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ABSTRACT : Melanoma is one of the most aggressive and treatment-resistant malignancies. Antidiabetic drug metformin
has been reported to inhibit cell proliferation and metastasis in many cancers, including melanoma. Metformin suppresses the
mammalian target of rapamycin (mTOR) and our previous study showed that it also inhibits the activity of extracellular signal-regulated kinase (ERK). Paclitaxel is currently prescribed for treatment of melanoma. However, paclitaxel induced the activation of ERK/mitogen-activated protein kinase (MAPK) pathway, a cell signaling pathway implicated in cell survival and
proliferation. Therefore, we reasoned that combined treatment of paclitaxel with metformin could be more effective in the
suppression of cell proliferation than treatment of paclitaxel alone. Here, we investigated the combinatory effect of paclitaxel
and metformin on the cell survival in SK-MEL-28 melanoma cell line. Our study shows that the combination of paclitaxel and
metformin has synergistic effect on cell survival and suppresses the expression of proteins involved in cancer metastasis.
These findings suggest that the combination of paclitaxel and metformin can be a possible therapeutic option for treatment of
melanoma.
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BRAF V600E mutation, small-molecule inhibitors such as
vemurafenib and trametinib targeting this driver mutation
Melanoma is a malignant cancer that arises from the

or its downstream regulatory factor in extracellular signal-

transformation of melanocyte, the melanin-synthesizing

regulated kinase (ERK)/mitogen-activated protein kinase

cell in the skin. Although surgical resection is curative in

(MAPK) pathway have been developed and approved

its early stage, patients with metastatic melanoma show

worldwide (Ranchon et al., 2015). Unfortunately, treat-

very poor prognosis. Standard cytotoxic chemotherapy

ments of chemotherapeutic or molecular targeted drugs as

gives very low response rate and immunotherapy with

monotherapy exhibit only transient responses due to de-

ipilimumab or interferon α shows somewhat improved

velopment of drug resistance which results in recurrence

responses in approximately 10% of metastatic melanoma

and further progression of tumor (Nazarian et al., 2010;

patients (Hodi et al., 2010). More recently, based on the

Villanueva et al., 2010).

fact that about half of metastatic melanoma patients harbor

Metformin is a biguanide derivative that has been wide-
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ly used as a first-line therapeutic drug for type II diabetes

2005).

mellitus for over 50 years. Metformin decreases blood

Paclitaxel (Taxol) is a frontline chemotherapeutic drug

glucose levels by inhibiting gluconeogenesis in liver and

with a strong antitumor activity and has been used clinical-

increasing uptake and utilization of glucose by skeletal

ly for many years as a monotherapy or combination with

muscle (Shaw et al., 2005). It also proved to be well-

other anticancer agents to treat a number of types of cancer

tolerable drug with low cost for the treatment of diabetic

including melanoma (Kottschade et al., 2011). Binding of

patients. During last decade, several studies suggest that

paclitaxel to β-tubulin stabilizes the microtubule polymer

treatment of metformin in diabetic patients lowers cancer

and protects it from disassembly, which leads to immediate

risk and reduces cancer incidence (Donadon et al., 2010;

cell cycle arrest at the G2/M phase, followed by apoptotic

Kong et al., 2015; Tseng, 2018). Preclinical studies re-

cell death (Ganesh et al., 2007). However, the response

vealed that metformin inhibits cell proliferation and tumor

rate of paclitaxel monotherapy is very low with 10%–15%

growth in various cancer cell lines including melanoma

and serious side effects plus drug resistance are significant

both in vitro and in vivo (Cerezo et al., 2013; Griss et al.,

clinical problems to the application of this drug in mela-

2015). Clinical trials also showed promising results, in

noma (Hersh et al., 2010). Several studies revealed that

which metformin treatment in non-diabetic patients with

resistance to paclitaxel is associated with the activation of

various cancers decreases the expression of Ki-67, a mark-

ERK/MAPK pathway and inhibition of this pathway selec-

er of cell proliferation (Niraula et al., 2012; Joshua et al.,

tively potentiates the paclitaxel-induced cell death in di-

2014; Schuler et al., 2015). In addition, metformin has

verse cancer (McDaid and Horwitz, 2001; Gupta et al.,

been reported to inhibit cell invasion and metastasis in

2014). Considering that ERK/MAPK pathway is associat-

many cancer cells, including melanoma cells (Cerezo et

ed with the regulation of cell survival and proliferation and

al., 2013; He et al., 2018).

