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Cluster of Cluster Analysis (COCA)

consensus matrix k=4
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Cluster of Cluster Analysis (COCA)

Survival differences,

type status by pathology

Degrees of

Chi-square Freedom P

10.51900121 1 0.001181533

Survival differences,
COCA k=4

Degrees of
Chi-square Freedom P
77.05613781 3 1.31325E-16
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Breakdown of COCA data

This analysis provides several key points that can be expanded upon:

1.

The type 1 papillary cancer is a relatively homogeneous group with good
survival rates, compared to type 2 papillary cancer that has multiple sub-
groupings with varied survival rates. (Slides 2 and 3)

That type 1 papillary cancer is associated with alterations to the MET
gene such as activating mutations, copy number amplifications, miRNA
alterations and novel splice versions of the gene. (Slides 5 and 6)

That a specific subset of type 2 papillary cancer exists that exhibits a
global methylation phenotype that is associated with high stage, very
poor survival, specific methylation of CDKN2A and mutation of the FH
gene. (Slide 7)

That the remaining type 2 papillary cancers are split into two groups by
COCA that demonstrate dramatically different survival rates.

That the poorer survival type 2 papillary cancers are associated with
higher stage, SETD2 mutations and increased activation of the NRF2
pathway. (Slide 8 and 9)



Type 1 Papillary Cancer and the MET Gene
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Stage

MET Amp. -

ET b [

CDKN2A Meth.

CDKN2A Loss

CDKN2A Mut.

Nonsense/Frameshift Mutation Low MET amplification (log2/normal = 0.5 to 0.99)
Missense/ln-Frame Mutation lHigh MET amplification (log2/normal > 1.00)
Known Germline Mutation High CDKN2A loss (log2/normal > -0.50)

I Low CDKN2A loss (log2/normal + -0.30 to -0.50)

78.9%

82.9%
15.8%
0.0%
1.3% 2.6%
1.3%

We could produce a figure that reinforces the strong association of MET alterations with type 1
papillary cancer.

* Alarge proportion of the type 1 pap. cancers demonstrate amplification of the MET gene (see
above) including amplifications of more than a single copy and this correlates to higher MET
expression (Slide 6 figure B).

* All the tumors with activating mutations in the tyrosine kinase domain of MET occur in type 1
pap. tumors (Slide 6 figure A).

* Lower levels of miR-34a-5p correlate to a degree with increased MET expression (Slide 6 figure C).

* Novel splice versions of MET were observed in type 1 pap. cancers that may represent a new
pathway for increased MET protein activation.




Type 1 Papillary Cancer and the MET Gene
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CIMP-associated Type 2 Papillary Cancer

This should represent a major feature of the paper as a hitherto unknown subtype of sporadic type
2 papillary cancer that is defined by the presence of the CpG island methylator phenotype (CIMP).

 This cluster only represents type 2 papillary and unclassified tumors.

e The tumors are associated with high state and very poor survival and present with a significantly
younger age of onset.

* These tumors are associated with specific methylation of the CDKN2A gene and germline and/or
somatic mutation of the FH gene. The germline mutated samples represent patients with HLRCC,
but the samples without germline mutations could represent the sporadic form of this hereditary
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Subtypes of Type 2 Papillary Cancer

We could highlight that this integrated analysis can separate out two specific groups of type 2
papillary cancer, one with low survival and one with good survival.

The poor survival group is associated with higher stage and SETD2 mutation.
Additionally the activation of the NRF2 pathway appears increased in this group. (Slide 9)
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Subtypes of Type 2 Papillary Cancer

The NRF2 pathway is represented either by 4 transcription gene targets (NQO1, HMOX1, GCLC,
GCLM) or the NRF2 pathway signature provided by Chad.

The CIMP group and the poor survival type 2 papillary group have notably high levels of expression
of the NRF2 pathway genes (red represented increased expression). Although high levels of
expression can be seen in members of other groups.

