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The development of antitumor chemotherapy drugs remains a key goal for oncologists, and natural
products provide a vast resource for anti-cancer drug discovery. In the current study, we found that the
flavonoid dihydromyricetin (DHM) exhibited antitumor activity against liver cancer cells, including
primary cells obtained from hepatocellular carcinoma (HCC) patients. In contrast, DHM was not cytotoxic
to immortalized normal liver cells. Furthermore, DHM treatment resulted in the growth inhibition and
remission of xenotransplanted tumors in nude mice. Our results further demonstrated that this antitumor
activity was caused by the activation of the p53-dependent apoptosis pathway via p53 phosphorylation at
serine (15Ser). Moreover, our results showed that DHM plays a dual role in the induction of cell death when
administered in combination with cisplatin, a common clinical drug that kills primary hepatoma cells but
not normal liver cells.

L
iver cancer is a major malignant tumor worldwide and is the third most common cause of cancer-related
mortality1. Over 80% of liver cancer patients are diagnosed with hepatocellular carcinoma (HCC), which is
resistant to most conventional chemotherapeutic agents2. Moreover, the use of chemoprevention agents is

typically associated with side effects that lead to the destruction of normal tissues, such as those of the digestive,
hematopoietic and nervous systems3–5. The development of drugs that specifically target tumor cells, but not
normal cells, represents a common goal in drug development.

Traditional Chinese medicine is grounded in several thousand years of clinical application experience6, and
essential components of Chinese medicine have been used to treat cancer. For example, Chinese scientists have
demonstrated that the Chinese medicine arsenic trioxide (As2O3), which is used in the management of syphilis
and psoriasis, is also therapeutically effective in patients with acute promyelocytic leukemia (APL)7. Natural
compounds contain various types of medicinal ingredients, including vitamin derivatives, phenolic and flavonoid
agents, organic sulfur compounds, isothiocyanates, curcumins, fatty acids and d-limonene8–10, and sufficient
evidence has demonstrated that these components can substantially inhibit tumor formation8.

Dihydromyricetin (DHM), a flavonoid component isolated from hovenia dulicis, functions as an anti-intox-
icant, anti-inflammatory and anti-oxidative agent11,12. Recent studies have further suggested that DHM acts as an
anti-tumor agent13,14, although it remains unknown whether this drug displays efficacy in hepatic cancer.
Therefore, the current study sought to evaluate whether DHM promotes liver tumor regression and to identify
the mechanisms involved.

Results
DHM specifically induces apoptosis in HCC cells but has little effect on normal immortalized liver cells. We
used HepG2 cells and three primary cell lines that had been freshly isolated from lesion loci of HCC patients.
These cells were seeded at a density of 3 3 105 cells/cm2 12 h prior to DHM treatment. The cells were exposed to
various DHM concentrations (0, 10, 25, 50, 75, 100, 150 and 200 mM), and DMSO served as the drug vehicle. The
data indicated that DHM induced growth repression and apoptosis in HepG2 cells in a dose- and time-dependent
manner (Fig. 1 A). Apoptosis was also induced in primary cultured 4401 liver cancer cells after DHM exposure
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(Fig. 1 B). Next, we evaluated whether DHM was cytotoxic to normal
liver cells. Interestingly, DHM did not induce cell death in the
immortalized normal human liver cell line HL7702 (Fig. 1 B). We
then compared the cell death ratio of three cell lines exposed to
various DHM concentrations using a viable cell counting assay
(Fig. 1 C), and we used an Annexin V apoptosis assay kit (BD,
USA) to detect cell apoptosis by flow cytometry. These results
confirmed that DHM selectively targeted liver cancer cells and
promoted cancer cell apoptosis. In fact, DHM improved survival
in HL7702 cells rather than inducing cell death (Fig. 1 D&E).
Moreover, DHM inhibited proliferation in HepG2 cells (Fig. 1
F&G) but demonstrated weak proliferative inhibition in L02 and
HL7702 immortalized normal liver cells (Fig. 1 F&G). We next
analyzed the half-maximal inhibitory concentration (IC50) of
DHM in HepG2, HL7702 and L02 cells using the MTT assay. The
IC50 values at 12, 24 and 48 h were 140, 127 and 55 mM, respectively,
in HepG2 cells (Fig. 1 H). Of note, DHM demonstrated no significant
effects on HL7702 and L02 cell viability (Fig. 1 I&J).

