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Areas where the Cancer DBP
will interact with the NCIBI

e Bioinformatics related to metabolomics

 Integrative analysis across molecular
alterations

e Bioinformatics related to Next Generation
sequencing



Metabolomic Profiling of Cancer Progression
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Complexity of the -omics

Epigenetics
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Genomic Loss of microRNA-101 Leads to Overexpression of Histone
Methyltransferase EZH2 in Cancer
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The integrative model for translation of
bio-data into novel gene fusions
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Breaking the rules of cancer

IDavid R Shaffer & Pier Paclo Pandolfi

A cancer genetics dogma states that hematologic malignancies arise as a result of defined chromosomal \/j
translocations, whereas mutations underlie epithelial solid tumors. This rule is now broken in an analysis of /[

chromosomal translocations in prostate cancer. .
Unfwersity of Michigan
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BCR-ABL Gene Fusion
In CML (a type of leukemia)
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A Computational Approach Leads to the
Discovery of Gene Fusions in Prostate Cancer
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TMPRSS2-ETS Gene Fusions In
Prostate Cancer
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Confirmation of High Prevalence of
Gene Fusions (40-80%)

Physical Map of the World, June 2003
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Appearance of Gene Fusions in Prostate Cancer Progression

Serninal vesicles

fusion-
negative

® Gene fusions occur in HG-PIN contiguous
or in close proximity to prostate cancer

» Multi-focal nature of prostate cancer

* Clonal nature of gene fusions



ETS Gene Fusion Products Induce Cell
Invasion
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Knockdown of TMPRSS2-ERG gene fusion
Inhibits cell invasion, proliferation
and tumor growth
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Aberrant ERG expression cooperates with loss of PTEN
to promote cancer progression in the prostate

Brett S Carver!?, Jennifer Tran', Anuradha Gopalan’, Zhenbang Chen"*, Safa Shaikh?, Arkaitz Carracedo'?,
Andrea Alimonti'*, Caterina Nardella’*, Shohreh Varmeh!?, Peter T Scardino?, Carlos Cordon-Cardo3,
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A Family of Gene Fusions
Molecular Sub-Types
In Prostate Cancer

Kumar-Sinha et al.
Nature Cancer Reviews
2008
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Molecular Subtypes of Prostate

Cancer

e ~70% of North American prostate cancers
have ETS gene fusions
50-60%  TMPRSS2-ERG

TMPRSS2-ERG with deletion (50-60%)

TMPRSS2-ERG without deletion (40-50%)
About 15 variant fusion transcripts

~5-10% ETVI1Fusions
~1% ETV4 Fusions
~1% ETV5 Fusions

+ ~30% Negative for ETS gene fusions ||

Unfvrersity of Eﬂ@ﬂ]ﬁ@éﬁ
Medical Sahoal



Clinical implications
for prostate cancer
diagnosis?
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Gene fusion urine test
Specimen collection and assay format

Quantitative measurement of TMPRSS2-
ERG mRNA in post-DRE sediments and
whole urine



TMPRSS2:ERG In the urine of men with
prostate cancer
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Prostate cancer therapy: How do
we target the prostate cancer gene
fusions?
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A Molecular Basis for Prostate Cancer
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P Y
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ETS Target Genes

Cell growth
Invasion/Metastasis
Cell Survival
AR= androgen receptor \/j
ARE= androgen response element f B
DHT= dihydrotestosterone -

. .. Unbvessity of Michipan
ETS= ETS family of transcription factors (ERG/ETV1)
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Subversion of Tissue-Specific Promoters/Enhancers
to Cause Cancer
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Identification of the transforming
EML4-ALK fusion gene in non-small-cell
lung cancer
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Conclusions-1

Majority of prostate cancers have a gene fusion/translocation
ETS rearrangements in prostate cancer are the most common
gene fusion in cancer

