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Metformin synergistically increases the anticancer effects of
lapatinib through induction of apoptosis and modulation of Akt/
AMPK pathway in SK-BR3 breast cancer cell line
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ARTICLEINFO ABSTRACT

Article type: Objective(s): Combination chemotherapy is a beneficial intervention for breast cancer, versus single

Original therapy. We investigated the effect of Metformin (Met) on Lapatinib (Lap)-induced apoptosis in SK-
. . BR3 cells.

Article history:

Materials and Methods: Toxic effect of Met and Lap on SK-BR3 cells was measured using MTT assay.
Flow cytometry was used to measure the co-treatment effect of Met on lapatinib-induced apoptosis.
The relative expression of Bax, Bcl2, and P21 was measured using a real-time PCR. The activity of
Keywords: caspase 3 and 9 was measured using an ELISA kit. The protein level of AMPK and Akt was determined
Akt using Western blot analysis.
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AMPK . Results: Metformin and lapatinib alone and combined form showed significant time- and dose-
Spoptoms . dependent toxic effects on SK-BR3 cell viability. The greatest synergistic inhibitory effect on the cell
L;uggr)lf&erglsm viability [combination index (CI) = 0.51] was remarkable at Met 100 mM combined with Lap 100
Meptformin nM. The combination has a stronger apoptotic death (46%) versus lapatinib alone. The combination

considerably increased the mRNA expression of Bax and P21, and caspase 3 and 9 activity, while,
decreasing the mRNA expression of Bcl2. Additionally, the combination significantly up-regulated and
down-regulated the protein levels of AMPK and Akt, respectively.

Conclusion: The metformin-lapatinib combination can induce more potent apoptotic death versus
each compound individually. The combination may be suggested as a valuable therapeutic intervention
in patients with breast cancer. However, additional in vivo studies are necessary to evaluate the clinical
use of the combination for induction of apoptosis and its antitumor effects.
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Introduction

Breast cancer, the most common malignancy in
women, nowadays has outstripped lung cancer as the
majorreason for worldwide cancerincidencein 2020 (1).
Among them, approximately 15% to 25% overexpress
HER?2 receptors and represent destructive and invasive
characteristics and weak consequences (2). Herceptin,

use of phytochemicals with cancer prevention has been
further appealing. Such therapy approaches try to use
drugs that have less toxic effects, wanted effectiveness,
and can be taken by mouth, and are inexpensive (7).
Lapatinib is a commercial drug with potent tyrosine
kinase inhibitory properties that specifically inhibits
HER2 and EGFR receptors and is still used in clinical

one of the current and verified drugs for the therapy of
HER2-positive breast cancer, inhibits the ligand-binding
region of this kind of tyrosine kinase receptors (3).
Unfortunately, one year after treatment with this drug,
inherited and acquired resistance to it develops (4).
Therefore, the use of drugs thatinhibitthe tyrosinekinase
activity of these receptors such as lapatinib, neratinib,
and tucatinib has been increased (5). On the other hand,
several pieces of evidence regarding acquired resistance
against these drugs have been reported (6). Today, the
use of combination chemotherapy with emphasis on the

trials today. In patients with breast carcinoma who are
pretreated with other anti-cancer drugs, lapatinib is
usually utilized with other chemotherapeutic agents
such as capecitabine (8, 9). It has been reported that
lapatinib, in addition to inducing apoptosis in HER2-
positive breast cancer cells, also increased the sensitivity
of these cells to radiation and restored tamoxifen
sensitivity in tamoxifen-resistant breast cancer models
(10).

Metformin is one of the most common insulin-
sensitizing drugs used to treat type 2 diabetes (11,
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12). Several studies have shown that metformin can
decrease the incidence of some cancers, such as breast,
colorectal, and liver carcinoma (13-16). Metformin has
also been shown to not only inhibits the growth of breast
cancer cells but also increases their apoptotic death
(17). Recently, combination chemotherapy consisting
of chemotherapeutic agents and phytochemicals has
received much consideration as a beneficial substitute
treatment to improve the effectiveness and reduce the
systemic toxic effects of chemotherapeutic agents (18).
While Met and Lap have been shown to have anticancer
activities, their combination may exhibit a more potent
effect against breast cancer. Therefore, we co-treated
the human breast-originated carcinoma cell line, SK-
BR3, with Met and Lap to investigate the more potent
anticancer efficacy of the combination chemotherapy.

