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it's with great pleasure that | eanaumee that the redp-
fent of the 2012 Percoller Foundation-AACR Award far
Cancer Research s Robert A. Weinberg, PhD , professar of
Biology, Director of Lirdwis Cember for Moleculor Oncal-
oy ol MIT in Combridge, M4 and faumoer of the White-
fread tnstitute for Bomedical Research in Cambricke.
As glternate has been selected James B Alllson, FRLD.,
Choadrman, Immuncdogy Program, Dfrector, Ludwis Cender
for Cancer , imvestigmbor, Howard Hughes
Medtcal Institwte, Danid H. Kach Chair of fmmunolog-
e Sclences, Memarfal Soon-Kedtering Cancer Cender,
New Tork, NY.

The Selection Commitier met in Trento on Movember
20, 2011 and was chaired by Axel Uilrich, Ph.D., Direc-
ter Dept. of Moleculor Botogy Max Plonck Inst. of Bio-
chemistry, Martineried,

The members of the Commities were: Myles A, Brown,
M0, Director Crr. for Famctionel Cencer Eplgenetics,
Dana-Forber Cancer inst, Horvard Medicsl Schoal, Bas-
tor1, MA - Dean £, Brenner, M0, professor of Intesnal
Midicine Univ. of Michdgan Medical Cbr , Ann Arbar, M -
Vincenzoe Brombe, M. Professar amd Heod of Immunol-
aqy Section, Uaiw of Verona, ltaly - Lewis €, Contiey,
F L), professar Depl. of Sstems Bio. Moreord Medi-
col School, Baston, MA - Vereng Jendrossek, PhD,, pro-
feszor of Malecwlar Cell Biclogy Institute of Ceil Blolo-
gy (Cancer Research), Essen, - Stefamy Fiooo-
la, Ph.0), professor of Blomedical Sclences Sectian of
Histelogy arnd Dept. of Medical Biatechnol-
ogies, Univ of Padowa [raly - Enrico Mihich, M. D, DNstin-
guished Member, Dept. of Medical Oncology Dana-Far
ber Concer Inst. Boston, M4

Ee=-pfficle members: Margeret Fobl, Ph.O,, M0, CEQ
American Asoecatien for Cancer Research and Gias Ber-
narall, M.O.. President of the Pezcodler Foundrtion,
The Weinberg lobaratory prepared DA from mouse cells
Ehat had been fransformed ik tumar cells by exposire
oo chevmaical carcinegen. These cellidar DWAS were then
Introguced, via transfection, indo normel mowse fibro-
blasts, Welnberg and coworkers had spent the previows
severs! years optimizing the gemne transfor procedure
0 that It was reproducible and efficient In transfer-
ring DA from a donor cell to a recipient cell, Same of
the normal mowie cells into which the tumor cell DA
was frensfected then became transformed Into twmer
cells. This putcome (ndicated that a trevsforming pria-
ciple wios present [ the fumar efl DA, and Ehad This
transforming prindple was lkely to be o mutant farm
of o narmal celiar gene. indeed, when the DNA from
ngrmal mouse crlis wos ronsfected inte ather normal
mowse cells, no transformed cells appeared,

This inslght represents the single mast kmpor tont gooem-
plishment af the Weinberg loboratery. [f prepared the
Joundation for tee subseguent work Lhat was dane by
hoth the Weinberg growp and by three otfer labaroto-
rles that sean thereafier entered thiz feld, which was
opened up by the above advance,

Soon after these experiments were campleled, they
ware extended to fnclude B804 fram chemiomlly Indueed
rat newrobletiome o3 well a5 DNAs derived fram hu-
mn furnor cells. Transfection of the ral fumar DMA led
to the disopvery af the neu oncogene and onceprabein;
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Ehee hiwmen aFthaleg of this gene was loter discovered by
others and renamed ErbBX or HERZ, An antibooly against
tiee emacoded » termed Herceplin, proved 20
years fafer o be effective In aldaing in the breatment of
certaln hman breast cancers.
m’Lﬂwnﬂnﬂm trovisfection af the human fumos
to mouse fibroblests led to the discovery of on-
coperils DNA present in a hnmnunddrrmrmn&r:m
dine named varicusly EJ or T24. This indicated that the
Eravsfarming principle, whobever lis nature, could work
acfass ipecles and tssoe bounadarfes. By 1982, the Wein:
hevg lab, shmul with a second loboratory (that
of & Wigler), hod [salated the EIS T34 bladder carct-
noma crcogene by moelecwlor cloning, Later thot yeor,
the Weinberg laboratery, simud toneously with o secomd
dobaratery (that of G. Cooper), demonstrobed that this
bladder carcinama oncogene was related to the Harvey
ras oncogene that had been ldentifled by others throwgh
its gszociotion with @ murine retrovinus - Marvey sarco-
ma v, In doing so, the Welnbery lobaretony demon-
strated thal a common reperioine of profosmoogenss re-
sides [n normol vertebrate DWA, and that genes within
this repertoire, such ox the ros oncogene, can be acti-
valed bo an ancogenic stote elther by cseciation with
o retravivus of by somoblc mutotions that eccur duving
the developrnent af human fumos.
Alse fn 1982 the Welnbeerg labovatong, simuwlfameors with
o secand labaratory (that of M. Barbocid), was able ta
determing the genetic arigin of the human badder car-
cinoma ontogene. Speciffcally, a polnd mutodion fn the
reglag freene of the blodder carcinama encopens coused
& glycine-fo-valine substitution in the encoded protein,
ond this sulstie change, an [is own, sufficed to comert
o nonmal prote-ancogene Infe an ancegene. The discov-
ery af bhis podnt murtation regresented the first time
thet a sometlc mutatfon, deffoed af the mafecnlar lev-
el, coulld be dssaciabed with the genome of o human tu-
mor cell. This work thereby proved, directly and defind-
itivelys that human cancer pathogenesis is a process driv-
e by samaltic matations,
in 1983 Weinberg and coworkers demanstrated for the
first time bhal two ditinef codfudar oncogenes, by bhis
cose ras ang mye, can collehorate with ane anather fo
trarofarm a fully rarmal cell inko o tumor eell. This dem-
oristration of oncogene collaboration created o concep-
tual foundation for bhe now-widely accepted madel of
miti-step humorlpenesls, which postulates that husman
tumors arfse followdng the sceumwlotion af g
of somatic mubations; ance formed the resultivg mutant
clieies collmbovale with one gnother to yield the fully
malignant phenctype of cancer celis,
i 1988 the Yeinberg colfaborebed with a
second loboratory (that of T. Dryfa) ba Bselole a molec:
ular clame of @ known LATOr SUppressor gone - the ret-
inobilastoma or RE gene. This gene had been described,
lbefl fnairectly, in research godng bock to Alfred Knug-
san's 1977 report on familiel end sparadic re tinoblasbo-
mas. The 1988 report revealed o number of substantial
dirletions offecting RE In varipus retinoblostomos ang
ot cibeasoroama - bhe first Hme that specifc fnactivat-
ing mutations were described of the molecular fevel in
o PLUTAF SUDEESS0r i,
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fn 1999, the Wefnberg loborabory repovied bhe fiesd
siccessfud frardformation of & normal human cell in-
o o concer cell, While countless research groups hod
demonstrated the ability to teamsferm nonmal rodent
cells Inbe cancer cells through the introcuction of var-
Tous pncogenes (e.q,, sev abowvr], such transformation
had never sicceaded with human cefls. This revealed
fundamental differences n the biolegy of rodent wer-
sus human cells, demamstrating that et least five dis-
tinct reputatary cirouits needed o be perturbed with-
fa & marma human cell before It will praliferate os o
tumor cell. This work created o concepiual framework
with which be wnderstand and rationatize the numeroirs
geneltic and biochemical changes that have been oocu-
mented in human tumar cells by many groups over the
pasl bwa decodes.,

i ergaing reseanch the Weinberg loboratary has dem-
andtraled the role of the Twist, Goosecold ond FOXCE
tramicription factors dn Inducing an eplthellal-mesen-
chymal transition [EMT) in carefnama cells, demanstrat-
fng that Twist expression by mouse Mammary carcing:
ma ceils ls oriticel to thelr metastalic properiies. Most
recently, the laboratory hos demonstrated that ceils
Jorced throwgh an EMT have many of the properiies of
epithelial stem cells.

Frof, wies Infroduced ar the 7012 AACR dnnu-
al Meeting in Chicogo where he deliverad Lo o lorge ou-
dience the Pezcaller Lecture | “Epfthefiol-Mesenchymel
Transitien, Concer Stem Cells mnd Metashasis®.

T Awerred was glven o Welnberg an May 11, 2002 with
a salemn ceremony in Lhe prestigious reception hall of
the Buoncansiglio Cosiie fn Trenle, IEedi i Dhe some
week he gave the ° Lective” in Podova at
¥iM# (Yenetfan institute for Molecular Medicing) [o
honor the memary of the late Stantey Kosmeyer who
received the Pezeoller-AALR Award in 2004,

This issee of the Jouwrnal f dedicated to the 14 Per-
cler Symposlpm entitied “Molecilor Basis for fesisd-
erice bo Targeted Agents™ which will be held In Trento
frorm June 14 o June 16, 2012,

Ther meeling program i belng co-organdred by Blchard
Margis, The Institute of Concer Research, London, UK
= Willtam Sedters, Novartis institute Jor Sfamedicn Re-
sewrch, Cambridee, M4 - Dovid Livingston, Dang For-
ber Cancer institute, Boston, M4 and with the collebe-
ration of Enrica Mihich, Done Farber Cancer Imstitute,
Boston, MA.

The Eopic will be Concer escape from Theragy, and the
focus of the meeting will be the mechanisms of resin-
ance o pew tumar tergebed theropies,

The Symposium will be apened by the keynate address

of Prof. J. Engelman, Mossochuesits General Hosplial,
Chartestown, MA. There will be 22 speakers divided in
[five sessions;

Iand IV the genetics of this phenatype ;

It elimical gdvances [n overcoming reslstance |

M resiitance thrawgh perturbed signaling:

¥ rode af the dumar microenvironment in reslstance |
Speaiers give appraximabely 25 minube tmlks followed by
a similer amotmt of time for codienoe discussion. These
meetings hove regularly pravided a fertile climate for
highly revealing and stimuilating sclentific discission
an tapics of extroordinary interest In cancer sclence.,

The speakars are:

Jamies Allisen, Memariol Sloan Kettering Concer Cir,
New York, NY -- Alberto Bardelll, inst for Cancer Res &
Treatment, Candiolo, Torfng, [taly - Jose Boselga, M-
sachusetts Generad Hospdtel, Boston, MA Yail D "Hebron
tnst af Oncology, Barcelona, Spaln « Silvia Buanamicd, HY
Hiomedicing inc. Cambrigdge, Md - Jafann (e Bona, i
stftute of Cancer Research, Landon, UK - Jeffrey Engel.
mon, Mesachusetts Gemeral Hospital, Charlesbown, M4
» Lol Govreway Dana Farbey Cancer (nsd, Bosion, M -
Towhd Godud, Broad fnst ot MIT, Comiidge, M4 - das lonk-
ers, Netfwerfands Cancer Inst, Amsterdam, N - David Liv
ingston Dang Farber Concer inst, Boston, MA - Richard
Marats The inst of Cencer Research, Landon, UK - Eloing
Mardls The Genome inst at Washington Lindy, 5S¢ Louis,
MO - Enrico Mikich, Dana Farber Cancer Inst, Boston,
Md - Thomes O'Hare, Uafv of UWial Schosd of Medicine,
Salt Lake Ciby, UT - Moo Roden, Memarial Shoan Kefler-
ing Cancer Cér, Mow York, NY - William Sellers Novartis
inst for Blomedical Res, Combridge, MA - Rafaeila Sor
delta, Cald Spring Harber Laboratory, Cold Spring Har
b, NY - Jeffrey Sasman, Yenderbilt Univ, Nashwille, TH
- Ben Stanger Undversity of Pernsylvmla, Phlladelphia,
P - Giubio Superti-Fiurga CoMM Res Citr Molecular Med-
Icine, Yienna, Auwstrio - Raman Thamas Universily Hos-
pital Cologne, Cologne, Germany - David Taveson Cam-
bridor Research inst, Combridge, LK

The abstrocts of this symposium ere In the following
pages,

Gios Sermardi
Editor and Pezcolier Foursdetion Bresident Emer tus

PFrcture on the front page: 2092 Pezcodler Foundation-AACK
Internationsl Award for Cancer Reyearch ceremony s Trento,
Froem phep Ll Ansll LEEdce, Glog Barnandl, Doreide Bansl, Rusber) H.
‘Warlneng, (the winner b, Judy Garber, Margarel Fol.
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24" Pezcoller Symposium

Molecular basis for
resistance to targeted agents
Trento, Italy, June 14-16, 2012

ABSTRACTS OF ORAL PRESENTATIONS

Mechanisms of resistance to
EGFR targeted therapies in
colorectal cancer

Alberto Bardelli
Inst for Cancer Res & Treatment, Candiolo,
Toring, Italy

Persanalized cancer medicine based on the
genetic mitbeu of individual colorectal tumors
has long been postulated but unth recently this
concept was not supported by clinical evidence,
The advent of the EGFR-targeted monoclonal
antibodies cetuximab and panitumumah has
paved the way to the individualized treatment
of metastatic colorectal cancer (mCRC).

