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ABSTRACT
Cervical cancer is the second female cancer worldwide. Could it be treated safely and efficiently? Would
these women not losing their fertility for treatment? We aimed to estimate whether metformin treatment
against cervical cancer HeLa cell line could affect cells viabilityor not and to evaluate the genes
expression of p53, caspase-3, Bcl2, COX-1 and cyclin-D1 as an apoptotic and proliferation markers
genes.HeLa cell line was cultured and treated with different concentrations of metformin. Cells viability
was investigated by MTT proliferation assay. Cells was treated by metformin for 48 h and 72 h and
harvested for RNA extraction. RNA was transformed to cDNA and p53, caspase-3, Bcl2, COX-1 and
cyclin-D1 genes’ expression were assessed by qPCR.Metformin was cytotoxic by 66% death at1000
µg/mLfor HeLa cervix cancer cells and reduced the survival fraction in a dose response relationship.
Metformin affects many genes’ expression that reflects life and death. P53 and caspase-3 genes’
expression were raised by the drug effect while Bcl-2, COX-1 and cyclin-D1 genes’ expression levels
were reduced.Metformin showed potent apoptotic activities against cervical cancerHeLa cell line through
the elevation of p53 and caspase-3 and the elevation of Bcl-2, COX-1 and cyclin-D1 genes’ expression.
Metformin could be the new, safe and effective treatment against cervical cancer.
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INTRODUCTION
The second female cancer worldwide is the cancer of
cervix as the most common malignancy in both
1
incidence andmortality . Unfortunately, more than 80%
of cervical cancer cases are found in developing
countries 2.Many lines treatments were developed and
usedfor cervical cancer, but each of them has apparent
drawbacks.Surgical treatment line is restricted only for
patientswith early stage and the young patients who
have lost fertility 3. Radiotherapy and chemotherapy are
randomized, not specific to only cancer cells and often
bring severe adverse effect including bone marrow
suppression, nerve injury, gastrointestinal adverse
reactions, renal impairment and second cancer
3
occurrence . In spite of the advanced technology and
methods, up to one third of patients will still develop
persistent/ recurrence metastatic disease when the
treatment results are poor. New therapeutic strategies
must be evaluated to improve survival. Thus, finding a
safer and more efficient treatmentremains an arduous
tasksuch
as
the
anticancer
activities
of
metformin.Metformin belongs to a class of compounds
called biguanines that were first isolated from the plant
Galegaofficinalis (French lilac or goat's rue) known for
its medicinal value 4. It is the most widely prescribed
antidiabetic drug for diabetes type 2 in the world 5.
Metformin's beneficial effects in diabetic patients have
been shown to be largely through repression of hepatic
gluconeogenesis, which reduces the glucose levels. In
addition, it also increases insulin sensitivity and glucose
6
uptake .In the past decade, metformin has gained wide
attention for its anticancer properties. Studies have
shown that in vitro treatment with metformin inhibited the
growth of myriad cancer cell lines 7.An early study done
in breast cancer mouse model showed that metformin
treatment
significantly
decreased
the
tumor
accumulation
of
mammary
adenocarcinomas
accompanied by increase in the life span of mice 8.
Metform in is also being tested as an adjuvant cancer
9
therapy , studies on both laboratory animals and
humans, showed that metformin not only exerts a major
protective effect against the development of a wide
range of cancers but also improves prognosis in those
10
found to have these cancers . It was suggested that it
inhibits cancer cell proliferation, tumor growthand
provokes cell-cycle arrest or apoptosis in G0–G111.Many
genes can be considered as an apoptosis markers such
as p53 and caspase-3. Not only p53 can be considered
a marker gene for apoptosis, but also it controls cellular
apoptosis and proliferation12. P53 plays a major role in
13
many cancer cells death specially cervix cancer . In the
same way, caspase-3 is considered a death cascade
promoter for the cancerous cells. The High levels of this
gene may demonstrate the degree of HeLa cell
14
death .On Contrarily, The anti-apoptotic Bcl2 gene
expression reflects the cancer cells viability and
vitality15. Additionally, the novel biomarker in many types
of cancers isCOX-1. Recently, COX-1 gene expression
has a vital role as biomarker for the detection of cervical
16-17
cancer development and progression
.Moreover,
Cyclin-D1 gene was observed to be over expressed in
cervical carcinoma18.The emergence of metformin as a
potential anticancer and cancer-preventive therapeutic
tool is exciting. With the added benefits of being readily

