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Abstract. Interleukin-6 (IL-6)/signal transducer and activator 
of transcription 3 (STAT3) signaling pathway plays critical 
roles in the development and progression of hepatocellular 
carcinoma (HCC). Artemisia capillaris (AC) has been widely 
used to treat various liver diseases including HCC as a herbal 
medicine. The effects of AC on IL-6/STAT3 signaling axis in 
HCC cells and subsequent anticancer activity of AC against 
HCC were analyzed using HCC cell lines and HBV W4P-LHB-
expressing NIH3T3 cell line, which has been shown to gain 
tumorigenicity by activating IL-6/STAT3 signaling in our 
previous study. AC extract significantly suppressed the growth 
and colony formation of HCC cells. In addition, it inhibited 
the activation of STAT3 by IL-6 and subsequent synthesis 
of downstream molecules in HCC and W4P-NIH3T3 cells. 
Consequently, migration of cells was significantly suppressed 
by the AC extract. Collectively, the findings suggest that AC 

extract is capable of conferring various antitumor effects 
against HCC through the modulation of the IL-6/STAT3 
pathway. The results provide a basis for the therapeutic use of 
AC in the treatment of HCC. Identification of the compound 
responsible for the effect may lead to the development of a 
novel anticancer agent against HCC.

Introduction

The pathogenesis of hepatocellular carcinoma (HCC) is closely 
linked with chronic inflammation and the level of interleukin-6 
(IL-6). Serum IL-6 level is higher in HCC patients than in 
healthy adults (1), demonstrating that inflammation is a critical 
risk factor for the formation and progression of HCC. IL-6 
rapidly activates the signal transducer and activator of transcrip-
tion 3 (STAT3), which is a major mediator regulating signal 
transduction from IL-6 to the nucleus and inducing the tran-
scription of proliferation associated genes (2). Phosphorylated 
STAT3 has been implicated in abnormal oncogenic processes, 
such as initiation, proliferation, angiogenesis, and progression 
in HCC (3). Owing to these carcinogenetic roles of the IL-6/
STAT3 signaling pathway, which promotes the development 
of HCC, STAT3 is often considered an attractive target for 
liver cancer therapy. In addition, in our previous study, we 
found that male-specific W4P mutations in the preS1 region 
contribute to carcinogenesis and male predominance in HCC 
via activation of the IL-6/STAT3 signaling axis. Ectopic 
expression of W4P mutant HBV large antigen (LHB) was 
sufficient to induce transformation of NIH3T3 fibroblast cells, 
emphasizing the crucial role of the IL-6/STAT3 signaling 
pathway in HCC carcinogenesis (4).

Artemisia is one of the most important genera of the 
Asteraceae or Compositae family, the largest family of 
flowering plants with over 15,000 species  (5). The genus 
Artemisia consists of more than 400 species, some of which 
exhibit medicinal activities for a variety of diseases such as 
malaria, rabies, tonsillitis, asthma, gonorrhea, cough, syphilis, 
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and leprosy (6). Amongst these species, Artemisia capillaris 
Thunberg (AC) has long been used in Asian countries as a 
therapeutic drug (7,8). According to previous studies on its 
medicinal properties, AC exhibits various pharmacological 
effects, such as antimicrobial (8), anti-obesitic (9,10), and anti-
tumor (11) effects. In particular, there have been many studies 
on the therapeutic and pharmacological effects of AC against 
liver diseases, including hepatoprotective effects in obese 
mice (12) or ethanol-administered mice (13), antiviral effects 
by suppressing the replication and secretion of the hepatitis B 
virus (14-16), and anti-fibrotic effects in animal models (7,17,18).

