Genomic analysis of head and neck
and breast cancers for targeted
therapy

Orsolya Csuka
Department of Pathogenetic

National Institute of Oncology
Budapest 2011 March

ﬂOFLUS

norwegian financial mechanis g ra I | S #




DNA DNA
abnormatilities
Gene
polymorphism

Gene
expression
profile

abnormatilities
Mutations
Copy number
variation

Molecular

Preblastoma- High risk group subtyping of cc

tosis .
New Mutations Mutations
Amplification
LOH

New targets

Targeted
Cancer sporadic . therapy

Cancer genetic

Hereditary




. CGH array ™ DNA copy number variation

l

DNA array === Gene expression profile

!

. Methylation array=== Gene silencing by methylation

DNA sequencing === Mutation analysis of genes
Based on CGH, DNA array 1

Pathway arrays ™ Changes in signalization of cell
growth, Apoptosis metastasis, hypoxia etc.




Chromosome aberration in HNSCC by CGH

Aberration Summary for Chromosome 5
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g33.1 SYNPO

g33.1 TCOF1

gq33.1 TIGD6

q33.1 TNIPL

g33.1 ZNF300

g33.3 CLINT1

ref|[Homo sapiens synaptopodin (SYNPO), transcript variant 2, mRNA.
ref|[Homo sapiens Treacher Collins-Franceschetti syndrome 1 (TCOFL1),
transcript variant 3, mRNA.

ref|[Homo sapiens tigger transposable element derived 6 (TIGD6), mRNA.

ref|[Homo sapiens TNFAIP3 interacting protein 1 (TNIP1), mRNA.

ref|[Homo sapiens zinc finger protein 300 (ZNF300), mRNA.

ref|[Homo sapiens clathrin interactor 1 (CLINT1), mRNA.
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Chromosomal inbalance in HNSCC by CGH array
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Head and
neck cancers

Breast cancers

1. P53 wt, P53 mut 1. Triple negative

2. Various anatomical 2. Her2 positive
localization: oral cavity,
larynx, pharynx



Amplificated genes in chr22q of p53 mutant HNSCC tumors
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Amplificated genes: PLXNB2, SELO, PANX2, ZBED4,TTLL8, TRABD, SAPG2

PPARA, ATXN10
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Amplificated genes in chr11q13.2-3 of head and neck tumors

q13.2-q13.3

g13.2

q13.2-q13.3

ql3.2

ql3.2-913.3
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TPCN2, MYEOV, CCND1, ORAQOV1, FGF19, FGF4,

TPCN2

MYEOV, CCND1, ORAOQOV1, FGF19, FGF4, FGF3

CCND1, ORAOV1, FGF19

@ |

FGF3, ANO1, FADD, PPFIA1, CTTN



Amplifications of chr7q21 in p53 mutant head and neck tumors

p53 wt p53 mut
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Amplificated genes: ABCB1, ABCB4, ADAM22, CROT, DMTF1, DBF4
TP53TG1, GRM3,RUNDC3B
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CGH array of HNSCC

Amplificated chromosomal regions

3922,(7p,)14q12, 20 q, 1321, (11q13]

Deleted chromosomal regions

3p21, 9p21, 9p13, 18 q12, 1821




Genom wide detection of deleted and
amplificated chromosome regions

Identification of amplicated and/or
deleted genes

Integration of gene expression profile
and copy number variations



Development of head and neck cancers

Normal mucosa

9p21 LOH_

D16 inastivationy
Hyperp Ia3|a

3p21, 17p13 LOH
Dyspla5|a
11q13 13921, 14q LOH
Carcinoma In sSitu
6p, 8p, 49, 10g LOH
Carcrnoma PTEN inactivation
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Triple negative HER2 positive
subgroup subgroup




Amplifications of 8g22-24 in Triple — breast cancer
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Amplificated genes: Cyclin E2, EIF3H, EIF3E, TRPS1, RAD21, SDC2, POP1, MRPL13
ENPP2, MTSS1, MYC, ASAP1, ST3GAL1, MED30, CSMD3




Gene amplifications in 17q chromosome of Triple - és HER2+ breast cancers

HER2 gene expression




Deletion of 10923.31 (PTEN) in Triple - breast cancer
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Deletion of 17g21.31 (BRCA1) in HER2+ breast cancer
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Integration of CGH and expression analysis of MMP9 (chr20q13.12)
in Triple — breast cancer

GE pathway analy5|s




CGH analysis of breast cancer

Amplificated chromosomal regions

13q34, 11q13, 1p12, 4q22, 5p12,(20q ]
7p15.2, 8p23.3, 9p24, 10p13, 11p13, 17¢

Deleted chromosomal regions
1q, 11922, 12921, 3p24.1, 22913.2, 17p, 22q




Identification of BRCA1 negative subgroup
in HER2 positive breast cancer

Determination of amplified chromosome
regions in Triple negative breast cancer
New therapeutic targets

