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Abstract

Background and purpose: There has not been a comprehensive study on the simultaneous effects of
metformin, etoposide, and epirubicin on thyroid cancer cells. Hence, the current research proposed the in vitro
study on the effect of metformin alone and in combination with etoposide and epirubicin on the rate of
proliferation, apoptosis, necrosis, and migration against B-CPAP and SW-1736 cells as thyroid cancer cell
lines.

Experimental approach: MTT-based proliferation assay, combination index method, flow cytometry, and
scratch wound healing assays were used to evaluate the simultaneous effects of the three approved drugs
against thyroid cancer cells.

Findings/Results: This study showed that the toxic concentration of metformin on normal Hu02 cells was
more than 10 folds higher than B-CPAP and SW cancerous cells. Metformin in combination with epirubicin
and etoposide could increase percentages of B-CPAP and SW cells in early and late apoptosis and necrosis
phases in comparison with their single concentrations, significantly. Metformin in combination with epirubicin
and etoposide could arrest the S phase in B-CPAP and SW cells, significantly. Metformin in combination with
epirubicin and etoposide could reduce ~100% migration rate, whereas single concentrations of epirubicin and
etoposide could reduce ~50% migration rate.

Conclusion and implication: Combined treatment of metformin with anticancer drugs epirubicin and
etoposide can increase the mortality in thyroid cancer cell lines and reduce the toxicity of these drugs on the
normal cell line, which could be the starting point for proposing a new combination strategy in the therapy of
thyroid cancer to induce more potency and reduce acute toxicity.
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INTRODUCTION

Thyroid cancer (TC) is the utmost common
endocrine malignancy with more annual deaths
than all other endocrine cancers combined.
Medical centers in many parts of the
world have a growing frequency of cases of
thyroid cancer. TC derived from follicular cells
includes differentiated TC (DTC) with
papillary (PTC) or follicular (FTC) histology
and undifferentiated (anaplastic-ATC) and
poorly differentiated TC (1,2).

PTC is a common endocrine malignancy
and the most highly differentiated cancer of the
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thyroid follicular epithelium. PTC tends to
affect women more often than men,
and thyroid cancer is the seventh most
common cancer in women. 586,202 people
globally have been diagnosed with thyroid
cancer in 2020. Medullary TC (MTC)
and PTC led to about 3% of all thyroid
cancers (1,2).
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Considering the incidence of thyroid cancer,
so far different treatments have been carried
out, such as surgery, radioiodine treatment,
chemotherapy, and hormone treatment with
thyroid-stimulating hormone suppression. For
this purpose, new therapies and drugs are under
development to treat cancer and reduce the risk
of chemotherapy drugs (3).

The researchers have made many efforts to
standardize chemotherapy drugs for thyroid
malignancies such as other cancers. Among the
common drugs, doxorubicin, epirubicin,
etoposide, and bleomycin are used in relevant
regimens for the treatment of thyroid carcinoma
(3,4).

Epirubicin is an anticancer drug derived
from doxorubicin that plays its anticancer role
by interfering with the synthesis and function of
DNA and is most effective during the S phase
of the cell cycle (5).

Etoposide a topoisomerase Il inhibitor is
utilized as monotherapy in MTC and has had a
response rate of 14% (6,7). Relevant
neuroendocrine tumors, for instance, small-cell
lung and peripheral neuroectodermal cancers,
are highly responsive to etoposide in single and
combination systems.

Due to the limited effectiveness of
monotherapy, and the emergence of resistance,
further research on combination therapy is
considered to be important. Among the drugs
that are used for combination therapy,
epirubicin and etoposide can be mentioned (8).

Metformin, a famous insulin-sensitizer
agent usually used for type 2 diabetes therapy,
has lately emerged as a potentially attractive
drug in oncology. It is low-cost and relatively
safe and many reports have shown it to be
effective in cancer prevention and therapy.
Metformin applies antimitogenic action in
several cancer histotypes through several
molecular mechanisms (9-11).