There is clear evidence that mCRCs respond
differently to EGFR-targeted agents and that
the tumar specific response has a genetic basis,
From the initial observation that cetuximab or
panitumumab as monotherapy are effective
only in 10-20%, of mCRCs, knowledge has being
gained on the molecular mechanisms underlying
primary resistance to these agents. The role

of oncogenic activation of EGFR downstream
effectors such as KRAS, BRAF, PIK3CA and FTEW
on response to therapy will be discussed. The
rapid and effective translation of these findings
into predictive biomarkers to couple EGFR-
targeted antibodies to the patients that benefit
from them will be presented as a paradigm of
mogdem clinical oncology, Unresolved questions
such as understanding the molecular basis of
response as well the mechanisms of secondary
resistance will be disoussed as the future
fundamental goals in this research field.
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Identifying the mechanisms of
resistance to smoothened inhibitors

Buonamici 5, Williams J, Morrissey M, Wang

A, Guo R, Vattaey A, Hsiao K, Yuan J, Green J,
Cspina B, Yu @, Ostrom L, Fordjour P Anderson
0L, Monahan JE, Keileher JF, Peukert 5, Pan §,
Wur X, Maira 5M, Garcig-Echeverria C, Briggs
KJ, Watkins DN, Yoo YM, Lengaver C, Warmiith
M, Sellers WR, Dorsch M., HI Blomedicine, Inc.,
Combridge, MA

Hedgehog (Hh) is a developmental pathway
linked to tumorigenesis in several cancers, In
the resting state, the 12-pass transmembrane
protein Patched (Ptch) inhibits Smoothened
(3mo), & G-protedn coupled receptor (GPCR)-
like molecule. When Ptch inhibition is
attenuated, Smo signals via a cytosolic
complex of proteins leading to activation of

the Gli Family of transcription factors. Somatic
mutations in Pich and Smo have been shown to
lead to constitutive pathway activation and are
found in particular in sporadic medulloblastoma
(MB} and basal cell carcinoma (BCC). Several
groups showed that antagonists of 5mo abrogate
the tumorigenic phenotype engendered by

Ptch inactivation. NVP-LDE225 is a potent and
selective orally available Smo antaponist that
robustly inhibits Smo-dependent signaling in
vitro and in vivo, NVP-LDEZ25 showed dose-
refated amti-tumor activity in wivo in several
genetically defined MB models that are driven
by mutations in Ptch leading to near complete
tumor regression and Hh pathway inhibition.
However, following long-term continuous dosing

Abstracts



of NYP-LDEZ25 in medulloblastoma allograft
models, evidence of resistance to NVP-LDE225
was abserved, Three different mechanisms

of resistance were identified using genome-
wide DMA- and RNA-profiling and sequencing
of resistant tumors that evaded the inhibitory
effects of Smo antagonists. Chromosomal
amplification of GliZ, a downstream effector of
Hh signaling, was identified as one mechanism
leading to restoration of pathway signaling
despite adequate drug exposure, In a minority
of resistant tumors, mutations in smo werg
detected. Additional mining of the gene
expression data for pathway signatures that
are selectively deregulated in resistant tumors
identified increased phosphatidylinositol-3-
kinase (PI3K) signaling as another potential
resistance mechanism, Probing the functional
relevance of increased PIIK signaling, we
showed that the combination of NVP-LDEZ25
with PI3K/mTor inhibitors markedly delayed
the development of resistance, Our findings
hawve impartant clinical implications for futwne
treatment strategies in medullablastoma,

Improving outcome
from prostate cancer

Jotwamn die Bano, Institute of Cancer Research,
Londan, UK

Prastate cancer is the commaonest cancer

in men and the second commonest cause of
death from cancer in men. Until recently, men
with progressing cancer despite chembcal or
surgical castration were described as having
‘hormane refractory’ disease, Recent studies
with the CYP1T inhibitor abiraterone acetate
and the novel androgen recepior signaling
inhibitor enzalutamide (MDV3 100} have now
provided incontrovertible evidence that this
diseate remains hormone driven, These agents
have now been shown to improve overall
survival and have changed our understanding of
endocring resistance in this disease.

Tumor microenvironment
induces innate RAF-inhibitor
resistance via HGF secretion
Todd B, Golub, Dana-Farber Cancer institute

and Brpoad Instifute of MIT and Harvard,
Cambridge, MA

Drug resistance remains a vexing problem in
the treatment of cancer patients.

While many studies have focused on

cell autonomous mechanisms of drug
resistance, we hypothesized that the tumor
micraenvironment may canfer innate
resistance to therapy. Here we developed a
co-culture system to systematically assay the
ability of 23 stromal cell types to influence
the innate resistance of 45 cancer cell lings to
35 anti-cancer drugs. We found that stroma-
mediated resistance is surprisingly common -
particularly to targeted agents. We further
characterized the stroma-mediated resistance
of BRAF-mutant melanoma to RAF inhibition
because most of these patients exhibit some
degree of innate resistance,. Proteomic
analysis showed that stromal secretion of the
growth factor hepatocyte growth factor (HGF)
resulted in activation of the HGF receptor
MET, reactivation of the MAPK and PI3K/AKT
pathways, and Immediate resistance to RAF
inhibition.

Immunohistechemistry confirmed stromal
HGF expression in patients with BRAF-
mutant melanoma and a statistically
significant correlation between stromal

HGF expression and innate resistance to
treatment. Duwal inhibition of RAF and MET
resulted in reversal of drug resistance,
suggesting RAF/MET combination therapy as
a potential therapeutic strategy for BRAF-
mutant melanoma, A similar resistance
mechanism was uncovered in a subset of
BRAF-mutant colorectal and glioblastoma

cell lines. Maore generally, these studies
indicate that the systematic dissection of
tumor-microenvironment interackions may
reveal important mechanisms underlying drug
resistance.

Studying therapy response and
resistance in mouse models of
BRCA-associated breast cancer

Or. Jos Jonkers, Netherlonds Cancer Institute,
Amsterdam, The Netherlamals

Advancing personalized cancer medicine
through devedopment of tailor-made treatments
for individual tumors requires detailed
knowledge of the mechanisms underlying drug
response and acquired resistance, Once these
processes are understond in sufficient detail

The Percoller Foundation Journal - June 012



it may be possible to design (combination)
therapies that not only cause complete
remissions but also eliminate remnant cells that
might elicit recurrent disease, Mouse models of
human cancer provide powerful tools to study
drug resistance mechanisms in a realistic in
wivio setting.

We have established genetically engineered
mouse models (GEMMs) and patient-derived
turmor graft models for BRCA-deficient breast
cancer. These mice develop mammany tumars
that are characterized by genomic instability
and hypersensitivity to DNA-damaging agents,
including platinwm drugs and PARP inhibitors.
We have used these mammany tumor models
for preclinical evaluation of therapy response
and elucidation of mechanisms of acquired
drug resistance., BRCA-deficient mammary
tumors are highly sensitive to PARF inhibitors
and platinum drugs, but none of these drugs is
capable of causing tumor eradication: tumors
grow back after drug treatment and eventually
become resistant. Using In vitro functional
genetic sereens, in vivo genotype-phenotype
correlation studies and genomic analysis

of therapy-resistant tumors, we found that
therapy response and resistance to platinum
drugs and the clinical PARP inhibitor olaparib
Is affected by several factors, including drug
efflux transporter activity, type of BRCA1
founder mutation and S3BP1 status. Also
ERCAT re-expression via genetic or epigenetic
mechanisms contributes to acquired therapy
resistance in patient-derived tumor graft
models of BRCAT-deficient triple-negative
breast cancer.

BRAF and RAS signalling
in cancer: from basic biology
to clinical benefit

Richard Marais PhD, The Paterson Institute
for Cancer Research, Manchester, UK,

The protein kinase BRAF regulates cell growth
and survival throwgh the MEK/ERE signalling
pathway. BRAF is mutated in about half of

all melanoma cases, where it acts as a driver
oncogene that induces tumour progression.,
Critically, drugs that target BRAF achieve
impressive responses in about 0% of melanoma
patients whose tumours are driven by oncogenic
BRAF, demonstrating that targeting this protein
provides a validated approach to treatment of
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these patients, However, these drugs have the
curipis side-effect of inducing non-melanoma
skin lesions (keratpacanthomas and cutaneous
squambus cell carcinomas) in about 30% of
patients. This occurs because BRAF inhibitors
drive paradoxical activation of the MAP kinase
pathways in cells that carry mutations in

RAS, the upstream activator of BRAE The
paradmedcal activation of the pathway is driven
by the induction of BRAF dimerization with

a closely related protein called CRAF, and by
the induction of BRAF and CRAF homodimers,
The induction of these side-effects can be
blocked by co-administration of MEK inhibitors.
However, we also find that other drugs can
drivee this paradox. In particular, we find that
nilptinik induced RAF dimerization and pathway
activation in drug-resistant chronic myeloid
leukaemia (CML) cells, but that the combination
of nilatinib with a MEK inhibitor induces a
symthetic lethality that induces the death of
these cells. Our studies demonstrate how
understanding of the pathways that drive cell
responses to drugs can be used to develop novel
therapeutic strategies for cancer patients.

Genomic Characterization
of Breast Cancer Response to
Aromatase Inhibitors

Elaine R, Mardis’, Li Ding®, Dorg Shen',
Jeremy Hoog®, Malachi Griffith’, Richard
K. Wilson' and Matthew J, Ellis®, School of
Medicine, 5L Louis, MO

I The Genome Institute at Washington
University School of Medicine

2 Department of Medicine, Division of
Oncology, Washington University School of
Medicine

Massively paraliel sequencing of whole genomes
in clinical trial samples provides an outstanding
potential to correlate genomic alterations to
clinical phenotypes. We have pursued this
approach in a clinical trial designed to evaluate
response af ER+ breast tumors to anomatase
inhibitors (Al), where the trial design collected
both pre- and post-treatment biopsies of the
breast tumors, as well as matched normal
blood, Using whole genome analysis and

deep read count data from targeted capture

of suspect variant regions of 22 patients

with different responses to therapy, we have
demonstrated differential impacts on the
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heterogeneity of tumaor cells for Al-responsive
and -resistant pathents, Interestingly, the
remaining tumor cells in either response class
often display known driver mutations that
wiere not detected in the pre-treatment cedl
population. This phenomenan presents an
intriguing possibility for future metastatic
tumor development, even in patients who
appear to have a strong response to Al therapy.

