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Artemisia capillaris Thunb. inhibits cell growth and induces apoptosis
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SUMMARY

Artemisia capillaris (A. capillaries) is known to play roles in many cellular events, such as cell
proliferation, differentiation, and apoptosis. We investigated the antifibrogenic efficacy of A.
capillaris in the immortalized human hepatic stellate cell line LX2. Cell proliferation was
determined by the MTT assay. Cell cycle was analyzed by the flow cytometry. Apoptotic cells
were measured using a cell death detection ELISA. Caspase activity was detected by a
colorimetric assay. The mRNA level of Bcl-2 and Bax mRNA were measured by real-time PCR.
MEK and ERK protein were detected by Western blot analysis. We provide evidence that A.
capillaris induces cell cycle arrest, apoptosis, and potently inhibits the mitogen-activated
protein kinase pathway. A. capillaris inhibited cell proliferation of LX2 cells in a dose- and
time-dependent manner, increased the apoptosis fraction at cell cycle analysis with an
accompanying DNA fragmentation, and resulted in a significant decrease in Bcl-2 mRNA levels
and an increase in Bax expression. Exposure of LX2 cells to A. capillaris induced caspase-3
activation, but co-treatment of A. capillaris with the pan-caspase inhibitor Z-VAD-FMK, and
the caspase-3 inhibitor Z-DEVE-FMK, blocked apoptosis. A. capillaris down-regulated Mcl-1
protein levels and inhibited phosphorylation of MEK/ERK, suggesting that it mediates cell
death in LX2 cells through the down-regulation of Mcl-1 protein via a MEK/ERK-independent
pathway.
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INTRODUCTION

Liver fibrosis is a common response to chronic

liver injury due to viral, metabolic, genetic, and

cholestatic liver disease, and hepatic stellate cells

(HSCs) are the primary cellular source of matrix

components in chronic liver disease. HSCs

therefore play a critical role in the development

and maintenance of liver fibrosis (Friedman,

1993; Friedman, 2000). Cell adhesion, migration,

proliferation, and apoptosis are central to many

pathological processes involving tissue remodeling,

including liver fibrosis, inflammation, angiogenesis,

cancer growth, and metastasis. In liver fibrosis,

through the binding of certain growth factors,

cytokines, matrix metalloproteinases, and processing

enzymes, activated HSCs produce an extracellular

matrix that provides cells with positional information

and a mechanical scaffold for adhesion and

migration (Friedman, 2003). For example, fibroblast

activation protein mediates enhancement of HSC

adhesion and migration, and apoptosis facilitates

tissue remodeling in chronic liver injury (Wang et

al., 2005). 

The pathogenesis of fibrosis may be modulated

by the apoptotic susceptibility of transforming activated

HSCs (Gong et al., 1998), which have an essential

role in both fibrogenesis and fibrolysis (Gressner,

1998). Activation and proliferation of HSCs is central

to fibrogenesis while apoptosis of HSCs is associated

with the resolution of fibrosis (Iredale, 2001; Issa et

al., 2001). Thus the inhibition of HSC apoptosis

could serve as a target for antifibrotic strategies

(Cales, 1998). Peptide mass fingerprinting of a

purified, soluble mediator in conditioned medium

from immortalized human hepatocytes demonstrated

that gelsolin fragments play a role in the apoptosis

of an immortalized human HSC line (LX2) via a

caspase-dependent mechanism. These data indicate

that a soluble mediator is involved in HSC growth

regulation (Basu et al., 2006).

Artemisia capillaris Thunb. (A. capillaris) is a

traditional Oriental medicinal herb that has been

used in many cultures for numerous indications,

including liver ailments; in Korea, various liver

diseases have been treated with A. capillaris. Studies

in animal models showed that A. capillaris has

hepatoprotective effects (Pan et al., 1998; Koo et al.,

2002), and it has been used for the treatment of

hypertension, respiratory disease, and chronic

cervicitis (Hu et al., 2000). Pretreatment with A.

capillaris was shown to inhibit ethanol-induced

cytotoxicity, the secretion of interleukin-1α and

tumor necrosis-α, and ethanol-induced apoptosis

in a human liver carcinoma cell line (HepG2) (Koo

et al., 2002).

We investigated the antifibrogenic potency and

the mechanism of action of A. capillaris in LX2

cells. We provide evidence that a water extract of

A. capillaris induces cell cycle arrest and apoptosis,

and potently inhibits the mitogen-activated protein

kinase (MAPK) pathway.