It should be noted that in light of
metformin’s effects on thyroid cancer; so far, a
comprehensive study has not been carried out
on the simultaneous effects of these drugs on
thyroid cancer cells.

Metformin is an oral anti-hyperglycemic
agent that has been widely purchased in the
management of non-insulin-dependent diabetes
mellitus based on multiple mechanisms of
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action, such as suppression of hepatic
gluconeogenesis, increase in peripheral glucose
uptake, and reduction in insulin resistance (11).

The intracellular effects of metformin are
intervened by the activation of AMP-activated
protein kinase (AMPK) (12). Investigations in
breast, prostate, and ovarian cancer cells in
vitro and in vivo, verified that metformin
inhibits cancer cell growth by way of
AMPK-dependent inhibition of the mTOR
signaling pathway in addition to suppression of
cyclin D1 expression (13-15). Furthermore,
metformin can increase the cytotoxic effects of
chemotherapeutic agents via AMPK and p53
signaling (16-18).

The previous findings have demonstrated
that treatment with metformin is related to the
sensitization of breast cancer cells to
neoadjuvant therapy, and presented metformin
as a part of a successful adjuvant treatment
strategy against breast tumors in phase Ill
clinical trials (19).

Previous  studies investigating  the
mechanism of action of metformin have shown
that activation of AMPK and inhibition of
p70S6K/pS6 signaling are common incidents in
all examined TC cells. Indeed, findings
demonstrated that metformin can reduce and
inhibit cell growth and suppress the expression
of cyclin D1 in PTC-, MTC-, and FTC-derived
cell lines in addition to inhibition of
MTOR/p70S6K/pS6 signaling and suppression
of p-extracellular signal-regulated kinase
(ERK) in MTC-derived cell lines, TT and MZ-
CRC-1 cells. Furthermore, TC cell treatment
with metformin at concentrations that were
adequate for the inhibition of cell growth did
not reduce TC cell migration (20-21).

The retrospective analysis of
clinicopathological characteristics in diabetic
patients with TC demonstrated that tumor size
was significantly smaller in metformin-treated
compared to the groups not treated with
metformin (22). Chemotherapy is a standard
treatment regimen to treat a wide range of
tumors; though, chemotherapy alone does not
result in considerable improvement and
regularly leads to drug resistance. On the
contrary, combination treatment has shown to
be an efficient strategy for TC treatment
(23,24). Together, these data suggest the



potential utility of metformin for the treatment
of TCs.

Hence, the current research was designed to
investigate the comprehensive in vitro effect of
metformin alone and in combination with
etoposide and epirubicin on the rate of
proliferation, apoptosis, necrosis, and migration
against B-CPAP and SW-1736 cells as TC cell
lines.

MATERIALS AND METHODS

Cell culture

B-CPAP (poorly differentiated thyroid gland
carcinoma) ATCC CRL-1803, SW-1736
(thyroid gland undifferentiated (anaplastic)
carcinoma) IBRC C10311, and Hu02 (human
foreskin fibroblast) IBRC C10309, were
provided from Iranian Biological Resource
Center (Tehran, Iran). They were plated in
25 and 75 cm? cell culture flasks in RPMI 1640
plus 10% fetal bovine serum (Biosera, France)
and 2 g¢/L of (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) buffer (HEPES;
Biosera, France), under a 5% CO; atmosphere
with pH 7.4. Cells with 70-80% of
confluence were removed by trypsin-
ethylenediaminetetraacetic  acid (EDTA)
solution 1X (Biosera, France). For each test, all
cells with a density of 10* cells/cm? in
96-multiwell plates were seeded for MTT
and 10° cells/cm? in 24-multiwell plates
for cell cycle and cell proliferation tests
(three wells for each sample and treatment), in
that order.