available, economical, and easily tolerated with good
safety profile, it can be effortlessly transitioned from
4
bench to bedside for cancer therapy . We aimed to
evaluate whether there is any effect of metformin
treatment on the viability of cervical cancer HeLa cell
line or not and to assess the gene expression of p53,
caspase-3, Bcl2, COX-1 and cycin-D1 as an apoptotic
and proliferation markers genes.

MATERIALS AND METHODS
Dulbecco’s modified Eagle medium (DMEM), fetal calf
serum, and 3-(4, 5-dimethylthiazol-2-yl)- 2, 5diphenyltetrazoliunbromide (MTT) were purchased from
GIBCO BRL (Grand Island, NY, USA). Trypsin 2.5%,
penicillin, streptomycin, metformin and all other
chemicals employed in this study were of analytical
grade and were purchased from Sigma Chemical Co.
(St. Louis, USA).
Cell culture and cell proliferation assay
Metformin was dissolved in complete DMEM, the pH
value adjusted to 7.2 and sterilized through a 0.2 µm
filter to the desired working solutions (equivalent to
19
15.6–1000 µg/mL, w/v) . Human cervical carcinoma
cell line (HeLa) was provided by American Type Culture
Collection (ATCC, Minisota, U.S.A.). Cells were cultured
in DMEM medium supplemented with 5% fetal bovine
serum (FBS), 100 mg/mL streptomycin and 100
units/mL penicillin at 37 °C in a humidified incubator in
an atmosphere of 5% CO2. HeLa cells were seeded in
3
4
96-well plates (10 - 10 cells/well) for 24 h incubation,
cell viability was evaluated using MTT assay as
described previously 20. In brief, cells were treated with
metformin at a various concentration 0, 15.6, 31.3, 62.5,
125, 250, 500 and 1000 µg/ml for 48 h and untreated
cells served as a control. Prior to determination, 10 µL
MTT (2.5 g/L) was added to each well. The wells were
incubated for 4h, and then the culture media were
discarded. 100 µL of detergent reagent was added to
each well which was vibrated for 10 min. After colour
appearance the absorbance (A) was measured at 570
nm by a microplate reader (ELISA reader) for the tested
wells and was compared to the control (without test
compound). Viable cells percentage was calculated as
follows: (A of experimental group/A of control group) ×
100%. After that, the IC50 (cytotoxic concentration for
50% cell death) was estimated from the dose-response
curve.
Total RNA isolation
After cells detachment by trypsin (2.5%), the total RNA
was isolated with RNA easy Mini Kit (Qiagen), then
analyzed for quantity and quality with Beckman dual
spectrophotometer (USA). The integrity of RNA and the
(house keeping gene) GAPDH- RNA ratio were used as
the quality control.
Real Time PCR (qRT-PCR) for quantitative
expression of p53, Caspase-3, Bcl2, COX-1 and
CyclinD1
The mRNA expression level was quantified by qRT–
PCR (Real time PCR).1000 ng of the total RNA from
each sample by High capacity cDNA Reverse
Transcriptase
kit
(Applied
Biosystem,
USA).
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Subsequently, the cDNA was amplified with the Syber
Green I PCR Master Kit (Fermentas) in a 48-well plate
using the Step One instrument (Applied Biosystem,
USA) as follows: 10 minutes at 950C for enzyme
activation followed by 40 cycles of 15 seconds at 950C,
0
0
20 seconds at 55 C and 30 second at 72 C for the
amplification step. The expression changes in of each

target gene were calculated relative to the mean critical
threshold (CT) values of GAPDH housekeeping gene by
the ∆∆Ct method. 1µM was needed from both primers
that was specific for each target gene. Primers
sequence and annealing temperature specific for each
gene demonstrated in table (1).