MATERIALS AND METHODS

Extraction of A. capillaris

One hundred grams of A. capillaris and 1 L

distilled water were placed into a round-bottomed

flask fitted with a condenser and a heated mantle,

and boiled for 3 h. The resulting water extract was

filtered through Whatman No. 1 filter paper and

was reduced using a rotary evaporator (Buchi,

Flawil, Switzerland). The concentrated extract was

freeze-dried (EYELA, Tokyo, Japan) and stored at

4°C in a vacuum container until use. The final

weight was 14.02 g (14.02% of natural product).

Cell culture

Immortalized human HSCs (LX2) were used as

previously described (Xu et al., 2005) and cultured

in Dulbecco’s modified Eagle’s medium (Gibco,

Grand Island, NY, U.S.A.) containing 1% fetal

bovine serum, 100 units/ml penicillin, and 100

µg/ml streptomycin. Cells were incubated at

37°C in a humidified atmosphere of 5% CO2 in

95% air.
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MTT assay

Cell proliferation was measured with Cell Titer 96

Aqueous One Solution (Promega, Madison, WI,

U.S.A.). Cells were seeded at 1 × 104 cells/well in 96-

well plates and incubated with several concentrations

of A. capillaris (0 – 500 µg/ml) at 37°C for 24, 48,

and 72 h. Cell viability was determined by a

colorimetric assay with PMS/MTS solution. The

absorbance was determined at 492 nm with

background subtraction at 650 nm.

Cell cycle analysis

Cells were plated at a density of 5 × 105 cells in 6-

well plates and incubated with several concentrations

of A. capillaris (0 – 500 µg/ml) for 72 h. After

incubation, cells were harvested by trypsinization

and washed with phosphate-buffered saline (PBS).

Cell pellets were resuspended in 0.3 ml of PBS,

fixed with 0.7 ml of cold 100% ethanol, and placed

at 4°C. Cells were washed with PBS and

resuspended with 0.5 ml PBS. The cell suspension

was incubated with 10 µL of RNase A (10 mg/ml)

at 37°C for 1 h and stained with 20 µL of propidium

iodide (1 mg/ml). Flow cytometric analysis of

DNA content was performed using a FACScalibur

(Becton Dickinson Immunocytometry Systems,

San Jose, CA, U.S.A.) and analyzed using Modfit

cell cycle analysis software (Verity Software House,

Topsham, ME, U.S.A.).

Apoptosis assay

For determining apoptosis in LX2 cells, the

quantification of apoptotic cells was measured using

the cell death detection ELISAplus (Roche Molecular

Biochemicals, Mannheim, Germany). Cells were

plated at a density of 1 × 104 cells/well in 96-well

plates. The cells were allowed to attach for 24 h,

and then incubated with several concentrations of

A. capillaris (0 – 500 µg/ml) for 72 h. After

incubation, the wells were lysed with 0.2 ml (1 ×

104 cells) lysis buffer at room temperature for 30

min and the lysate was centrifuged at 200 × g for 10

min. Apoptotic cells in 20 µL cell lysates were

assayed for DNA fragments using the cell death

ELISAplus according to the manufacturer’s protocol.

DNA fragmentation was measured at 405 nm

against an untreated control.

Measurement of caspase-3 protease activity

The enzymatic activity of caspase proteases was

measured using the caspase colorimetric protease

assay sampler kit (BioVision, Mountain View, CA,

U.S.A.). LX2 cells were plated at a density of 2 × 106

cells/ml in 100-mm tissue culture dish and incubated

with A. capillaris (500 µg/ml) for 0, 6, 24, and 48 h.

Cells were harvested by trypsinization, added to

50 µL of lysis buffer, chilled on ice for 10 min, and

centrifuged at 12,000 × g for 1 min. The supernatants

were harvested and the protein concentration was

determined by the BCA protein assay method

(Pierce, Rockford, IL, U.S.A.). The activities of

caspase-3-like proteases were measured by proteolytic

cleavage of substrate (DEVD-pNA; caspase-3

substrate). This colorimetric substrate was added

to cell lysates and incubated at 37°C for 2 h in the

dark; color was measured with a microplate reader

at 405 nm. Caspase-3 activities were determined by

direct comparison with the level of the uninduced

control.

Caspase inhibitor assay

Cells were seeded at a density of 1 × 104 cells/well

in 96-well plates. After preincubation with several

concentrations of the pan-caspase inhibitor, Z-VAD-

FMK, or a caspase-3-specific inhibitor, Z-DEVD-

FMK (R&D Systems, Minneapolis, MN, U.S.A.),

for 2 h, 500 µg/ml A. capillaris was added and cells

were cultured for a further 72 h. Cell viability was

determined by a colorimetric assay with PMS/

MTS solution. The absorbance was determined at

492 nm with background subtraction at 650 nm.