HCC, the most common primary liver cancer, demands 
more effective remedies because of a low 5-year survival rate, 
about 10% (19), and poor reactions refractory to available treat-
ments (20). Increasing evidence indicates the efficacy of AC in 
suppressing the proliferation of human hepatoma cells (21-23). 
In a recent study, capillarisin derived from AC was found to 
have anticancer effects by suppressing STAT3 phosphoryla-
tion in human multiple myeloma cells (24). However, there 
have been no previous studies evaluating the anticancer effects 
of AC via inhibition of the STAT3 signaling pathway in vitro 
models of HCC.

Therefore, in this study, we examined the possibility of 
AC exerting its antitumor activity against HCC by modulating 
IL-6-induced STAT3 activation.

Materials and methods

Preparation of AC extract (ACE). AC was purchased from 
Kyung Hee Herb Pharm (Wonju, Korea), a licensed herb 
company. AC was pulverized and extracted with 70% EtOH 
under reflux three times, and the extract was filtered and evap-
orated on a rotary evaporator under reduced pressure and then 
lyophilized. ACE was subjected to LC-MS/MS analysis and 
Scopoletin and liquiritin were found to be present at concen-
trations of 393.3±45.7 µg/g and 39.33±6.3 µg/g, respectively.

Cells. Huh7 and HepG2 human hepatocellular carcinoma 
cells were maintained in Dulbecco's modified Eagle's medium 
(DMEM) containing 10% fetal bovine serum (FBS) and 
penicillin/streptomycin (100 U/ml). NIH3T3-W4P cell line 
expressing W4P mutant LHB was established and maintained 
as previously described (4).

Cell viability assay. Anti-proliferative effects of ACE on 
HCC cells were analyzed using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Huh7 
and HepG2 cells were treated with increasing concentrations 
of ACE for 72  h followed by further incubation with the 
MTT-containing medium for 4 h. After lysis with dimethyl 
sulfoxide, the absorbance of lysates was determined at 570 nm 
by using a microplate reader.

Colony forming assay. Six-hundred Huh7 cells and 200 cells 
of NIH3T3-W4P were seeded onto 6-well plates and incubated 
for 24 h. The NIH3T3 and Huh7 cells were then treated with 
different concentrations of ACE for 3 and 8 days, respectively. 
Colonies were fixed with 100% methanol for 10 min and then 
stained with 0.1% crystal violet for an hour. After washing 
with PBS, the number of colonies was counted.

Immunoblotting. The effect of ACE on the phosphorylation 
status of STAT3 was analyzed by immunoblotting. HepG2 
cells were treated with ACE for 3 h prior to treatment with 
IL-6 (25 ng/ml). After incubation for 25 min, the cells were 
lysed and the cell lysates were subjected to immunoblotting 
using anti-STAT3 (Santa Cruz Biotechnology, sc-482), 
anti-phosphoSTAT3 (Cell Signaling, #9131), and anti-β-
actin antibodies (Santa Cruz Biotechnology, sc-47778). To 
analyze the effect of ACE on the expression of cyclin D2 
and P21, HepG2 cells were treated with ACE for 48 h and 
subjected to immunoblotting using anti-cyclin D2 (Santa 
Cruz Biotechnology, sc-593) and anti-P21 (Santa Cruz 
Biotechnology, I2807) antibodies.

RNA preparation and reverse-transcription quantitative 
PCR (RT-qPCR). To determine the effect of ACE on the 
mRNA levels of cyclin D1, which are dependent on STAT3 
transcriptional activity, RT-qPCR assays were performed. 
HepG2 cells and NIH3T3-W4P cells were treated with the 
increasing concentrations of ACE for 4 and 8 h, respectively. 
Total RNA was extracted using an RNeasy RNA extraction kit 
(Qiagen) according to the manufacturer's instructions. cDNA 
was synthesized from RNA using Superscript III reverse tran-
scriptase (Invitrogen) with oligo20(dT) primers and analyzed 
by real-time PCR.

Scratch wound assay. Effect of ACE on Huh7 cell migra-
tion was investigated by performing a scratch wound assay. 
The confluent monolayer of Huh7 cells in a 6-well plate was 
wounded with a sterile pipette tip and incubated with increasing 
concentrations of ACE for 48 h. The cells were observed and 
images were obtained at 24 and 48 h after the treatment.