MTT cell proliferation assay

The toxicity properties of metformin
(0.48,2.4,12.8, 64, and 320 uL/mL), etoposide
(8, 40, 200, and 1000 pL/mL), and epirubicin
(0.32, 1.6, 8, 40, and 200 pL/mL) were
determined by RPMI 1640 and assessed
by of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; thiazolyl blue)
test (Sigma-Aldrich, Germany). The cells with
RPMI 1640 were adjusted to 1.0 x 10 cells/cm?
to plate in 96-well plates (200 pL/well) and
incubated for 24 h under a 5% CO; atmosphere.
Following treatment with pointed compounds,
each well obtained 20 pL of MTT (5 g/L) and
incubated for 4 h. After removing the medium
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and adding 100 pL/well DMSO, the plates
were analyzed by multiwell scanning
spectrophotometer (ELISA reader, Organon
Tekninka, Netherlands) at a wavelength of
545 nm. The percentage of cell toxicity was
obtained by the following equations (25):
Toxicity (%) =1 —

Average absorbance value of experimental group

x 100

1
Average absorbance value of the control group ( )

In addition, based on the MTT assay,
the effects of etoposide and epirubicin in
single concentrations and in combination
with metformin on two cell lines were
evaluated after 24 h of treatment, as
above-mentioned.

Annexin V-propidium iodide staining-based
assay to assess the induction of apoptosis and
Necrosis

B-CPAP and SW cells were incubated in
24-well plates under various treatments
for 48 h (1.0 x 10° cells/cm?) with entire,
the non-adherent cells were collected, and
adherent cells were quickly washed with
phosphate-buffered saline (PBS) buffer and
were taken away with trypsin-EDTA solution
1X at room temperature. Subsequently,
the procedure was performed based on the
manufacturer staining instruction for annexin
V-fluorescein isothiocyanate (FITC) and
propidium iodide (PI) solutions (IQ Products
BV, Netherlands). Then the results were
analyzed by a flow cytometer as CyFlow
(Partec, Germany) (26).

Analysis of cell cycle

The cancerous cells (1.0 x 10° cells/cm?)
were treated with entire compounds for 24 h.
After that, the treated B-CPAP and SW cells
were washed in cold PBS (Biosera, France),
fixed in cold 70% ethanol (Sigma-Aldrich,
Germany), and kept at -20 °C for 6 h. Before
analysis, cells were washed twice in PBS,
resuspended in staining solution (final
concentration  0.1%  Triton™  X-100,
0.5 mg/mL ribonuclease A (Sinaclon, Iran),
and  0.025mg/mL  propidium  iodide
(Sigma-Aldrich, Germany)) to incubate
in the dark place at room temperature for
30min and analyze by CyFlow (Partec,
Germany) (27).
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Scratch wound healing assay to evaluate cell
migration

B-CPAP and SW cells were seeded in
24-well plates at a confluence density,
incubated for 48 h at 37 °C, and scratched using
a yellow pipette tip when the cells covered the
well. The cells were washed with PBS twice to
clear the floating cells and various
concentrations of compounds were added.
Images were captured at 48 h (28). The
migration rate is calculated by the equation
below:
Migration (%) =

Scratch distance (initial time)— scratch distance (after 48 hours)

Scratch distance (initial time)

100 (2

Statistical analysis

The presented data were mean = SEM or
mean £ SD of three triplicates (n = 3) and 1Csos
were examined by Graph Pad Prism 5.0
program (GraphPad, La Jolla, CA, USA) with a
95%  confidence interval. Statistical
comparisons were carried out by ANOVA
followed by Tukey's post hoc test. The
differences were considered significant when P
< 0.05.

To analyze the interaction between
metformin and the anticancer drug, the
combination index (Cl) method was applied. CI
method calculated by ComboSyn (ComboSyn
Inc., NY, USA) is based on the CI theorem of

Chou and Talalay and presented a quantitative
measure based on the mass-action law of the
degree of drug interaction in terms of synergism
(Cl < 1), additive (CI = 1), and antagonism (CI
> 1) for a particular endpoint of the effect
measurement. CI has resulted from n(CI)x = Zn
j = 1(D)j/(D50)j where j, D, and D50 are
defined as each of n chemicals that exerts x%
inhibition in combination, dose, and median-
effect dose, the dose produces a 50% effect as
ICso respectively.

