
considered as accurate in that fraction
of patients who present at diagnosis
with lymph node involvement and lack
of any available primary melanoma
tissue (due to a missing surgically
excised sample, primary tumor regres-
sion, or DNA degradation).
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urgia Plastica, Università di Salerno, Italy), Maria-
Cristina Sini (IstitutodiChimicaBiomolecolare,CNR,
Sassari, Italy), Ignazio Stanganelli (Dermatologia,
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di Sassari, Sassari, Italy
*Corresponding author e-mail: gpalmieri@
yahoo.com

REFERENCES

Ascierto PA, Atkins M, Bifulco C, Botti G,
Cochran A, Davies M, et al. Future perspectives
in melanoma research: meeting report from
the “Melanoma Bridge”: Napoli, December
3rde6th 2014. J Transl Med 2015;13:374.

Colombino M, Capone M, Lissia A, Cossu A,
Rubino C, De Giorgi V, et al. BRAF/NRAS mu-
tation frequencies among primary tumors and
metastases in patients with melanoma. J Clin
Oncol 2012;30:2522e9.

Colombino M, Lissia A, Capone M, De Giorgi V,
Massi D, Stanganelli I, et al. Heterogeneous
distribution of BRAF/NRAS mutations among
Italian patients with advanced melanoma.
J Transl Med 2013;11:202.

Heinzerling L, Baiter M, Kuhnapfel S, Schuler G,
Keikavoussi P, Agaimy A, et al. Mutation land-
scape in melanoma patients clinical implica-
tions of heterogeneity of BRAF mutations. Br J
Cancer 2013;109:2833e41.

Hodis E, Watson JR, Kryukov GV, Arold ST,
Imielinski M, Theurillat JP, et al. A landscape of
driver mutations in melanoma. Cell 2012;150:
251e63.

Krauthammer M, Kong Y, Ha BH, Evans P,
Bacchiocchi A, McCusker JP, et al. Exome
sequencing identifies recurrent somatic RAC1
mutations in melanoma. Nat Genet 2012;44:
1006e14.

Lin J, Goto Y, Murata H, Sakaizawa K,
Uchiyama A, Saida T, et al. Polyclonality of
BRAF mutations in primary melanoma and the
selection of mutant alleles during progression.
Br J Cancer 2011;104:464e8.

Palmieri G, Ombra MN, Colombino M, Casula M,
Sini MC, Manca A, et al. Multiple molecular
pathways in melanomagenesis: characteriza-
tion of therapeutic targets. Front Oncol 2015;5:
183.

Shain AH, Yeh I, Kovalyshyn I, Sriharan A,
Talevich E, Gagnon A, et al. The genetic evo-
lution of melanoma from precursor lesions.
N Engl J Med 2015;373:1926e36.

Shi H, Hugo W, Kong X, Hong A, Koya RC,
Moriceau G, et al. Acquired resistance and
clonal evolution in melanoma during BRAF
inhibitor therapy. Cancer Discov 2014;4:
80e93.

Somasundaram R, Villanueva J, Herlyn M. Intra-
tumoral heterogeneity as a therapy resistance
mechanism: role of melanoma subpopulations.
Adv Pharmacol 2012;65:335e59.

The Cancer Genome Atlas Network. Genomic
classification of cutaneous melanoma. Cell
2015;161:1681e96.

Vakiani E, Janakiraman M, Shen R, Sinha R,
Zeng Z, Shia J, et al. Comparative genomic
analysis of primary versus metastatic colo-
rectal carcinomas. J Clin Oncol 2012;30:
2956e62.

Vignot S, Frampton GM, Soria JC, Yelensky R,
Commo F, Brambilla C, et al. Next-generation
sequencing reveals high concordance of recur-
rent somatic alterations between primary tumor
and metastases from patients with non-small-
cell lung cancer. J Clin Oncol 2013;31:
2167e72.

Yancovitz M, Litterman A, Yoon J, Ng E,
Shapiro RL, Berman RS, et al. Intra- and inter-
tumor heterogeneity of BRAFV600E mutations
in primary and metastatic melanoma. PLoS One
2012;7:e29336.

