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Data Overview

Pediatric Acute Myeloid Leukemia junctions

CNVs > 10Kbp
O 197 whole genome sequences (matched Dx & remission)

Indels ~1—-10 bp
L RNA-seq for 158 samples (500 more processed) SNVs
O miRNA-seq for 637 samples
O 142 Infinium 450K methylation arrays (~600 more to come)

O > 50 clinical data elements (incl. cytogenetics) per sample

O Targeted sequencing of ~400 genes in

= 143 of the 197 whole-genome-sequenced samples

= ~ 650 additional ‘frequency validation’ samples

Plans/hopes for ‘full coverage’ of a total of ~2000 samples.



CompleteGenomics whole genome sequencing: 31- to 35-base mate-paired reads up to 700bp apart

A Library DNB
prep (B) formation (C)
DNA Nanoarray
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Strip anchor-
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Probe-anchor ligation
at one of 70 positions (D)

Imaging

Base-calling, mapping
and variant detection

Reading bases 1-5, e.g. position 5:

Probe Standard anchor
.
PNNNNCNNNNACTGCTGACGTACTG
.......... GCTAATCTGGGATACTGACGACTGCATGACGC
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binding site

Genomic sequence: .54321
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Common Probes Reading bases 6-10, e.g. position 10:

(5th base set shown):

54321 Probe Degenerate anchor Standard anchor
#NNNNANNNN | | l
l PNNNNCNNNN ' #NNNNANNNNNNNNNACTGCTGACGTAC
*N NNNGNNNN 7 e G?TAATCTGGGATACTGACGACTGCAtTGACGC
#*
NNNNTNNNN Genomic sequence: ..10987654321 DNB adaptor/anchor
binding site
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miRNA-seq (n=637)

Emilia Lim

RNA-seq(n=158)

Sil. Width

N

AT LTI T RO | A AT TR S i W ety sty R
- . e RPS 1020 1
RN 5 00 S S Race . . .. ribosomal genes
i1 18/10 I 11 | Chloroma 8 o
16 ORI 0 6 | AR 110 FAB N sl
[ - T VTR (6,9) 2 L
AT, | | 11 t(8.21) 8 i
1(3,5)(q25,934) u%
1 IO T A T | 1(6,11)(927.923) E:
: : : ' {E?g};‘%ﬁqgc‘gm z inhibition of apoptosis

t(11,19)(q23,p13.1)
inv(16)
del5q
del7q
del9q
monosomy5s
monosomy7
1 Il w1 I trisomy8
i ] trisomy21
o T T WTTTT W 11 | II' MLL Rearrangements
TN | Minus Y
. h Minus X
[T T TR ] FLT3-ITD
FLT3 Mutation
N0 NPM1 Mutation
i I i CEBPA Mutation
b WT1 Mutation
i i Il cKit Mutation
cKit Exon Mutation
il 1IEI \ L IANTIONTTA Y I MRD - end of course 1
i I | MRD - end of course 2
_-g--l-=- Y | I N Risk Group EIENN SR
I N CR - end of course 1 a1 ¥ BRI 3o hemoglobin
DA 0 N S A e 0 Y MO Ml C R - endd of course 2 = -

I
|
@

l | 0T WO

immune response

RNA processing

001128148



cluster1

cluster2

cluster3

Unsupervised clustering of DNA methylation probes (n=142)

(Tim Triche Jr and Jason Farrar)

Normal blood cells

Methylation Source
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Frequency

Example variant filtering steps - CNVs

80

60

40

20

not confirmed

confirmed on 2 platforms

Removed avgNormalizedCvg < 20

Removed standard deviation of LAF > 0.22

Removed ploidyScore < 30

Checked no chrM == OK

Removed CNVs in centromeric/telomeric regions
Removed 6 CNV regions < 10Kbp

Per patient, merged CNV regions within 10Kbp distance
Marked chr-arm level CNVs (footprint > 50%)

Added-in chr CNV data from CDEs

(115 of 197 samples have CNVs)

Matched the selected CGI CNVs (475 up, 488 down) to
recurrent SNP6 CNV regions in 192 matched Dx samples:

" recurin at least 5 samples (2.5%)

= 803,917,882bp amplified in 894 segments

20

40

ploidyScore

60

= 533,421,564bp deleted in 1434 segments

80
» 402 (85%) match for CN up

» 367 (75%) match for CN down




15/15 predicted ELF1 deletions were confirmed by a nanoString tiling array

ELF1 deletions are not part of global aberrations P~ 0.008

PAPWIU, chr13

ELF1 e>l(presslion

PARBFJ, chr13

PARCUK, chr13

PARWDZ, chr13
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Example sub-populations enriched for specific targets

