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Abstract

Purpose: To determine the anticancer effect of a pentacyclic triterpenoid, isomultiflorenol, against
human cervical cancer.

Methods: The proliferation of cancer cells was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay. Cell viability was measured with colony forming assay, while
flow cytometry was used to study phase distribution in cancer cell mitosis. Electron microscopy was
employed for the determination of autophagy induction in the cancer cells, while western blotting was
used to assay protein expressions.

Results: Isomultiflorenol significantly (p < 0.05) inhibited the proliferation and viability of cervical cancer
cells in a concentration-dependent manner. The ICsp of isomultiflorenol was 10 pM for HelLa cells, and
90 pM for normal EV304 cells. The anti-proliferative effects were exerted as a result of arrest of HeLa
cells at G2/M phase. The G2/M phase cells increased from 10.34 % in control to 30.21 % on treatment
with 20 pM isomultiflorenol. Furthermore, administration of isomultiflorenol led to induction of cancer cell
autophagy via mitochondrial apoptotic signaling.

Conclusion: Isomultiflorenol inhibits human cervical cancer cells in vitro by inducing cell cycle arrest
and autophagy. Thus, it is a potential lead molecule in the development of cervical cancer
chemotherapy.
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INTRODUCTION

predominant class of plant

secondary

Recent studies on natural compounds have
revealed that these compounds exhibit
tremendous medicinal and health-promoting
properties [1]. Natural compounds exert anti-
inflammatory, antimicrobial and antioxidant
properties [2]. Terpenoids are by far the most

metabolites [3]. A vast number of compounds
under the group of terpenoids have been shown
to possess strong anticancer properties [4]. They
markedly inhibited the proliferation of human
cancer cells in in vitro studies [5].
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Isomultiflorenol (Figure 1) is a pentacyclic
triterpenoid [6]. In a previous research, it was
demonstrated that isomultiflorenol type of
terpenoids were effective in inhibiting the
proliferation of number of human cancer cell lines
[7]. However, not much is known on the
antitumor effects of isomultiflorenol against
human cervical cancer. This is the basis of the
present study.
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Figure 1: Molecular structure of isomultiflorenol

Mortality from human cervical cancer is
considerable, and the disease is ranked as the
third most prevalent type of cancer in women [8].
In terms of mortality, it is ranked as the fourth in
cancer-related deaths among the female
population. Human papilloma viral infection is
one of the most dominant causes of cervical
cancer [8]. The currently-used treatment
strategies involve chemotherapy, radiotherapy
and HPV vaccinations [9]. However, available
information suggests that these anticancer
measures are not very efficient. Thus, there is
need for alternative treatment methods against
human cervical cancer. Against this backdrop,
the anticancer effect of isomultiflorenol against
cervical cancer, and the underlying mechanism,
were investigated in this study.

EXPERIMENTAL

Cell culture

The human cervical cancer cell line, HeLa and
normal endothelial cell line, ECV304 were
brought from the American Type Collection
Center (ATCC, USA). Cell culturing was done in
DMEM (Thermo Scientific). The medium was
supplemented with 10 % FBS and 100 U/mL
penicillin and 100 pg/mL streptomycin. A
humidified incubator was used for maintaining
the HelLa cells at 37 °C with 5 % COs..

Assessment of cell proliferation

To determine the effect of isomultiflorenol on the
proliferation of ECV304 normal cells and HelLa

cancer cells, 100 pL of their culture containing
about 2 x 10* cells were added to each well of
96-well plate. The wells were incubated with 5,
10, 20, 40, 80 and 120uM isomultiflorenol at 37
°C for 48 h. For each treatment, three replicates
were used. The wells were then incubated with
10 uyL MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (Thermo Scientific)
for 4 h at 37 °C. Thereafter, DMSO was added to
each well to dissolve the formazan crystals
formed. The plate was then put into a micro-plate
reader to record the absorbance of each well at
570 nm (ODs7). The absorbance values were
used for assessing the proliferation of the cells.

Determination of cell viability

The HelLa cancer cells were cultured with or
without 5, 10 or 20puM isomultiflorenol for 4 days
in 6-well plates, with three replicates for every set
up. HelLa cell cultures were then harvested and
fixed with methanol, after washing thrice with
PBS. The cells were then stained with 0.1 %
crystal violet, and relative colony numbers were
estimated photographically.