MEK Is a Therapeutic and Chemopreventative
Target in Squamous Cell Carcinoma
Journal of Investigative Dermatology (2016) 136, 1920e1924; doi:10.1016/j.jid.2016.05.110

TO THE EDITOR
Cutaneous squamous cell carcinoma
(cuSCC) is diagnosed more than
700,000 times annually, claiming up to
8,800 lives annually, in the United
States alone (Karia et al., 2013). No
standard targeted therapy exists for
cuSCC. Exome sequencing of cuSCC
suggests that loss-of-function mutations

in major tumor suppressor genes such
as NOTCH1/2, TP53, and CDKN2A
drive tumor development (Li et al.,
2015; Pickering et al., 2014; South
et al., 2014; Wang et al., 2011). No
activated oncogene is consistently pre-
sent in cuSCC. EGFR/HER2 inhibitors,
the most tested targeted therapy to date,
have had limited success, and whether

responses correlate with mutation,
amplification, or overexpression of
ErbB family genes is unresolved
(Stratigos et al., 2015).

BRAF inhibitors induce cuSCC for-
mation (Oberholzer et al., 2012; Su
et al., 2012) by increasing mitogen-
activated protein kinase/ERK kinase
(MEK)/extracellular signal-regulated
kinase (ERK) signaling in BRAF wild-
type contexts (Menzies et al., 2013).
Although other mechanisms contribute
(Vin et al., 2013), coadministration of
MEK inhibitors (MEKi) with BRAF in-
hibitors dramatically abrogates cuSCC
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induction (Flaherty et al., 2012).
Elevated phospho-MEK/ERK is also seen
in sporadic human cuSCC (Dajee et al.,
2003; Einspahr et al., 2012). With these
rationales in mind, we tested if MEK
signaling is necessary for cuSCC in-
duction and maintenance, and whether
MEK inhibition is an actionable
approach for treatment and chemopre-
vention of sporadic cuSCC.

To test the effects of MEK inhibition
across cuSCC cases with different
etiologies and mutational profiles, we
tested responses to two MEKi, trameti-
nib and cobimetinib, in 10 lines from
both immunocompromised and immu-
nocompetent patients (Vin et al., 2013;
Watt et al., 2011). Of the 10 lines, 9
responded to both trametinib and
cobimetinib at the highest concentra-
tions tested (1 mM and 10 mM, respec-
tively), but sensitivity between lines
at lower doses was heterogeneous
(Figure 1a, Supplementary Figure S1
online). No clear segregation of sensi-
tive and insensitive lines was revealed,
and mutational status of RAS or EGFR
did not correlate with sensitivity
(Supplementary Table S1 online).

To confirm the on-target activity
of trametinib and cobimetinib, signal
transduction pathway changes in
MEK/ERK were probed. Downstream
phospho-ERKwas strongly suppressed at
72 hours by MEKi (Figure 1b), although
phosphorylated MEK increased with
MEKi treatment. Similar results were
obtained with cobimetinib after 72
hours, although the levels of phospho-
ERK in SRB1 and SRB12, the least sen-
sitive lines tested, were more modestly
suppressed with 25 nM treatment
(Figure 1c), suggesting that incomplete
signaling inhibition could explain dif-
ferences in sensitivity between lines.

We next sought to characterize the
cellular response that accompanied the
effectiveness of MEK inhibition. In four
cuSCC cell lines spanning a range of
sensitivities to MEKi, cell cycle pro-
gression as measured by 5-ethynyl-2’-
deoxyuridine (EdU) nucleotide incor-
poration was strongly (from 2.5- to
37.9-fold) downregulated by treat-
ment with both MEKi (Figure 1d,
Supplementary Figure S2 online), with
no apoptosis detected by western.
Consistent with this, we observed a
dose-dependent decrease in cyclin D1
levels after both trametinib and

cobimetinib treatment (Figure 1f). No
change in cyclin D1 was detected
in SRB12 with either treatment,
consistent with this line being the
least sensitive in our viability screen
(Figure 1a, Supplementary Figure S1).

MEK inhibitor-treated cuSCC cells
became enlarged and flattened
(Supplementary Figure S3 online), a
morphological hallmark of senescence
(Munoz-Espin and Serrano, 2014).
Staining for senescence-associated
b-galactosidase activity revealed induc-
tion in9.2�2.0 to18.6�1.8%ofcells in
treated populations (P< 0.05, Figure 1e,
Supplementary Figure S3). In addition,
p21 (CDKN1A), a cell-cycle inhibitor
and marker of senescence (Munoz-Espin
and Serrano, 2014), was induced in all
tested lines after trametinib and
cobimetinib treatment, except in
cobimetinib-treated SRB12 cells, which
were relatively resistant (Figure 1g). We
also observed that phospho-AKT levels
were unchanged only in relatively resis-
tant lines, and that cotargeting AKT
resulted in enhanced responses
(Supplementary Figure S4 online).

