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Introduction: Hepatocellular carcinoma (HCC) is the most common form of hepatic 

malignancy in the world. We aimed to determine the effect of tanshinone IIA (Tan-IIA) in 

combination with sorafenib or its derivative SC-1 on cytotoxicity, apoptosis, and metastasis 

in human HCC cells.

Materials and methods: Cytotoxicity was detected by MTT assay. Apoptosis and sub-G1 

populations were analyzed by flow cytometry. Cell migration and invasion were evaluated by 

Transwell assay. Protein expression was detected by Western blot.

Results: Tan-IIA combined with sorafenib or SC-1 exerted synergistic cytotoxicity in HCC 

cells. Elevated proportions of sub-G1 and caspase activation were observed in the combina-

tive treatments; in addition, marked inhibition of cell migration and invasion, which could be 

mediated by the modulation of epithelial–mesenchymal transition was observed. pSTAT3 levels 

were significantly reduced as well.

Conclusion: A combination therapy using Tan-IIA and sorafenib or SC-1 could be a promising 

approach to target HCC, and further preclinical investigations are warranted to establish their 

synergetic advantage.

Keywords: tanshinone IIA, hepatocellular carcinoma, sorafenib, SC-1, STAT3, metastasis, 

combination therapy

Introduction
Hepatocellular carcinomas (HCCs) are the sixth most common cause of cancer-related 

deaths among men, with the highest incidence rates in Asia and Africa as reported in 

2012.1,2 Despite the current advancements in HCC treatment including targeted che-

motherapies, survival outcomes for HCC patients are poor, and so more effective 

therapeutic agents are urgently needed.

Sorafenib, a multi-kinase inhibitor, was the first drug approved for advanced HCC 

treatment that improves overall survival in HCC patients.3,4 SC-1 is a derivative of 

sorafenib that lacks kinase-inhibition activity while still retaining pSTAT3-repressing 

activity.5 SC-1 was shown to induce apoptosis through SHP-1-dependent STAT3 inacti-

vation and exhibits more potent apoptotic effects than sorafenib does in breast cancer and 

HCC cells.6,7 A recent study indicated that HCC patients when treated with a higher dose 

of sorafenib (800 mg/d) suffered from more severe side effects, particularly in elderly 

patients.8 Thus, an alternative approach or combination therapies using sorafenib need 

to be explored for providing improved efficacy without any associated side effects.

Tanshinone IIA (C
19

H
18

O
3
, Tan-IIA) is a lipophilic compound from a traditional 

Chinese medicine, Danshan (Salvia miltiorrhiza Bunge), that exhibits antitumor 
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activity against various cancer cell lines.9–13 Recently, 

Tan-IIA exerted a cytotoxic effect through apoptosis induc-

tion and cell cycle arrest on HCC cells.14–16

STAT3, a transcription factor that modulates many genes 

related to apoptosis and epithelial–mesenchymal transition 

(EMT), was constitutively activated in many tumors includ-

ing HCC.17,18 Recent reports indicated that pSTAT3 might 

be increased after chronic exposure to sorafenib treatment 

in HCC cells, suggesting that inhibition of STAT3 signals is 

crucial for HCC treatment.19,20 Interestingly, our recent study 

indicated that Tan-IIA suppressed bladder cancer metastasis 

by modulating pSTAT3 signals.21 Therefore, in the present 

study, we aimed to investigate the combinative synergism 

of Tan-IIA with sorafenib on HCC treatment.

Materials and methods
Chemicals and antibodies
Sorafenib, SC-1, Tanshinone IIA (C

19
H

18
O

3
, .97% HPLC), 

sodium vanadate (Na
3
VO

4
), DMSO, MTT, Tween 20, 

methanol, and horseradish peroxidase-conjugated secondary 

antibodies were purchased from Sigma Chemical Co. 

(St Louis, MO, USA). The antibodies against p-STAT3 

(Tyr705), STAT3, CCL2, E-cadherin, N-cadherin, Vimentin, 

Slug, Snail, and β-actin were obtained from Cell Signaling 

Technology, Inc. (Danvers, MA, USA). PVDF membranes, 

BSA protein assay kit, and Western blot chemilumines-

cence reagent were purchased from Amersham Biosciences 

(Arlington Heights, IL, USA).

