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Introduction

Malignant mesothelioma (MM) is a very aggressive neoplasm 
that originates from the malignant transformation of mesothe-
lium, a membrane covering the pleural, peritoneal and pericar-
dial cavities. The most common MM type is that arising from 
the mesothelium lining the pleura, which accounts for approx-
imately 70% of cases.1 MM is classified into three histotypes: 
epithelioid, biphasic, and sarcomatoid, the last one having the 
poorest prognosis.

The main risk factor for MM is exposure to asbestos.2,3 
Indeed, the extensive use of this natural fibrous material dur-
ing the twentieth century determined an increase in incidence 
of this cancer, which was originally extremely rare. Despite the 

ban on asbestos use in many developed countries, MM incidence 
is expected to further rise, with a predicted peak in 2020–2050, 
because of the long-latency time between the first exposure and 
diagnosis, which is typically longer than 30 y.

At present there is no known curative modality for MM. 
Indeed, the current therapeutic regimens have only limited effects 
on patients. A potentially curative surgical option for pleural MM, 
which aims at removing all gross disease, involves an extrapleu-
ral pneumonectomy.2,3 However, despite the combination with 
some form of adjuvant therapy, residual microscopic disease can-
not be eradicated. Therefore, the occurrence of relapses together 
with the high risk of perioperative morbidity and mortality ren-
der the role of radical surgical resection very controversial. No 
radiotherapy or chemotherapy regimen has proved to be curative, 
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Malignant mesothelioma (MM) is a very aggressive asbestos-related neoplasm of the serous membranes, whose inci-
dence is increasing worldwide. Although the introduction of new drug combinations, such as cisplatin plus pemetrexed/
gemcitabine, has determined an improvement in the patient quality of life, MM remains a universally fatal disease. The 
observation that key G1/S checkpoint regulators are often functionally inactivated in MM prompted us to test whether 
the use of G2/M checkpoint inhibitors, able to sensitize G1/S checkpoint-defective cancer cells to DNA-damaging agents, 
could be successful in MM. We treated six MM cell lines, representative of different histotypes (epithelioid, biphasic, and 
sarcomatoid), with cisplatin in combination with MK-1775, an inhibitor of the G2/M checkpoint kinase WEE1. We observed 
that MK-1775 enhanced the cisplatin cytotoxic effect in all MM cell lines, except the sarcomatoid cell line, which is rep-
resentative of the most aggressive histotype. As expected, the enhancement in cisplatin toxicity was accompanied by 
a decrease in the inactive phosphorylated form of cyclin-dependent kinase 1 (CDK1), a key substrate of WEE1, which 
is indicative of G2/M checkpoint inactivation. Consistently, we also observed a decrease in G2/M accumulation and an 
increase in mitotic entry of DNA-damaged cells and apoptosis, probably due to the loss of the cell ability to arrest cell 
cycle in response to DNA damage, irrespectively of p53 mutational status. Notably, this treatment did not increase cis-
platin cytotoxicity on normal cells, thus suggesting a possible use of MK-1775 in combination with cisplatin for a safe and 
efficient treatment of epithelioid and biphasic MM.
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although some regimens are valuable for palliation. In particular, 
the use of cisplatin in combination with pemetrexed/gemcitabine 
has determined a significant improvement in the patient quality 
of life. However, the prognosis remains extremely poor, with a 
median survival ranging between 9 and 17 mo from diagnosis.3 
Therefore, there is an urgent need to develop new effective thera-
peutic strategies.