Materials and Methods

Determination of SK-BR3 cell viability

The human breast carcinoma cell line, SK-BR3, was
obtained from the Pasteur Institute of Iran (Tehran,
Iran). Cell viability was determined using an MTT
assay. For achieving 60-70% confluency, the SK-BR3
cells were seeded in 6 plates (2 x 10° cells/ well) and
incubated at 37 °C. After treatment with metformin and
lapatinib alone, and combined for 24, 48, and 72 hr, the
media was changed with fresh culture media consisting
of MTT solution (0.5 mg/ml), and then, the cells were
incubated for a further 4 hr. After dissolving the MTT
metabolites, a microplate reader was used to measure
the absorbance. Graph Pad Prism program was used
to calculate the fifty percent inhibition (IC,) of each
compound. CompuSyn software was used to evaluate
the synergistic relationship between metformin and
lapatinib and measure the combination index (CI) based
on Chou et al. (19). According to this method, CI<1.0,
CI>1.0, and CI=1.0 are represented as synergistic,
antagonistic, and additive effects, respectively

Apoptosis assay

The apoptotic effect of metformin and lapatinib
individually and in combination was determined
using a commercially available apoptotic kit. After
centrifugation of the trypsinized cells, the pellets were
washed twice in ice-cold PBS. Then, the cells were re-
suspended in a binding buffer containing Annexin V and
PI and protected for 10 min in the dark, and counted
using a FACS caliber flow cytometer (BD Biosciences,
a Jose, CA, USA). Finally, the cell percentage in each
quadrant was determined.

RNA extraction and quantitativereal-time polymerase
chain reaction (qRT-PCR)

Nearly 5 x 10° treated SK-BR3 cells were pelleted,
after collecting at subconfluency, entire RNA was
obtained with a commercially available kit (Qiagen,
Germany). The quantity and integrity of extracted RNA
were determined spectrophotometrically and agarose
gel electrophoresis, respectively. For c.DNA synthesis
1 ug of extracted RNA was subjected to real-time PCR.
cDNA amplification was performed using the following
primer sets:

Bax (5’- GGGTGGTTGGGTGAGACTC-3’, 5’-AGACACGT
AAGGAAAACGCATTA-3); Bcl,(5'-TCGCCCTGTGGATG
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ACTGA-3',  5'-CAGAGACAGCCAGGAG  AAATCA-3');
and B-Actin (5- TGGACTTCGAGCAAGAGATG -3’ 5'-
GAAGGAAGGCT GGAAGAGTG -3’). The comparative-
Ct method (AACt method) was used to determine the
relative expression of target genes and normalized
relative to the expression of the (3-actin housekeeping
gene.

Determination of caspase activity

A commercially available ELISA kit was used to
measure the activity of caspases 3 and 9. Briefly, in a
96-well plate, the cultivated cells were given various
concentrations of Met, Lap alone, and combined form.
The cells were harvested by trypsinization and they
were then pelleted with centrifugation at 1000 xg
for 15 min at room temperature. After that, the other
steps were performed based on the manufacturers’
instructions, and absorbance was measured at 570 nm
using a plate reader.

Protein extraction and Western blot analysis

After treatment of the SK-BR3 cells with Met and
Lap alone and combined, the cells were incubated in a
lysis buffer containing protease inhibitor cocktail for 30
min on ice. The cell lysates were collected from treated
and untreated cells and then used in immunoblotting
for determination of AMPK, Akt, and {-actin protein
levels. The protein concentration was measured using
a commercially available kit (Abcam, Cambridge, UK).
After separation of the proteins onto 10% SDS-PAGE
gels, they were electrotransferred to PVDF membranes.
After transfer, the membranes were blocked with 5%
skim milk in TBS with 0.01% Tween-20 (TBS/T) for 15
min. The membranes were then treated with primary
anti-Akt (4691s) and anti-AMPK (2532s) antibody, and
re-treated with (-actin (4970L) as a housekeeping gene.
After washing 3 times for 10 min in TBS/T buffer, the
membrane was exposed to an HRP-linked anti-rabbit
secondary antibody (7074s; 1/2000 dilution). Finally,
the blots were assessed using Bio-Rad ChemiDocTM
(Hercules, CA, USA) and quantified with a densitometer.

Statistical analysis

In our study, the quantitative data are reported as
mean + SEM. The MTT assay was used to determine the
toxic effects of drugs on cell viability. Graph Pad Prism
was used to calculate the IC_ of each drug. A one-way
analysis of variance (ANOVA) was used to compare
the mean between groups followed by a post hoc test.
P<0.05 was considered statistically significant.