To test if MEK inhibition could
reduce tumor growth in vivo, we
established SRB1 tumor xenografts in
NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG)
mice and treated them with oral tra-
metinib (2 mg/kg/day). At killing, the
average vehicle tumor volume was
3.1-fold larger than trametinib-treated
tumors (P < 0.0001, Figure 1h and i).
Western-blot analysis of tumor lysates
confirmed that trametinib significantly
reduced phospho-ERK/total ERK levels
in vivo on an average of 9.8-fold
(P ¼ 0.03, Figure 1j and k), demon-
strating successful target engagement in
tumors. Together, these data suggest
that MEK tumor signaling drives prolif-
eration and prevents tumor suppressive
senescence induction in cuSCC cells
and tumors (Figure 1l), an effect that
can be exploited by targeting MEK
in vivo.

To better study the effects of MEK
inhibition on both cuSCC induction
and growth, oral trametinib (2 mg/kg/
day) and cobimetinib (10 mg/kg/day)
were tested in a UV-driven hairless
mouse model of cuSCC using chronic,
low-dose, solar simulated UV light
(12.5 kJ/m2 UVB weekly administered
across three doses, Figure 2a), which
more faithfully recapitulates human

cuSCC molecularly than chemical
carcinogenesis models (Vin et al.,
2013). Over the course of treatment,
control mice formed substantially
more tumors than those treated with
trametinib or cobimetinib (Figure 2b).
Spaghetti plots of individual lesions
and comparisons of lesion sizes at
killing confirmed that trametinib
completely suppressed detectable net
tumor induction, whereas cobimetinib
reduced tumor number versus baseline
(Figure 2c and d).

Tracking of individual tumors revealed
that trametinib-treated tumors had a 2.4-
fold reduced tumor volume increase
versus control, whereas cobimetinib-
treated tumors showed 5.0-fold growth
suppression (Figure 2e). Ki67 staining
was reduced by 24% for trametinib and
18% for cobimetinib (P ¼ 0.002, P ¼
0.02, Figure 2f and g), and target pathway
engagement was confirmed by suppres-
sion of ERK activation by up to 39%
(Supplementary Figure S5 online). Over-
all, 62e69% of papillomas responded
and 50e75% of cuSCCs responded to
MEKi (Supplementary Figure S6 online).

Our results suggest that MEK is an
effective target for preventing and treat-
ing cuSCC. Inhibition of MEK causes
senescence, but not apoptosis, of cuSCC
cells, with observed synergismwith AKT
inhibition. The near-complete abroga-
tion of cuSCC induction in our UV-
driven model with MEKi indicates that
MEK activation is rate limiting for spo-
radic cuSCC induction, as it appears to
be for BRAF inhibitor-induced lesions
(Flaherty et al., 2012). Although re-
sponses of existing tumors were hetero-
geneous, significant suppression of
proliferation and phospho-ERK was
observed in tumors of treated mice. We
conclude that MEK inhibition may be a
basis for molecularly targeted chemo-
prevention and therapy of cuSCC.

CONFLICT OF INTEREST
The authors state no conflicts of interest.

ACKNOWLEDGMENTS
Human cell lines were obtained with written
informed patient consent and institutional
approval. We thank Pamela A. Villalobos and
Jaime Rodriguez Canales (MDACC) for their
assistance in the quantitative analysis of IHC
(Aperio). Support from the Boone Pickens
Endowment for Early Prevention of Cancer (KYT),
NIH 1R01CA194617 (KYT), Rice Century Scholars
(CHA), CPRIT (CHA), Cancer Research UK,
European Research Council, and DEBRA-UK
(CMP, IML, APS) is acknowledged.

CH Adelmann et al.
MEK Is a Target in Squamous Cell Carcinoma

www.jidonline.org 1921

http://www.jidonline.org


Download English Version:

https://daneshyari.com/en/article/3214894

Download Persian Version:

https://daneshyari.com/article/3214894

Daneshyari.com

https://daneshyari.com/en/article/3214894
https://daneshyari.com/article/3214894
https://daneshyari.com