RESULTS

Effects of single and combined concentrations
of drugs on cell proliferation

The MTT assay was utilized for the
measurement of cell toxicity caused by the
metformin and two drugs in single (Table 1)
and combination (Table 2) manners on B-
CPAP, SW, and HuO02 cell lines. Findings of the
MTT assay demonstrated that metformin is
toxic on B-CPAP and SW cell lines in its single
concentrations.

Indeed, analyzing the combined effects of
metformin with etoposide and epirubicin
showed that two tested concentrations of
metformin can increase the toxicity effects of
etoposide and epirubicin in their ICso and
less than 1Cso concentrations synergistically
(Cl <1). The mentioned data were the same for
both cancer cell lines.

Table 1. ICss (mean £ SEM) of the epirubicin, etoposide, and metformin on B-CPAP, SW, and Hu02 cell lines after

24 h incubation.

Sample 1Cs0 (pg/mL)
Epirubicin on B-CPAP cells 7.21 +0.558
Epirubicin on SW cells 92.9+0.704
Epirubicin on Hu02 cells 914.96 + 0.998
Etoposide on B-CPAP cells 77.51+0.798
Etoposide on SW cells 43.62 +0.801
Etoposide on Hu02 cells 408.31+£1.00
Metformin on B-CPAP cells 16.62 £ 0.625
Metformin on SW cells 7.34 £0.916
Metformin on Hu02 cells ~1487.25 + 0.68
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Table 2. Combination effects of metformin with epirubicin and etoposide on B-CPAP, SW, and HuO2 cell lines after

24 h incubation

Treatments Concentration (ug/mL) Combination index Fraction affected
Epirubicin Metformin
40.0 12.8 0.46928 0.60
L . 8.0 12.8 0.56380 0.47
Ef)ér;'z:;:m plus metformin on 16 128 0.82040 0.20
40.0 64.0 0.10368 0.90
8.0 64.0 0.23452 0.79
1.6 64.0 0.38884 0.69
Epirubicin Metformin
40.0 12.8 0.50044 0.45
L . 8.0 12.8 0.71628 0.39
E\;/)\l/rublcm plus metformin on 16 128 0.99153 034
40.0 64.0 0.49497 0.58
8.0 64.0 0.64338 0.55
1.6 64.0 0.83846 0.52
Epirubicin Metformin
200.0 12.8 1.66940 0.24
Epirubicin ol f . 40.0 12.8 1.76751 0.18
P bicin plus metforminon g4 12.8 18.9641 0.11
200.0 64.0 1.23445 0.31
40.0 64.0 1.56363 0.24
8.0 64.0 6.85770 0.18
Etoposide Metformin
40.0 12.8 0.42649 0.53
Et ide ol " . B 8.0 12.8 0.34288 0.42
CF‘}EES' € plus metiormin on 16 12.8 0.29298 0.39
40.0 64.0 0.27690 0.58
8.0 64.0 0.16057 0.53
1.6 64.0 0.03371 0.59
Etoposide Metformin
40.0 12.8 0.42368 0.44
. . 8.0 12.8 0.75130 0.36
E\t/?/pomde plus metformin on 16 128 0.80864 031
40.0 64.0 0.33246 0.57
8.0 64.0 0.60507 0.48
1.6 64.0 0.63103 0.47
Etoposide Metformin
200.0 12.8 1.83292 0.29
. . 40.0 12.8 1.41884 0.16
E’[lj)(g)zomde plus metformin on 8.0 128 3.84215 0.12
200.0 64.0 1.23736 0.39
40.0 64.0 1.41884 0.25
8.0 64.0 3.84215 0.20

Effects of single and combined concentrations
of drugs on inducing apoptosis and necrosis

The annexin V-FITC vs Pl quantitation-
based assay was employed to assess the cell
toxicity caused by the compounds and two
drugs in single and combination manners
on B-CPAP and SW cell lines (Figs. 1-4).

