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Merkel cell carcinoma (MCC) is an aggressive type of skin cancer, which is caused either by integration of the
oncogenic Merkel cell polyomavirus (MCPyV) or by accumulation of UV-light induced mutations. Since the
response to immune-checkpoint inhibitors is limited, new therapeutic agents need to be explored. Previous
studies have shown that MCC cell lines and xenografts are sensitive to MLN0128, a dual mTOR1/2 inhibitor.
Prompted by these results and considering that the PI3K/mTOR and MAPK/ERK pathways are the most
commonly deregulated pathways in cancer, the combination of MLN0128 with the MEK1/2 inhibitor trametinib
was investigated. Importantly, the combined targeting showed to be synergistic in MCC cell lines and induced
alterations in the protein levels of downstream elements of the targeted pathways. This synergistic activity
implies a reduction in the dose of each inhibitor necessary to reach the same effect that when used as single
agents. Therefore, this is a promising approach to improve the clinical management of MCC and to overcome the

limited efficacy of single drug regimens owed to the appearance of toxicity or drug resistance.

1. Introduction

Merkel cell carcinoma (MCC) is a rare type of skin cancer with two
recognized aetiologies. In 2008, a new human polyomavirus, i.e. Merkel
cell polyomavirus (MCPyV), was identified clonally integrated in ~80%
of MCCs [1]. Tumorigenesis of MCPyV-positive (MCPyV") MCC is
driven by the constitutive expression of two viral oncoproteins, the small
(sT) and large (LT) tumor antigens (TAs), which maintain cell growth by
blocking retinoblastoma (Rb) function [2-4], among other mechanisms
[5]. Conversely, MCPyV-negative (MCPyV ™) MCCs arise upon accumu-
lation of mutations with an UV-light signature [6].

MCC usually appears in sun-exposed areas of elderly fair-skinned
individuals, with a median age at diagnosis of 69 years, with 90% of
the patients over 50 years [7]. The incidence is higher among immu-
nosuppressed individuals [8] and it varies greatly geographically, being
greater in North America (0.7 cases/100,000 individuals), Europe
(around 0.59) and particularly, Australia and New Zealand (1.6 and
0.96, respectively) [9-11]. These last two countries have a predominant

population of Caucasian origin exposed to a large UV-light index, which
may explain why the virus-negative MCC is more common [10,12].

MCC is an aggressive cancer with a 5-year relative survival of only
18% in patients presented with metastatic disease [13]. Since MCC is an
immunogenic tumor [12], it responds well to immune-checkpoint in-
hibitors, such as avelumab and pembrolizumab. Therefore, the Food and
Drug Administration (FDA) has approved these two drugs as preferable
treatment for patients with metastatic MCC [14]. Nevertheless, some
patients never respond, and others develop resistance to the treatment.
Consequently, new therapeutic approaches continue to be investigated
[12].

Despite presenting different aetiologies, the two MCC subtypes share
common deregulated pathways, such as inactivation of Rb [5,15].
Similarly, the phosphatidylinositol 3-kinase/mammalian target of
rapamycin (PI3K/mTOR) pathway is often activated in MCC, although
only a subset of tumors presented activating mutations [16-19].
Consequently, MCC cell lines and xenografts are sensitive to mTOR in-
hibitors [20]. The PI3K/mTOR and the mitogen-activated protein
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kinase/extracellular-signal-regulated kinase (MAPK/ERK) pathways
control cell proliferation, apoptosis, protein translation and glycolytic
metabolism. Therefore, they are central players in cancer progression,
and a crosstalk exists between them (Fig. 1) [21,22]. mTOR presents two
different complexes: mTORC1, which is directly involved in regulation
of mRNA translation through the phosphorylation of elF4E-binding
proteins (4E-BPs), and mTORC2, that controls cell survival through
Akt activity [23]. Tuberous sclerosis complex (TSC) is a negative regu-
lator of mTORC1 that can be inactivated by Akt and by downstream
substrates of the MAPK/ERK pathway, affecting mRNA translation [22].
In addition, MCPyV sT has been shown to reduce the turnover of
hyperphosphorylated 4E-BP1, increasing cap-dependent translation
[24].