Cell culture
The human HCC cell lines Huh7 and HepG2 were purchased 

from Bioresource Collection and Research Center (BCRC, 

Hsinchu, Taiwan). Each cell line was cultured as per standard 

as recommendations by the BCRC. Culture medium, fetal 

bovine serum, penicillin, and streptomycin were purchased 

from Invitrogen (Carlsbad, CA, USA). Cell lines were 

authenticated annually by short-tandem repeat analysis and 

routinely tested for mycoplasma contamination (BCRC).

MTT assay and synergism evaluation
Cell viability following treatment with various compounds 

was evaluated using MTT assay, performed in triplicates. 

Briefly, cells (4×104/well) were incubated in a 24-well plate 

containing 0.5 mL of serum-containing medium. Cells were 

allowed to adhere for 18–24 h and washed with PBS. Solu-

tions were always prepared fresh in culture medium by dis-

solving 0.2% DMSO (control) or 1.5 μg/mL Tan-IIA in the 

presence or absence of 2.5 or 5 μM sorafenib or 5 μM SC-1 

before their addition to cells. The drug-containing medium 

was removed after treatment for 48 h, cells were washed with 

PBS, and culture medium containing 300 μg/mL MTT was 

added for 1 h at 37°C. After the MTT medium was removed, 

0.5 mL of DMSO was added to each well. Absorbance at 

570 nm was detected using a multi-well plate reader, Infinite 

200 Pro Tecan™ (Tecan, Mannedorf, Zurich, Switzerland). 

The absorbance of DMSO-treated cells was considered as 

100%. The combination index (CI) value was determined 

according to the Chou–Talalay method using CompuSyn 

software (ComboSyn, Inc., Paramus, NJ, USA), where a CI 

value below 1 indicated synergism.22

Flow cytometric analysis
The cell cycle was determined by flow cytometry fol-

lowing DNA staining to reveal the total amount of DNA. 

Approximately 3×105 cells were incubated with or without 

1.5 μg/mL Tan-IIA in the presence or absence of 2.5 or 

5 μM sorafenib or 5 μM SC-1 for 24 h (apoptosis) or 48 h 

(sub-G1). Sub-G1 cells were examined by harvesting with 

trypsin/EDTA, collected, washed with PBS, fixed with cold 

100% ethanol overnight, and then stained with a solution 

containing 20 μg/mL PI, 0.2 mg/mL RNase A, and 0.1% 

Triton X-100 for 30 min in the dark. The cells were then 

passed through an Accuri C6 flow cytometer to measure 

the DNA content. The data were obtained and analyzed 

with CFlow® software. Apoptotic cell death was examined 

using annexin V–FITC detection kits according to the 

manufacturer’s instructions (BD Biosciences, San Diego, 

CA, USA). Ten thousand events were acquired for each 

sample and analyzed by the BD Accuri C6 flow cytometer 

with CFlow software.

Statistical analysis
All data are shown as mean ± SD. Statistical differences were 

analyzed using the Student’s t-test for normally distributed 

values.

Western blot, cell migration, and invasion assays were 

performed as previously described.21

Results
Synergistic effects of Tan-IIA combined 
with sorafenib or SC-1 on cytotoxicity in 
HCC cell lines
To investigate the effects of sorafenib and SC-1 on the 

HCC cell lines, Huh7 and HepG2 cells were treated with 

increasing doses of sorafenib or SC-1 for 48 h (Figure 1A). 

www.dovepress.com
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The IC
50

 value for sorafenib was estimated to be 4.5 μM 

(Huh7) and 10 μM (HepG2), and for SC-1 was 3.2 μM 

(Huh7) and 4 μM (HepG2). To further test the synergistic 

effects of Tan-IIA combined with sorafenib or SC-1, cells 

were treated with or without 1.5 μg/mL Tan-IIA in the pres-

ence or absence of 2.5 or 5 μM sorafenib or 5 μM SC-1 for 

48 h, then followed by MTT assay (Figure 1B). As shown 

in Figure 1C, the combination treatment of Tan-IIA with 

sorafenib suppressed the viability of Huh7 (22.9%±1.9%, 

CI: 1.07) and HepG2 (37.0%±2.5%, CI: 0.41) cells compared 

to the Tan-IIA or sorafenib alone groups. Furthermore, the 

combination of Tan-IIA and SC-1 suppressed the viability 

of Huh7 (35.5%±1.1%, CI: 0.83) and HepG2 (30.9%±2.0%, 

CI: 0.75) cells compared to the Tan-IIA or SC-1 alone groups. 

