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1-O-acetylbritannilactone combined with gemcitabine
elicits growth inhibition and apoptosis in A549
human non-small cell lung cancer cells
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Abstract. Non-small-cell lung cancer (NSCLC) accounts for
~85% of all lung cancer cases, with a 5-year survival rate of
<15%. 1-O-acetylbritannilactone (ABL), a natural chemical
component obtained from inula britannica,a Chinese traditional
medicine, has been demonstrated to have anticancer activity. In
the present study, the antiproliferative and proapoptotic abilities
of ABL alone or in combination with gemcitabine in a human
NSCLC cell line were investigated. A549 cells were treated in
vitro with ABL, gemcitabine, and a combination of ABL and
gemcitabine for 72 h. The results demonstrated that ABL and
gemcitabine inhibited cell growth and induced apoptosis of
A549 cells. These effects were more potent following the combi-
nation of ABL and gemcitabine treatment than either agent
alone. Furthermore, the signal transduction analysis revealed
nuclear factor (NF)-kB expression was significantly decreased
by ABL and the combination treatment. The inhibitor nuclear
factor kBa (IkBa) and Bax levels were upregulated whereas
Bcl-2 was substantially downregulated following treatment. The
present findings suggest that ABL combined with gemcitabine
elicits potent apoptosis of lung cancer cells and therefore, ABL
has the potential to be developed as a chemotherapeutic agent.

Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide. Non-small-cell lung cancer (NSCLC) accounts for
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~85% all cases of lung cancer (1,2), and commonly develops
resistance to chemotherapy and radiotherapy, often presents at
stages too late for surgical intervention, resulting in a five-year
survival rate of <15% (3).

In the past three decades, several chemotherapeutic agents
(such as platinum, gemcitabine and pemetrexed) and molec-
ular-targeted agents (such as erlotinib and bevacizumab) have
been put into clinical trials. Combination chemotherapy is the
preferred standard care of patients with advanced NSCLC, as
it can improve patient survival (4).

Gemcitabine (2',2'-difluorodeoxycytidine) is one of the
most effective chemotherapeutic agents against NSCLC (5-8).
It has been used as a single antitumor agent or in combination
with other cytotoxic agents for solid tumor types, including
ovarian and pancreatic cancer (9,10).

Inula britannica is a commonly used Chinese traditional
herbal medicines and its extracts have been reported to
have immunomodulatory (11,12), anti-inflammatory (13)
and antitumor activities (14-16). 1-O-acetylbritannilactone
(ABL) is an effective chemical component extracted from
inula britannica. Previous studies have suggested that ABL
has anti-inflammatory (13) and anticancer (17-19) activities,
and therefore has the potential to be developed as a chemo-
therapeutic agent. ABL is able to elicit apoptosis of human
breast cancer cells and inhibit the growth of human leukemia
cell lines in vitro (17-19). However, the effectiveness of ABL
alone or in combination with gemcitabine, one of the first-line
chemotherapeutic agents for lung cancer, remains unknown.
The present study was conducted to investigate the effect
and mechanism of ABL combined with gemcitabine on cell
growth and apoptosis in human NSCLC A549 cells in vitro.

Materials and methods

ABL. ABL (purity,>99%) was isolated from Inula britannica-F.
var chinensis Regel and the structure of ABL was determined
spectroscopically, as has previously been reported (20).

Cell culture. The A549 human NSCLC cell line (American
Type Culture Collection, Manassas, VA, USA) was cultured in
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RPMI-1640 containing 10% fetal calf serum (FCS), 100 U/ml
penicillin and 100 pg/ml streptomycin, and maintained in a
humidified atmosphere of 95% air and 5% CO, at 37°C. The
cells were passaged to ensure exponential growth.

Cell proliferation assay. The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; Sigma Chemicals Co.,
St Louis, MO, USA) assays were performed to evaluate cell
growth and viability following treatment with ABL and/or
gemcitabine in RPMI-1640 medium containing 10% FCS. The
cells were seeded (1x10* cells/well) in 96-well plates at 37°C
with 5% CO, for 72 h. MTT reagent (5 mg/ml) was added to
each well and the cells were incubated for an additional 4 h. The
reaction was terminated with 150 1 dimethylsulfoxide (Sigma
Chemicals Co.,) per well. Absorbance values at 490 nm were
determined by using an ELISA reader (Model 680; Bio-Rad,
Hercules, CA, USA).