Data showed that metformin (20 pg/mL) in
combination with etoposide (16 pug/mL) could
significantly increase the early apoptosis
percentage of B-CPAP cell count in comparison
with single doses of etoposide (80 and
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16 pg/mL). Metformin (20 pg/mL) in
combination with epirubicin (2 pug/mL) could
remarkably increase late apoptosis and necrotic
percentages of B-CPAP cell count in
comparison with single doses of epirubicin
(10 and 2 I1Cso doses). Metformin (10 pg/mL) in
combination with epirubicin (20 pg/mL)
and etoposide (8 pg/mL) could significantly
increase late apoptosis and necrotic percentages
of SW cell count in comparison with
single doses of epirubicin (100 and 20 pg/mL)
and etoposide (40 and 8 pg/mL).
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Fig. 1. Findings for annexin V-FITC vs propidium iodide quantitation of B-CPAP cells in (A) non-treated group (RPMI
as negative control) in addition to (B) B-CPAP cells treated by epirubicin (10 pg/mL), (C) epirubicin (2 pg/mL), (D)
etoposide (80 pg/mL), (E) etoposide (16 pg/mL), (F) metformin (20 pg/mL) in combination with epirubicin (2 pg/mL),
and (G) metformin (20 pg/mL) in combination with etoposide (16 pg/mL). FITC, Fluorescein isothiocyanate.

190



Effect of metformin with etoposide and epirubicin on TC

A B C
1900 Gate: R1 Livis Gate: R1 1000 Gate. R1
Q1: 1.74% G2: 0.00% Q1: 11.58% Q2: 10.53% Q1: 4.94% Q2 1.95%
100 100 100 -
[ 3 .
-] )
3 : g
Ty 2 3
5 1 g 103 3 10 4
S = E
2 5 3 3
3 04: 0.00% ‘a T -
o 3 a Q4. 3.17%
o 1 E 1
0.1 - T : §
10 100 100 0.1 0.1 — —r -
Annexin V FITC 0.1 0.1 1 10 100 1000
Annexin V FITC Annexin V FITC
D E F
1000 1
Gate: R1 " Gate: R 1900 Gate: R1
Q1: 0.00% Q2: 0.62% Q1: 686% Q2: 635% Q1: 20.97%
100 o 100 - R 6 100 5
3 3 ) -
3 3 5 3
E 10 4 £ 10 o 3 7 £ 10 +
] 3 2 . =
2 5 5 T
a = LA a
o 3 Q4: 5.05% e
o o , I [
.
o < 22 ’ 0.1 e oot g ,‘ 01 o T T
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
Annexin V FITC Annexin V FITC Annexin V FITC
G
1000 Gate: R1
Q1 27.57% Q2: 6701%
100 4
o
3
3
£ 10 4
2
-]
a
2
[ -
0.1 r Sants
0.1 1 10 100 1000

Annexin V FITC
Fig. 2. Findings for annexin VV-FITC vs propidium iodide quantitation of SW cells in (A) non-treated group (RPMI as
negative control) in addition to (B) SW cells treated by epirubicin (100 pg/mL), (C) epirubicin (20 pg/mL), (D) etoposide
(40 pg/mL), (E) etoposide (5 pg/mL), (F) metformin (10 pg/mL) in combination with epirubicin (20 pg/mL), and (G)
metformin (10 pg/mL) in combination with etoposide (5 pg/mL). FITC, Fluorescein isothiocyanate.
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Fig. 3. Comparison of the cytotoxic effects of epirubicin and etoposide in single doses and in combination with metformin
on B-CPAP cells based on annexin V-fluorescein isothiocyanate vs propidium iodide quantitation method after 48 h
incubation. Data are presented as mean + SD. The percentage of B-CPAP cells inhibited in the early-apoptotic stage has
increased significantly (*#P < 0.001) in groups treated with metformin in combination with etoposide in comparison with
the groups treated with both doses of etoposide alone. In addition, it has increased significantly (***P < 0.001) in the
late-apoptotic and necrotic stages, in the groups treated with metformin in combination with epirubicin in comparison

with groups treated with both doses of epirubicin alone.

