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Pancreatic ductal adenocarcinoma

* Most common form of pancreatic
cancer

* Fourth most common cause of
cancer deaths worldwide

* Five year survival rate of only 6%

* Recurrent mutations in coding
regions have been well established

David Tuveson



Regulatory Genome

» Signaling molecule (kinase/phosphatase)
* Transcription factor (repressor/activator)
* Chromatin remodeler



Gene-centric

* Mutations in a:
— Signaling molecule (kinase/phosphatase)
— Transcription factor (repressor/activator)
— Chromatin remodeler (PRC2)

Mutation
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Non-coding mutations

 Mutations OUTSIDE of exons:
— Promoter regions
— Enhancers/Insulators (TFBS, DHS)

— Introns




Cis-regulatory regions

ENCODE --- Provides transcription factor binding site (TFBS)
peaks for 121 “transcription factors”
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Not all of these proteins are actually transcription factors
DNA binding proteins
Subunits of a DNA binding protein complex (SUZ12 ~ PRC2)



Key Terms

1) Transcriptionfactors

regulatory proteins (RPs)

) T o inding <

cis-regulatory regions (CRRs)

3) cis-regulatory class is all CRRs that
belong to any given RP.



T |

A B International

‘. Sl Cancer Genome
- Consortium
2=

e

NI L=
ZINS »  *

* *
PACA-AU PACA-CA

308 patients with WGS and clinical data
— Simple somatic mutations (SSMs)
— Matched tumor-normal pairs

96 patients with expression data



GECCO

Gene
Enrichment
Computational
Clustering
Operation

Pout whole genome sequencing data
1) Makched tumor-normal SNV calls
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Are there CRRs with recurrent non-coding mutations in PDAC?

)
Noncoding gene-proximal mutational clusters in PDA
ORI Nearost gene Patiects %) Gene namerolen Yurction shitNA
TCF12 LHa 17 {5.62%) LM homeocbox 8 Yos
JUND LINCO1194 184510%) NG FBetpenC Non-prolein coding RINA NA
E2F4 3uP7 1SS DONe MOPhOgENOSC PDIotew 7 No
SUZe2 LHxs 154 ETS) LIM hormechox 8
WHNIP ouUSI2 15 48T dull speciicely phoaphatase 22 No
EPXO REREF3 14 {4 55%) Arpe g™ 000 dpeptde (RE ) regests pseucogene 3 NA
sSuz2 L8 14 4.55%) LM hormeobox ten facier Yeu (7)
SUze2 PAXNS 14 {4 55%) paired box . homeodoman Yoo
TCF12 DCA 14 (4 .55%) prefnger famiy member 4 NO
HDAC2 FANKY 14 (4.56%) foronectn type 3 and nkyrn A0hat Somars 1 NO
FOXAY REREP) 124.22%) arprine-ghrami aod dpeptide (RE) repeats pseusogone J NA
NFKBY, POUZF2 STESA 134.22%) ST apraN-adetytneuramnos sona-2 Badytransierase 4 NO
SINIA MR2 13 4.22%) MCIoRNAZ NA
SINWA VP 134.22%) VACUOK Mamirang proton 1 No
SUz2 ONRTAZ 13 4.22%) doublesax-and Mab-J-related raracnption facior A2 Yo
SUze2 Qo 12 422%) veriral arteror homecbos 2 Yos
suz2 DC4 134.22%) Bocfoger family member 4
DCLAF DUSP2 12 0. %0%) dua specfcrly prosphatase 22
BCLAF1 MALATY 12 3.80%) Metasians Assoclied Lung Adenccaronoma Transorgt 1 IncRNA)L NA
DCLAFY v 12 D.50%) vacuole mambeany proten 1
COMQ, JUND INFSES 120.%50%) prc-foger b Scior No
COH2, JUND INFT18 12 3.90%) Dno-feger b oo NoO
FOXAY COm1s 12 0.90%) cacherin 15, hype 1, M-cacherin Yos (7)
HDAC2 CO8 12 2. 50%) cadherin 8 ype 2 No

[



NCM overlap with known PDA genes

PDA gene CRE (# patients)

KRAS
TPS53
CDKN2A
SMAD4
ARID1A
MLL3
PIK3CA
MAP2K4
BRAF
ZIM2 JUND (6)
PEG3 TAF1 (6), FOSL2 (5)
NEB .

