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ORIGINAL ARTICLE

Alantolactone exhibits selective antitumor effects in HELA
human cervical cancer cells by inhibiting cell migration and
invasion, G2/M cell cycle arrest, mitochondrial mediated
apoptosis and targeting Nf-kB signalling pathway
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Summary

Purpose: Cervical cancer is responsible for significant mor-
tality and morbidity across the globe. Owing to the adverse
effects of the currently used chemotherapy, research is di-
rected to develop effective and safer chemotherapy for cervi-
cal cancer. This study was therefore designed to examine
the effects of Alantolactone (AL) against a panel of human
cervical cancer cells (HeLa, C4-1, MEK-180, C33A) and a
normal cell line (HCerEPiC).

Methods: Cell viability was examined by WST-1 assay. Cell
migration and invasion were examined by transwell assay.
Cell cycle analysis was performed by flow cytometry. Apop-
tosis was detected by annexin V/propidium iodide (PI) and
DAPI staining. Western blot analysis was used to examine
protein expression.

Results: The results revealed that AL inhibits the growth of
the all the cervical cancer cells in a concentration -dependent

Introduction

Cervical cancer is the third most commonly di-
agnosed malignancy in women with approximately
0.5 million women being diagnosed annually, ac-
counting around 9% of all newly diagnosed cancers
[1]. Cervical cancer is generally treated with hyster-
ectomy, radiotherapy and chemotherapy, and caus-
es around 0.3 million deaths annually [2]. Although

manner and exhibited the lowest ICso of 15 uM against the
HeLa cervical cancer cells. The anticancer effects of AL were
due to induction of mitochondrial mediated apoptosis. AL
caused enhancement in the expression of apoptosis regula-
tory proteins such as caspase 3 and Bax in cervical cancer
cells. AL not only prompted the accumulation of the cervi-
cal cancer cells in the G2/M phase of the cell cycle but also
inhibited the expressions of various cyclins. Transwell assay
revealed that AL suppresses the migration and invasion of
cervical cancer cells. Moreover AL could also block the NF-kB
signalling pathway concentration-dependently.

Conclusions: It is concluded that AL may serve as an im-
portant lead molecule for the development of therapy for
cervical cancer.
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surgery may prove beneficial at early-stage cervi-
cal cancer, most of the cases are diagnosed when
the disease has already metastasized. Radiotherapy
employed for the treatment of advanced cervical
cancer causes adverse effects such as skin reac-
tions, pain and lymphodeama to name a few [3] that
impair the quality of the patient’s life [4]. Owing to
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all these factors, the development of efficient thera-
py for cervical cancer is the need of the hour. Natu-
rally occurring compounds with anticancer effects
have attained attention due to their lower toxicity
[5]. Among natural products, plants have served as
an amazing repository of anticancer drugs. Based
on the structure of the plant metabolites (generally
referred to as secondary metabolites), they are clas-
sified into different categories [6]. Sesquiterpene
lactones form a very diverse group of plant sec-
ondary metabolites abundantly reported from the
family asteraceae [7]. These sesquiterpene lactones
have been shown to exhibit a diversity of bioactivi-
ties including anticancer activity [8]. Because of
the potent anticancer effects some of the sesquit-
erpene lactones have even made it to clinical tri-
als [9]. This has further reinforced more researches
that focus on evaluating the anticancer effects of
novel sesquiterpene lactones. Alantolactone (AL)
is an important sesquiterpene lactone prevalently
found in the plants belonging to family asteraceae
[10]. Although AL has been shown to suppress the
growth of different types of cancer cells [11], there
is hardly any report on the anticancer effects of AL
on the cervical cancer cells. The main purpose of
the current study was to investigate the anticancer
effects of AL in HeLa human cervical cancer cells
along with evaluating its effects on cell migration
and invasion, cell cycle phase distribution, cell apo-
ptosis, and Nf-kB signalling pathway.

Methods

WST-1 cell viability and colony formation assay

The anticancer effect of AL was assessed on met-
astatic cervical cancer cells by WST-1 assay. In brief,
the various cervical cancer cells and HCerEPiC normal
cells were cultured at a density of 2.5x105 cells/well in
96-well plates and subjected to treatment with varied
concentrations of AL. This was followed by incubation
of the HeLa cells with WST-1 for 3 h at 37°C and the
proliferation rate was determined by evaluating the ab-
sorbance at 450 nm by using ELISA reader.

