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Abstract
Background The PI3K/AKT/FOXO signaling pathway plays an important role in the survival, proliferation and apoptosis of
tumor cells. The aim of the present study was to explore whether metformin could affect insulin-promoting cell growth by
regulation of this pathway.
Material and methods Anaplastic thyroid cancer cells were treated with 0–60 mMmetformin for 24, 48 and 72 h. Cell viability,
morphology, apoptosis and migration were investigated by MTT assay, microscopy observation, AnexinV-PI and the wound
healing assay, respectively. Expression levels of PI3K, AKT and FOXO1 were detected by RT-qPCR, and proteins phosphor-
ylated levels were determined by ELISA.
Results Metformin decreased cell viability and migration in a significant time-and dose-dependent manner, and induced apo-
ptosis and morphological changes in the cells. RT-qPCR results showed that expression levels of PI3K, AKT and FOXO1 was
inhibited by metformin (P < 0.05). However, there was no significant change in the expression level of AKT following metfor-
min treatment for C643 cell line (P > 0.05). ELISA results showed that metformin treatment had no significant effects on the
phosphorylated levels of PI3K, AKT and FOXO1 (P > 0.05).
Conclusuion The downregulation of FOXO1 was intensified by metformin, but no increase in cell viability was observed
following FOXO1 downregulation by metformin. However, the exact molecular mechanism of metformin on inhibition
of the PI3K/AKT pathway and subsequent decrease in cell viability remains unclear and further studies are required for
its clarification.
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Key Points
•Metformin decreased cell viability of ATC-derived cells in a dose-and
time-dependent manner

• Decrease of cell viability by metformin significantly was associated
with the downregulation of PI3K and AKTmRNA levels of the PI3K/
AKT signaling pathway

•Metformin increased the downregulation of FOXO1but an increase in
cell viability following FOXO1 downregulation was not observed
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Introduction

Thyroid carcinoma is the most common malignancy among
the endocrine neoplasms. Histopathologically, four main sub-
types have been demonstrated for thyroid cancers, which
differe in cellular origin. Thyroid follicular cells are the source
of papillary (PTC, 85% of cases), follicular (FTC, 5–10% of
cases) and undifferentiated or anaplastic (ATC, 1% of cases)
subtypes; para-follicular cells (C-cells) are the origin of med-
ullary (MTC, 5%) form [1, 2]. ATC is the most aggressive and
malignant form of thyroid neoplasm and accounts for less than
2% of all thyroid cancers, although it is the cause of over 40%
of deaths from thyroid cancer [3]. In general, ATC has a very
poor prognosis with a 3- to 7-month survival rate [4]. Because
of its aggressive nature, conducting studies on the treatment of
ATC is difficult; conventional treatments involving a combi-
nation of chemotherapy, radioiodine therapy, external beam
radiation, and surgery have rarely been effective or curative.
Hence further investigation on the molecular pathways of de-
differentiation and identification of therapeutic targets and
novel therapeutic strategies for ATC patients are needed.
Currently, new molecular targets, new agents and their com-
binations are being investigated [3].

There is a growing body of epidemiological evidence show-
ing a strong association between diabetes mellitus type 2 (T2D)
and obesity, with a higher risk of several types of cancer includ-
ing thyroid cancer. Furthermore, an association has also been
reported between T2D and thyroid volume and the incidence of
thyroid nodules; such associations have been attributed to the
hyperglycemia and hyperinsulinemia resulting from the insulin
resistance in these patients. Insulin growth-promoting effects
are exerted through activation of insulin/insulin-like growth
factor-1 (IGF-1) receptor-dependent signaling [5]. Metformin
is a widely used anti-diabetic drug for the treatment of T2D [6].
It has been proposed that metformin has antineoplastic proper-
ties against a variety of cancers [7–10]. In thyroid cancer, a
retrospective analysis of medical records of patients with
DTC and type-2 diabetes mellitus simultaneously, showed in-
creased survival in those who were treated with metformin [6].
Comparison of two PTC groups including metformin treated
and non-treated groups, demonstrated that size of thyroid tu-
mors was significantly lower in the metformin-treated group,
suggesting that metformin has an inhibitory effect on tumor
growth [11]. Furthermore, there are numerous studies demon-
strating that metformin reduces cell proliferation in thyroid can-
cer cells including MTC, ATC, and PTC cell lines [6, 12, 13].
However, in thyroid cancer cells, the precise antitumor mecha-
nisms of metformin and downstream effectors underlying its
actions remain largely unclear [14]. Improvement of insulin
resistance and reduction of serum insulin levels are possible
mechanisms proposed for the inhibitory effects of metformin
on human cancers, which could affect insulin/IGF-1 signaling-
dependent cancer cell growth [15]. Phosphoinositide 3-kinase

