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in Cervical Cancer Cell Line

Ratih D. Yudhani', Riza N. Pesik?, Dono Indarto’
'DepartmentofPharmacology, FacultyofMedicine, SebelasMaret University, Surakarta, Indonesia
“Department of Pathology, Faculty of Medicine, Sebelas Maret University, Surakarta, Indonesia
‘Department of Physiology, Faculty of Medicine, Sebelas Maret University, Surakarta, Indonesia

Abstract

Cervival cancer is one of the top rank of gynecological malignancy in the world, leading to high
morbidity and mortality rates. Cisplatin is a chemotherapeutic agent that is generally used to treat
cervical cancer but the use of this drug is limited because of serious side effects. Metformin, a diabetic
drug, decreases not only blood glucose levels but also cell viability of some cancer cells. The aim of
this study was to investigate the anti-proliferative effect of combination metformin and cisplatin in
HeLa cells (cervical cancer cell line). Anti-proliferative effect of these combined drugs was analized
using MTT assay, combination index assay and HeLa cell morphology. Inhibitory concentration (IC, )
of cisplatin and metformin was determined before performing combination index assay. Administration
of 10 mM metformin showed inhibition of HeLa cell proliferation and it reached 50% inhibition of cell
proliferation at 60 mM. Whilst, cisplatin showed a stronger anti-proliferative effect with initial inhibition
dose at 12 uM and IC,  dose at 44 uM. Combination of 30 mM metformin and 5 pM cisplatin indicated
the strongest anti-proliferative effect on HeLa cell. In conclusion, metformin may become a promising
drug for treatment of cervical cancer in future which enhances anti-proliferative effect of cisplatin.
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Peningkatan Efek Anti-Poliferatif Cisplatin oleh Metformin pada
Cell Line Kanker Serviks

Abstrak

Kanker serviks merupakan salah satu keganasan ginekologi tertinggi di dunia, dengan tingkat morbiditas
dan mortalitas yang tinggi. Cisplatin merupakan obat kemoterapi yang umum digunakan untuk terapi
kanker serviks, namun penggunaannya relatif terbatas karena menyebabkan beberapa efek samping
yang serius. Metformin merupakan obat anti diabetik yang mampu menurunkan kadar glukosa darah dan
juga mampu menurunkan viabilitas beberapa jenis sel kanker. Penelitian ini bertujuan untuk mengetahui
efek anti-proliferasi kombinasi metformin dan cisplatin pada sel HeLa (cell line kanker serviks). Efek
anti-proliferasi kombinasi kedua senyawa tersebut dianalisis melalui MTT assay, combination index
assay dan morfologi sel HeLa. Nilai inhibitory concentration (IC,)) metformin dan cisplatin pada sel
HeLa ditentukan lebih dahulu sebelum melakukan combination index assay. Pemberian metformin 10
mM mulai menunjukkan penghambatan proliferasi sel HeLa dan penghambatan proliferasi sel mencapai
50% pada dosis 60 mM. Cisplatin menunjukkan efek anti-proliferasi yang lebih kuat dengan dosis awal
penghambatan sebesar 12 uM dan IC, sebesar 44 uM. Kombinasi antara metformin 30 mM dan cisplatin
5 uM memperlihatkan efek anti-proliferatif terkuat pada sel HeLa. Sebagai kesimpulan, metformin
kemungkinan menjadi obat yang menjanjikan untuk terapi kanker serviks di masa mendatang dengan
cara meningkatkan efek anti-proliferasi cisplatin.
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Introduction

Cervical cancer is the second highest
gynecological malignancy around the world,
which the incidence rate is approximately a
half million per year and the mortality rate
is nearly 275 million per year.! In Indonesia,
however, cervical cancer remains the first
highest gynecological malignancy and still
becomes a reproductive health problem. New
cases of this cancer are estimated around 40
million per year.?

Chemotherapy is one of the main therapies
for inhibition of cervical cancer cells.
Cisplatin, a platinum-containing drug, has
recently been recommended as the first line
chemotherapeutic agent for treating advanced
cervical cancer.’ However, administration of
this drug frequently results in serious adverse
effects such as neurotoxicity, nephrotoxicity
and bone marrow suppression.** Although
cisplatin exhibits a growth inhibitory activity,
this drug shows an individual response and
high resistance in some patients with cervical
cancer.’