Over the last decades, intensive research has been devoted to 
the development of G

2
/M checkpoint inhibitors as novel thera-

peutic agents able to increase sensitivity to DNA-damaging 
anticancer drugs, such as chemotherapeutic agents and ioniz-
ing radiation.4-6 This novel therapeutic strategy is based on the 
observation that most human cancers rely on G

2
/M checkpoint 

rather than on G
1
/S checkpoint to detect and repair damaged 

DNA by stalling cell cycle. Indeed, the G
1
/S checkpoint is defec-

tive in most cancers, owing to the loss of key regulators of this 
checkpoint, such as retinoblastoma 1 (RB1) and p53 tumor sup-
pressors. Therefore, tumor cells treated with a G

2
/M checkpoint 

inhibitor might lose the ability to arrest cell cycle in response 
to DNA damage and be forced to enter an aberrant and lethal 
mitosis. Conversely, non-neoplastic cells retain G

1
/S checkpoint 

activity and, therefore, are unaffected by these treatments.
Despite the cellular mechanisms underlying MM develop-

ment are not yet clarified, many different molecular alterations 
have been described.7 In particular, a major genetic alteration, 
which occurs with a frequency of >70% in MM cell lines, is the 
homozygous deletion of the CDKN2A locus,8 which encodes 
both the p16 and p14 tumor suppressors through the use of an 
alternative first exon.9 p16 and p14 are crucial positive regulators 
of RB1 and p53, respectively, and the loss of the CDKN2A locus 
can result in the functional inactivation of both RB1 and p53. 
Moreover, the gene encoding p16 can also be inactivated in MM 
by methylation of its promoter.10 Another mechanism whereby 
RB1 and p53 pathways can be disrupted in MM involves the 
simian virus 40 (SV40), which has been implicated in MM 
pathogenesis.11 Indeed, the SV40 large T antigen can bind and 
inactivate both RB1 and p53 in MM cells.12

Therefore, despite the key G
1
/S checkpoint regulators, RB1 

and p53, are rarely mutated in MM,7 the therapeutic approach 
based on the combination of DNA-damaging agents and G

2
/M 

checkpoint inhibitors could potentially be successful also in MM, 
in which these central G

1
/S checkpoint regulators are principally 

inactivated through indirect mechanisms, such as the altered 
expression/activity of their upstream regulators.

Among the G
2
/M abrogators, WEE1 kinase inhibitors proved 

to be effective in sensitizing different tumor types to various anti-
cancer therapeutics.13-23 WEE1 kinase is a crucial component of 
the G

2
/M DNA damage checkpoint, whose direct substrate is 

the key mitotic protein CDK1.24 WEE1 inhibitors prevent the 
WEE1-mediated phosphorylation and inactivation of CDK1 in 
response to DNA damage, thus resulting in G

2
/M checkpoint 

override and increased mitotic and cell death rates. To date, dif-
ferent small molecules targeting WEE1 have been used.13-23 In 
the present study, we tested MK-1775, an efficient and selective 
WEE1 inhibitor, which has entered phase I clinical trials in com-
bination with gemcitabine, cisplatin, or carboplatin in patients 

with advanced solid tumors.25 In particular, we treated a panel of 
six MM cell lines, representative of the three different histotypes, 
with MK-1775 in combination with cisplatin, the chemotherapic 
agent currently used in MM therapy. We aimed to assess whether 
this strategy, which holds the potential for a rapid clinical transla-
tion, could be feasible for the treatment of MM. We observed that 
MK-1775 significantly enhanced the cisplatin cytotoxic effect in 
all cell lines, except the one representative of the most aggres-
sive histotype, without enhancing toxicity in non-neoplastic cells. 
Moreover, we observed that the enhancement in cisplatin toxicity 
was accompanied by a reduction in CDK1 phosphorylation and 
a shift in the balance toward apoptosis rather than growth arrest.

Results

WEE1 inhibition selectively sensitizes MM cell lines to 
cisplatin

We treated six MM cell lines, representing the epithelioid 
(IST-MES1, IST-MES2, REN, and NCI-H2452), biphasic 
(MSTO-211H), and sarcomatoid (NCI-H2052) histotypes, with 
cisplatin at concentrations ranging from 2.5 to 15 μM, alone or 
in combination with the WEE1 inhibitor, MK-1775, at the con-
centration of 150 nM or 250 nM. We evaluated cell viability by 
MTS assay at 72 h after treatment (Fig. 1A). We observed that 
MK-1775 enhanced the cisplatin cytotoxic effect in a concentra-
tion-dependent manner in all cell lines except one (NCI-H2052), 
as also shown by the comparison between the half maximal 
inhibitory concentration (IC

50
) values of cisplatin alone and cis-

platin in combination with MK-1775 (as in the table included in 
Fig. 1A).

