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Summary

Purpose: To investigate whether celastrol could show syn-
ergism combined with lapatinib in HepG2 human hepato-
cellular carcinoma (HCC) cell line in vitro.

Methods: The effects of treatment with lapatinib and/or
celastrol on cell growth were determined using MTT assay.
Drug synergy was determined using combination index
(CI) methods derived from Chou-Talalay equations using
CalcuSyn software. Apoptotic morphology was observed by
fluorescence microscope with Hoechst 33258 staining. The
expression of EGFR of cell surface was performed by flow
cytometry. Changes of apoptotic and growth pathways-re-

Introduction

HCC is a common and aggressive malig-
nant tumor worldwide, with morbidity show-
ing a rising trend [1]. Currently, the therapeutic
interventions for HCC are mainly surgery and
chemotherapy, but the activity of the existing
chemotherapeutic drugs is not good enough and
they also have numerous side-effects [2,3]. Many
selective inhibitors of HER family receptor tyros-
ine kinases (RTK), including erlotinib, gefitinib,
and lapatinib (Figure 1), have become important
therapeutics against multiple solid cancers in-
cluding HCC [4,5]. However, due to the molecular
heterogeneity among and within tumors, their ef-
ficacy is restricted to only a small subset of pa-
tients. The efficacy of RTK inhibitors is also limit-
ed by drug resistance mechanisms that frequently
emerge following treatment [6]. Several strategies

lated proteins were analysed by Western blotting.

Results: The combination of celastrol and lapatinib pro-
duced strong synergy in growth inhibition and apoptosis in
vitro in comparison to single-agent treatments. Moreover,
celastrol enhanced the ability of lapatinib to down requlate
EGFR protein expression in HepG2 cells.

Conclusion: These data indicate that the combination of
celastrol and lapatinib could be used as a novel combina-
tion regimen which could hopefully provide strong antican-
cer synerqgy in the treatment of HCC.
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have been proposed to overcome the low response
rate and acquired resistance to RTK inhibitors.
One particularly promising approach is the mod-
ulation of RTK pathways by the inhibition of the
EGFR expression.

Celastrol (Figure 1), purified from the plant
Tripterygium wilfordii, also called the “Thunder
of God Vine”, has been used as a natural reme-
dy in Chinese medicine for over 2,000 years. In
the past decade, celastrol has become the focus
of numerous preclinical studies that have shown
its potential for use in a wide range of conditions,
from inflammatory diseases such as arthritis
and Crohn’s disease to neurologic diseases such
as Alzheimer’s and amyotrophic lateral sclerosis
[7,8]. More recently, both in vitro and in vivo stud-
ies have yielded results suggesting that celastrol
may also be effective in the treatment of chemore-
sistant neoplasms including pancreatic cancer,

Correspondence to: Yan-yan Yan, MD, PhD. Medical College, Shanxi Datong University, East Yuhe Bridge, Datong, Shanxi,
037009, People’s Republic of China. Tel:+86 352 6011150, Fax:+86 352 6011150, E-mail: zwsanyan@163.com

Received: 28/12/2013; Accepted: 12/01/2014

JBUON 2014; 19(2): 412



Celastrol and lapatinib in hepatocellular carcinoma

413
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Figure 1. Chemical structure of Lapatinib and Celastrol.

glioma, and melanoma [9,10]. Preclinical studies
in melanoma have shown that celastrol syner-
gistically enhances temozolomide cytotoxicity in
melanoma cells [9].

In this article we describe for the first time
that the combination of celastrol and lapatinib
produced strong synergy in growth inhibition and
apoptosis in vitro in HepG2 cells in comparison to
single-agent treatment.

Methods

Chemicals and reagents

Lapatinib for this study was purchased from
Glaxo Smith Klein Co. (Philadelphia, PA, USA). Celas-
trol was purchased from PayPay Technologies (Guang-
dong, China). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-
nyl-tetrazolium bromide (MTT) and Hoechst 33258
were purchased from Sigma (St. Louis, MO, USA). An-
tibodies against caspase-3, and p-EGFR were obtained
from Cell Signaling Technology (Danvers, MA, USA).
Antibodies against EGFR (for FCM and WB) were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Antibodies against Akt, ERK1/2, p-Akt, p-ERK1/2,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
anti-mouse IgG-horseradish peroxidase, and anti-rab-
bit IgG-horseradish peroxidase were purchased from
KangChen Biotechnology (Shanghai, China). All tis-
sue culture supplies were purchased from Life Tech-
nologies (Carlsbad, CA, USA). Other routine laborato-
ry reagents of analytical or high-performance liquid
chromatography grade were obtained from Whiga Bio-
technology (Guangzhou, China).