Table 1
Primers sequence and annealing temperature
specific for each gene
Target gene

Primer sequence: 5`- 3`

Gene bank
accession number

Forward: AGAGTCTATAGGCCCACCCC
Reverse: GCTCGACGCTAGGATCTGAC
Caspase-3
Forward: GCTATTGTGAGGCGGTTGT
Reverse: TGTTTCCCTGAGGTTTGC
Forward: CCGCTCGAGCCCTGGCCTGAAGAAGAGAC
Bcl2
Reverse: TAAGAATGCGGCCGCAGGGACGAGGAAACCTTCAA
COX-1
Forward: TTCGCCGACCGTTGACTATTCTCT
Reverse: AAGATTATTACAAATGCATGGGC
Forward: CCTCCTCTCCGGAGCATTT
Cyclin- D1
Reverse: CTGTAGCACAACCCTCCTCC
Forward: CCTCTACTGGCGCTGCCAAGGCT
GAPDH
Reverse: GTCCACCACTGACACGTTGG
Primers were obtained according their genes bank accession numbers
P53

STATISTICAL ANALYSIS
Results were disclosed as means ± standard deviations.
One-way ANOVA and Tukey’s multiple comparison post
hoc tests were performed. P< 0.01 was considered
significant. Non parametric correlations between various
genes expressions were done by Spearman correlation
coefficient.

RESULTS
Metformincytotoxocityand IC50against HeLa cell line
Metformin significantly reduced HeLa cell line viability in
a dose response relationship after 24 h incubation
period (Figure 1). Beginning with the lowest metformin
concentration 15.6 µg/mL, it decreased the cancer cell
line viability significantly to 95.25%±2.19%; P< 0.001
against the untreated control. IC50; the cytotoxocity
concentration value that fifty percent of cells were dead;
was calculated and examined to equal 720.5µg/mL. The
maximum cytotoxicity effect against HeLa cell line was
reached 33.75%±4.40%; P < 0.001 survival percent
against the untreated control and 66.25% death percent
after the exposure to 1000 µg/mL.
P53 and caspase-3 elevated genes expression after
metformin treatment
Both death marker genes were elevated for HeLa cell
line 48 h after the metformin treatment as shown in
figure 2. Cells p53 expression was increased
significantly (0.177±0.075; P< 0.001 compared to
untreated control group 0.034±0.012) and remain
unchanged after 72 h treatment. Similarly, caspase-3

KJ897694.1
KJ890827.1
NG_009361.1
KM220890.1
NG_007375.1
NT_009759.16

expression was nearly doubled after 48 h drug treatment
(0.77±0.26;P< 0.001) and remained constant after 72 h
when compared to control value (0.44±0.11).
Bcl-2, COX-1 and Cyclin-D1 reduced genes
expression after metformin treatment
Complementary to the previous results, Bcl-2; a marker
gene for cells viability or life; expression was
significantly reduced in a time dependent to almost one
half each time after 48 h and 72 h metformin treatment
against the control (0.74±0.27 for 48 h and 0.43±0.21 for
72 h; P < 0.001 for both compared to 0.122±0.17). In the
same direction, COX-1 gene expression value was
reduced in a time dependent manner after 48 h and 72 h
that reflect the diminishing of cancer conditions (1.23
±1.04 for 48 h and 0.95±0.64 for 72 h; P < 0.001 for
both compared to control3.8±1.3). Parallel to these
results, Cyclin-D1 gene expression was markedly
decreased after 48 h and 72 h metformin treatment
when compared to control (5.62±4.4 for 48 h and 2.3±1
for 72 h; P < 0.001 for both compared to 9.68±4.7).
Nonparametric Correlations between various genes
expressions
Even though the gene expression for both P53 and
caspase-3 genes were positively correlated with each
other at48 hrs metformin treatment times periods, these
two genes were negatively correlated with Bcl-2, COX-1
and cyclin-D1 genes expressions at most different
treatment periods.On the other hand, Bcl-2, COX-1 and
cyclin-D1 genes expressions were correlated positively
with each other for most different groups and inversely
negatively correlated with P53 and caspase-3 genes
expression.
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Table 2
Nonparametric Correlations between various genes expressions;
p53, caspase-3, Bcl-2, COX-1 and Cyclin-D1; for different groups;
control, 48 hrs and 72 hrs metformin treated groups
CorrelationR/Group
Control