Compounding the Problem of
Clinical Resistance to TKIs in
CML

Thamas O 'Hare, Univ of Urteh School of
Medicine, Salt Lake City, UT

Chronic myeloid leukemia (CML) cells are
uniquely reliant on the BOR-ABL byrosing kinase.
Doubts about selective tyrosine Kinase inhibibos
(TKI) design were overcomi with the discovery
of the flagship ABL TKI, imatinib (kinase profile:
ABL, KIT, PDGFR). In the intervening 14 years,
patients diagnosed with CML in the chronic
phase have literally been granted a new lease
on e, Along the way, problems have been
encountered and dispatched. For example, a
major mechanism of imatinib resistance was
traced to point mutations in the BCR-ABL kinase
domain. Two new TEIS, nilotinib and dasatinib,
rapidly came to prominence as salvage and

now first-ling CML theraples, These TEls control
mist BCR-ABL mutations that confer resistance
to imatinib, with partially complementary
exceptions. The most problematic paint
mutation is the clinically frequent BCR-ABL™™
‘gatekesper” mutation, which is insensitive

to all three approved therapies as well as

the advanced investigational T, bosutinilb.
Third-generation TEES with activity against BCR-
ABLU™™® may provide the first targeted option for
redapsed patients harboring this mutation.

Ponatinib is a recently developed, high-
affinity BCR-ABL TKI with activity against all
known single kinase domain mutants including
BCR-ABL™ ™, However, ponatinib is vulnerable
to certain compound mutants (bwo or more
mutations in the same BCR-ABL molecule)

in in vitro pre-clinical model systems, We
have established comprehensive BCR-ABL
compound mutation resistance profiles for six
TKIs: imatinib, nilotinib, dasatinib, bosutinib,
ponatinib and DCC-2036 (a BCR-ABL™™

THI in phase 1 evaluation). As ponatinib

and other new THis become available, this
expandable respurce will provide guidance for
personalized drug selection.

The extent to which BCR-ABL compound
mutation-based resistance tempers the
effectiveness of ponatinib and other THis in
the clinical setting 15 a focus of our research,
Ponatknib is in phase 2 evaluation for
treatment-refractory CML [Ponatinik Ph+ ALL
and CML Evaluation (PACE) trial]. Patients with
resistance or intolerance (R/1) to dasatinib or
nilotinib or a confirmed BCR-ABL™* mutation
are eligible. Of note, the majority of patients
in the B/I cobort lacked any detectable BCR-
ABL baseline mutation, sugeesting a degree

of BCR-ABL independence. Pre-clinical and
clinical evidence will be presented in support
of the hypothesis that ponatinib resistance can
be divided into two main categories: 1) BCR-
ABL compound mutation-mediated resistance
in which BCR-ABL remains an appropriate,

if challenging, sole target and 2) resistance
despite inhibition of BCR-ABL, calling for
concurrent inhibition of BCR-ABL and neswdly
identified co-critical targets.

Dur overarching goal is to understand the
mechanisms of resistance to ponatinib and
other TEls and optimize their use in treatment-
refractory CML. Compound mutations and/or
alternative pathway activation are emerging
as recurrent resistance mechanisms in
malignancies treated with advanced THIS, such
as melanoma and non-small cell lung cancer,
The presentation will center on ponatinip
resistance in CML, and a theme of broader
implications for molecularly targeted cancer
therapy will be incorporated.

Approaches to understanding
therapeutic resistance and
the application to

drug discovery efforts

William Sellers, Nowvartis Inst for Biomedical
Res, Cambridge, MA

Cancer is a disease driven by the

acquisition and selection of gain- and loss-
of-function genetic alterations. While

the full understanding of the pattern and
consequences of such genetic events remains

The Percoller Foundation Journal - June 2013



elusive, it is now clear that therapeutics
directed against the genetic underpinnings
of cancer have had a marked clinical impact.,
Highlights of this genetic-therapeutic
paradigm include the success of imatinib in
BCR-ABL driven CML, erlotinib and gefitinib
in EGFR mutated lung cancer and more
recently crizotinit in ALK translocated lung
cancer as well as vemurafenib in BRAF-
mutant melanoma. Indeed, the efficacy

of small molecule inhibitors of KIT, PDGFR,
HERZ, EGFR, BRAF and ALK in a diversity of
malignances including GIST, lung cancer and
relanoma support the notion that a new
generation of efficacious drugs is emerging.
Alang with this success has come the problem
of therapeutic resistance. It is noteworthy,
however, that the mechanistic understanding
of resistance Lo targeted therapies is

mare rapidly advancing when compared to
the understanding of resistance to more
conventional cytotoxics, Moreover, such
mechanistic insights have led to the rapid
development of second generation inhibitors
of key targets including the development of
mlotinib initially in imatinib-resistance CML
and then in the first-line therapy of CML. A
robust set of pre-clinical model systems can
now be deploved to discover the specific
mechanisms of resistance to targeted therapy
with a strong basis for the translation of such
discoveries into the clinic. In this talk the
discovery of diverse resistance mechanisms
and their implications for new therapeutics
and for novel combinations will be discussed
in the context of targeting BCR-ABL, the
Smoothened receptor, the MET receptor and
thie ALK Kinase,

Selective and adaptive mechanisms
of resistance to molecular targeted
therapy In lung cancer.

Rafoella Sordella, Cold Spring Harbar
Laboratory, Cold Spring Harbor, NY

The epidermal growth-factor receptor

{EGFR) tyrosine kinase inhibitor erlotinib

has been proven to be highly effective in

the treatment of nonsmall cell lung cancer
(MSCLC) harboring oncogenic EGFR mutations.,
The majority of patients, however, will
eventually develop resistance and succumb
to the disease. Recent studies have identified
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secondary mutations in the EGFR (EGFR
T790M) and amplification of the N-Methyl-
N-nitro-N-nitroso-guanidine (MNNG) HOS
transforming gene (MET) oncogene as two
principal mechanisms of acquired resistance,
Although they can account for approximately
30% of acquired resistance cases together, in
the remaining 50%, the mechanism remains
unknown, In MSCLC-derived cell lines and
carly-stage tumors before erlotinib treatment,
we have uncovered the existence of a
subpopulation of cells that are intrinsically
resistant to erlotinib and display features
suggestive of epithelial-to-mesenchymal
transition (EMT). We showed that activation
of TGF-B-mediated signaling was suffickent

to induce these phenotypes. In particular,

wie determined that an increased TGF-5-
dependent IL-6 secretion unleashed previously
addicted lung twmor cells from their EGFR
dependency. Becawse IL-6 and TGF-B are
prominently produced during inflammataory
response, we used a mouse model system

to determine whether inflammation might
impair erlotinib sensitivity. Indeed, induction
of inflammation net only stimulated IL-

& secretion but was sufficient to decrease

the tumor response to erlotinib. Our data,
thus, argue that both tumor cell-autonomous
mechanisms and/or activation of the tumaor
microenvironment could contribute to primary
and acquired erlotinib resistance, and as such,
treatments based on EGFR inhibition may not
be sufficient for the effective treatment of
lung-cancer patients harboring mutant EGFR,

Clinical Approaches
to BRAF inhibitor (BRAFI)
resistance in melanoma,

Jeffrey A Sosman, MD and lger Puzanow,
MD, MSCI - Vanderbilt Univ, Mashville, TN

The access to effective BRAFT in melanoma
patients with BRAFP* mutated melanoma has
revolutionized the treatment of metastatic
disease, Most pathents treated with BRAF,
vemurafenib or dabrafenib have rapid clinical
responses that can improve symptoms within
a few days and over 80% of patients have
some initial regression in tumor size, while
=35% proceed onto an objective (RECIST

1.1} confirmed response, However, these
responses can usually be measured in months

stracts

1
D

Al



U
1)

strac

10

with a median progression-free survival

of 6.8 months. While overall survival is
impressively impreved (to 13-16 months)

for these patients, they will ail relapse
(presumably) with BRAFi-resistant disease.
Clinical strategies have now been formulated
to address BRAFi-resistant disease based on
the known mechanisms defined at this point.
While the number of mechanisms of resistance
is daunting they fall into two main categories
which may or may not be mutually exclusive;
MEK dependent and MEK-independent
resistance. The MEK-dependent mechanisms
include activating mutations in upstream NRAS
or downstream MEK1; overexpression of COT,
which activates MEE, and either alternate
splicing, or amplification of the mutant
BRAF™® gene. MEK-independent resistance
includes activation of RTEs [PDGFR, IGF1R) or
their ligands (HGF for met). We do not know
with any degree of certainty how frequent
each one of these mechanisms occurs and
likely multiple can occur at the same time in
the same melanoma.

Prevention of resistance will likely be much
mare effective than treatment of resistance
once it is present clinically, The initkal
approach taken has been the combination

of a BRAFi with a MEX inhibitor [MEKI).
Several such trials have been performed

and a randomized phase  trial comparing
the combination to single agent BRAF is
being launched. We already know that

ance resistance oocurs MEK] alone are
ineffective, while the addition of a MEKi

to BRAFi appears to re-induce responses in
about 20% of patients, There are no reports
identifying the mechanism of resistance

in the responding patients, Large phase

Il trials with the combination of BRAFI +
MEK: (including a randomized cohort) have
completed accrual and will soon be reported.
Prediminary results suggest the combination
may have a longer progression-free survival
than BRAFi alone. It is established that the
combination is very effective at diminishing
skin toxicities including keratoacanthomas.,
Other approaches are underway, all targeting
one ar more mechanism of resistance. These
include the combination of a MEKS with an
AKTI (AZDE244+MEIZ06); BRAFT with a PI3K
inhibitor (PX-8586), BRAFI+HGF/met inhibitor
{AMG102, Metmab, AMG337), and an ERK
inhibitor (SCHI00353). In additéon, triple
therapy (BRAFi+MEKi+ PI3/AKT) has been

discussed and if tolerable targeting both MEK-
dependent and independent. BRAFT resistance
may be necessary, It will be critical to define
the mechanism of BRAF inhibitor resistance

in all cases to allow one to ultimately

select treatment based on the resistance
mechanisms. Finally a very different approach
to resistance is the combination of an immune
activating agent such as anti-CTLA4, anti-PD4,
or Interleukin-2 with a BRAFI., immune based
therapy has always been effective in a small
minority of patients, but those responses

tend to be durable (years). These approaches
will be dependent on schedule to allow
maximum metanoma cell death and then most
effectively stimulate the anti-tumor immune
response. The combination of anti-CTLAA4

and vemurafenib is in phase | trials and if
tolerable, will rapidly proceed to phase Il and
I trials.

We have definitely made progress with this
disease, but in advanced, unresectable
melanoma no one will be cured with BRAF
alome at this time . The future is in the
application to earlier stage disease (stage
iy or in combination therapy, It is likely
that individualization of therapy targeting
resistance mechanisms will need to be
implemented.

The dynamics of primary tumor
spread in pancreatic cancer

Ben Stanger, University of Pennsylvania,
Philadelphia, PA

Although most cancer morbidity is caused

by metastasis, the cellular and molecular
ewvents that underlie tumar spread are far

less understood than the events that govern
primary tumor formation. We have utilized

an autochthonouws mouse model of pancreatic
cancer to understand the changes that occur
during tumor progression in vive, During
stochastic tumor evolution, cells undergo a
phenotypic change - epithelial-to-mesenchymal
transition, or EMT - that is assoclated with

the acquisition of stem cell-like features.