Metformin or N’, N’-dimethylbiguanide
is recognized as a standard drug for diabetes
type 2, which reduces blood glucose levels
with minimally hypoglycemic effects and
minimal risk for lactic acidosis.® In addition
to the diabetic activity, metformin also
exhibits anticancer activity via activation
of the AMP-activated protein kinase
pathway, modulation of mTOR signaling,
and inhibition of cell division.”'> Recent
studies have indicated that administration of
metformin can inhibit proliferation of some
cancer cells in the breast, prostate, colon,
endometrium, ovary and brain in different
mechanisms of action.>'®  Moreover,
metformin administered to cervical cancer
cell line (HeLa) induces apoptosis in dose
dependent manner with the IC, , 60 mM."

In the last decade, development of cancer
therapy has provided an opportunity to
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combine a chemotherapy agent with other
drugs in order to enhance its therapeutic effect
and to minimize its adverse effects. Metformin
for instance may enhance anti-proliferative
effect of some chemotherapy drugs. Recent
studies have reported that combination
of doxorubicin (cytotoxic agent) and
metformin is able to kill various breast and
thyroid cancer cells including cancer stem
cells.”® Therefore, the aim of this study
was to investigate anti-proliferative effect of
combination of metformin and cisplatin in
HeLa cancer cells.

Methods

All chemicals used in this study were
obtained from Invitrogen unless otherwise
stated. Cisplatin solution was purchased
from Kalbe Farma, Jakarta. HeLa cell line
was obtained from cell stocks at Parasitology
Laboratory, Faculty of Medicine, University
of Gadjah Mada, Yogyakarta. Materials
required for growing the HeLa cell such
as DMEM powder, fetal bovine serum,
fungizone, penstrep and 0,25% (W/v) trypsin
EDTA were purchased from Gibco whilst
4-(2-hydrocyethyl)-piperazine-ethane)
sulphonic acid (HEPES) was from Sigma
Aldrich, USA and bicarbonate sodium was
from Nacalai Tesque. Phosphate Buffer Saline
solution was purchased from Invitrogen.
Sodium dodecyl sulphate, chloric acid and
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl
tetrazolium bromide (MTT) wused for
proliferation assay was obtained from Merck,
Germany.

Cell Culture

HeLa cell line was grown in DMEM
supplemented with 10% (v/v) heat-inactivated
FBS, 2% (v/v) penstrep and 0.5% (v/v)
fungizone. Cells were maintained at 37 °C in
a humidified incubator (Heracus HERA cell)
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with 5% CO2 atmosphere.

Inhibitory Concentration (IC,)) of Cisplatin
and Metformin

Cisplatin solution was diluted in a complete
cell medium to get 100, 50, 25, 12, 6, 3, 1.5
and 0.75 uM final concentration. Meanwhile,
a series of metformin dilution (80, 40, 20, 10,
5 and 2.5 mM) was performed by adding the
complete cell medium as well. The complete
cell medium served as zero concentration of
cisplatin or metformin dilution. Once HeLa
cell culture has reached 80% confluence, it
was seeded in a 96 well plate (SPL®) and
incubated at 37 °C for 24 hours. Following
day, cell medium was replaced with fresh
DMEM added with the various concentrations
of diluted cisplatin or metformin.

MTT proliferation assay

Harvested HeLa cells were seeded into a 96
well plate with 1x10* cell concentration/well.
The HeLa cell was put into three wells and
the fourth well contained medium only which
served as a negative control. Seeded cells
were then incubated at 37 °C in a 5% CO,
incubator and cells were treated with 0.05%
(w/v) MTT after 6 hour time point. After that,
cells were added with 20% (w/v) SDS in 20
mM HCI and incubated at room temperature
for overnight before reading it in a Bio-Rad
spectrophotometer with optical density 595
nm.

Combination index assay

Cisplatin solution was diluted in the complete
cell medium to get 5, 10, 15 and 30 pM final
concentration while metformin was diluted
in the same medium to get 7,5; 15; 22,5
dan 30 mM concentration. Once HeLa cell
culture has reached 80% confluence, it was
seeded into a 96 well plate and incubated
at 37 °C for 24 hours. Following day, cell
medium was replaced with fresh DMEM
added with various doses of combination of
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diluted metformin and cisplatin. According
to Cancer Chemoprevention Research Center
(2009), combination of two chemicals has a
synergetic effect if its combination index (CI)
value is 0.3-0.7 and 1.45-2.33 CI value for
antagonist effect.?’

Data analysis

Percentage of cell proliferation was
calculated by using formula from Cancer
Chemoprevention Research Center.?!

(Treatment absorbance — Medium only absorbance)

1 0,
(Control cell absorbance — Medium only absorbance) * 100%

IC,, cisplatin was determined by using
regression linear equation (y =bx +a) between
logarithm of cisplatin concentration and
percentage of cell proliferation. Combination
index (CI) of cisplatin and metformin was
calculated by using formula:

D1 D2

Dx1 = Dx2

where D1 and D2 were combined dosages
of cisplatin and metformin to obtain 50%
inhibition of cell growth whereas Dx1 and
Dx2 were individual dose of cisplatin or
metformin for obtaining 50% inhibition of
cell growth.