(PI3K)/ Protein kinase A (AKT) signaling appears to play an
important role in ATC tumorogenesis [16]. AKT has a critical
role in the several cellular processes including regulation of cell
growth, proliferation and apoptosis and PI3K is the most im-
portant upstream molecule to phosphorylate and activate AKT
[17]. Furthermore, forkhead box protein O1 (FOXO1) is a tran-
scription factor of the FOXO family, which plays an important
role in insulin and IGF-I signaling pathways and also in differ-
ent cellular processes including cell prolifration, apoptosis, cell
cycle and metabolism [18]. According to the FOXO1 roles in a
wide range of cell processes and its downregulation in diffetent
types of human tumors including breast cancer [19], endome-
trial cancer [20], Hodgkin’s lymphoma [21] and prostate cancer
[22], it has been suggested that FOXO1 may be involved in the
carcinogenesis [23]. PI3K/AKT is the main regulatory pathway
of FOXO1 protein. In summary, AKT phosphorylates FOXO1
at multiple sites and causes its accumulation in the cytoplasm. It
also inhibits FOXO1 transcriptional functions which in turn
causes cell growth and prolifration [24]. Although FOXO1
has been demonstrated as a novel tumor suppressor in various
types of human cancers, its role in thyroid cancers has not been
well established [25]. In the present study, the in vitro effects of
metformin on the regulation and activation of PI3K/AKT/
FOXO1 signaling pathway have been explored in ATC-
derived cell lines. Furthermore, the effects of metformin on
ATC cells properties that are required for development of me-
tastasis were also examined.

Materials and methods

Cell culture

Human ATC cell lines were purchased from the Iranian
Biological Research Center (SW1736 and C643) and
Pasteur Institute of Iran (8305C). Cells were cultured in
RPMI-1640 (SW1736 and C643) or DMEM (8305C) medi-
um supplemented with 10% fetal bovine serum (FBS), 100 U/
ml penicillin, 100 μg/ml streptomycin and 1% non-essential
amino acid (for 8305C) at 37 °C and humidified 5% CO2.

Human tissue

Human thyroid tumor samples kindly provided from patients
underwent guitar surgery, samples were frozen immediately
upon reception. All patients participating in the study gave
their informed consent and protocols were approved by the
institutional ethics committee.

Cell viability assay

In order to assess cell viability, theMTT (3-[4, 5-dimethylthiazol-
2-yl]-2, 5-diphenyltetrazolium bromide) assay (Sigma Aldrich)
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was used. Different cells, after preculture in 96-well plates (5–
6 × 103 cells/well) and achieving 60% confluence, were treated
with increasing doses ofmetformin (Alborz Bulk Pharmaceutical
company in Tehran, Iran), including 0–60mMconcentrations for
24, 48 and 72 h. MTT assay was performed by incubating the
cells with 0.5 mg/ml MTT for 3 h at 37 °C in 5% CO2. The
purple deposits of formazan was dissolved by DMSO (Dimethyl
Sulfoxide), and absorbance was monitored at 570 nm and
630 nm as the reference wavelength by a spectrophotometer.
All experiments were repeated at least three times in sexaplicate
and the IC50 of metformin was calculated for each time period.

Cell morphology studies

To investigate morphological changes of the metformin-
treated ATC cell lines, the cells (5–6 × 103 cells/well in 96-
well plate) were treated with 0, 30 and 60 mM metformin for
48 h and the changes were monitored under an inverted mi-
croscope (Olympus CKX31; Olympus Corporation, Tokyo,
Japan). These values were selected to comprise morphological
results in different doses.

Cell migration assay

Different cell lines were plated in the appropriate number (1 ×
105 cells/well in 24-well plate) for 100% confluence in 24 h.
In a sterile condition, a vertical wound was performed by a
100 μl pipette tip through the cell monolayer; the media and
cell debris were then aspirated and wells were washed by
PBS. Enough medium with and without metformin were
added to the wells and the cell culture plates were incubated
at 37 °C and 5% CO2. At several time points, the plates were
removed from the incubator to take a snapshot picture and to
check for wound healing. All experiments were performed at
least three times.

Flow cytometry

Briefly, cancer cells were plated in 6-well plates (1 × 106

cells/well) and treated by 0, 10 and 30 mM concentrations
of metformin for 48 h. After treatment; floating cells were

collected from the original growth medium and combined
with the trypsinized adherent cells. The assessment of ap-
optotic and necrotic cell death was performed using dou-
ble staining with fluorescein Isothiocyanate-conjugated
Annexin V-FITC and Propidium Iodide (PI). Annexin V
binds to Phosphatidylserine residues of apoptotic cells,
whereas PI labeles the necrotic cells with membrane dam-
age. Detached cells were stained for 15 min with Annexin-
FITC and PI using the Annexin V-FITC kit (Bio Legend,
Cat. No. 420201, Canada). Staining was performed ac-
cording to manufacturer instructions and stained cells
were analyzed by FACS Calibur flow cytometer (BD
Biosciences, Burlington, MA); the numbers of viable, ap-
optotic, and necrotic cells were calculated with Flowjo
software (version. 10).

mRNA and protein extraction

In order to investigate gene expression, after treatment with
different concentrations of metformin (0, 5, 10, 20 and
30 mM), the cells were trypsinized, detached and collected
into 1.5 ml RNase/DNase free tubes. Total RNA and total
protein were extracted according to manufacturer’s instruction
AllPrep DNA/RNA/Proitein Mini Kit (QIAGEN, Cat. No:
80004, Germany). RNA quantity and purity were determined
by NanoDrop 1000 (Thermo Scientific, Waltham, and Mass).