This change occurs quite early, well before
frank malignancy, suggesting that EMT enables
early spread of pancreatic tumor cells, EMT
and invasive behavior is associated with areas
of inflammation; induction of pancreatitis is
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associated with an increase in the number of
circulating pancreatic cells, while an inhibitor
of inflammation (dexamethasone) blocks cell
entry into the bloodstream. These results
indicate that inflammation may participate in
tumnor progression in part by facilitating cancer
cell spread and account for the fact that
pancreatic cancer fn humans ks almost alwanys
disseminated at the time of detection,

The Pancreatic Cancer Stroma
Influences Therapeutic Response

David Tuveson, CRIJCRUK University
of Combridge, UK

Pancreatic ductal adenocarcinoma (PDAC)

is the most lethal common malignancy, with
little improvement in patient outcomes

over the past 40 years, PDAC frequently
harbors somatic mutations in 4 genes (KRAS,
P1&, TpS3, and 5MAD4), and recent exomic
and whole genome sequencing efforts have
identified a number of less freguent events,
Accurate mouse models of PDAC were
generated over the last decade, confirming
the relevance of these 4 genes and enabling
the investigation of fundamental aspects of
PDAL tumor biology and therapeutic response,
The poor response of pancreatic cancer
patients to systemic agents is not predicted
by xenografted cancer cell model systems.

An evaluation of this discordant behavear
revealed that transplanted tumer models have
superior tissue perfusion and delivery of the
chemotherapeutic gemcitabine compared bo
primary murine PDAC, and that this inversely
correlates with stromal content. Human PDAC
wias subseguently confirmed to phenocopy

the mouse model as it is also profoundly
hypovascular and contains a compressed
residual vasculature. We have developed two
methods that improve the perfusion of mouse
FDALC tumars to increase drug delivery and
animal survival, and have translated these
observations to the clinic. First, we found that
smoothened inhibitors such as IP1-926 depleted
the PDAC stroma, resulting in transient
increases in vascular density and prolonged
survival to support a causative role of the
hypovascular state in drug responshveness

in PDACY. The clinical translation of this
observation in patlents with metastatic

PDAC was initially promising, although a RP2
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trial in the USA was unfortunately negative,
and analysis is still underway. We also have
initiated a proof-of-concept trial using GDC-
0449 monotherapy in patients undergoing
surgery. Secondly, we and others found

that systemic administration of polymerized
haluronidase [PEGPH20) resulted in the
rapid dilation of the intratumoral vasculature
and delivery of chemotherapy to prolong the
survival of mice with PDAC. Such an approach
in xenografts had previously been shown to
decrease intratumoral pressure and this result
was therefore expected. Using electron
miCroscopy, we surprisingly found that the
PDAL vasculature was quiescent in untreated
mice, and exhibited numerous endothelial
gaps and fenestrae following treatment, Such
fenestrae may contribube to the increased
delivery of small anti-neoplastics as well as
large molecular therapies. This data formed
the clinical rationale for testing in patients in
the LISA.

Alternative methods that target the

tumoar stroma may also be beneficial in
POAL, including the use of nab-Paclitaxel
(Abraxane), an alburmin-Paciitaxel formulation
proposed to be sequestered in the
intratumoral stroma. Similar to the hedgehog
inhibitor, nab-Paclitaxel also elevated the
gemcitabine levels in the mouse PDAC tumors.
However, the mechanism employed was
distinct as nab-Paclitaxel did not deplete the
stroma and increase the vascular density.
Rather, paclitaxel elicits the liberation of
reactive oxygen species (RO5), and ROS
destabilize and induce the destruction of
cylidine deaminase, the major pathway of
gemcitabine inactivation in cells'. This novel
method of drug synergy was overlooked in
the PDX {patient derived xenograft) models,
as the chimeric murine stroma is only loosely
associated with the human neoplastic cells
and they therefare may provide misleading
results’. Nab-Paclitaxel treatment with
gemcitabine is active in early clinical trials,
ard genetic variants affecting gemcitabine
metabolism may modify this outcome.,

FDAC is notoriowsly resistant to VEGF
targeted therapeutics despite numerous
preclinical experiments that predicted
efficacy, and recent approaches in murine
PDAC confirmed the prior clinical data®. The
hypovascular content of PDAC suggests that
the intratumoral endothelial cells are poarly
responsive to the available YEGF ligand, and
therefore additional pathways may play a
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mare dominant role in vessel proliferation and

maintenance,

The notch pathway has previously been

implicated in vessel morphogenesis, and

can be chemically inhibited with gamma

secretase inhibitors (G51), G51 treatment

induced the rapid destabilization of the

PDAC vasculature, by promoting the death of

intratumoral endothelial cells. These effects

were exacerbated by concamitant exposure Lo

gemcitabine, resulting in wpoxic necrosis and

death of both endothelial cells and neoplastic

cells’. A clinical trial has recently begun to

evaluate this approach. Although the unique

attributes of the PDAC microenvironment

participate in the resiliency of PDAC to

therapeutics, they also serve as vulnerabilities

to exploit for clinical benefit.

1. Olive K.P. et al, Sclence 324, 1457-1461
(2009}

2. Jacobetz MA et al. GUT Epub 30 March
(202)

3. Provenzano et al. Cancer Cell 21,418-29
{2012}

4, Frese K. et al. Cancer Discovery 2, 260-9
(2012)

5. Voo Hoff D.D. et al. J. Clin. Oncal. 29,
45484554 (2011)

6. Olson P. et ol. Proc Natl Acod Sci (USA)
108, 1275-1284 (2011)

7. Cook M. et al. J. Exp. Med. 309, 437-444
(2012)

Reverting Endocrine resistance
by targeting the mTOR pathway:
A new paradigm in the therapy
of breast cancer.

Jase Baselga M.D., Ph.D,
Massasuchetts General Cancer Center
Harvard Medical Schoal, Boston, Ma

Hormonal therapy represents the mainstay

of treatment of patients with metastatic
hormone receplor-positive breast cancer.
Howrever, resistance to hormonal therapy,
either de novo oF acquired, s curmently a
major limitation in the therapy of this disease
and new therapeutic strategies are needed

to enhance the efficacy of currently available
treatment regimens.

The study of resistance to endocring
therapies in hormone receptor positive { HR+)

breast cancer has aimed at identifying new
therapeutic strategies that would enhance the
efficacy of endocring therapies. An emerging
mechanism of endocrine resistance is aberrant
signaling via the phosphatidylinositol 3-kinase
{PI3K)/ Akt fmammalian target of rapamycin
(mTOR) signaling pathway, Fecently, we
conducted a phase |1l study comparing the
mTOR inhibitor everolimus and exemosiane (o
exemestane and placebo in 724 patients with
HR+ breast cancer refractory to nonsteroidal
aromatase inhibitors', In this pivotal

study, the combination of everolimus and
exemestane resulted in marked improvement
in progression-free survival as determined

by local investigator assessment (6.9 vs, 2.8
maonths; hazard ratio [HR], 0.43; P=1.4=10

) and by central assessment (10.6 ws. 4.1
months; HR, 0.36; P=3.3=10:'%.The clinical
benefit observed in the combination arm also
far exceeds the clinical benefit of single-agent
everolimus in a similar population of patients.

The striking clinical benefit observed with the
combination of an mTOR inhibitor, an agent
manginally active in this clinical setting,

and an aromatase inhibitor, in a hormone-
refractory patient population, suggests a true
synergism that requires careful analysis. In
preclinical models, activation of PI3K/mTOR
is required for the adaptaticn of ER-pogitive
cells to hormone deprivation, and combined
estrogen deprivation and PLIKSAKTS

mTOR pathway inhibition causes synthetic
lethality in ER+» breast cancer cells, We are
currently molecularly characterizing these
compensatory pathways, In additiion we are
studying if the estrogen degrader fulvestrant
may be superior to the aromatase inhibitor
exemestane. Since both ligand-dependent
and ligand-independent ER-signalling can be
inhibited with an ER degrader fulwestrant, it
is tempting to speculate that this agent will
be more efficacious than exemestane when
combined with everolimus. The end result

of our proposal would be the selection of
novel strategles to block mTOR-mediated
compensatory pathways and, importantly, to
identify the patient population more likely to
respond to combined ER-mTOR blockade,

1. Baselga J, Campone M, Piccart M, et al.
Everclimus in postmenopacsal bormonss-
receptor-positive advanced breast cancer, N
Engl J Med 2012;366:520-9.
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Effectors and targets
of anticancer agents

Gegrg Winter', Uwe Rix"™, Tilmann
Biirckstirmmer™, Florion Grebien', Koroline
¥. Gleixner® , Peter Valent®, Martin Bilban®,
Scott M. Carlson®, Farest M. While®*, Wincent
Blomen’, Kumaran Kandasamy', Alexey
Stukalov', Andre’ Miiler’, Keiryn L Bennett',
Jocgues Colinge', Stefan Kubicek®, Thijn
Brummelkamp” and Giulio Superti-Furga®
'CeMM Research Center for Molecular
Medicine of the Austrian Academy of
Sciences, Vienna, Austria, *Moffitt Cancer
Center & Research Institute, Tampa, Florida,
LS4, ‘Haplogen GmbH, Wienna, Austria,
Department of Internal Medicine I, Division
af Hematology and Hemostaseology, Medical
Liniversity of ¥ienna, Vienna, Austria,
"Climical Institute for Medical and Chemical
Laboratory Diggnostics, Medical University
of Vienna, Vienna, Austrig, *Department of
Biological Engineering and Koch Institute for
Integrative Cancer Research, Massachusetls
Institute of Technology, Cambridge,
Massachusetts, USA, "Netherlands Cancer
Institute, Amsterdam, The Netherlonds

Redundancy and multi-functionality are
inherent characteristics of bislogical systems
that limit the therapeutic opportunity of
single-agent applications. Combinations

of drugs that vield a synergistic effect

are thowght to be the most effective way

of countering biological buffering and
furthermore allow reduced dosing of each
agent while increasing therapeutically
relevant seleckivity.

Deconvolution of the relevant cellular
mechanism underlyling a combined treatment
with two drugs that yield a synergistic

and therefore unpredictable effect are a
particular challenge. Occurrence of the
BCR-ABLT 3151 gatekeeper mutation is one

of the most pressing challenges in the
therapy of chronic myeloid leukemia (CML).
sevieral BOR-ABL inhibitors with clinically
tested safety profiles have multiple targets
and pleiotropic effects that could be
exploited for their smergistic potential.
Testing pair-wise combinations of such
kinase inhibitors identified a strong synergy
between danusertib and bosutinib that
exclusively affected CML cells harboring
BCR-ABLT31351. We applied a systems-level
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approach comprising phosphoproteomics,
transcriptemics and proteome-wide

drug target surveys, Intersecting these
orthogonal datasets revealed that both
compounds effectively targeted Mapk
pathways downstream of BCR-ABL resulting
in impaired activity of c-Myc and assoclated
downregulation of c-Myc target genes.
Pharmacological validation assessed that

the refative contribution of danusertib and
bosutinib could be mimicked individually

by specific Mapk inhibitors and collectively
by downregulation of c-Myc through Brd4
inhibition. Thus integration of genome- and
proteome-wide technologies allowed for

the elucidation of the complex mechanism
by which a novel drug synergy targets the
dependency of BCR-ABLT315I CML cells on
c=Myc through non-obvious off-targets. We are
using human test-tube genetics with haploid
cells mutagenised by random retroviral
insertion to identify the genes required to
effect drug action. Considering also the

data obtained with chemical proteomics,

the emerging picture is that of several gene
products contributing to the drug action. The
complexity of the cellular pharmacodynamic
parameters are believed to be the rule rather
the exception and the arsenal of available
toois is allowing an unprecedented depth of
inskght into cellular drug action. We believe
that this strategy of gaining functional
understanding the activity of single agents ar
of & drug synergies may serve as a model for
further mode of action studies and for the
elucidation of resistance mechanisms.