We propose that gene fusions of prostate-active genomic
regulatory regions to oncogenic factors is the basis for the
development of prostate cancer

Gene fusions may serve as useful biomarkers of prostate
cancer (diagnosis and prognosis)

Gene fusions may represent a rational therapeutic target for
prostate cancer (in vitro and in vivo models of gene fusion)

Family of 5’ fusion partners identified with functionally different
upstream regulatory elements

Suggest that other common solid tumors may be the result of
thus far unidentified recurrent gene fusions (buried in the noise
of non-specific alterations)
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Nextgen Transcriptome
Sequencing to Detect Gene
Fusions In
Cancer
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Massively Parallel, High throughput, Next-Gen segquencing
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Next Generation Sequencing Fusion Pipeline

‘] i Exon-walking (QPCR)
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Fusion-specific PCR
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Next Generation Transcriptome
Sequencing for gene fusion discovery

Circumvents limitations introduced by cytogenetic techniques
Increased sensitivity over microarrays
Unbiased view of expressed portion of the genome

Requires less resources than genomic sequencing, while focusing
on aberrations are primarily expected to have functional
consequences in carcinogenesis

Provides evidence of both partners within fusion event

Gene fusions as a class of mutations have been difficult to study
comprehensively relation to DNA substitution, amplification and
deletion



Chimera discovery pipeline
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Category 1. Category 2: Category 3:
Mapping reads Partially aligned reads Non-mapping reads
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“Re-discovery” of BCR-ABL1

GTTCAA | AAGCCCTTCAGCGGCCAGTAGCATCTGACT
CAGAGTTCAA | AAGCCCTTCAGCGGCCAGTAGCATCT . .
GCAGAGTTCAA | AAGCCCTTCAGCGGCCAGTAGCATC i Transcrlptome SequenCIng
GCAGAGTTCAA | AAGCCCTTCAGCGGCCAGTAGCATC

GATTTAAGCAGAGTTCAA | AAGCCCTTCAGCGGCCAG i

GGATTTAAGCAGAGTTCAA | AAGCCCTTCAGCGGCCA Of Chronlc myelogenous
GGATTTAAGCAGAGTTCAA | AAGCCCTTCAGCGGCCG . .
GGATTTAAGCAGAGTTOAA | AAGCCCTTCAGCGGCCG leukemia cell line (K562)

TGGATTTAAGCAGAGTTCAA AAGCCCTTCAGCGGCC
CTGGATTTAAGCAGAGTTCAA AAGCCCTTCAGCGGC
CTGGATTTAAGCAGAGTTCAA AAGCCCTTCAGCGGC
CACTGGATTTAAGCAGAGTTCAA AAGCCCTTCAGCG
GCCACTGGATTTAAGCAGAGTTCAA | AAGCCCTTCAG “11:
CAGCCACTOOATTTAAGCAGAGTTCAA | AAGCOCTTC e ~70 million 36-mer
CAGCCACTGGATTTAAGCAGAGTTCAA | AAGCCCTTC d
CTCAGCCACTGGATTTAAGCAGAGTTCAA | AAGCCCT
CTCAGCCACTGGATTTAAGCAGAGTTCAA | AAGCCCT Sequence rea S
CTCAGCCACTGGATTTAAGCAGAGTTCAA | AAGCCCT
ACTCAGCCACTGGATTTAAGCAGAGTTCAA | AAGCCC

Genbank accession:
M30829 \

e 19 chimeras spanning

BCR-ABL1 fusion
U — oLt boundary

36.3 MB BCR 37.7 MB 36.3 MB 37.7 MB

Chromosome 22 Chromosome9



“Re-discovery”