MK-1775 alone showed a slight cytotoxicity on the majority of 
MM cell lines (data not shown) and a more significant antiprolif-
erative activity on the IST-MES2 cells, in which cell viability was 
reduced to approximately 65% and 47% after treatment with 150 
and 250 nM MK-1775, respectively (P < 0.05).

To rule out a possible increase in cisplatin cytotoxicity on non-
neoplastic cells, the drug combination was also tested on primary 
human skin fibroblasts by MTS assay. We found that MK-1775 
did not significantly enhance the cisplatin cytotoxic effects on 
fibroblasts, as evident by the IC

50
 values reported in Figure 1A.

To evaluate whether the effect of cisplatin and MK-1775 
was synergic, we determined the combination index (CI) values 
through the Chou–Talalay method26 for the cell lines in which 
the drug combination was found to be effective. This analysis 
revealed a synergy between the two compounds (Fig. 1B).

MK-1775 increases cisplatin efficacy by decreasing G
2
/M 

accumulation and inducing mitotic entry and apoptosis
To study the mechanism whereby MK-1775 sensitizes MM 

cells to cisplatin, we first verified the inhibition of the enzymatic 
activity of WEE1 by evaluating the phosphorylation on Tyr15 
of its substrate, CDK1, by western blotting 72 h after treat-
ment with cisplatin in combination with 250 nM MK-1775. We 
used cisplatin concentrations corresponding to the IC

50
 values 

achieved by this chemotherapeutic agent when used in combina-
tion with 250 nM MK-1775 (as in the table included in Fig. 1A). 
As expected, we observed a decrease in phospho-CDK1 Tyr15 in 
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all MM cell lines treated with the two drug combination with 
respect to cells treated with cisplatin alone (Fig. 2A). This result 
suggests that MK-1775, by preventing the WEE1-mediated phos-
phorylation and inactivation of CDK1, could be indeed able to 
abrogate the G

2
/M DNA damage checkpoint in MM cell lines.

So, to define further MK-1775 mechanism of action in MM 
cells, we focused on two MM cell lines representative of the 

histotypes in which the drug combination was effective: the epi-
thelioid NCI-H2452 and the biphasic MSTO-211H cell lines. 
We treated the two cell lines with MK-1775 and/or cisplatin, as 
described above, and analyzed their cell cycle profile by FACS 
72 h after treatment. As expected, we observed a decrease in 
G

2
/M accumulation of cells treated with the two drug combina-

tion with respect to cells treated with cisplatin alone (Fig. 2B). 

Figure 1. Effect of co-treatments with cisplatin and MK-1775 on cell viability of MM cells and fibroblasts. (A) MTS analysis of cell viability. Results are 
reported as means of three experiments and expressed as percentages of cell viability calculated with respect to control cells treated with DMSO alone. 
The absorbance values of treated and control samples were subjected to one-way Anova with Dunnett post-test. Statistically significant differences 
between treated and control cells are indicated with *significant (P < 0.05) or **very significant (P < 0.01). In the table are reported the half maximal 
inhibitory concentration (IC50) values of cisplatin alone and cisplatin in combination with 150 nM or 250 nM MK-1775 on MM cell lines and fibroblasts. 
(B) Combination index (CI) values for cisplatin and MK-1775 in MM cell lines. CI = 1 indicates additivity, CI > 1 indicates antagonism, and CI < 1 indicates 
synergy.
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Figure 2. Effect of co-treatments with cisplatin and MK-1775 on CDK1 activation and cell cycle progression. (A) Western blotting evaluation of phospho-
CDK1 Tyr15 (pCDK1) and total CDK1 in MM cell lines treated with cisplatin and MK-1775 alone or in combination. DMSO alone was added to control cells. 
An anti-β-actin antibody was used for a loading control. (B) Representative cell cycle profiles, obtained by FACS analysis, showing the phase distribution 
of NCI-H2452 and MSTO-211H cell lines treated with cisplatin and/or MK-1775. DMSO alone was added to control cells. (C) Determination of percentage 
of mitotic cells by staining with acridine orange of NCI-H2452 and MSTO-211H cells treated with cisplatin and/or MK-1775 plus nocodazole. Control cells 
were treated with DMSO and nocodazole. The histograms show the means and standard deviations of three experiments. Statistically significant dif-
ferences were evaluated by one-way Anova with Tukey post-test and are indicated with *significant (P < 0.05) and ***extremely significant (P < 0.001). 
Representative micrographs of MSTO-211H cells treated with cisplatin and/or MK-1775 plus nocodazole and stained with acridine orange are shown. 
Arrows point to examples of mitotic cells.
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Moreover, the analysis showed an increase in the sub-G
1
 peak, 