Abstracts

Identifying genomics-based
therapeutic targets in lung cancer

Roman Thomas, University Hospital Cologne,
Cologne, D

Cancer is a disease of the genome; genetic
lesians (gene mutations, gone copy-number
changes, structural genetic changes,

etc.) lead to irreversible changes in the
intracellwlar signal transduction pathways
that the tumor cells become dependent upon.
A new class of cancer therapeutics targeting
specific signaling pathways activated by
genetic lesions has shown clinical sucoess.
Understanding the dependency associated
with each genetic alteration is crucial in order
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to device specific inhibitory strategies to
interfere with the activity of the respective
ancogene or the pathways activated
downstream of the oncogene. Such preclinical
work can help expediting the preclinical-to-
clinical transition of novel cancer therapeutics
and to make them more effective. Similarly,
linking drug response and clinical features of
patients to genetic alterations is essential for
a continuous re-assessment of the validity of
such preclinical predictions.

Our laboratory has created a conceptual
framework as well as methodological
strategies for approaching these needs.

We have developed an international network
for cancer genome analyses and we have
developed a platform for functional cell
biology analysis of the novel mutations that
we discover, We have successfully applied this
two-pronged approach to the discovery of
cancer genotypes that may be connected with
drug response.

Immune Checkpoint Blockade:
New Insights and Opportunities

Charlatte Ariyan, Memarial Sloan Ketleving
Cancer Ctr, Mew York, NY

Tumors have inherent genetic diversity. While
many of the genetic and epigenetic changes
may not be driver mutations, many genetic
changes result in mutations that can be
recognized by the immune system. While the
field of immunology has been around for many
vears, recently the field of co-stimulatory
blockade was ploneered by Dr. Allison

and others, and has brought a resurgence

of immunotherapy nio the treatment of
cancer. CTLA-4, a protein normally serving Lo
restrict Tocell responses, was blocked using
an antibody. Anti-CTLA-4 blockade was the
first drug shown to Improsve overall survival

in & randomized controd trial in patients with
Stage IV melanoma. While the response rates
of the drug are low, the durability of response
is years. Recently, the results of another
co-stimulatory blockade, anti-PD-1 were
reported by Dr. Topalian. The efficacy of PD-

1 blockade spanned across many tumor types,
with similar if not less, toxicity.

As we look to improve the response rate of
immunotherapy, the drugs will be combined

with additional therapies. Thepretically any
therapy that causes tumor cell death can chuse
antigen release and be a target for the immune
system. Initially we have investigated whether
the BRAF inhibitors are immunosuppressive.
Like others, we have demonstrated that the
drugs are not immunosuppressive , and in

fact may hawe stimulatory effects on vaccing
respanses in viva, Further characterization

of the targeted therapies, and how they
interact with the immune system will have to
continue to optimize combination treatments
in the future. Results from these studies will
have significant implications on the timing

and sequence of combination therapies in the
Tutiire, '

Defining the spectrum of resistance
to targeted cancer therapeutics

Levi A, Garraway, Dana Farber Cancer Inst,
Boston, MA

In recent years, great strides have been made
towards effective therapeutic inhibition of
several cancer subtypes driven by mutated
kinase oncogenes; however, resistance to
these therapeutics i nearly ubiquitous

in solid tumors, Melanoma represents an
instructive example: the clinical development
of selective RAF and MEK inhibitors has
resulted in profonged survival of melanoma
patients whose tumors harbor BRAF(VESDOESK)
mutations, but the clinical benefit is limited
to =&-11 months prior to disease relapse.
Thass, characterizing mechanisms of resistance
to these agents will likely be crucial to the
future development of rational therapeutic
combinations that may achieve durable control
of this genetically defined tumor subtype,
Resistance to kinase inhibitors may be grouped
into three categories: 1, "target-oriented™
resistance mechanisms {e.g., secondary
mutation, amplification, or dysregulation

of the target oncoprotein); 2, “bypass”
mechanisms (engagement of a signaling module
that circumvents the target oncoprotein); or
3, alterations in downstream effectors (e.g.,
key signaling proteins that are activated by
the target ancoprotein). Work by our group
and others has described mechanisms of
resistance in BRAF-mutant melanoma that

are pertinent to each of these mechanistic
categories. Examples include discovery of
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several mechanisms that re-establish RAF
signaling [often by activating C-RAF), bypass
mechanisms such as the COT kinase or various
receptor tyrosinge kinases, and activating
mutations of MEK1, which signals downstream

of mutated B-RAF. In most cases, the resistance

mechanisms result in sustained ERK signaling—
hence restoring activation of the oncogenic
MAF kinase pathway that is dysregulated by
mutant BRAF in melanoma.

More recently, we have deployed systematic
gain- and loss-of-function screens to achieve
a more comprehensive understanding of
MAP kinase pathway inhibition in melanoma.
The preliminary results of these efforts

have identified multiple mechanisms of

MAP kinase activation, dysregulation of the
oncogenic MAP kinase transcriptional output,
and possible ERK-independent mechanisms
of resistance. Interestingly, although 150-
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200 individual resistance effectors have been
nominated by these screens, many of these
seem [o converge upon a much narrower
set of key cellular effectors, This raises the
possibility that parsimonious therapeutic
combinations (e.g., 3-4 drugs) could be
developed that impede many individual
“upstream™ resistance mechanisms, If

this knowledge can be combined with a
detailed understanding of “steady state”
tumor dependencies as well as deep clinical

genomic characterization of relapsing tumors,

a framework may emerge for prioritizing
novel therapeutic combinations worthy of
clinical evaluation. Overall, these results
have provided new insights into mechanisms
of resistance in melanoma while informing a
broader translational framework for linking
knowledge of resistance to more effective
cancer therapeutics.
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VEGF restrains paclitaxel
response: molecular analyses of the
tumor micro-environment

Martg Rosa Bonl, Sara Figini, Antonietta
Silind, Valentina Scarlato, Carmen Ghilardi,
Raffoella Glavazzi

Labaratory of Biglogy and Treatment of
Metastasis, “Mario Negri” Institute for
Pharmacotogical Research, Milan, italy.

A fundamental characteristic of malignant
cancers is the ability to change and exploit
the host environment to favor local tumor
growth, invasion, and metastasis, possibly
affecting drug response. Tumor-derived
vascular endothelial growth factor (VEGF), a
major regulator of tumor microenvirenment
remodeling, is associated to poor prognosks,
The purpose of this study was to assess the
role of VEGF provided by the cancer cells in
stroma remodeling and tumor response to
chemotherapy.

Human gvarian carcinoma celis producing
high (1A9-V51) or low (1A9-VAS3) VEGF

M were xenotransplanted into nude mice
and compared for responsiveness to
chemaotherapy. Subcutaneously growing TAS-
V51 tumors were less affected by paclitaxel
treatment thanm 1A9-YAS3; to the conkrary,
equal sensitivity of the two high/low YEGF
cell variants was observed in vitro, These
findings suggest that the “in wivo protective
effect * might be mediated by modification of
the tumor environment.

Transcriptional differences were evaluated
by microdissecting (PALM Microlaser System)
TASVS1 (N=5) and 1A9VASI (M=5) tumars, and
by hybridizing the stroma RMA to GeneChip®
Mouse Genome 430 2.0 Arrays (ATTymetrix).
VEGF provided by the 1A%-V31 cancer

cells triggered tumeor microenvironment's
modification: listed as differentially expressed
were genes associated to extracellular
matrix remodeling (e.g. collagens and matrix
metalloproteinases) and to cell-cell adhesion
and interaction {e.g. junction proteins

and cadhering), as well as genes expressed
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by vascular and inflammatory cells (e.g.
chemokines and growth factars).

VEGF availability resulted in an abnormal
vasculature, characterized by dilated and
irregudlar vessels, increased collagen IV
perivascular deposition and expression of
endoglin, neuropilin-1 and RGS5 (regulator
of G-protein signaling-5) protein, that we
showeed for the first time to co-localize with
the lining endothelium co-expressing CD31 1,
Toughening the relevance of the findings,

we demonstrated RGSS protein associated to
the vasculature of ovarian carcinoma clinical
specimens and expressed by the blood vessels
of other cancer xenograft models producing
high VEGF.

RGES protein was not detectable in a panel of
healthy mouse tissues including ovaries.
These outcomes altogether put forth
evidence that cancer cells provided VEGF
alters the tumor microenvironment and
support the notion that this might affect the
responsiveness to chemotherapy.

[1] Manenti L. et al, Molecular Cancer
Therapeutics 2005;

[2) Silini A. et al, Molecular and Cellular Life
Miences 2012

Supported by the [talian Association for
Cancer Research {AIRC) and CARIPLO
foundation

Analysis of Tyrosine Kinase
Receptors Status in
Endometrial Stromal Sarcoma

Francesca SANGES, Maria Gabriela URAS,
Marcella CONTINI, Francesca PILI, Maria Bosaria
MURCNI, Poolo COSSL-ROCCA, Glpvanning
MASSARELLI, and Maria Rosaria DE MIGLIO,
Department of Clinical and Experimental
Medicine, University of Sassari, Italy

Endometrial stromal sarcomas (E55) are rare
neoplasms, which are currently classified as
low grade-{LG)-ESS, with a tendency for local
recurrences and, more rarely, for metastasis,
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and also as undifferentiated endometral
sarcomas (UES), formerly described as

high grade-(HG)-E55, with very aggressive
behaviour. Current practice has shown that
surgery continues to be the treatment of
choice for E55, when effective adjuvant
therapies have not yet been established.
Tyrasine kinase inhibitors have rarely been
applied In E55 therapy, with few reports
describing Imatinib responsivity, The aim

of this study was to analyse the status of
different tyrosine kinase receptors (TKRs)

in an E55 serles, In order to evaluate their
potential role as molecular targets.

The study was performed on a series of

28 ESS, including 23 LG-ESS and 5 UES.
Immunohistochemistry was performed for
EGFR, c-KIT, PDGFR-alpha, PDGFR-beta and
ABL on all ESS. EGFR, PDGFR-alpha and
PDGFR-beta gene expression was investigated
by qRT-PCR an selected cases. ‘Hot-spot”
mutations were screened for on EGFR,
=KIT, PDGFR-alpha and PDGFR-beta genes,
by sequencing. All analysis was executed
from formalin-fixed, paraffin-embedded
LpECimens,

Expression of 2 or more THRS was observed
in 18 out of 28 tumors (64%], with at least

2 receptors expressed simultaneously in 10
cases, 3 receptors in 7 cases, and 4 receptors
in a single UES. Only 5 LG-ESS out of 2B
tumors were consistently negative for all
the antibodies. Gene expression profiles
were concordant with immunohistochemical
over-expression in only one tumour which
displayed both high mRHA levels and specific
immunoreactivity for PDGFR-alpha and
POGFR-beta. Mo activaling mulationg weds
found on the tumours included in the study,
This study confirms that TKRS expréesgion

is freguently observed in E5S. Considering
that the responsivensss to tyrosine

kinase inhibitors is known to be related

to the presence of specific activating
mutations oF gene over-expression,

which are not detectable in E5S5, THRsS
immunchistochemical over-expression alone
should net be considered as a reliable marker
for targeted therapies in E5S. Specific post-
translational abnormalities, responsible

for activation of TKRs, should be further
investigated. This would be potentially useful
to subsequently select patients wio might
benefit from current targeted therapeutic
oplions, or to identify new therapeutic
targets.

The combination of 13-cis
retinoic acid and a flavonol exerts
synergistic anticancer activity
against neuroblastoma cell line.