DHM regulates survival signals and activates the apoptosis-
related signaling pathway. Upon further investigation, we
observed an accumulation of apoptosis-related proteins following
DHM stimulation. In particular, the apoptosis-related caspase 3
and caspase 8 proteins were downregulated following DHM
treatment, whereas the expression of caspase 9 was not altered.
Moreover, the activated forms of caspases, such as cleaved caspase
8 and cleaved caspase 3, were present in increased amounts following
DHM treatment (Fig. 2 A&C), and apoptosis-related Bcl-2 protein
family members, including BAX, BAK and BAD, were also activated.
In addition, PARP function (related to DNA repair) was lost via
enhanced splicing, which led to cancer cell apoptosis (Fig. 2A). Of
note, DHM treatment did not affect the caspase and Bcl-2 family
members in the normal liver cell line HL7702 (Fig. 2 B). AKT, also
known as protein kinase B (PKB), is a serine/threonine-specific
protein kinase that plays a key role in cell apoptosis, proliferation
and migration15. AKT is an anti-apoptotic factor under conditions of
cell stress16, and our results indicated that DHM treatment decreased
total AKT protein levels and thus reduced AKT phosphorylation
(serine (Ser)473) in HepG2 and SMMC-7721 cells but showed no
effect in HL7702 cells (Fig. 2 D–G).

DHM induces apoptosis by enhancing TP53 expression and
phosphorylation at Ser15. DHM increased total p53 and
downstream p21 expression after 12 h of treatment (Fig. 3 A&B).
Interestingly, we observed increased p53 phosphorylation (p-p53) at
serine 15 and 20. In particular, p53 that was phosphorylated at Ser15
upon DHM treatment was translocated from the cytoplasm to the
nuclear region. Using immunofluorescence (IF) microscopy, we
detected nuclear accumulation of p53 phosphorylated at Ser15
(Fig. 3 A). Phosphorylation of p53 at Ser15 and Ser20 is known to
inhibit its interaction with MDM2 protein, a negative regulator of
p53. We found that p53 phosphorylation at Ser15 was upregulated
and that MDM2 mRNA levels were negatively correlated with p53
mRNA levels (Fig. 3 C&D). We validated these results using q-RT
PCR for p53 target genes (p21 and Bak) to confirm the hypothesis
that DHM induced the expression of apoptosis- and anti-
proliferation-related genes regulated by p53 (Fig. 3 E&F).

p53 inhibition rescues DHM-mediated cell death. Pifithrin-a
(PFTa), a small molecule p53 inhibitor, inhibits gene expression
by preventing p53 translocation from the cytoplasm to the nucleus.
Our results indicated that PFTa rescued DHM-induced cell death in
HepG2 cells (Fig. 4 A–C). Furthermore, we found that PFTa
completely reversed DHM-mediated p53 phosphorylation at Ser15
and the nuclear accumulation of this protein (Fig. 4 D). The
expression of p53 and its downstream proteins was also reversed
by PFTa (Fig. 4 E), thereby implicating p53 in DHM-induced cell

death. Next, to evaluate the mechanism responsible for the increased
expression of p53, we assessed MDM2, a negative regulator of p53
that plays a key role in p53 degradation. We found that the MDM2
protein levels were decreased upon treatment with DHM and that
this effect was inhibited by PFTa treatment. p21 is a target protein
that regulates the activation of p53-regulated genes. Our results
demonstrated that p21 expression was elevated following DHM
treatment, whereas this effect was reversed by PFTa (Fig. 4 E). To
confirm this observation, we used siRNA to specifically block
endogenous p53 expression in SMMC-7721 cells (Fig. 4 F). After
p53 expression was reduced in SMMC-7721 cells, cell apoptosis
was not observed following DHM treatment (Fig. 4 G&H). These
experiments strongly demonstrate that DHM-induced liver cancer
cell apoptosis is p53 dependent.

