-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by University of Dundee Online Publications

OPEN ACCESS

DUNDEE

University of Dundee

MEK is a therapeutic and chemopreventative target in squamous cell carcinoma

Adelmann, Charles H.; Truong, Kimberly A.; Liang, Roger J.; Bansal, Varun; Gandee, Leabh;
Saporito, Rachael; Lee, Woojin; Du, Lili; Nicholas, Courtney; Napoli, Marco; Mino, Barbara;
South, Andrew P.; Proby, Charlotte M.; Leigh, Irene; Coarfa, Cristian; Flores, Elsa R.; Tsal,
Kenneth Y.

Published in:
Journal of Investigative Dermatology

DOI:
10.1016/}.jid.2016.05.110

Publication date:
2016

Document Version
Accepted author manuscript

Link to publication in Discovery Research Portal

Citation for published version (APA):

Adelmann, C. H., Truong, K. A,, Liang, R. J., Bansal, V., Gandee, L., Saporito, R., ... Tsai, K. Y. (2016). MEK is
a therapeutic and chemopreventative target in squamous cell carcinoma. Journal of Investigative Dermatology,
136(9), 1920-1924. DOI: 10.1016/j.jid.2016.05.110

General rights

Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

« Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain.
* You may freely distribute the URL identifying the publication in the public portal.


https://core.ac.uk/display/42553633?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.jid.2016.05.110
http://discovery.dundee.ac.uk/portal/en/research/mek-is-a-therapeutic-and-chemopreventative-target-in-squamous-cell-carcinoma(056a866a-49fc-417f-820a-b9e9c7ff2b44).html

Accepted Manuscript

MEK is a therapeutic and chemopreventative target in squamous cell carcinoma

Charles H. Adelmann, Kimberly A. Truong, Roger J. Liang, Varun Bansal, Leah
Gandee, Rachael Saporito, Woojin Lee, Lili Du, Courtney Nicholas, Marco Napoli,
Barbara Mino, Andrew P. South, Charlotte M. Proby, Irene M. Leigh, Cristian Coarfa,
Elsa R. Flores, Kenneth Y. Tsai

PII: S0022-202X(16)31340-9
DOI: 10.1016/}.jid.2016.05.110
Reference: JID 376

To appearin:  The Journal of Investigative Dermatology

Received Date: 4 January 2016
Revised Date: 18 May 2016
Accepted Date: 19 May 2016

Please cite this article as: Adelmann CH, Truong KA, Liang RJ, Bansal V, Gandee L, Saporito R, Lee W,
Du L, Nicholas C, Napoli M, Mino B, South AP, Proby CM, Leigh IM, Coarfa C, Flores ER, Tsai KY, MEK
is a therapeutic and chemopreventative target in squamous cell carcinoma, The Journal of Investigative
Dermatology (2016), doi: 10.1016/j.jid.2016.05.110.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

© 2016. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://
creativecommons.org/licenses/by-nc-nd/4.0/


tcurtin
Typewritten Text

tcurtin
Typewritten Text
© 2016.  This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

tcurtin
Typewritten Text


MEK isatherapeutic and chemopreventative target in squamous cell carcinoma

Charles H. Adelmarin Kimberly A. Truond, Roger J. Liang Varun Bansd| Leah Gandee
Rachael Saporitp Woojin Leé, Lili Du?, Courtney Nicholas Marco Napofi, Barbara Mind,
Andrew P. South Charlotte M. Proby Irene M. Leigf, Cristian Coarfj Elsa R. Flores
Kenneth Y. Tsdi®

Departments of Translational Molecular PathofpgWolecular & Cellular Oncolody
Dermatology

University of Texas MD Anderson Cancer Center

Houston, TX 77030

Department of Dermatology
Jefferson University
Philadelphia, PA 19107

Centre Molecular Medicire

Jacqui Wood Cancer Cenftre
University of Dundee

Ninewells Hospital and Medical School
Dundee DD1 9SY

Scotland

Department of Molecular Biolody
Baylor College of Medicine
Houston, TX 77030

Correspondence:

Kenneth Y Tsai, MD, PhD

Departments of Dermatology & Translational MolecW®athology
2130 West Holcombe Blvd, LSP9.4218

University of Texas MD Anderson Cancer Center

Houston, TX 77030

713-563-1943

kytsai@mdanderson.org

Short Titlee MEK isatarget in squamous cell carcinoma



Cutaneous squamous cell carcinoma (cuSCC) is dsaghaver 700,000 times annually,
claiming up to 8,800 lives annually, in the US adiKariaet al., 2013). No standard targeted
therapy exists for cuSCC. Exome sequencing of cuS@fgest that loss-of-function mutations
in major tumor suppressor genes such NGTCH1/2, TP53, and CDKN2A drive tumor
development (Lit al., 2015; Pickeringet al., 2014; Souttet al., 2014; Wangget al., 2011). No
activated oncogene is consistently present in cuSEB&FR/HER?2 inhibitors, the most tested
targeted therapy to date, have had limited succasd, whether responses correlate with
mutation, amplification, or overexpressionkrbB family genes is unresolved (Stratigeisal.,

2015).

