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Colorectal cancer
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Immune markers for patient stratification
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Cancer immune cycle
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Cancer immunotherapy

— Adoptive T-cell transfer, cellular vaccines

— Monoclonal antibodies for immune checkpoint inhibitors
anti-CTLA4 (ipilumab, approved 2011)
anti-PD-1 (nivolumab, pembrolizumab approved 2014)
anti-PD-L1 (RG7446, MEDI4736) and other checkpoint inhibitors

Cytokines produced:
IFNy, TNFau and granzyme B 1.0
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Neoantigens and cancer immunotherapy

Obtain tumor material
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Cancer genomics data

— 2006: The Cancer Genome Atlas (TCGA)
Comprehensively characterize 20 cancer types

— 2011: International Cancer Genome Consortium (ICGC)

Comprehensively characterize 50 cancer types
and/or subtypes (25,000 genomes)



Deep mining of genomic data

36 studies,813 microarrays TCGA cancer genomics data (n=598) 11 studies (n~2000)
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1980 genes enriched in immune cells

Compendium of genes enriched in immune cells

813 Affy HG-U133A arrays
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Molecular phenotypes and TILs in CRC

Adaptive immunity
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Molecular phenotype
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Infiltrated immune cells are associated with survival
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Tumor heterogeneity

Based on whole-exome NGS data and SNP arrays cancer

cell fractions and tumor heterogenity (clones and
subclones) were calculated by the ABSOLUTE algorithm.

MSS patients were clustered into 4 groups
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-log10(adj p-value)

Association of TlLs with tumor heterogenity
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Gene expression of immunomodulators
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Network reconstruction reveals candidate genes for
immunotherapy
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TNFRSF17 is druggable target for cancer
immunotherapy in CRC patients

BCMA
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Induces antigen presentation in B cells;
promotes B cell survival, activates NF-
kappaB and JNK

Ligands: BAFF, APRIL

Antibodies, agonists, and mouse models
available
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Linear modeling identifies CCRS8 as target

Test 221 parameters including chemokines, cytokines,
immunomodulators, MHC molecules, Tregs, MDSC to
predict cytotoxic cells (CD8,NK, Tgd cells)

Adjusted OS Hazard Ratio

Rank Parameters Coefficient p-value (Cl 95%) p-value
1 MDSC -0.325 3.19E-28 2.96 (1.98-7.52) 0.007
2 Treg -0.301 4.82E-17 1.87 (1.04-3.77) 0.085
3 CCR8 0.421 1.55E-15 0.62(0.37-0.96) 0.045
4 CXCRS5 0.402 4.32E-15 0.62(0.35-0.99) 0.994
S CD86 0.351 7.14E-09 1.58 (1.00-2.80) 0.594
6 PD-L2 0.195 6.99E-07 2.03(1.27-5.00) 0.044
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Ccr8 is less expressed in an orthotopic induced tumor
(MC38) in Rag1-/- mouse model.
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Deep mining of genomic data

36 studies,813 microarrays TCGA cancer genomics data (n=598) 11 studies (n~2000)
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Classes of tumor antigens recognized by T-cells
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178 cancer germline antigens
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1462 shared neo-antigens

222.169 somatic mutations

Peptide length 8-11
HLA-miner => predict four-digit HLA class | allele

CRC landscape of neo-antigens is sparse
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Conclusion

Adaptive immunity is associated with lower tumor aggression and prolonged survival in CRC patients
Novel prognostic markers and identification of individuals at high risk for metastasis (TNM-I)

Immune landscape and tumor immunogenicity are evolving during progression of CRC
Development of strategies for modulating the immune landscape

2 novel targets for therapy:
— TNFRSF17(BCMA) identified using network approach and validated in 11 independent cohorts.

— CCRS identified by linear modeling and feature reduction method. Ccr8 is not expressed in Rag1-/-
mice in)dicating that is expressed in immune cells (CCR8-CCL1 axis might be different in endothelial
tumors).