Gene expression
P53

48 hrs
72 hrs
Control

Caspase-3

48 hrs
72 hrs
Control

Bcl-2

P53

Caspase-3

Bcl-2

COX-1

Cyclin-D1

1.000

-0.007

0.158

-0.350

0.0910

1.000

0.119

-0.343

0.664

-0.217

1.000

-0.463

0.225

0.095

-0.154

-0.007

1.000

0.093

-0.263

-0.214

0.119

1.000

-0.273

0.168

-0.273

-0.463

1.000

0.035

-0.497

-0.021

0.158

0.093

1.000

0.452

-0.168

-0.343

-0.273

1.000

-0.329

0.112

0.225

0.035

1.000

0.252

0.322

-0.350

-0.263

0.452

1.000

-0.028

0.664

0.168

-0.329

1.000

0.301

0.095

-0.497

0.252

1.000

-0.126

0.091

-0.214

-0.168

-0.028

1.000

-0.217

-0.273

0.112

0.301

1.000

-0.154
-0.021
Correlations done by Spearman correlation coefficient

0.322

-0.126

1.000

48 hrs
72 hrs
Control

COX-1

48 hrs
72 hrs
Control
48 hrs
72 hrs

Cyclin-D1

Figure 1
Metformin cytotoxicity against HeLacell line, survival fraction percentage of HeLa
cells were reduced after treatment of different metformin concentrations.
Data are means ± SD,( ) p value value≤ 0.001versus untreated control group.

This article can be downloaded from www.ijpbs.net
B-424

Int J Pharm Bio Sci 2017 July ; 8(3): (B)421-427

Figure 2
P53 and caspase-3 elevated genes expression after metformin treatment of
HeLa cell line.Data are means ± SD, ( ) p value value≤ 0.001versus untreated control group.

Figure 3
Bcl-2, COX-1 and Cyclin-D1 reduced genes expression after metformin treatment
of HeLa cell line.Data are means ± SD, ( ) p value value≤ 0.001versus untreated control group.
27

DISCUSSION
For the first time, Metformin was significantly cytotoxic
for HeLa cervix cancer cell line in a dose dependent
manner as shown in (Figure 1). This apoptotic effect
conceded with previous anticancer, prophylactic and
7-11
adjuvant activities against other types of cancers .
21
Recently, metformin was effective against pancreatic ,
22
23
24
ovarian , breast , melanoma andneuroblastoma25.
Metformin was not so far from its anti-diabetic group in
26
cancer treatment .The anticancer effect of metformin
was explained throughits relationship and regulation of
the transcriptional certain genes (CHOP, CAV-1, HO-1,