Gotto Pamela’, Sidarovich, Viktoryla', Adami
Valenting', Efrem Bertini ', Tonini Gian Paole?,
Quattrone Alessandra’

'Centre for Integrative Biology, Unbversity of
Trento, Trento, ltaly

Mational Cancer Research Institute (I5T),
Transfational Poediatric Oncolegy, Genoa, ltaly

High-risk cases of newroblastoma do not
respond adequately to chemotherapy and

are progressive of refractory, highlighting the
need of novel therapies, Well-chosen drug
combimation offers therapeutic promise for
hard-to-treated cancer. 13-cis-retingic acid
{13-CRA) is a differentiating agent used in most
current neuroblastoma treatment regimens,
wihile naturally cccurring polyphenals have
been shown to exert anti-proliferative effects
in a wide variety of cancer cell lines. The
purpase of this study was to identify natural
compounds potentiating the effect of 13-CRA
against neuroblastoma cells, and investigate
the molecular mechanisms behind.

For this purpose, an in vitro screening of abouwt
160 natural compounds was performed on
CHP134 cells challenged with a sublethal dose
of 13-CRA for 4Bh. Cell viability assays of 13-
CR& and & flavonol, Identified as & hit from the
initial screening, were carried out, by expoting
the cells for 24 and 4Bh to medium alone, single
drugs alone or to different concentrations of
the combination of the two drug. The analysis
of drug combination revealed that the two
modecules exerted synergistic inhibition of

the growth of neuroblastoma cells both at

24h and 48h treatment, Changes in cell cycle
and cell death processes were investigated by
Mo cytometry and flugrescence microscopy.
Microarray gene expression analysis was
performed on polysomal RNA isolated form
conkrol cells and treated cells for 24h with a
single concentration of 13-CRA and the flavenol
alone and with their combination, Treatment
of 13-CRA plus this flavonal induced enhanced
apoptosis and led to cohenent perturbations

of gene expression, mainly concerning neural
differentiation. The experimental data allowed
to advance hypotheses on the molecular
mechanism of this drug synergism and suggested
potential clinfcally therapeutic capabilities,
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Tab2 as a novel mediator of
resistance to endocrine therapy in
breast cancer cell lines

Cutrupl 5.°"*, Reineri 5., Panetto A."*

- Orosso £.%*, Calzzi L™, Riced L™, Friard
0.', Agati 5.%, Scatolini M.*, Chioring G.%,
Lykkesfeldt A.E.” and De Bortoli M.

* These authors contributed equally to this
work,
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University of Turin, Turin, lEaly

4 Blondustry Park Silvano Fumero, Colleretto
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7 Department of Breast Cancer Research,
institute of Cancer Biology, Danish Cancer
Society, Copenhagen, Dervnark

ERa status 15 used to identify breast cancer
patients who are likely to respond to
tamoxifen [Tam}, but resistance nonetheless
occurs in 30 to 308 of treated ERa-positive
breast cancer patients. It is known that

the balance between corepressors and
coactivators plays a critical rale in defining
the threshold of transcriptional repression to
activation in response to activated receptors.
Therefore, alterations to coactivators and
corepressor activity is thought to represent
one of the major molecular mechanisms of
resistance to nuclear receptor antagonists,
In fact, a number of mechanisms have been
shiown to lead to MooR/SMET destabilization
and dismiszal from ER-responsive genes in
selective estrogen receptor

madulators (SERM) treated cells.

It was recently shown that the
phosphorylation of TabZ, a component of
the HCoR complex, is responsible of MCoR
dismissal from TAM/ER-Bound genes and
trarnslocation to the cytoplasm. We observed,
in Tam-resistant (TamR) ER-positive breast
cancer cells, that Tab2 presents a shift in
mobility on S05-PAGE similar to that s=en in
MCFT wt cell line upon treatment with (L=
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1b, suggesting constitutive activation. In
addition, down-regulation of TabZ by siRNA
results in the nuclear re-localization of NCoR,
recovering a complete antiproliferative
response to Tam.

Tab2-HCoR complexes are specifically
recruited to ER through a bivalent interaction
of HCoR to the TAM-occupied ligand binding
demain and of Tab2 to the short M-terminal
domain of ERa. Therefore we synthesized

a peptide composed of a 14-aa motif of

this domain, capable of competing out
ERa/Tabl interaction in pull-down and co-
immunoprecipitation experiments. This
peptide was fused to the carrier TAT peptide
Lo permit its internalization, Treatment of
TamR cells with this peptide recovered the
antiproliferative response to Tam in these
cells, Now, we are currently mapping the site
of interaction with ERa on TabZ protein in
order to obtain a new tool to interfere with
resistance.

Afterwards, we analyzed the changes in
gene expression profiling, in a TamR cell line
after treatment with TabZ siRHA, in order
to understand which genes are dependent
on the activity of this protein and, hence,
may relate to endocrine resistance, We
found a gene set related to the control of
cell cycle and extensively connected to
BRCAT in a functional network. To investigate
the prognostic power of this gene set, we
analyze a published data set of Tam-treated
breast cancer profiles and we found that
these genes were able to discern two groups
of patients with significantly different
disease-free survival. At present, we are
investigating the role of the genes involved
in Tab2 signalling and in BRCAT netwark in
breast CanCer recurrénce.

Comprehensively, our data implicate Tab2

as a mediator of resistance to endocrine
therapy and as a potential new target to
reverse pharmacological resistance amd
potentiate antiestrogen action.

Posters

Beyond single pathway inhibition:
MEK inhibition-based vertical and
lateral combination strategies

Cesta Incani U, Ciuffreda L, DI Sanza C,
Folcone [, Del Curatolo A, Cognetti F, Mitella
M. Medical Oncology A, Beging Elena National
Cancer Insitute, Rome, Italy
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Background and Results: The RAF/MEK/S

ERK pathway is an attractive therapeutic
target in hematologic and solid malignancies.
However, interference with a single signaling
component leads to the activation of

inter- and intra-pathway feedback loops

and functional resistance, as recently
demonstrated by our group in AML models.
We have thus devised rational, mechanism-
based, loferal and vertical MEK inhibition-
based combination strategies, potentially
endowed with synergistic antitumor activity.
In wt-PTEM cells (including AML, melanoma,
breast, lung, and colon cancer), combined
MEK/mTOR blockade achieved synergistic
effects at suboptimal cancentrations, but
became frankly antagonistic at a high fraction
affected (Cl: 1.2->10%). This led to the
identification of a novel crosstalk mechanism
by which MEK blockade restores FTEN
expression and cross-inhibits the PIIKSAKT/
mTOR pathway. In agreement with this model,
combined MEK, and mTOR blockade resulted
in strongly synergistic effects (Ci: 0.0003-
0.4) in cells lacking PTEHN, including two
patient-derived lung cancer stem cell lines,
with low FTEM protein levels. On the other
hand, different tumor models exhibit
variable responses to MEK inhibition and

MEK blockade may also induce compensatory
signaling through upstream pathway elements
(RAF). BRAF-selective inhibitors have potent
antitumor effects in mutant BRAF{VE00DE)
tumors and are clinfcally effective in
malignant melanoma, but may paradoxically
activate the MAPK pathway in wi-BRAF cells,
potentially fostering tumor growth. Indeed,
combined BRAF/MEK inhibition suppressed
malignant growth with highly synergistic
effects in lung, colon, and pancreatic cancer
miodels, in which selective BRAF inhibition
alone induced hyperphosphaorylation of CRAF,
MEK, ERK, and p20RSK, particularly in RAS-
mutant cellular contexts. Conversely, in
BRAF-mutant melanoma and colon carcingma
miodels, combined BRAFSMEK inhibition was
frankly antagonistic. In AML, sorafenib also
synerglzed with MEK inhibition, whereas

in lung and pancreatic cancer models the
pan-RAF inhibitor RAFI6S did not cause
paradoxical MAPK activation and did not
syriergize with MEK fnhibitors,

Methods: We set out to define molecular and
functional effects of single and combined MEK
(GSK1120212B, MEK inhibitor), mTOR (RADOO1,
mTOR inhibitor), BRAF (G5K21184364, BRAF

infibitar) and RAF (Sorafenib and RAF2E5,
pan-RAF inhibitors) inhibition, using WB
analysis to dissect signaling and fixed dose-
ratio experimental design to assess functional
synergism by conservative isobologram
analysis.

Conclusions: Cwverall, our data indicate that
in appropriate cellular contexts both laterat
and vertical MEX inhibition-based combination
strategies exert highly synergistic antitumaor
effects across a spectrum of different cancer
models; putative genetic determinants of
functional synergism (e.g. PTEN for MEK/S
mTOR and KRAS for BRAF/MEK combinations,
respectively) are currently being investigated.

The glycolytic phenotype of cancer
cells modulates resistance to anti-
angiogenic therapy in tumor
xenografts

Matteo Curtarello’, Giorgio Mardo', Elisabetta
Zulate®, Giovarnni Esposito’, Elisabetta Rossi,
Silwia Valtorta®, Isabello Racoogni, Rosa
Maria Moresco®, Alberto Amadori’, 5tefano
Indraccoio™

* stefana. indraccobo@unipd. it

fIstitute Oncologico Weneto - IRCCS, Padova,
Italy

! Dipartimento dif Sclenze Chiruwrgiche,
Oncologiche e Gastroenterologiche, Padova,
Italy

! Muctear Medicine Department, San Raffaoele
Scientific Institute; Fondazione Tecnomind,
University of Milan Bicocca; 1BFM-CNR, Milan,
ltaly

Anti-angiogenic therapy is increasingly

used in cancer patients but therapeutic
responses are often short-term and predictive
biomarkers for patients stratification are
currently lacking, We previously showed that
levels of "glucose addiction™ modulate the
pathologic response of tumar xenografts to
YEGF neutralization. Here we investigated
whether the glycolytic phenatype affects
therapeutic responses to anti-angiogenic
therapy. We found that highly glycolytic
tumiors become necrotic but rapidly resistant
to VEGF neutralization. In contrast, poorly
glycotytic tumors regressed fiollowing
bevacizumab administration but, despite
their small skze, contained an hypoxic core
and highly proliferative burden, as shown
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by FAZA and FLT PET imaging and eventually
developed acquined resistance, We also
observed that protracted anti-VEGF therapy
selects for highly glycolytic tumors and that
silencing of AMPKa1 and a2 subunits in tumor
cells increased glycolysis and accelerates
development of secondary resistance, These
results support the hypothesis that the
glycolytic phenotype of tumor cells conveys
resistance bo anti-VEGF drugs.

HuR phosphorylation and
doxorubicin: how a post-
translational modification is
involved in drug resistance

Elisa Latorre PhO*, Pamela Gatlo PhOS,
Alessandro Quattrone PhDS and Alessandro
Provenzani PRD®, CIBIO, Trento, Italy
“Genomic screening laboratory
§Translational genomics laboratory

BACKGROUMD:HUR, an RMA binding protein
invalved in the post-transcriptional regulation
of & wide spectrum of mRMAs, has been dem-

onstrated to be a determinant of carcinogene-

sis and tumor aggressiveness in several cancer
types. In this study, we investigated the role

of HuR in the apoptosis and fn the chemoresis-

tance induced by the widely used anticancer
drug doxorubicin in human breast cancer cells
{MCF-7).