Cell lines and cell culture

The human HCC cell line HepG2 was purchased
from American Type Culture Collection (Manassas, VA,
USA). Cells were cultured in DMEM medium, which
contained 100 U/mL penicillin, 100 U/mL streptomy-
cin, and 10% fetal bovine serum. All cells were cultured

Celastrol

in a humidified atmosphere incubator with 5% CO, and
95% air at 37 °C.

Cytotoxicity assays and analysis of drug synergy

The effects of treatment with lapatinib or/and cel-
astrol on cell growth were determined using MTT as-
say [11]. After 68 h of treatment, 20 pL MTT (5 mg/mL
stock solution of saline) were added to each well for 4 h.
Subsequently, the supernatant was removed, and MTT
crystals were solubilized with 100pL anhydrous DMSO
in each well. Thereafter, cell viability was measured by
model 550 microplate reader (Bio-Rad) at 540 nm, with
655 nm as reference filter. The 50% inhibitory concen-
tration (ICso) was determined as the anticancer drug
concentration causing 50% reduction in cell viability
and calculated from the cytotoxicity curves (Bliss’ soft-
ware). Percent cell survival was calculated using the
following formula: survival (%) = [(mean experimental
absorbance) / (mean control absorbance)]x100%. Drug
synergy was determined using CI methods derived
from the Chou-Talalay equations [12] using CalcuSyn
software (Biosoft, Cambridge, UK). A CI value of 1 indi-
cated an additive effect between two agents, whereas a
CI value of <1 indicated synergy.

Assessment of apoptosis morphology by Hoechst 33258
staining

HepG2 cells were treated with the indicated con-
centrations of lapatinib or/and celastrol for 48 h; both
floating and trypsinized adherent cells were collected,
washed once with ice-cold PBS, fixed with 1 mL of 4%
paraformaldehyde for 20 min, and washed once with
ice-cold PBS. Then, the cells were incubated in 1 mL
PBS containing 10 pmol/L Hoechst 33258 at 37 °C for
30 min, washed twice, and observed using fluorescence
microscopy with standard excitation filters (Leica, Ger-
many) in random microscopic fields at x 400 magnifi-
cation.

Expression of EGFR protein analysed by flow cytometry

Determination of the cell surface EGFR expression
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was performed according to the manufacture’s instruc-
tion. HepG2 cells (6x10°) were seeded in 25 cm? flasks
and allowed to attach. After treatment with the indi-
cated concentrations of lapatinib or/and celastrol for
48 h, both floating and attached cells were collected
and washed with ice-cold PBS twice. Single-cell sus-
pensions were prepared by the addition of 0.5 mmol/L
EDTA followed by 3 washes with an isotonic PBS buft-
er [supplemented with 0.5% bovine serum albumin
(BSA)]. Then, HepG2 cells (100pL) were incubated at
4 oC for 45 min with 20pL of R-PE-conjugated anti-hu-
man EGFR reagent. Following this incubation, cells
were washed twice with PBS buffer (supplemented
with 0.5% BSA) and the supernatant was discarded. Fi-
nally, the cells were resuspended in 400 pL PBS buffer
for flow cytometric analysis. Isotype control samples
were treated in an identical manner with PE-labeled
mouse IgG2bxk antibody [13].

Whole-cell lysates and Western blot analysis

After HepG2 cells were exposed to the indicated
concentrations of lapatinib and/or celastrol for 48 h,
whole cells were harvested and washed twice with ice-
cold PBS, and the pellet was vortexed and 1x lysis buff-
er [50 mmol/L Tris- HCI (PH 6.8), 10% glycerol, 2% SDS,
0.25% bromophenol blue, and 0.1 mol/L DTT] was add-
ed for 100 puL/ 5 x 106 cells. After being heated at 95 °C
for 20 min, the lysates were centrifuged at 12,000 rpm
for 10 min and the supernatant was collected. The pro-
tein concentration was determined by nucleic acid-pro-
tein analyzer (Beckman, USA). Equal amount of lysate
protein was separated on 8-12% SDS-PAGE and trans-
ferred onto polyvinylidene difluoride membranes (Pall).
The nonspecific binding sites were blocked with TBST
buffer [150 mmol/L NaCl, 20 mmol/L. Tris-HCl (pH
7.4), and 0.4% (v/v) Tween 20] containing 5% nonfat
dry milk for 2 h. The membranes were incubated over-