FLG
TGFBR2
ATM
HMCN1
ACVR1IB
XIRP2

FBXW7
RB1Y
USP47




Do recurrent non-coding mutations affect known PDAC
pathways?

Pathways regulated by NCMs in pancreatic ductal adenocarcinoma

Regulatory process/gene family # genes altered p-value Representative altered genes

Regulation of transcription 135 3.9E-15 ALX4, DMRTAZ2, T, TWIST1, RUNX3, WWTR1

ODOX 45 ; LHXS, : R,
Neuron differentiation/axon guidance 53 1.1E-19 ROBO1, SLIT2, NRXN1, CTNNA2, NCAM2, BONF
Cell adhesion 24 2.8E-4 CDH15, CDH8, CADM1, ITGB2, LAMAS, CNTN4
Wnt signaling pathway 18 4 3E-2 FZD10, FBXW11, NKD1, TCF7L1, EN2

* Three homeobox genes implicated in PDAC
— PAX6
— HOXB2
— HOXB7



Input whole genome sequencing data
G E C C O 1) Matched tumor-nomal SNV calls

2) RNA-seq expression calls

FunSeq2
Pnoritize non-coding requiatory varants

(3)




Are non-coding mutations linked to differential
gene expression?

For each CRR variant

Associate recurrently
mutated CRRs
with flanking genes

1

Use permutation testing

to identify CRRs
affecting expression

l

Generate false discovery
rates




Are non-coding mutations linked to differential
gene expression? Yes

Recurrent mutations correlate with gene expression changes
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GECCO discovered two genes with previously
unidentified clinical relevance in PDA

PTPRN2 EXPRESSION (0S) SLC12AB EXPRESSION (DFS)
P =0.0019 P = 0.0490
11 Median Survival 20.9 Vs 1 Median Survival 13.9 Vs
15.0 months 11.2 months
8l n =265 " n= 246
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CUMULATIVE SURVIVAL

21

(1)

0 10 20 30 40 680 60 0 10 20 30 40 50
At Risk MONTHS At Risk MONTHS
MIGH 177 141 74 40 16 2 0 HIGH 168 97 40 18 1 4

LOW &8 51 19 7 - 2 1 Low 78 39 " 5 1 0



Are there certain regulatory elements that are
driving disease progression?

For each CRR class

Determine mutation
rates for each
regulatory class

1

Normalize mutation

rates for GC content,
size, and abundance

l

Compute expression
modulation scores




Normalized mutation frequency of CRR classes

o3

# mutations / 1kb




Computing “expression modulation” scores

* Some RPs have known expression modulation
— Strong repressors (SUZ12, CTBP2)
— Strong activators (BDP1, BRF1)

1) Mean expression of genes flanking a CRR class (u,)
2) Mean expression of genes NOT flanking a CRR class ()
3) lIgnore genes with 0 expression in > 90% of patients

mean(log(u,/u.)) across all 96 patients
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CRR class mutation rates sorted by activator score
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Surprising relationships

 Mutations in the CRRs of strong repressors lie
proximal to genes involved in known PDA
pathways

 Mutations in the CRRs of strong activators lie
proximal to genes involved in chromatin
regulation.



Conclusion

First collection of NCMs that correlate with changes
of expression in PDA.

NCMs may serve as a hovel mechanism to drive key
PDA tumorigenesis pathways.

Uncover clinical outcome relationships for PTPRN2
and SLC12A8 — never implicated previously in PDA.

There is an enrichment for NCMs in the CRRs of
strong activating/repressing RPs and activator/
repressor specific pathway dynamics.
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