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ABSTRACT

Metformin has recently been introduced as an anti-cancer agent. In this study, we evaluated the effect of
metformin and metformin/cisplatin on human gastric MKN-45 cell line. When we used metformin alone, it
could inhibit proliferation and induce apoptosis, but it diminish anti-proliferative effects of cisplatin when they
are used in combination. Further, we checked mRNA levels of survivin, mTOR, and Akt by real-time PCR.
When MKN-45 cells were treated with metformin/cisplatin, the expression of survivin and mTOR were
increased. The antagonistic effect of metformin on cisplatin could be through survivin and mTOR signaling
pathways. Our results also suggest that interfering effect of metformin on cisplatin may be also through
upregulation of Akt. Regarding the pivotal role of Akt in drug resistance, it may be reasonable to conclude that
the antagonistic effect of metformin on cisplatin effect may be through this central mediator of drug
resistance. Taken together, it seems that metformin is not a good option for sensitizing MKN-45 cell line to
cisplatin, and in co-prescription of metformin and cisplatin in gastric cancer patients who suffer diabetes type
2, it should be highly cared.
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INTRODUCTION uptake by peripheral tissues.*> In addition,
Metformin is an oral drug traditionally used for metformin is the only antidiabetic flrug which can
the treatment of many diseases including type 2 act against cardiovascular disorders.
diabetes' and polycystic ovary syndrome’ and In addition, it has been suggested that metformin
belongs to biguanides. Metformin is the most could decrease the risk of many cancers including
common antidiabetic agent in the world with the 48 colorectal, liver, and pancreas in G_tghe diabetic
million prescriptions in the US in 2010.% It has been patients which are using this drug.” Moreover,
widely suggested that metformin works against population studies have suggested that metformin
diabetes by reducing glucose production in the liver. decreases the incidence of cancer Gand cancer-
It is frequently reported that metformin stimulates related mortality in diabetic patients.” In addition,
the intracellular enzyme AMP-activated protein recent studies have demonstrated that metformin
kinase (AMPK), leading to inhibition of could induce apoptosis and inhibit proliferation of
gluconeogenesis in liver and increasing glucose many cancer cell types in vitro like breast and ovary
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cancer cells,"® ™ as well as tumorigenesis and tumor

progression in vivo.'” '* On the other hand, it has
been demonstrated that metformin improves the
response to chemotherapy in diabetic patients with
breast cancer.® The detailed mode of action of
metformin in cancer cells has not yet understood
very well. However, several reports have
demonstrated that this therapeutic agent induces
apoptosis through LKB1-mediated AMPK signaling
pathway.™"’

Cisplatin is a chemotherapeutic agent which is
usually used as a treatment for various types of
cancers including sarcomas, lymphomas, germ cell
tumors, and many carcinomas e.g. ovarian cancer,
small cell lung cancer and gastric cancer.®® Cisplatin
is an apoptotic agent and also crosslinks DNA in
several different ways, interfering with cell division
by mitosis.”® The major mechanism of cisplatin
anticancer activity is interaction with purine bases
in DNA, which forms DNA—protein, DNA-DNA inter-
strand and intra-strand crosslinks that cause
blocking proliferation of tumor cells and inducing
apoptosis.19

The ability of metformin to improve the efficacy of
chemotherapy by cisplatin is shown in some types
of cancer cells such as adenocarcinoma cell lung
cancer’® and ovarian carcinomas.” In addition, it
has been demonstrated that metformin acts
synergistically with cisplatin in decreasing tumor
size and inhibiting angiogenesis in mouse.® All these
findings make it a plausible candidate for
combination with cisplatin-based therapy. On the
other hand, Jaevotic et al.,*> and Chang et al.,?
reported that metformin antagonizes the cisplatin
apoptotic effect through suppression of oxidative
stress and inhibition of caspases activation in some
cancer cells, which is not in line with the previous
studies. Regarding these results and the facts that
cisplatin is a drug traditionally used for the
treatment of gastric cancer and the cytotoxic
efficiency of cisplatin/metformin combination has
not yet been clearly assessed in gastric cells; this
guestion may be emerged if this drug antagonism
could be a challenge for gastric cancer patients with
diabetes type 2 which are treated with both
cisplatin and metformin. The results may shed light
on mechanistic detail of the combination use of
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these therapeutic agents in patients with gastric
cancer and diabetes type 2 simultaneously.

Gastric cancer is the fourth common cancer and
the second-leading cause of death in the world with
more than 800 thousands death annually.”*
Regarding the previous reports on anticancer
efficacy of metformin and the importance of gastric
cancer as the paramount cause of death, evaluation
the effects of metformin, alone or in combination
with other drugs, remains the main priority. In this
study, we evaluated the combination effect of
metformin and cisplatin on human gastric cancer
MKN-45 cell line.

