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Metformin synergistically enhances antiproliferative effects of
cisplatin and etoposide in NC1-H460 human lung cancer cells*

Metformina sinergicamente potencializa os efeitos antiproliferativos de
cisplatina e etoposideo em linhagem de células de cancer humano de
pulmio NCI-H460

Sarah Fernandes Teixeira, Isabella dos Santos Guimaries, Klesia Pirola Madeira,
Renata Dalmaschio Daltoé, lan Victor Silva, Leticia Batista Azevedo Rangel

Abstract

Objective: To test the effectiveness of combining conventional antineoplastic drugs (cisplatin and etoposide)
with metformin in the treatment of non-small cell lung cancer in the NCI-H460 cell line, in order to develop
new therapeutic options with high efficacy and low toxicity. Methods: We used the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay and calculated the combination index for the drugs studied.
Results: We found that the use of metformin as monotherapy reduced the metabolic viability of the cell line
studied. Combining metformin with cisplatin or etoposide produced a synergistic effect and was more effective
than was the use of cisplatin or etoposide as monotherapy. Conclusions: Metformin, due to its independent
effects on liver kinase B1, had antiproliferative effects on the NCI-H460 cell line. When metformin was combined
with cisplatin or etoposide, the cell death rate was even higher.
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Resumo

Objetivo: Testar a eficdcia da combinacio terapéutica de antineoplasicos convencionais (cisplatina e etoposideo)
com metformina em linhagem celular NCI-H460 de cancer de pulméo ndo pequenas células, a fim de desenvolver
novas possibilidades terapéuticas com eficacia superior e reduzida toxicidade. Métodos: Foi utilizado o ensaio
de brometo de 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazdlio (MTT) e calculado o indice de combinacdo dos
farmacos estudados. Resultados: Observamos que o uso de metformina em monoterapia reduziu a viabilidade
celular metabdlica da linhagem de células estudada. O uso de metformina em combinagdo com cisplatina ou
etoposideo foi sinérgico e superior a monoterapia com cisplatina ou etoposideo. Conclusdes: A metformina,
devido as suas acdes independentes em /iver kinase B1, apresentou atividade antiproliferativa na linhagem
NCI-H460 e, em combinacdo com cisplatina ou etoposideo, ampliou a taxa de morte celular.

Descritores: Carcinoma pulmonar de células ndo pequenas; Quimioterapia combinada; Metformina.

Introduction

Lung cancer (LC) is the most common and  cancer types that are different in histology, such

most deadly cancer worldwide."” In Brazil, LC
is one of the five most common cancer types,
according to estimates for 2012, and it is the
cancer type that took the most lives in 2010.?
With this data, it is evident that LC is a health
challenge in Brazil and worldwide. 1t is known
that 85% of all cases of LC are classified as
non-small cell LC (NSCLC), a group composed of

as adenocarcinoma, squamous cell carcinoma,
and large cell carcinoma, but that have similar
clinical and pathological characteristics.®*
Chemotherapy is used in patients staged as
M or 1V, in order to extend survival, control
the disease, and improve quality of life.®) In
general, platinum derivatives, such as cisplatin
and carboplatin, fulfill this role when combined
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with third-generation antineoplastic agents, such
as etoposide.® Unquestionably, combination
therapy is advantageous in cancer treatment,
because it makes it possible to attack multiple
molecular targets, with an increase in therapeutic
efficacy, a reduction in dosage, and a consequent
reduction in toxicity, as well as with a reduction
or delay in resistance phenotype acquisition.”

In this scenario, there is metformin, a biguanide
that is widely used as the first-line treatment for
patients with type 2 diabetes mellitus.® However,
since the 1970s, Dilman has suggested the use
of antidiabetic biguanides as anti-aging and
antineoplastic agents.®

In this context, the objective of the present
study was to determine whether there was
summation, synergism, or antagonism between
antineoplastic agents used in the treatment of
NSCLC and metformin, in the NCI-H460 cell line,
in order to evaluate new therapeutic options for
the treatment of NSCLC.

Methods

Initially, the NSCLC cell line NCI-H460, which
is a representative of the histologic group of large
cell carcinoma, was grown to subconfluence at
37°C and 5% CO, in RPMI 1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with
10% (v/v) bovine fetal serum (Gibco/Invitrogen,
Grand Island, NY, USA) and a stabilized solution
of penicillin (100 TU/mL), streptomycin (100 pg/
mL), and 0.5% (w/v) amphotericin B (Gibco/
Invitrogen). Provided through donations from
collaborators, cisplatin ((Incel, 1 mg/mL injectable
solution; Laboratdrio Darrow, Areal, Brazil),
etoposide (Posidon, 20 mg/mL injectable solution;
Piére, Buenos Aires, Argentina), and metformin
hydrochloride (Pharma Nostra, Rio de Janeiro,
Brazil) were diluted in 1x PBS.