GCGGGGAGCGCCGCCTEGAGCGCGGCAGG
GTGGGEGAGCGCCGCCTGEAGCGCEGLAGT
GCGGGGAGCGLCGCCTGGAGCGCGGLAGG
GGGGEAGCGCCGCCTEGGAGCGCGGCAGE
AGCGCCGCCTGGAGCGCGGCAGG
AGCGCCGCCTGGAGCGCGGCAGG
GCGCCGCCTGGAGCGCGGCAGS
GCGCCGCCTGGAGCGCGGLAGT
CGCCGLCTGGAGCGLGGCAGE
GCCGCCTGGAGCGCGGLAGE
GCCGCCTGGAGCGCGGLAGE
GCCGCCTGGAGCGCGGLAGG
GCOGCCTGGAGCGCGGLAGE
GCCTGGAGCGCGGCAGG
GCCTGGAGCGCGGECAGE
CTGGAGCGCGGCAGG

GGAGCGCGGCAGG

GGAGCGCGGCAGG

GAGCGLCGGCAGG

GAGCGCGGCAGG

AGCGCGGCAGG

ARGCCTT

AAGCCTT

AAGCCTT Short read
AAGCCTTAT

AAGCCTTATCAGT
AAGCCTTATCAGT
ABGCCTTATCAGTT
AAGCCTTATCAGTT
AAGCCTTATCAGTTT
AAGCCTTATCAGTTGT
AAGCCTTATCAGTTGT
AAGCCTTATCCGTTGT
AAGCCTTATCCGTTGT
AAGCCTTATCAGTTGTGAG
AAGCCTTATCAGTTGTGAG
AAGCCTTATCAGTTGTGAGTG
AAGCCTTATCAGTTGTGAGTGAG
AAGCCTTATCAGTTATGAGTGAG
AAGCCTTATCAGTTGTGAGTGAGG
AAGCCTTATCAGTTTITGAGTGAGG
AAGCCTTATCAGTTGTGAGTGAGGA

] Long Read

Chr 21

(G 4

ERG

1
TMPRSS2

of TMPRSS2-ERG

TMPRSS2-ERG

VCaP LNCaP RWPE PREC VCaP Met2

~76 million 36-mer sequence reads from 8 lanes

21 chimeras spanning TMPRSS2-ERG fusion boundary in VCaP cells

Met



Supplementary Table 7. Overall summary of validated chimeras.

In-frame chimeras are denoted with an asterik.