mutations of BRAF and NRAS are found in 60% and 20%

The molecular mechanisms underlying antitumor effect

in malignant melanoma respectively, activation of ERK/

of metformin have been demonstrated but revealed as a

MAPK pathway in response to paclitaxel could compro-

much more complex nature (Vancura et al., 2018). The

mise the anticancer effect of this drug. Of note, several

most well-known effect of metformin is the inhibition of

recent reports showed that paclitaxel enhances metastasis

complex I in the mitochondrial electron transport chain,

by inducing the migration and invasion of cancer cells

which leads to increasing the intracellular AMP/ATP ratio.

(Volk-Draper et al., 2014; Li et al., 2016).

The high AMP/ATP ratio in turn activates adenosine

Our previous report revealed that metformin suppresses

monophosphate activated protein kinase (AMPK), a het-

ERK activation (Kim et al., 2018), which provides a ra-

erotrimeric serine/threonine protein kinase which regulates

tional molecular basis for the combination therapy of met-

the multiple signaling pathways involved in cancer cell

formin and paclitaxel. The aims of this study were to de-

proliferation, including the suppression of mammalian

termine the combined effect of metformin and paclitaxel

target of rapamycin (mTOR) pathway (Griss et al., 2015).

on cell survival, and to explore the effect of combination

Metformin-mediated AMPK activation and mTOR inhibi-

of paclitaxel and metformin on metastasis by monitoring

tion suppress cell proliferation through reducing phos-

the regulation of proteins involved in epithelial-mesen-

phorylation of its major downstream targets, the 70 kDa

chymal transition (EMT) in melanoma cell line SK-MEL-

ribosomal protein kinase S6 (p70S6K) and eukaryotic ini-

28. Here, we show that the combination of paclitaxel and

tiation factor 4E-binding protein1 (4E-BP1) (Shaw et al.,

metformin has synergistic effect on cell survival and sup-

120

Dev. Reprod. Vol. 23, No. 2 June, 2019

Synergistic Effect of Paclitaxel and Metformin

presses the expression of proteins implicated in cancer

indicates additive effect; CI>1 indicates antagonism. DRI

metastasis.

denotes how many folds of dose reduction are allowed for
each drug due to synergism as compared to the dose of
each drug alone.

1. Reagents and cell culture

3. Western blotting

The human melanoma cancer cell line SK-MEL-28 was

Western blotting assays were carried out as previously

purchased from Korean Cell Line Bank (Seoul, Korea).

described (Lee et al., 2017). Primary antibodies included

The cells were cultured in Dulbecco’s modified Eagle’s

pERK1/2 (Tyr204), ERK1/2, cyclin D1, N-cadherin, se-

medium (DMEM) supplemented with 10% (vol/vol) heat

creted protein acidic and rich in cysteine (SPARC), integ-

inactivated fetal bovine serum (Gibco BRL) and 1% strep-

rin αV, integrin β3, fibronectin, GAPDH, β-actin (all from

tomycin/penicillin at 37℃ in a humidified atmosphere

Santa Cruz Biotechnology), and p4E-BP1 (Ser65), 4E-

consisting of 5% CO2 and 95% air. Cells were maintained

BP1, pS6 (Ser240/244), pS6 (Ser235/236), S6, pAMPKα

mycoplasma free by treating 5 µg/mL of Plasmocin (Invi-

(Tyr172), AMPKα1/2, pp38 (Thr180/Tyr182), p38 (all from

voGen). Paclitaxel was obtained from Sigma-Aldrich. The

Cell Signaling Technology, MA, USA). Following incuba-

compound was initially dissolved in dimethyl sulfoxide

tion with secondary antibodies conjugated to horseradish

(DMSO, Sigma-Aldrich) to a concentration of 1 mM and

peroxidase (Cell Signaling), immunoreactivity was detect-

further diluted in DMEM media. Metformin (also known

ed with enhanced chemiluminescence method (Santa Cruz

as 1,1-dimethylbiguanide hydrochloride) was purchased

Biotechnology).