The CI and dose reduction index values as calculated by 

the CompuSyn software suggested that these combination 

Figure 1 Effect of cytotoxicity after combination treatment with Tan-IIA and sorafenib/SC-1 on HCC cell lines.
Notes: (A) Huh7 and HepG2 were treated with increasing concentrations of sorafenib or SC-1 for 48 h and analyzed by MTT assay. (B) Huh7 and HepG2 cells were treated 
with or without 1.5 μg/mL Tan-IIA in the presence or absence of 2.5 or 5 μM sorafenib, or 2.5 μM SC-1 for 48 h followed by MTT assay. (C) Scale bar: 50 μm. Data are 
presented as mean ± SD. *p,0.05, and **p,0.01 versus sorafenib/SC-1 alone group.
Abbreviations: HCC, hepatocellular carcinoma; Tan-IIA, tanshinone IIA.
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treatments exhibited a synergistic effect (CI ,1) on HCC 

cells (Table 1). In addition, the dose reduction index .1 

allows dose reduction that leads to toxicity reduction in the 

therapeutic applications.

Enhanced apoptosis by Tan-IIA in 
combination with sorafenib or SC-1 in 
HCC cell lines
To evaluate the role of apoptosis induction by these com-

bination treatments, cells were treated with or without 

1.5 μg/mL Tan-IIA in the presence or absence of 2.5 or 5 μM 

sorafenib or 5 μM SC-1 for 24 h (annexin V–FITC) or 48 h 

(sub-G1) followed by flow cytometric analysis (Figure 2A 

and B). The early-apoptotic population (annexin positive/PI 

negative) was increased by Tan-IIA combined with sorafenib 

(Huh7: [9.8%±2.4%] and HepG2: [2.9%±0.5%] cells) and 

by Tan-IIA combined with SC-1 (Huh7: [6.4%±0.4%] 

and HepG2: [2.8%±0.1%] cells) (Figure 2A). The sub-G1 

population was increased by the combination of Tan-IIA and 

sorafenib in Huh7 (25.8%±3.9%) and HepG2 (6.5%±2.4%) 

cells, and by the combination of Tan-IIA and SC-1 in Huh7 

(8.7%±0.4%) and HepG2 (14.2%±2.9%) cells (Figure 2B). 

Activation of caspase proteins is a crucial step for apoptosis 

induction. We thus examined the protein expression profiles 

after these test treatments on HCC cells. The expression 

levels of cleaved caspase-8 and -3, and PARP increased 

after combination treatments with Tan-IIA as compared to 

that in sorafenib/SC-1 alone group (Figure 2C). Together, 

these results suggest that these combination treatments can 

significantly increase the induction of mitochondria extrinsic 

apoptosis in HCC cells.

Inhibition of migration and invasion by 
the combination of Tan-IIA treatment and 
sorafenib or SC-1 in HCC cells
Cancer progression is associated with loss of cell–cell contact 

and gain of migratory and invasive ability. We therefore 

assessed the inhibitory effects of these combination treat-

ments on the migration and invasion of cells. Huh7 and 

HepG2 cells were treated with or without 1.5 μg/mL Tan-IIA 

in the presence or absence of 2.5 or 5 μM sorafenib or 

5 μM SC-1 for 24 h (migration) or 48 h (invasion) and then 

subjected to Transwell assay (Figure 3A and B). Tan-IIA 

combined with sorafenib decreased Huh7 (21.3%±1.3%) 

and HepG2 (116%±13.7%) cell migration, and Tan-IIA 

combined with SC-1 also decreased Huh7 (6.1%±0.7%) 

and HepG2 (24%±4.6%) cell migration as compared to the 

control group (Figure 2A). Tan-IIA combined with sorafenib 

decreased Huh7 (27.1%±2.5%) and HepG2 (19.7%±2.5%) 

cell invasion, and Tan-IIA combined with SC-1 decreased 

Huh7 (34.3%±4.4%) and HepG2 (12.9%±4.4%) cell invasion 

as compared to the control group (Figure 2B). It has been 

shown that EMT plays a pivotal role in HCC progression. 