Chimera Chimera Class Location 5 Gene Location 3 Gene Validated in Validated by
L - o ad ~ . . T ABL1, c-zbl oncogene 1, receptor o -
BCR-ABLT Class |: Translocation 2291123 BCR, breakooint cluster region Gald. R k562 Short read, gRT-PCR
tyrosing kinase
MAPS10-HPR Class | Translocation Bpd1.1 MRPS10, n:;zf;i",f;gl rbosoma 165221 HPR, :1 aptoglobin-related protein LNCaP Long read, Short read, gRT-PCR, FISH
, Clazz II: Intar- 14413.3- S oy DGKB, diacylghyceral kinaze, beta
MIPOL1- 20L1, mirror- ydzctyly _ ' caP Long read, Short read, gRT-PCR. FIS
MIPOLT-DGKB chrompsomal complex 4211 MIPOL1, mirror-image polydactyly 1 Tpd12 940K LNCa ong read, Short read, gRT-PCR. FISH
Clazz II: titial o PRSSZ, tr ane pr - G, v fosis | 26 WCaP, VCaP-
TMPRSS2-ERG Clazz lll: Ir_llers.l.l | 20223 TMPRS52 taﬂsmemnr ne protease, 919223 ERG, v-etz eryihroblas n@ 3 ?rrufs E26 WCaP, VCaP Long read, Short read, oRT-PCR, FISH
Deletion sering 2 oncogens homaolog (avisn) Met
Clazz I fitial . L - . - Fi 7 fi , C-t WCaP, VCaP- o
USPI0-ZDHHCT Class I |r.11.ErS.I.I ! 18241  USP10, ubiguitin specific peptidase 10 16624.1 DHHC/, zinc nger PH—i ype VCaP, VCaP Long read, Short read, gRT-PCR, aCGH
Deletion containing | Met
Class IV: Intra- . £ strating ca indli : )
STRN4-GPSNZ* lass IV: Intra 99132 STRNS, stratin, calmodulin binding 1991312 G3P3M2, glycoprotein, synaptic 2 Met-2 Short read, gRT-PCR.
chromozomal complex protein 4
Clazz IV Intra- 35 for- fei 1] CaP-
LMAN2-AP3S1 Class IV: Intra 50353 LMANZ lectin, mannoss-binding 2 5q2p  AP3S1, adaptorelated protein complex VCaP, VCaP Short read, qRT-PCR
chromozomal complex 3, sigma Met
HJURP-EIF4ED" Class IV: Intra- 2437.1 HJURF, HD"IdE.jI’_uI".E[IG'] recognition 2637 1 EIF-'-i:?, eukaryc:tc?rar‘slat on inbation  VCaP, WCaP- Long read, Short read, RT-PCR, FISH
chromozomal complex protein factor 4 family member 2 Met
Clasz II: - i P4A | inosi ate-4- R JURP iday junction r it VCaP, WCaP- -
INFP4A-HIURE" lazz Il Intra 24112 [MPP4A, inositol palyphosphate-4 9637, HJUR! _H:Jlldayjun.ctan ecogniion  VCaP, VCaP Long read, Short read, aRT-PCR. FISH
chromozomal complex phosphatase, type | protein Met
RC3H2-RGS3 Class IV: Intra- Gg3¢  RCIZringfirgerand CCCHYpe e g oy pacy o oiiee of Gearotein signaling 3 V02 - VCaP- Short read, gRT-PCR
chromozomal complex finger domains 2 Met
ZNFE49-ZNF5TT Class V- Readthrough  18913.33 ZNFE4S. zine finger protein 649 %g13.33 ZNFSTT, zinc finger protein 577 'JCEF;.;:;”EP- Long read, Short read, gRT-PCR
) Xp22 1- MBTPS2, membrane-bound . L VCaP, LMCaP _
ETEE Y Plaas - . . ey . ; , , - y
MEBTPS2-YY2 Class V- Read-through 0222 transcription factor peptidase. site 2 Xp22 2-p22.1 2, Y2 transcription factor VCaP-Met Long read, Short read, gRT-FCR
o0 -
CI90RF25-APCZ  Class V- Read-through 190133 C130RF25, gkral"noson"e 13 open 19p13.3 APCZ, adenomatosis polyposis coli 2 LNCaF Long read, Short read, gRT-FCR
reading frame 25
WORS5-DNDT Class V- Read-through Bgd13 WORSS, WD repeat domain 55 5q313 DM, dead end homolog 1 (zebrafish) RWPE Long read, Short read, gRT-PCR
SLCd 5 a amity 45 - _ .
SLC45A3-ELK4" Class V- Read-through 1932.1 SLGAA3, Solute carrer famiy 4 1q32.1 ELK4, ETS domain-coniaining pratein Met-4 Short read, gRT-PCR

member 3




Read-through

The product of co-transcription of adjacent genes coupled with intergenic
splicing (CoTIS)

Inter-chromosomal chimeras Intra-chromosomal chimeras

Chimera between distant genes Chimera between neighboring genes
®
— Gene x Geney = Genez — Gene x Geney Gene z
Gene fusion candidate Gene fusion candidate Read-through candidate
Gene fusions