BRAF inhibitors (BRAFi) induce cuSCC formation (Qhelzeret al., 2012; Suet al., 2012) by
increasing MEK/ERK signaling iBRAF wild-type contexts (Menziest al., 2013). While other
mechanisms contribute (Viet al., 2013), co-administration of MEK inhibitors (MEKiyith
BRAFi dramatically abrogates cuSCC induction (Ffahest al., 2012). Elevated phospho-
MEK/ERK is also seen in sporadic human cuSCC (Dejes., 2003; Einspahet al., 2012).
With these rationales in mind, we tested if MEKnsiling is necessary for cuSCC induction and
maintenance, and whether MEK inhibition is an awlde approach for treatment and

chemoprevention of sporadic cuSCC.

To test the effects of MEK inhibition across cuS@@&ses with different etiologies and
mutational profiles, we tested responses to two MHEmetinib and cobimetinib, in 10 lines
from both immunocompromised and immunocompetenepts (Vinet al., 2013; Wattet al.,

2011). Nine out of ten lines responded to both &t@mb and cobimetinib at the highest



concentrations tested (1 pM and 10 pM, respeciivdlyt sensitivity between lines at lower
doses was heterogeneous (Figure la, SupplementgwyeFS1). No clear segregation of
sensitive and insensitive lines was revealed, anthtional status oRAS or EGFR did not

correlate with sensitivity (Supplementary Table.S1)

To confirm the on-target activity of trametinib aedbimetinib, signal transduction pathway
changes in MEK/ERK were probed. Downstream phodpR&- (pERK) was strongly
suppressed at 72 hr by MEKIi (Figure 1b), althougbgphorylated MEK increased with MEKi
treatment. Similar results were obtained with ca#imb after 72 hr, although the levels of
pPERK in SRB1 and SRB12, the least sensitive liesgetd, were more modestly suppressed with
25 nM treatment (Figure 1c), suggesting incomplsignaling inhibition could explain

differences in sensitivity between lines.

We next sought to characterize the cellular respdinagt accompanied the effectiveness of MEK
inhibition. In four cuSCC cell lines spanning a ganof sensitivities to MEKI, cell cycle
progression as measured by EdU nucleotide incatiparavas strongly (from 2.5 to 37.9-fold)
down-regulated by treatment with both MEK inhibgqFigure 1d, Supplementary Figure S2),
with no significant apoptosis. Consistent with thige observed a dose-dependent decrease in
Cyclin D1 levels following both trametinib and cot®tinib treatment (Figure 1f). No change in
Cyclin D1 was detected in SRB12 with either treattmeonsistent with this line being the least
sensitive in our viability screen (Figure 1a, Seppéntary Figure S1). MEK inhibitor treated
cuSCC cells became enlarged and flattened (Supptanye Figure S3), a morphological

hallmark of senescence (Munoz-Espin and Serrari})2@taining for senescence associited



galactosidase (SB-gal) activity revealed induction in 9.2 £ 2.0 8.6 + 1.8% of cells in treated
populations (p<0.05, Figure le, Supplementary E@8.). Additionally, p21GDKN1A), a cell-
cycle inhibitor and marker of senescence (MunozifEapd Serrano, 2014), was induced in all
tested lines after trametinib and cobimetinib tresit, except in cobimetinib-treated SRB12
cells, which were relatively resistant (Figure 1@Je also observed that phospho-AKT levels
were unchanged only in relatively resistant lireey] that co-targeting AKT resulted in enhanced

responses (Supplementary Figure S4).

To test if MEK inhibition could reduce tumor growth-vivo, we established SRB1 tumor
xenografts inNOD.Cg-Prkdcscid [12rgtmivil/Sz] (NSG) mice and treated with oral trametinib
(2mg/kg/day). At sacrifice, average vehicle tumotume was 3.1-fold larger than trametinib
treated tumors (p<0.0001, Fig 1h-i). Western-bloalgsis of tumor lysates confirmed that
trametinib significantly reduced pERK/MAERK levelsvivo on an average of 9.8-fold (p=0.03,
Figure 1j-k), demonstrating successful target eagamnt in tumors. Together, these data suggest
MEK tumor signaling drives proliferation and pret@tumor suppressive senescence induction

in cuSCC cells and tumors (Figure 1l), an effeat ttan be exploited by targeting MEi&vivo.