Real-time PCR

For each sample, 1 μg total RNA, 1 μl random hexamer and
10μl RT Pre-Mix were added to the 20μl RT reaction system.
Complementary DNA (cDNA) was synthesized according to
the manufacturer protocol (BioFact RT series, Korea). The
primers were designed using GeneRunner software (version
4.0), cheked in NCBI Primer Blast and ordered to the Pishgam
Company (Tehran, Iran), and their sequences were shown in
Table 1. RT-qPCR amplification was performed in a 25-μl
reaction by SYBR Green master mix (Thermo Fisher
Scientific, USA). The RT-qPCR cycler used was Rotor-Gene
6000 instrument (Corbett Research, Sydney, Australia). The
amplification conditions of the quantitative PCR were as

Table 1 Primer sequences for
Real Time PCR (RT-PCR) Target Gene Sequence (5′→ 3′) Product Size (bp)

β-Actin F: GATCAAGATCATTGCTCCTCCT

R: TACTCCTGCTTGCTGATCCA

108

AKT-1 F: CACTTTCGGCAAGGTGATCC

R: GTCCTTGGCCACGATGACTT

94

PI3K F: CAGAACAATGCCTCCACGA

R: CACGGAGGCATTCTAAAGTC

122

FOXO1 F: AACTACAGCCAAAATCACTG

R: ATGACAGGATTTCAACACAC

129
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follows: 95 °C for 10 min, followed by 40 cycles at 95 °C for
15 s, 60 °C for 20 s, 72 °C for 40 s. All experiments were
performed at least three times. The expressions were normal-
ized to β-Actin mRNA, and the relative mRNA levels were
determined using the 2-ΔΔCt method.

Enzyme linked immunosorbent assay (ELISA)

Total extracted protein from all cells collected were analyzed
by ELISA according to manufacturers instructions. ELISA
kits for p-AKT (ZB-14054S-H9648), p-PI3K (ZB-14242S-
H9648), and p-FoxO1 (ZB-14227S-H9648), were from
ZellBio GmbH Germany, which are based on the sandwich
method. The amount of total extracted protein was determined
using the Bradford method.

Statistical analysis

Statistical analyses were performed with MedCalc 14.8.1
software. The normal distributed data was expressed as
the mean ± SD. Statistical differences were considered
significant when probability value was <0.05. Relative

Table 2 IC50 values of metformin. Values are shown as Mean ± SD for
three independent examinations

Cell Line IC50 (Mean ± SD*)

24 h 48 h 72 h

SW1736 53.6 ± 3.1 26.6 ± 0.9 21.5 ± 1.1

C-643 58.7 ± 2.4 30.3 ± 3.0 18.4 ± 1.5

8305C 92.1 ± 6.8 46.8 ± 1.9 36.8 ± 1.5

*SD: Standard Deviation
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Fig. 1 Metformin decreases cell viability of anaplastic thyroid
cancer cells. SW1736 (a), C643 (b) and 8305C (c) cell lines were
treated with increasing doses of metformin (0–60 mM) for 24, 48
and 72 h incubations. The MTT assay was used to determine the

percentages of surviving cells in relation to controls. In the graphs,
each data point indicates the mean of at least three independent
experiments in sextuplicates. *, P < 0.05; **, P < 0.01 and ***,
P < 0.001 vs. negative control
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gene expression was assessed by relative expression soft-
ware tool (REST, version 2009).

Results

Metformin inhibits growth of ATC cell lines

The growth inhibitory effects of metformin were investigated
on anaplastic thyroid cancer cell lines, including SW1736,
C643 and 8305C, and mean IC50 values in the 24-, 48- and
72-h treatments were calculated (Table 2). According to
Fig. 1, metformin significantly decreased cell viability of the
ATC cell lines in a dose- and time-dependent manner. Among
different ATC cell lines, SW1736 and C643 cells were more
sensitive and the growth-inhibitory effect on 8305C cells was
not more significant; maximal effect of metformin was ob-
served at 72-h incubation.

Metformin modifies morphology of the ATC cells

In addition to cell viability, metformin remarkably affected the
morphology of ATC cell lines. Microscopic examination illus-
trated a significant decrease of cell density and morphological
changes of metformin-treated cells including smaller, elongat-
ed, and granulated shapes (Fig. 2).

The effects of metformin on ATC cells migration

To analyze the results of cell migration assay, the area of the
wound was measured by Image J software. Wound-healing
assay results indicated that metformin-treated cells displayed
decreased migration, compared with negative control cells.
Bar graphs of the scratch assay experiment at different time
points are presented in Fig. 3.

