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TITLE
DETERMINING CANCER AGGRESSIVENESS, PROGNOSIS AND
RESPONSIVENESS TO TREATMENT
FIELD
THIS INVENTION relates to cancer. More particularly, this invention relates to
methods of determining the aggressiveness of cancers, prognosis of cancers and/or
predicting responsiveness to anti-cancer therapy.

BACKGROUND

Hormone receptors (ER and PR) and HER2 are standard biomarkers used in
clinical practice to aid the histopathological classification of breast cancer and
management decisions. Hormone receptor (HR)- and HER2- positive tumors benefit
from tamoxifen and anti-HER2 therapies, respectively. On the other hand, there are
currently no targeted drug therapies for management of triple negative breast cancer
(TNBC), which lacks expression of HR/HER2. TNBCs are more sensitive to
chemotherapy than HR-positive tumors because they are generally more proliferative,
and pathological complete responses (pCR) after chemotherapy are more likely in
TNBC than in non-TNBC'?. Paradoxically, TNBC is associated with poorer survival
than non-TNBC, due to more frequent relapse in TNBC patients with residual
disease'”. Only 31% of TNBC patients experience pCR after chemotherapy’,
emphasizing the need for targeted therapies.

Transcriptome profiling has been used to dissect the heterogeneity of breast
cancer into five intrinsic ‘PAMSO0’ subtypes; Luminal A, Luminal B, Basal-like,
HER-2 and normal-like subtypes that relate to clinical outcomes'®. Several gene

signatures have been developed to predict outcome or response to treatment
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including: MammaPrint’, OncotypeDx'"!'!, Theros'*">. These commercial signatures
rely on models that select genes based on clinical phenotypes such as tumor response
or survival time. Notwithstanding their clinical utilities, these models fail to identify
core biological mechanisms for the phenotypes of interest. Recently, an approach
based on biological function-driven gene coexpression signatures, “attractor
metagenes”, has been applied to the prediction of survival in certain cancers.
However such approaches are at an early stage and much work needs to be done to
develop this attractor metagene analysis in relation to cancers in general and also for

specific cancers.
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SUMMARY

The present invention relates to the comparison of expression levels of a
plurality of differentially expressed genes from one or a plurality of functional
metagenes, including a Carbohydrate/Lipid Metabolism metagene, a Cell Signalling
metagene, a Cellular Development metagene, a Cellular Growth metagene, a
Chromosome Segregation metagene, a DNA Replication/Recombination metagene,
an Immune system metagene, a Metabolic Disease metagene, a Nucleic Acid
Metabolism metagene, a Post-Translational Modification metagene, a Protein
Synthesis/Modification metagene and a Multiple Networks metagene; wherein the
comparison of expression level of a plurality of genes in these metagenes is used to
facilitate determining the aggressiveness of certain cancers. This comparison may
also, or alternatively, assist in providing a cancer prognosis for a patient. The
invention also relates to predicting the responsiveness of a cancer to an anti-cancer
treatment by determining an expression level of one or a plurality of genes associated
with one or a plurality of the aforementioned twelve functional metagenes.

The invention further relates to the comparison of expression levels of a
specific signature of differentially expressed proteins to facilitate or assist in
determining the aggressiveness of a particular cancer, a prognosis for a cancer patient
and/or predicting responsiveness to an anti-cancer treatment. One or both of these
comparisons may also be integrated with the aforementioned comparison of the
expression levels of the plurality genes from one or a plurality of the aforementioned
functional metagenes in determining cancer aggressiveness, prognosis and/or
treatment.

In a first aspect, the invention relates to a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or a plurality of overexpressed genes and/or an
expression level of one or a plurality of underexpressed genes in one or a plurality of
cancer cells, tissues or organs of the mammal, wherein the overexpressed genes and
the underexpressed genes are from one or a plurality of metagenes selected from the
group consisting of a Carbohydrate/Lipid Metabolism metagene, a Cell Signalling
metagene, a Cellular Development metagene, a Cellular Growth metagene, a
Chromosome Segregation metagene, a DNA Replication/Recombination metagene,
an Immune System metagene, a Metabolic Disease metagene, a Nucleic Acid

Metabolism metagene, a Post-Translational Modification metagene, a Protein
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Synthesis/Modification metagene and a Multiple Networks metagene, wherein: a
higher relative expression level of the one or plurality of overexpressed genes
compared to the one or plurality of underexpressed genes indicates or correlates with
higher aggressiveness of the cancer; and/or a lower relative expression level of the
one or plurality of overexpressed genes compared to the one or plurality of
underexpressed genes indicates or correlates with lower aggressiveness of the cancer
compared to a mammal having a higher expression level.

In a second aspect, the invention relates to a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of one or a plurality of overexpressed genes and/or an expression level of one
or a plurality of underexpressed genes in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein the overexpressed genes and the underexpressed
genes are from one or a plurality of metagenes selected from the group consisting of
a Carbohydrate/Lipid Metabolism metagene, a Cell Signalling metagene, a Cellular
Development metagene, a Cellular Growth metagene, a Chromosome Segregation
metagene, a DNA Replication/Recombination metagene, an Immune System
metagene, a Metabolic Disease metagene, a Nucleic Acid Metabolism metagene, a
Post-Translational Modification metagene, a Protein Synthesis/Modification
metagene and a Multiple Networks metagene, wherein: a higher relative expression
level of the one or plurality of overexpressed genes compared to the one or plurality
of underexpressed genes indicates or correlates with a less favourable cancer
prognosis; and/or a lower relative expression level of the one or plurality of
overexpressed genes compared to the one or plurality of underexpressed genes
indicates or correlates with a more favourable cancer prognosis.

In one embodiment of the above aspects, the one or plurality of
overexpressed genes and/or the one or plurality of underexpressed genes are selected
from one of the aforesaid metagenes. In an alternative embodiment, the one or
plurality of overexpressed genes and/or one or the plurality of underexpressed genes
are selected from a plurality of the aforesaid metagenes.

Suitably, for the method of the above aspects the Carbohydrate/Lipid
Metabolism metagene, the Cell Signalling metagene, the Cellular Development
metagene, the Cellular Growth metagene, the Chromosome Segregation metagene,
the DNA Replication/Recombination metagene, the Immune System metagene, the

Metabolic Disease metagene, the Nucleic Acid Metabolism metagene, the Post-
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Translational Modification metagene, the Protein Synthesis/Modification metagene
and/or the Multiple Networks metagene comprise one or a plurality of genes listed in
Table 21.