RNA extraction and real-time PCR procedures

Total RNA was purified from cultured cells using the

RNA-Bee solution kit following the manufacturer’s

protocol (Tel-Test, Friendswood, TX, U.S.A.). First-
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strand cDNA synthesis was then made using 1 µg

of RNA with a reverse transcriptase system

(Promega). Reverse transcription was primed using

random hexamers. The sequences for the gene-

specific primers were Bcl-2, 5’-CTTTGAGTTCGG-

TGGGGTCATGTG-3’ and 5’-TGACTTCACTTGT-

GGCCCAGATAGG-3’ (275 bp); Bax, 5’-GCATC-

GGGGACGAACTGG-3’ and 5’-GTCCCAAAGTA-

GGAGAGGA-3’ (306 bp); and β-actin, 5’-CTTCTA-

CAATGAGCTGCGTG-3’ and 5’-TCATGAGGTAG-

TCAGTCAGG-3’ (305 bp). Real-time PCR was

performed with the Chromo4 Detector real-time

system (Bio-Rad, Hercules, CA, U.S.A.) using 2 µL

of cDNA in a 20 µL reaction mixture of 10 µL

SsoFast™ EvaGreen® supermix (Bio-Rad), 2 µL of

primers, and 6 µL of PCR-grade water. The reaction

was performed with a denaturation step at 95°C for

30 s, followed by 45 cycles at 95°C for 5 s, and 55°C

to 58°C for 12 s. The crossing point of Bcl-2, Bax with

β-actin was applied to the formula, 2-(target gene-β actin),

and the relative amounts were quantified.

Immunoblot analysis

Cells were plated at 2 × 106 cells in a 100-mm

culture dish. The following day, cells were treated

with A. capillaris in a dose-dependent manner for

72 h. After treatment, cells were washed with cold

PBS and lysed using lysis buffer [20 mM Tris-HCl

(pH 7.5), 150 mM NaCl, 1 mM Na2EDTA, 1 mM

EGTA, 1% Triton, 2.5 mM sodium pyrophosphate,

1 mM β-glycerophosphate, 1 mM Na3VO4, 1 µg/ml

leupeptin] containing 1 mM PMSF. The protein

concentration was determined by means of the

BCA protein assay according to the manufacturer’s

protocol. Thirty micrograms of protein was

fractionated on 12% SDS-PAGE and transferred by

electrophoresis onto a nitrocellulose membrane.

The membranes were blocked with 5% nonfat dry

milk for 1 h at room temperature and incubated

with anti-ERK1, anti-phospho-ERK1/2 (Thr 202),

anti-MEK-1/2, anti-phospho-MEK-1/2 (Ser 218/

Ser 222), Mcl-1, and b-actin antibody (Santa Cruz

Biotechnology, Santa Cruz, CA, U.S.A.) at a 1:250

dilution with Tris-buffered saline containing 0.05%

Tween 20 (TBS-T) for 1 h. After washing with TBS-T

for 1 h, the membranes were treated with horseradish

peroxidase-conjugated secondary antibody diluted

1:2,500 with TBS-T for 1 h at room temperature.

After washing the membranes with TBS-T for 1 h,

proteins were detected using the Enhanced

Chemiluminescence Kit (Santa Cruz Biotechnology).

Statistical analysis

Values are expressed as the mean ± SD. Student’s

t-test was used to evaluate differences between the

control and A. capillaris-treated samples. The effect

of the caspase inhibitors on cell viability was estimated

by measuring the differences between the A.

capillaris-, and the A. capillaris/caspase inhibitor-

treated samples. *p < 0.05 and **p < 0.01 were

considered statistically significant.

RESULTS

A. capillaris inhibits cell proliferation in LX2 Cells

The effect of A. capillaris on cell proliferation was

measured using the MTT assay. A. capillaris inhibited

proliferation of LX2 cells in a dose- and time-

dependent manner (Fig. 1).

Fig. 1. A. capillaris inhibited the proliferation of LX2
cells. LX2 cells were treated with various
concentrations of A. capillaris (0 – 500 µg/ml) for 24,
48, and 72 h. Cell viability was determined by the
MTT assay. The data represent the mean ± SD of
triplicate samples. *p < 0.05 and **p < 0.01 compared
to control.
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A. capillaris induces apoptosis during cell cycle

progression of LX2 Cells 

Following A. capillaris treatment for 72 h, flow

cytometry showed a dose-dependent increase in

the apoptosis phase and a decrease in the G1 phase

of the cell cycle of LX2 cells (Fig. 2).