Thus, the expression profile of EMT-regulatory proteins was 

also examined after the combination treatments by Western 

blot (Figure 3C). These combination treatments upregulated 

the epithelial marker E-cadherin, downregulated the mesen-

chymal markers N-cadherin and Vimentin, and downregu-

lated the transcription factor Snail and Slug, compared to the 

sorafenib/SC-1 alone groups. Together, these results suggest 

that the combination treatments inhibited the migration and 

invasion of HCC cells, which in turn could be mediated by 

the modulation of EMT.

Tan-IIA combination treatment with 
sorafenib or SC-1 inhibited proliferation 
by altering the STAT3 signals in HCC cells
Previous studies have indicated that STAT3 signaling 

pathway plays a key role in the development of sorafenib 

resistance in HCC cells.19,23–25 To elucidate whether our test 

combination therapies could alter the STAT3 signals, HCC 

Table 1 CI and DRI of Tan-IIA and Sorafenib/SC-1 combination 
in Huh7 and HepG2 cells

Concentration Huh-7 DRI

Tan-IIA 
(μg/mL)

Sorafenib 
(μM)

fa CI Tan-IIA Sorafenib

1.5 1.25 0.45 1.73 0.72 2.9
1.5 2.5 0.53 1.86 0.68 2.53
1.5 5 0.77 1.07 1.24 3.53

Tan-IIA 
(μg/mL)

SC-1 (μM) fa CI Tan-IIA SC-1

1.5 1.25 0.46 0.99 1.93 2.1
1.5 2.5 0.65 0.83 1.73 3.87
1.5 5 0.91 0.59 1.86 18.2

Concentration HepG2 DRI

Tan-IIA 
(μg/mL)

Sorafenib 
(μM)

fa CI Tan-IIA Sorafenib

1.5 1.25 0.24 0.77 1.64 6.23
1.5 2.5 0.62 0.41 2.88 16.54
1.5 5 0.78 0.54 2.16 13.81

Tan-IIA 
(μg/mL)

SC-1 (μM) fa CI Tan-IIA SC-1

1.5 1.25 0.3 0.84 1.91 3.2
1.5 2.5 0.69 0.75 2.36 3.1
1.5 5 0.87 0.68 3 2.89

Abbreviations: CI, combination index; DRI, dose reduction index; fa, fraction 
affected; Tan-IIA, tanshinone IIA.
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Figure 2 (Continued)
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Figure 2 Effect of apoptosis induction after combination treatments with Tan-IIA and sorafenib/SC-1 on HCC cell lines.
Notes: Huh7 and HepG2 cells were treated with or without 1.5 μg/mL Tan-IIA in the presence or absence of 2.5 or 5 μM sorafenib or 5 μM SC-1 for 24 h (A, annexin 
V–FITC staining) or 48 h (B, sub-G1 analysis) (C, Western blot analysis). Data are presented as mean ± SD. *p,0.05, and **p,0.01 versus sorafenib/SC-1 alone group.
Abbreviations: HCC, hepatocellular carcinoma; Tan-IIA, tanshinone IIA.

β

cells were treated with or without 1.5 μg/mL Tan-IIA in 

the presence or absence of 2.5 or 5 μM sorafenib or 5 μM 

SC-1 for 48 h and then subjected to Western blot analysis 

(Figure 4A). We observed that these combination treatments 

greatly suppressed STAT3 signals by reducing p-STAT3 

(Y705) protein expression compared to the sorafenib/SC-1 

alone group. To test whether the suppression of STAT3 

activation is required for the synergistic effects of Tan-IIA, 

we used the broad-spectrum phosphatase inhibitor sodium 

vanadate to interfere with STAT3 dephosphorylation. 

Cotreatment of sodium vanadate with combination treat-

ments restored the phosphorylation of STAT3, leading to 

a partial rescue of cell death compared to the combination 

alone group (Figure 4B and C). Thus, the findings indicate 

that the combination treatments suppressed the growth of 

HCC cells via suppression of STAT3 signal.