To better study the effects of MEK inhibition ontbocuSCC induction and growth, oral
trametinib (2 mg/kg/day) and cobimetinib (10 mgday) were tested in a UV-driven Hairless
mouse model of cuSCC using chronic, low-dose, ssitulated UV light (12.5 kJ/mUVB

weekly administered across three doses, Figurewdagh more faithfully recapitulates human
cuSCC molecularly than chemical carcinogenesis tso@én et al., 2013). Over the course of

treatment, control mice formed substantially mamaars than those treated with trametinib or



cobimetinib (Figure 2b). Spaghetti plots of indivad lesions and comparisons of lesion sizes at
sacrifice confirmed that trametinib completely skggsed detectable net tumor induction, while

cobimetinib reduced tumor number versus baselirg(€ 2c-d).

Tracking of individual tumors revealed that tramgtitreated tumors had a 2.4-fold reduced
tumor volume increase versus control, while cobiniettreated ones showed 5.0-fold growth
suppression (Figure 2e). Ki67 staining was redumed4% trametinib and 18% for cobimetinib
(p=0.002, p=0.02, Figure 2f-g), and target patheragagement was confirmed with suppression
of ERK activation by up to 39% (Supplementary Feg85). Overall, 62-69% of papillomas

responded and 50-75% of cuSCCs responded to MEKipgi8mentary Figure S6).

Our results suggest that MEK is an effective tafgepreventing and treating cuSCC. Inhibition
of MEK causes senescence, but not apoptosis, d€Cu&ells, with observed synergism with
AKT inhibition. The near-complete abrogation of &(Sinduction in our UV-driven model with
MEK:I indicates that MEK activation is rate limitirfgr sporadic cuSCC induction, as it appears
to be for BRAFi-induced lesions (Flahe#dlyal., 2012). While responses of existing tumors were
heterogeneous, significant suppression of proli@naand phospho-ERK was observed in
tumors of treated mice. We conclude that MEK iittoh may be a basis for molecularly

targeted chemoprevention and therapy of cuSCC.
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FIGURE LEGENDS

Figure 1. MEK inhibition prevents cell cycling and induces senescence in human models of
cuSCC. (a) Trametinib and cobimetinib viability dose resporseves measured by Cell Titer
Glo after 72 hr of continuous drug treatment. Hadximal effect (1Gy), maximal effect (Eay,

and area under the curve (AUC) measurements aphigedly represented in Supplementary
Figure S1.(b-c) MEK/ERK signal transduction western blotting afté&2 hr of treatment of
MEKIi at indicated dosed) EdU cell cycle staining after 72 hr treatment witlimetinib (150
nM) or cobimetinib (250 nM). Cells were labeled lwitO0 uM EdU for 2.5 hours before fixing,
counterstaining, and quantifying with the NexcelGelligo System(e) Senescence associated -
B-galactosidase senescence staining with X-gal @fehnr treatment with trametinib (150 nM)
or cobimetinib (250 nM). Positive cells were quéiett manually.(f) Western blot for cell cycle
marker Cyclin D1 after 72 hr of MEKIi treatmelftf) Western blot for senescence marker p21
after 72 hours of MEKIi treatment indicatgtl) Representative photographs of vehicle and oral
trametinib-treated (2mg/kg/day) SRB1 xenograft iBGImice at sacrificgi) Tumor volume,
tracked by caliper measurement, after treatmetiaimn. (j-k) Quantitation and representative
western blot from SRB1 NSG tumor lysates for phasBRK engagemen(l) Model of MEK
involvement in cuSCC tumorigenesis and mechanistMBKi in preventing cuSCC tumor
growth. All error bars are S.E.M. and average asti¢hree independent experiments. *p<0.05,

**p<0.01, Tp<0.001.

Figure 2. MEK inhibition prevents tumor induction and growth in a spontaneous mouse
model of cuSCC. (a) Schematic of experimental design. Full details iareSupplementary

Methods. (b) Representative image of vehicle, oral trametinibndg#g/day), and oral



cobimetinib (10mg/kg/day)-treated mice before dmei Large lesions (cuSCC) and smaller
‘papillomas’ are observable on the backs of eachsadc) Spaghetti plots of changes in tumor
number over time. Each line represents one mousgchdd controls are shown in separate
trametinib and cobimetinib plots for clarit¢d) End-point quantification of change in tumor
number at sacrifice. (Box and whisker plots repnesgerquartitle range, ‘+’ denotes the mean,
Left to right: n = 11,10,10, One-sided t-test agaimo tumor net induction, i.e. &) End-point
guantification of tumor size, measuring fold-chamggumor volume from tumors existing at
treatment initiation. Note the y-axis is brokenointwvo segments (Box and whisker plots
represent interquartile (IQR) range with outlierscladed by Tukey’s criteriaz 1.5 IQR; '+
represents mean values; Left to right: n = 51, 83, t-test compares treatments to vehicle
control). (f) Ki-67 staining of FFPE fixed lesions at sacrifiSale bar (yellow) is 300 ur(g)
Automated quantification of Ki-67 positive nucleropessed from whole lesion sections.
(Horizontal line is mean; error bars are S.E.M;tlef right: n = 19, 20, 20; t-test compares

treatments to vehicle control) *p<0.05, **p<0.0p<P.001.
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