Inhibitors of PI3K/mTOR may upregulate tyrosine kinase receptors
(TKRs), cytoplasmic kinases (RSK), anti-apoptotic proteins (Bcl-2), and
transcription factors (FOXO), giving rise to acquired resistance %,
Moreover, these changes may lead to activation of compensatory path-
ways, limiting the efficacy of targeted drugs. For instance, mTORC1
inhibition has been shown to activate the MAPK/ERK pathway through
S6K-PI3K-Ras signalling [26]. Nevertheless, combination of inhibitors of
related pathways has proved to enhance the growth inhibitory effects in
vitro and in vivo [26,27]. These findings provide a rationale for a com-
bined targeting in order to avoid compensatory re-activation of the
pathway not inhibited when using single agents. A recent publication
described that activation of the JAK2 and MEK-ERK pathways was more
important in MCPyV~ MCC cell lines than in MCPyV"™ MCC cell lines,
suggesting that the JAK-STAT and MEK-ERK signalling pathways may be
potential targets for therapy of MCPyV~ MCC [28]. MLN0128, a
second-generation dual TORC1/2 inhibitor, significantly diminished the
growth of MCC xenografts in mice independently of MCPyV [20].
Further, MLN0128 robustly hampered MCC cell proliferation and
induced apoptosis whereas senescence did not contribute to
drug-mediated growth inhibition of MCC xenografts. Marked antitumor
effects of MLN(Q128 were as well found when the drug was administered
in combination therapy with the bromodomain protein BRD4 inhibitor
JQ1, suggesting that dual targeting of PI3K/mTOR pathway and c-Myc
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axis is efficient in the restraining MCC tumor growth [20]. Considering
that the MAPK/ERK pathway has been reported to be activated in MCC,
the sensitivity of MCC to mTOR inhibitors, the efficacy of MLN0128 in
combination therapy with JQ1, and the crosstalk between these path-
ways, PI3K/mTOR and MAPK/ERK pathways should be explored as
relevant targets for a combined MCC therapy. Therefore, we investi-
gated the synergistic activity of MLNO128 (sapanisertib), an
ATP-competitive mTOR; /> serine/threonine kinase inhibitor, and tra-
metinib, a MEK1/2 tyrosine kinase inhibitor (Fig. 1). The former showed
good activity against MCC [20] and is currently under clinical investi-
gation (NCT02514824) while the latter is used in combination with
dabrafenib (a BRAF inhibitor) for the treatment of patients with
BRAFyg00r,k-mutant metastatic melanoma [29,30].

Our results showed that this drug combination is synergistic across a
panel of MCC cell lines. To gain insight into the molecular mechanisms
involved in the antiproliferative effects of these compounds, alterations
in the expression levels of key substrates of the targeted pathways were
analyzed by Western blot. Additionally, the cell cycle phase distribution
of treated cells was determined by propidium iodide (PI) staining of cell
nuclei.

2. Materials & methods
2.1. Cell lines

WAGA cell line was kindly provided by Roland Houben (University
Hospital Wiirzburg, Germany). The rest of the cell lines used in the
present study were obtained from the European Collection of Authen-
ticated Cell Cultures (ECACC): MCC13 (Cat#10092302), MCC14/2
(Cat#10092303), MCC26 (Cat# 10092304), MS-1 (Cat#09111802) and
MKL-1 (Cat#09111801). MCPyV~ MCC cell lines (MCC13, MCC14/2
and MCC26) were grown in RPMI 1640 medium supplemented with
10% FBS. MCPyV+ MCC cell lines (MS-1, MKL-1 and WAGA) were
maintained in RPMI 1640 + GlutaMAX™:-] medium supplemented with
20% FBS. Media were supplemented with 1x MEM NEAA, 1 mM sodium
pyruvate, 1x Penicillin/Streptomycin/Glutamine and 10 mM HEPES. All

Fig. 1. MAPK and PI3K/mTOR pathways, cross-
talk and targeting. (a) Activated GEFs proteins
catalyze Ras-GTP exchange and lead to the activation
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media and supplements were purchased at Thermo Fisher Scientific
(Merelbeke, Belgium).