In a third aspect, the invention relates to a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or a plurality of overexpressed genes and/or an
expression level of one or a plurality of underexpressed genes in one or a plurality of
cancer cells, tissues or organs of the mammal, wherein the overexpressed genes and
the underexpressed genes are from one or a plurality of metagenes selected from the
group consisting of a Metabolism metagene, a Signalling metagene, a Development
and Growth metagene, a Chromosome Segregation/Replication metagene, an
Immune Response metagene and a Protein Synthesis/Modification metagene,
wherein: a higher relative expression level of the one or plurality of overexpressed
genes compared to the one or plurality of underexpressed genes indicates or
correlates with higher aggressiveness of the cancer; and/or a lower relative
expression level of the one or plurality of overexpressed genes compared to the one
or plurality of underexpressed genes indicates or correlates with lower
aggressiveness of the cancer compared to a mammal having a higher expression level

In a fourth aspect, the invention relates to a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of one or a plurality of overexpressed genes and/or an expression level of one
or a plurality of underexpressed genes in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein the overexpressed genes and the underexpressed
genes are from one or a plurality of metagenes selected from the group consisting of
a Metabolism metagene, a Signalling metagene, a Development and Growth
metagene, a Chromosome Segregation/Replication metagene, an Immune Response
metagene and a Protein Synthesis/Modification metagene, wherein: a higher relative
expression level of the one or plurality of overexpressed genes compared to the one
or plurality of underexpressed genes indicates or correlates with a less favourable
cancer prognosis; and/or a lower relative expression level of the one or plurality of
overexpressed genes compared to the one or plurality of underexpressed genes
indicates or correlates with a more favourable cancer prognosis.

In one embodiment of the third and fourth aspects, the one or plurality of

overexpressed genes and/or the one or plurality of underexpressed genes are selected
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from one of the aforesaid metagenes. In an alternative embodiment, the one or
plurality of overexpressed genes and/or the one or plurality of underexpressed genes
are selected from a plurality of the aforesaid metagenes.

Suitably, the Metabolism metagene, the Signalling metagene, the
Development and Growth metagene, the Chromosome Segregation/Replication
metagene, the Immune Response metagene and/or the  Protein
Synthesis/Modification metagene comprise one or a plurality of genes listed in Table
22.

In particular embodiments of the method of the third and fourth aspects, the
one or plurality of overexpressed genes and/or the one or plurality of underexpressed
genes are from one or a plurality of a Carbohydrate/Lipid Metabolism metagene, a
Cell Signalling metagene, a Cellular Development metagene, a Cellular Growth
metagene, a Chromosome Segregation metagene, a DNA Replication/Recombination
metagene, an Immune System metagene, a Metabolic Disease metagene, a Nucleic
Acid Metabolism metagene, a Post-Translational Modification metagene, a Protein
Synthesis/Modification metagene and a Multiple Networks metagene.

In a fifth aspect, the invention relates to a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or a plurality of overexpressed genes
associated with chromosomal instability and/or an expression level of one or a
plurality of underexpressed genes associated with estrogen receptor signalling in one
or a plurality of cancer cells, tissues or organs of the mammal, wherein: a higher
relative expression level of the one or plurality of overexpressed genes associated
with chromosomal instability compared to the one or plurality of underexpressed
genes associated with estrogen receptor signalling indicates or correlates with higher
aggressiveness of the cancer; and/or a lower relative expression level expression
level of the one or plurality of overexpressed genes associated with chromosomal
instability compared to the one or plurality of underexpressed genes associated with
estrogen receptor signalling indicates or correlates with lower aggressiveness of the
cancer compared to a mammal having a higher expression level.

In a sixth aspect, the invention relates to a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of one or a plurality of overexpressed genes associated with chromosomal

instability and/or an expression level of one or a plurality of underexpressed genes
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associated with estrogen receptor signalling in one or a plurality of cancer cells,
tissues or organs of the mammal, wherein: a higher relative expression level of the
one or plurality of overexpressed genes associated with chromosomal instability
compared to the one or plurality of underexpressed genes associated with estrogen
receptor signalling indicates or correlates with a less favourable cancer prognosis;
and/or a lower relative expression level of the one or plurality of overexpressed
genes associated with chromosomal instability compared to the one or plurality of
underexpressed genes associated with estrogen receptor signalling indicates or
correlates with a more favourable cancer prognosis.

In certain embodiments, the genes associated with chromosomal instability
are of a CIN metagene. Non-limiting examples include genes selected from the group
consisting of ATP6VICI, RAP2A, CALMI, COGS, HELLS, KDM5A, PGKI,
PLCHI, CEP55, RFC4, TAF2, SF3B3, GPI, PIR, MCM10, MELK, FOXM1, KIF2C,
NUPI155, TPX2, TTK, CENPA, CENPN, EXOI, MAPREI, ACOT7, NAEI, SHMT2,
TCPI1, TXNRDI, ADM, CHAFIA and SYNCRIP. Preferably, the genes are selected
from the group consisting of: MELK, MCM 10, CENPA, EXOI, TTK and KIF2C.

In certain embodiments, the genes associated with estrogen receptor
signalling are of an ER metagene. Non-limiting examples include genes selected
from the group consisting of: BTG2, PIK3IP1, SECI4L2, FLNB, ACSF2, APOM,
BIN3, GLTSCR2, ZMYND10, ABAT, BCAT2, SCUBE2, RUNXI, LRRC48, MYBPCI,
BCL2, CHPTI, ITM2A, LRIGI, MAPT, PRKCB, RERE, ABHDI14A, FLT3, TNN,
STC2, BATF, CDIE, CFB, EVL, FBXW4, ABCB1, ACAAl, CHAD, PDCD4, RPLIO,
RPS28, RPS4X, RPS6, SORBSI, RPL22 and RPS4XP3. Preferably, the genes are
selected from the group consisting of: MAPT and MYB.

In certain embodiments, the method of the fifth and sixth aspects further
including the step of comparing an expression level of one or a plurality of other
overexpressed genes selected from the group consisting of CAMSAPI, CETNS3,
GRHPR, ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS5,
HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4,
TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2LI1, LAMA3, NDUFCI and STAUI,
and/or an expression level of one or a plurality of other underexpressed genes
selected from the group consisting of BRDS, BTN2A2. KIR2DIL4. MEI, PSEN?2,
CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3Bl, ZNRDI-ASI, ARNT2, ERC2,
SLCI11AI, BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HILA-B, IGH,
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KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and SRPK3, in one or a
plurality of cancer cells, tissues or organs of the mammal, wherein: a higher relative
expression level of the other overexpressed genes compared to the other
underexpressed genes indicates or correlates with higher aggressiveness of the cancer
and/or a less favourable cancer prognosis; and/or a lower relative expression level of
the other overexpressed genes compared to the other underexpressed genes indicates
or correlates with lower aggressiveness of the cancer and/or a more favourable
cancer prognosis compared to a mammal having a higher expression level.

In one embodiment, the one or plurality of other overexpressed genes are
selected from the group consisting of ABHDS5, ADORA2B, BCAP31, CA9,
CAMSAPI1, CARHSPI, CD55, CETN3, EIF3K, EXOSC7, GNB2LI, GRHPR,
GSK3B, HCFCIRI, KCNG1, MAP2K5, NDUFCI, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or plurality of other underexpressed genes are
selected from the group consisting of BTN2A2, ERC2, IGH, MEI, MTMR?7,
SMPDL3B and ZNRD1-AS1.

Suitably, the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and/or the expression level of the
underexpressed genes associated with estrogen receptor signalling is integrated with
the comparison of the expression level of the one or plurality of other overexpressed
genes and/or the expression level of the one or plurality of other underexpressed
genes to derive a first integrated score.