Analysis of cell apoptosis by flow cytometry. The cells were
seeded (4x10° cells per well) in 6-well plates in RPMI-1640
medium for 24 h. The medium was removed and cells were
washed with phosphate-buffered saline (PBS); ABL and/or
gemcitabine was then added. Following 72 h, the cells were
detached by 0.02% EDTA and fixed overnight in 70% ice-cold
ethanol at 4°C. Prior to flow cytometric analysis, the fixed cells
were centrifuged at 1,800 x g for 10 min, washed twice with
PBS and resuspended in propidium iodide (PI) staining solu-
tion containing 5 pg/ml PI and 200 pg/ml RNase A (Sigma
Chemicals Co.). Using a FACScan flow cytometer (FCM-500;
Beckman Coulter Inc., Los Angeles, CA, USA), cell apoptosis
analysis was performed on 10,000 cells for each sample.

Western blot analysis. The cellular lysates were separated
by 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and electro-transferred onto nitrocellulose
membranes. Following blocking with 5% non-fat milk in
TBST (20 mm Tris-buffered saline, 150 mm NaCl, 0.2%
Tween-20, pH 7.6), the membranes were incubated with
specific anti-nuclear factor (NF)-«xB p65, anti-Bcl-2, anti-Bax,
anti-inhibitor nuclear factor kBa (IkBa) or anti-B-actin (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) antibodies
at room temperature for 2 h, and subsequently with 1:4,000
horseradish peroxidase-conjugated goat anti-mouse secondary
antibody (Santa Cruz Biotechnology, Inc.) for 1 h, immunore-
active bands were visualized by enhanced chemiluminescence
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) kit.
B-actin (BD Biosciences, San Diego, CA, USA) was used to
normalize the quantity of the protein on the blot.

Statistical analysis. Data are presented as the mean + stan-
dard deviation. Differences among the groups were identified
by analysis of variance for multiple comparisons, followed
by Bonferroni post hoc analysis for the least significant
difference. P<0.05 was considered to indicate a statistically
significant difference.

Results

Effect of ABL, gemcitabine and their combination on cell
growth in A549 cells. To examine the effect of ABL on
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cell growth, the A549 human non-small-cell lung cancer
cell line was treated with increasing concentrations of
ABL (1.25-20 uM) for 72 h. As demonstrated in Fig. 1A,
the cell growth inhibitory effect of ABL was observed in a
dose-dependent manner. The effect on proliferation inhibition
reached plateau at 10 yM. The inhibitory effect at 20 uM,
49.5% (P<0.001) was comparable to that at 10 M. This result
indicated that ABL is an effective inhibitor of non-small-cell
lung cancer cell growth as a single agent. In another experi-
ment, treatment with ABL was set at 10 M to ensure the
maximal inhibitory effect of this compound. In addition,
the effect of gemcitabine (0.001-10 yxg/ml) on cell growth
was examined in vitro and it was identified that gemcitabine
inhibited the proliferation of A549 cells with a strong potency
(the inhibitory rate was 62.6% at 10 uM of gemcitabine).
Subsequently, the A549 cell lines were co-treated with ABL
and gemcitabine. The concentrations of ABL and gemcitabine
were 10 uM and 10 pg/ml, respectively, due to the similar
inhibitory effect observed at these dosages in the experiment
with each individually. The effect of co-treatment with ABL
and gemcitabine on cell proliferation was measured by an
MTT assay. Following 72 h of treatment, the combination of
the two agents enhanced the efficacy significantly (cell survival
rate, 30.2%) on the suppression of cell growth compared with
the control, ABL alone, or gemcitabine alone (survival rates at
100, 59.1 and 49.7%, respectively; Fig. 1B; P<0.001). The above
results demonstrate that ABL inhibited the cell growth in the
A549 cell line and this inhibitory effect was further enhanced
when used in combination with gemcitabine.

Effect of ABL alone or in combination with gemcitabine, on
A549 cell apoptosis in. The inhibitory effect of cell prolif-
eration may be caused by the induction of apoptotic cell
death. To elucidate the mechanism underlying this effect,
it was investigated whether ABL alone or in combination
with gemcitabine induced cell apoptosis and if so, whether
the combination leads to an increase in the rate of apoptosis.
The A549 cells were treated with ABL (10 xM) alone and
in combination with gemcitabine (10 xg/ml). Cell apoptosis
was examined by PI staining and FACS analysis. As demon-
strated in Fig. 2, <5% of the cells cultured with RPMI-1640
medium were apoptotic and following ABL-treatment at a
concentration of 10 M for 72 h, 30.4% of cells were apop-
totic (P<0.05), which was similar to that observed following
10 ug/ml gemcitabine-treatment for 72 h-treatment (31.4%
of apoptotic cells). Compared with the single treatment,
the combination of ABL and gemcitabine increased the
percentage of apoptotic cells (P<0.01). These findings suggest
that ABL has the ability to induce cell apoptosis in vitro and
this pro-apoptotic effect may also be markedly increased
following the addition of gemcitabine.