Flow cytometry

Flow cytometry was applied to determine whether metformin-
induced decrease in cell viability was accompanied by apo-
ptosis. According to the results, metformin induced apoptosis
in ATC cell lines; the most significant effect of metformin on
cell apoptosis was observed in 30 mM concentration in which
metformin enhanced the percentage of apoptotic and necrotic
cells from 8.78 to 16.65% in SW1736, from 12.77 to 42.9% in
C643 and from 4.31 to 7.69% in 8305C cells. In 10 mM
concentration of metformin the increase of apoptotic and ne-
crotic cells was as follows: in SW1736 cells from 8.78 to
10.16%, in C643 cells from 12.77 to 12.12%, in 8305C from
4.31 to 4.45% (Fig. 4).

FOXO1 expression is decreased in ATC-derived cell
lines

Given that FOXO1 protein has been considered a possible
tumor suppressor, its expression in ATC-derived cell lines
was compared with the expression in human normal thy-
roid tissues [23]. To this end, RT-qPCR was performed
with mRNAs isolated from a panel of six surgically re-
moved normal human thyroid tissues from different pa-
tients. The mRNA from normal tissues (NT) was used as
the control and FOXO1 mRNA expression in the ATC cell
lines, compared with expression in NT. We found a critical
decrease in FOXO1 expression levels in all cell lines ex-
amined (P < 0.05) (Fig. 5).

Effects of metformin on PI3K, AKT and FOXO1
expression and protein phosphorylation

To measure PI3K, AKT and FOXO1 expression in ATC
cell lines, quantitative RT-PCR was conducted on
SW1736, C643 and 8305C cell lines after treatment with
different concentrations of metformin. Quantitative RT-
PCR showed that the expression of PI3K, AKT and
FOXO1 decreased in the metformin-treated SW1736 cell
line compared with the untreated cells as the negative con-
trol. In the C643 cell line a decrease was observed in both
PI3K and FOXO1 mRNAs expression whereas the mRNA
level of AKT was not significantly modulated by metfor-
min, compared with negative control. A significant

a            0mM 30 mM                     60 mM 

b            0mM 30 mM                    60 mM 

c            0mM 30 mM                     60 mM 

Fig. 2 Morphology of humanATC cell lines after treatment with different
concentrations of metformin for 48 h (10 magnification). Panel a:
SW1736, Panel b: C643 and Panel c: 8305C
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decrease was also observed in PI3K, AKT and FOXO1
mRNAs expression in the 8305C cell line (Fig. 6). To in-
vestigate metformin effect on phosphorylation status of
PI3K, AKT and FOXO1 in ATC cell lines, enzyme-
linked immunesorbant assay was used. Based on ELISA
results, there was no significant modulation in the phos-
phorylation of PI3K, AKT and FOXO1 proteins in any of
the examined cell lines following metformin treatment
(Fig. 7, P > 0.05).

Discussion

In the present study we investigated whether metformin could
affect insulin-promoting cell growth by regulation of the
PI3K/AKT/FOXO1 pathway. Thyroid cancer is the most
common endocrine malignancy and ATC is the most aggres-
sive form of not only thyroid but all of human cancers. For this
aim we used SW1736, C643 and 8305C cell lines to examine

the effects of metformin on anaplastic thyroid cancer cell
growth, apoptosis, migration and morphology. According to
our results, metformin exerted inhibitory effects on ATC cells
growth in a dose- and time-dependent manner. The strongest
effect of metformin on the inhibition of cell growth was ob-
served 24 h after treatment. Growth inhibitory effect was as-
sociated with decrease in cell migration, microscopic morpho-
logical changes and apoptosis induction in cancer cells.
According to the MTT assay and flow cytometry results of
the examined cell lines, C643 and 8305C were respectively
the most sensitive and resistant cell lines to metformin, find-
ings which correspond to the higher growth velocity of the
8305C cell line.

According to our findings, the expression level of PI3K,
AKT and FOXO1 was decreased by metformin (P < 0.05),
although there was no significant change in the mRNA ex-
pression of AKT in the C643 cell line (P > 0.05). A critical
down-regulation in FOXO1 was found in all examined cell
lines, compared with normal thyroid tissues and metformin

Fig. 3 Cell migration assay following treatment with metformin.
SW1736, C643 and 8305C cell lines were grown in 24-well plates.
After 24 h the culture medium was replaced by fresh medium containing

0 and 30 mM metformin. Snapshots were taken in 0-24 h time range.
Reduced cell migration was observed in metformin treated cells. P< 0.05

98 DARU J Pharm Sci (2018) 26:93–103



had no significant effects on the phosphorylated levels of
PI3K, AKT and FOXO1 (P > 0.05).