In a seventh aspect, the invention provides a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or a plurality of overexpressed genes selected
from the group consisting of CAMSAPI, CETN3, GRHPR, ZNF593, CA9, CFDPI,
VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS5, HCFCIRI, KCNGI, BCAP3I,
ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B,
EXOSC7, GNB2LI1, LAMA3, NDUFCI and STAU1, and/or an expression level of one
or a plurality of underexpressed genes selected from the group consisting of BRDS,
BTN2A2. KIR2DIA. ME1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3BI,
ZNRDI1-AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC,
CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and
SRPK3, in one or a plurality of cancer cells, tissues or organs of the mammal,

wherein: a higher relative expression level of the one or plurality of overexpressed
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genes compared to the one or plurality of underexpressed genes indicates or
correlates with higher aggressiveness of the cancer; and/or a lower relative
expression level of the one or plurality of overexpressed genes compared to the one
or plurality of underexpressed genes indicates or correlates with lower
aggressiveness of the cancer compared to a mammal having a higher expression
level.

In an eighth aspect, the invention provides a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of one or a plurality of overexpressed genes selected from the group consisting
of CAMSAPI, CETN3, GRHPR, ZNF593, CA9, CFDPIl, VPS28, ADORA2B,
GSK3B, LAMA4, MAP2K5, HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI,
PML, CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2LI,
LAMAS3, NDUFCI and STAUI, and/or an expression level of one or a plurality of
underexpressed genes selected from the group consisting of BRDS, BTN2A2.
KIR2DIA4. MEI1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3Bl, ZNRD]-
AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCRA4,
HLA-B, IGH, KIR2DL3, SMPDIL3B, MYB, RLNI, MTMR7, SORBS1 and SRPK3, in
one or a plurality of cancer cells, tissues or organs of the mammal, wherein: a higher
relative expression level of the one or plurality of overexpressed genes compared to
the one or plurality of underexpressed genes indicates or correlates with a less
favourable cancer prognosis; and/or a lower relative expression level of the one or
plurality of overexpressed genes compared to the one or plurality of underexpressed
genes indicates or correlates with a more favourable cancer prognosis compared to a
mammal having a higher expression level.

In one embodiment of the seventh and eighth aspects, the one or plurality of
overexpressed genes are selected from the group consisting of ABHDS, ADORA2B,
BCAP31, CA9, CAMSAPI, CARHSPI, CD55, CETN3, EIF3K, EXOSC7, GNB2LI,
GRHPR, GSK3B, HCFCIRI, KCNG1, MAP2K5, NDUFCI, PML, STAUI, TXN and
ZNF593.

In one embodiment of the seventh and eighth aspects, the one or plurality of
underexpressed genes are selected from the group consisting of BTN2A2, ERC2,
IGH, ME1, MTMR7, SMPDL3B and ZNRD1-AS].

In particular embodiments, the method of the first, second, third, fourth, fifth,

sixth, seventh and eighth aspects further includes the step of comparing an
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expression level of one or a plurality of overexpressed proteins selected from the
group consisting of DVL3, PAI-1, VEGFR2, INPP4B, EIF4EBP1, EGFR, Kus0,
HER3, SMAD1, GATA3, ITGA2, AKT1, NFKB1, HER2, ASNS and COLG6AL,
and/or an expression level of one or a plurality of underexpressed proteins selected
from the group consisting of VEGFR2, HER3, ASNS, MAPK9, ESR1, YWHAE,
RADS0, PGR, COL6A1, PEA1S5 and RPS6, in one or a plurality of cancer cells,
tissues or organs of the mammal, wherein: a higher relative expression level of the
overexpressed proteins compared to the underexpressed proteins indicates or
correlates with higher aggressiveness of the cancer and/or a less favourable cancer
prognosis; and/or a lower relative expression level of the overexpressed proteins
compared to the underexpressed proteins indicates or correlates with lower
aggressiveness of the cancer and/or a more favourable cancer prognosis compared to
a mammal having a higher expression level.

Suitably, the comparison of the expression level of the one or plurality of
overexpressed proteins and/or the expression level of the one or plurality of
underexpressed proteins is to thereby derive an integrated score. In one particular
embodiment, the comparison of the expression level of the one or plurality of
overexpressed proteins and/or the expression level of the one or plurality of
underexpressed proteins is integrated with:

(1) the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and/or the expression level of
the underexpressed genes associated with estrogen receptor signalling
to derive a second integrated score; or

(i)  the first integrated score to derive a third integrated score; or

(ii1)  the comparison of the expression level of the overexpressed genes
selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMAA4,
MAP2KS5, HCFCIRI, KCNGI1, BCAP31, ULBP2, CARHSPI, PML,
CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI1, LAMA3, NDUFCI and STAUI and/or the expression level
of the underexpressed genes selected from the group consisting of
BRDS, BTN2A2. KIR2DIA. MEI, PSEN2, CALR, CAMK4, ITM2C,
NOP2, NSUN5, SF3BI, ZNRDI-ASI, ARNT2, ERC2, SLCIIAI,
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
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KIR2DL3, SMPDL3B, MYB, RLN1, MTMR7, SORBSI1 and SRPK3 to
derive a fourth integrated score; or

(iv)  the comparison of the expression level of the overexpressed genes

and/or an expression level of the underexpressed genes, wherein the
genes are from one or a plurality of the Carbohydrate/Lipid
Metabolism metagene, the Cell Signalling metagene, the Cellular
Development metagene, the Cellular Growth metagene, the
Chromosome Segregation metagene, the DNA
Replication/Recombination metagene, the Immune System metagene,
the Metabolic Disease metagene, the Nucleic Acid Metabolism
metagene, the Post-Translational Modification metagene, the Protein
Synthesis/Modification metagene and/or the Multiple Networks
metagene, to derive a fifth integrated score; or

(v) the comparison of the expression level of the overexpressed genes

and/or the expression level of the underexpressed genes, wherein the
genes are from one or a plurality of the Metabolism metagene, the
Signalling metagene, the Development and Growth metagene, the
Chromosome  Segregation/Replication metagene, the Immune
Response metagene and/or the Protein Synthesis/Modification
metagene, to derive a sixth integrated score.

wherein the second, third, fourth, fifth and/or sixth integrated score is

indicative of, or correlates with, the aggressiveness and/or prognosis of the

cancer in the mammal.

In particular embodiments, the second, third, fourth, fifth and/or sixth
integrated score are derived, at least in part, by addition, subtraction, multiplication,
division and/or exponentiation.

In a preferred embodiment, the first, second and/or third integrated scores are
derived, at least in part, by exponentiation wherein the comparison of the expression
level of the other overexpressed genes and the expression level of the other
underexpressed genes is raised to the power of

(1) the comparison of the expression level of the overexpressed genes

associated with chromosomal instability and/or the expression level of
the underexpressed genes associated with estrogen receptor signalling;

and/or
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(i1) the comparison of the expression level of the overexpressed proteins

and/or the expression level of the underexpressed proteins.