Effects of single and combined concentrations
of drugs on TC cell cycle

The DNA-binding dye including Pl was
used to analyze occurring changes in cell cycle
phases based on the quantitation of DNA by the
compounds and two drugs in single and
combination manners on B-CPAP and SW cell
lines (Figs. 5-8).

In the B-CPAP cell line; epirubicin
(10 pg/mL) could markedly induce the
accumulation of cells in the GO/G1 phase in
comparison with the RPMI group. Etoposide
(80 pg/mL) could notably induce the
accumulation of cells in the G2/M phase in
comparison with the RPMI group. Metformin
in (20 pg/mL) could significantly induce the
accumulation of cells in the GO/G1 phase in
comparison with the RPMI group. Metformin
(20 pg/mL) in combination with epirubicin
(2 pg/mL) could notably induce the
accumulation of cells in the S phase compared
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to the RPMI group. Metformin (20 pg/mL) in
combination with etoposide (16 pg/mL) could
significantly induce the accumulation of cells in
the S phase in contrast with the RPMI group.
RPMI was used as negative control
(95% confidence interval). In the SW cell line;
etoposide in (40 pg/mL) could significantly
induce the accumulation of cells in the G2/M
phase in comparison with the RPMI group.
Metformin (10 pg/mL) could markedly induce
the accumulation of cells in the GO/G1 phase
contrasted with the RPMI group. Metformin
(10 pg/mL) in combination with epirubicin
(20 pg/mL) could induce a notable accumulation
of cells in the S phase compared to the
RPMI group. Metformin (10 pg/mL) in
combination with etoposide (16 pg/mL) could
induce a significant accumulation of cells in the
S phase in comparison with the RPMI
group. RPMI was used as negative control
(95% confidence interval).
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Fig. 6. Findings for annexin V-fluorescein isothiocyanate vs propidium iodide quantitation of SW cells in (A) non-treated
group (RPMI as negative control) in addition to (B) SW cells treated by epirubicin (100 pg/mL), (C) epirubicin (20
pg/mL), (D) etoposide (40 pg/mL), (E) etoposide (5 pg/mL), (F) metformin (10 pg/mL), (G) metformin (10 pg/mL) in
combination with epirubicin (20 pg/mL), and (H) metformin (10 pg/mL) in combination with etoposide (5 pg/mL).

E Sub G0 O GO/GI S MMM G2M

100+ g @

NE|

Cells (%0)

Fig. 7. The effects of epirubicin and etoposide in single concentration (values are the real concentrations which are closest
to calculated 1Cso and one-fifth of ICsp;) and in combination with metformin on cell cycle distribution of B-CPAP cell
line after 48 h incubation. Data are presented as mean + SD. *P < 0.05 Indicate significant differences compared to RPMI

as the control group.
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Fig. 8. The effects of epirubicin and etoposide in single concentration (values are the real concentrations which are closest
to calculated ICso and one fifth of 1Cso) and in combination with metformin on cell cycle distribution of SW cell line after
48 h incubation. Data are presented as mean + SD. *P < 0.05 Indicate significant differences compared to RPMI as the
control group.
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Fig. 9. Migration percent of B-CPAP cells treated with epirubicin, etoposide, and metformin in single and combined
concentrations based on scratch wound healing assay.

Effects of single and combined concentration SW (Fig. 10) cell lines. Data showed that
of drugs on migration rate single doses of epirubicin (5 pg/mL on B-

The scratch wound healing assay was CPAP cells and 50 pg/mL on SW cells) and
used to analyze occurring changes by the etoposide (40 pg/mL on B-CPAP cells
compounds and two drugs in single and and 20 pg/mL on SW cells) could reduce ~50%
combination manners on B-CPAP (Fig. 9) and migration rate.
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Fig. 10. Migration percent of SW cells treated with epirubicin, etoposide, and metformin in single and combined

concentrations based on scratch wound healing assay

A single dose of metformin (10 pg/mL on
B-CPAP cells and 5 pg/mL on SW cells) could
reduce ~98% and 96% migration rates,
respectively. Single doses of epirubicin (2
pg/mL on B-CPAP cells and 20 pg/mL on SW
cells) and etoposide (16 pg/mL on B-CPAP
cells and 8 pg/mL on SW cells) could not
reduce the migration rate. Furthermore,
metformin (10 pg/mL on B-CPAP cells and 5
pg/mL on SW cells) in combination with
epirubicin (2 pg/mL on B-CPAP cells and 20
pg/mL on SW cells) and etoposide (16 pg/mL
on B-CPAP cells and 8 pg/mL on SW cells)
could reduce the migration rate ~100%,
respectively.