In the in vitro cell metabolic viability test,
cells were grown at a density of 7.5 x 10* cells/
well in 96-well plates, and, after 24 h, they were
treated with each drug, in a dose-dependent
manner, for 24 h. Subsequently, the medium
was removed, 15 pL of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT;
Sigma-Aldrich) were added to 5 mg/mL in each
well, and the plates were incubated for 4 h.
Finally, 100 pL of analytical grade DMSO (Vetec,
Rio de Janeiro, Brazil) were added in order to
dissolve the formazan crystals. Therefore, the
production of formazan by mitochondrial succinate
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dehydrogenase activity reflects the proportion of
live cells undergoing oxidative stress caused hy the
drugs under investigation." In this experiment,
the absorbance values obtained from the wells of
untreated cells, i.e., cells exposed only to RPMI
1640 medium, represent 100% cell viability.
In vitro cytotoxicity was determined by the
estimate calculation of the values for inhibitory
concentration of 50% for cell proliferation (IC, )
on the basis of the dose-response curve for each
drug, after calculation of metabolic viability,
evaluated with the MTT assay (absorbance at 570
nm), by using a spectrophotometer. 1t is of note
that the experiments to obtain the dose-response
curves for each drug as monotherapy and estimate
the 1C,  values were performed in quadruplicate
in three independent experiments, whereas the
experiments to determine the combination index
were performed in triplicate in three independent
experiments. In addition, drug interaction was
assessed by analysis of the combination index,
the value of which was calculated by the classical
isobologram equation described by Chou & Talalay,
with the use of the CompuSyn software program,
version 1.0 (ComboSyn, Paragon, NJ, USA).!" In
this context, combination index values greater
than 1.1 indicate antagonistic interactions, values
between 0.9 and 1.1 indicate additive interactions,
and values lower than 0.9 indicate synergistic
interactions. Regarding the statistical analysis, the
mean and standard deviation of the absorbances
were calculated on the basis of the results of the
MTT assay, whereas the estimated 1C,  values
were calculated by the Prism software program,
version 5 (GraphPad Inc., San Diego, CA, USA).
All data on combination therapy are expressed
as mean + SD and were analyzed by one-way
ANOVA followed by the Bonferroni test, with
the use of the same software program.

Results

Initially, we performed the cell viability
experiments to determine the 1C, concentrations
for metformin, cisplatin, and etoposide in the
large cell carcinoma cell line NCI-H460, which
are shown in Table 1.

Subsequently, once these data were obtained,
each drug was diluted to achieve concentrations
in the 1C_ range, as well as below and above
this range, and in vitro experiments combining
metformin with cisplatin and combining metformin
with etoposide were performed to allow the

J Bras Pneumol. 2013;39(6):644-649



646

construction of dose-response plots with the
software program. However, only the most relevant
data will be discussed. The data from the plots
were statistically analyzed and are shown in Figures
1 and 2. Finally, the effects of the combinations
were used to calculate the combination index,
the values of which are shown in Table 2.

The results show that combining metformin
(60.58 mM) with cisplatin (0.19 mM) produced
greater antiproliferative effects than did the use
of metformin (60.58 and 30.29 mM) or cisplatin
(0.09 mM) as monotherapy. In addition, combining
metformin (60.58 and 30.29 mM) with cisplatin
(0.19 mM) produced synergy. Combining metformin
(30.39 mM) with etoposide (0.18 mM) was more
effective in reducing the metabolic viability of the
cell line tested than was the use of etoposide (0.18
and 0.09 mM) or metformin (30.29 and 15.14
mM) as monotherapy. Furthermore, combining
metformin with etoposide (30.39 mM and 0.18
mM, respectively, and 15.14 mM and 0.09 mM,
respectively) produced a synergistic effect.

Table 1 - Inhibitory concentration of viability at
50% (IC,;) values in the NCI-H460 cell line with the
drugs tested.

Drug 1C,,, mM
Cisplatin 0.19
Etoposide 0.37
Metformin 60.58
Cisplatin + Metformin
100 A
5 50 +
=
0 -
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Discussion

Various epidemiological studies have reported
the effects of metformin on the prevention and
treatment of cancer.'>" There have also been
studies reporting that metformin can improve
treatment and thus survival in patients with NSCLC
and diabetes who undergo chemotherapy.('®
Because the safety and use of metformin has been
well established since it first underwent a clinical
trial in 1957, its use as a potential anticancer
agent is certainly an interesting strategy.!"”