In a ninth aspect, the invention provides a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or a plurality of overexpressed proteins
selected from the group consisting of DVL3, PAI-1, VEGFR2, INPP4B, EIF4EBPI,
EGFR, Ku80, HER3, SMAD1, GATA3, ITGA2, AKT1, NFKB1, HER2, ASNS and
COL6A1, and/or an expression level of one or a plurality of underexpressed proteins
selected from the group consisting of VEGFR2, HER3, ASNS, MAPK9, ESRI,
YWHAE, RADS0, PGR, COL6A1, PEA1S5 and RPS6, in one or a plurality of cancer
cells, tissues or organs of the mammal, wherein: a higher relative expression level of
the one or plurality of overexpressed proteins compared to the one or plurality of
underexpressed proteins indicates or correlates with higher aggressiveness of the
cancer; and/or a lower relative expression level of the one or plurality of
overexpressed proteins compared to the one or plurality of underexpressed proteins
indicates or correlates with lower aggressiveness of the cancer compared to a
mammal having a higher expression level.

In a tenth aspect, the invention provides a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of one or a plurality of overexpressed proteins selected from the group
consisting of DVL3, PAI-1, VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku80, HER3,
SMAD1, GATA3, ITGA2, AKT1, NFKB1, HER2, ASNS and COL6A1, and/or an
expression level of one or a plurality of underexpressed proteins selected from the
group consisting of VEGFR2, HER3, ASNS, MAPK9, ESR1, YWHAE, RADS0,
PGR, COL6A1, PEAI1S and RPS6, in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein: a higher relative expression level of the one or
plurality of overexpressed proteins compared to the one or plurality of
underexpressed proteins indicates or correlates with a less favourable cancer
prognosis; and/or a lower relative expression level of the one or plurality of
overexpressed proteins compared to the one or plurality of underexpressed proteins
indicates or correlates with a more favourable cancer prognosis compared to a
mammal having a higher expression level.

In an eleventh aspect, the invention provides method of predicting the

responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
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including the step of comparing an expression level of one or a plurality of
overexpressed genes and/or an expression level of one or a plurality of
underexpressed genes in one or a plurality of cancer cells, tissues or organs of the
mammal, wherein the overexpressed genes and the underexpressed genes are from
one or a plurality of metagenes selected from the group consisting of a
Carbohydrate/Lipid Metabolism metagene, a Cell Signalling metagene, a Cellular
Development metagene, a Cellular Growth metagene, a Chromosome Segregation
metagene, a DNA Replication/Recombination metagene, an Immune System
metagene, a Metabolic Disease metagene, a Nucleic Acid Metabolism metagene, a
Post-Translational Modification metagene, a Protein Synthesis/Modification
metagene and a Multiple Networks metagene, wherein an altered or modulated
relative expression level of the overexpressed genes compared to the underexpressed
genes indicates or correlates with relatively increased or decreased responsiveness of
the cancer to the anti-cancer treatment.

Suitably, for the present aspect the Carbohydrate/Lipid Metabolism
metagene, the Cell Signalling metagene, the Cellular Development metagene, the
Cellular Growth metagene, the Chromosome Segregation metagene, the DNA
Replication/Recombination metagene, the Immune System metagene, the Metabolic
Disease metagene, the Nucleic Acid Metabolism metagene, the Post-Translational
Modification metagene, the Protein Synthesis/Modification metagene and/or the
Multiple Networks metagene comprise one or a plurality of genes listed in Table 21.

In a twelfth aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed genes and/or an expression level of one or a plurality of
underexpressed genes in one or a plurality of cancer cells, tissues or organs of the
mammal, wherein the overexpressed genes and the underexpressed genes are from
one or a plurality of metagenes selected from the group consisting of a Metabolism
metagene, a Signalling metagene, a Development and Growth metagene, a
Chromosome Segregation/Replication metagene, an Immune Response metagene
and a Protein Synthesis/Modification metagene, wherein an altered or modulated
relative expression level of the overexpressed genes compared to the underexpressed
genes indicates or correlates with relatively increased or decreased responsiveness of

the cancer to the anti-cancer treatment.
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In one embodiment of the eleventh and twelfth aspects, the one or plurality of
overexpressed genes and/or the one or plurality of underexpressed genes are selected
from one of the metagenes. In an alternative embodiment, the one or plurality of
overexpressed genes and/or the one or plurality of underexpressed genes are selected
from a plurality of the metagenes.

Suitably, the Metabolism metagene, the Signalling metagene, the
Development and Growth metagene, the Chromosome Segregation/Replication
metagene, the Immune Response metagene and/or the  Protein
Synthesis/Modification metagene comprise one or a plurality of genes listed in Table
22.

In particular embodiments, the one or plurality of overexpressed genes and
the one or plurality of underexpressed genes are from one or a plurality of a
Carbohydrate/Lipid Metabolism metagene, a Cell Signalling metagene, a Cellular
Development metagene, a Cellular Growth metagene, a Chromosome Segregation
metagene, a DNA Replication/Recombination metagene, an Immune System
metagene, a Metabolic Disease metagene, a Nucleic Acid Metabolism metagene, a
Post-Translational Modification metagene, a Protein Synthesis/Modification
metagene and a Multiple Networks metagene.

According to the method of the eleventh and twelfth aspects, the step of
comparing an expression level of one or a plurality of overexpressed genes and/or an
expression level of one or a plurality of underexpressed genes includes comparing an
average expression level of the one or plurality of overexpressed genes and/or an
average expression level of the one or plurality of underexpressed genes. This may
include calculating a ratio of the average expression level of the one or plurality of
overexpressed genes and the average expression level of the one or plurality of
underexpressed genes. Suitably, the ratio provides an aggressiveness score which is
indicative of, or correlates with, cancer aggressiveness and a less favourable
prognosis. Alternatively, the step of comparing an expression level of one or a
plurality of overexpressed genes and/or an expression level of one or a plurality of
underexpressed genes includes comparing the sum of expression levels of the one or
plurality of overexpressed genes and/or the sum of expression levels of the one or
plurality of underexpressed genes. This may include calculating a ratio of the sum of
expression levels of the one or plurality of overexpressed genes and/or the sum of

expression levels of the one or plurality of underexpressed genes.
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In a thirteenth aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of determining an expression level of one or a plurality of genes
associated with chromosomal instability in one or a plurality of non-mitotic cancer
cells of the mammal, wherein a higher expression level indicates or correlates with
relatively increased responsiveness of the cancer to the anti-cancer treatment

Suitably, the one or plurality of genes associated with chromosomal
instability are selected from the group consisting of: T7TK, CEP55, FOXMI and
SKIP2 and/or any CIN genes listed in Table 4.

In a fourteenth aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed genes associated with chromosomal instability and/or an expression
level of one or a plurality of underexpressed genes associated with estrogen receptor
signalling in one or a plurality of cancer cells, tissues or organs of the mammal,
wherein an altered or modulated relative expression level of the one or plurality of
overexpressed genes associated with chromosomal instability compared to the one or
plurality of underexpressed genes associated with estrogen receptor signalling
indicates or correlates with relatively increased or decreased responsiveness of the
cancer to the anti-cancer treatment.