4’,6-diamidino-2-phenylindole (DAPI) and annexin V/PI
staining for apoptosis

The HeLa cervical cancer cells (0.6x10°) were grown
in 6-well plates. Following an incubation period of
around 12 h, HeLa cells were subjected to AL treatment
for 24 h at 37°C. As the cells sloughed off, 25 pl cell cul-
tures were put onto glass slides and subjected to staining
with DAPI. The slides were covered with a cover slip and
examined with a fluorescent microscope. Annexin V/PI
staining was performed as previously described [12].

Cell cycle analysis

After incubating the cervical HelLa cells with varied
concentrations of AL (0, 4, 8 and 16 pM) for 24 h, the

cells were washed with phosphate buffered saline (PBS).
Afterwards, the HeLa cells were stained with PI and the
distribution of the cells in cell cycle phases was assessed
by FACS flow cytometer.

Cell migration and invasion assay

The migration and invasion HeLa cancer cells were
examined by transwell chamber assay. In brief, 1x10*
HelLa cells were seeded in the upper chamber of the tran-
swell (8 pm pore size polycarbonate filters). The upper
chambers were filled only with medium and the bottom
chambers with nearly 200 ml of cell culture were incu-
bated for 24 h. Swabbing was performed to remove the
non-invaded cells from the upper surface. The invaded
cells on the lower surface were subjected to fixation with
methanol for about 35 min, followed by staining with
crystal violet (0.5%) for about 50 min, subjected to wash-
ing with PBS and finally counted under light microscope
(5 fields).
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Figure 1. A: Chemical structure of Alantolactone (AL).
B: WST-1 assay showing the effects of AL on the viability
of the HeLa and normal HCerEPiC cells. The values are the
mean+SD of three experiments (p<0.05).

Table 1. The ICs of Alantolactone against different cervi-
cal cancer and normal cell lines

S. No. Cell line ICso
1 C33A 30
2 MEK-180 30
3 C4-1 30
4 Hela 15
5 HCerEpiC (normal cells) 86
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Western blotting

The HeLa cells were firstly subjected to washing
with ice-cold PBS, suspended in a lysis buffer at 4°C and
then shifted to 95°C. Thereafter, the protein content of
each cell extract was checked by Bradford assay. About,
40 pg of protein were loaded from each sample and
separated by SDS-PAGE before being shifted to polyvi-
nylidene fluoride membrane. The membranes were then
subjected to treatment with tris-buffered saline (TBS)
and exposed to primary antibodies at 4°C. Thereafter, the
cells were treated with appropriate secondary antibodies
and the proteins of interest were visualised by enhanced
chemiluminescence reagent.

Statistics

All the experimental data is stated as mean + SD.
One-way analysis of variance (ANOVA) for analysing
data and Student’s-Newman-Keuls test for multiple com-
parisons were used. Statistically significant difference
was set at p<0.05.

Results

AL selectively inhibits the growth of cervical cancer
cells

The growth inhibitory effects of AL (Figure
1A) on the cervical cancer cells were assessed on
HeLa cervical cancer cell line and normal cell line
(HCerEPiC) by WST-1 assay. It was found that that
AL triggers anti-proliferative effects on these cell
lines (HeLa, C4-1, MEK-180, C33A) (Table 1). The
maximum anti-proliferative effects were observed
against the HeLa cells with an ICs, of 15 pM (Fig-

Control 7.5uM

15 M

Figure 2. DAPI staining showing nuclear morphology of
the AL-treated HeLa cells. The experiments were performed
in triplicate. AL led to cell apoptosis as indicated by its
tendency to induce cell shrinkage, chromatin condensation
and nuclear fragmentation.
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ure 1B). Nonetheless, the ICs, of AL was found to be
comparatively higher against the normal HCerEPiC
cervical cells (IC5,>86 pM) (Figure 1B). In addition,
it was found that the anticancer effects of AL on the
cervical cancer cells were concentration-dependent.