SGK-1 and Par-4) on MCF-7 cell line . Build and
complementary for this informationtranscriptional,
regulator and apoptotic genes’ expression were
examined for p53, caspase-3, Bcl-2, COX-1 and cyclinD1 genes. Moreover, each mentioned gene affects cell
proliferation or apoptosis of cancer cells specially HeLa
cervix cancer cells12-18. Not only p53 gene expression
was participated for cervix cancer cells death13, but also
metformin affect the cancer cells susceptibility for p53 to
28
be dead . Even though the low concentration
of metformin induces a p53-dependent senescence in
hepatoma cells via activation of the AMPK pathway29. In
the same direction, caspase-3 was induced in cancer by
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metformin30. Moreover, both p53 and caspase-3 genes
were induced by the effect of metformin in prostate
31
cancer .On the other hand, Metformin reduces growth
of cutaneous squamous cell carcinomaby targeting
mTOR signaling pathway and the reduction of Bcl-2
32
gene expression .Futhermore, metformin and aspirin
reduced COX-1 gene expression by targeting AMPKmTOR and inflammation for pancreatic cancer
prevention and treatment33.Confirmed with our cyclin-D1
results, metformin suppresses hepatocellular carcinoma
cell growth through induction of cell cycle G1/G0 phase
arrest and p21CIP and p27KIP expression and
downregulation of cyclin D1 in vitro and in vivo34.The
direct relationship between p53 and caspase-3 genes
expressions that positively correlated reflect the degree
of death for cancer cells by the effect of metformin
treatment. While there indirect relationship with Bcl-2,
COX-1 and cyclin-D1negatively correlations were in the
same direction, hence these genes reflect the viability,
inflammation and progression of breast cancer
disease.Contrarily, Bcl-2, COX-1 and cyclin-D1
correlated positively together as mentioned to express
the worse survival state of cancer cells and inversely
with p53 and caspase-3 genes expressions that marked
directly to cells death.Precisely, metformin impairs
growth of endometrial cancer cells that neighbouring

cervical cancer via cell cycle arrest and concomitant
30
autophagy and apoptosis .Accordingly, Metformin could
be the new, safe and effective treatment against cervical
cancer.

CONCLUSION
Cervical cancer was the new type of cancer treated by
metformin. Metformin has an apoptotic potent cytotoxic
activities were shown by the dose response
relationshipagainst human cervical cancer HeLa cells.
Even if metformin HeLa treatment raised p53 and
caspase-3 genes’ expression as apoptotic markers, it
reduced Bcl-2, COX-1 and cyclin-D1 genes’ expressions
as proliferation markers.

ACKNOWLEDGEMENT
The authors had an acknowledgement for all staff
members atMedical Biochemistry and Molecular Biology
Unit at the Faculty of Medicine, Cairo University.

CONFLICT OF INTEREST
The authors declared no any conflict of interest.

REFERENCES
1.

Parkin DM. Global cancer statistics in the year
2000. Lancet Oncol 2001;2:533-543.
2. World Health Organization. Comprehensive
cervical cancer control: A guide toessential
practice. Geneva: WHO; 2006.
3. Fujimoto J. Novel strategy of anti-angiogenic
therapy for uterine cervicalcarcinomas. Anticancer
Res 2009;29:2665-2669.
4. Rattan R, Ali Fehmi R, and Munkarah A.
Metforminan emerging new therapeutic option for
targeting cancer stem cells and metastasis. J
Oncol2012; 2012:928127.
5. Kourelis TV and Siegel RD. Metformin and
cancer: new applications for an old drug. Med On
col 2012 Jun;29(2):1314-1327.
6. Shaw RJ, Lamia KA, Vasquez D, et al. Medicine:
the kinase LKB1 mediates glucose homeostasis
in liver and therapeutic effects of metformin.
Science 2005;310:1642-1646.
7. Zakikhani M, Dowling R, Fantus IG, Sonenberg N,
Pollak M. Metformin is an AMP kinase-dependent
growth inhibitor for breast cancer cells. Cancer
Research 2006;66:10269-10273.
8. Anisimov VN, Berstein LM, Egormin PA, et al.
Effect of metformin on life span and on the
development of spontaneous mammary tumors in
HER-2/neu
transgenic
mice.
ExperGerontol2005;40:685-693.
9. Donghui LH. Metformin as an antitumor agent in
cancer prevention. J Diabetes 2011;3:320-327.
10. Bruce B. Duncan and Maria I. Schmidt.
Metformin, Cancer, Alphabet Soup, and the Role
of Epidemiology in Etiologic Research. Diabetes
Care2009;32:1748-1750.
11. Ben Sahra I, Le Marchand-Brustel Y, Tanti JF and
Bost F. Metformin in cancer therapy: a new

12.
13.