Material and method We challenged a small
library of about 90 chemical compounds with

an high content screening assay to quantitave-

Iy measure HuRtranslocation. Results and dis-
cussion. We showed that HuR acts in the ear-
Iy phase of cell response to doxorubicin, be-
ing induced to transiocate into the cytoplasm
upon phosphorylation. Reducing HuR levels di-
minished the apoptotic response to doscru-
bicin. We Identified HA1004, AG494, U026,
AG450, Rottlerin and Erbstatin compounds
that could inhibit HuR cytoplasmic accumu-
lation and pointed to PKCA, Rho kinase and
ERK as potential HuR regulators. Among the
hits rottlerin showed to be the most effective
in blocking HuR nuclear export and in hay-
ing correspondingly antagonistic effects with
doxorubicin on cell toxicity. Co-immunopre-
cipitation of PKCS and HuR upon doxorubicin
confirmed the validity of HCS indications, in
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in vitro selected doxorubdcin resistant MCF-7
cells [MCF-7/doxoR) overexpressing the mul-
tidrug resistance (MDR) related ABCGZ trans-
porter, we observed a significant HuR down-
regulation that was paralleled by a corre-
spanding downregulation of HuR, targets as
TOF2A and by loss of rottlerin toxicity, Resto-
ration of HuR expression in these cells resensi-
tized MCF-7/doxoR cells to doxorubicin, reac-
tivating the apoptotic response. Conclusions.
The present study shows that HuR s necessary
to elicit the apoptotic cell response to doxo-
rubicin, that restoration of HuR expression

in resistant cells resensitizes them to the ac-
tion of this drug. Moreover we suggest a nov-
¢l mechanism of pharmacoresistance based

on the interplay among the doxorubicin tar-
get TOPZA, its post-transcriptionally regula-
tar HuR and the signaling control of PKCS. Mol
Cancer, 2012 Mar 21;11:13.
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Combating Breast Cancer Brain
Metastasis: The CTC Signature

Lixin Zhang', Lon D. Ridgway', Michoel D,
Wetzel', Jason A, Ngo', Wendy Schober?,
Jerry C. Goodman', Marris D. Groves', and
Darig Marchet ti*

Departments of "Pathology & Immunalogy,
and *Molecular & Cellular Biology; Baylor Col-
lege of Medicine, One Baylor Plaza, Houston,
TX, 77030, .5 A. Departments of Leukemia®
and Newrg-Oncology’, The University of Tex-
as M. 0. Anderson Cancer Center, 1515 Hal-
combe, Houston, TX, 77030, U5, A, *Corre-
sponding and Presenting Auvthor,

Brain metastatic breast cancer (BMBC) repre-
sents the most devastating and feared conse-
quence of breast cancer since patients with
BMBC have an exceptionally poor prognosis,
Despite increasing incidence and being rec-
ognized as a problem of urgent clinical prior-
ity, mechanisms causing BMBC are largely wn-
krawn. Similarly, properties and blomark-

er identification of circulating tumor cells
[CTCs), the "seeds” of metastasis, remain elu-
sive. The current U5, Federal Drug Admin-
istration - approved CellSearchTé technolo-
gy for CTC capture does not detect the high
proportion of CTCs that are not expressing
the epithelial cell adhesion molecule (EpCAM)
whose presence correlates with clinfcally di-
agnosed BMBC. Here we report novel strate-
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gies investigating CTCs isolated from peripher-
al blood mononuciear cells (PBMCs) of patients
with BMBC, including the development of CTC
lines. We identified a unigue BMBC CTC signa-
ture (HERZ+ FEGFR+/HPSE+/Motch1+/EpCAM-)
by characterizing CTCs that could not be cap-
tured by CellSearchTs (EpCAM-negative CTCs).
second, we analyzed the invasive and meta-
static competencies of isolated CTCs, Estab-
lishwed CTC lines over-expressing the BMBL sig-
nature were highly invasive and capable to
form braln metastasis in xenografts. Third, tu-
mor cell morphologies of CTC - induced me-
tastases closely resembled those of pathologi-
cally assessed tumaors of patients whose blood
was source of isolated CTCs, Lastly, the ex-
pression of proteins of the BMBEC signature was
detected in CTC - induced BMBC. Collectively,
we provide first-time evidence of human CTCs
isolation and long-term growth, and the es-
tablishment of CTC lines and their metastat-
fc competency in the presence of a biomarker
signature necessary to promote BMBC, These
strategies and results can be of significance to
devedop novel therapeutics against breast can-
cer metastasis in general, BMEC in particular.

Oncogene-induced reactive

oxygen species (ROS)

fuel cell hyperproliferation,

DNA damage response activation
and cellular senescence

Miige Ogrunc’, Rafaella Di Miceo™,

Michalis Liontos®, Maring Migne'd, Lorenzo
Bombardelli’s, Vassilis G. Goulis' and Fabrizio
d"Adda di Fagagna **

" IFOM Foundation - The FIRC Institute of
Molecular Oncology Foundation, via Adamello
16, 20139, Milan, Italy

? Laboratory of Histology- Embryology, School
of Medicine, University of Athens, 75 Mikras
Acigs Sir, Goudi 11527, Athens, Greece,

T Present address: NYU School of Medicine,
Department of Pothology, 550 First Avenue,
New York, NY 10016, USA,

* Present address: institute of Toxicology, and
Genetics, Karisruhe Institute of Technology,
T6344, Karlsruhe, Germany.

¥ Present address: Division of Molecuiar
Genetics H4, The Netherlonds Cancer
Institute, Plesmamiogn 121, 1066 CX,
Amsterdam, Wetherlands,

& lctitwto di Genetica Molecolore, Consiglio
Mazionale delle Ricerche, 27100, Pavig, [taly
Cellular transformation triggered by Dhi
activation of oncopenes is freguently
assoclated with increased levels of reactive
pxyeen species (ROS) within the cells, Yet,

the enzymatic origin and the contribution

of ROS increase to the maintenance of the
transformed phenotype are not yet fully
understood. We discovered that HADPH
oxidase 4 (Mowd) is necessary to allow
hyperproliferation induced by H-Ras and that
Moxd inhibition reduces the preduction of BOS
leveds, cell-cycle progression and oncogens
induced-senescence. Our data shows that ROS
scavenging impairs the proliferation only of
Ras-transformed cells, which are "addicted”
to ROS for proliferation, while normal non-
transformed cells were insensitive to RO3
scavengers. Thus, we propose that oncogenis
such as Ras exploit ROS as mitogenic second
massengers and cause replicational stress and
DHA damage response (DDR) activation, We
also show for the first time that zebrafish is a
valuable tool to study in a Living organism the
accumulation ROS induced by an oncogene
and provide a simple assay to test in wivo the
effects of anti-ROS drugs. Moreover, our results
in human pancreatic cancer tumor samples
provide & mechanistic explanation for the DHA
damage generation and genome instability
typically associated with solid tumors.
Inhibiting the synthesis of mitogenic AO% may
guide researchers in the design of therapeutic
intersentions based on ROS manipulation that
may be more successful than so far achieved.

Everolimus reverts the drawback
mTORC2 activation induced by
sorafenib in preclinical models of
human osteosarcoma potentiating
the anti-tumoral, anti-anglogenic
and anti-metastatic effects

Ymera Pignoching'!, Carmine Dell"Aglia'™,
Marco Basiricd®?, Federica Capozzi™, Marco
Soster’”, Serena Marchid®!, Stefania Brung®,
Loretta Gommuaitoni’, Dario Sangfolo'?,
Lorenzo D'ambrosio™?, Stefano Ferrari®, Marco
Alberghini®, Piero Picci®, Massimo Aglietta’s,
Gigvanni Grignani’,

"Division of Medical Oncology, Institute for
Cancer Research and Treatment, Fondazione
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Del Piemonte per ["Oncologia, Candiclo,
Toring, lEaly; *Department of Oncological
Sciences, University of Toring Medical School,
Candiolo, Toring, italy; ‘Laboratory of Tumor
Microenviromment, Institute for Cancer
Research and Treatment, Candiolo, Toring,
Italy; ‘Departement of Infernal Medicine,
Center for Molecular Biotechnology and
Center of Experimental Research and Medical
Sciences, University of Toring Medical Schoaol,
Toring, italy, *Department of Musculoskeletal
Oncology, stituti Ortopedicl Rizzoli, Bologna,
italy.

Background Osteosarcoma (05) is the most
common primary bone tumour in children

and young adult. Despite improved pregnosis
metastatic or relapsing forms still have

a fatal outcome. Extracellular Regulated
Kinase (ERK)1/2 and mammalian Target of
Rapamycin (mTOR) cooperate in conferring
survival advantage to 05 cells, ERK1/2
pathwey communicates with mTOR through

the oncosuppressar Liver Kinase B1 (LKE1) and
the Adenosin monophasphate- activated kinase
[AMPKE). We previously demanstrated that

the mwltikinase inhibitor sorafenib targeting
ERK1/2 pathway showed antitumor activity

in preclinical madels of 0%, Furthermaore, in
metastatic or relapsed 05 patients we obtained
some disease stabilization and tumor shrinkage,
However, these responses were not long lasting
and phenomenon of resistance eccurned,

Aim En this work we aim exploring potential
maolecular mechanisms of escape from
sorafenib treatment and counteracting this
drawback effect. We here show the possibility
to target both ERK1/2 and mTOR with the
combined administration of sorafenib and

the rapamycin analog everolimus in different
prectinical models of 03,

Methods Immunoprecipitation, western

blot analysls, and immunchistochemistry
were conducted to explored biochemical
effect of drug treatment in vitro and in vive,
respectively. Pharmacological combination
effects were tested by Caloubyn safbware
and viability test after 72 hours treatment
with scalar doses of sorafenib (10-0.62

mM), everolimus (100-6.2 nM) and their
combination in ¥ O5 cell lines {MHRG-

HOS, HOS, KHOS/NP, MG63, U-2 OF, SJ5A-1,
SA05-2). Cell cycle, proliferation, and
apoptosts were studied by flow cytometry in
vitro, and with PCHA and TUNEL assay in vivo.
Anglogenests was evaluated with endothelial
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cell branching morphogenesls in matrigel and
with chicken choricallontoic membrane in
vivo. Anti-tumor and anti-metastatic activity
wias bested in MOD/scid mice engrafted with
MNNG-HOS subcutaneously and endovenously
respectively treated with sorafenib (5 mg/
kg/day), everolimus (1 mg/kg/day), and their
combination for 28 days.

Results Two distinct protein complexes involve
mTOR kinase: mTORCT {controlling protein
synthesis through 56 kinase) and mTORC2
jactivated by phosphorylation in mTOR
Serd4B1 and inhibited by phosphonyation in
Rictor Thr 1135). After prolonged sorafenib
treatment (28 days) of MNNG-HOS xenografts,
mTORCT activity was significantly reduced (P-
56 Kinase expression, p<0.05) while mTORCZ
activity was increased (P-mTOR Ser2481,
p=0.05} if compared to vehicle- treated

mice. Combining sorafenib with everolimus
resulted in a complete abrogation of both
mTORC1 and mTORCZ signalling in vitro and
in vivo, thus preventing the drawback effect
of single agent treatment. We demonstrated
that the crosstalk between ERK1/2 and

mTOR imvolving LKBE1 was not interrupted.
Honetheless, combined treatment potentiated
mTORCTinhibition through reactive oxygen
species- mediated AMPE activation and
induced mTORCE complex disassembling.
Functionally, sorafenib/everalimus
combination resulted in (i) synergistic anti-
proliferative and pro-apoptotic effects, (i)
impaired tumor growth, (i) anti-angiogenic
potentiation, (iv) reduced migratory and
metastatic potential.

Conclusions Qur findings provide new insights
inta the netwarking nature of ERK172-mTOR
signal transduction circuits in 05, revealing in
mTORCE activation a passible mechanism of
escape from sorafenib treatment. Everolimus
potentiated preclinical activity of sorafenib
sustaining the feasibility of testing this
combination in clinical setting.