DISCUSSION

Symptoms of cancer are a set of functional
characteristics that a cell acquires during
malignant development. Relevant studies
present that metformin regulates approximately
the entire cancer symptoms. Metformin is one
of the therapeutic agents with the potential for
synergy with other chemotherapeutic agents,
with low cost, low side effects, and high
positive outcomes (24).

The current research was performed to
indicate the comprehensive in vitro anti-thyroid
cancer effect of metformin in single and
combined doses with etoposide and epirubicin
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as two anticancer drugs with reported toxic
effects against several TC cell lines. The impact
of these adjuvant treatment strategies on the
rate of proliferation, apoptosis, necrosis, and
migration in B-CPAP and SW cell lines was
evaluated
Data showed that the toxic concentration of
metformin on normal HuO2 cells was more than
10 folds higher than B-CPAP and SW
cancerous cells. The pointed findings during the
current research have confirmed the anticancer
effect of metformin alone on TC cells reported
in previous studies. Several investigations have
proved that metformin showed antimitogenic
activity in human ATC and DTC cells, as well
as in human thyroid primary cell cultures and
rat follicular thyroid cells that it was correlated
with induction of apoptosis and inhibition of
cell growth and migration by metformin (24).
Metformin increased p-AMPK, decreased
mTOR phosphorylation, decreased S6K1 / S6
signaling, and inhibited cyclin D1 and
c-myelocytomatosis oncogene product via the
mTOR pathway (29). In addition, metformin
modulated the expression of epithelial-
mesenchymal transition markers E-cadherin, N-
cadherin, and SNAIL (29). Destruction of the
tuberous sclerosis complex 2 mTOR inhibitor,

or rapamycin therapy (MTOR blockade),
confirmed  metformin  suppression of TC
cell proliferation, migration, and epithelial-

mesenchymal transition (29).
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Anti-proliferative activity of metformin was
also observed in doxorubicin-resistant ATC cell
lines, and silencing AMPK in ATC cells
partially improved mTOR phosphorylation and
metformin inhibition of cell growth (20).

Metformin can target the growth of TC
through cellular metabolism. Cancer cells,
despite having oxygen, often change from
mitochondrial oxidative phosphorylation to
glycolysis to produce ATP, a metabolic
reprogramming called the Warburg effect
(31,32).

Combining drugs is a very motivating
approach to treat cancer. Sorafenib is an
approved multinokase inhibitor for TC therapy.
One of the important issues is that it often
causes severe side effects and requires dose
reduction. Surafenib in combination with
metformin ~ demonstrated a  synergistic
suppression of cell growth and inhibition of
sphere formation in ATC cells. In addition,
metformin caused a 25% diminution in a dose
of sorafenib for a similar inhibitory property.

Consecutively, combination therapy with
vemurafenib (a selective BRAFV600E mutant
protein inhibitor that essentially activates
MAPK signaling) with metformin and
rapamycin, significantly inhibited cell growth
in 8505 (ATC) and B-CPAP-vemurafenib
resistant cells (PTC-BRAFV600E) (33). In B-
CPAP, a similar decrease in cell growth was
reported after combination therapy. In recent
times, synergistic effects leading to a decrease
in p-ERK and an increase in p-AMPK in the
combination of metformin and morafenib were
obtained in T-238, BCPAP, and HTH7 models
(34).