The synergistic anti-proliferative effects of Met-Lap
combination on SK-BR3 cells

Treatment of the cells with 20 mM of metformin for
24 hr significantly inhibited cell growth versus control
(P<0.05). When the cells were treated at 48 and 72
hr, their IC,, values were decreased to 65 and 25 mM,
respectively (Figure 1). Additionally, treatment of the
cells with 100 nM of lapatinib for 24 hr significantly
inhibited cell growth versus control (P<0.05). When the
cells were treated at 48 and 72 hr, their IC, values were
decreased to 500 and 100 nM, respectively, compared to
800 nM at 24 hr (Figure 2). To determine the synergistic
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Figure 1. Toxic effect of metformin (Met) on SK-BR3 viability. The cells were incubated with various doses of metformin for 24, 48, and 72 hr
The 3 (4,5 Dimethyl 2 Thiazolyl) 2,5 Diphenyltetrazolium Bromide (MTT) assay was used to determine cell viability. Each experiment was
performed in triplicate and data were given as means * SEM. *P<0.05, **P<0.01, and ***P<0.001 vs control

relationship between Met and Lap, the effect of this
combination was investigated on SK-BR3 viability. As
shown in Figure 3, nearly all Met-Lap combined forms
had a potent toxic effect on cell growth versus Lap
alone. Additionally, treatment of the cell with 100 mM
of metformin combined with 100 nM of lapatinib for 48
hr induced 95% inhibition versus lapatinib alone which
displays 15% inhibition. Then we used CompuSyn
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software to investigate the possibility of the synergistic
relationship between metformin and lapatinib.
Our results showed that all metformin-lapatinib
combinations had a synergistic inhibitory effect on cell
viability. However, the potent synergistic inhibitory
effects (CI= 0.51) were observed in the concentration of
100 mM metformin plus 100 nM of lapatinib.
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Figure 2. Cytotoxic effect of lapatinib on viability of SK-BR3 cells. The cells were incubated with different concentrations of metformin for 24, 48,
and 72 hr, respectively. The MTT assay was used to determine cell viability. Each experiment was performed in triplicate and data were given as

means * SEM. *P<0.05, **P<0.01, and ***P<0.001 vs control
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Table 1. Combination index (CI) calculated between metformin (Met) and lapatinib (Lap)

MET MET MET MET MET MET MET
(10 mM) (20 mM) (30 mM) (40 mM) (50 mM) (70 mM) (100 mM)
LAP
(100 nM) 0.89 0.82 0.79 0.73 0.72 0.59 0.51

SK-BR3 cells incubated with 100 nM of lapatinib and various concentrations of metformin. CI was calculated by CompuSyn software. The synergistic,
additive, and antagonistic effects are expressed as Cl<1, =1, and >1, correspondingly

lapatinib and metformin combination (48h)
1.5

1.0

0.5

viability percent control
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Figure 3. Cytotoxic effect of the metformin-lapatinib combination on
the viability of SK-BR3 cells. The cells were incubated with various
concentrations of the combination for 48 hr. The MTT assay was used
to determine cell viability. Each experiment was performed three
times and data were given as means * SEM. *P<0.05, **P<0.01, and
***%P<0.001 vs control

con

Metformin 30 (mM)

Synergistic apoptotic effects of Met-Lap combination
on SK-BR3 cells

We determined the metformin-lapatinib combination
induced apoptotic death using an Annexin V/Propidium
iodide staining assay. Our findings indicated that both
metformin and lapatinib alone and combined form
showed a dose-dependent influence on programmed
cell death of SK-BR3. As shown in Figure 4 the calculated
cell death was considerably enhanced in treated cells
with metformin and lapatinib versus controls (Figure
5). On the other hand, in the cells treated with Lap-Met
combination, the calculated cell death was considerably
enhanced versus Lap alone (Figure 6). Thus, the Met-Lap
combined form could notably enhance the percentage of
calculated cell death versus Lap alone.

Efficacy of Met-Lap combination on the mRNA

expression of apoptotic biomarkers in SK-BR3 cells
The data obtained from real-time PCR analysis

indicated that the Met-Lap combination significantly
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Figure 4. Flow cytometry analysis of metformin-induced apoptotic death in SK-BR3 cells. The cells were incubated with various doses of metformin
for 48 hr and then the percentage of apoptotic death was measured. Data are given as means + SEM. P<0.001 vs control
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Figure 5. Flow cytometry analysis of lapatinib-induced apoptotic
death in SK-BR3 cells. The cells were incubated with various doses
of lapatinib for 48 hr, and then the percentage of apoptotic death was
measured. Data are given as means + SEM. ***P<0.001 vs control