DHM inhibits tumor growth in vivo. To investigate the effects of
DHM on tumor growth in vivo, we used a mouse xenograft tumor
model. DHM treatment for 21 days did not significantly impact body
weight (Fig. 5 A), although the tumor volume was significantly
inhibited (43.5 6 20% inhibition at 500 mg/kg DHM compared to
the CMC-Na control group) (Fig. 5 B&C). Moreover, the levels of
total and phosphorylated p53 in the tumors were increased in the
DHM-treated group compared to the CMC-Na control group (Fig. 5
D&E). These results indicate that DHM inhibits tumor growth in
vivo, possibly through the upregulation of p53 and p-p53 (Ser15).

DHM and cisplatin cooperate to relieve cisplatin cytotoxicity in
HL7702 normal liver cells but not in primary hepatoma cells. The
side effects of chemotherapeutics in normal tissues represent a major
obstacle for anticancer drug development5. An ideal anticancer drug
represses tumor cell growth with minimal side effects in normal
tissues. We observed that cisplatin, a classic clinical drug for
cancer management, caused damage to HL7702 normal liver cells.
However, we found that DHM prevented cisplatin-induced cell
apoptosis in HL7702 cells (Fig. 6 A&B). Interestingly, protection
by DHM was not observed in primary cells isolated and cultured
from hepatoma patients (Fig. 6 E&F). We next sought to evaluate the
role of p53 in this process, and our results indicated that p53 was not
induced in HL7702 cells but was elevated in 4401 primary hepatoma
cells. Moreover, the cisplatin-induced p53 upregulation was reversed
by DHM in HL7702 cells, whereas no effect was observed in 4401,
1204 or 4404 cells (Fig. 6 C–E). Thus, we concluded that DHM-
regulated p53 accumulation plays an important role in alleviating
cisplatin-mediated normal cell death.

Discussion
Natural products have been widely used in the development of antic-
ancer drugs, although the mechanism of cancer cell suppression
remains difficult to explain. Nevertheless, Chinese medicine has been
practiced for thousands of years, and historical experience demon-
strates the definitive effect of Chinese medicine in the treatment of
disease17–19. DHM is the primary medicinal flavonoid extracted from
Ampelopsis grossedentata. In the current study, we explored the anti-
neoplastic effects of DHM in liver tumorigenesis, and we found that
DHM displayed antitumor activity in several hepatoma cell lines,
including HepG2 and SMMC-7721. Furthermore, DHM also
demonstrated anticancer activities in cultured cells obtained from
three HCC patients. However, it is important to note that DHM did
show equivalent effects in all liver tumor cells examined, as
MHCC97L, SK-Hep-1, QGY7703 were insensitive to DHM treat-
ment (data not shown). In addtion, we tested the acute toxicity of
DHM at concentrations ranging from 150 mg/kg (500 mmol/L) to
1.5 g/kg (5,000 mmol/L) body weight in mice; we observed no sig-
nificant side effects to mice. Because body fluid only accounts for
60% of body weight and taking bioavailability into account, we esti-
mated that 100 mmol/L DHM is a safe concentration. Second, we
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Figure 1 | DHM specifically induces apoptosis in HCC cells but has little effect on normal immortalized liver cells. (A) DHM induced apoptosis in

HepG2 cells in a time- and concentration-dependent manner. (2003 magnification) (B) Cell growth was inhibited in 4401 primary cells and HL7702 cells

after 24 h of exposure to DHM at various concentrations (2003 magnification). (C) The viable cell count of HepG2, HL7702 and 4401 primary cells after

treatment with DHM (n 5 6, Mean 6 SD). (D, E) DHM-induced apoptosis in HepG2, HL7702 and 4401 cells was detected by flow cytometry

(Mean 6 SD,24 h treatment). (F, G) DHM or cisplatin inhibited the proliferation of HepG2, HL7702 and L02 cells, as assessed by the Edu incorporation

assay (Mean 6 SD, DHM: 25 mM, cisplatin: 2.5 mg/mL, 12 h treatment). (H–J) The DHM inhibitory rate in HepG2, HL7702 and L02 cells was assessed by

MTT assay (Mean 6 SD).
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have demonstrated that DHM inhibits liver cancer cell (HepG2)
proliferation and induces apoptosis at concentrations of 10–
150 mmol/L14. These results indicate that DHM is a potentially
non-cytotoxic compound that regulates various target genes impli-
cated in tumor cell proliferation and apoptosis.