RAS mutations are mutually exclusive with MLL-MLLT3 fusions (cf. FLT3) |
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Focal co-deletions of MBNL1 (chr3) and ZEB2 (chr2)
(hyper-geometric p-value in 684 samples = 1.9e-14,
p in MLL-fusion cases =0.006)
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‘ ZEB2
A : : y
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ZEB2 drives immature T-cell lymphoblastic
MBNL1 leukaemia development via enhanced tumour-
initiating potential and IL-7 receptor signalling

Nat Commun. 2015




Co-occurrence patterns (N = 684, p < 0.001)
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Fraction of samples mutated
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Substantial differences in the genomic landscapes of pediatric and adult AML

FLT3
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WT1

KIT
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NPM1

PTPN11

CEBPA

TET2

GATA2

ASXL2

B Pediatric
B Adult

ASXLA1

CBL

SETD2

MYC

IDH2

RUNX1

IDH1

TP53

DNMT3A

(TCGA adult AML)

In-Frame Fusions

PML-RARA
CBFB-MYH11
RUNXI-RUNXIT1
BCR-ABL1
MLL-MLLT3
MLL-MLLT4
MLL-ELL
MLL-MLLT10
PICALM-MLLT10
KATGA-CREBBP
NUP98-NSD1
RUNXI-MECOM
RPN1-MECOM
TFG-GPR128
GOSR1-ZNF207
DPM1-GRID1
ZNF585B-C2CD2L
MLLT10-PPP2R1B
LTBP1-BIRCG6
RPS11-FLT3LG
XIAP-OLR1

KSR1-ODZ1 )

KPNB1-ACE B Known AML fusion
CHST11-ATP1B4 events (13)

WSB1-NBR1 M Known polymorphism (1)

KIAA0999-C11orf1
WDR18-H2AFX

M Novel in-frame (15) and
out-of-frame (42) fusion

DDX20-TBX15 events
NFI1-LRRC37B
r T T T 1
0 5 10 15 20
AML Cases



Fraction of samples mutated
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Substantial differences in the genomic landscapes of pediatric and adult AML
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TARGET.MLL
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Independent confirmation

0.4 —

MW Pediatric
B Adult

0.3

peajenw sajdwes Jo uonoel

0.1

0.0 -

04 —

0.3

N
=}

pajeInw sa|dwes Jo uonoel

0.1 -

0.0 ~

VELNNG

€6dl

LHAI

LXNNY

cHal

L IXSY

¢l3l

vdg30

LNAN

SV

1M

LLM

SViIN

€114

VYELANG
€6d1
LHAI
9A13
LXNNA
L4ZMI
¢HZ3
He4SO
c¢Hal
OANW
¢aLas
180
LIXSY
CIXSY
A\ ]
¢lal
vd4930
L INdLld
LNdN
SvdM
11
LM
SVAN
[ANE|

TARGET v 398 ECOG patients

TARGET v TCGA

(Ross Levine, MSKCC)



WT1 (NM_024426) NRAS (NM_002524) (E) ASXLZ

Number of Variants

c
(A) (C) P
513D 5 11/122
A382fs ) c 38
[ coGso48 [ WT1 [l z-H2C2_2 5. s [ H_N_K_Ras_like 2 S
w
3 ® g
T I 6/169
il g 3 o7 6174
c (=]
= S o
'S T S
2 S 37 1 r S
2 <5 5-10 10-15 >15
[S
3
Z 2
1 KRAS
N (F)
c
S
2 _ 40/169
04 £
04 c o
1 i 1 1 — N .
: : . : ‘ . 0 50 100 150 2 o
0 100 200 300 400 500 P
2 _
(D) 13D Q81K s o 13122 24/207
g = 14/174
® [ ] 5 o
( B) S364fs D447N c
k) ]
71 3 o
G1pD £ 2 -
34 [ ] ®
v 61 p <5 5-10 10-15 =15
k) T
G &
= T 51
g b Q1R
5 21 R360fs Rakie 5 a4 & (G) NRAS
& V364 L391fs R445P £
Qo c
= Y217fs T231fs P35 2, 5
3 b = )
= G{lR £ 37 54/122
E
N oA b s 3 80/207
G125 G13Vv E - 50/169 55/174
14 T o 7
8
T N
a o |
o7 5
01 i 0 [l [ 5 g ]
' . . . ' . 0 50 100 150 &
0 100 200 300 400 500 2 o
C < -