Targeting Insulin Receptor
Substrates For Destruction as a
Therapeutic Modality For Drug-
Resistant Cancers

Hadas Reuveni’, Efrat Flashner®, Lilach
Stefner™, Kirill Makedonski™®, Rendue Song’,
Alexei Shir', Meenhard Herlyn®, Menashe Bar-
Eli* and Alexander Levitzki®
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'NavoTyr Therapewtics Lid., Tel Hai, lsrael;
fUnit of Cellutar Sfgnaling, Department of
Biodogical Chemistry, The Hebrew University
of Jerusalem, Jerusalem, lsrael; "The Wistar
Institute, Molecular and Cellulor Oncogenesis
Program, Philadelphia, PA 19104, *Department
of Cancer Biology, Unit 173 UT M.D. Anderson
Cancer Center, Houston, Texas, LSA,

Insulin receptor substrates IRS1 and IRS2 ane
scaffold proteins mediating mitogenic and
anti-apoptotic signals mainly from IGF1R

and IR, but also from other oncogenes like
v-5rc, The phasphorylation of IRS1/2 on
tyrosinge residues leads to the mobilization
and activation of downstream signalifg
modules. The phosphorylation of IRS1/2 on
seringe residues leads to IRS1/2 degradation
and termination of the signal. IRS1 and IR52
are crucial for cell transformation by other
oncoproteins, and the expression of IRS1 and
IR52 is often increased in human tumors.
IRS1 is a major component in resistance (o
oncologic drugs. This was demonstrated for
mTOR inhibitor drugs and EGFR Inhibitor
drugs. In both cases the drugs inhibited,

as a side effect, the basal infilritory
phosphorylation of IRS1 on serine residues,
This resulted in the stimulation of the IGF1R-
IR51 to PEB/AKL pathway, enhancing survival
of the cancer cells and developing resistance
to the drugs. We have recently shown that
melanoma cells that became resistant to the
lately approved drug PLX4032, an inhibitor
of mutated BRaM™  have significant higher
levels of IRS1 and IRS2 compared to their
parent PLX4032-sensitive melanoma cells. In
addition we show that IR51 and/or 1R52 levels
increase following treatment of the PLX4032-
sensitive melanoma cells with PLE4032.
Correspondingly, the IGF1-induced PKE
activation was higher in cells where IR51/2
levels were enhanced, suggesting IRST and
IRS2 as potential candidates for acquired drug
resistance,

Here we report, for the first time, a novel
proprietary family of low molecular weight
inhibitors with a unigue mechanism. These
inhibitors induce IR51/2 phasphorylation on
serine residues, photolytic degradation of
IRS1/2 and a long lasting anti-tumor effect.
We demonstrate the efficacy of our selected
lead, named NT157, in inhibiting tumor
growth and metastasis of hsman melanoma in
nude mice, and validate its unigue mechanism
of action in wiva by immunahistoechemistry,

Cormespondingly we show that NT157 induces
the depletion of IRS1 and IRSZ In PLXA032-
resistant melanoma cells, and efficiently
blocks the growth of these cells as tumars in
mice. We believe that NT157 is a potential
drug candidate for melanoma patients whao
have developed resistance to BRaf inhibitors.
Furthermare, by down-regulating IRS1 and
IRSZ, HT15¥ may prevent the emergence

of resistance to these drugs. NT157 is an
effective inhibitor of other cancer cell types
in vitro and in vivo, suggesting it may have
broad applicability, probably because of the
role |RS1 and IRS2 play in many tumors.

Can be Circulating Tumor Cells
(CTC) and Disseminated Tumor
Cells (DTC) syncronously detected
in early prostate cancer?

Elisnbetta Rossi§, Alice Zoccolid, Irene
Corradini®, Antonello Facchinetfis, Alberto
Amodorig®, Dariele Santini®, Rita Zamarchi®,
Department of Surgery, Oncology and
Gastroenterology § Oncology and Immenology
Section, University of Padova, Padova, Italy;
YOV-IRCCS, Padowva, Italy;

# Uniwversity Campus Bio-Medico, Rome, ltaly

Backgrownd:

Although more than 90% of prostate cancer is
constdered localized at the time of diagnosis,
there i evidence that prostate cancer cells
disseminate early from the primary tumaor,
Indeed, tumor progression following radical
prostatectomy occurs in 10% to 30% of
patient. Unlike breast cancer, however, in
which prognostic and predictive impact of
tumor cells im peripheral blood (CTC) or bone
marrow (DTC) was largely provided, their role
in early prostate cancer is far from clear,
Study aims:

By an automated platform (Cellbearch)
which has permitted serial testing with

good sensitivity and reproducibility, a strict
correlation was established between CTC
count and prognosis in metastatic breast,
colon-rectal and prostate cancer, Conversely,
whether CTC detection may be used as
surrogate marker in early stage remain to be
determined. Moreover, lacking a reproduecible
methodology to improve their detection rate,
DTC have been difficult to apply in routine
clinical practice.
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Oecurring prostate cancer metastases
predominantly in the bone, we have refined a
sonsitive assay that enriches and identifies DTC
from the bone marrow of men with prostate
cancer. CTC and OTC count will be compared in
carly stage prostate cancer.

Methods and Materials/Patients:

Thee pros and cons of an manual vs. semi=
automated quantitative DTC assay was firstiy
considered, with special attention to feasibility
and reproducibility, false positive results,
biotogical and phenotypical heterogeneity of
OTC,

Adapiing Cellsearch procedure to bone marrow
processing, semi-autpmated quantitative DTC
assay was developed to count absolute number
of BTC in 2 ml bone marrow,

The first clinical objective of the study is to
correfabe CTC and DTC count in early stage
prostate cancer with major prognostic factors
a5 determined at diagnosis before radical
prostatectomy.

CTC and DTC changes will be synchronously
determined under nepadjuvant setting to

best whether their detection could be used

for manitoring treatment efficacy in these
patients,

Results/Conclusions:

The DTC assay was developed in-vitrp using
MCFT cell line spiked into bone marrow samples
and then extended in ex-vivo samples from
healthy donors and cancer patients. Data shows
that DTC can be detected in the great majority
of early prostate cancer, also in CTC-negative
patients, Enrolling started at April-2011.
Accrual s ongoing, Updated data including
evaluations on CTC and DTC will be presented
at the meeting.

The interaction between SPARC
expressing tumor and myeloid cells
determines breast cancer tumor
aggressiveness and resistance to
chemotherapy

Santangelo A, Sangalett] 5., Casalini B,
Tripode C. and MB Colombo
Fondazione IRCCS - Ist. Naz. Tumori,

Milan, ltaly
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Epithelial-mesenchymal transition (EMT)

has been associated with increased drug
resistance, A number of distinct molecylar
processes, intrinsic to the tumar cell, are
engaged in order to initiate an EMT and o
enable its completion, including activation of
transcription factors, expression of specific
cell-surface proteins, In addition to cell-
intringic molecular events, myelobd cedls
present in the tumor stroma can contribute to
EMT. The matricellular protein SPARC (secreted
protein acidic and rich in cysteine) is a master
stromal regulator that is expressed during
tissue repair and remodeling with key roles in
orchestrating fibrotic responses, determining
the composition of the tumor-associated
stroma and somewhat unexpected in regulating
the irmmune response. Extracellular matrix
(ECM) gene expression profile of hurman breast
carcinomas correlates SPARC expression with
prognosis and response to therapy. The aim of
this study was to create an experimental model
suitable to test whether SPARC has a true role
in resistance to therapy related to EMT and
immune suppression. Primary mouse mammary
carcinoma cell line obtained from Sparc ““mice,
SM25, has been transduced to over-express
SPARC (SM255P) and analyzed for EMT features
in vitre and in vivo, Myeloid cells expansion
was evaluated by IHC and Mlow cytometny. WT
and Spare ™ mice have been injected with
SM25 or SM25/EP cells and treated once a week
with 10 me /Kg of DXR for two consecutive
weeks, The efficacy of DXR was evaluated as
percentage of tumor reduction at the end point
{day 40) in comparison to untreated mice.

Wi found a direct correlation between SPARC
expression resistance to DXR treatment and
EMT feature: We have evidence that myeloid
cell recruibment s functional for EMT and that
SPARC determines the phenotype of recruited
rrvedoid cells favoring tumor production of
GM-CSF over G-C5F, The role of myeloid cells
recruibed in a milieu rich in GM-C5F n DXR
resistance and EMT has been proven adding
bisphosphonate to DXR during treatment.
Biphosphonate has been shown by us and other
to inhibit induction and function of myeloid
suppressor cells, Indeed, bisphosphonate
addition reverted EMT, myelold cell phenotype
and rendered SPARC-producing tumors sensitlve
to DXR,
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Call for 2013

Pezcoller Foundation-AACR

International Award
for Cancer Research

Award

The prestigious Pezcoller Foundation-AACR
International Award for Cancer Research was
established in 1997 to annually recognize a
scientist:

who has made & major scientific discovery
in basic cancer research or who has made
significant contributions to translational
cancer research;

who continues to be active in cancer
research and has a record of recent, note-
worthy publications;

whose ongoing wark holds promise for
continued substantive contributions to
progress in the field of cancer.

The Award Is intended to honor an individual
scientist, However, more than one sclentist
may be co-nominated and selected to

share the Award when their investigations
are cloesely redated in subject matter and
have resulted in work that is worthy of the
Award, In the rare event that there are dual
winners of the Award, the cash award will be
shared equally between them, and the AACR
Executive Committee will determine which
of the two co-reciplents will present the
Pezcoller-AACR Award Lecture at the AACR
Annual Meeting.

Candidates for the Award will be considered
by & prestigious international Selection
Committes of renowned cancer leaders
appointed by the President of the AACR and
the Council of the Pezcoller Foundation. The
Committee will consider all nominations as
they have been submitted; the Commitbes
may not combine submitted nominations,
add a new candidate to a submitted
nomination, or otherwise make alterations
to the submitted nominations. After

carefud deliberations by the Committee, its
recommendations will be forwarded to the
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Executive Committee of the AACR and the
Council of the Pezcoller Foundation for final
consideration and determination.

selection of the Award winner will be made on
the basis of the candidate’s scientific accom-
plishments. No regard will be given to race,
gender, nationality, or religious or political
wiew,

The Pezcoller Foundation was established

in 1960 by Professor Alessio Pezcoller,

a dedicated Italian surgeon who made
important contributions to medicine during
his career and who, through his foresight,
vision and generous gift in support of the
formation of the Foundation, stimulated
others to make significant advances in cancer
research. Previously the Pezcoller Foundation,
gave a major biennial award for outstanding
contributions to cancer and cancer-related
biomedical science, in collaboration with the
E30-European School of Oncology.

The American Association for Cancer Research
(AACR) was founded in 1907 by eleven physi-
clans and scientists dedicated to the conguest
of cancer and now has over 33,000 laboratory,
translational, clinical and epidemiclogical sci-
entists engaged in all areas of cancer research
in the United States and in more than 97 other
countries around the world.

The AACR is dedicated to its mission of
preventing and curing cancer through the
communication of important scientific results
in a variety of forums including publications,
meetings and training and educational pra-
grams. Because of the commitment of

the Pezcoller Foundation and the AACR to
schentific excellence in cancer research, these
organizations are now collaborating annually
on the presentation of the Award. This will
strengthen international collaborations and
will be a catalyst for advancements in cancer
research internationally.
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The winner of the Pezcoller Foundation-AACR
International Award for Cancer Research will
give an award lecture during the AACR Annual
Meeting (April 2013}, and the memorial
Horsmaver lecture at the VIMM in Padua and
will recefive the award in a ceremony at the
Foundation™s headguarters in Trento, italy
(May, 2013). The award consists of a prize of
£ 75.000 and a commemarative plague.

Homination Deadline; September 12, 2012
Questions about the nomination process:

Monique P. Eversley, M.5., Senfor Coordinator,
Sclentific Achievement Awards - American
Association for Cancer Research, 17th Floor,
615 Chestnut Street, Philadelphia, PA 19106-
4404 - Tel. +1 (267) 646-0576;

E.mail: eversley@aacr.org - www, aacr.org
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