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A CDK2 versus MITF mRNA
in melanoma cells lines
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Figure 6. Analysis of CDK2 and MITF expression in CCLE and TGCA databases.
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B CDK2 versus MITF mRNA
in SKCM tumor samples
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A Plot of CDK2 versus MITF mRNA abundance (log, TPM) among all melanoma-derived cell lines in the CCLE. Cell lines included in this study have been labeled.

B Plot of CDK2 versus MITF mRNA expression in skin cutaneous melanoma (SKCM) patient samples from TCGA.

C IHC images of matched patient material show strong staining of MITF and CDK2 (co)expression in melanoma tissues (left panels). Normal tissues show low or no
(co)expression in skin tissue (right panels). The data were kindly provided by the Protein Atlas Project publicly available (scale bar is 100 pum) (www.proteinatlas.org).

pathway activation, which triggers cell cycle progression and CDK2
activation (Lents et al, 2002). For the first time, it is shown that upon
Hsp90i treatment melanoma upregulates MITF expression to sustain
CDK2 upregulation to survive, while the MAPK pathway is inactive.
The role of MITF in melanoma is controversial as low MITF/AXL

© 2018 The Authors

ratio has been related to poor predictive response to targeted therapy
in melanoma (Muller et al, 2014), while others have reported the
involvement of MITF in unresponsiveness to MAPKi and melanoma
progression (Wellbrock & Arozarena, 2015; Smith et al, 2016). Here,
we show that MITF upregulation drives resistance to Hsp90i, but not
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to BRAFi, by governing the expression of its transcriptional target
CDK2. We show that this kinase plays a role of paramount impor-
tance in the resistance to both BRAFi and Hsp90i classes of drugs and
their combination (Fig 6C). Our data are in line with Du et al (2004),
identifying CDK2 as a drug target for melanomas.

Considering that MITF is amplified in ~20% of melanomas
(Garraway et al, 2005), no drug is available in clinics that would
directly target this transcription factor, and its expression correlates
with CDK2 in melanoma patients (Fig 6B and C), our work would
suggest a rationale for stratifying patients with MITF amplification/
overexpression and treating them using a dinaciclib-based therapy,
rather than a Hsp90i treatment. This CDK2i is already used in clini-
cal trials (NCT01657591 and NCT02721459), it has been already
shown to be tolerated by patients (Ghia et al, 2017); hence, it has
high potential to be approved for clinical use.

Importantly, considering that the BRAFi-MEKi combination is
already used in clinics and that X1.888, as well as dinaciclib, is used
in clinical trials, it seems logical to combine them as they do not
generate any antagonistic effect in our data. Our in vitro results
reveal that the triple treatment, CDK2i-BRAFi-MEKi, as well as the
double-treatment CDK2i-Hsp90i, is effective in all employed cell
lines, unlike BRAFi-Hsp90i/BRAFi-MEKi-Hsp90i used in clinical
trials. Our data thus indicate that these therapies warrant considera-
tion for further in vivo studies.

Materials and Methods

Chemicals and reagents

The drugs employed in this study were as follows: dabrafenib
(ApexBio, B1407-50); XL888 (ApexBio, A4388-25); fludarabine (Sel-
leckchem, S1491); CHIR-99021 HCl (CT99021) (Selleckchem,
$2924); palbociclib (ApexBio, A8316); LDC000067 (ApexBio, B4754-
10); Ro 3306 (ApexBio, A8885-10); roscovitine (ApexBio, A1723-
10); KO03861 (Selleckchem, S8100); CHIR-99021 (Selleckchem,
S$2924); dinaciclib (Selleckchem, S2768); FRAX597 (Selleckchem,
S7271); PF-3758309 (Selleckchem, S7094); AUY922 (Selleckchem,
51069); BIIB021 (Selleckchem, S1175); novobiocin (Selleckchem,
§$2492); 17-DMAG (Selleckchem, S1142). All the drugs were
dissolved in DMSO (Sigma D2650).