Transwell cell migration assay. Cell migration assay was 
performed as previously described (25). Briefly, after being 
treated with ACE (0, 25, 50, 100, and 200 µg/ml) for 24 h, 
Huh7 cells were harvested and seeded on a Boyden chamber 
(Neuro Probe, Cabin John, MD, USA) at a density of 105 cells 
per well in a serum-free medium and then incubated for 6 h 
at 37˚C. The migrated cells were fixed with 100% methanol 
and stained with 5% Giemsa. Cells were counted under a 
light microscope.

Statistics. Statistical analysis was performed by SigmaPlot 
10.0. Data are shown as means ± SD, and group differences 
were analyzed using paired Student's t-test. p<0.05 was 
considered as statistically significant.

Results

Anticancer effects of ACE on HCC cell lines. AC has been 
well known for its therapeutic effect in liver diseases and 
several previous studies suggested its antitumor activity. Here, 
we evaluated the anticancer activity of ACE on HCC by exam-
ining its effect on HCC cell proliferation by MTT assay. ACE 
displayed significant anti-proliferative effects against Huh7 
and HepG2 human hepatoma cell lines in a dose-dependent 
manner (Fig. 1A and B). To further confirm the anticancer 
effect of ACE, its effect on the colony-forming ability of HCC 
cells was examined. As shown in Fig. 2, the colony formation 
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of Huh7 cells was significantly inhibited in the presence of 
ACE; 100 µg/ml of ACE treatment resulted in 90% reduction 
of the colony formation. Compared to its direct cell cyto
toxicity and the suppression of cell proliferation, ACE exerted 
potent inhibitory effect on colony forming.

Inhibition of STAT3 activation in HCC cell lines by ACE. 
Inhibition of proliferation and colony formation of HCC cells 
by ACE indicate its anticancer effect against HCC. Given that 
IL-6-mediated STAT3 activation is implicated in HCC devel-
opment and progression, the role of ACE in STAT3 activation 
was examined. IL-6 treatment induced strong phosphorylation 
of STAT3, which is a hallmark of STAT3 activation in HepG2 
cells. Treatment of IL-6-treated HepG2 cells with ACE 
resulted in marked decrease of both STAT3 and phosphory-
lated STAT3, indicating that ACE is capable of suppressing 
the action of STAT3 (Fig. 3A). Since STAT3 upregulates the 
transcription of cell cycle related genes including cyclin D1 
and p21 and enhances cell cycle progression, the effect of 
ACE on the amounts of cyclin D1 and p21 was examined. 

Consistent with the suppression of STAT3 phosphorylation by 
ACE, synthesis of cyclin D1 mRNA as well as protein levels 
of cyclin D2 and p21 were also decreased by ACE treatment 
(Fig. 3B and C).

Inhibition of HBV W4P mutant large surface protein-
induced STAT3 activation by ACE. In our previous study, 
we showed that male-specific W4P mutant HBV LHB drives 
HCC tumorigenesis by activating the IL-6/STAT3 signaling 
pathway  (4). Thus, we evaluated whether ACE suppresses 
the STAT3 activation induced by W4P LHB. NIH3T3 cells 
stably expressing W4P LHB (NIH3T3-W4P) showed strong 
STAT3 phosphorylation compared to control NIH3T3 cells 
and the phosphorylation was decreased by ACE (Fig. 4A). The 
activity of ACE was dose-dependent and 100 µg/ml of ACE 
was sufficient to lower the phosphorylation to significant extent 
(Fig. 4B). In line with the results, cyclin D1 mRNA level of 
NIH3T3-W4P was also decreased in a dose-dependent manner 
by ACE treatment, further confirming that ACE suppresses 
the transcriptional activity of STAT3 (Fig. 4C). It has been 

Figure 1. Anticancer activity of ACE in HCC cell lines. Antiproliferative effect of Artemisia capillaris extract (ACE) on Huh7 (A) and HepG2 cells (B) was 
examined by MTT assay. Different number of cells [5x103 cells/well (Low); 5x104 cells/well (High)] were incubated with the indicated concentrations of ACE 
for 72 h and subjected to MTT assays to determine the cell viability. Data represent means ± SD. *p<0.05, **p<0.01.