ABL alone and combined with gemcitabine suppresses
NF-kB activation. Next, the present study aimed to investi-
gate the change in the signaling pathway of NF-kB in lung
cancer cells, including nuclear p65 levels and transcription of
all NF-kB-regulated genes. It was identified that ABL alone
resulted in marginal suppression of NF-«kB expression (NF-xB
p65 protein level) as determined by western blot analysis.
When A549 cells were co-cultured with ABL and gemcitabine,
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Figure 1. Effect of ABL and gemcitabine alone or in combination on cell
growth in A549 cells determined by MTT. (A) Upper panel, ABL treatment;
Lower panel, gemcitabine treatment; and (B) the combination treatment.
The A549 cells (1x104 cells/well) were treated with increasing concentra-
tions of ABL (1.25-20 yM) or gemcitabine (0.001-10 pg/ml) for 72 h and
measured by MTT. The concentration of ABL (10 xM) and gemcitabine
(10 pg/ml) used in (B) was based on the results of (A). Data are expressed as
the mean + standard deviation of three experiments. "P<0.05 and “P<0.001.
ABL, 1-O-acetylbritannilactone; MTT, . 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide.

the NF-kB expression was also inhibited and the inhibitory
rate was notably more potent compared with treatment with
ABL alone (Fig. 3).

Treatment with ABL alone and combined with gemcitabine
downregulates Bcl-2, upregulates Bax and prevents degra-
dation of IkBa. To investigate the possible mechanism
underlying the enhanced cell apoptosis, the expression of
IkBa and NF-kB downstream molecules anti-apoptotic Bcl-2
and pro-apoptotic Bax was determined. Western blot analysis
(Fig. 4) demonstrated that the expression of Bcl-2 was signifi-
cantly downregulated in the combination group compared
with individual agent treatment group and RPMI-1640
medium control group (P<0.01), while the expression of Bax
markedly increased. The expression of IxkBa, which is the
inhibitory protein of NF-«kB activation, was subsequently
examined by western blot analysis. Following treatment by
ABL alone and in combination with gemcitabine for 72 h,
total IkBa expression levels were increased in the two groups.
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Figure 2. Effect of ABL, gemcitabine and their combination on cell apoptosis
in A549 cells determined by FACS. A549 cells (4)(105 cells/well) were incu-
bated with either ABL (10 #M) or gemcitabine (10 yg/ml) or in combination.
Following 72 h, cell apoptosis was examined by propidium iodide staining
and FACS analysis. The results are representative of three independent experi-
ments. “P<0.001 compared with the control. ABL, 1-O-acetylbritannilactone.
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Figure 3. Effects of ABL, gemcitabine and their combination on NF-KB
expression. Western blot analysis for NF-KB (p65 sub unit) in nuclear
extracts of A549 cells following 72 h treatment with cell medium, 10 yg/ml
of gemicitabine, 10 uM of ABL, or their combination. 3-actin protein was
used as an internal control. Densitometric measurement for NF-KB p65
protein levels was normalized to the internal control, and expressed as a
relative number. “P<0.01 and #P<0.001, compared with the control. ABL,
1-O-acetylbritannilactone; NF-KB, nuclear factor-KB.

Discussion

In the last 25 years, there has been an advance in the under-
standing of the characteristics of lung cancer. However,
progress in the treatment of this disease has been more limited
and novel therapies are required to reduce the effects of the
increasing incidence of lung cancer. In recent years, the natural
chemical compounds from various plants have been investi-
gated as potential antitumor drugs. As traditional Chinese
medicine has been used for hundreds of years, there has
been increasing interest in identifying novel antitumor agents
derived from these herbs. ABL is a natural product extracted
from inula britannica, which is a commonly used Chinese
traditional medicine. This compound has been reported to
exhibit anticancer activities in various cell lines in vitro
and is able to induce apoptosis of human breast cancer cells
and inhibit the growth of human leukemia cell lines (17-19).
However, to the best of our knowledge, the effect of ABL in
the A549 human non-small lung cancer cell line has not previ-
ously been investigated.