from Sigma-Aldrich and dissolved in DMEM media to a
working concentration of 100 mM.

4. Colony formation assay
Cells were plated in 6-well culture dishes at a density of

2. Cell viability assay

600 cells per well. After 24 hr, cells were treated with pa-

MTT assay was applied to measure cell viability as de-

clitaxel, metformin and their combination. Every three days,

scribed previously (Lee et al., 2017). Briefly, cells were

medium was changed with fresh medium containing the

harvested and seeded in 24-well plates at a concentration

corresponding concentration of the drugs. Following 15-

4

of 5×10 cells/well for 24 hr. Then, cells were treated with

day treatment, cell colonies were washed with cold PBS

increasing concentrations of paclitaxel (2–10 nM), met-

and then fixed with ice-cold 100% methanol. Cells were

formin (0.5–2.5 mM), their combinations or vehicle con-

stained with 0.1% crystal violet in 20% methanol for 10 min

trol for 72 hr. Experiments were performed in triplicate,

and pictures were taken with a digital camera (Olympus).

each conducted in quadruplicate. The IC50 values (concentrations of drugs resulting in 50% decrease in cell viability
relative to controls), combination index (CI) and drug reduction index (DRI) were calculated using CompuSyn
software (ComboSyn Inc). The CI value is a quantitative

1. Effect of paclitaxel and metformin on the activity
of signaling pathways

measure of the degree of drugs interaction. According to

To determine whether single agent paclitaxel and met-

the recommendation of Chou-Talalay (Chou & Talalay,

formin could affect the activity of cell signaling pathways

1981), CI<1 indicates synergistic effects of drugs; CI=1

in SK-MEL-28 melanoma cells, we first screened the alDev. Reprod. Vol. 23, No. 2 June, 2019
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terations of main downstream effector proteins of mTOR,

xel had no obvious effect on pS6 (Ser235/236), pS6 (Ser

ERK/MAPK and p38 MAPK pathways following treat-

240/244) and cyclin D1. These results show that metfor-

ment of paclitaxel and metformin for 24 hr. As shown in

min exerts its effect in the direction of inhibiting cell sig-

Fig. 1, metformin inhibited the levels of pERK, p4E-BP1,

naling pathways implicated in cell survival and prolifera-

pS6 (Ser235/236), pS6 (Ser240/244), pp38 and cyclin D1

tion whereas paclitaxel plays its effect toward activation of

in a dose-dependent manner, and increased the phosphory-

those signaling pathways.

lation of AMPK. On the other hand, paclitaxel slightly
increased the levels of pERK, p4E-BP1 and pp38, and it
marginally decreased the phosphorylation AMPK. Paclita-

2. Effect of paclitaxel, metformin and their combination on melanoma cell suvival
To evaluate the effect of paclitaxel, metformin or their
combination on cell viability, SK-MEL-28 melanoma
cells were treated with varying concentrations of drug as
single agent or their combination for 72 hr, and cell viability was analyzed using MTT assay. As anticipated,
relative cell viability was decreased following treatment
of paclitaxel or metformin in a dose-dependent manner.
IC50 values (concentrations of drugs leading to 50% decrease in cell viability relative to controls) for paclitaxel
and metformin were 12.8 nM and 3.1 mM, respectively.
Combination of two drugs led to a greater inhibition of
cell viability than those of paclitaxel or metformin alone
(Fig. 2A). To quantify the response of melanoma cells to
the combination of paclitaxel and metformin, we combined two drugs in a constant ratio to each other and
measured CI and DRI using CompuSyn software. The CI
values ranged from 0.8 (at the combination of 10 nM
paclitaxel and 2.5 mM metformin) to 0.49 (at the combination of 4 nM paclitaxel and 1 mM metformin) and CI
value at ED50 was 0.56 indicating synergism according to
the method of Chou-Talalay (Chou & Talalay, 1981, Fig.