The vast majority of epidemiological studies report a well-
documented association between T2D with increasing risk of
different malignancies including thyroid neoplasia and insulin
resistance following hyperglycemia and hyperinsulinemia has
been introduced as the causality of this association. Insulin, a
well-identified growth factor, exerts its growth-promoting ef-
fects via insulin/IGF-I signaling [5]. Recently, it has been re-
ported that insulin has relevence to tumor growth and metas-
tasis [26]. Furthermore both insulin and IGF-1 induce cell
growth through stimulating the PI3K/AKT/FOXO signaling
pa t hway. Consequen t l y, P I3K /AKT-dependen t

phosphorylation of FOXOs facilitates their nuclear exclusion
and eventual proteasomal degradation [27].

Because of different important roles in cellular processes,
FOXO1, an important member of FOXO protein family, has
been proposed as a novel tumor suppressor transcription factor
that may be involved in tumorgenesis, this transcription factor
is downregulated by the insulin-activated PI3K/AKT pathway
[23]. According to the study performed by Song et al., the
tumorigenesis of PTC might be associated with down-
regulation of FOXO1, which may have a critical role in inhi-
bition of PTC development by regulating cellular prolifera-
tion, growth, and apoptosis; they introduced FOXO1 expres-
sion as a potentially useful biomarker for PTC [25]. In
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Fig. 4 Apoptosis of SW1736 (row a dot plots), C643 (row b dot plots)
and 8305C (row c dot plots) cells in response to different concentrations
of metformin (0, 10 and 30mM) for 48 h were determined byAnnexin V/

PI staining. The percentage of early apoptosis (lower right quadrangle)
and late apoptosis/necrosis (upper right quadrangle) were calculated by
Flowjo software
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addition, Zhang et al. showed that FOXO1 plays an important
role in inhibition of human cervical cancer development by
cell cycle and apoptosis arrest [28]. However, as discussed
above there is limited evidence on the relation of FOXO1 to
thyroid cancers and its role in thyroid cancers has not been
well established [25]. Zaballos et al. indicated that FOXO1
was differentially expressed in normal and tumor tissues in
many human malignancies, including PTC [23]. They also
demonstrated that, FOXO1 mRNA and protein levels were
significantly reduced in different human thyroid cancer cell
lines, compared with normal human thyroid tissues [23]. In
the current study, we considered FOXO1 expression in ATC-
derived cell lines and compared it with expression in human
normal thyroid tissues. Like Zaballos’s study, we also found a
significant decrease in FOXO1 mRNA levels in all undiffer-
entiated thyroid cancer cell lines.

Metformin increases glucose uptake by activating the
AMP-activated protein kinase (AMPK) signaling pathway
[29] and most of the studies investigating its antitumor ef-
fects have focused on the AMPK signaling pathway [30].
Previously, it has been demonstrated that constant activity of
the PI3K/AKT pathway plays a determining role in the de-
velopment of different types of cancers [31]. Therefore, re-
searchers focusing on this pathway, as one of the metformin
targets, found that in addition to the AMPK pathway, met-
formin affects cell proliferation by regulation of the PI3K/
AKT signaling pathway [17]. In the present study, the anal-
ysis of the RT-qPCR data revealed that the mRNA expres-
sion level of PI3K was significantly decreased in all
metformin-treated cell lines. The expression of AKT
mRNA was also reduced by metformin in both SW1736
and 8305C cells but did not alter in the C643 cell line. We

also considered the metformin effect on FOXO1 expression
on these cells; metformin markedly decreased the mRNA
levels of FOXO1 in all examined cell lines. Given that the
PI3K and AKT proteines are actived in the phosphorylated
form and FOXO1 is inactive in this form, metformin effects
were investigated on phosphorylation and subsequently their
activation by ELISA method, according to the results, met-
formin had no significant effect on these protein phosphor-
ylation levels in all metformin-treated ATC cell lines. In a
study performed by Liu et al.. [17], metformin inhibited
cutaneous squamous cell carcinoma (SCC) prolifreration
by decreasing PI3K and p-AKT levels and downregulating
of PI3K mRNA levels without changes in AKT mRNA
level, they concluded that metformin-inhibited proliferation
of SCC cells might be associated with changes in phosphor-
ylation levels of the PI3K/AKT signaling pathway. It was
demonstrated that metformin inhibites the growth of breast
cancer cells via the activation of AMPK and consequently
the inhibition of AKT [8]. In another study, Yung et al.
reported that the activation of AMPK by metformin caused
downregulation of p-AKT, p-FOXO3a and phosphorylated
forkhead box M1 (p-FOXM1) in the cervical cancer cell
line. In this study, the expression of FOXM1 was not sig-
nificantly altered by metformin after the inhibition of
FOXO3a by siRNA, indicating that metformin may suppress
cervical cancer cell growth via AMPK activation and AKT/
FOXO3a/FOXM1 inhibition [9]. Similar to Zakikhani,
Karnevi et al. revealed that the activation of AMPK and
suppression of the phosphorylation of AKT by metformin
had anti-proliferative effect on pancreatic cancer cells [32].
Unlike the results mentioned regarding metformin decreases
the level of p-AKT, Sarfstein et al. demonstrated that