Identification of amplified metalloprotease
signalization in Triple negative Breast cancer
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Hypermethylated genes specific for

head and neck cancer

Function

ADAM23 Cell adhesion, migration
APC Cell adhesion

CCNALl Cell cycle

CCND2 Cell cycle

CDH1 Cell adhesion, invasion
CDH13 Cell adhesion, invasion
CST6 Protease inhibitor, invasion
CXCL12 Activation of lymphocytes
DAPK Apoptosis

MGMT DNA-repair

TNFRSF10D Apoptosis




Hypermethylation of various genes in
head and neck cancer




Hypermethylated genes specific for different breast
cancer subtypes by methylation array

Function

Luminal A
ADAM23 Cell adhesion, migration
CCND2 Cell cycle
TNFRSF10D Apoptosis
HER2+
CCNALl Cell cycle
CDH1 Cell adhesion, invasion
CDH13 Cell adhesion, invasion
CST6 Protease inhibitor, invasion
Basal
BRCA1l Cell cycle, DNA repair,

apoptosis
CCND2 Cell cycle




Methylation pattern of breast cancer
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Significance of epigenetic signature

Early Epigenom Molecular
detection of cancer staging

Prognosis
monitoring of
chemosensitivity




Cell prollferatlon

Strategy of
targeted
therapy

.

Unlimited cell proliferation

angiogenesis
SR \ Biological
Evasion

features of
L& of apoptosis
malignant tumor

Invasion and
metastasis

Tissue invasion and metastasis



Development of targeted therapy

Identification of gene mutations and
genetic variants of cancer

Genetic pathway of various cancer
Genomic signature of cancers
Epigenetic signature of cancers

Characterization of cancer type specific
signaling pathways

Identification of therapeutic targets
Development of targeting therapy



Head and
neck cancer

Breast cancer

TK expression in various TK expression in luminal,
anatomical localizations HER2+, triple- breast cancer






Cluster analysis of TK
Expression in HCNN by
DNA chip

Oral cavity:

ERBB2, EPHAL, EPHAZ,
ROR1, ROR2, NTRKS,
AATYK2, FGFR4
Pharynx: ERBB2
Larynx: ROR1, ROR2,
EPHAL, EPHA2




Tyrosine kinase pattern of breast cancer oligo DNS chip
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New tyrosine kinases for targeted therapy

1. Breast cancer: Triple-
HER2+:
HER2-:

2. Head and neck cancer:
Oral cavity:

Larynx:
Pharynx:
3. Colorectal cancer: Proximal

Distal colon:



Molecular targets of HNSCC

Cetuximab Trastuzumab Bevacizumab

Erlotinib—— Lapatinib ini Sunitinib
Dasatinib ISoraﬁnibl

(Tsc2
Lﬁ"eﬂﬂl&_,—% TsC1D

@@ BAY-93-4006
MDM ‘ Everolimus /Temsirolimus
PD1843521 ,
b AZD6244

Bortezomib

UCN-01/ BMS-387082 ——{ Cyclin dependent kinases
Vorinostat | MS-275 —— Histone deacetylases




—

e ~'TKinhibitor;"‘
Erlotinibjggd . of HNSCC _ -

-

I




EGFR G-216T polymorphism

Normal (GG)

Heterozygous
Mutant (TT) (GT)
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Distribution of EGFR G-216T genotypes

Normal Mutant
Ly
40%- Erbitux
45,60%0 resistance

30%-
e y <
10%- 14.40%

0%

EGFR genotype



. CGH analysis (40 samples)
. Tyrosine kinase expression by DNA array

. Methylation pattern

. Therapeutic sensitivity of HNSCC
Cetuximab sensitivity, antiangiogenetic
Drug sensitivity, cytotoxic drug sensitivity



Resistance to TK inhibitors

=

Mutation of targets -
» cKIT, PI3K, EGFR

>

Activation of alternative signaling pathway -
» Ras, Raf, PI3K, Akt, mTOR

&

Crosstalk of receptors -
» EGFR, HER2, Erb3

>

Inactivation of growth inhibitors PTEN -
» PTEN, LOH, Mutation, Hypermethylation



Resistance mechanisms originating from parallel growth

factor receptors
EGFR EGFR

ErbB2
LlEroB3

)

VEGFR IGF-IR c-MET

Raf

o STAT
P MEK STATN

Cell cycle progression

mTOR

' v
ggﬁpr;?;’:tﬁ:mnce Erk Angiogenesis
Invasion - Apoplotic resistance
Celi survival