which could be indicative of apoptosis, in cells co-treated with 
MK-1775 and cisplatin with respect to cells treated with cisplatin 
alone. These results support the hypothesis that MM cells treated 
with MK-1775 lose the ability to stall cell cycle in response to 
cisplatin-induced DNA damage and enter an aberrant and lethal 
mitosis.

We verified the ability of MK-1775 to force cisplatin-treated 
MM cells to enter mitosis by treating NCI-H2452 and MSTO-
211H cells, growing on coverslips, with MK-1775 and/or cis-
platin, as described above, plus nocodazole to “capture” cells 
entering mitosis. Eight hours after treatment we stained cells 
with acridine orange and observed a significant increase in 
mitotic cells, which were identified by their distinct morphol-
ogy, in cell lines co-treated with MK-1775 and cisplatin with 
respect to cells treated with cisplatin alone (Fig. 2C).

To verify that the NCI-H2452 and MSTO-211H cells forced 
to enter mitosis following exposure to MK-1775 indeed harbor 
unrepaired DNA lesions, we evaluated by immunofluorescence 
the co-expression of phospho-histone H2AX (γ-H2AX) and 
phospho-histone H3 (pHH3), which are markers of DNA dou-
ble-strand breaks (DSBs) and mitosis, respectively. Eight hours 
after treatment with MK-1775 and cisplatin plus nocodazole we 
observed that a very large fraction of cells staining positively for 
pHH3 were also positive for γ-H2AX (Fig. 3). Conversely, after 
treatment with cisplatin alone no double staining was detected. 
A low percentage of γ-H2AX positive cells was also observed 
after treatment with MK-1775 alone, consistent with the low 
cytotoxicity of this molecule, and these γ-H2AX positive cells 
were also positive for pHH3. These results show that MK-1775 
causes the loss of MM cell ability to stall cell cycle in response 
to DSBs (induced by both cisplatin and, to a lower extent, also 
by MK-1775 itself ) and forces cells to enter mitosis regardless 

of the presence of DNA damage. This 
premature entry into an aberrant mito-
sis could underlie an increase in apop-
totic cell death.

To confirm the ability of MK-1775 to 
increase the cisplatin-induced apoptosis, 
we evaluated early and late apoptosis in 
both NCI-H2452 and MSTO-211H cell 
lines by cell staining with an annexin 
V-FITC antibody and propidium iodide 
(PI) and FACS analysis 72 h after treat-
ment. These analyses showed an increase 
in apoptosis induction in MM cells co-
treated with MK-1775 and cisplatin 
with respect to cells treated with cispla-
tin alone (Fig.  4A). We also analyzed 
caspase-3 activity in both NCI-H2452 
and MSTO-211H cell lines 72 h after 
treatment. Consistently, we observed a 
significant increase in caspase-3 activity 
in cells treated with the two drug com-
bination with respect to cells treated 
with cisplatin alone (Fig. 4B).

