Integrated genomic, epigenomic, and expression
analyses of ovarian cancer cell lines



Ovarian cancer

» Overall survival for late-stage ovarian cancer is poor with few
new options for treatment

» Drug response ex-vivo can be as good or better as a biomarker
than mutation

» We assembled a collection of 45 ovarian cancer cell lines of
mixed subtypes (serous, clear cell, mucinous, endometrioid,
mixed, and undifferentiated)

> We assessed the response of these cell lines to PARP inhibitor
BMN673, PI3K inhibitor GNE-493, and MEK inhibitor MEK162

P In parallel, we characterized genomic, epigenomic, and
expression changes
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Goals

> Identify likely somatic structural variants
» Integrate methylation and expression platforms

» Identify mutations associated with response to drug



Limitations

Match tumor-normal
» ldentification of somatic
mutations
» Identification of clinically
actionable germline
mutations

Tumor-only
» [ikely somatic mutations
» [ikely germline mutations
of uncertain significance



False positives with tumor-only sequencing
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Initial approach

» Prepare and sequence a collection of lymphoblastoid cell lines
at the same time as the ovarian cell lines

» Use available methods to identify structural variants

» Likely somatic: mutations identified only in the tumor cell lines
and in none of the lymphoblastoid cell lines

» Use LOOCV with only the lymphblastoid cell lines to estimate
the number of false positive somatic mutations
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Improving specificity in tumor-only analyses

» Sequence a much larger collection of unmatched normals

» Use existing germline databases (e.g., 1000 Genomes Project,
Database of Genomic Variants)

» Improve filtering of likely spurious alignments

» Restrict inference to mutations more likely to be somatic (large
homozygous deletions, high copy focal amplifications, distant rearrangements)



Criteria

vV v. v Y

Amplifications/deletions must be focal: > 2kb and < 3Mb
Amplifications: > 3-fold modal ploidy
Homozygous deletions

Focal heterozygous deletions: called only if supported by both
read depth and improperly paired reads

Rearrangements: re-align all read pairs and split reads by BLAT

» New sequence junction must be at least 10kb apart in the
reference genome



1kb-bin level counts
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Amplicons can be linked by read pairs
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Simplifies downstream analyses
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Simplifies downstream analyses

CGOV13T  Kuramochi chr8 119,165,001 125,251,001 6,086,001 1.48 SAMD12-AS1, MYC,
COLEC10, KRAS
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Rearrangements and copy number changes for one cell line




Graph structure
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Rearrangements and connected amplicons
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Drivers were more connected and had higher copy number
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False positives
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False positives
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In-frame fusions

» The YAP1-MAML2 fusion has been previously identified in
nasopharyngeal carcinoma

» Same exons but different sequence junction



In-frame fusions

» Nine in-frame fusions involving clinically relevant genes were
identified

» Sequence junctions were intronic

» No recurrent fusions were identified



Validation of fusions
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Goals

» Identify likely somatic structural variants
> Integrate methylation and expression platforms

» Identify mutations associated with response to drug



Integration anchored by DNA analyses

» Processed Infinium MethylationEPIC arrays with minfi

» Focused on genes with recurrent deletions or amplifications to
anchor interpretation of other platforms

> Are there additional ovarian cancer cell lines that we can
identify as under- or over-expressed?



Integration of methylation & expression platforms
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Integration of methylation & expression platforms
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Expression of amplified genes

ASXLL: A_24_P19337 ATM: A_23_P35916

AKT2: A_23_P208870

1.0
05¢
0.0
-05
-1.0
KRAS: A_24_P927287

ERBB2: A_24_P284420 H3F3B: A_24_P91035

1.0

05 .
g -1.0
I
4} PIKA: A 23 P6335  POMI2ILAP: A 24_P204697  RELT:A_23_PAT735
% 1.0
g

05

CCNEL: A_23_P209200 CRKL: A_32_P173122

LZTRL: A_23_P57401 NRAS: A_24_P942151

SLC7A4: A_23_P120794

SERPIND1: A_24_P40306

2 4 816+
SNAP29: A_23_P29141 THAPT7: A_23_P109410
10 R
os{ T T TTT -
0.0
-05
-1.0

2 4 816+ 2 4 816+

copy number

2 4 816+

Pr( 1 | expr, cn, meth)

- 0.00
-« 025

0.50
- 075
- 100



Cancer

subtype Serous. Clear cell Mucinous E Und M Unclassified
Hypermutator/ I I I I
MsI
BO=0O0000 (=] |=] |=] = CDKN2A
e
Cell om= o o = NE1
e
cyce - - conpt
Z ShARke - conon
enans
=] - ERBB2
- FaR
-
TK - - Fgm
-
RS - NAPEPLD - MET
= e
= TR
= IGoFin-poorne
- oo - - moweowmQ0 O-KRAS
= = == = i
om = = ZNES
Ras (=] o o O- MAP2K4.
-] - = NRAS
- - BN
- T o
- [ i
= =
-
PI3K - - om -
- -
-] [=]
-
- T [ —
Chromatin - . -
Regulating
-
o o o o o TGFBR2
TGFBR - - SMAD4
- A%
MMR o o 5 2 oo -4 9 o
o - -}
BRCA - -
0Oooo0o0 OO0 Ooooooooo ooo oo o
Notch
o
Neeo
WNT
Other
;
= BRkison - rexwr
- - - -
Large - - - -
gene H H - H N mwng

Sequence and
structural

[ Homozygous detetion
Hemizygous deletion

[ Ampiication

[ in-rame rearrangement

[ Missense or truncating

Methylation and
expression

0 underexpressea

I vetnyiated and underexpressea
[ overexpressea

O vetyiatea



Goals

» Identify likely somatic structural variants
» Integrate methylation and expression platforms

> Identify mutations associated with response to drug



Drugs evaluated

» PARP inhibitor BMN673: target cancers with defective
DNA-damage repair

» PI3K inhibitor GNE-493
» MEK inhibitor MEK162



Feature selection for drug sensitivity analyses

» Required at least 3 or more cell lines with an alteration (point
mutation, structural variant, expression, or methylation)

» Bayesian model averaging:

log C; = y1Xi1 + ... + VpXip, +€i, Where

C; denotes the log 1Csq for cell line i
x;j an alteration (binary for most variables)

» Regression coefficient for feature j is the product of a binary
indicator and a real number

» Used MCMC to explore model space



Rearrangements associated with increased sensitivity to
PARP inhibition
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Univariate analyses
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MY C amplification associated with increased sensitivity to
PARP inhibition

» We found increased sensitivity of endometrioid and serous
tumors to MYC (chr 8q)

» Amplification of MYCN (chr 2p) has been associated with
increased sensitivity to PARP inhibitors in neuroblastoma

» MYCN amplified neuroblastoma cell lines were more sensitive
to the PARP inhibitor BYK204165

Colicchia et al. 2017 (Oncogene)
Hallett et al., 2016 (Molecular Oncolology)



PARP, PI3K, and MEK inhibitors
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Conclusions and summary

> \We identified likely somatic variants in 45 widely used ovarian
cell lines

» Grouped amplicons simplified downstream analysis and
interpretation of the potential drivers

» Analysis of gene expression and integration of methylation
platforms identified additional samples that would have been
missed in a DNA-only analysis

» Structural variant analyses from whole genome sequencing may
improve measures of homologous recombination defects

> MYC amplification may be useful for identifying patients
responsive to PARP inhibitors

R package trellis: https://github.com/cancer-genomics/trellis


https://github.com/cancer-genomics/trellis
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