Flow cytometry

In the study of cell cycle phase distribution, the
HelLa cancer cells were cultured in 6-well plates
with or without 5, 10 or 20uM isomultiflorenol for
48 h at 37 °C. The cells were then harvested,
washed with PBS, and then fixed using
formaldehyde. Thereafter, they were stained with
the fluorescent stain of propidium iodide (PI,
Sigma-Aldrich), and a flow cytometer was used
to investigate the phase distribution of the PI-
stained cancer cells.

Transmission electron microscopy (TEM)

The HelLa cancer cells were inoculated into 6-
well plates at a density of 2x10* cells per well,
and were treated with isomultiflorenol at
concentrations of 5, 10 and 20 uM for 24 h. After
harvesting and washing with PBS, the cells were
fixed with 1 % osmium tetroxide, and dehydrated
using graded concentrations of ethanol. The
HelLa cells were then embedded in Embed812
resin. Thereafter, ultra-thin sections were
obtained using an ultramicrotome, and the slices
were post-stained and incubated with lead citrate
for electron microscopy. Microphotographs were
taken with the aid of transmission electron
microscope (GEM-1200ES, Japan).

Western blotting

After lysing with RIPA buffer, the cell lysates
were loaded on 8% SDS-PAGE gels. The
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separated proteins were transferred to PVDF
membranes, and the membranes were blocked
with 10 % BSA for 1 h at 37 °C, and incubated
overnight with diluted primary antibodies
designed for the specific proteins at 4 °C.
Thereafter, the membranes were incubated with
secondary antibody. The specific protein bands
were detected using high performance
chemiluminescence reagent. - Actin was used
as a standard.

Statistical analysis

Statistical tests, viz, t-test and one-way ANOVA
were performed using GraphPad Prism 5.0
software. When p value obtained was < 0.05, the
difference was considered statistically significant.
The data are presented as mean + standard
deviation (SD).

RESULTS

Isomultiflorenol selectively decreased the
proliferation of HeLa cancer cells

To check whether isomultiflorenol treatment led
to decreased proliferation of ECV304 and Hela
cell lines, the cell lines were treated with 5, 10,
20, 40, 80 and 120uM isomultiflorenol for 48 h.
Results from MTT assay revealed that the
proliferation of both cell lines declined
significantly (p < 0.05) in a concentration-
dependent manner (Figure 2). However, the
decline in proliferation of HeLa cancer cells was
significantly much more prominent than that of
ECV304, as was evident from their respective
ICso values. The ICso value was 10 uM for HelLa
cells, while it was approximately 90 uM for
normal EV304 cells. This indicates the selective
anti-proliferative effect of isomultiflorenol against
the human cervical cancer cells.

mEHela
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Figure 2: Isomultiflorenol selectively inhibited the
proliferation of cervical cancer cells. Percentage
proliferations of normal cell line (ECV304) and
cancerous cell line (HelLa) treated with 5, 10, 20, 40,
80 or 120 yM isomultiflorenol. The experiments were
performed in triplicate. Data are expressed as mean +
SD (*p< 0.05)

Isomultiflorenol decreased the viability of
HelLa cancer

The HelLa cancer cells were cultured with 5, 10
or 20 uM isomultiflorenol for 4 days and then
their colony forming potential was assessed. The
results indicated that isomultiflorenol, in a
concentration dependent manner, decreased the
colony-forming potential of HeLa cancer cells
(Figure 3). This suggests that isomultiflorenol
decreased the viability of cervical cancer cells.

Figure 3: Isomultiflorenol decreased the viability of
HeLa cancer cells. Analysis of colony-forming potential
of Hela cancer cells treated with 5, 10 or 20 yM
isomultiflorenol

Isomultiflorenol treatment led to cell cycle
arrest of HelLa cells at G2/M mitotic phase

In order to determine if the anti-proliferative role
of isomultiflorenol against the Hela cervical
cancer cells was due to induction of cell cycle
arrest, the HelLa cells were incubated with 5, 10
or 20uM isomultiflorenol, and then cultured for 48
h at 37 °C. Flow cytometric examination of HelLa
cells after Pl staining showed that the relative
percentage of HelLa cells in G2 phase increased
significantly (p < 0.05) with increase in
isomultiflorenol concentration (Figure 4A). These
results indicate that isomultiflorenol treatment
was effective in inducing G2/M cell cycle arrest.
This was further confirmed from the Western
blotting result for cyclin Bl which protein
concentration was seen to decrease with
increasing isomultiflorenol dose (Figure 4B).
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Figure 4: Isomultiflorenol induced G2/M phase cell
cycle arrest of HeLa cancer cells. (A) Flow cytometric
analysis of cell cycle phase distribution of Hela cancer
cells treated with 5, 10 or 20 uyM isomultiflorenol. (B)
Western blotting of cyclin B1 protein from Hela cancer
cells treated with 5, 10 or 20 pM isomultiflorenol