In certain embodiments, the genes associated with chromosomal instability
are of a CIN metagene. Non-limiting examples include genes selected from the group
consisting of: ATP6VICI, RAP2A, CALMI, COGS, HELLS, KDM5A, PGKI,
PLCHI, CEP55, RFC4, TAF2, SF3B3, GPI, PIR, MCM10, MELK, FOXM1, KIF2C,
NUPI155, TPX2, TTK, CENPA, CENPN, EXOI, MAPREI, ACOT7, NAEI, SHMT2,
TCPI1, TXNRDI, ADM, CHAFIA and SYNCRIP. Preferably, the genes are selected
from the group consisting of: MELK, MCM 10, CENPA, EXOI, TTK and KIF2C.

In certain embodiments, the genes associated with estrogen receptor
signalling are of an ER metagene. Non-limiting examples include genes selected
from the group consisting of: BTG2, PIK3IP1, SECI4L2, FLNB, ACSF2, APOM,
BIN3, GLTSCR2, ZMYND10, ABAT, BCAT2, SCUBE2, RUNXI, LRRC48, MYBPCI,
BCL2, CHPTI, ITM2A, LRIGI, MAPT, PRKCB, RERE, ABHDI14A, FLT3, TNN,
STC2, BATF, CDIE, CFB, EVL, FBXW4, ABCB1, ACAAl, CHAD, PDCD4, RPLIO,
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RPS28, RPS4X, RPS6, SORBSI, RPL22 and RPS4XP3. Preferably, the genes are
selected from the group consisting of: MAPT and MYB.

Suitably, the method of this aspect further includes the step of comparing an
expression level of one or a plurality of other overexpressed genes selected from the
group consisting of CAMSAPI, CETN3, GRHPR, ZNF593, CA9, CFDPI, VPS28,
ADORA2B, GSK3B, LAMA4, MAP2K5, HCFCIRI, KCNGI, BCAP31, ULBP2,
CARHSPI, PML, CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI1, LAMA3, NDUFCI and STAUI, and/or an expression level of one or a
plurality of other underexpressed genes selected from the group consisting of BRDS,
BTN2A2. KIR2DIA. ME1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3BI,
ZNRDI1-AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC,
CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and
SRPK3 in one or a plurality of cancer cells, tissues or organs of the mammal, wherein
an altered or modulated relative expression level of the one or plurality of other
overexpressed genes compared to the one or plurality of other underexpressed genes
indicates or correlates with relatively increased or decreased responsiveness of the
cancer to the anti-cancer treatment.

In one embodiment, the one or plurality of other overexpressed genes are
selected from the group consisting of ABHDS5, ADORA2B, BCAP31, CA9,
CAMSAPI1, CARHSPI, CD55, CETN3, EIF3K, EXOSC7, GNB2LI, GRHPR,
GSK3B, HCFCIRI, KCNG1, MAP2K5, NDUFCI, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or plurality of other underexpressed genes are
selected from the group consisting of BTN2A2, ERC2, IGH, MEI, MTMR?7,
SMPDL3B and ZNRD1-AS1.

In certain embodiments, the comparison of the expression level of the one or
plurality of other overexpressed genes and/or the expression level of the one or
plurality of other underexpressed genes is integrated with the comparison of the
expression level of the one or plurality of overexpressed genes associated with
chromosomal instability and/or the expression level of the one or plurality of
underexpressed genes associated with estrogen receptor signalling to derive a first
integrated score, which is indicative of, or correlates with, responsiveness of the
cancer to the anti-cancer treatment. By way of example, the first integrated score
may be derived, at least in part, by addition, subtraction, multiplication, division

and/or exponentiation. Preferably, the integrated score is derived by exponentiation,
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wherein the comparison of the expression level of the one or plurality of other
overexpressed genes and the expression level of the one or plurality of other
underexpressed genes is raised to the power of the comparison of the expression
level of the one or plurality of overexpressed genes associated with chromosomal
instability and the expression level of the one or plurality of underexpressed genes
associated with estrogen receptor signalling.

In a fifteenth aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed genes selected from the group consisting of CAMSAPI, CETNS3,
GRHPR, ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS5,
HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4,
TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2LI1, LAMA3, NDUFCI and STAUI,
and/or an expression level of one or a plurality of underexpressed genes selected
from the group consisting of BRDS, BTN2A2. KIR2DIA. MEI, PSEN2, CALR,
CAMKA4, ITM2C, NOP2, NSUNS, SF3Bl, ZNRDI1-AS1, ARNT2, ERC2, SLCI1IAl,
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH, KIR2DLS3,
SMPDL3B, MYB, RLNI, MTMR7, SORBS1 and SRPK3, in one or a plurality of
cancer cells, tissues or organs of the mammal, wherein an altered or modulated
relative expression level of the one or plurality of overexpressed genes compared to
the one or plurality of underexpressed genes indicates or correlates with relatively
increased or decreased responsiveness of the cancer to the anti-cancer treatment.

In one embodiment, the one or plurality of overexpressed genes are selected
from the group consisting of ABHDS, ADORA2B, BCAP31, CA9, CAMSAPI,
CARHSP1, CD55, CETN3, EIF3K, EXOSC7, GNB2LI, GRHPR, GSK3B,
HCFCIRI, KCNG1, MAP2K5, NDUFCI1, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or plurality of underexpressed genes are selected
from the group consisting of BTN2A2, ERC2, IGH, ME1, MTMR7, SMPDL3B and
ZNRDI-ASI.

Suitably, the method of the eleventh, twelfth, thirteenth, fourteenth and
fifteenth aspects further includes the step of comparing an expression level of a one
or a plurality of overexpressed proteins selected from the group consisting of DVL3,
PAI-1, VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku80, HER3, SMADI1, GATA3,
ITGA2, AKT1, NFKB1, HER2, ASNS and COL6AI1, and/or an expression level of
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one or a plurality of underexpressed proteins selected from the group consisting of
VEGFR2, HER3, ASNS, MAPK9, ESRI, YWHAE, RAD50, PGR, COL6AI,
PEA1S and RPS6, in one or a plurality of cancer cells, tissues or organs of the
mammal, wherein an altered or modulated relative expression level of the one or
plurality of overexpressed proteins compared to the one or plurality of
underexpressed proteins indicates or correlates with relatively increased or decreased
responsiveness of the cancer to the anti-cancer treatment.