Discussion

In recent years there has been great concern about the asbes-
tos-related disease MM because of its increasing incidence world-
wide.2,3 Indeed, the extensive use of asbestos during the twentieth 
century, together with its long-latency time (longer than 30 y), 
determined a rise in incidence, which is expected to peak over the 
period 2020–2050.

Several efforts have been devoted to design new effective ther-
apeutic strategies for MM, which led to some developments in 
the management of this disease. In particular, the recent intro-
duction of new drug combinations, such as cisplatin plus peme-
trexed/gemcitabine, has shown a significant improvement in the 
patient quality of life.2,3 Nevertheless, MM remains a universally 
fatal disease.

Understanding the molecular events underlying the develop-
ment, progression and resistance to therapy of MM is essential 
to design new therapeutic strategies and to increase the chance 
of recovery of patients for whom there is currently no specific 
curative modality. Many different molecular alterations have 
been described, among which the functional inactivation of RB1 
and p53 proteins.7 Indeed, despite these tumor suppressors are 
rarely mutated in MM, their pathways can be disrupted by the 
altered expression of upstream regulators, such as p16 and p14. 
Moreover, the SV40 large T antigen, which has been implicated 
in MM pathogenesis, can bind and inactivate both p53 and RB1.

The observation that key G
1
/S checkpoint regulators can be 

functionally inactivated in MM suggests that patients with MM 
might benefit from the new therapeutic approach based on the 
combination of DNA-damaging agents and G

2
/M checkpoint 

inhibitors. Indeed, these G
2
/M checkpoint abrogators proved to 

be effective in sensitizing G
1
/S checkpoint-defective cancer cells 

Figure 3. Detection of MM cells bearing damaged DNA that are forced to enter mitosis after treat-
ment with cisplatin and MK-1775. Representative micrographs of NCI-H2452 (A) and MSTO (B) cells 
treated with cisplatin and/or MK-1775 plus nocodazole and stained by immunofluorescence with anti-
bodies against γ-H2AX and pHH3 and by the fluorescent nuclear stain DAPI. Control cells were treated 
with DMSO and nocodazole.
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to various anticancer therapeutics, by preventing cells to arrest 
cell cycle in response to DNA damage and thus forcing them to 
enter mitosis and undergo cell death.13-19 Although this approach 
proved to be principally effective on cells bearing p53 mutations, 
it has been suggested that it could be successful also in tumors, 
such as MM, in which p53 is indirectly inactivated by other 
mechanisms.6

In the present study, we treated six MM cell lines, represen-
tative of the three different histotypes (epithelioid, biphasic, 
and sarcomatoid), with cisplatin, the chemotherapic agent cur-
rently used in MM therapy, in combination with MK-1775, an 
efficient and selective inhibitor of the G

2
/M checkpoint kinase 

WEE1, which has entered phase I clinical trials in combination 
with several chemotherapic agents in patients with different solid 
tumors.25

We observed that MK-1775 significantly enhanced the cis-
platin cytotoxic effect in all MM cell lines, except the sarco-
matoid cell line NCI-H2052, which is representative of the 
most aggressive histotype. This treatment was effective both in 

p53 wild-type cell lines, namely IST-MES1 (Sanger Institute, 
Catalogue of Somatic Mutations in Cancer) and MSTO-211H,27 
and p53 mutated cell lines, namely NCI-H2452,27 REN,28 and 
IST-MES2.29 However, in all the p53 wild-type cell lines exam-
ined in this study (IST-MES1, NCI-H2052,27 and MSTO-211H) 
the gene encoding p14, a positive p53 regulator able to inhibit the 
MDM2-dependent degradation of p53,30 was previously found to 
be mutated (Sanger Institute, Catalogue of Somatic Mutations in 
Cancer). Therefore, p53 might be functionally inactive in these 
p53 wild-type cells lines. These observations, together with some 
previous studies showing the effectiveness of this type of treat-
ment regardless of the p53 mutational status,20-22 support the 
hypothesis that this approach can be effective not only in tumors 
in which the G