Fig. 1. Western blot analysis for downstream effector
proteins involved in cell signaling pathways.
SK-MEL-28 melanoma cells were treated with in-
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2B). The DRI values were always above 1 at any combination of two drugs (Fig. 2C).
Next, to explore the mechanisms underlying the syner-

creasing doses of paclitaxel (1–10 nM) or metformin (0.5–4 mM) for 24 hr. Phosphorylation was

gistic growth inhibitory effect between paclitaxel and met-

determined with antibodies against specific phospho-proteins compared to their total proteins. Gly-

tion on downstream regulatory proteins of cell signaling

formin, we characterized the effect of this drug combina-

ceraldehyde-3-phosphate dehydrogenase (GAPDH)

pathways involved in cell survival and proliferation using

was used as a loading control.

Western blot analysis. After 24 hr of treatment, the combi-
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Fig. 2. Combination of paclitaxel and metformin has synergistic effect on cell viability in SK-MEL-28 melanoma
cells. (A) Representative growth response curves for paclitaxel, metformin and the combination in different ratios.
SK-MEL-28 cells were seeded at 5×104 cells/well (0.5 mL) in 24-well culture plates, incubated for 24 hr and then
treated with paclitaxel (Tx), metformin (Metf) and their combination for 72 hr. MTT assay was performed for the
determination of cell viability. The viability of control cells was regarded as 100%. (B) Combination index (CI)
values for the various combination points of paclitaxel and metformin. The CI values were calculated by using
CompuSyn software. (C) Drug reduction index (DRI) values of combination of paclitaxel and metformin. DRI
values indicate how many folds of dose reduction are allowed for each drug due to synergism as compared to the
dose of each drug alone. (D) Western blot analysis for downstream regulatory proteins of cell signaling pathways.
Cells were treated with paclitaxel (T, 5 nM), metformin (M, 2 mM) and their combinations for 24 hr. The combination of both drugs caused synergistic decrease of pERK, p4E-BP1 and pp38. β-actin was used as a loading control.
nation of paclitaxel and metformin led to the enhanced

did not affect the metformin-induced suppression of pS6

suppression of ERK, 4E-BP1 and p38 phosphorylation

(Serine235/236) and pS6 (Serine240/244), and did not

compared to that of single agent treatment. But paclitaxel

show any significant effect on metformin-induced aciDev. Reprod. Vol. 23, No. 2 June, 2019
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vation of AMPK (Fig. 2D).

4. Metformin potentiates the inhibition of paclitaxelinduced colony formation
In the present study, we revealed that metformin syner-

3. Effect of paclitaxel and metformin on the expression of proteins involved in EMT

gistically inhibits the melanomal cell growth induced by

Since recent reports suggest that metformin blocks me-

paclitaxel. To extend these results into long-term effect of

tastasis development and paclitaxel enhances metastasis by

the combination treatment, we tried colony formation as-

inducing the migration and invasion of cancer cells (Cere-

say by culturing SK-MEL-28 melanoma cells for 15 days.

zo et al., 2013; Volk-Draper et al., 2014), we determine by

As shown in Fig. 4, paclitaxel or metformin as a single agent

Western blot assay whether paclitaxel, metformin or their

led to a partial inhibition of colony formation, whereas the

combination affect the expression of proteins involved in

combination of both drugs potentiated the inhibitory effect

EMT. Metformin decreased the expression of SPARC and

on the formation and growth of cell colonies as compared

fibronectin in a dose-dependent manner, and levels of in-

to either agent alone. These results further support the syn-

tegrin β3, integrin αV and N-cadherin were also decreased.