increased the expression of Bax and p21 (seven-times
and nine-times, correspondingly) (Figures 7A and B),
while the expression of Bcl, was considerably reduced
by five times at the same drug doses (Figure 7C). These
observed data regarding the expressions of cell death
markers were according to the results observed in
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Figure 6. Flow cytometry analysis of the Met-Lap combination-
induced apoptotic death in SK-BR3 cells. The cells were incubated
with various doses of the metformin-lapatinib combination for 48
hr, and then the percentage of apoptotic death was measured. Lane
1 shows controls; Lane 2 shows the cells given lapatinib alone; lanes
3,4, and 5 show the cells given the metformin-lapatinib combination.
Data are given as means + SEM. ***P<0.001 vs control

apoptosis analysis. To further confirm the apoptotic
influence of the Met-Lap combination, the caspases
activity including caspases 3 and 9 were also measured.
The obtained data showed that the combination could
significantly increase both caspase’s activity. This result
is consistent with the consequence of apoptotic data
and the expression both of Bax and Bcl, (Figure 8).

p21 expression
@

MET(mM) = - 30
LAP M) - + + o+ + +

Figure 7. Effect of Met-Lap combination on Bax, P21, and Bcl2 expression in SK-BR3 cells. The cells were incubated with metformin-lapatinib
combination for 24 hr, and then the expression of Bax, P21, and Bcl2 was analyzed by qRT-PCR. Data are given as means + SEM. **P<0.01 and

***P<0.001 vs control
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Figure 9. Effect of metformin and lapatinib on the expression of AMPK
and Akt in SK-BR3 cells. The cells were incubated with metformin and
lapatinib for 48 hr, and then the expression of AMPK, Akt, and B-actin
was analyzed by Western blotting. Data are given as means + SEM.
*P<0.05 and **P<0.01 vs control

Efficacy of Met- Lap combination on the expression of
AMPK and Akt in SK-BR3 cells

To assess the mechanism of metformin and lapatinib
alone and in combination in programmed cell death,
the expression of AMPK and Akt was also measured.
Western blot analysis indicated that Met and Lap alone
didn’t considerably change Akt and AMPK expression
(Figure 9). Whereas, after incubation of the cells with the
combination at 48 hr, Akt expression was considerably
reduced, and AMPK expression was considerably
enhanced versus both of them alone (Figure 10).

Alterations in HER2 function are some of the most
common molecular abnormalities in breast carcinoma
and are generally related to destructive phenotype
and weak consequences (2, 3). Practically, two major
limitations have been arising following the use of HER2
receptor blockers in patients with overexpressing of this
receptor. The first limitation is that their effect is usually
limited one year after taking them due to inherited or
acquired resistance (4). The second limitation is that
due to the important role of HEREZ2 in the activity and
development of the heart, cardiomyopathy should be
considered (20, 21). Therefore, it has been suggested
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Figure 10. The effect of the metformin-lapatinib combination on the
AMPK and Akt expression in SK-BR3 cells. The cells were treated with
the Met-Lap combined form at 48 hr and then the expression of AMPK,
AKT, and B-actin was analyzed by Western blotting. Data are given as
means * SEM. *P<0.05, **P<0.01, and ***P<0.001 vs control

that inhibition of HER2 along with AMPK activation may
reduce cardiac complications and increase the success
of cancer treatment (22). Numerous studies have also
shown that combination chemotherapy has great
potential in reducing malignant cell growth, inhibiting
angiogenesis, inducing apoptosis, and stimulating
the immune system (8-10). Nowadays, combination
chemotherapy consisting of chemotherapeutic agents
and phytochemicals has received a lot of consideration
as a beneficial substitute treatment to enhance the
effectiveness and reduce the systemic impact of
medications. Even though several reports exist about the
effect of metformin in combination with other drugs on
the reduction of cell growth and programmed cell death,
the mechanism of action of the metformin-lapatinib
combination should be more investigate and clarified.
Therefore, in the present study, we investigated the
effect of metformin and lapatinib alone and in combined
form on cell survival and apoptosis in SK-BR3 cells.
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Our results indicated that metformin and lapatinib
alone and in combined form have time and dose-
dependent considerable toxic effects on the viability
of SK-BR3 cells. The results of flow cytometry data
showed that treatment with the metformin-lapatinib
combination has stronger apoptotic effects versus
treatment alone. Additionally, the Met-Lap combined
form enhanced the expression of Bax as a pre-apoptotic
protein and P21 as an inhibitory marker and both
caspases activity, while it reduced the mRNA expression
of Bcl, as an anti-apoptotic factor. These findings are
consistent with the results of the previous studies
regarding the toxic and inhibitory effects of metformin
(17, 23, 24) and lapatinib (10, 25, 26) on the growth of
breast cancer cells.