VCaP 1
LNCaP 3
RWPE 1




Read-through Chimeric transcripts

ACTGAAAATGTCTTGTTCCTATAGGCCAGAAC |ACTC
ACTGAAAATGTCTTGTTCCTATAGGCCAGAAC |ACTC
CTGAAAATGTCTTGTTCCTATAGGCCAGAAC |ACTCA
GAAAATGTCTTGTTCCTATAGGCCAGAAC | ACTCATC
GAAAATGTCTTGTTCCTATAGGCCAGAAC | ACTCATC
GAAAATGTCTTGTTCCTATAGGCCAGAAC | ACTCATC
GAAAATGTCTTGTTCCTATAGGCCAGAAC | ACTCATC
AAATGTCTTGTTCCTATAGGCCAGAAC | ACTCATCAC
AAATGTCTTGTTCCTATAGGCCAGAAC | ACTCATCAC
TGTCTTGTTCCTATAGGCCAGAAC |ACTCATCACAGC
TGTCTTGTTCCTATAGGCCAGAAC |ACTCATCACAGC
TGTCTTGTTCCTATAGGCCAGAAC |ACTCATCACAGC
GTCTTGTTCCTATAGGCCAGAAC |[ACTCATCACAGCC
GTCTTGTTCCTATAGGCCAGAAC |ACTCATCACAGCC

Short read

VCaP

Long read

5 e

ZNF649

ZNF577

ACTGCACTCCAGC | CTTCCGGG GCCAGGATGGT GAAC

ACTGCCCTC CAGC | CTTC CGGG GCCAGGATGGTGAAC Short read

LNCaP

Long read

APC2 C19orf5
ATTGAATCTTGAGACGGGTCCTCACCAG| GGTGCCTE
CTTGAGAC GGGTCCTCACCAG | GETGCCTGTGGAGAA
GACGGOTCCTCACCAG | GETGCCTETGGAGAAAGAAT
GACGGGTCCTCACCAG | GETGCCTGTGGAGAAAGAAT Shortread

GGTCCTCACCAG| GETGCCTOTG GAGAALGAATEGAG
GGTCCTCACCAG| GGTGCCTGTGGAGAAAGAATGEGAG
GETGCCTETG GAGAAAGAATEGAGTCACTG

Long read

RWPE

Chromosome 5

WDRS55

DND1

ZNFB649:ZNF577/GAPDH
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SLCA45A3-ELK4: a Novel, Recurrent, Prostate Specific,
Androgen sensitive Chimera

solute carrier family 45, member 3 = ELK4, ETS-domain protein
(Prostate cancer associated protein, Prostein) *® (SRF accessory protein 1)
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SLC45A3-ELKS

a Copy number state Status

LNCaP

Met-33-28

Lack of microdeletions
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Chimera classification system

Alternative Splicing Class I: Inter-Chromosomal Translocation

Class II: Inter-Chromosomal Complex Rearrangements

Class IV: Intra-Chromosomal Complex Rearrangements Class V: Read-throughs

Gene A Gene B Gene C




Paired-end transcriptome strategy for
chimera discovery
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Comprehensiveness of paired-end sequencing

VCaP LNCaP

Paired End Paired End

SPOCK1-TBC1D9E  TiAT-DIRC2
ZOHHCTV-ABCES PIK3CZA-TEADA

DLEU2-PSPCH RERE-FIK3CD

Integrative Approach
MIPOL1-DGKE
MRFP510-HPR
C190m25-APC2
S1C45A3-EL K4

Integrative Approach
TMPRSS2-ERG

INPP4A-HJURP
USP10-ZDHHCT

HJURP-EIF4EZ
RC3HZ2-RGS33
ZNFOTT-ZNFE49
LMANZ-AP3E]

gene fusion

Mate pairs per million supporting




Broadly Expressed Vs. Restricted

Chimeras
i

30

=

VCaP HBR UHR K562

SUPT7L-S5LC4A1AP
KLC3-ERCC2
C14orf21-CIDEE
CARM1-YIPF2
ZNF511-TUBGCP2
ANKRD39-ANKRD23
THOC6-HCFC1R1
C140rf124-KIAA0323
GMNB1L-C220rf29
MGC11102-BANF
NDUFB8-SEC31L2
HLA-C-HLA-B
PMF1-BGLAP