Although in the present study the cytotoxic
activity of metformin was found to be up to
200 times lower than that of etoposide or
cisplatin, as determined by the 1C_  values, the
use of metformin as monotherapy reduced the
metabolic viability of large cell carcinoma cells.
However, in polytherapy regimens, metformin
(60.58 and 30.29 mM) combined with cisplatin at
0.19 mM produced a synergistic effect and was
more effective than was metformin combined
with half the 1C, value for cisplatin (0.09 mM).
Combining metformin (30.39 mM) with etoposide
(0.18 mM) produced a synergistic effect and was
more effective in reducing the metabolic viability
of the NCI-H460 cell line than was the use of
etoposide (0.18 and 0.09 mM) or metformin
(30.29 and 15.14 mM) as monotherapy. In line
with our findings, preclinical studies have reported
that oral administration of metformin combined
with chemotherapy can block tumor growth

Il Control

I 0.199 mM cisplatin
[ 0.0995 mM cisplatin
[ 60.58 mM metformin
1 30.29 mM metformin

* [ 0.0995 mM cisplatin + 30.29 mM metformin

|_| [1 0.199 mM cisplatin + 60.58 mM metformin

(p < 0,001) vs. control

*(p < 0.05) vs. 60.58 mM metformin

**(p < 0.05) vs. 0.199 mM cisplatin + 60.58 mM metformin

Figure 1 - Evaluation of the effects of metformin and cisplatin (used as monotherapy or in combination
therapy, at different concentrations) on the reduction in metabolic cell viability (MCV) in the NCI-H460 cell line.
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Il Control

I 0.1852 mM etoposide

I 0.0926 mM etoposide

[ 30.29 mM metformin

[ 15.145 mM metformin

[] 0.1852 mM etoposide + 30.29 mM metformin

[] 0.0926 mM etoposide + 15.145 mM metformin

(p < 0.0001) vs. control
*(p < 0.05) vs. 30.29 mM metformin

**(p < 0.05) vs. 0.1852 mM etoposide

Figure 2 - Evaluation of the effects of metformin and etoposide (used as monotherapy or in combination
therapy, at different concentrations) on the reduction in metabolic cell viability (MCV) in the NCI-H460 cell line.

Table 2 - Combination index for metformin plus
cisplatin or etoposide in the NCI-H460 cell line.

Concentration, mM Combination
Metformin  Cisplatin  Etoposide index
60.58 0.19 0.00 0.70
30.29 0.19 0.00 0.90
30.29 0.00 0.18 0.81
15.14 0.00 0.09 0.90

and prevent recurrence, as well as making it
possible to reduce the doxorubicin doses used
in the treatment.('?

Although the use of metformin is well
established in the treatment of diabetes, the
mechanism through which metformin can act
in tumor suppression still needs to be further
elucidated. The major mechanism of action of
biguanides might be related to their capacity to
inhibit mitochondrial complex 1 and consequently
cause energy imbalance, triggering liver kinase
B1 (LKB1)-dependent phosphorylation of the
enzyme AMP kinase (AMPK).(>29 Under conditions
of energy stress, LKB1 is the primary regulator
of AMPK, which, under conditions of reduction
of intracellular ATP, modulates cell growth and
metabolism.?"??

Allelic loss at LKB7 occurs in various types
of cancer—such as NSCLCs—especially in lung
adenocarcinoma. In addition, it is believed that
most mutations in ZKB7in NSCLC lead to loss of
function of the encoded protein.?*?¥ The large

cell carcinoma cell line used in the present study
(NCI-H460) has a nonsense mutation in LKB/,
which results in lack expression of its protein
product.® 1t is therefore possible to attest that
the mechanisms of action of metformin in these
cells are independent of LKB1 activity. Shackelford
et al. showed that phenformin, a member of
the biguanide class of drugs, can be used as
an anticancer agent in LKB1-deficient tumors
because it induces apoptosis possibly in response
to metabolic stress.? 1t has thus been suggested
that a possible mechanism of action of metformin
and other biguanides in LKB1-defficient tumor
cells is mitochondrial complex 1 inhibition, which
induces the production of reactive oxygen species
and consequent apoptosis, because these species
cannot be effectively neutralized.??

Another plausible reason for the antiproliferative
and synergistic effects of metformin is its
preferential activity against tumor stem cells, a
group of cells within the tumor mass that can be
related to tumor formation, maintenance of the
tumor mass, recurrence, and metastasis. Because
of these characteristics, drugs that selectively
target these cells are extremely promising, since, in
combination with conventional chemotherapy, they
could make treatment more effective and prevent
disease recurrence.?” Hirsch et al. found that,
in xenographic models, metformin preferentially
inhibits proliferation of tumor cells expressing
a stem cell phenotype.?
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In summary, the present study has shown for
first time that metformin has antiproliferative

effects in a large cell carcinoma cell line (NCI-
H460) and that, when combined with cisplatin
or etoposide, it acts synergistically, increasing

the
still

cell death rate. However, larger studies are
needed to elucidate further the mechanisms

involved.
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