2.2. Determination of antiproliferative activity of MLN0128 and
trametinib

10,000 (MCPyV ™) or 20,000 (MCPyV™) cells per well were seeded in
96-well plates and counted every other day, for eight days, to build a cell
growth curve. Then, the same cell number was seeded in 96-well plates
and one day after serial dilutions of MLNQ128 or trametinib were added
in duplicate to cells. After six days of incubation at 37 °C with 5% CO.,
cells growing in exponential phase were counted with a Beckman Z1
Coulter Counter. Prior to counting, cell clusters of MS-1 and MKL-1 were
disrupted using EDTA. The antiproliferative effects were expressed as
the compound concentration needed to inhibit cell growth by 50%
(CCso).

2.3. Determination of synergistic activity

MCC cells were seeded in 96-well plates as described above. Subse-
quently, cells were incubated with serial dilutions of trametinib and
MLNO0128, alone or in combination, comprising concentrations above
and below their respective CCsq for each cell line (see Supplementary
Table S1). A coulter counter system was used to determine the fraction
of cells affected at each given drug-dose. These values were introduced
in the Compusyn software (ComboSyn, Inc.) to construct dose-effect
curves. The dose-effect curves were generated using four to eight data
points for each drug alone and five or six data points for the combina-
tions. A different combination ratio was used for each cell line, ac-
cording to the values of their respective CCs for each compound. The
Compusyn software utilizes the method developed by Chou-Talalay to
calculate a combination index (CI) [31,32]. The CI provides a value
indicating the extension of the synergism for a given drug combination:
CI <1, =1, and >1 indicate synergism, additive effect and antagonism,
respectively. Additionally, the dose reduction index (DRI), which is
obtained by dividing the dose of a drug when used alone by the dose of
the same drug in the combination necessary to achieve the same effect,
was calculated. Thus, a DRI>1 indicates a favourable dose reduction
[33].

2.4. Protein extraction and immunoblotting

Protein extracts were obtained after six days of incubation with each
drug alone or in combination. For this purpose, RIPA Buffer (Thermo
Fisher Scientific) containing cOmplete™, Mini, EDTA-free Protease In-
hibitor Cocktail (Roche Applied Science) and Phosphatase Inhibitor
Cocktail (Active Motive) was used. Protein concentration was deter-
mined with a BCA assay (Thermo Fisher Scientific). Then, proteins were
separated by SDS-PAGE on precast gels (Bio-Rad Laboratories, Hercules,
CA, USA), transferred to PVDF membranes and incubated overnight at
4°C with the correspondent primary antibody. Next day, membranes
were incubated with HRP-conjugated secondary antibodies for 1 h at
room temperature. Peroxidase activity was detected using the Super-
Signal™ West Femto Maximum Sensitivity Substrate (Bio-Rad). Images
were captured with a ChemiDoc™ MP Imaging System and analyzed
with Image Lab™ v6 software (Bio-Rad). ImageJ was used for densi-
tometry analysis. The following antibodies were used: anti-actin
[ACTNO5 (C4)] (Cat# ab3280) from Abcam (Cambridge, UK); anti-4E-
BP1 (53H11) (Cat#9644), anti-Phospho-4E-BP1 (Ser65) (Cat#9451),
anti-p44/42 MAPK (ERK1/2) (Cat#9102) and anti-Phospho-p44/42
MAPK (ERK1/2) (Thr202/Tyr204) (Cat#9101) from Cell Signalling
Technology (Danvers, MA, USA).

2.5. Cell cycle analysis

Upon 24 h incubation with single and combined agents, BD
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Cycletest™ Plus DNA Kit (BD Biosciences) was used to stain cellular
nuclei with propidium iodide (PI), following the manufacturer’s in-
structions. Cell cycle phase distribution was evaluated using BD FACS-
Celesta flow cytometer. Data were analyzed with FlowJo v10 (Tree Star,
Williamson Way, Ashland, OR).

2.6. Statistics

Drug combination experiments were repeated at least three times to
calculate the mean + SD values of each parameter. One-way ANOVA
tests were performed for statistical analysis using GraphPad Prism 7
(GraphPad Software Inc., La Jolla, CA). Tukey test was used to correct P-
value when comparing the different treatment groups. Significance was
defined with the following P-values: *P < 0.05, **P < 0.01 and ***P <
0.001.