Suitably, the comparison of the expression level of the one or plurality of
overexpressed proteins and/or the expression level of the one or plurality of
underexpressed proteins is to thereby derive an integrated score. In one particular
embodiment, the comparison of the expression level of the one or plurality of
overexpressed proteins and/or the expression level of the one or plurality of
underexpressed proteins is integrated with:

(1) the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and/or the expression level of
the underexpressed genes associated with estrogen receptor signalling
to derive a second integrated score; or

(i)  the first integrated score to derive a third integrated score; or

(ii1)  the comparison of the expression level of the overexpressed genes
selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMAA4,
MAP2KS5, HCFCIRI, KCNGI1, BCAP31, ULBP2, CARHSPI, PML,
CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI1, LAMA3, NDUFCI and STAUI and/or the expression level
of the underexpressed genes selected from the group consisting of
BRDS, BTN2A2. KIR2DIA. MEI, PSEN2, CALR, CAMK4, ITM2C,
NOP2, NSUN5, SF3BI, ZNRDI-ASI, ARNT2, ERC2, SLCIIAI,
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
KIR2DL3, SMPDL3B, MYB, RLN1, MTMR7, SORBSI1 and SRPK3 to
derive a fourth integrated score; or

(iv)  the comparison of the expression level of the overexpressed genes and
an expression level of the underexpressed genes, wherein the genes
are from one or a plurality of the Carbohydrate/Lipid Metabolism

metagene, the Cell Signalling metagene, the Cellular Development
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metagene, the Cellular Growth metagene, the Chromosome
Segregation metagene, the DNA Replication/Recombination
metagene, the Immune System metagene, the Metabolic Disease
metagene, the Nucleic Acid Metabolism metagene, the Post-
Translational Modification metagene, the Protein
Synthesis/Modification metagene and/or the Multiple Networks
metagene, to derive a fifth integrated score; or

(v) the comparison of the expression level of the overexpressed genes and

an expression level of the underexpressed genes, wherein the genes
are from one or a plurality of the Metabolism metagene, the
Signalling metagene, the Development and Growth metagene, the
Chromosome  Segregation/Replication metagene, the Immune
Response metagene and/or the Protein Synthesis/Modification
metagene, to derive a sixth integrated score.

wherein the second, third, fourth, fifth and/or sixth integrated score is indicative of,

or correlates with, responsiveness of the cancer to the anti-cancer treatment.

In particular embodiments the first, second, third, fourth, fifth and/or sixth
integrated score are derived, at least in part, by addition, subtraction, multiplication,
division and/or exponentiation.

In a preferred embodiment, the first, second and/or third integrated scores are
derived, at least in part, by exponentiation wherein the comparison of the expression
level of the other overexpressed genes and/or the expression level of the other
underexpressed genes is raised to the power of

(1) the comparison of the expression level of the overexpressed genes

associated with chromosomal instability and/or the expression level of
the underexpressed genes associated with estrogen receptor signalling;
and/or

(i)  the comparison of the expression level of the overexpressed proteins

and/or the expression level of the underexpressed proteins.

In a sixteenth aspect, the invention provides method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed proteins selected from the group consisting of DVL3, PAI-I,

VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku80, HER3, SMADI, GATA3, ITGA2,
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AKTI1, NFKB1, HER2, ASNS and COL6AI1, and/or an expression level of one or a
plurality of underexpressed proteins selected from the group consisting of VEGFR2,
HER3, ASNS, MAPK9, ESRI, YWHAE, RAD50, PGR, COL6A1, PEA15 and
RPS6, in one or a plurality of cancer cells, tissues or organs of the mammal, wherein
an altered or modulated relative expression level of the one or plurality of
overexpressed proteins compared to the one or plurality of underexpressed proteins
indicates or correlates with relatively increased or decreased responsiveness of the
cancer to the anti-cancer treatment.

Suitably, the anticancer treatment of the eleventh, twelfth, thirteenth,
fourteenth, fifteenth and sixteenth aspects is selected from the group consisting of
endocrine therapy, chemotherapy, immunotherapy and a molecularly targeted
therapy. In certain embodiments, the anticancer treatment comprises an anaplastic
lymphoma kinase (ALK) inhibitor, a BCR-ABL inhibitor, a heat shock protein 90
(HSP90) inhibitor, an epidermal growth factor receptor (EGFR) inhibitor, a poly
(ADP-ribose) polymerase (PARP) inhibitor, retinoic acid, a B-cell lymphoma 2
(Bcl2) inhibitor, a gluconeogenesis inhibitor, a p38 mitogen-activated protein kinase
(MAPK) inhibitor, a mitogen-activated protein kinase kinase 1/2 (MEK1/2) inhibitor,
a mammalian target of rapamycin (mTOR) inhibitor, a phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) inhibitor, an insulin-like growth factor 1 receptor
(IGFIR) inhibitor, a phospholipase C-y (PLCy) inhibitor, a c-Jun N-terminal kinase
(JNK) inhibitor, a p21-activated kinase-1 (PAK1) inhibitor, a spleen tyrosine kinase
(SYK) inhibitor, a histone deacetylase (HDAC) inhibitor, a fibroblast growth factor
receptor (FGFR) inhibitor, an X-linked inhibitor of apoptosis (XIAP) inhibitor, a
polo-like kinase 1 (PLK1) inhibitor, an extracellular-signal-regulated kinase 5
(ERKS) inhibitor and combinations thereof.

Suitably, the method of the eleventh, twelfth, thirteenth, fourteenth, fifteenth
and sixteenth aspects further includes the step of administering to the mammal a
therapeutically effective amount of the anticancer treatment. Preferably, the
anticancer treatment is administered when the altered or modulated relative
expression level indicates or correlates with relatively increased responsiveness of
the cancer to the anti-cancer treatment.

In a seventeenth aspect, the invention provides a method of predicting the
responsiveness of a cancer to an immunotherapeutic agent in a mammal, said method

including the step of comparing an expression level of one or a plurality of
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overexpressed genes selected from the group consisting of ADORA2B, CD36,
CETN3, CFDPI, KCNGI, LAMA3, NAEl, MAP2KS5, PGKI, SF3B3, STAUI and
TXN and/or an expression level of one or a plurality of underexpressed genes
selected from the group consisting ofAPOBEC3A, BTN2A2, BCL2, CAMKA,
FBXW4, CAMSAPI, CARHSPI, GSK3B, HCFCIRI, PSEN2, MYB and ZNF593, , in
one or a plurality of cancer cells, tissues or organs of the mammal, wherein an altered
or modulated relative expression level of the one or plurality of overexpressed genes
compared to the one or plurality of underexpressed genes indicates or correlates with
relatively increased or decreased responsiveness of the cancer to the
immunotherapeutic agent.

Suitably, the immunotherapeutic agent is an immune checkpoint inhibitor.
Preferably, the immune checkpoint inhibitor is or comprises an anti-PD1 antibody or
an anti-PDL1 antibody.

In an eighteenth aspect is provided a method of predicting the responsiveness
of a cancer to an epidermal; growth factor receptor (EGFR) inhibitor in a mammal,
said method including the step of comparing an expression level of one or a plurality
of overexpressed genes selected from the group consisting of NAEI, GSK3B, TAF2,
MAPREI, BRD4, STAUI, TAF2, PDCD4, KCNGI1, ZNRDI-AS1, EIF4B, HELLS,
RPL22, ABAT, BTN2A2, CDIB, ITM2A, BCL2, CXCR4, and ARNT2 and/or an
expression level of one or a plurality of underexpressed genes selected from the
group consisting of CDIC, CDIE, CD1B, KDM5A, BATF, EVL, PRKCB, HCFCIRI,
CARHSP1, CHAD, KIR2DIA, ABHD5, ABHD14A, ACAAI, SRPK3, CFB, ARNT?2,
NDUFCI1, BCL2, EVL, ULBP2, BIN3, SF3B3, CETN3, SYNCRIP, TAF2, CENPN,
ATP6VICI, CD55 and ADORA2B in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein an altered or modulated relative expression level of
the one or plurality of overexpressed genes compared to the one or plurality of
underexpressed genes indicates or correlates with relatively increased or decreased
responsiveness of the cancer to the EGFR inhibitor.