AL induces apoptosis in cervical cancer cells

To examine if AL induces apoptosis in the
HeLa cancer cells, DAPI staining was performed
which showed remarkable changes in the nuclear
morphology and membrane blebbing of these cells
(Figure 2). Annexin V/PI staining of HeLa cells car-
ried out at varied concentrations of AL showed that
that the apoptotic cell populations increased from
1.26% in the control to around 27.55% at 30 pM of
AL (p<0.05) (Figure 3). The apoptosis was further
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Figure 3. Percentage of the apoptotic HeLa cells at in-
dicated concentrations of AL as depicted by annexin V/PI
staining. The results indicate that AL increased the percent-
age of apoptotic cells dose-dependently. The experiments
were performed in triplicate.
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Figure 4. Effect of AL on the expression of Caspase-3, Bax
and Bcl-2 in HeLa cells as depicted by western blot analy-
sis. The results indicate that AL led to caspase-3 and Bax
activation but downregulated the expression of Bcl-2. The
experiments were performed in triplicate.
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confirmed by the increased expression of caspase
3, cleaved caspase-3 and Bax and decreased expres-
sion of the Bcl-2 in HelLa cells (Figure 4).

AL causes the G2/M arrest of cervical cancer cells

The effects of AL on the distribution of HeLa
cells in various cell cycle phases were assessed by
flow cytometry. It was found that AL caused re-
markable increase in the percentage of the Hela
cells in the G2 phase of the cell cycle. The per-
centage of HeLa cells in the G2 phase increased
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Figure 5. Cell cycle phase distribution of HelLa cells upon
treatment with varied concentrations of AL as depicted by
flow cytometry. AL induced G2/M phase cell cycle arrest in
HeLa human cervical cancer cells. The experiments were
performed in triplicate.
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Figure 6. Inhibition of migration of HeLa cells by AL at
indicated concentrations as depicted by transwell assay. The
values represent the mean+SD of three independent experi-
ments (*p<0.05).

from 15.2 to 31.8 % upon treatment with 30 pM AL
(p<0.05) (Figure 5). These results clearly indicate
that AL induces G2/M cell cycle arrest of the cervi-
cal cancer cells.

AL inhibits cell migration and invasion of HeLa cancer
cells

Next, the effect of AL on the migration and
invasion of the HeLa cancer cells was investigated
by wound healing and transwell assays. The results
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Figure 7. Inhibition of invasion of the HeLa cells by AL
at indicated concentrations as depicted by transwell assay.
The values represent the mean+SD of three experiments
(p<0.05).
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Figure 8. Western blot analysis showing concentration-
dependent inhibition of the NF-kB expression in HeLa cells
upon treatment with varied concentrations of AL. The val-
ues show the mean+SD of three independent experiments
(*p<0.05).
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showed that at ICy,, AL could inhibit the migration
of the HeLa cancer cells (Figure 6). Similar trend
was observed in the case of cell invasion (Figure
7).

AL inhibits the NF-kB signalling pathway

Next, we sought to know the effects of AL on
the NF-kB signalling pathway of HeLa cells. It was
revealed that AL caused significant decline in the
expression of the NF-kB and these inhibitory ef-
fects of AL exhibited a dose-dependent trend (Fig-
ure 8).

Discussion

Cervical cancer has been reported to be the sec-
ond most common type of cancer in women across
the world [13]. Since the clinical outcomes are far
from satisfactory and the treatment options have
anumber of side effects, the identification of novel
anticancer molecules and subsequent development
of efficient and safer treatment regimens for clini-
cal cancer are required [2,3]. Herein, we examined
the anticancer potential of AL and found that AL
exerted growth inhibitory effects on all the cervi-
cal cancer cell lines. Nonetheless, the cytotoxic ef-
fects of AL were comparatively negligible against
the normal cervical cells, indicating the cancer cell
specific activity of AL. Studies carried out previ-
ously have also reported that AL inhibits the prolif-
eration of breast cancer cells [14]. Next, we sought
to know the probable mechanism for the anticancer
activity of AL and therefore we carried out DAPI
staining which clearly showed membrane bleb-
bing and induction of apoptotic cell death. The an-
nexin V/PI staining showed that the apoptotic cell
populations increased concentration-dependently.
The apoptotic cell death of HeLa cervical cancer
cells was confirmed by examining the expression
of marker proteins of apoptosis. It was found that
AL treatment prompted increase in the expression
of Bax and cleavage of caspase 3. Moreover, the ex-
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pression of Bcl-2 was considerably downregulated.
These results are also in concordance with previous
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Conclusion

Alantolactone inhibits the proliferation of
cervical cancer cells by triggering cell cycle arrest
and apoptosis. It also inhibits the migration and
invasion of cervical cancer cells by modulating the
NF-kB signalling pathway. As such Alantolactone
may prove beneficial for the development of cervi-
cal cancer therapy and warrants further studies.