Considering that gemcitabine is one of the first-line
chemotherapy drugs for NSCLC, the effects of ABL alone and
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Figure 4. Expression of Bcl-2, Bax and IxBa following ABL, gemcitabine and the combination treatments. Western blot analysis of Bcl-2, Bax and IxkBa
expression in A549 cells treated with cell medium, 10 uM ABL, 10 yg/ml gemicitabine or their combination for 72 h. (A) The images are representa-
tive of three different experiments and show the relative intensities of Bcl-2, Bax and I-KkBa proteins. $-actin protein was used as an internal control.
(B-D) Densitometric measurement for these proteins levels was normalized to the internal control and expressed as a relative number. "P<0.05, “P<0.01. ABL,
1-O-acetylbritannilactone; Bcl-2, B cell lymphoma gene-2; IxkBa., inhibitor nuclear factor kBa.

in combination with gemcitabine were investigated in in vitro
assays in the present study. The antiproliferative activity was
observed in A549 cells in vitro following treatment with ABL
alone, gemcitabine alone, and in ABL and gemcitabine in
combination. By comparing the results of these three treat-
ment groups, it was observed that there was a synergistic
effect on the suppression of proliferation with the combina-
tion of ABL and gemcitabine. As it is well established that
the inhibitory effect of cell proliferation may be caused by the
induction of cell apoptosis, the percentage of apoptotic cells
in the treatment groups of ABL alone, gemcitabine alone and
in combination was also measured. A similar phenomenon
to the cell growth suppression assay was observed; treatment
with ABL or gemcitabine alone induced cell apoptosis and the
effect was significantly enhanced when the cells were treated
by a combination of the two.

The NF-«kB pathway is a key regulator of numerous cellular
events, including proliferation, differentiation and apoptosis, and
it is also associated with tumor development and progression. It
has been reported that NF-kB has bidirectional roles (inhibit or
promote) in cell apoptosis and the actual role depends on the
stimuli applied and the cell line used in the study. Using western
blot analysis, it was identified that the activation of NF-xB in

A549 cells was suppressed by treatment with ABL, which may
have promoted apoptosis in the tumor cells as was observed in
the present study. The effect following the combination of ABL
and gemcitabine was found to inhibit the activation of NF-kB,
which subsequently induced cell apoptosis. Further studies are
required to fully understand the underlying apoptotic mecha-
nism of the effects of ABL on A549 cells, including focusing
on the apoptosis execution molecules, such as caspase-3 or
caspase-8 to determine whether the caspase pathway is involved
in this apoptotic effect.

Mature NF-«B P65:P50 dimers are trapped in the cytoplasm
of unstimulated cells by interaction with the inhibitory protein,
termed IkBa. The IkB kinase (IKK) phosphorylates IxBa
proteins, thereby targeting them for rapid ubiquitin-dependent
proteolysis that initiates NF-kB activation (21,22). The
present study identified that all of the treatments (ABL alone,
gemcitabine alone and a combination of the two) were able to
upregulate the expression of IkBa in the A549 cells, which
maintained the NF-kB dimers sequestered in an inactive state
in the cytoplasm and protected the cell from apoptosis. The
activation of NF-kB may change the expression of a large
number of target genes, including Bcl-2. Bcl-2 family proteins
are associated with signal transduction in apoptosis and affect
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the chemosensitivity of tumor cells to anticancer agents (23).
It has been revealed that Bcl-2 and Bcel-xL (anti-apoptotic
protein) protect numerous cell lines from apoptosis induc-
tion, while Bcl-xS and Bax-a (pro-apoptotic protein) have
the opposite effect (24-26). In the present study, the levels of
NF-xB downstream molecules Bcl-2 and Bax were measured
to examine the possible mechanism underlying the induction
of cell apoptosis. The expression of Bcl-2 was significantly
downregulated whereas Bax was upregulated in all of the
treatment groups compared with the control group, and a
synergistic effect was observed following treatment with a
combination of the two agents. Several studies have reported
that agents that treat lung cancer may induce apoptosis via the
Fas/FasL system (27-29). In the present study, the expression
of the Fas/FasL system (Fas, soluble and membrane-bound Fas
ligand) in A549 cells co-treated with ABL and gemcitabine
was also detected. However, there was no significant difference
prior to and following the combination treatment. Therefore,
it is hypothesized that ABL alone and in combination with
gemcitabine may inhibit the NF-xB signaling pathway, which
is involved in the cell growth and apoptosis of A549 cells. The
increased levels of IkBa may inhibit NF-kB expression and
activation, and thus induce cell apoptosis. As a result the anti-
apoptotic Bcl-2 gene was downregulated and the proapoptotic
Bax protein was upregulated. Therefore, these results suggest
that the mechanism underlying the induction of apoptosis by
ABL alone and ABL combined with gemcitabine in A549
cells is by decreasing antiapoptotic gene (Bcl-2) and increasing
proapoptotic gene (Bax) expression, respectively.

In conclusion, ABL specifically targets the NF-«xB
pathway and significantly induces apoptosis in A549 human
non-small lung cells in vitro. This effect was significantly
enhanced when combined with gemcitabine. The present
study merits the further investigation of this compound, as it
may represent a novel chemotherapeutic agent in lung cancer
treatment if this compound has favorable in vivo pharmaco-
kinetic properties.
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