In a nineteenth aspect is provided a method of predicting the responsiveness
of a cancer to a multikinase inhibitor in a mammal, said method including the step of
comparing an expression level of one or a plurality of overexpressed genes selected
from the group consisting of SCUBE, CHPTI, CDCI, BTG2, ADORA2B and BCL2,
and/or an expression level of one or a plurality of underexpressed genes selected

from the group consisting of NOP2, CALR, MAPREI, KCNGI, PGKI, SRPK3,
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RERE, ADM, LAMA3, KIR2DIA, ULBP2, LAMA4, CA9, and BCAP31, in one or a
plurality of cancer cells, tissues or organs of the mammal, wherein an altered or
modulated relative expression level of the one or plurality of overexpressed genes
compared to the one or plurality of underexpressed genes indicates or correlates with
relatively increased or decreased responsiveness of the cancer to the multikinase
inhibitor.

Suitably, for the method of the seventeenth, eighteenth and nineteenth
aspects, a higher relative expression level of the one or plurality of overexpressed
genes compared to the one or plurality of underexpressed genes indicates or
correlates with a relatively increased responsiveness of the cancer to the
immunotherapeutic agent, EGFR inhibitor or multikinase inhibitor; and/or a lower
relative expression level of the one or aplurality of overexpressed genes compared to
the one or plurality of underexpressed genes indicates or correlates with a relatively
decreased responsiveness of the cancer to the immunotherapeutic agent, EGFR
inhibitor and/or multikinase inhibitor.

In some embodiments, the method of the seventeenth, eighteenth and
nineteenth aspects further includes the step of administering to the mammal a
therapeutically effective amount of the immunotherapeutic agent, the EGFR inhibitor
or the multikinase inhibitor respectively. Preferably, the immunotherapeutic agent,
the EGFR inhibitor or the multikinase inhibitor is administered when the altered or
modulated relative expression level indicates or correlates with relatively increased
responsiveness of the cancer to the immunotherapeutic agent, the EGFR inhibitor or
the multikinase inhibitor respectively.

Suitably, for the methods of the aforementioned aspects, the step of
comparing an expression level of one or a plurality ofoverexpressed genes or
proteins and an expression level of one or a plurality of underexpressed genes or
proteins, includes comparing an average expression level of the one or plurality of
overexpressed genes or proteins and an average expression level of the one or
plurality of underexpressed genes or proteins. This may include calculating a ratio of
the average expression level of the one or plurality of overexpressed genes or
proteins and the average expression level of the one or plurality of underexpressed
genes or proteins. Suitably, the ratio provides an aggressiveness score which is
indicative of, or correlates with, cancer aggressiveness and a less favourable

prognosis. Alternatively, the step of comparing an expression level of one or a
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plurality of overexpressed genes and an expression level of one or a plurality of
underexpressed genes or proteins , includes comparing the sum of expression levels
of the one or plurality of overexpressed genes or proteins and the sum of expression
levels of the one or plurality of underexpressed genes or proteins. This may include
calculating a ratio of the sum of expression levels of the one or plurality of
overexpressed genes or protein and the sum of expression levels of the one or
plurality of underexpressed genes or proteins.

In certain embodiments of the aforementioned methods, the mammal is
subsequently treated for cancer.

In a twentieth aspect, the invention provides a method for identifying an
agent for use in the treatment of cancer including the steps of:

(1) contacting a protein product of GRHPR, NDUFCI, CAMSAPI, CETN3,
EIF3K, STAUI, EXOSC7, COGS, CFDPI and/or KCNG1 with a test agent; and

(i1) determining whether the test agent, at least partly, reduces, eliminates,
suppresses or inhibits the expression and/or an activity of the protein product.

Suitably, the agent possesses or displays little or no significant off-target
and/or nonspecific effects.

Preferably, the agent is an antibody or a small organic molecule.

In a twenty first aspect, the invention provides an agent for use in the
treatment of cancer identified by the method of the eighteenth aspect.

In a twenty second aspect, the invention provides a method of treating a
cancer in a mammal, including the step of administering to the mammal a
therapeutically effective amount of an agent identified by the method of the
eighteenth aspect.

Preferably, for the invention of the twentieth, twenty first and twenty second
aspects, the cancer has an overexpressed gene selected from the group consisting of
GRHPR, NDUFC1, CAMSAPI, CETN3, EIF3K, STAU1, EXOSC7, COGS, CFDPI,
KCNG]1 and any combination thereof.

Suitably, the method of the aformentioned aspects further includes the step of
determining, assessing or measuring the expression level of one or plurality of the
overexpressed genes, the underexpressed genes, the overexpressed proteins and/or
the underexpressed proteins described herein.

Suitably, the mammal referred to in the aforementioned aspects and

embodiments is a human.
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In certain embodiments of the invention of the aforementioned aspects, the
cancer includes breast cancer, lung cancer inclusive of lung adenocarcinoma and
lung squamous cell carcinoma, cancers of the reproductive system inclusive of
ovarian cancer, cervical cancer, uterine cancer and prostate cancer, cancers of the
brain and nervous system, head and neck cancers, gastrointestinal cancers inclusive
of colon cancer, colorectal cancer and gastric cancer, liver cancer inclusive of
hepatocellular carcinoma, kidney cancer inclusive of renal clear cell carcinoma and
renal papillary cell carcinoma, skin cancers such as melanoma and skin carcinomas,
blood cell cancers inclusive of lymphoid cancers and myelomonocytic cancers,
cancers of the endocrine system such as pancreatic cancer and pituitary cancers,
musculoskeletal cancers inclusive of bone and soft tissue cancers, although without
limitation thereto. By way of example, breast cancer includes aggressive breast
cancers and cancer subtypes such as triple negative breast cancer, grade 2 breast
cancer, grade 3 breast cancer, lymph node positive (LN") breast cancer, HER2
positive (HER2") breast cancer and ER positive (ER") breast cancer, although
without limitation thereto.

Unless the context requires otherwise, the terms “comprise”, “comprises” and
“comprising”, or similar terms are intended to mean a non-exclusive inclusion, such
that a recited list of elements or features does not include those stated or listed
elements solely, but may include other elements or features that are not listed or
stated.

The indefinite articles ‘@’ and ‘an’ are used here to refer to or encompass
singular or plural elements or features and should not be taken as meaning or

defining “one” or a “single” element or feature.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Correlation of breast cancer subtypes and the aggressiveness gene list.
The METABRIC dataset was visualized according to the expression of the 206 genes
(Table 4) in the aggressiveness gene list. The aggressiveness score for each tumor
was calculated as the ratio of the CIN metagene (average value for CIN genes
expression) to the ER metagene (average value for ER genes expression). (A) The
expression of the aggressiveness gene list according to the GENIUS histological
classification. Box plot shows the aggressiveness score of the histological subtypes.