Figure 2. Effect of ACE on colony-formation by HCC cells. Colony-forming abilities of Huh7 cells were examined by a colony-forming assay in the absence or 
presence of increasing concentrations of ACE. Upper panel shows the crystal violet-stained colonies. Data represent means ± SD. **p<0.01.
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shown that W4P LHB confers in vitro colony forming ability 
and in vivo tumor forming capability in nude mice to NIH3T3 
cells by activating the STAT3 signaling pathway (4). Since ACE 
suppresses STAT3 activation in NIH3T3-W4P cells, we evalu-
ated whether ACE suppresses the colony-forming capability 
of NIH3T3-W4P cells. As shown in Fig. 4D, ACE treatment 
decreased the number of colonies in a dose-dependent manner, 
and 250 µg/ml of ACE almost completely abolished the colony-
forming ability of NIH3T3-W4P cells. These results suggest that 
ACE is capable of suppressing tumorigenesis induced by HBV 
mutations and subsequent inflammatory responses including 
STAT3 activation in addition to HCC cell proliferation.

Suppressive effects of ACE on HCC cell migration. STAT3 
has been implicated in cancer cell migration and invasion 
through the upregulation of pro-migratory genes including 
MMP-2 (26). In the absence of ACE, Huh7 cells migrated 

along the edge and repaired approximately 30% of the wound 
after 48 h. Significant suppression of cell migration and wound 
recovery were observed in the presence of ACE and the inhibi-
tory activity was concentration-dependent (Fig. 5A and B). 
Cell migration assay using Boyden chamber showed similar 
result. Treatment with 200 µg/ml of ACE suppressed over 95% 
of cell migration further confirming the suppressive activity of 
ACE on tumor cell migration (Fig. 6).

Discussion

AC has been widely used as a traditional remedy for various 
liver diseases in Asian countries. In the present study, we 
showed that ACE moderately suppressed the proliferation of 
HCC cells and it exerted stronger effect on colony-forming 
activity of HCC. In addition, we have shown that ACE treat-
ment effectively suppressed STAT3 activation resulting in 

Figure 3. Inhibition of STAT3 transcriptional activity by ACE. (A) HepG2 cells were treated with ACE (100 µg/ml) 3 h prior to IL-6 treatment (25 ng/ml) 
for 25 min as indicated. Cells were lysed and the lysates were subjected to immunoblotting using antibodies against STAT3, pSTAT3 (pT705), and β-actin. 
(B) HepG2 cells were treated with ACE for 3 h, followed by treatment with IL-6 for 4 or 8 h. Relative amount of cyclin D1 mRNA levels in the samples were 
determined by RT-qPCR. Data represent means ± SD. *p<0.05. (C) HepG2 cells were treated with the indicated concentrations of ACE for 48 h. The protein 
levels of cyclin D2 and p21 were analyzed by immunoblotting.

Figure 4. Effect of ACE on STAT3 activation induced by W4P mutant LHB. (A) NIH3T3 cells expressing HBV W4P large surface protein (W4P) 
(NIH3T3-W4P) were incubated with or without ACE (100 µg/ml) for 9 h. Phosphorylation of STAT3 (pT705) was analyzed by immunoblotting using 
anti-phosphoSTAT3. (B) NIH3T3-W4P cells were incubated with increasing concentrations of ACE for 9 h and analyzed by immunoblotting as in (A). 
(C) NIH3T3-W4P cells were treated with the indicated concentrations of ACE for 8 h. mRNA levels of cyclin D1 were analyzed by RT-qPCR using cDNAs 
synthesized from extracted total RNAs. (D) Effect of ACE on the colony-forming ability of NIH3T3-W4P was examined by colony-formation assay. Data 
represent means ± SD. *p<0.05, **p<0.01.
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decreased cell proliferation and migration of HCC cells. Since 
its discovery, various tumor-promoting effects of STAT3, 

including cell cycle progression, anti-apoptosis, angiogenesis, 
and invasion/migration, have been studied and considered as 