Other features of these groups should be investigated?
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Other Potential Key Points

Currently we only have 2 SMGs (MET and KDMG6A) using MutSigCV, do we want
to look at other versions of MutSig (after Firehose run) and what do we want to
say about KDMG6A. Should we investigate mutations in other chromatin
modifying genes selected by biological relevance? (Slide 11)

Copy number analysis highlighted loss of chromosome 9p, including CDKN2A,
and this is associated with type 2 papillary cancer and poor survival (as does
CDKN2A hypermethylation) and could represent some of the disparity between
type 1 and type 2 survival . (Slide 12)

Analysis of the mRNA alone demonstrates a relatively clear separation of type 1
and type 2 papillary cancers with the most noticeable difference between the
two types being activation of the NRF2 pathway in Type 2 papillary cancer.
(Slides 13-15)

Analysis of the miRNA alone also demonstrates a relatively clear separation of
type 1 and type 2 papillary cancers and highlights specific miRNAs. (Slide 16)

New data from the RPPA analysis?
Other additional data?
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Other Potential Key Points

Alterations in a range of chromatin modifying genes could be assessed as KDM6A was one of
the few SMGs identified and mutations in chromatin modifying genes seem to be common in
urological cancers. Initial analysis by Hui Shen is shown below.
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CDKNZ2A and Type 2 Papillary Cancer

Alterations of the CDKN2A gene either by chromosomal loss, hypermethylation or mutation
associate with high stage type 2 papillary cancers and associate with poorer survival when

present in any of the papillary tumors.
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RNASeq Analysis

* The normals and the tumors cluster differently.

* The data produces three main clusters that largely segregate the samples by
histological type with cluster 1 consisting largely of Type 1 and cluster 2 consisting
largely of Type 2.
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Pathway Analysis

* Due to the relatively distinct
split between type 1 and type 2
by unsupervised clustering the
expression profiles of these
two groups were directly
compared by Chad.

* Using the Ingenuity Software,
the type 2 samples show a
significant increase in the
NRF2/anti-oxidative stress
pathway. This pathway is
active in a small percentage of
type 1 and interestingly is
usually associated with
mutation of this pathway. This
seems to be a more general
signal in type 2.

Fold Change Fold Change
ene -les ene -tes
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1 1SPD 0.283 1.6336-24| higher_typel 1 UGTIA9 37.95385632| 2.344E-20| higher_type2
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Pap. Type 2 — NRF2 Pathway

Red — Pap. Type 2
Green — Normal
Blue - Pap. Type 1
Grey — Pap. Unclass.
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MIRNA Analysis
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Papillary RCC type can be resolved into 4 clusters with cluster 1 consisting mostly of 16
Pap. Type 2 samples and cluster 4 consisting of mostly Pap. Type 1 samples.



Supplementary Data Points

The clear differences between the three major types of kidney cancer,
clear cell, chromophobe and papillary can be easily defined by their
chromosomal copy number profiles. (Slide 18)

MRNA profile analysis demonstrates that the likely tissue of origin for
papillary cancer is the proximal tubule similar to that of clear cell cancers
but different to chromophobe cancer. (Slide 19)

miRNA analysis can also separate out the three types of kidney cancer
with chromophobe kidney cancer represented by a single cluster while 4
main clusters represent the majority of clear cell cancers with a small
amount of overlap of clear cell cancers in the papillary cancer cluster.
(Slides 20 and 21)

Analysis of the metabolic pathways of glucose usage shows that the
CIMP group demonstrates a similar Warburg-like profile to that observed
in high stage clear cell tumors. Additionally the type 1 and 2 papillary
tumors largely demonstrate differing metabolic profiles. (Slide 22)
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Chromosomal Copy Number Suppl.

*  Copy number profiles very different between kidney cancer histological subtypes (KIRP vs
KICH vs KIRC) and to some extent can distinguish Type 1 KIRP (MET gain) from Type 2 KIRP
(CDKN2A loss).

Chr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819202122

KIRP = = — . = p— : = = — =
17,116, 117 — = =

KIRC - —
13p, 15q, |14

KICH = . ' = = - ﬂ
11,12, 16, |10,
113, |17, |21,

r

18



Cell of Origin Suppl.

This data has now been updated to include all samples and will be added to supplementary as it
nicely demonstrates what was already predicted.

Gene expression atlas of the
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MIRNA Analysis Suppl.
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Figure 54
Each kidney type can be resolved into 4 clusters that have distinct marker miRNAs
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Figure 55

The miRNA analysis demonstrates that each type shows a relatively distinct miRNA profile
with the exception of some over between papillary and a subgroup of clear cell tumors
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