MATERIALS AND METHODS
Cell culture and treatment

The human gastric MKN-45 cell line was obtained
from Pasteur Institute of Iran (Tehran, Iran). The
mentioned cell line was cultured in RPMI 1640
medium (Invitrogen) supplemented with 10% fetal
bovine serum (Invitrogen) in 5% CO2 at 37°C. The
cultures were then treated with 5, 10, and 20 mM
concentrations of metformin and 0.1, 1, 2.5, 5 and
10 uM concentrations of cisplatin (Sigma, St. Louis,
Missouri, USA) for 24, 48 and 72 h.

Microculture tetrazolium (MTT) assay

Microculture tetrazolium (MTT) assay was used to
evaluate the inhibitory effect of metformin and
cisplatin on viability of MKN-45 cells. For this,
seeded cells were plated in 96-well plates at density
of 5000 cells/100 ul PRMI in each well and then
exposed to either control or varying concentrations
of metformin and/or cisplatin for 24, 48, and 72 hrs.
Thereafter, the control medium and the treated
media were replaced by MTT solution (0.5mg/ml)
and DMSO (after 3 h), respectively. The color
absorbance was finally read at wave length of 578
nm in an ELISA reader. The percentage cell viability
was calculated as (%) = (ODexp/ODcon) X100, where
ODexp and ODgon are the optical densities of
exposed and control cells, respectively.

Analysis of gene expression by real-time PCR

For real-time PCR, RNA was first extracted by Fast
Pure RNA kit (Takara Bio Inc., Otsu, Japan) from
cultured cells and quantified by Nanodrop ND-1000
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(Nanodrop Technologies, Wilmington, Delaware,
USA). Then, 1 pug of RNA from each sample was
applied to reverse transcription, using the Prime
Script RT reagent kit (Takara Bio). Real-time PCR
was performed with a light cycler instrument
(Roche Diagnostics, Germany), using SYBR Premix Ex
Taqg technology (Takara Bio Inc.). SYBR Green
master mix (10ul) was added to 2 pl of cDNA
samples, 0.5 pl of forward and reverse primers
(10pmol) in water and 7 pl of nuclease-free water
(Qiagen, Hilden, Germany) to conduct PCR in 20 pl
of reaction mixture. Thermal cycling conditions

Tablel. Nucleotide sequences of the primers used for real-time RT-PCR
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involved an initial activation step for 30 s at 95°¢,
followed by 40 cycles including a denaturation step
for 5 s at 95°° and a combined annealing/extension
step for 20 s at 60°. The sequences of primers are
listed in Table 1. Melting curves were analyzed to
validate single PCR product of each primer.
Hypoxanthine phosphoribosyltransferasel (HPRT1)
was amplified as internal control and the fold
change in relative expression of each target mRNA
was calculated on the basis of comparative
Ct (27*“") method.

Gene Accession number Forward primer (5’-3") Reverse primer (5’-3’) Size
HPRT NM_000194 TGGACAGGACTGAACGTCTTG CCAGCAGGTCAGCAAAGAATTTA 111
Akt NM_005163 AGCGACGTGGCTATTGTGAAG GTACTCCCCTCGTTTGTGCAG 51
Survivin NM_001168 CCAGATGACGACCCCATAGAG TTGTTGGTTTCCTTTGCAATTTT 152
mTOR NM_004958 AACTCCGAGAGATGAGTCAAGA AGTTGGTCATAGAAGCGAGTAGA 49
Caspase-3 NM_032991 ATGGAAGCGAATCAATGGACTC CTGTACCAGACCGAGATGTCA 138

Quantification of apoptosis by flow cytometry

For quantization of apoptosis in MKN-45 cells
treated with cisplatin and metformin, a double
staining kit with Hoechst 33342 and propidium
iodide (PI) was used (Invitrogen). After treatment of
cells with desired concentrations of cisplatin,
metformin, and combination of these drugs for 48h,
the cells were harvested and washed in cold PBS
and the cell density was adjusted to 0.5 x10°
cells/ml in PBS. For each sample, 1 ml volume was
used. 1 pl of the Hoechst 33342 stock solution (5.0
mg/ml solution in water) and 1 pl of the propidium
iodide stock solution (1.0 mg/ml solution in water)
were added to each 1 ml of cell suspension. After 15
min, the stained cells were evaluated by flow
cytometry instrument (PartecPaslll, Germany),
using excitation/emission ~350/461 and ~535/617
nm for Hoechst 33342 and PI, respectively. The data
were then analyzed, using FlowMax software.