Figure 5. Effect of ACE on migration of Huh7 cells. (A) Effect of ACE on HCC cell migration was assessed by a scratch wound assay as described in Materials 
and methods. The area of the wound was measured at 24 and 48 h after treatment. Scale bar = 5 µm. (B) The results were calculated from three independent 
experiments and the data show the recovery of the wound. Data represent means ± SD. *p<0.05. 

Figure 6. Inhibition of tumor cell migration by ACE. Inhibition of cell migration by ACE was examined by Transwell assay using Huh7 cells. Cells were treated 
with the indicated concentrations of ACE for 24 h and subjected to Transwell assay. Upper panel shows the representative images from triplicate samples. Data 
represent means ± SD. ***p<0.001.
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key factors in oncogenesis and cancer progression (27). In 
particular, long-term IL-6-mediated inflammatory responses 
and subsequent STAT3 activation have been implicated in 
various liver pathogenic conditions including hepatitis, liver 
fibrosis, cirrhosis, and HCC carcinogenesis (28), suggesting 
that inhibition of STAT3 activation can be an effective 
strategy to treat various liver diseases. Given that IL-6/STAT3 
signaling plays a crucial role in HCC development and 
progression, it is conceivable that the anticancer effect of 
ACE on HCC might be attributable to its inhibitory activity 
on the IL-6/STAT3 signaling pathway and subsequent cell 
cycle-related gene expression.

Chronic infection of HBV is a leading cause of HCC devel-
opment and approximately 15-40% of chronic hepatitis B 
patients may develop progressed liver diseases including 
cirrhosis and HCC. In our previous study, we showed that 
a male-specific mutation of HBV is closely related to HCC 
development through the activation of STAT3. Ectopic expres-
sion of W4P LHB strongly induces STAT3 activation in 
NIH3T3 cells and transforming of the cells (4). In the current 
study, ACE suppressed not only STAT3 activation in IL-6-
treated HCC cells but also STAT3 activation by W4P HBV 
LHB expression in fibroblast cells, suggesting that ACE may 
suppress tumorigenesis induced by HBV-mediated STAT3 
activation. Thus, this study provides theoretical basis for the 
use of ACE in the treatment of HCC and prevention of HCC in 
chronic hepatitis patients.

The exact mechanisms of STAT3 inhibition by ACE and 
active ingredients inhibiting STAT3 activity remain elusive. 
Several compounds in ACE including capillarisin, scop-
arone, scopoletin and cholorogenic acid have been reported 
to suppress the activity of STAT3 (24,29-31). Thus, it can be 
postulated that several compounds in ACE are responsible for 
STAT3 inhibition. ACE treatment on HepG2 cells resulted in 
decrease of STAT3 protein levels, indicating that the suppres-
sion of STAT3 activity is partly due to the lowered level of 
STAT3 (Fig.  3A). However, STAT3 phosphorylation of 
NIH3T3 cells induced by W4P LHB expression was markedly 
reduced despite the similar protein level of STAT3, indicating 
that ACE is also capable of suppressing the activation of 
STAT3 (Fig. 4A and B).

Regulation of IL-6/STAT3 signaling by ACE suggests 
its potential as a therapeutic agent against various liver 
diseases related to IL-6/STAT3 inflammatory responses. 
Identification of the constituents responsible for the STAT3 
inhibition and unveiling of underlying molecular mechanism 
remain to be elucidated.
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