<5 5-10 10-15 =15



P

Red blood
cells

Platelets

Pediatric Acute Myeloid Leukemia (AML)

Failure of a normal developmental process (block in HSC differentiation)

massive proliferation of immature white blood cells

Myeloid stem cell
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Blood, 2005, (106):1519-1524



VEGFA .
miRs9,183a,27a,30c¢,199a

inactivated in AML

31
miR223 < s RUNX1 E2As (E12/E47)

= No. of samples with
Junctions, CNAs, or
functional SNAs

(190 samples)

Low PU.1 B-cells

|,

CEBPa

ETv5—| IKZF1 (IKAROS) - GFIl————> granulocytes

neut.

38
MLL fusions

TPN11/SHP2

CSF3 (G-CSF)

=

WT1 22

Literature-derived
HSC Differentiation Pathway

T 10 MiR196 <
P
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2)

Using multi-modal sample similarity to identify gliomas enriched for CAR T cells

(with Lue Ping Zhang and Eric Holland)

1105 TCGA gliomas

* Single Nucleotide Alterations (SNAs) from exome-sequencing
* Copy Number Alterations (CNAs) from SNP6.0 arrays

* DNA methylation from Infinium 450K arrays

* mRNA-seq

* C(Clinical data, but
~2/3™ of lower grade gliomas were ‘alive’ at data collection

~ 1/5t% have no status information
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Approach:

v" Use many similarity measures
v' Use many feature (gene) sets
v" Plot sample similarities in 2D

v" Co-color & view sample
subsets across all plot

v" Use automated methods to
find informative plots
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Example avai|ab|e gene sets H (hallmark gene sets, 50 gene sets) 2]

T . C1 (positional gene sets, 326 gene sets) H
(similarity/distance ‘features’)

by chromosome: 12345678910111213 1415161718 19202122XY

C2 (curated gene sets, 4725 gene sets) H
CGP (chemical and genetic perturbations, 3395 gene sets) H
CP (Canonical pathways, 1330 gene sets) H
CP:BIOCARTA (BioCarta gene sets, 217 gene sets) 7]
CP:KEGG (KEGG gene sets, 186 gene sets) H

CP:REACTOME (Reactome gene sets, 674 gene sets) H

C3 (motif gene sets, 836 gene sets) H
MIR (microRNA targets, 221 gene sets) 2]

TFT (transcription factor targets, 615 gene sets) H

C4 (computational gene sets, 858 gene sets) H
CGN (cancer gene neighborhoods, 427 gene sets) H

CM (cancer modules, 431 gene sets) ird

C5 (GO gene sets, 1454 gene sets) H
BP (GO biological process, 825 gene sets) H

CC (GO cellular component, 233 gene sets) H

MF (GO molecular function, 396 gene sets) 2] _

=1 MSigDB

| == Molecular Signatures
C7 (immunologic signatures, 1910 gene sets) H == == Database

C6 (oncogenic signatures, 189 gene sets) H



Example distance measures

Numerical Data

EuclideanDistance SquaredEuclideanDistance NormalizedSquaredEuclideanDistance
ManhattanDistance ChessboardDistance BrayCurtisDistance CanberraDistance
CosineDistance CorrelationDistance BinaryDistance TimeWarpingDistance

Boolean Data

HammingDistance JaccardDissimilarity MatchingDissimilarity DiceDissimilarity

RogersTanimotoDissimilarity RussellRaoDissimilarity SokalSneathDissimilarity

YuleDissimilarity

String Data
EditDistance DameraulLevenshteinDistance HammingDistance
SmithWatermanSimilarity NeedlemanWunschSimilarity

Images & Colors

ImageDistance ColorDistance

Geospatial & Temporal Data

GeoDistance DateDifference

http://www.wolfram.com



http://www.wolfram.com/

Genomic sample similarity measures

1 if gene,;is mutated

lsna ( ENE;) =
0 otherwise

I ( 8ENE,)

lsna ( 8ENE,)

$; = sample SNA vector =

lsna ( 8ENEY )

\C

SNA S|m||ar|ty (51, 52) = 51 o 52

-2 if ploidy =0
-1 if ploidy =1
lcna ((gENE;) = 0 if ploidy =2
+1 if ploidy =3
+2 if ploidy >3

C; = sample CNA vector =

l.na ( 8ENE,)

l.na ( 8ENE,)

lona ( 8ENE,0¢ )

CNA similarity (€4, €5) = €4 . C5

Joint SNA:CNA similarity = 8/sum(s) + €/sum(e)
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Non-CIMP LGGs are GBM-like genomically and by survival.