RESULTS

Metformin suppresses anti-cancer efficacy of
cisplatin in MKN-45 cell line

To evaluate single and combinational effects of
metformin and cisplatin in MKN-45 cell line, we
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treated this cell line with 5 and 10 mM metformin
and 0.1, 1, 2.5, 5, and 10 uM cisplatin either alone
or in combination at 48 and 72 h intervals. Our
results demonstrated that both drugs could inhibit
the viability of MKN-45 cell line when they were
used separately. However, in combination
treatment metformin suppressed the cytotoxicity
effect of cisplatin (Fig. 1). The data were analyzed
with the calcusin software and the combination
indexes (Cls) were obtained as shown in Tables 2.

Table 2. Combined indexes for cisplatin and metformin in MKN-45

cell line

. Metformin/Cisplatin
Concentrations Combination Index (CI)
Metformin (mM) Cisplatin(uM) 48 hrs 72 hrs
5 0.1 1.304 1.591
5 1 1.205 1.470
5 2.5 1.099 1.852
5 5 1.309 1.945
5 10 1.147 1914
10 0.1 1.416 1.291
10 1 1.133 1.056
10 2.5 1.403 1.537
10 5 1.078 1.694
10 10 1.183 2.447
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Figure 1. Evaluation of metformin, cisplatin and metformin /cisplatin on the viability of human adenocarcinoma cell lines MKN-45.
The cell line was treated with different concentrations of metformin and/or cisplatin for 48 and 72 hrs and their viability was
assessed using MTT assay. Results are expressed as a percentage of viability compared to the untreated control and are presented
as mean#SD from three independent experiments (P<0.05 by one-way variance analysis).

Metformin reduces cisplatin-mediated apoptosis in
MKN-45 cell line

To evaluate the effects of metformin, cisplatin and
metformin/cisplatin on apoptosis in MKN-45 cell
line, we used flow cytometry. As shown in Fig. 2,
the analyzed data obtained from FlowMax software
revealed that cisplatin could induce
apoptosis compared to the untreated control either
in concentration 1 puM (P<0.05) or 5 and 10 uM

o]

(P<0.01). However, the apoptosis ratio was reduced
in the combination treatments as compared to the
cisplatin alone. The induction of apoptosis in
combination of metformin 10/cisplatin 5 was
significantly lower than cisplatin alone at
concentration of 5 uM (P<0.05). This data indicate
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Effects of Survivin, Akt and mTOR expressions on
antagonistic behavior of metformin and cisplatin

To evaluate molecular mechanisms of antagonistic
behavior of metformin and cisplatin in MKN-45 cell
line, the expressions of survivin, Akt, and mTOR
were assessed in cells treated with the mentioned
concentrations of metformin and cisplatin at
transcriptional level. Previous reports demonstrated
that survivin has a paramount role in resistance of
MKN-45 to chemotherapy with cisplatin.”® As shown
in Fig. 3, our real-time PCR results indicated that
treatment with metformin or cisplatin for 48h
significantly reduced the expression of survivin.
However, metformin/cisplatin leads to an increase
in the expression of survivin compared to the
treatment with cisplatin (P<0.05).

Survivin P<0.05
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Figure 3. Effect of metformin, cisplatin and
metformin/cisplatin on transcriptional levels of the survivin
gene measured by real-time PCR. Data are shown as fold
change in relative expression compared with HPRT1 on the
basis of comparative Ct (2**“) method. As shown in fig,
treatment with metformin or cisplatin for 48 h significantly
reduces expression of survivin. However,
metformin/cisplatin leads to increased expression of
survivin compared to treatment with cisplatin. Values are
shown as mean # SD. Statistically different values of *P<0.05
and **P<0.01 are determined compared with the control.

We further evaluated transcriptional expression of
Akt and mTOR, key mediators of resistance to
chemotherapy by cisplatin, to see if these genes are
involved in antagonistic behavior of metformin on
cisplatin. Our results indicated that the expression
of Akt was significantly increased (P<0.05) in the
cells treated with metformin/cisplatin, compared to
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both drugs separately (Fig. 4). This finding was also
observed in the case of mTOR expression (P<0.05),
which may be a further document for antagonistic
behavior of metformin and cisplatin (Fig. 5).
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Figure 4. Effect of metformin, cisplatin and
metformin/cisplatin on transcriptional levels of the Akt gene
measured by real-time PCR. As shown in figure, when the
cell line was treated with metformin/cisplatin, the
expression of Akt is significantly increased compared to
drugs separately. Values are shown as mean * SD.
Statistically different values of *P<0.05 and **P<0.01 are
determined compared with the control.
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o
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Figure 5. Effect of metformin, cisplatin and
metformin/cisplatin on transcriptional levels of the mTOR
gene measured by real-time PCR. Treatment with
metformin/cisplatin results inan increase in the expression
of mTOR compared to treatment with cisplatin. Values are
shown as mean#SD. Statistically different values of *P<0.05
and **P<0.01are determined compared with the control.
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DISCUSSION