AKT is a key protein that mediates cell survival, and it is therefore
a potential target for cancer management20,21. In our study, DHM

inhibited HepG2 cell proliferation in vitro and resulted in the
reduced expression of AKT and p-AKT protein. Of note, this phe-
nomenon was also observed in other liver cancer cell lines. Previous
studies have demonstrated that AKT inhibits BAD via direct phos-
phorylation, thereby preventing Bim expression by phosphorylating
and inhibiting the Forkhead family of transcription factors (FoxO)22.
Furthermore, AKT was shown to phosphorylate BAD at Ser136,

Figure 2 | DHM regulates survival signals and activates the apoptosis-related signaling pathway. (A) The expression of apoptosis-related proteins in

HepG2 cells after DHM treatment. (B) The expression of apoptosis-related proteins in HL7702 cells after DHM treatment (12 h DHM treatment).

(C) Activated caspase proteins (cleaved caspases) were quantified by optical density analysis. (D) AKT and p-AKT proteins were reduced in HepG2 cells

after DHM stimulation (12 h treatment). (E) AKT and p-AKT proteins were downregulated in SMMC-7721 but not affected in HL7702 cells after DHM

stimulation. (F, G) p-AKT and AKT proteins were quantified by optical analysis in HepG2, SMMC-7721 and HL7702 cells.

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 4628 | DOI: 10.1038/srep04628 4



thereby causing BAD to dissociate from the Bcl-2/Bcl-XL complex
and lose its pro-apoptotic function22. We observed that DHM
decreased Bad phosphorylation, which is consistent with AKT
downregulation after DHM stimulation. In addition, we found that

AKT was not significantly altered in HL7702 cells, suggesting that
DHM displays no side effects in healthy cells.

Cell death is associated with caspase activation and apoptosis-
related protein (Bcl-2 family) accumulation. In this study, we

Figure 3 | DHM induces apoptosis by enhancing TP53 expression and phosphorylation at Ser15. (A) Various p53 phosphorylation sites were

determined by IF(12 h DHM treatment). (B) DHM affected p53, p-p53 and p21 protein levels(western blot). (C, D, E, F) The mRNA levels of p53, p21,

MDM2 and Bak at various time points following DHM exposure were analyzed by q-PCR (Mean 6 SD).

www.nature.com/scientificreports
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Figure 4 | p53 inhibition rescues DHM-mediated cell death. (A) PFTa (10 mM) reversed DHM-induced cell apoptosis. (2003 magnification).

(B, C) Annexin V/PI was used to detect apoptosis after PFTa administration (Mean 6 SD, 24 h DHM treatment). (D) p53 phosphorylation at serine 15

was measured by IF after PFTa treatment. (E) The expression of p53 and apoptosis-related proteins was detected after PFTa treatment by western blot.

(F) SMMC-7721 cells were transfected with p53 siRNA to block the DHM-induced p53 upregulation. (G, H) The cell death percentage was determined by

flow cytometry in SMCC-7721 cells with or without p53 siRNA transfection after DHM treatment (Mean 6 SD, 24 DHM treatment after siRNA (20 nM)

transfection).

www.nature.com/scientificreports
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Figure 5 | DHM inhibits tumor growth in vivo. (A) The effect of DHM on body weight in nude mice. (B, C) The tumor sizes between the DHM groups

and control group were compared (n 5 6, Mean 6 SD). (D, E) The expression of p53 and p-p53 (15ser) was analyzed using IHC (Mean 6 SD).