A. capillaris induces caspase-3 activation in LX2

Cells

Induction of apoptosis by A. capillaris was

evaluated using a cell death detection ELISA. LX2

cells were treated with different concentrations

(50–500 µg/ml) of A. capillaris for 72 h. Apoptosis

was increased in a dose- and time-dependent manner

with A. capillaris (Fig. 3). Caspase-3 activity also

increased in a dose- and time-dependent manner

due to A. capillaris treatment (Fig. 4). Pretreatment

of cells with the pan-caspase inhibitor Z-VAD-FMK

and the caspase-3 inhibitor Z-DEVD-FMK increased

A. capillaris-induced proliferation as measured by

the MTT assay (Fig. 5).

A. capillaris causes changes in the expression of

pro- and anti-apoptotic mRNA in LX2 Cells

The levels of Bcl-2 and Bax mRNAs were examined

Fig. 2. A. capillaris increased the percentage of LX2
cells in the apoptosis phase of the cell cycle. LX2 cells
were cultured with various concentrations of A.
capillaris (0 – 500 µg/ml) for 72 h. Cells were harvested,
treated with RNAsin, and stained with propidium
iodide. The DNA content was analyzed by flow
cytometry. The percentages of cells in apoptosis and
G0/G1 phases are indicated.

Fig. 3. A. capillaris induced apoptosis in LX2 cells.
LX2 cells were cultured with various concentrations of
A. capillaris (0 – 500 µg/ml) for 72 h. Apoptotic cells were
measured using a cell death detection ELISA. The data
represent the mean ± SD of three independent exper-
iments. *p < 0.05 and **p < 0.01 compared to control.

Fig. 4. A. capillaris enhanced caspase-3 activation in
LX2 cells. Cells were cultured with A. capillaris in a
dose- and time-dependent manner. The enzymatic
activity of caspase proteases was measured by a
caspase colorimetric assay. The data represent the
mean ± SD of three independent experiments. *p <
0.05 and **p < 0.01 compared to control.
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by real-time PCR. The mRNA level of Bcl-2 decreased,

while that of Bax increased in a time- and dose-

dependent manner in LX2 cells treated with A.

capillaris (Fig. 6). 

A. capillaris inhibits the RAF/MEK/ERK signaling

pathway in LX2 Cells

RAF kinases are best known as key regulators

of the MEK/ERK cascade. Changes in the phos-

phorylation levels of key proteins in the RAF/

MEK/ERK pathway in LX2 cells were determined

by Western blot analysis to evaluate the effect of A.

capillaris (Fig. 7). High concentrations (250 µg/ml,

500 µg/ml) of A. capillaris inhibited phos-

phorylation of MEK and ERK, and decreased the

production of Mcl-1 protein in LX2 cells (Fig. 7).

DISCUSSION

A. capillaris is known to play roles in many cellular

events, such as cell proliferation, differentiation,

and apoptosis. We found that A. capillaris inhibited

cell proliferation in LX2 cells, in accordance with

other studies reporting that five herbs did so in a

dose-dependent manner (Chor et al., 2005). Our

results showed that A. capillaris increased the

apoptosis phase of the cell cycle and enhanced

apoptotic cell death in LX2 cells. Taken together,

these data suggest that A. capillaris not only inhibits

Fig. 6. Effect of A. capillaris on the expression of pro-
and anti-apoptotic mRNAs in LX2 cells. LX2 cells
were cultured either with different concentrations of
A. capillaris for 72 h or with 500 µg/ml A. capillaris
for different times. mRNA levels were measured by
real-time PCR. The crossing point of Bcl-2, Bax with
β-actin was applied to the formula, 2-(target gene-β actin),
and relative amounts were quantified. The data
represent the mean ± SD of three independent
samples. *p < 0.05 and **p < 0.01 compared to
control.

Fig. 7. A. capillaris inhibited the RAF/MEK/ERK
signaling pathway and down-regulated Mcl-1 levels
in LX2 cells. LX2 cells were cultured with different
concentrations of A. capillaris for 72 h. The cells were
lysed and 30 µg of soluble protein was separated by
electrophoresis on a SDS-PAGE gel. Protein was
detected by Western blot analysis.

Fig. 5. A. capillaris-induced apoptosis was restrained by
caspase inhibitors in LX2 cells. LX2 cells were treated
with A. capillaris (500 µg/ml) in the presence or
absence of Z-VAD-FMK (25 – 100 µM) or Z-DEVD-
FMK (25 – 100 µM) for 72 h. Cell viability was
measured using the MTT assay. Values are the mean
± SD of three independent experiments. *

p < 0.05 and
**p < 0.01; A. capillaris-treated cells compared to A.
capillaris and caspase inhibitor-treated cells. 
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LX2 cell growth and blocks cell cycle progression

at the G1 phase, but also induces apoptosis. A

previous study reported a decrease in the number

of the HSC cell line T6 in the G1 phase and an

accumulation of cells in the sub-G0/G1 phase after

incubation with herbal extracts; Salvia miltiorrhiza

demonstrated the strongest apoptotic effects of the

five herbs used (Chor et al., 2005).