A The inhibitory effects of Celastrol combined with Lapatinib on proliferatin of HepG2 cells
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Lapatinib+Celastrol
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Figure 2. Lapatinib in combination with celastrol synergistically induced cytotoxicity in HepG2 cells. HepG2
cells were treated with lapatinib as a single drug or in combination with celastrol as described in the methods
section. Drug combinations included serial dilution at 2:1 for lapatinib plus celastrol. Lapatinib plus celastrol
combination included variable celastrol (0.125 to 8 pmol/L) and lapatinib (0.25 to 16 pmol/L) concentrations.
Controls included untreated and DMSO treated cells. Growth inhibition of cells was then evaluated by MTT
assay. Shown here is the comparison of cytotoxicity of single drug treatments or combination of lapatinib with
celastrol, showing efficacy of the combinatorial treatment over single drugs. A: Chou-Talalay analyses for celas-
trol plus lapatinib combination. Combination index (CI) <1 indicates synergy; CI=1 indicates additive effects; CI
>1 indicates antagonism. B: Dose-effect plot. C: CI-effect plot.
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night at 4 °C with specific primary antibodies. Then, the
membranes were washed 3 times with TBST buffer and
incubated at room temperature for 1 h with horserad-
ish peroxidase-conjugated secondary antibody. After 3
washes with TBST buffer, the immunoblots were vis-
ualized by the enhanced Phototope-Horseradish Per-
oxidase Detection Kit purchased from Cell Signaling
Technology (Danvers, MA, USA) and exposed to Kodak
medical X-ray processor [14].

Statistics

For each protocol, 3 independent experiments were
performed. Results were expressed as the meanz+stand-
ard error of the mean (SEM). Statistical calculations
were performed by using SPSS16.0 software. Differ-
ences in measured variables between experimental and
control groups were assessed by the Student’s t-test.
p<0.05 was indicative of significant difference and
p<0.01 was indicative of very significant difference.

Results

Lapatinib/celastrol synergistically inhibit HepG2 cell
proliferation

Combination treatment with lapatinib/celas-
trol yielded significantly greater growth inhibi-
tion than either lapatinib or celastrol treatment
alone (Figure 2A and B). As shown in Figure 2A
and C, CI values were <1 at all doses of lapatin-
ib tested (range 0.25-16 pmol/L), indicating that
celastrol (range 0.125-8 pmol/L) was synergistic
with lapatinib across a broad range of concentra-
tions.

Celastrol significantly enhanced the ability of lapati-
nib to induce apoptosis in HepG2 cells

To assess the ability of celastrol to sensitize
HepG2 cells to lapatinib, we observed the mor-
phologic characteristics of apoptosis. Control
cells showed even distribution of the stain and
round homogeneous nuclei. Apoptotic cells dis-
played typical changes including reduction of
cellular volume, staining bright and condensed or
fragmented nucleus. More apoptotic bodies were
observed in the lapatinib/celastrol combination
compared with lapatinib or celastrol treatment
alone (Figure 3A-D).

Celastrol enhanced the ability of lapatinib to down-
regulate EGFR protein expression in HepG2 cells

To assess the ability of celastrol to enhance
the anticancer effect of lapatinib in HepG2 cells,
we also determined the expression of EGFR of cell
surface. Flow cytometry revealed when cells were

.

Control

8 umol/L lapatinib

4 pmol/L celastrol

4.00 pmol/L

celastrol+8.00 pmol/L
lapatinib

Figure 3. The combination of celastrol and lapatinib
induced more markedly apoptotic morphologic chang-
es than lapatinib or celastrol alone in HepG2 cells.
The apoptotic bodies of HepG2 cells were detected by
Hoechst 33258 staining and observed under fluores-
cence microscope in random microscopic fields at x
400 magnification. A: Control; B: 8.00pmol/L lapatin-
ib; C: 4.00pmol/L celastrol; D: 8.00pmol/L lapatinib +
4.00pmol/L celastrol.

treated with the combination celastrol (4pmol/L)
and lapatinib (8umol/L), a strong synergy was ob-
served in the expression of EGFR of cell surface
compared with celastrol or lapatinib alone (Fig-
ure 4A). Isotype control samples were treated in
an identical manner with PE-labeled mouse IgG2
bk antibody. The expression levels of EGFR of cell
surface were 93.60% = 2.62 for control, 86.46% =
1.75 for lapatinib alone, 51.53% + 2.49 for celas-
trol alone, and 30.53% + 1.68 for lapatinib plus
celastrol combination (Figure 4B).