3. Results

3.1. The combination of trametinib and MLNO128 is synergistic in MCC
cell lines

Initially, the growth curve of each cell line was drawn (see Supple-
mentary Fig. S1) to determine the time required to reach exponential
growth. Then, dose-response experiments with each drug alone were
performed to determine their respective CCsy value in three virus-
negative (MCC13, MCC14/2 and MCC26) and three virus-positive
(MS-1, MKL-1 and WAGA) MCC cell lines. Fig. 2A shows the CCsg of
each drug for all the MCC cell lines used in this study. Trametinib
exhibited a CCsg lower than 0.5 uM for the virus-negative cell lines. On
the contrary, it ranged between 10 and 20 pM for the virus-positive cells.
MLNO0128 displayed a CCs lower than 0.2 pM for all cell lines, with the
exception of MS-1.

The synergistic activity between the two drugs was explored using
the method designed by Chou and Talalay, who developed a parameter
called combination index (CI), indicating the extension of the synergism
for a given level of cytostaticity [33]. As shown in Fig. 2B, the combi-
nation of trametinib and MLNO0128 was synergistic (CI < 1) in all the
MCC cell lines for a cytostatic effect of 50% and 75%, except for MS-1
and MKL-1 at 75% and 50% of cytostaticity, respectively. Supplemen-
tary Fig. S2 shows representative dose-effect curves for each drug alone
and for the combination in each cell line, as well as the median-effect
plot, which is a linearized form of all dose-effect curves. These plots
were generated by the Compusyn software.

3.2. Reduced concentration of each compound is required for the
combined targeting

As represented in Fig. 3A, the dose reduction index (DRI) for each
compound (trametinib or MLN0128) was higher than 1 when their
combination induced cytostaticity effect of 50% and 75% in MCC cell
lines, indicating a favourable dose reduction in these cases. Indeed,
lower concentrations of each compound were used in the combination to
reach the same level of cytostaticity (Fig. 3B). Considering the drug
ratios used in the combination, the individual CCsy values of each
compound when used together were calculated (summarized in
Table 1). This fold-change in the CCsy corresponded with the value
expressed by the DRI

3.3. Altered protein levels of downstream elements of the MAPK and
PI3K/mTOR pathways upon incubation with drugs

Total protein and phosphorylated form (P-) of 4E-BP1, an effector of
the PI3K/mTOR pathway, and ERK1/2, a downstream effector of the
MAPK pathway, were analyzed by Western blot to address the effects of
the inhibition of these pathways by single drugs and their combination.
Each cell line was incubated with concentrations of trametinib and
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Fig. 2. Combined targeting with trametinib and MLN0128 in MCC cell lines. (a) CCs, of trametinib (red) and MLN0128 (blue) in three virus-negative and three
virus-positive MCC cell lines. (b) CI at 50% and 75% of cytostatic effect for the same cell lines. CI < 1 indicates synergism. Data represent the mean + SD of three
independent experiments (n = 3). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

MLNO0128 comprising their respective CCsg alone or in combination, as
indicated in Table 1. As seen in Fig. 4A, virus-negative cell lines tended
to decrease total 4E-BP1 protein when treated with the mTOR1/2 in-
hibitor (MLNO0128) or with its combination with trametinib, with
around 2-fold reduction in MCC13 and MCC14/2. This decrease was
more significant for the combined targeting. Regarding P- 4E-BP1 level,
there was a marked increase in those virus-negative cells treated with
trametinib or with its combination with MLNO128 when compared with
untreated cells. When cells were treated only with MLN0128, which is
expected to dephosphorylate 4E-BP1 via the inhibition of mTORC]1, the
levels of P-4E-BP1 were comparable to those of the control or even
considerably lower, e.g. for MCC26. In the case of the virus-positive cell
lines, total 4E-BP1 slightly increased in cells treated with the two
compounds alone or in combination, though significant differences were
only observed in WAGA cells (Fig. 4B). Nevertheless, P-4E-BP1 was
significantly decreased in those virus-positive cells treated with both
MLN1028 alone and combined with trametinib. The p44/42 MAPK
antibody detects two isoforms, the middle band correspond to the 44-
kDa isoform (p44 or ERK1) while the lower one is the 42-kDa isoform
(p42 or ERK2). However, a third upper band was also detected in our
experiments. Generally, there were not significant differences in the
total amount of p42 and p44 in both virus-negative and positive cells

under the different conditions. The phosphorylated forms of p42 and
p44 were slightly decreased in virus-negative cells treated with trame-
tinib, alone or in combination with MLNQ128, yet significant results
were not only obtained. Surprisingly, virus-positive cells had a signifi-
cant reduction of P-p42 and P-p44 when treated with trametinib alone
and when combined with MLN0128.