14.

15.

16.

17.

18.

perspective for an old antidiabetic drug?. Mol
Cancer Ther 2010;9:1092-1099.
Mollereau B, Ma D.The p53 control of apoptosis
and proliferation: lessons from Drosophila.
Apoptosis 2014 Oct;19(10):1421-1429.
Shukla S, Dass J, Pujani M.p53 and bcl2
expression in malignant and premalignant lesions
of uterine cervix and their correlation with human
papilloma virus 16 and 18.South Asian
J Cancer 2014 Jan;3(1):48-53.
14.Hirchaud F, Hermetet F, Ablise M, Fauconnet
S,
Vuitton
DA,
Prétet
JL,
Mougin
C.Isoliquiritigenin induces caspase-dependent
apoptosis via downregulation of HPV16 E6
expression in cervical cancer Ca Ski cells. Planta
Med 2013 Nov;79(17):1628-35.
Sharawat
SK, Bakhshi
R, Vishnubhatla
S, Bakhshi S. High receptor tyrosine kinase
(FLT3, KIT) transcript versus anti-apoptotic
(BCL2) transcript ratio independently predicts
inferior outcome in pediatric acute myeloid
leukemia. Blood Cells Mol Dis 2014 Sep 9.
Jung YW, Kim SW, Kim S, Kim JH, Cho NH, Kim
JW, Kim YT.Prevalence and clinical relevance
of cyclooxygenase-1 and -2 expression in stage
IIB cervical adenocarcinoma. Eur J Obstet
Gynecol Reprod Biol 2010 Jan;148(1):62-66.
Radilova H, Libra A, Holasova S, Safarova M,
Viskova A, Kunc F, Buncek M.COX-1 is coupled
with mPGES-1 and ABCC4 in human
cervix cancer cells. Mol Cell Biochem 2009
Oct;330(1-2):131-140.
Koay MH, Crook M, Stewart CJ.Cyclin D1, Ecadherin and beta-catenin expression in FIGO
Stage
IA cervical squamous
carcinoma:
diagnostic value and evidence for epithelial-

This article can be downloaded from www.ijpbs.net
B-426

Int J Pharm Bio Sci 2017 July ; 8(3): (B)421-427

19.

20.

21.

22.

23.

24.

25.

26.

27.

mesenchymal transition.
Histopathol 2012
Dec;61(6):1125-1133.
Zhao H, Zhang M, Zhao L, Ge YK, Sheng J, Shi
W.Changes of constituents and activity to
apoptosis and cell cycle during fermentation of
tea. Int J Mol Sci 2011;12(3):1862-1875.
Cui FJ, Li Y, Xu YY, Liu ZQ, Huang DM, Zhang
ZC, Tao WY. Induction of apoptosis in SGC-7901
cells by polysaccharide-peptide GFPS1b from the
cultured mycelia of Grifolafrondosa GF9801.
Toxicol 2007;21:417–427.
Snima KS, Jayakumar R, Lakshmanan VK.In
Vitro and In Vivo Biological Evaluation of OCarboxymethyl Chitosan Encapsulated Metformin
Nanoparticles for Pancreatic Cancer Therapy.
Pharm Res 2014 Aug 13.
Kim
TH,
Suh
DH,
Kim
MK,
Song
YS.Metformin against cancer stem cells through
the modulation of energy metabolism: special
considerations on ovarian cancer. Biomed Res Int
2014;2014:132702.
Jang SY, Kim A, Kim JK, Kim C, Cho YH, Kim JH,
Kim CH, Lee JY.Metformin inhibits tumor cell
migration via down-regulation of MMP9 in
tamoxifen-resistant
breast
cancer
cells.
Anticancer Res 2014 Aug;34(8):4127-4134.
Cerezo M, Tomic T, Ballotti R, Rocchi S.Is it time
to test biguanide metformin in the treatment of
melanoma?Pigment Cell Melanoma Res 2014
May 24.
Costa D, Gigoni A, Würth R, Cancedda R, Florio
T,
Pagano
A.Metformin inhibition
of
neuroblastoma cell proliferation is differently
modulated by cell differentiation induced by
retinoic acid or overexpression of NDM29 noncoding RNA. Cancer Cell Int 2014 Jul 2;14:59.
Menendez JA, Quirantes-Piné R, RodríguezGallego E, Cufí S, Corominas-Faja B, Cuyàs E,
Bosch-Barrera J, Martin-Castillo B, SeguraCarretero
A,
Joven
J.Oncobiguanides:
Paracelsus' law and nonconventional routes for
administering diabetobiguanides for cancer
treatment. Oncotarget 2014 May 15;5(9):23442348.
Salis O, Bedir A, Ozdemir T, Okuyucu A, Alacam
H.The relationship between anticancer effect
of metformin and the transcriptional regulation of
certain genes (CHOP, CAV-1, HO-1, SGK-1 and