Synergistic activity on cytotoxicity was

observed in PTC cells after combination
therapy of metformin with hemigliptin
(dipeptidyl  peptidase-IV  inhibitor) by

activation of AMPK and AKT. Hemigliptin
amplified inhibition of metformin-mediated
proliferation and migration by declining
MMP9, VCAM-1, and p-ERK and rising p53
and p21 (35). In ATC cells, the combination of
metformin with pioglitazone decreased the
expression of AKT3, DEPTOR, EIF4E, ILK,
MTOR, PIK3C, and PRKCA and amplified the
expression of some tumor suppressor genes
(e.g. EIF4EBP1, EIF4AEBP2, PTEN) (36).
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The results obtained in the present study
concerning the effect of metformin
combination treatment with two anticancer
drugs on two TC cell lines confirmed the results
of the aforementioned studies, which indicates
the synergistic effect of metformin with other
thyroid anticancer compounds.

The obtained data showed that metformin in
combination  with  the entire  tested
concentrations of etoposide and epirubicin has
antagonistically toxic effects on Hu02 cells,
whereas metformin can induce the toxicity
effects of etoposide and epirubicin on both B-
CPAP and SW cell lines, synergistically.

The results of quantitative assays of annexin
V-FITC vs Pl show that the percentage of B-
CPAP cells inhibited in the early apoptotic
stage by the combined dose of metformin with
etoposide and in the late stage of apoptosis and
necrosis by the combined treatment of
metformin ~ with  epirubicin  increased
significantly, compared with the single-dose
treatment of etoposide and epirubicin.

Furthermore, data demonstrated that the
percentage of SW cells was increased in the late
apoptosis and necrosis phases by metformin in
combination with etoposide and epirubicin in
comparison with single doses of etoposide and
epirubicin, remarkably.

Analysis of the cell cycle based on
quantitation of DNA content confirmed that
GO/G1 phase was arrested by a single dose of
epirubicin and G2/M by etoposide on B-CPAP
and SW cells, significantly. Indeed, metformin
could arrest the GO/G1 phase on B-CPAP and
SW cells in a single dose. Following that,
metformin in combination with etoposide as
well as epirubicin could significantly induce an
accumulation of cells in the S phase on both B-
CPAP and SW cells in comparison with RPMI
as a control group. The accumulation of cells in
the S phase is probably because forced entry
into the S phase causes cells to start DNA
replication before everything is ready.
Consequently, the amplifier fork experiences
propagation stress and stops your cells in phase
S due to the activation of the checkpoint inside
phase S. Metformin alone arrests the TC cell
cycle in the GO/G1 phase with trigging cell
death and apoptosis and modulates cell cycle
distribution in CD133 high / CD44 high cells,



but in combination with etoposide and
epirubicin, it causes cells to accumulate in the S
phase. Given that during phase S, the etoposide
gradually affects the distribution of replication
proteins, dispersing replication plants and
creating foci of large nuclei containing the
replication protein A, binding single-stranded
DNA and subnuclear reorganization of
replication structures (37), it can be concluded
that the synergistic effect of metformin with
etoposide in the simultaneous treatment of these
two drugs may increase the inhibitory effect of
etoposide on the TC cell replication phase and
accumulation of the cells in S phase of the cell
cycle.

Moreover, in the treatment of TC cells with
a combination dose of metformin and
epirubicin, since epirubicin exerts its antitumor
effects by interfering with DNA synthesis and
function and is most active during the S phase
of the cell cycle (38), it can be said that the
combination of metformin with epirubicin in
the simultaneous treatment of TC cells can
synergistically lead to these cells accumulation
in the S phase.

Data for scratch wound healing test on B-
CPAP and SW cells showed that metformin in
combination with epirubicin and etoposide
could reduce ~100% migration rate, whereas
single doses of epirubicin and etoposide could
reduce ~50% migration rate.

CONCLUSION

The findings from the entire performed
assays during the current research demonstrated
that metformin may be defined as a possible
innovative combination chemotherapy strategy
for the treatment of human thyroid tumors with
the potential for synergy with other
chemotherapeutic agents, with low cost, low
side effects, and high positive outcomes.
However, additional in vitro, in vivo, and
clinical studies are necessary for further
development of the findings.
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