TMPRS52-ERG
BCAS3-BCAS4
BCR-ABL1
GASE-RASA3
USP10-ZDHHC?
ZDHHC7-ABCES
ARFGEF-5ULF2
AP3D1-J5RP1
NUP214-XKR3
RMNF123-GMPPE
CALR-5RREM2
INPP5SA-NEX6-2
MAGEC2-MAGECT
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Additional Classes of Chimeras
Easily Observed Using Paired-End
Sequencing

Read-through event ) _
Overlapping transcripts
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Conclusions-2

“Re-discovered” recurrent gene fusions using both a hematological (BCR-
ABL) and solid tumor (TMPRSS2-ERG) model

Nominated, and experimentally validated, > 50 novel chimeras in cancer
cell lines and tumors

Demonstrated cell line can harbor multiple gene fusions many of which are
likely to be “private” non-specific fusions

|dentified SLC45A3-ELK4 as a recurrent prostate cancer mRNA chimera
not attributable to a DNA aberration

Established chimera classification system for future categorization of this
Important class of cancer-related mutations

Paired-end sequencing offers greater dynamic range and comprehensive
assessment of chimeric mRNAs in a sample

Developed a robust pipeline for chimeras discovery using high throughput
sequencing that could reveal ideal therapeutic targets in common epithelial
tumors
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Metabolomic Profiling of Cancer Progression
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Gleevec (A drug that can block the
BCR-ABL gene fusion)

Gleevec Is a drug that targets the BCR-
ABL gene fusion (>10 yrs to develop drug)

Gleevec induced dramatic responses In
patients with CML, including complete
remission

Gleevec Is now a first line treatment of
CML

Prototype of rationally designed cancer
therapeutics -
vl

e
Unfwerslty of Michigan
Medical Sahoal



Next-gen Transcriptome Sequencing

1. mRNA Purification T tvia 2. mRNA Fragmentation
: : B
3. cDNA Sequencing Library %
Dgr:anleStrnd
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&
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Hﬁ i / ;
amers  ONtO Solexa Flowecell

4. Transcriptome Sequence

lllumina sequence summary statistics

Sample Kh62 VCaF LNCaF RWFE VCaP-Met Met 3 Met 4
Tatal reads (millions) 66.9 76.4 57.3 71.9 14 35 9.24
Pass filter {millions)* 383 5725%| 403 5275%| 353 6B161%| 448 6231%| 96 6357%| 164 4686%| 551  5064%
MNon-mapping reads (millions )™ 208  543% | 1269 3149%| 159 450% | 177 395% | 04 447% | 11 671% | 031 563%
Redundantly mapping reads (millions )™ 142 371% [ 1.08  263% | 123 3458% | 174 388% | 071 740% | 132 B0%% | 045 817%
Best hit uniquely maps (millions)*™ 19.86 51.85%| 1548 38.41% | 1834 54.79%| 2613 5833%| 736 TEET%| 12859 To7Me| 43  73.04%
Mitochondrial reads (millions)* 189 493% | 172 427% | 319 004% | 28 625% | 081 B844% | 081 4%4% | 037 672%
Ribosomal reads (millions ™ 1309 3418% | 935 2320%| 10 2833% | 1234 27r54%| 031 323% | 062 378% | 0.09 164%

* Percentages relative to total reads
** Percentages relative fo reads passing filter




Breakdown of Paired End Mappings

e ~20 & 17 million K562 and VCaP Paired End Classifications

3% 1%

VCaP PE reads, 19%
respectively

* Majority map to same
transcript

T0%

K562 Paired End Classifications

4% 0%
11%

* Higher percentage of non-
mapping in VCaP likely to
due viral sequences

e ~1% of each cell line are
categorized as chimera @ Same gene

7 B Candidate chimeras
CandldateS O Single Mapping
B Non-mapping
B Mitochondrial
E Quality Control (QC)
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