Autophagy was induced in HeLa cancer cells
treated with isomultiflorenol

Transmission electron microscopic (TEM) study
of HelLa cancer cells treated with 5, 10 or 20uM
isomultiflorenol indicated that the treatment led to
generation of autophagic vesicles, as was
evident from electron microphotographs (Figure
5). The presence of autophagic vesicles
suggested autophagy induction in HelLa cells
under isomultiflorenol treatment.

Figure 5: Isomultiflorenol induced autophagy in HelLa
cancer cells. TEM study of Hela cancer cells treated
with 5, 10 or 20 uM isomultiflorenol. Arrows depict
autophagic vesicles

Isomultiflorenol induced mitochondrial

apoptosis in HelLa cells

The expressions of p53, Bax and Bcl-2 proteins
were assayed in HelLa cancer cells treated with
5, 10 or 20 uM isomultiflorenol using Western
blotting, with B-actin gene as expression control.
The results indicated that the concentrations of
p53 and Bax proteins increased with increasing
concentrations of isomultiflorenol (Figure 6).
Moreover, the Bcl-2 protein concentration was
seen to decrease in a concentration-dependent

manner. These results suggest  that
isomultiflorenol treatment activated the
mitochondrial apoptotic signaling pathway,

thereby inducing autophagy in the cervical

cancer cells.

Isomultifiorencl (M)

0 5 10 20

Bax | e =

'ﬂ—*

Bel-2 |-._'? <

B-actin | —
Figure 6: Isomultiflorenol-induced autophagy was
modulated through mitochondrial apoptotic cell

signaling. Western blotting results for p53, Bax and
Bcl-2 proteins from Hela cancer cells treated with 5, 10
or 20 yM isomultiflorenol

DISCUSSION

The natural world with its vast diversity of
chemical entities provides a vast opportunity for
exploration of compounds of interest. Recently,
compounds from natural sources have been
explored for their beneficial effects on the human
health along with their potential for combating
different human ailments [10]. These studies
have led to the discovery of some very important
compounds, including artemisinin [11]. Moreover,
natural compounds have been studied for their
anticancer effects on different human cancers
[12]. A good number of reports have shown that
natural compounds are anti-proliferative agents
against human cancer cells, and are thus
effective in restricting cancer growth [13,14].
Similarly, the anti-cancer effect of isomultiflorenol
on human cervical cancer was investigated in the
present study. Human cervical cancer is one of
the most prevalent cancers in women, worldwide
[8].
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There are reports that anticancer agents
currently used against cervical cancer are not
very effective for complete cure of this disorder.
Hence, there is a need to evolve alternative ways
of treating cervical cancer. The present study
showed that isomultiflorenol treatment selectively
inhibited the proliferation of HeLa cancer cells.
Similar observations have been made for other
natural compounds against cervical cancer cells
in previous studies [15]. The decrease in
proliferation of HeLa cells by isomultiflorenol was
also evident from its effect on the colony-forming
potential of the HeLa cells. The decrease in cell
proliferation of HeLa cancer cells was due to the
induction of cell cycle arrest of cancer cells at
G2/M phase of the cell cycle. Inhibitory effects
have also been reported for other terpenoids
[16].

Isomultiflorenol was active in the induction of
autophagy in HelLa cancer cells. The induction of
autophagy was modulated through the
mitochondrial apoptosis signaling pathway. The
pS3 gene is normally maintained at low
expression levels. However, when it is over-
expressed, it leads to the downregulation of Bcl-2
family proteins Bcl-2 and Bcl-x, along with
enhancement of the pro-apoptotic protein Bax
[17]. Together, the increase in p53 and Bax
proteins and decrease in Bcl-2 protein act as
positive signal for induction of mitochondrial
apoptosis pathway. The results of the current
study have established that isomultiflorenol
induced autophagy in HeLa cancer cells through
the mitochondrial apoptosis pathway.

CONCLUSION

The results of the present study reveal that
isomultiflorenol exhibits anticancer effect against
human cervical cancer cells by inhibiting their
proliferation via autophagy induction driven by

mitochondrial apoptotic signal. Thus,
isomultifiorenol may be a beneficial lead
molecule for the development of efficient

chemotherapy for cervical cancer.
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