www.nature.com/scientificreports
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Figure 6 | DHM and cisplatin cooperate to relieve cisplatin cytotoxicity in HL7702 normal liver cells but not in primary hepatoma cells.
(A, B) Cell death was analyzed by flow cytometry(Mean 6 SD, 24 h treatment, 50 mM DHM,2 mg/ml cisplatin). (C, D) The expression of p53, p-p53

(15ser), AKT, p-AKT, p-MDM2 and caspase family proteins was evaluated by western blot in HL7702 and 4401 cells (24 h treatment, 50 mM DHM,

2 mg/ml cisplatin). (E) Primary HCC cell death was measured under a phase contrast microscope at 2003 magnification(24 treatment, 50 mM

DHM,2 mg/ml cisplatin). (F) The viable cells were counted and analyzed after drug treatment(n 5 6, Mean 6 SD, 24 h treatment, 50 mM DHM,

2 mg/ml cisplatin.).

www.nature.com/scientificreports
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evaluated the major caspases, including caspases 9, 8 and 3, and their
respective activated forms (cleaved caspases 9, 8 and 3). In addition,
Bcl-2 family proteins were also assessed. Our results indicated that
apoptosis was induced in HepG2 cells after exposure to DHM. We
also tested the normal liver cell line HL7702, although no apoptosis-
related protein alterations were observed. These results demon-
strated that DHM selectively induced apoptosis in liver cancer cells
but not normal cells.

p53 is a tumor suppressor that acts as a genomic stability guardian
and apoptosis executioner after cellular exposure to a variety of
stresses23,24. Initially, we sought to address whether p53 was respons-
ive to DHM stimulation and, if p53 was upregulated by DHM,
whether cell apoptosis would be induced in the tumor. p53 is known
as the master guardian and executioner of cell apoptosis, and p53
upregulation correlates with TP53 gene expression and degradation
ratio. Moreover, p53 proteins determine the fate of cancer cells, and
p53 protein stabilization is related to its modification status and its
negative regulation by the activities of proteins such as MDM225,26.
MDM2, a p53-specific E3 ubiquitin ligase, plays a pivotal role in
limiting p53 cellular accumulation. In particular, phosphorylation
at Ser15 impairs MDM2 binding to p53, promoting both the accu-
mulation and activation of p53 in response to DNA damage27. Our
results suggest that DHM increases intracellular p53 protein levels,
particularly the phosphorylation of p53 at Ser15. This result indicates
that DHM potentially induces cell apoptosis through activation of
the p53 pathway via increased p53 phosphorylation at Ser15, thereby
inhibiting p53 degradation by MDM2, a negative regulator of p53.
Moreover, p53 inhibitors and siRNA were used to block p53, and we
found that DHM-induced cell death could be reversed. Furthermore,
DHM inhibited the growth of xenograft tumors in nude mice, and
immunohistochemistry (IHC) performed on tumor tissue samples
indicated that the p53 and p-p53 (15Ser) levels were increased in the
DHM-treated group, confirming our hypothesis in vivo. Together,

these results demonstrate that DHM induces apoptosis in liver can-
cer cells by increasing the level of p53 and promoting p53 phosphor-
ylation at Ser15 (Fig. 7).

Finally, we evaluated whether DHM is both cytotoxic to liver
cancer and relieves the side effects of the chemotherapy agents that
are typically used to treat human HCC patients. Therefore, we
treated primary cells obtained from HCC patients and HL7702 nor-
mal liver cells with DHM and cisplatin in combination. Interestingly,
we found that DHM did not significantly enhance the inhibitory
effects of cisplatin in primary liver cancer cells; however, DHM alle-
viated cisplatin-mediated damage to HL7702 cells. Furthermore,
western blot results indicated that p53 was upregulated after cisplatin
treatment in primary cancer cells and HL7702 cells. DHM also
increased p53 expression in primary cancer cells but displayed no
effect on p53 expression in HL7702 cells. The difference between the
DHM response of malignant and non-malignant cells may result
from the change of p-MDM2. Our result showed that p-MDM2 level
was increased significantly in 4401 cells compared with HL7702 cells
after DHM treatment (Fig. 6). The upregulation of p-MDM2 resulted
in p53 degradation in HL7702 cells. In contrast, p53 accumulated in
4401 cells because of non-change of p-MDM2 after DHM exposure.
In fact, it is important to note that DHM downregulated p53 express-
ion in HL7702 cells, whereas p53 expression was not altered in prim-
ary cancer cells when cooperated with cisplatin administration.
Thus, we speculate that DHM not only induces apoptosis in hepa-
toma cells but also protects normal liver cells after chemotherapeutic
exposure. DHM may serve as a potential chemotherapeutic com-
pound for HCC management.