28.

29.

30.

31.

32.

33.

34.

Par-4) on MCF-7 cell line. Eur Rev Med
Pharmacol Sci 2014 Jun;18(11):1602-1609.
Truong Do M, Gyun Kim H, Ho Choi J, Gwang
Jeong H.Metformin induces microRNA-34a to
downregulate the Sirt1/Pgc-1α/Nrf2 pathway,
leading to increased susceptibility of wild-type p53
cancer cells to oxidative stress and therapeutic
agents. Free Radic Biol Med 2014 Sep;74:21-34.
Yi G, He Z, Zhou X, Xian L, Yuan T, Jia X, Hong
J,
He
L,
Liu
J.Low
concentration
of metformin induces
a p53-dependent
senescence in hepatoma cells via activation of
the AMPK pathway. Int J Oncol. 2013
Nov;43(5):1503-1510.
Takahashi A, Kimura F, Yamanaka A,
Takebayashi A, Kita N, Takahashi K, Murakami
T.Metformin impairs growth of endometrial cancer
cells via cell cycle arrest and concomitant
autophagy and apoptosis. Cancer Cell Int. 2014
Jun 16;14:53.
Ben Sahra I, Laurent K, Giuliano S, Larbret F,
Ponzio G, Gounon P, Le Marchand-Brustel Y,
Giorgetti-Peraldi S, Cormont M, Bertolotto C,
Deckert M, Auberger P, Tanti JF, Bost
F.Targeting cancer cell metabolism: the
combination of metformin and 2-deoxyglucose
induces p53-dependent apoptosis in prostate
cancer
cells.
Cancer
Res
2010
Mar
15;70(6):2465-75.
Chaudhary SC, Kurundkar D, Elmets CA,
Kopelovich L, Athar M.Metformin, an antidiabetic
agent reduces growth of cutaneous squamous
cell carcinomaby targeting mTOR signaling
pathway. Photochem Photobiol 2012 SepOct;88(5):1149-1156.
33.Yue W, Yang CS, DiPaola RS, Tan
XL.Repurposing of metformin and aspirin by
targeting AMPK-mTOR and inflammation for
pancreatic cancer prevention and treatment.
Cancer Prev Res (Phila) 2014 Apr;7(4):388-397.
34. Cai X, Hu X, Cai B, Wang Q, Li Y, Tan X, Hu
H, Chen X, Huang J, Cheng J, Jing X.Metformin
suppresses hepatocellular carcinoma cell growth
through induction of cell cycle G1/G0 phase arrest
and p21CIP and p27KIP expression and down
regulation of cyclin D1 in vitro and in vivo. Oncol
Rep 2013 Nov;30(5):2449-2457.

This article can be downloaded from www.ijpbs.net
B-427