CI

Results

In this study, cell proliferation assay was
used to evaluate the anti-proliferative effect
of metformin and cisplatin alone in HeLa
cell line. A similar pattern of inhibition of
cell growth was observed in HeLa cells
treated with both drugs (Figure 1A&B).
Initial inhibition of cell growth appeared in
HeLa cells treated with 10 mM metformin
and 12 puM cisplatin. By increasing drug
doses, higher inhibition of cell proliferation
was observed in HeLa cell treated with
cisplatin compared to HeLa cell treated with
metformin. Meanwhile, administration of 60
mM metformin and 44 uM cisplatin could
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Figure 1 Proliferation Rate of HeLa Cells Treated with Various Doses of Metformin and Cisplatin

HeLa cells with 1 x 10*cell concentration/well were cultured into a 96 well plate for 24 hours. Following day, the HeLa cells
were treated with (A) 0-80 mM metformin and (B) 0-100 uM cisplatin. Cell proliferation was determined by using MTT pro-
liferation assay. Data were presented in means+SD in three independent experiments

inhibit 50% HeLa cell growth respectively.
CI assay was then performed to evaluate
whether ornot co-administration of metformin
in HelLa cell treated with cisplatin has a
synergistic effect. In Table 1, administration
of various doses of metformin and cisplatin
in HeLa cells showed different effects.
Lower doses of metformin (7.5 and 15 mM)
appeared to have variable effects to HeLa cell
when combining with 5-30 uM cisplatin. In
the lowest dose of cisplatin, addition of 7.5
or 15 mM metformin in HeLa cells showed a
border line effect. Lower doses of metformin
combined with 10, 15 or 30 pM cisplatin
had an antagonist effect in HeLa cells except
combination of 7.5 mM metformin and 30

UM cisplatin had a synergetic effect. Whilst,
a synergetic effect was observed in HeLa cell
treated with higher doses (22.5 and 30 mM)
of metformin and 5-30 uM cisplatin.

Based on differential effects of
administration of metformin and cisplatin in
HeLa cell, we microscopically evaluated the
HeLacell proliferation. Figure 2 demonstrated
that inhibition of cell proliferation was
observed in HelLa cells treated with
combination of metformin and cisplatin. A
higher anti-proliferative effect was found in
HeLa cell treated with 7.5 mM metformin and
10 uM cisplatin, compared with untreated
HeLa cells (Fig.2A&B). Moreover, dead
HeLa cells were detected among viable HeLa

Table 1 CI Value of Administration of Metformin and Cisplatin in HeLa cells

. Cisplatin (nM)
Metformin (mM)
5 10 15 30
7.5 0.93 2.32%* 1.19 0.73
15 0.97 1.53 1.52 1.41
22.5 0.36 0.56 0.51 0.64
30 0.34* 0.36 0.69 0.48

*lower CI value ; ** higher CI value
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Figure 2 Morphology of HeLa Cells was Treated with Co-administration of Metformin and Cisplatin

for 24 hour Incubation

(a) HeLa cell with no treatment of metformin and cisplatin (negative control). (b) HeLa cell was incubated with a combination
of 7.5 mM metformin and 10 uM cisplatin and (c) 30 mM metformin and 5 uM cisplatin respectively. Images were generated
by using a light microscope with 100x magnification. Green arrow indicated viable cells and red arrow indicated dead cells

cells. Meanwhile, administration of 30 mM
metformin and 5 pM cisplatin in HeLa cell
has higher inhibition of cell proliferation than
administration of 7.5 mM metformin and 10
uM cisplatin and negative control (Figure
2A-C). In addition, dead cells are as equal as
viable cells (Figure 2C).