Frequent studies have recently shown that
metformin could decrease the risk of many cancers
including colorectal and pancreatic cancers.®® In
addition, the effect of metformin on inhibition of
proliferation and induction of apoptosis has been
reported in vitro in breast and ovarian cancer cells
1011 3nd in vivo against tumorigenesis and
angiogenesis.'> * It has also been reported in some
studies that metformin could enhance the anti-
cancer effect of cisplatin in breast and ovarian
cancers.” ** 2! On the other hand, Jaevotic et al.,
showed that metformin could diminish the
antineoplastic effect of SHY5Y, C6, U251, L929, and
HL-60 cell lines through suppression of oxidative
stress and inhibition of caspases activation ** which
is not in line with previous reports. Thus, it is
reasonable to conclude that the effect of metformin
on cisplatin may be dependent to the cell type and
possibly to the type of cancer. In this study, we
evaluated the combinational effect of metformin
and cisplatin on gastric cancer MKN-45 cell line. As a
result of MTT and flow cytometry, metformin
antagonizes the effect of cisplatin in MKN-45 cell
line. Moreover, this study suggests that this
antagonism may be through up-regulation in
transcription of survivin. Survivin is detected during
mitosis and specifically binds to terminal effector
cell death proteases, caspase 3 and caspase 7, thus
decreases apoptosis.”” It has been reported that
over expression of survivin suppresses etoposide-
induced apoptosis.”® Furthermore, it has been
reported that survivin mRNA level in patients with
esophageal cancer who respond to chemotherapy is
much less than patients who are resistant to
chemotherapy.”’ In line with this observation, other
reports suggest that survivin mRNA and protein
expression are correlated with unfavorable
prognosis in many malignancies.zs'30 Hence, it is
concluded that survivin expression has a paramount
importance in resistance to chemotherapy.

It is currently obvious that metformin activates
AMPK.2* AMPK, in phosphorylated status, inhibits
mTOR through TSC1 and TSC2.3 Inhibition of mTOR
is observed in our study as well. As we know, mTOR
inhibition leads to inhibition of survivin and thus,
MTOR could decrease cell viability and induce
apoptosis  through  suppression of  survivin

Effects of metformin with cisplatin in GC

expression. Even though metformin treatment
causes a reduction in mTOR and survivin expression
in this study, the combination treatments with
metformin and cisplatin increase the expression of
the mentioned genes. So, it may be reasonable to
conclude that antagonistic behavior of metformin
and cisplatin may be dependent on the survivin and
mTOR induction. In the case of an increase in the
expression of survivin in combinational treatment, it
should be noticed that the previous study showed
that an increase in the expression of survivin in
MKN-45 cell line made it resistant to the
chemotherapy.”

In addition, our study suggests that antagonistic
effect of metformin on cisplatin-induced cell toxicity
could also be through increase in the expression of
Akt. Akt is a serin-threonin kinase which has a
paramount importance in cell survival and
apoptosis. This protein exerts its antiapoptotic
effect directly through phosphorylation and
inactivation of Bad, forkhead transcription factors,
c-raf, and caspase 9°** and indirectly through
activation of NF-kB, and prosurvival proteins.*® Akt
is highly active in chemoresistant tumors®’ and it is
suggested that inhibition of this pathway sensitizes
cancer cells to chemotherapy.®® * In line with these
findings, we demonstrated that antiapoptotic
activity of metformin in combination treatment
with cisplatin may be through inhibition of cisplatin-
induced reduction of Akt expression. The results of
the present study suggest that the cells treated with
combination of drugs show an increase in the
expression level of Akt as compared to the
treatment with metformin or cisplatin. Likewise, the
theory that protective effect of metformin is
through suppression of Akt expression has been
confirmed with Akt specific inhibitors which result
in suppression of antiapoptotic effect of
metformin.>* Finally, regarding the results of
previous reports and the present study, it seems
that metformin may not be a suitable drug for
sensitization of most cancers to cisplatin, and co-
prescription of metformin and cisplatin in gastric
cancer patients who suffer diabetes type 2 should
be highly cared. Further in vitro and in vivo studies
are required to enlighten detailed action mode of
combinational effects of these therapeutic agents
on gastric cancer, as well as other cancers.
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