Methods
Cell culture and drug treatment. The human hepatic cancer cell lines HepG2 and
SMMC-7721 as well as the immortalized liver cell lines HL7702 and L02 were used in
this study. The HepG2 and SMMC-7721 cell lines were kindly provided by Dr. Yan
Yu (Shanghai Jiao Tong University, Shanghai, China). The HL7702 cell line was

Figure 7 | The molecular mechanism of DHM-induced liver cancer cell growth regression and apoptosis. The AKT pathway was inhibited by DHM

treatment, and Bad phosphorylation was reduced, which resulted in tumor cell apoptosis. In addition, tumor cell growth regression and apoptosis

resulted from the transcriptional activation of the P21 and BAK genes in a p53-dependent manner.

www.nature.com/scientificreports
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obtained from Dr. Yi Cao (Molecular Pathology Laboratory, Kunming Institution of
Zoology, Chinese Academy of Science, Kunming, China). The L02 cell line was
purchased from CellBank of Shanghai. All of the cell lines were cultured in RPMI1640
medium supplemented with 10% fetal bovine serum and 2 mM L-glutamine. DHM
(Cat: SML0295) was purchased from Sigma. DHM powder was dissolved in DMSO to
create a stock at a concentration of 50 mM, which was subsequently diluted in culture
medium to the desired concentration for experiments. DMSO was used as the vehicle
control.

Primary cell cultures. Patient biopsies were diagnosed by a pathologist, and HCC
specimens removed from these patients were immediately dissociated using surgical
scissors. The samples were treated with 0.5% trypsin for primary cell isolation and
cultured in DMEM/F12 medium containing 20% fetal bovine serum. We established
three stable primary cell lines: 4401, 4403 and 1204. The primary cells used in our
study were cultured for 10 or fewer passages.

Cell proliferation assay. The Click-iTH EdU cell proliferation assay kit (cat:
C10337, Lifetechnologies, USA) was used to assess cell proliferation via the
detection of new DNA synthesis. Cells were cultured in a glass dish (Nest,
China) until they were 50% confluent. The cells were then treated with DHM (25
mM) or cisplatin (positive control, 2.5 mg/ml). After 12 h of treatment, the
medium was removed, and the cells were washed with PBS. Serum-free medium
supplemented with 10 mM Edu was used to detect new DNA synthesis. After
10 h, the cells were washed with PBS, fixed (3.7% formaldehyde) and
permeabilized (0.05% triton X-100 in PBS). Edu incorporation was detected
using the Click-iTH reaction cocktail. Image capture was performed using TCP-
SP5 laser confocal microscope (Leica, Germany). The images were processed
using the Image J software.

MTT assay. Cells were seeded in 96-well plates at a density of 5,000 cells per well.
After 12 h, DHM (four replicates in each group) was added at varying concentrations
for various durations. Then, 10 mL MTT solution (5 mg/ml) was added to each well,
and the plates were incubated for 2 h at 37uC. The medium was removed, and 150 mL
DMSO was added to completely dissolve the formazan crystals. The absorbance at
570 nm was measured using a spectrophotometer.

Apoptosis detection. In total, 1 3 105 cells were used for the FITC Annexin V
Apoptosis detection kit (BD Pharmingen, USA) according to the manufacturer’s
instructions.