To investigate the molecular mechanism underlying

the apoptosis of LX2 cells, we assessed caspase

activity during A. capillaris-treatment. Caspases

are central mediators in the process of apoptosis.

We found that treatment of LX2 cells with A.

capillaris increased intracellular caspase-3 activity.

This finding was confirmed by experiments using

the pan-caspase inhibitor Z-VAD-FMK and the

caspase-3-specific inhibitor Z-DEVD-FMK, which

enhanced A. capillaris-mediated cell proliferation.

These results suggest that A. capillaris-induced

apoptosis of LX2 cells is mediated by caspase

activation.

We investigated the levels of pro- and anti-

apoptotic mRNA in LX2 cells treated with A.

capillaris and found enhanced expression of pro-

apoptotic Bax, and reduced expression of anti-

apoptotic Bcl-2. These results suggest that both

decreased Bcl-2 expression and increased Bax

expression are mediating the apoptotic activation

of A. capillaris. In HSCs treated with inchin-ko-to

(TJ-135), an increased expression of p53, a

decreased expression of Bcl-2, and a decreased

amount of phosphorylated Akt and Bad were

observed. Hepatic stellate cell apoptosis is

involved in the mechanism of spontaneous

resolution of rat hepatic fibrosis; TJ-135 induced

HSC apoptosis and experimental hepatic fibrosis

in rats (Ikeda et al., 2006). Apoptosis induced by

aloe emodin (a hydroxyanthraquinone present

in aloe vera leaves) in rat hepatic stellate cells

transformed by simian virus 40 (t-HSC/Cl-6)

resulted in an increase in the expression of the

Bax protein, while the expression of Bcl-2 was

unchanged. Aloe emodin treatment caused

apparent DNA fragmentation and the activation

of capase-3 and caspase-9. These data indicate an

increased ratio of Bax/Bcl-2 expression may be

associated with aloe emodin-induced apoptosis,

and that caspase-3 and caspase-9 activation and

the increase in Bax expression are closely linked

(Lian et al., 2005). 

We demonstrated that high concentrations of A.

capillaris (250 µg/ml, 500 µg/ml) down-regulated

the anti-apoptotic protein Mcl-1 and inhibited

MEK and ERK phosphorylation in LX2 cells. This

indicates that A. capillaris is able to inhibit RAF

kinase and thus block the MEK/ERK signaling

pathway in LX2 cells. These results suggest that

A. capillaris down-regulates Mcl-1 protein levels

through a MEK/ERK-independent pathway. The

mechanism underlying A. capillaris-induced Mcl-

1 down-regulation may be at the level of

translation. Mcl-1, an anti-apoptotic member of

the Bcl-2 family, has been shown to be an

important factor for apoptosis resistance in

hepatocellular carcinomas (Fleischer et al., 2006;

Sieghart et al., 2006). 

The MAPK pathway is a key signaling

mechanism that regulates many cellular functions

such as cell growth, transformation, and

apoptosis (Rubinfeld and Seger, 2005). The

MAPKs can mediate apoptotic signaling induced

by antineoplastic agents (Fan and Chambers,

2001), and ERK-dependent activation of the Bcl-2

family can have a pro-apoptotic effect on HSCs

(Saile et al., 2004). ERK, c-Jun NH1-terminal

kinase, and p38 MAP kinase constitute three

major subfamilies of MAP kinases that appear to

mediate cellular responses, including proliferation,

differentiation, and apoptosis (Davis, 1993).

Induction of cell death can be mediated via

activation of ERK1 or 2 (Stanciu et al., 2000; Wang

et al., 2000).

In conclusion, we demonstrated that A. capillaris

inhibits the growth of LX2 cells by caspase activation

and induction of apoptosis. The study of the

growth-inhibitory effect of A. capillaris in LX2 cells
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will contribute to an increased understanding of

the effects of natural herbs on liver diseases, and

provide information about the involvement of

critical intracellular signaling pathways. The inability

of enforced activation of MEK/ERK to prevent

Mcl-1 down-regulation suggests that A. capillaris

down-regulates Mcl-1 protein levels through a

MEK/ERK-independent pathway. These results

suggest that A. capillaris is a candidate for further

in vitro and in vivo study.
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