CRC antigenome is sparse (small number of neo-antigens are shared between patients)
Cancer vaccination strategy requires individualized multiepitope vaccines

Cancer germline antigens are expressed within more patients

Patients for cancer vaccination should be stratified rather on intratumoral immune landscape than on
molecular phenotype

Inverse association between tumor heterogenity and immune responses



Conclusion

Hype rmutated tumors

(MS! and MSS)

}

Tumor escape
mechanism |

CTLA-4 ¢
PD-1 ¢
PD-L1 ¢
IDo1 4

}

Immune evasion
Treg, MDSC

CD8, CD4

}

Anti-PD-1 Ab

16%

Non-hypermutated tumors

(MSS)

‘ 84%

Tumor escape
mechanism I

MHC1 &
MHC 11 &
HLA-G ¢

I

Immune suppression

Treg, MDSC

CD8, CD4

¥

Anti-PD-1 Ab

Angelova et al., Oncoimmunology, 2015




Consensus CRC molecular subtypes

Number of Non-consensus
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hypermutated, epithelial, marked epithelial and transforming growth
microsatellite unstable WNT and MYC evident factor-B activation,
and strong immune signaling activation metabolic stromal invasion and
activation dysregulation angiogenesis

KRAS mut
n=2224

BRAF mut
n=1,941

Guinney et al. Nature Med. 2015. 21:1350-1356



Can microRNA expression signatures and there
(predicted) target landscape be used to discern
these molecular and cellular subtypes?



Genomic data

TCGA GEO GSE35602
546 CRC tumors 14 tumor 4 normal
11 tumor-normal pairs epithelium  epithelium
stroma stroma
miRNAseq MiRNA microarrays (Agilent)
MRNAseqV2 MRNA microarrays (Agilent)

CNA || Methylation

Clinical information

TCGA network et al. Nature. 487:330-337 Nishida N et al. Clin Cancer Res. 2012.18:3054-70




microRNA-target genes

In silico prediction tools

miRanda (miRBase)
miRanda (microrna.org)
PITA (all targets 3/15 flank)
PicTar (4-way)

PicTar (5-way)
TargetScan42 (conserved)
TargetScan42 (noncons.)
DIANA-microT

EIMMo

AGO-CLIP data sets

microRNA
expression

MRNA
expression

Priors

=
v

O > U

putative

GenMir++

Huang et al. Nat Methods 2007

@

Bayesian
prediction score




Gene expression model

— Linear model of gene; expression in tumor samples

EXPRESSION EXPRESSION EXPRESSION
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COEFFICIENTS  TARGET PREDICTION
Low H MICRORNA 1 GENE i

|
w=1.0 (AGO-CLIP and/or >4/10 prediction tools)
w=0.8 (2-4/10 prediction tools)
w=0.5 (1/10 prediction tools)

Least absolute shrinkage and selection operator (LASSO) and cross validation

Jacobsen et al. Nature Struct Mol Biol 2013, Setty et al. Mol Sys Biol 2012




-log10(padj)

200

150

100

50

microRNAs differentially expressed between
tumor and normal tissue

7] @® up regulated in CRC epithelium
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microRNAs differentially expressed between

between tumor stages

T1

T4

hsa-miR-152

hsa-mir-152
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Overall survival

1.0

0.8

0.6

0.4

0.2

|dentification of microRNA based CRC classification

Class-Il (n=338)

log rank p-value = 0.035

Class-l (n=200)
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MicroRNA based CRC subtype classification
1 i

miRNA classifier
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Sadanandam et al. 2013 Nature Med 19:619-25. (2013) , De Sousa EM et al. 19:614-8 Nature Med. (2013)



MIiRNA
mir-143
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mir-133b
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MicroRNAs discerning cellular CRC subtypes
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microRNAs targeting CRC30 assigner genes
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Tumor metastases
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Biological processes associated with miRNAs

-0.6

miR-429

miR-200a

= (@))
(Q\]
[Te) —~ 4
q A l
o -~ O ©
V! o] — O
« I = <t O 0
= o 1l N1
o L o = OO0 0o QO
oo 0 oo !l ©
a @ 8 rnn/u_%_70
- <
S8 o 2LlL
* 95~ g SEEEE
L3 a Om m
AN = ™
N 2 Io)
Oa I4O
[ - 7
I e)) (9]
1 —_ o o
R m .w.l
. ® S
E L mm
I
L 9
9J03JS 9|NPON
T QO O © © NeolNe] o]
~ 00 O O W T WO © @ O O N O LW~ M~ 0w owaw
OTOOANANMNOMNOOMMOANM—ANONONOTYTMITOO
TR QYPO@ T T DT QDR ODOQA T DORO T D
X rrrrrrrrrrrrrrrrrrrrrryer
EEEEEEEEEEEEEEEEEEEEEEEEEE
Il |
N BN EE = |
[ | [ B | ||
[ | [ |
|| ||
||
|
EE HNEENENE EENEEE
|
|
||
|| ||
||
|
|
| |
[ [ |