Western blot. Antibodies specific for the following proteins were purchased from
Cell Signaling and used at a 151,000 dilution: AKT, p-AKT, p21, bad, box, bak,
caspase 3, caspase 8, caspase 9, cleaved caspase 3, cleaved caspase 8, cleaved
caspase 9, p53, p-p53, p-MDM2, PARP and cleaved PARP. The anti-GAPDH
antibody was used at a 153,000 dilution (Cell Signaling). The anti-MDM2
antibody was purchased from Santa Cruz and used at a 15500 dilution. The
secondary antibody was provided by Earthox (Cat: E030120-01) and used at a
153,000 dilution. Western blots were performed according to the protocol
provided by Cell Signaling Technology.

siRNA and small molecule inhibitors. siRNA oligos were synthesized by JiMA
Biotechnological, Inc. (Shanghai, China). siRNA transfections were performed using
Lipofectamine 2000 (Invitrogen) according to the manufacturer’s protocol. The
following siRNA sequences were used: TP53-siRNA-F-: 59- CUACUUCCUGAA-
AACAACGdTdT-39 and TP53-siRNA-R: 59-dTdTGAUGAAGGACUUUUGU-
UGC-39. Non-targeted CONTROL siRNA (commercial siRNA) was used as a
negative control. For each transfection, 20 nM siRNA was used. Cells were treated
with 50 mM DHM 12 h after transfection, and the gene mRNA levels and protein
expression profiles were measured. PFTa is a chemical compound that inhibits p53-
dependent apoptosis. For these studies, cells were treated with 10 mM PFTa to inhibit
p53 prior to DHM exposure.

Immunofluorescence. Cells were plated in IF culture dishes (Nest, China) and
treated with DHM. The cells were then fixed in paraformaldehyde (PFA) and
permeabilized with 0.01% triton-X 100. Next, the cells were incubated with primary
antibodies (15500 dilution in PBS with 5% BSA) at 4uC overnight. Dylight 649-
conjugated secondary antibodies were applied at a dilution of 15500 at room
temperature for 1 h. The specimens were examined using TCP-SP5 laser confocal
microscope (Leica, Germany).

Real-time quantitative RT-PCR. mRNA was extracted using TRIzol (Invitrogen,
US) and reverse-transcribed to cDNA using the PrimeScriptTM RT Reagent kit with
the gDNA Eraser kit (Takara, Japan). SYBRH Premix Ex TaqTMII (Takara, Japan)
was used to perform real-time quantitative PCR according to the manufacturer’s
instructions.

Animal and xenotransplantation experiments. Animal experiments were
conducted following the standards and procedures authorized by the Guang Dong
Medical College Animal Care and Use Committee. The protocol was approved by the
Committee on the Ethics of Animal Experiments of Guangdong Medical College.
(Permit Number: SYXK (Guangdong): 2008-0007). Male BALB/c-nu/nu mice (8–10
weeks of age at the beginning of the experiment) were acquired from the Guang Dong

medical experiment animal center. Mice were allowed free access to autoclaved food
and water. HepG2 cells were suspended in PBS at a concentration of 1 3 107 cells/ml,
and 0.2 ml of the suspension was injected subcutaneously into the left flank of each
animal. In total, we selected 18 mice with tumor volumes up to 100 mm3. The mice
were randomly separated into one of the following three groups (n 5 6/each group):
the control group, the 150 mg/kg DHM group and the 500 mg/kg DHM group.
DHM was dissolved in sodium carboxymethylcellulose (CMC-Na) and administered
to the mice twice weekly for 21 days. The control group was administered CMC-Na as
a vehicle control.

Immunohistochemical staining of tumor samples. Tumor samples were obtained
and immediately fixed with PFA. After normal processing, the samples were
embedded in paraffin and sliced. The p53 antibody was used at a dilution of 15500,
and the p-p53 antibody was used at a dilution of 15200. The staining was imaged and
analyzed using the Leica pathological analysis software.

Statistical analysis. Statistical analysis was performed using the SPSS16.0 software.
All data are presented as the mean 6 SD; error bars represent the SD in all figures.
Intergroup comparisons were performed using a two-tailed Student’s t-test.
A P value , 0.05 was considered statistically significant. * P , 0.05; ** P , 0.01;
***P , 0.001.
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