0.0

0.2

0.4

0.6

0.8

1.0

FO
X

O
1 

m
R

N
A 

R
el

at
iv

e 
E

xp
re

ss
io

n

NT SW1736 C643 8305C

*

*

*

Fig. 5 FOXO1 expression
decreased in anaplastic thyroid
cancer cell lines compared with
human normal thyroid tissue.
Results are the mean ± SD of
three independent experiments
performed in triplicate and
changes with respect to the
mRNA levels of normal cells
(considered significant at P <
0.05). NT: normal tissue
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metformin did not decrease AKT phosphorylation in human
endometroid endometrial carcinoma cells (ECC-1 and
Ishikawa; Type I) and ECC-1 cells; they attributed these
paradoxical results to the mutations in the RAS proto-onco-
gene, p53 and PTEN tumor suppressor gene, leading to con-
tinuous phosphorylation of AKT [33]. Thus, according to
our findings it can be speculated that metformin significantly
suppreses ATC cell lines proliferation by downregulating
mRNA expression of PI3K and AKT in the PI3K/AKT sig-
naling pathway without effecting PI3K and AKT phosphor-
ylation. Until now, there is a lack of significant evidence on
the effects of metformin on FOXO family members. In two
separate studies, Sarfstein [33] and Song [34] demonstrated
that metformin reduced lipid accumulation by decreasing
FOXO1 levels in both uterine serous carcinoma (USC) cells
and macrophages, respectively. In two other separate studies,
Li [35] and Zatara [36] showed that metformin decreased
nuclear entry rate and recruitment of FOXO1; they also

illustrated that metformin repressed the activities of
FOXO1 via reducing its nuclear entry rate in a manner de-
pendent on AMPK activation. Their finding is in accordance
with us regarding the effects of metformin on FOXO1
mRNA expression on cancerous cell lines. Compared to
the above Barbato et al. reported contradictory findings on
the effects of metformin on FOXO1 [37]; they showed that
metformin increased lysosomal acid lipase (Lipa) in adipo-
cytes, which was associated with FOXO1 upregulation and
its nuclear translocation.

According to previous studies and also our findings,
metformin decreases FOXO1 expression in different cells
and ATC cells, indicating apparently a contradiction as
metformin, on the one hand, acts as an antitumor and
antiapoptosis agent, but on the other hand apparently
downregulates FOXO1 expression as a potential tumor
suppressor factor with important roles in cell proliferation
and apoptosis. It can be speculated that the metformin

Fig. 6 Quantitative Real-Time PCR analyses revealed that the expression
of PI3K mRNAwas decreased in metformin-treated SW1736, C643 and
8305C cell lines compared with negative control. The expression of AKT
mRNAwas also decreased in SW1736 and 8305C cell lines whereas no

change was observed in its expression in C643. FOXO1 mRNA expres-
sion was also decreased in all SW1736, C643 and 8305C cell ines. Data
were presented as means ± SEM (n = 3). P< 0.05
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AMPK-stimulated anti-proliferative effects are stronger
than its inhibitory effect on FOXO1 expression as a tumor
suppressor factor such that the first effect mentioned can
compensate for the second inhibitory effect.

In conclusion, our study demonstareted that metformin
decreased cell viability in ATC-derived cells ex vivo in a
dose-and time-dependent manner, which was significantly
associated with the downregulation of PI3K and AKT
mRNA levels of the PI3K/AKT signaling pathway. FOXO1
is one of the targets of PI3K/AKT involved in a variety of
cellular processes. It has been reported that FOXO1 may
play an important role in the development of thyroid cancer.
Our results showed decrease in FOXO1 expression of the
ATC cells which was intensified by metformin. However
apparently, metformin exerts its anticancer effects via another
stronger pathway (AMPK pathway), because of which we
did not observe increase in cell proliferation following
FOXO1 down-regulation by metformin.

Based on studies investigating metformin effects on
FOXO1, it seems that other factors may be involved in
PI3K, AKTand FOXO1 expression regulation which affected
by metformin. However, the exact molecular mechanism of
the metformin on the inhibition of PI3K/AKT pathway and
subseqent decrease of cell viability has remained unclear and
further studes are needed for its clarification.

Acknowledgements The authors are grateful to Research Institute for
Endocrine Sciences, Shahid Beheshti University of Medical Sciences
Tehran, Iran for their excellent technical and financial supports. This
manuscript was extracted from PhD thesis of Zahra Nozhat (grant No:
852). The authors wish to acknowledge Ms. Niloofar Shiva for editing of
English grammar and syntax of the manuscript.

Compliance with ethical standards

Conflict of interest There is no conflict of interest.

