscope (magnification, x200), and (B) subjected to SA-B-gal staining and observed under a microscope (magnification,
x400). LYTF, liver Yin tonifying formula; SA-B-gal, senescence-activated 3-galactosidase.
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Figure 6. LYTF induced cell cycle arrest in Bel-7402 cells. (A) Cell cycle dis-
tribution of LYTF (200 ug/ml)-treated Bel-7402 cells was analysed by flow
cytometry and expressed as the means + SD (B). LYTF, liver Yin tonifying
formula; SD, standard deviation.

pl16. Expression levels of Rb did not change, but Rb phosphory-
lation was inhibited by LYTF treatment. These results suggest
that the LYTF-induced cell senescence of Bel-7402 cells is
related to elevated p21 and p16 expression and inhibition of Rb
phosphorylation.

Discussion

Current cancer pharmacotherapy strategies, such as chemo-
therapy and targeted therapy, act on cancer cells mainly through
apoptosis, cell senescence, autophagy and other mechanisms to
achieve therapeutic effects (27,28). Apoptosis is an evolution-
arily conserved cell suicide process elicited by physiological,
pharmacological and pathological conditions. The initiation
and execution of apoptosis depends on the activation of the
extrinsic and/or intrinsic death pathways (28,29). Extrinsic or
death receptor pathways are associated with death receptors,
such as FAS, the TRAIL receptor (TRAIL-R) and TNF receptor
(TNF-R). On binding to the corresponding ligands, such as
FasL, TRAIL or TNFa, death receptors oligomerize and their
death domains undergo conformational changes to facilitate
the interaction with the adaptor protein, Fas-associated death
domain (FADD), resulting in the recruitment of caspase-8
to form the death-inducing signaling complex. Activated
caspase-8 then activates caspase-3, triggering apoptosis.
Conversely, intrinsic or mitochondrial pathways involve signals
to the mitochondria that lead to the release of cytochrome c
and Apaf-1, forming an apoptosome that activates the initiating
protease caspase-9, which, in turn, activates caspase-3, causing
the cell to undergo apoptosis. The activation of caspases-8 and
-9 are the hallmark events of extrinsic and intrinsic apoptotic
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Figure 7. Effects of LYTF on the expression of cell senescence regulatory
genes. Bel-7402 cells were collected following LYTF (200 pg/ml) treatment
and subjected to Western blot analysis using antibodies against pl6, p21, Rb
and pRb. a-tubulin was used as the loading control. LYTF, liver Yin tonifying
formula; Rb, retinoblastoma; pRb, phosphorylated retinoblastoma.

pathways, respectively. In the present study, following LYTF
treatment, Bel-7402 cells exhibited apoptotic morphology. The
apoptotic cells were detected by flow cytometry. Furthermore,
LYTF activates caspases-3, -8 and -9, and the LYTF-induced
apoptosis may be blocked by a caspase inhibitor. These results
indicate that the LYTF-induced apoptosis of Bel-7402 cells is
closely related to caspase activation.

Cell senescence is a state of stable, irreversible cell cycle
arrest provoked by a variety of stimuli. Senescent cells
maintain some metabolic activity, but can no longer prolif-
erate, even if stimulated with mitogens. Cell senescence is
usually characterized by a large and flattened morphology,
an increase in intracellular granules and elevated SA-B-gal
activity (30). Similar to apoptosis, cell senescence plays a
crucial role in suppressing tumorigenesis and may contribute
to the outcome of cancer therapy (29-32). It has been shown
that chemotherapeutic agents, such as cisplatin, doxorubicin,
SN-38 and camptothecin, inhibit the growth of tumors via
cell senescence (32-35). Cell senescence as a tumor suppres-
sion mechanism has increasingly attracted attention in recent
times (36). We observed that LYTF treatment caused Bel-7402
cells to assume a large and flat morphology, test positive for
SA-p-gal staining and become arrested in the GO/G1 phase of
the cell cycle, suggesting that LYTF treatment induces senes-
cence in these cells.

The occurrence of cell senescence is closely related to
the activation of the CDKNla (p21WAF-1/Cipl)/pRB/E2F or
CDKN2a (pl6INK4A)/pRB/E2F signaling pathway (37,38).
p21, a crucial cell cycle regulator, inhibits a variety of cyclin/
CDK complexes and induces the hypophosphorylation or
dephosphorylation of protein Rb (pRb). Hypophosphorylated
pRbD binds to E2F and prevents it from activating target genes
that are essential in the cell cycle, usually leading to cell cycle
arrest. p21 plays a crucial role in cancer cell senescence,
dependent or independent of p53 (31,35,39). The CDK4 and
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CDKG6 inhibitor, pl6, also participates in the regulation of Rb
phosphorylation, induces cell cycle arrest and may contribute
to the induction of cell senescence (25,34,40,41). An increase
in pl6 and p21 expression and the inhibition of Rb phos-
phorylation was observed in Bel-7402 cells following LYTF
treatment, suggesting that the LY TF-induced cell senescence
of Bel-7402 is associated with these processes. Moreover, the
inhibition of Rb phosphorylation by LYTF may be due to the
collaboration of p21 and p16.

In conclusion, our study demonstrates that LYTF inhibits
proliferation and activates caspase cascades to induce apop-
tosis in Bel-7402 hepatocarcinoma cells. Furthermore, LYTF
also induces senescence in Bel-7402 cells, which may correlate
with the increased expression of pl6 and p21, and the inhibi-
tion of Rb phosphorylation. The present study provides new
insights into traditional Chinese medicine approaches to liver
cancer treatment that are worth pursuing.
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