3.4. Cell cycle analysis

The cell cycle phase distribution of cells treated with each compound
alone or in combination was analyzed by PI staining of cell nuclei at day
1 post-treatment (Fig. 5). However, a significant difference was only
observed in the S phase of MCC13 cells treated with the two compounds
alone and in combination.

4. Discussion

MCC is a rare type of skin cancer yet the incidence is increasing
exponentially [9,34]. The high mortality rate associated with this dis-
ease (33-46%) makes it one of the most aggressive types of skin cancer
[12]. Despite the success of immunotherapies, 40%-60% of cases do not
respond [35,36]. Herein, we investigated the combined targeting of the
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Table 1

CCsg values of trametinib and MLNO0128 alone or in combination. Data represent the mean + SD of three independent experiments (n = 3).

Cell line CCsp Trametinib CCso MLNO128 Ratio CCs Combination CCsp Trametinib in Combination CCsp MLNO0128 in Combination
(uM) (uM) combination (M) (uM) (uM)
MCC13 0.06 + 0.026 0.056 + 0.011 1:1 0.023 + 0.015 0.0115 0.0115
MCC14/ 0.12 + 0.046 0.14 + 0.026 1:1 0.046 + 0.005 0.023 0.023
2
MCC26 0.42 + 0.045 0.13 + 0.057 10:1 0.17 + 0.075 0.153 0.017
MS-1 19.66 + 4.68 2.14 £ 0.48 1:1 1.45 + 0.87 0.725 0.725
MKL-1 9 +3.81 0.03 + 0.001 100:1 2.12 +0.35 2.1 0.0212
WAGA 9.34 £0.1 0.16 + 0.03 100:1 2+0.33 1.98 0.02

PI3K/mTOR and MAPK/ERK pathways, two cellular pathways essential
for cancer progression, as a new approach for the treatment of patients
with MCC.

First, the antiproliferative potential of two single drugs, trametinib
and MLNO128, was determined. Trametinib was more potent in
reducing cell proliferation in the virus-negative cells than in the virus-
positive ones. In general, MLN0128 inhibited cell growth at the same
extent in all the cell lines tested, except MS-1. The Chou-Talalay method
was applied to determine the synergistic activity between the two drugs.
Synergy was investigated at 50% and 75% of cytostaticity, since tar-
geting a large number of cells is more relevant for cancer therapy. The CI
values indicated synergism in the MCC cell lines analyzed. In addition,
the DRI values showed favourable reduction of the dose of each drug
when used together while maintaining the same efficacy. Hence, the
combined treatment would be more effective in suppressing cell growth

with several folds of drug reduction when compared with single
treatments.

The Chou-Talalay method to determine the synergism is mechanism-
independent and each drug can have several modes of action contrib-
uting to the synergy at different extents [33]. Nevertheless, we analyzed
by Western blot the total protein levels and the phosphorylated forms of
two downstream elements of the targeted pathways: 4E-BP1 and
ERK1/2. In the virus-negative cell line MCCC13, decreased total levels of
4E-BP1 were found when treated with either inhibitor alone or com-
bined (Fig. 4). Reduced total levels of 4E-BP1 were only found for the
two other MCPyV- cells when treated with Trametinib alone or in
combination with MLN0128 (MCC14/2) or only in combination with
both drugs (MCC26). In contrast, total levels of 4E-BP1 did not change in
the virus-positive cells except for WAGA, which experienced an increase.
Targeting of mTOR with MLNO128 is expected to dephosphorylate
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Fig. 4. Altered protein levels of downstream elements of the PI3K/mTOR and MAPK/ERK pathways in MCC cell lines upon incubation with drugs. (a) Each
cell line was incubated with trametinib and MLN0128 alone or in combination, as indicated on top of the blots. Protein extracts were obtained after six days of drug
incubation. For each cell line, representative western blots of at least three independent experiments are shown. Actin was used as internal loading control. (b) The
plots depict the densitometry analysis of proteins normalized to actin. Data represent mean values + SD of three independent blots. Statistical significance (P < 0.05)

is indicated.
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Fig. 5. Cell cycle distribution of MCC cells incubated with trametinib and MLN0128 individually and in combination. One day after adding the compounds,
cell nuclei were stained with PI to analyze cell cycle distribution. The plots depict the percentage of cells in each phase of the cell cycle. Data represent mean values