Proliferation



Resistance mechanisms originating from EGFR downstream effectors

6 EGFR/EGFR EGFR/ErbB3 tﬁ

Src

STAT5b

STAT3

\/

CDKN1B I-
Myc
VEGF f—
BCL-X. -




Genomic feature of triple negative
breast cancer

Triple negative HER2 positive

BRCA1

LOH pik3ca

PTEN
mut

PTEN LOH
PIK3CA mut
mut




ystems Biological approaches for targeted

cancer therapy

Network and functional analysis

Targeting signal transduction pathways
Targeting angiogenesis

Targeting anti-apoptotic proteins
Targeting metastasis cascade

Targeting cancer stem cells

Targeting epigenetic changes



PCR array of cancer

Angiogenesis Cell Cycle Lung Cancer

Apoptosis Cell Motility Melanoma

Brain Cancer Colon Cancer MTOR Signaling

Breast Cancer DNA Damage Prostate Cancer
Signaling Pathway

Cancer DNA Repair Serum

Cancer Drug Targets Epithelial to Telomeres &
Mesenchymal Telomerase
Transition (EMT)

Cancer miRNA Genes Leukemia & Tumor Metastasis
Lymphoma

Cancer Liver Cancer Tumor Suppressor
PathwayvFinder Genes



javascript:ToggleTable("1")
javascript:ToggleTable("9")
javascript:ToggleTable("9")
javascript:ToggleTable("9")
javascript:ToggleTable("17")
javascript:ToggleTable("17")
javascript:ToggleTable("17")
javascript:ToggleTable("2")
javascript:ToggleTable("10")
javascript:ToggleTable("10")
javascript:ToggleTable("10")
javascript:ToggleTable("18")
javascript:ToggleTable("3")
javascript:ToggleTable("3")
javascript:ToggleTable("3")
javascript:ToggleTable("11")
javascript:ToggleTable("11")
javascript:ToggleTable("19")
javascript:ToggleTable("19")
javascript:ToggleTable("19")
javascript:ToggleTable("4")
javascript:ToggleTable("4")
javascript:ToggleTable("4")
javascript:ToggleTable("12")
javascript:ToggleTable("12")
javascript:ToggleTable("12")
javascript:ToggleTable("12")
javascript:ToggleTable("12")
javascript:ToggleTable("12")
javascript:ToggleTable("20")
javascript:ToggleTable("20")
javascript:ToggleTable("20")
javascript:ToggleTable("5")
javascript:ToggleTable("13")
javascript:ToggleTable("13")
javascript:ToggleTable("21")
javascript:ToggleTable("6")
javascript:ToggleTable("6")
javascript:ToggleTable("6")
javascript:ToggleTable("6")
javascript:ToggleTable("6")
javascript:ToggleTable("14")
javascript:ToggleTable("14")
javascript:ToggleTable("14")
javascript:ToggleTable("14")
javascript:ToggleTable("22")
javascript:ToggleTable("22")
javascript:ToggleTable("22")
javascript:ToggleTable("22")
javascript:ToggleTable("7")
javascript:ToggleTable("7")
javascript:ToggleTable("7")
javascript:ToggleTable("7")
javascript:ToggleTable("7")
javascript:ToggleTable("15")
javascript:ToggleTable("15")
javascript:ToggleTable("15")
javascript:ToggleTable("15")
javascript:ToggleTable("23")
javascript:ToggleTable("23")
javascript:ToggleTable("8")
javascript:ToggleTable("8")
javascript:ToggleTable("8")
javascript:ToggleTable("16")
javascript:ToggleTable("16")
javascript:ToggleTable("16")
javascript:ToggleTable("24")
javascript:ToggleTable("24")
javascript:ToggleTable("24")
javascript:ToggleTable("24")

Cellular Apoptosis Pathway
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aling pathways in colorectal cancer
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Hypoxia-Inducible Factor pathway
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Over expression of genes in HIFa pathway
HNSCC

O Control sample

m Cancer sample

BIRCS5 MYBL2




Evolution of Cancer Research Strategy

Hypothesis Data driven

Driven Research
research

One gene High throughput GWAS, CNV

One function Omics’s techniques Networking of
N\ L EWHE Biological
Gene expression function
Signature

Bioinformatics

Functional genomics




Systems Biological approaches for personalized
cancer therapy

1. Genome wide associations Studies
(GWAS)

DNA copy number aberration (CNA)

Epigenetic profiling
Gene expression profiling

S

Network and functional analysis



Genetic markers of tumor progression

Molecular subtyping of tumors

Identification of new therapeutic target

Determination of resistance factors

Development of individualized
therapeutic protocols