Cell lines and culture conditions

SK-Mel 24, SK-Mel 28, A375, A375DR1 (dabrafenib resistant; 1 uM),
MNT-1 (kindly provided by Dr. Pier Giorgio Natali, Istituto Regina
Elena, Rome, Italy) and MNT-1-DR100 (dabrafenib resistant,
100 nM) cells were grown in Gibco Medium Essential medium
(MEM; ThermoFisher Scientific) supplemented with 10% FBS (15%
for SK-Mel 24), 1% non-essential amino acids, 1% sodium pyru-
vate, 1% penicillin and streptomycin. ESTDAB37 and ESTDAB102
[received from The European Searchable Tumour Line Database
(ESTDAB)], SKMEL2, M026.X1.CL, M026R.X1.CL, M029.X1.CL, and
MO029R .X1.CL (post-relapse, resistant to BRAF inhibitor treatment;
Possik et al, 2014; Kemper et al, 2016) were grown in Gibco RPMI
1640 (ThermoFisher Scientific) supplemented with 10% FBS, 1%
non-essential amino acids, 1% sodium pyruvate, 1% penicillin
and streptomycin.
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Sample preparation for TPP

Intact cells

SK-Mel 24 and SK-Mel 28 cells were incubated in the presence of
DMSO (control) or drug (100 uM) for 2 h. Cells were harvested,
resuspended in 1.1 ml of HBBS (Gibco) supplemented with 20 mM
MgCl,, 1 mM sodium orthovanadate, 1 tablet of Complete mini
EDTA-free mixture (Roche Applied Science), and one tablet of Phos-
STOP phosphatase inhibitor mixture per 10 ml of lysis buffer (Roche
Applied Science). The cell suspension per cell line (SK-Mel 24 and
SK-Mel 28) and condition (+/— drug) was divided into ten aliquots
of 100 pl and transferred into 0.2-ml PCR tubes. TPP was performed
as previously described (Franken et al, 2015). Briefly, each tube
was heated individually at the different temperatures for 3 min in a
thermal cycler (Applied Biosystems (Foster City, CA)/Life Technolo-
gies) followed by cooling for 3 min at room temperature. Cell were
lysed by freeze and thaw cycles, and the lysates were centrifuged at
20,000 x g for 30 min at 4°C to separate the soluble fractions from
precipitates. The supernatants were transferred to new 0.2-ml
microtubes.

Lysate
SK-Mel 24 and SK-Mel 28 were lysed in lysis buffer (HBBS (Gibco)
supplemented with 20 mM MgCl,, 1 mM sodium orthovanadate, 1
tablet of Complete mini EDTA-free mixture (Roche Applied Science),
and one tablet of PhosSTOP phosphatase inhibitor mixture per
10 ml of lysis buffer (Roche Applied Science)) by freeze and thaw,
and the lysates were centrifuged at 20,000 x g for 30 min at 4°C to
separate the soluble fractions from precipitates. Each cell line’s
supernatant was incubated with either DMSO or 100 pM drug at
room temperature for 30 min. The cell suspension per cell line
(SK-Mel 24 and SK-Mel 28) and condition (+/— drug) was divided
into ten aliquots of 100 pl and transferred into 0.2-ml PCR tubes.
TPP was performed as previously described (Franken et al, 2015).
Each supernatant for cell line (SK-Mel 24 and SK-Mel 28); condi-
tion (+/— drug); and experiment (intact cells/lysate) was reduced
by 2 mM DTT at room temperature for 1 h; alkylated by 4 mM
chloroacetamide for 30 min at room temperature at the dark. A first
enzymatic digestion was performed using Lys-C (1:75 w/w) at 37°C
overnight; a second enzymatic digestion was performed using
trypsin (1:75 w/w) at 37°C overnight. One hundred pg of each
sample was labeled by TMT10plex according to the manufacturer’s
instructions. Samples of each set (10 different temperatures) were
mixed 1:1 (v/v) and cleaned by Strata™-X-C 33 pm Polymeric
Strong Cation (Phenomenex). The whole procedure was executed in
two biological replicates.

Sample preparation for protein expression levels analysis

SK-Mel 24 and SK-Mel 28 were grown in four different conditions:
in the presence of DMSO (control); 1 uM dabrafenib; 200 nM
XL888; and 1 uM dabrafenib plus XL888200 nM each for 48 h. Cell
pellets were harvested and resuspended in lysis buffer (8 M urea,
100 mM triethylammonium bicarbonate pH 8.5, 1 mM sodium
orthovanadate, 1 tablet of Complete mini EDTA-free mixture
(Roche Applied Science), and one tablet of PhosSTOP phosphatase
inhibitor mixture per 10 ml of lysis buffer (Roche Applied
Science)). Cells were then lysed by 10 rapid passages through a
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