1
/S checkpoint regulators are directly inactivated 

by mutations but also in tumors in which these regulators are 
inactivated by other defects in their pathway. Thus, the ineffec-
tiveness of the treatment on the NCI-H2052 cell line seems to 
be correlated with the well-known intrinsic resistance to apop-
tosis,31-33 which characterize this cell line and the very aggressive 

Figure 4. Apoptosis induction in MM cell lines treated with cisplatin and/or MK-1775. (A) A representative FACS analysis of apoptosis by cell staining 
with annexin V-FITC and propidium iodide (PI) of NCI-H2452 and MSTO-211H cells treated with cisplatin and/or MK-1775 or DMSO, as a control. The table 
reports the values relative to early apoptosis (annexin V-positive and PI-negative), late apoptosis (annexin V-positive and PI-positive) and total apoptosis. 
(B) Histograms showing caspase-3 activity in NCI-H2452 and MSTO-211H cell lines treated with cisplatin and/or MK-1775 or DMSO, as a control. Caspase-3 
activity is expressed as pmol p-nitroaniline (pNA)/μg protein × time (h). The reported values represent the means and standard deviations of three 
experiments. Statistically significant differences were evaluated by one-way Anova with Tukey post-test and are indicated with *significant (P < 0.05), 
**very significant (P < 0.01) and ***extremely significant (P < 0.001).
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sarcomatoid histotype, rather than to the presence of a wild-type 
p53.27

We also observed a slight cytotoxicity of MK-1775 alone on 
the majority of MM cell lines and a more significant antipro-
liferative activity on the IST-MES2 cell line. This observation 
is consistent with previous studies showing the effectiveness of 
WEE1 inhibitors as single agents on some tumor cell types.34-36 
A possible explanation could be that WEE1 inhibition might 
itself cause DNA damage and, consequently, cell death, by allow-
ing cells with DNA damage to enter an aberrant mitosis, as 
previously suggested.36 Support for this hypothesis comes from 
a recent study showing a novel WEE1 function in controlling 
DNA replication and maintaining genomic stability.37

To rule out a possible MK-1775-induced increase in cispla-
tin cytotoxicity on non-neoplastic cells, we also tested the drug 
combination on primary human skin fibroblasts. Consistent 
with previous studies showing the selective action of MK-1775 
toward cancer cells,18,20 we found that MK-1775 did not signifi-
cantly enhance the cisplatin cytotoxic effect on fibroblasts. This 
observation further supports the hypothesis that non-neoplastic 
cells are unaffected by this type of treatment because normal cells 
retain their G

1
/S checkpoint activity and are protected from pre-

mature entry into mitosis.6

To study the mechanism underlying the MK-1775-induced 
sensitization to cisplatin in MM cells, we first verified the inhi-
bition of the enzymatic activity of WEE1 by evaluating the 
phosphorylation of its substrate, the key mitotic protein CDK1. 
We observed a decrease in the inactive phosphorylated form 
of CDK1 (phospho-CDK1 Tyr15) in all MM cell lines treated 
with the two drug combination with respect to cells treated with 
cisplatin alone, which can be indicative of a G

2
/M checkpoint 

inactivation. Consistently, we also observed a decrease in G
2
/M 

accumulation and an increase in mitotic entry of cells harboring 
unrepaired DNA lesions, which ultimately led to an increase in 
apoptosis in two MM cell lines (NCI-H2452 and MSTO-211H) 
representative of the epithelioid and biphasic histotypes.

A similar approach, using doxorubicin in combination with 
a siRNA against another key G

2
/M checkpoint regulator, the 

checkpoint kinase 1 (CHK1), was recently tested on NCI-H2452 
and MSTO-211H MM cell lines.38 Consistent with our data, 
the authors observed a decrease in cells in G

2
/M phase and an 

increase in cell death in NCI-H2452 cell line co-treated with the 
two agents with respect to cells treated with doxorubicin alone. 
Conversely, the CHK1-siRNA did not sensitize MSTO-211H 
cells to doxorubicin. This discrepancy with our data, which 
showed the effectiveness of this type of approach also on MSTO-
211H cells, could be explained by a difference in efficiency 
between the different types of agents used in the two studies.