Fig. 7 Enzyme-linked Immunoassay analyses revealed that there was not a significant change in p-PI3K, p-AKTand p-FOXO1 levels in ATC cell lines
following the treatment with metformin compared with untreated groups of cells. P> 0.05

102 DARU J Pharm Sci (2018) 26:93–103



References

1. Nozhat Z, Hedayati M. PI3K/AKT pathway and its mediators in
thyroid carcinomas. Molecular diagnosis & therapy. 2016;20(1):
13–26.

2. Nozhat Z, Hedayati M, Pourhassan H. Signaling pathways in med-
ullary thyroid carcinoma: therapeutic implications. International
Journal of Endocrine Oncology. 2016;3(4):299–312.

3. Cornett WR, Sharma AK, Day TA, Richardson MS, Hoda RS, van
Heerden JA, et al. Anaplastic thyroid carcinoma: an overview. Curr
Oncol Rep. 2007;9(2):152–8.

4. AIN KB. Anaplastic thyroid carcinoma: behavior, biology, and
therapeutic approaches. Thyroid. 1998;8(8):715–26.

5. Chen G, Xu S, Renko K, Derwahl M. Metformin inhibits growth of
thyroid carcinoma cells, suppresses self-renewal of derived cancer
stem cells, and potentiates the effect of chemotherapeutic agents.
The Journal of Clinical Endocrinology & Metabolism. 2012;97(4):
E510–E20.

6. Klubo-Gwiezdzinska J, Costello J Jr, Patel A, Bauer A, Jensen K,
Mete M, et al. Treatment with metformin is associated with higher
remission rate in diabetic patients with thyroid cancer. The Journal
of Clinical Endocrinology & Metabolism. 2013;98(8):3269–79.

7. Sahra IB, Laurent K, Loubat A, Giorgetti-Peraldi S, Colosetti P,
Auberger P, et al. The antidiabetic drug metformin exerts an antitu-
moral effect in vitro and in vivo through a decrease of cyclin D1
level. Oncogene. 2008;27(25):3576–86.

8. Zakikhani M, Dowling R, Fantus IG, Sonenberg N, Pollak M.
Metformin is an AMP kinase–dependent growth inhibitor for breast
cancer cells. Cancer Res. 2006;66(21):10269–73.

9. Yung MMH, Chan DW, Liu VWS, Yao K-M, Ngan HY-S.
Activation of AMPK inhibits cervical cancer cell growth through
AKT/FOXO3a/FOXM1 signaling cascade. BMC Cancer.
2013;13(1):327.

10. Rattan R, Giri S, Hartmann LC, Shridhar V. Metformin attenuates
ovarian cancer cell growth in an AMP-kinase dispensable manner. J
Cell Mol Med. 2011;15(1):166–78.

11. Bikas A, Van Nostrand D, Jensen K, Desale S, Mete M, Patel A, et
al. Metformin attenuates 131I-induced decrease in peripheral blood
cells in patients with differentiated thyroid cancer. Thyroid.
2016;26(2):280–6.

12. Chen G, Nicula D, Renko K, Derwahl M. Synergistic anti-
proliferative effect of metformin and sorafenib on growth of ana-
plastic thyroid cancer cells and their stem cells. Oncol Rep.
2015;33(4):1994–2000.

13. Cho SW, Yi KH, Han SK, Sun HJ, Kim YA, Oh B-C, et al.
Therapeutic potential of metformin in papillary thyroid cancer in
vitro and in vivo. Mol Cell Endocrinol. 2014;393(1):24–9.

14. Han B, Cui H, Kang L, Zhang X, Jin Z, Lu L, et al. Metformin
inhibits thyroid cancer cell growth, migration, and EMT through the
mTOR pathway. Tumor Biol. 2015;36(8):6295–304.

15. BartoloméA,Guillén C, BenitoM. Role of the TSC1-TSC2 complex
in the integration of insulin and glucose signaling involved in pan-
creatic β-cell proliferation. Endocrinology. 2010;151(7):3084–94.

16. Paes JE, Ringel MD. Dysregulation of the phosphatidylinositol 3-
kinase pathway in thyroid neoplasia. Endocrinol Metab Clin N Am.
2008;37(2):375–87.

17. Liu Y, Zhang Y, Jia K, Dong Y, Ma W. Metformin inhibits the pro-
liferation of A431 cells by modulating the PI3K/Akt signaling path-
way. Experimental and therapeutic medicine. 2015;9(4):1401–6.

18. Tzivion G, Dobson M, Ramakrishnan G. FoxO transcription fac-
tors; regulation by AKT and 14-3-3 proteins. Biochimica et
Biophysica Acta (BBA)-molecular. Cell Res. 2011;1813(11):
1938–45.

19. Guttilla IK, White BA. Coordinate regulation of FOXO1 by miR-
27a, miR-96, and miR-182 in breast cancer cells. J Biol Chem.
2009;284(35):23204–16.

20. Myatt SS,Wang J,Monteiro LJ, ChristianM, HoK-K, Fusi L, et al.
Definition of microRNAs that repress expression of the tumor sup-
pressor gene FOXO1 in endometrial cancer. Cancer Res.
2010;70(1):367–77.