Discussion
Although sorafenib as a monotherapy has been shown to 

prolong survival in HCC patients, its adverse effects (such 

as gastrointestinal bleeding, rash, and hand–foot syndrome) 

limit its usage under high doses. In addition, there is evidence 

to suggest that combining sorafenib with uracil–tegafur or 

octreotide can reduce the dosage of sorafenib, and thus its 

side effects.26,27 Therefore, development of new combina-

tion therapies using sorafenib along with other alternative 

drugs is feasible and promising. A recent study reported that 

synergistic combination of Tan-IIA and Trans-resveratrol 

was as effective as cisplatin in the inhibition of HepG2 cell 

survival, making Tan-IIA a potential candidate for combi-

nation treatment for HCC.28 In this study, we demonstrated 

that synergistic combination of Tan-IIA and sorafenib or 

SC-1 enhanced the inhibition on HCC cell growth. These 

combination treatments enhance the effects of sub-G1 

population accumulation and apoptosis induction as well as 

increase the levels of cleaved caspase-8 and -3, and PARP 

in HCC cells.

There is a growing body of evidence to indicate that 

the EMT plays a crucial role in the malignant progression 

of HCC. Our current study demonstrates that combining 

Tan-IIA with sorafenib/SC-1 caused more potent inhibi-

tion of cell migration and invasion than either agent alone. 

Upregulation of the epithelial marker E-cadherin, downregu-

lation of the mesenchymal markers N-cadherin and vimentin, 

and downregulation the transcription factors Snail and Slug 

were observed in HCC cells in response to these combina-

tion treatments.

Both sorafenib and SC-1 suppress HCC by pSTAT3 inhi-

bition via the SHP-1-dependent pathway.29 However, recent 

studies indicate that pSTAT3 might be elevated after chronic 

exposure to sorafenib in HCC cells, thereby suggesting that 

deregulation of pSTAT3 signals might be linked to sorafenib 

resistance in HCC treatment.19,23,24 Since our recent studies 

found that Tan-IIA could suppress bladder cancer metastasis 

by inhibiting pSTAT3 expression,21 we combined sorafenib 

or SC-1 with Tan-IIA to examine their potential synergistic 

effect to suppress HCC. Our results show that Tan-IIA can 

suppress HCC proliferation via downregulation of sorafenib/

SC-1-induced pSTAT3, which can be blocked by vanadate 

treatment.

Conclusion
Our results suggest that newer combination treatments 

with Tan-IIA and sorafenib/SC-1 can significantly enhance 
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Figure 3 Effect of Tan-IIA combination treatment with sorafenib/SC-1 in the migration and invasion on HCC cell lines.
Notes: Huh7 and HepG2 cells were treated with or without 1.5 μg/mL Tan-IIA in the presence or absence of 2.5 or 5 μM sorafenib or 5 μM SC-1 for 24 h (A, migration 
assay) or 48 h (B, invasion assay) (C, Western blot analysis). Data are presented as mean ± SD. **p,0.01 versus sorafenib/SC-1 alone groups.
Abbreviations: HCC, hepatocellular carcinoma; Tan-IIA, tanshinone IIA.

β
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β

β

Figure 4 Effect of Tan-IIA combination treatments with sorafenib or SC-1 on STAT3 signaling in HCC cell lines.
Notes: (A) Huh7 and HepG2 cells were treated with 1.5 μg/mL Tan-IIA in the presence or absence of 2.5 or 5 μM sorafenib or 5 μM SC-1 for 48 h and assessed by Western 
blot analysis. (B) Huh7 and HepG2 cells were treated with 2.5 μM sorafenib/SC-1 combined with 1.5 μg/mL Tan-IIA in the presence or absence of sodium vanadate (a broad-
spectrum phosphatase inhibitor) for 48 h followed by Western blot and MTT assay analysis (C). Data are presented as mean ± SD. *p,0.05, and **p,0.01 versus sorafenib/
SC-1 combined with Tan-IIA.
Abbreviations: HCC, hepatocellular carcinoma; Tan-IIA, tanshinone IIA.

sorafenib/SC-1 efficacy and could prove to be an effective 

therapeutic strategy against HCC progression.
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