In the clinic, metformin is a safe, readily available, and
inexpensive drug. Although metformin is the first oral
anti-diabetic drug, several studies have shown its anti-
cancer effects on several malignancies, including the
pancreas, prostate, colon, and breast. (14-17). Several
mechanisms have been proposed, including induction
of AMPK and reduction of the mTOR signaling pathway
(15,27) to explain the anti-cancer effects of metformin. It
has already been shown that because Akt is downstream
of various growing pathways, it has a crucial role in
the cell death and proliferation of tumor cells (28,29).
Therefore, our finding that the metformin-lapatinib
combination can reduce Akt expression indicates its
key role in the regulation of cancer cells. Jiralerspong
et al. (30) in a clinical trial study showed that diabetic
patients with breast cancer had a better pathological
response if they took metformin simultaneously with
chemotherapy than those who did not. Oliveira-Ferraro
et al. (31) in a study in breast cancer cells showed that
metformin, by activating AMPK, could inhibit mitosis
phase-related genes, and thus can arrest the cells in
the M phase. In another study (14), they showed that
metformin prevents the proliferation of prostate cancer
cells but did not affect cell death. On the other hand,
other researches have shown metformin increased cell
death in breast, colon, and endometrial cancers (32-34).
It has already been demonstrated that caspases have
an important role in the initiation and progression of
apoptosis. Among them, caspase 3 has a vital role in the
execution phase of the apoptosis pathway. Our findings
showed metformin and lapatinib individually and in
combined form increased both caspases activity in
treated cells, so their effect on the induction of apoptosis
can be mediated via a caspase-dependent pathway. A
study (34), showed that metformin enhanced cell death
in all breast carcinoma cells by increasing the activity of
caspase and PARP, and so, these results are consistent
with our findings.

Lapatinib, a dual tyrosine kinase inhibitor of the
HER2 receptors, is clinically used in HER2 positive
breast cancer patients, but the mechanisms of its
antitumor effects have not yet been determined. On
the other hand, the Akt / PKB pathway is an important
kinase that not only has a key role in the modulating
of several intracellular pathways but also in glucose
metabolism and angiogenesis (17). Western blot data
showed both metformin and lapatinib alone did not alter
the AMPK and Akt expression, but their combined form
induced up-regulation of AMPK and down-regulation

Iran ] Basic Med Sci, Vol. 24, No. 11, Nov 2021

of Akt expression. Previous studies have shown that
metformin can inhibit several intracellular signaling
transductions through two key proteins ERK and Akt,
which have an important role in the pathogenesis of
several malignancies, including breast cancer (35, 36). It
has been shown that dysregulation of the Akt signaling
pathway occurs in different types of malignancies (36).
Modulation of cell death by Akt may also be achieved
by controlling the phosphorylation of numerous pro-
apoptotic factors, such as Bax and caspase-9 (37). We
have observed that metformin and lapatinib alone and
in combined form can increase the Bax expression
and both caspase’s activity. It is thought that these
effects may be due to a decrease in Akt levels. Akt is
also involved in controlling the expression of several
pro-apoptotic genes through phosphorylation and
inhibition of several transcription factors. On the other
hand, Akt can reduce the expression of several anti-
apoptotic genes by phosphorylation and inactivation of
the IkB kinase (IKK) (38). Additionally, Akt can reduce
the mRNA expression of P53 by phosphorylation of
several transcription factors (39). Our results showed
metformin and lapatinib alone and in combined form
enhance the expression of P21, as one of the P53 targets.
Therefore, we suggest that this observed effect probably
occurs through the elimination of the Akt inhibitory
effect on P53 expression.

Conclusion

Metformin can synergistically increase Lapatenib’s
toxic effects on cell viability and its induced programmed
cell death by up-regulation of apoptotic factor expression
including Bax and Bcl, and by increasing caspases 3
and 9 activity in SK-BR3 cells. These synergistic effects
of the Met-Lap combined form may be mediated by
up-regulating and down-regulating of AMPK, and Akt
expression, respectively. Our findings also confirm the
results of the previous studies that showed metformin
can make cancer cells more sensitive to chemotherapy
drugs and provide valid evidence of the therapeutic
potential of metformin for intervention in patients with
breast carcinoma that overexpress HER2 receptors.
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