Western blotting further revealed that when
cells were treated with the combination celastrol
(4pmol/L) and lapatinib (8pmol/L), a strong syn-
ergy in growth inhibition and apoptosis in vitro
in comparison to single treatments was obvious,
showing more activation of apoptotic-related pro-
tein (caspase-3) and downregulation of growth
pathway-related proteins (EGFR, P-EGFR, p-Akt,
p-ERK1/2) (Figure 5).

Discussion

Molecular targeting therapy for cancer treat-
ment is a fast-growing research field in oncolo-
gy. EGFR is often overexpressed, dysregulated
or mutated in many epithelial malignancies, and
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Figure 4. The combination of celastrol and lapatinib
further induced decrease of EGFR membrane protein
in HepG2 cells. A: Determination of the expression
of EGFR of cell surface by flow cytometry; isotype
control samples were treated in an identical manner
with PE-labeled mouse IgG2bxk antibody; B: Statisti-
cal analysis of EGFR expression. Mean+SD of three
assays. **p < 0.01, compared with lapatinib/celastrol
combination treatment, n=3.
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Figure 5. Celastrol enhances lapatinib-induced
apoptosis and reduces tumor growth in HepG2 cells.
Cells were treated with indicated concentrations of
lapatinib and/or celastrol for 48 h. Equal amounts of
protein from cell lysates were analyzed for changes in
EGFR and p-EGFR protein level, inhibited downstream
signaling pathways and induced apoptosis by Western
blot. GAPDH was used as a loading control.

these abnormal alterations of EGFR activate a se-
ries of intracellular signaling pathways and play
a central role in many of the processes involved
in tumor growth and progression, such as prolif-
eration, angiogenesis, invasiveness, metastasis,
decreased apoptosis, and loss of differentiation
[15,16]. Consequently, EGFR has been proposed
as a rational molecular target for anticaner strat-
egies. Currently, two predominant classes of an-
ti-EGFR targeting agents have been developed for
use in the clinic, including monoclonal antibodies
such as cetuximab that blocks the ligand binding
to the extracellular domain of EGFR and prevents
receptor activation, and small molecule TKIs such
as gefitinib, erlotinib and lapatinib that compete
with ATP to bind to the intracellular receptor cat-
alytic domain of EGFR [17,18].

Lapatinib is an inhibitor of the intracellular
tyrosine kinase domains of both the EGFR and
HER-2 receptors. Mutations or dysregulation in
these receptors have been shown to play a role
in the development of certain cancers. Lapatinib
was approved for use in combination with capecit-
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abine for the treatment of patients with advanced
or metastatic breast cancer whose tumors overex-
pressed HER-2 and who had received prior thera-
py with an anthracycline, a taxane, and trastuzum-
ab. As the new TKIs are being introduced into the
clinic, a significant effort will be directed toward
increasing the anticancer activity of conventional
chemotherapeutic agents or restoring chemosen-
sitivity of resistant cancer cells to conventional
chemotherapeutic agents [13]. However, due to
the heterogeneous and dynamic nature of tumors,
the effectiveness of these agents is often hindered
by poor response rates and acquired drug resist-
ance. Several strategies have been proposed to
overcome the low response rate and acquired re-
sistance to RTK inhibitors. One particularly prom-
ising approach is the modulation of RTK pathways
by inhibiting the expression of EGFR. To further
explore the versatility of this idea, we proposed a
novel strategy with celastrol to improve lapatinib
effectiveness in HepG2 cells.

Celastrol is a natural product used in the tra-
ditional Chinese medicine that has demonstrated
ability to inhibit cancer progression and down-
regulate NF-kappa B activity, and also to decrease
NF-kappa B activity in prostate cancer and leu-
kemia cells [19-21]. However, it had not previous-
ly been evaluated as a potential chemotherapeutic
sensitizer for HCC. Our results showed for the first
time that the combination of lapatinib and celas-
trol synergistically inhibited the proliferation and
induced apoptosis of HepG2 cells in vitro. In addi-
tion, this combined treatment showed inhibitory
capacity across a broad range of concentrations
(Figure 2A). More apoptotic bodies were observed
in the lapatinib/celastrol combination compared
with lapatinib or celastrol treatment alone (Fig-
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