+ SD of three independent blots. Statistical significance (P < 0.05) is indicated.

4E-BP1. However, the levels of P-4E-BP1 significantly increased in the
virus-negative cells treated with trametinib alone and concurrently with
MLNO0128, suggesting that the PI3K/mTOR pathway could act as a
salvage route to the inhibition of the MAPK/ERK pathway in these cells.
On the contrary, when the virus-negative cells were treated with
MLNOQ128 alone, P-4E-BP1 tended to decrease (MCC26) or to maintain
the levels of the untreated cells (MCC13 and MCC14/2). The
virus-positive cells showed a marked decrease in the levels of P-4E-BP1
upon incubation with MLNO128 alone or when combined with trame-
tinib. Generally, the levels of total ERK1/2 (or p44/p42) were invariable
in virus-negative and positive cells upon treatment with the compounds
alone and in combination. As expected, after treating with trametinib
alone and combined with MLN0128, the levels of the phosphorylated
forms were decreased, especially in the virus-positive cells. Hence, dif-
ferences in cell signalling were observed regarding the viral status of the
cells. Generally, the decrease of the activated forms of each element
(4E-BP1 or ERK1/2) was more significant for the virus-positive cells. A
synergistic pathway regulation in MCPyV ™ cells cannot be claimed. It
can be hypothesized that due to the higher mutational burden in the
virus-negative tumors, MCPyV~ MCC cells may activate complementary
pathways that bypass the effects of the inhibitory drugs, as previously
reported [25,27,37,38].

In general, the cell cycle progression of MCC cell lines (except
MCC13) was not significantly impaired upon inhibition of the PI3K/
mTOR and MAPK/ERK pathways. Thus, our results suggest that the
cytostatic effects observed upon single and combined targeting may not
be due to alterations in the cell cycle. Nevertheless, MCC cells are

characterized by a slow growth [39], presenting a prominent peak in G1
phase, especially in the case of the virus-positive cells. This makes it
complicated to demonstrate a cell cycle arrest in this type of cells.

The emergence of acquired resistance associated with targeted
monotherapy prompts the development of novel approaches to treat
cancer. Resistance is often due to intra tumor heterogeneity where a
drug may eliminate cells with certain alterations, but those with acti-
vated alternative oncogenic pathways might survive. This can be pre-
vented with the simultaneous inhibition of multiple pathways, which
can also overcome compensatory activation between related pathways.
Moreover, combination therapy reduces the toxicity associated with
higher doses of single agents [37,38].

Our results showed that dual inhibition of the PI3K/mTOR and
MAPK/ERK pathways may be a potent therapeutic strategy for MCC. To
the best of our knowledge, the efficacy of the combined therapy with
agents targeting these pathways has not been explored for MCC yet. Due
to suboptimal dosing schedules, this approach has shown limited long-
term tolerability in clinical trials with other types of solid tumors
[40]. Future research should focus on the specificity of MLMN0128 and
trametinib on MCC cell lines and their possible therapeutic use. This
drug combination should be evaluated in xenografts of MCC tumor cells
and/or on non-tumor cells such as keratinocytes or dermal fibroblasts.
Nevertheless, there are numerous studies ongoing that are expected to
deliver promising results (e.g., NCT03433183).

Owing the genetic diversity of MCC tumors, we believe that combi-
nation therapies with drugs having different modes of action is a
reasonable approach to investigate new treatment options. Further
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experiments should be focused on testing the efficacy and selectivity of
our combined targeting ex vivo and in vivo models of MCC. In addition,
multiple combinations of targeted therapies together with immuno-
therapies, chemotherapy and radiotherapy is a promising strategy that
still need clinical validation for MCC [41].
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