ergistic growth inhibitory effect of paclitaxel and metfor-

In contrast, paclitaxel increased the levels of fibronectin

min in cell survival assay.

and integrin β3, while it did not significantly affect levels
of SPARC, integrin αV and N-cadherin (Fig. 3). Next, we
explored changes in the levels of those EMT marker proteins to determine the effect of paclitaxel and metformin

The new therapeutic approach is important to manage

combination. Our results showed that paclitaxel potentiat-

the metastatic melanoma which is resistant to existing

ed the metformin-induced inhibition of SPARC and fi-

chemotherapies. Although the recently developed molecu-

bronectin while there were no obvious alteration in the

lar targeted drugs like dabrafenib and trametinib show very

levels of N-cadherin, integrin αV and integrin β3.

high response rate (about 60%) for patients with V600

Fig. 3. Western blot analyses for EMT markers in SK-MEL-28 melanoma cells. Cells were treated with increasing
doses of paclitaxel (1–10 nM) and metfromin (0.5–4 mM) and their combination (5 nM paclitaxel and 2 mM metformin) for 24 hr. GAPDH was used as a loading control.
124
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as monotherapy or combination therapy inhibits the
growth and proliferation of melanoma cell in vitro and in
xenograft model (Niehr et al., 2011; Vujic et al., 2014).
Our previous reports showed that metformin exerts its antitumor activity via the suppression of ERK phosphorylation
as well as mTOR signaling pathway (Lee et al., 2017; Kim
et al., 2018). We, therefore, hypothesized that the combination of paclitaxel and metformin might be an effective
strategy for inhibition of cell survival and proliferation in
melanoma.
The present study demonstrated the synergistic inhibition of cell survival following combination therapy with
paclitaxel and metformin in human SK-MEL-28 melanoma cell line. Metformin treatment decreased levels of pS6
(Ser235/6 and Ser240/4) and p4E-BP1, two main downstream targets of mTOR signaling pathway. Metformin
Fig. 4. Effect of paclitaxel and metformin combination
on colony formation in SK-MEL-28 melanoma
cells. Cells were seeded in 6-well plates at a density
of 600 cells per well. At 24 hr after plating, cells
were treated with indicated concentrations of
paclitaxel and metformin. Following 15-day treatment, cell colonies were stained using crystal violet
dye and pictures were taken with a digital camera.
Tx, paclitaxel; Metf, metformin.

also led to suppression of ERK and p38 phosphorylation.
On the other hand, paclitaxel induced the phosphorylation
of ERK and 4E-BP1. The combination of paclitaxel and
metformin synergistically reduced the levels of pERK,
p4E-BP1 and pp38 MAPK as compared to the results from
treatment of paclitaxel or metformin alone. These results
suggest that metformin may suppress the paclitaxel-induced
and/or constitutive activation of ERK, 4E-BP1 and p38,
and are in agreement with a report showing that combina-

mutation of BRAF gene, most responses are unfortunately

tion of paclitaxel with MAPK kinase inhibitor gives addi-

transient due to drug resistance and serious toxicity (Naza-

tive effect only in cell lines exhibiting paclitaxel-induced

rian et al., 2010). Paclitaxel is a clinically active agent for

ERK activation, and antagonism in cells with low ERK

treatment of a wide range of cancers including melanoma

activity (McDaid & Horwitz, 2001). Of note is that met-

(Kottschade et al., 2011). In addition to its well-known

formin induced the phosphorylation of AMPK, whereas

effects on microtubule dynamics, several studies have re-

paclitaxel reduced the level of pAMPK. Interestingly, the

ported activation of components of ERK/MAPK pathway

combination of paclitaxel and metformin resulted in sus-

in response to paclitaxel treatment (Xu et al., 2009). Acti-

tained activation of AMPK, indicating that paclitaxel did

vation of ERK/MAPK pathway after paclitaxel treatment

not seem to influence significantly the effect of metformin

may diminish its antitumor activity, since this signaling

on AMPK activation.

pathway is associated with cell survival and proliferation.