21. Xie L, Ushmorov A, Leithäuser F, Guan H, Steidl C, Färbinger J, et
al. FOXO1 is a tumor suppressor in classical Hodgkin lymphoma.
Blood. 2012;119(15):3503–11.

22. Haflidadóttir BS, Larne O, Martin M, Persson M, Edsjö A, Bjartell
A, et al. Upregulation of miR-96 enhances cellular proliferation of
prostate cancer cells through FOXO1. PLoS One. 2013;8(8):
e72400.

23. Zaballos MA, Santisteban P. FOXO1 controls thyroid cell prolifer-
ation in response to TSH and IGF-I and is involved in thyroid
tumorigenesis. Mol Endocrinol. 2013;27(1):50–62.

24. Zhang X, Tang N, Hadden TJ, Rishi AK. Akt, FoxO and regulation
of apoptosis. Biochimica et Biophysica Acta (BBA)-molecular.
Cell Res. 2011;1813(11):1978–86.

25. Song H-m, Song J-l, Li D-f, Hua K-y, Zhao B-k, Fang L. Inhibition
of FOXO1 by small interfering RNA enhances proliferation and
inhibits apoptosis of papillary thyroid carcinoma cells via Akt/
FOXO1/Bim pathway. OncoTargets and therapy. 2015;8:3565.

26. Frasca F, Pandini G, Sciacca L, Pezzino V, Squatrito S, Belfiore A,
et al. The role of insulin receptors and IGF-I receptors in cancer and
other diseases. Arch Physiol Biochem. 2008;114(1):23–37.

27. Matsuzaki H, Daitoku H, HattaM, Tanaka K, Fukamizu A. Insulin-
induced phosphorylation of FKHR (Foxo1) targets to proteasomal
degradation. Proc Natl Acad Sci. 2003;100(20):11285–90.

28. Zhang B, Gui L, Zhao X, Zhu L, Li Q. FOXO1 is a tumor suppres-
sor in cervical cancer. Genet Mol Res. 2015;14(2):6605–16.

29. Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J, et al.
Role of AMP-activated protein kinase in mechanism of metformin
action. J Clin Investig. 2001;108(8):1167–74.

30. Bodmer M, Meier C, Krähenbühl S, Jick SS, Meier CR. Long-term
metformin use is associated with decreased risk of breast cancer.
Diabetes Care. 2010;33(6):1304–8.

31. Vivanco I, Sawyers CL. The phosphatidylinositol 3-kinase–AKT
pathway in human cancer. Nat Rev Cancer. 2002;2(7):489–501.

32. Karnevi E, Said K, Andersson R, Rosendahl AH. Metformin-
mediated growth inhibition involves suppression of the IGF-I re-
ceptor signalling pathway in human pancreatic cancer cells. BMC
Cancer. 2013;13(1):235.

33. Sarfstein R, Friedman Y, Attias-Geva Z, Fishman A, Bruchim I,
Werner H. Metformin downregulates the insulin/IGF-I signaling
pathway and inhibits different uterine serous carcinoma (USC) cells
proliferation and migration in p53-dependent or-independent man-
ners. PLoS One. 2013;8(4):e61537.

34. Song J, Ren P, Zhang L, Wang XL, Chen L, Shen YH. Metformin
reduces lipid accumulation in macrophages by inhibiting FOXO1-
mediated transcription of fatty acid-binding protein 4. Biochem
Biophys Res Commun. 2010;393(1):89–94.

35. Li X, Kover KL, Heruth DP, Watkins DJ, MooreWV, Jackson K, et
al. New insight into metformin action: regulation of ChREBP and
FoXO1 activities in endothelial cells. Mol Endocrinol. 2015;29(8):
1184–94.

36. Zatara G, Hertz R, Shaked M, Mayorek N, Morad E, Grad E, et al.
Suppression of FoxO1 activity by long-chain fatty acyl analogs.
Diabetes. 2011;60(7):1872–81.

37. Barbato DL, Tatulli G, Aquilano K, Ciriolo M. FoxO1 controls
lysosomal acid lipase in adipocytes: implication of lipophagy dur-
ing nutrient restriction and metformin treatment. Cell Death Dis.
2013;4(10):e861.

DARU J Pharm Sci (2018) 26:93–103 103


	Effects of metformin on the PI3K/AKT/FOXO1 pathway in anaplastic thyroid Cancer cell lines
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Cell culture
	Human tissue
	Cell viability assay
	Cell morphology studies
	Cell migration assay
	Flow cytometry
	mRNA and protein extraction
	Real-time PCR
	Enzyme linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Metformin inhibits growth of ATC cell lines
	Metformin modifies morphology of the ATC cells
	The effects of metformin on ATC cells migration
	Flow cytometry
	FOXO1 expression is decreased in ATC-derived cell lines
	Effects of metformin on PI3K, AKT and FOXO1 expression and protein phosphorylation

	Discussion
	References