Clinicopathologic factors and mutated genes

0.0

0.6

associated with miRNASs
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0.6 0.6 Famlly
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miR-34c miR-625 i mir-10
miR-429 miR-155 mir-181
miR-200a miR-1293 mir-515
miR-432 miR-330
miR-200b miR-132
miR-410 miR-582
miR-381 miR-146b
miR-153 [ | miR-302a
miR-26a B miR-302c Cluster
miR-431 B miR-10b
miR-217 miR-181c mir-200c~141
miR-934 miR-196b :
miR-582 miR-181d mir-200b~429
miR-502 . miR-34a miR-519~518
miR-7 miR-10a .
miR-411 miR-181b I mir-379-~410
let-7a miR-210
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miR-548f [ | miR-125a
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mir-574
mir-362
mir-376b
mir-10b
mir-16-2
mir-145
mir-1304
mir-130a
mir-339
mir-629
mir-590
mir-151
mir-18b
mir-128-1

MicroRNA target landscape

Immune system process
CD9%%6 PLEK IL6
SLC11A1  SLA2
DOCK2 IL6R

CD93 PDCD1LG2
ICOS CD80

CFH CD209
HLA-DOA CLEC7A
ARHGDIB GBP4

LAIR1 CLECS5A
SECTM1  PTAFR

Immune response
OSM ICAM1

ITGAL CR1

LAT2 IL1RN

ACP5 CD4

VAV1 CD74

CCL18

Cell surface receptor

linked signal transduction
PLAT  TXNIP

P2RY6 GPR19

GPR124 CXCL16

GLI3 EPHA3

Cell differentiation
MDFI MAF FGF18
BMP1 EFNB3 EGFL7
DZIP1 FZD1 COL15A1
ZEB2 S1PR1 NAV1
TIAM1 QKI  ZC3H12A
LAMC1 TGFB1l1 CD28 HIP1

Leukocyte activation
ZBTB32 CRTAM CD40
CD3E PREX1

IL21R IL12B

Lymphocyte activation
CAV1 LZTS1 PGF MYH10
CSF1 TGFB1 EDNRB
PEG10 PAPPA NAB2

LHX2 CLIC5 SH2B3
UNC5C TNFAIP2 CHL1




MicroRNAs targeting immune related genes in CRC epithelium

Immunomodul. MHC | Compl. Chemokine ligands & receptors
1t 8 3 38E Lonnene EEIEENRINE s ot en e e ettt o T 00 R GSE 35602
GSE35602
TCGA
CXCL12::miR-20a-5p
CXCL12::miR-362-3p

1 CXCL12::miR-17-3p

CXCL12::miR-532-5p
CXCL12::miR-5023p
CD30::miR-769-3 y
P CXCL10::miR-200b-3p

CX3CR1::miR-19a-3p
CX3CR1::miR-622

CXCR2::miR-361-3p

PDL2::miR-374b-5p Y CXCR2:- miR-421

CCR1::miR-19a-3p
CCR1:: miR-501-3p




Summary

MicroRNA signatures discerning molecular and cellular subtypes

Cluster

mir-200c~141
mir-200b~200a~429
mir-17~92
mir-106b~25

miR-93

— part of mir-106b~25

— potentially targeting SFRP2 (CRC30 assigner, Wnt signaling)
— down-regulated in CRC stem cells

— in 4 group classification signature

— significant good OS prognosis

miR-130b
— in module score associated with many cancer processes

let-7 family

— let-7f in 4&2 group classification signature, bad OS prognosis
— let-7a in 4 group classification signature, bad OS prognosis

— let-7c (cluster with miR-99) in cellular subtypes signature

— let-7g bad OS prognosis

— let-7i associated with T-stages

PDL2::miR-374b-5p (in epithelium)
— target for immunotherapy

miR-21
— tumor-normal, associated with T-stages, bad OS prognosis

miR-143
— bad OS prognosis, in all classification signatures
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