In conclusion, we observed that MK-1775 sensitized epithe-
lioid and biphasic MM cell lines to cisplatin, regardless of the 
p53 mutational status. The enhancement in cisplatin toxicity was 
accompanied by a reduction in the inactive phosphorylated form 
of CDK1 and a shift in the balance toward apoptosis rather than 
growth arrest. Moreover, we observed that this treatment selec-
tively affected cancer cells without enhancing cisplatin cytotoxic-
ity on normal cells. Therefore, our findings suggest a possible use 

of MK-1775 in combination with cisplatin for a safe and efficient 
treatment of epithelioid and biphasic MM. Although this two-
drug combination has yet to be assessed in vivo in animal mod-
els of mesothelioma, this therapeutic approach has the potential 
to be rapidly translated to the clinic considering that MK-1775 
is already being tested in clinical trials and patients with MM 
urgently need new therapeutic strategies.

Materials and Methods

Cell culture
NCI-H2052, MSTO-211H, and NCI-H2452 mesothe-

lioma cell lines were purchased from American Type Culture 
Collection (ATCC). IST-MES1 and IST-MES2 mesothelioma 
cell lines were obtained from National Institute for Cancer 
Research, Genova, Italy and REN mesothelioma cells were 
kindly provided by Giovanni Gaudino (University of Hawaii 
Cancer Center, Manoa). Primary human skin fibroblasts were 
a kind gift of Michele Fimiani, Giancarlo Mariotti, and Stefania 
Mei (University of Siena, Italy).39 Cells were maintained in 
RPMI-1640 (NCI-H2052, MSTO-211H, and NCI-H2452) and 
DMEM (REN, IST-MES1, IST-MES2, and primary human 
skin fibroblasts) containing 10% fetal bovine serum and 2 mM 
l-glutamine. All cell lines were cultured at 37 °C in a humidified 
atmosphere containing 5% CO

2
.

Co-treatments with cisplatin and MK-1775 and MTS assay
MK-1775 (Axon Medchem) and cisplatin (Calbiochem) 

were dissolved in DMSO (Sigma-Aldrich) to concentrations of 
20 mM and 3.3 mM, respectively, and then diluted in culture 
medium before use.

MM cell lines and primary human skin fibroblasts were seeded 
in 96 well plates and after 24 h were treated with MK-1775, at the 
concentrations of 150 or 250 nM, and cisplatin, at concentrations 
ranging from 2.5 to 15 μM, used either individually or in com-
bination. Control cells were treated with DMSO at the maxi-
mum amount used to deliver the molecules. DMSO had no toxic 
effect on the cell lines.40 Seventy-two hours after treatment, cell 
viability was evaluated by MTS assay (CellTiter 96® AQueous 
One Solution Cell Proliferation Assay, Promega), following the 
manufacturer instructions, through spectrophotometric reading 
at two different wavelengths (540 and 630 nm).

IC
50

 values were calculated using GraphPad Prism version 
5.01 for Windows, GraphPad Software. To calculate these val-
ues, the cisplatin concentration range was also extended to values 
higher than 15 μM (up to 50 μM), when necessary. CI values 
were calculated using the CalcuSyn software (Biosoft).

Protein extraction and western blotting
MM cell lines were seeded in 100 mm diameter petri dishes 

and, 24 h after seeding, treated with 250 nM ΜK-1775 and cis-
platin, used either individually or in combination. We used cis-
platin concentrations corresponding to the IC

50
 values achieved 

by this chemotherapeutic agent when used in combination with 
250 nM MK-1775. Control cells were treated with DMSO alone. 
Seventy-two hours after treatment, cells were harvested on ice 
in lysis buffer consisting of 50 mM TRIS-HCl pH 7.5, 50 mM 
EDTA pH 8, 150 mM NaCl, 1% NP40, 2 mM NaOV, 10 mM 
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