Discussion

Chemotherapeutic ~ agents  which  are
administered alone or combination have
been considered as the first line therapy for
inhibiting growth of some cancer cells. We
have demonstrated that metformin is able
to inhibit HeLa cell proliferation in dose
dependent manner. Because IC,  metformin is
high, it is unlikely to a administer metformin
alone to avoid its side effects and toxicity. In
addition during this study administration of
30 mM metformin and 5 uM cisplatin has a
better inhibitory effect against HeLa cells,
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compared with administration of 7.5 mM
metformin and 10 pM cisplatin. We speculate
that the different effect of metformin
administration may suggests that this drug
has a different mechanism of action.
Anticancer activity of metformin varies
in some cancer cells. As reported by Xiao
et al. (2012), three cervical cancer cell
lines (C33A, CaSki, and Mel80) have IC,
less than 10 mM and other cervical cancer
cells (HeLa, MS751, and HT-3) have IC,,
more than 20 mM after 72 hour incubation.?
Interestingly, another study has indicated that
administration of 0.1 mM metformin for 24
hours is able to supress 50% of HeLa cell
growth.? An inhibitory effect of metformin
is also observed in some thyroid cancer cell
lines, which incubated with various doses
of metformin for 24-72 hours.'® During 24
hour incubation, a higher dose of metformin
(>40 mM) was required for inhibition of cell
proliferation of thyroid cancer cell lines.
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After 48—72 hour incubation, administration
of 20 mM metformin reduced cell viability
of thyroid cancer cell lines up to 50% or
more. In liver cancer cell line (Hep-G2),
administration of 20 mM metformin also
inhibits 50% of cancer cell growth.” The IC_
metformin used in these studies is lower than
that of in our study. The discrepancy of these
results might be related to cancer cell type,
high number passage, incubation time and
complexity of metformin biological effects.

In the present work, we demonstrated that
metformin induced cell death and enhanced
the anti-proliferative effect of cisplatin in
HeLa cell line (Figure 2). It might be through
the same pathway as demonstrated in thyroid
cancer cell line and in ovarian cancer cell line
or the different pathway as observed in breast
cancer cell line.'®?>2¢ Induction of cell death
by metformin is partly mediated by activation
of caspace 3 in the intrinsic pathway.'®?
Whereas in breast cancer cells treated with
metformin, cell death occurred via ERK
signaling, which increases expression of p53
and Bax family.?

Interestingly, all of our data suggest
that combination of the highest dose of
metformin and the lowest dose of cisplatin is
more effective to inhibit cell growth and to
induce cell death than combination of other
doses of metformin and cisplatin. In line with
this finding, a recent study has demonstrated
that administration of 10 mM metformin
and 5 uM cisplatin decreases effectively cell
viability of thyroid cancer, compared with
administration of 5 puM cisplatin alone.'
Overall, this indicates that metformin exerts
its anti-proliferative effect in HeLa cells by
inducing cell death.

Metformin administered in gynecological
cancer cellsalsomodulates energy metabolism
through activation of AMP-activated protein
kinase (AMPK) and inhibition of mammalian
target of rapamycin (mTOR), leading to
reduction of protein synthesis, apoptosis
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and autophagy.”’?® Xiao and her colleagues
reported that administration of metformin
induces apoptosis and autophagy in some
cervical cancer cell lines excluding HeLa
cell via AMPK activation in the presence of
tumour suppressor LKB1.® A recent study has
also demonstrated that metformin-activated
AMPK reduces not only cell proliferation and
protein synthesis but also angiogenesis and
metastases in nude mice injected with ovarian
cancer cells.”® Therefore, further investigation
is required whether or not the AMPK/mTOR
pathway implicates in cell death in HelLa
cells of our study, which were treated with
combination of metformin and cisplatin.

Although combined treatment with
metformin (>22.5 mM) and cisplatin (5-30
uM) had synergistically anti-proliferative
effects on HeLa cells, the antagonist effect of
both drugs was observed in HeLa cells with
metformin dosages are lower than or equal 15
mM (Table 1 and Figure 2). The similar effect
of this combined treatment is also reported in
gastric and brain cancer cells.’**! Treatment
with 5 or 10 mM metformin and 5 pM
cisplatin diminished inhibition of cell growth
and induction of apoptosis in the human
gastric cancer cell line (MKN-45).%° Besides
this findings, researchers also documented
that the antagonistic effect of these drugs is
related to overexpression of survivin, mTOR
and protein kinase B (Akt).** Up regulation
of these genes and proteins are also found in
cancer cell line in the brain and other gastric
cancer cell lines.!*

Therefore, it is not surprising if survivin
and Akt are essential proteins for mediating
cisplatin resistance in gastric cancer.”’ In
order to elucidate antagonistic property
of combinational therapy of metformin
and cisplatin in HeLa cells, investigation
of survivin, mTOR and Akt is required.
Moreover, metformin-induced cell death in
HeLa cells might partly be through AMPK
independent pathway.
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Conclusions

Metformin may become an adjuvant therapy,
which works synergistically with cisplatin to
treat cervical cancer even though combination
of <I5 mM metformin and cisplatin results
in antagonist effects. Analysis of cell cycle
and apoptosis and Western blotting will
be useful for addressing mechanism of
metformin action in cervical cancer cells in
future. Expression of survivin, mTOR and
Akt genes or proteins are very important for
determination of antagonism of this combined
therapy.
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