Conflict of interests

The authors declare no conflict of interests.

as the necessary but not sufficient basis of public health
practice. Prev Med 2017;98:3.

4. Arbyn M, Castle PE. Offering self-sampling kits for
HPV testing to reach women who do not attend in the

regular cervical cancer screening program. Cancer Epi-
demiol Prev Biomarkers 2015;24:769-72.

5. Newman DJ, Cragg GM. Natural products as sources of



Alantolactone has anticancer properties against HelLa cervical cancer cells

2316

10.

11.

12.

new drugs from 1981 to 2014. ] Nat Prod 2016;79:629-
61.

Harvey AL, Edrada-Ebel R, Quinn R]. The re-emergence
of natural products for drug discovery in the genomics
era. Nat Rev Drug Discov 2015;14:111.

Zhang S, Won YK, Ong CN, Shen HM. Anti-cancer
potential of sesquiterpene lactones: bioactivity and
molecular mechanisms. Curr Med Chem-Anti-Cancer
Agents 2005;5:239-49.

Rodriguez E, Towers GH, Mitchell JC. Biological ac-
tivities of sesquiterpene lactones. Phytochemistry
1976;15:1573-80.

Ghantous A, Gali-Muhtasib H, Vuorela H, Saliba NA,
Darwiche N. What made sesquiterpene lactones reach
cancer clinical trials?. Drug Discov Today 2010;15:668-
78.

Lee JY, Kim SB, Chun ] et al. High body clearance and
low oral bioavailability of alantolactone, isolated from
Inula helenium, in rats: extensive hepatic metabolism
and low stability in gastrointestinal fluids. Biopharma-
ceut Drug Disposition 2016;37:156-67.

Chun J, Li R], Cheng MS, Kim YS. Alantolactone selec-
tively suppresses STAT3 activation and exhibits potent
anticancer activity in MDA-MB-231 cells. Cancer Lett
2015;357:393-403.

Hua F, Li CH, Chen XG, Liu XP. Daidzein exerts antican-
cer activity towards SKOV3 human ovarian cancer cells

13.

15.

16.

18.

19.

by inducing apoptosis and cell cycle arrest, and inhibit-
ing the Raf/MEK/ERK cascade. Int ] Molec Medicine
2018;41:3485-92.

Piver MS, Rutledge F, Smith JP. Five classes of extended
hysterectomy for women with cervical cancer. Obstetr
Gynecol 1974;44:265-72.

Chun J, Li R], Cheng MS, Kim YS. Alantolactone selec-
tively suppresses STAT?3 activation and exhibits potent
anticancer activity in MDA-MB-231 cells. Cancer Lett
2015;357:393-403.

Liu J, Liu M, Wang S et al. Alantolactone induces apop-
tosis and suppresses migration in MCF 7 human breast
cancer cells via the p38 MAPK, NF kB and Nrf2 signal-
ing pathways. Int J Molec Medicine 2018;42:1847-56.

Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis
2000;21:485-95.

Zhao P, Pan Z, Luo Y et al. Alantolactone induces apop-
tosis and cell cycle arrest on lung squamous cancer SK-
MES-1 cells. ] Biochem Mol Toxicol 2015;29:199-206.
Zehavi L, Schayek H, Jacob-Hirsch J, Sidi Y, Leibowitz-
Amit R, Avni D. MiR-377 targets E2F3 and alters the
NF-kB signaling pathway through MAP3K7 in malig-
nant melanoma. Mol Cancer 2015;14:68.

Aliarab A, Abroon S, Rasmi Y, Aziz SG. Application of
sesquiterpene lactone: A new promising way for cancer
therapy based on anticancer activity. Biomed Pharma-
cother 2018;106:239-46.

JBUON 2019; 24(6): 2318