6 8 10 12 14 16 18 20

Bolouri, Zhao, Holland, PNAS 2016



A B
® 0.0 Pu. 3
e @ o o®
® ® o .' 'Y
[ ® :
2% . .
° e o® " ° . 4 °
@ ® °
L ] ° ® ..’ 4 ; - pe .“
[ ] L ] 8 =
® e 3s
° K :
(] ® 2 ® o. 8o, o ° o s 3 4 ®
b o ;? 'i
S 2T €5
e hi.mMRNA.HER2 ® Her2+
® |o. mMRNA.HER2 Her2—p+
C D
:0
o 2 ; ° . '.‘. .
° ! - L) ° - L E s .‘f .i
. .»-ls’ff’;‘&\ . ; Ceed™ g .‘?
Tight cluster ¢ hiHER2 = Tight cluster LGG ¢ Tight hiHER2 LGG

.
R
o -.~ H
o o © .
[
000@‘00 ° e -!‘1.
-
a-ﬂ' e ag® o o?t\
® o0 cad | Bt O
%o, o %o & .

o Grade4 ® mutlDHH1/2 ® wtlDH1/2 ‘

A tight cluster of
samples is 84%
non-CIMP LGGs
with high HER2
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Pre-Clinical

Technologies to Deliver Next Generation Cancer Therapies
Juno is exploring the potential of our CAR and TCR technologies to treat cancers not currently targeted by our

CD19-directed anc Published OnlineFirst October 29, 2014: DOI: 10.1158/2326-6066.CIR-14-0163
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Safety of Targeting ROR1 in Primates with
e " Chimeric Antigen Receptor-Modified T Cells

first development: Carolina Berger'?, Daniel Sommermeyer', Michael Hudecek®, Michael Berger',
Ashwini Balakrishnan', Paulina J. Paszkiewicz*®, Paula L. Kosasih',
ROR-1 Christoph Rader®’, and Stanley R. Riddell"?®

levels in the blood
Our MUC-16/1L-12

ROR-1 is a protein expressed in the formation of embryos, but in normal adult cells its surface expression is
predominantly found at low levels on adipocytes, or fat cells, and briefly on precursors to B cells, or pre-B cells, during
normal B cell maturation. ROR-1 is overexpressed on a wide variety of cancers including a subset of non-small cell lung
cancer, triple negative breast cancer, pancreatic cancer, prostate cancer, and ALL. It is expressed universally on B cell
chronic lymphocytic leukemia and mantle cell lymphoma. Our ROR-1 product candidate was originally developed at
FHCRC.



ROR1 is a plausible target in gliomas
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TKD Tyrosine kinase domain
Ser/Thr Serine/Threonine-rich domain
PRD Proline-rich domain

Protein Cell 2014, 5(7):496-502
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Cell growth

(Gentile et al., 2011)

NF-kB activation

EGF

D PI3K pathway
c-Src
(Yamaguchi 2012)

Epithelial-mesenchymal
transition
(Cui et al., 2013)



A set of 329 genes segregates gliomas into high and low ROR1-expression groups

ROR1 mRNA levels Selected ROR1-enriched population
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Cluster of 183 short-lived
genomically highly similar
tumors.

Expression data is available
for 105 of these samples.

70 (67%) of 105 samples
are selected ROR1-high
samples.

65% EGFRmut/**

76% chr7*/chr10-

68% CDKN2A/B-

¢ tight group
+ ROR1 selected




High ROR1 mRNA levels are tumor-specific and associated with glioma mesenchymal subtype

http://www.betastasis.com/glioma/
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O selected
e LGr4

o selected
¢ Mesenchymal
Classical

Our ROR1-based sample selection is highly concordant with

the intersection of TCGA expression cluster ‘LGr4’ with the

‘Mesenchymal’ and ‘Classical’ expression subtypes.

o selected
(ME or CL) & LGr4




Our findings are supported by RNA-seq data from an independent UW GBM cohort

o sel TCGA

O selected Uw.pP
Mesenchymal e UWM
Classical Uw.Cc

TCGA alone TCGA + UW



81% of genomically-selected tumors (gold) are positive for 1 of 3 CAR T cells
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