Another notable and unexpected new finding in this

The antidiabetic drug metformin proved to be well-

study is that metformin reduced the phosphorylated form

tolerable drug with safety profile and low cost. Metformin

of p38 and the combination of paclitaxel and metformin
Dev. Reprod. Vol. 23, No. 2 June, 2019
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led to almost complete suppression of p38 activity. p38

the combination of paclitaxel and metformin suppresses

MAPK plays dual role as a regulator of cell death, and it

the activities of S6/4E-BP1, ERK and p38, pivotal effector

can either mediate cell survival or cell death depending on

proteins in mTOR, ERK/MAPK and p38 MAPK signaling

not only the type of stimulus but also in a cell type specific

pathways, respectively. In addition, the combination of

manner (Koul et al., 2013). In addition, most carcinoma

paclitaxel and metformin synergistically inhibited mela-

cells have shown that the activity of ERK/MAPK and p38

noma cell growth and suppressed the regulatory proteins

MAPK pathways appears to be mutually exclusive; high

associated with EMT. Further studies are needed to reveal

level of p38 activity inhibits ERK activity through nega-

the in vivo effect of our combination strategy. To our

tive feedback and prevents tumorigenesis (Aguirre-Ghiso

knowledge, this study is the first report to show synergistic

et al., 2004). In melanoma, however, both pathways are

anti-tumor effect between paclitaxel and metformin in

simultaneously activated, because the negative loop from

melanoma cell line and provides evidence that the combi-

p38 to ERK is lost and melanoma cells are insensitive to

nation of paclitaxel and metformin can be a therapeutic

ERK inhibition by p38. This high activity of p38 and ERK

option for the treatment of melanoma.

in melanoma is correlated with cell proliferation and migration in vivo (Estrada et al., 2008). Therefore, simultaneous inhibition of ERK and p38 activities could be more
effective in blocking melanoma cell growth than suppression of each kinase individually and our present results

This research was supported by the 2018 scientific promotion program funded by Jeju National University.

from metformin alone or combination treatment with paclitaxel proved to meet these requirements.
Several recent studies indicate that metformin displays
anti-invasion and anti-metastatic properties independently

Aguirre-Ghiso JA, Ossowski L, Rosenbaum SK (2004)

of its effect on cell survival, and the inhibition of metastat-

Green fluorescent protein tagging of extracellular sig-

ic activity is correlated with modulation of expression of

nal-regulated kinase and p38 pathways reveals novel

proteins involved in EMT such as SPARC, fibronectin and

dynamics of pathway activation during primary and

N-cadherin in melanoma cells (Cerezo et al., 2013; He et

metastatic growth. Cancer Res 64:7336-7345.

al., 2018). On the contrary, there is accumulating evidence

Cerezo M, Tichet M, Abbe P, Ohanna M, Lehraiki A, Rou-

that paclitaxel promotes metastasis especially in breast

aud F, Allegra M, Giacchero D, Bahadoran P, Bertolot-

cancer while inhibiting the growth of primary tumors

to C, Tartare-Deckert S, Ballotti R, Rocchi S (2013)

(Volk-Draper et al., 2014; Li et al., 2016). So, we wonder

Metformin blocks melanoma invasion and metastasis

whether paclitaxel might compromise the anti-metastatic

development in AMPK/p53-dependent manner. Mol

effect of metformin in melanoma cell. Our results showed

Cancer Ther 12:1605-1615.

that the combination of paclitaxel and metformin synergis-

Chou TC, Talalay P (1981) Generalized equations for the

tically reduces the level of SPARC and fibronectin. Further

analysis of inhibitions of Michaelis-Menten and high-

studies are required to elucidate the effect of combination

er-order kinetic systems with two or more mutually ex-

of paclitaxel and metformin on cell invasion and migra-

clusive and nonexclusive inhibitors. Eur J Biochem

tion, the important features found in cancer metastasis.

115:207-216.

Overall, the present study shows that metformin alone or
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