(B) The overall survival of patients in the METABRIC dataset was analyzed
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according to the aggressiveness score (upper row: by quartiles; lower row: by
median) in all patients, non-TNBC patients and in patients with ER+ Grade 2 tumors.
The hazard ratio (HR) and confidence interval (CI) and p-value for comparisons of
upper quartile vs. lower quartiles (upper row) and at the dichotomy across the
median (high vs. low) are shown (Log-rank Test, GraphPad® Prism). The number of
patients (n) in each group is shown in brackets.
Figure 2: Network analysis of the aggressiveness gene list. (A) Ingenuity pathway
analysis was performed using direct interactions on the 206 genes in the
aggressiveness gene list (red is overexpressed and green is underexpressed). One
network of high direct interactions was identified. (B) The genes in the network in A
were investigated for their correlation with the aggressiveness score and overall
survival (Table 5) and eight genes (MAPT, MYB, MELK, MCM10, CENPA, EXO1,
TTK and KIF2C) with the highest correlation were still connected in a direct
interaction network. (C) The overall survival of patients in the METABRIC dataset
was analyzed according to score from the 8 genes in C (upper row: by quartiles;
lower row: by median) in all patients, non-TNBC patients and in patients with ER+
Grade 2 tumors.
Figure 3: Survival of patients stratified by the 8-genes score in the METABRIC
dataset. The overall survival of patients in the METABRIC dataset was analyzed
according to the 8-genes score in selected settings in all patients (A) or in ER-
positive patients only (B). (A) TP53 mutation was compared in high vs. low 8-genes
score (split by the median). The expression of the proliferation marker Ki67 was
divided by dichotomy across the median and patients in each of these groups were
then stratified according to their 8-genes score (split by quartiles). Disease stages
(Stage I — Stage IIT) were stratified by the median 8-genes score. (B) ER" Grade 3,
ER+ lymph node negative (LN-) and ER+ LN+ tumors were stratified by the
quartiles.
Figure 4: The 8-genes score associates with survival of breast cancer patients.
Four published datasets were used to validate the 8-genes score as a predictor of
survival. The 8-genes score was calculated for tumors in each of the datasets and the
survival of patients was stratified according to the median 8-genes score; (A)
GSE2990", (B) GSE3494% (C) GSE2034° and (D) GSE25066™°. The hazard ratio
(HR) and confidence interval (CI) and p-value for comparisons high vs. low 8-genes

score are shown in the Kaplan-Meier survival curves (Log-rank Test, GraphPad®™
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Prism). The number of patients (n) is shown in brackets. The table in each panel
show multivariate survival analysis in the using Cox-proportional hazard model
including all available conventional indicators.
Figure 5: Therapeutic targets in the aggressiveness gene list. (A) The TNBC cell
lines, MDA-MB-231, SUMI159PT and Hs578T were treated with control siRNA
(Scrambled, Sc CTRL) or siRNA targeting the specified genes and the survival of
these cells was compared on day 6. Data shown is the average from the three cell
lines where each cell line was treated in triplicate. * p< 0.05, ** p<0.01 and ***
<0.001 from One-Way ANOVA analysis performed using GraphPad® Prism. Data
for individual cell lines is shown in Table 5. (B) A panel of breast cancer cell lines
was used to prepare lysates for immunoblotting of TTK. Tubulin was used as the
loading control. (C) Dose response curves for the treatment of breast cancer cell lines
in the absence or presence of escalating doses of the TTK inhibitor (TTKi) AZ3146.
The survival of cells was measured using the Cell Titre® MTS/MTA assay carried out
6 days after treatment. Percentage survival (n = 3 per dose) was calculated as the
percentage of the signal from treated cells to that from control cells. (D) The
concentration of TTK required to affect the survival of 50% of the cells (IC50) was
measured by GraphPad®™ Prism from the dose response curves in C for each cell line.
Figure 6: TTK protein expression associates with breast cancer survival. The
overall survival of patients in a large cohort of breast cancer patients (n=409) was
stratified according to TTK staining by IHC (scores 0-3). Kaplan-Meier survival
curves are shown for all patients (A) with four TTK staining (categories 0-3) and (B)
two categories (0-2 vs. 3). Log-rank Test and p-value were used for survival curves.
(C) The distribution of high TTK staining (category 3) across histological subgroups
and mitotic indices. Data shown is the mitotic index (median + range) measured as
the number of mitotic cells in 10 high power fields (hpf). The number of tumors with
high TTK staining to the total number of tumors in the cohort is shown on the right.
High TTK expression distributed across subtypes and did not associate with mitotic
index.
Figure 7: TTK associates with aggressive subtypes and is a therapeutic target.
(A) Kaplan-Meier survival curves are shown for Grade 3 tumors, lymph node
positive patients (LN") and LN patients with grade 3 tumors. Log-rank Test and p-
value were used for these survival curves. For patients with TNBC, and HER2,

survival was statistically significant using the Gehan-Breslow-Wilcoxon test (p-
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values marked by asterisks) which gives more weight to deaths at early time points.
The poorer survival of patients with high Ki67 tumors and high TTK staining was a
trend but did not reach significance. Survival curves and statistical analyses were
performed using GraphPad”™ Prism. (B) TNBC and non-TNBC cell lines were treated
for 6 days with the specified concentrations of docetaxel (doc) alone, TTK inhibitor
(TTKi) alone of the combinations. The survival of cells was measured using the
MTS/MTA assay as described in Methods. *** p < 0.001 comparing the combination
to single agents and to non-TNBC cell lines from Two-Way Anova in GraphPad”
Prism. (C) MDA-MB-231 cells were treated with docetaxel or TTKi alone or in
combination and collected at 96 hours to perform apoptosis assays by flow cytometry.
Early apoptotic cells were defined as annexin V+/7-AAD-.
Figure 8: Global gene expression meta-analysis of genes deregulated in TNBC,
metastatic events and death at 5 years in Oncomine™. (A) TNBC in 8 datasets
were compared to non-TNBC, (B) tumors with metastatic events at 5 years were
compared to those with no metastatic events at 5 years in 7 datasets and (C) tumors
leading to death at 5 years were compared to those that did not lead to death at 5
years were compared in 7 datasets. The datasets used in the comparisons are stated in
the legends and the key for the heatmap coloring is also included. The heatmap key
denotes the top or bottom x % placement of a gene according to gene rank which is
based on the p-value.
Figure 9: The derivation of the 206 aggressiveness gene list. (A and B) are Venn
diagrams for the top overexpressed genes and bottom underexpressed genes shared
between TNBC and/or metastasis and death at 5 years analyses in Oncomine™. (C
and D) The Venn diagrams from A and B were crossed with genes which were
deregulated in TNBC in comparison to adjacent normal breast tissue from the
METABRIC dataset. The genes marked in bold in panels C and D are the 206 genes
which constitute the unfiltered aggressiveness gene list.
Figure 10: Common genes between the 206 aggressiveness gene list and
metagene attractors. Venn diagrams show common genes (in bold) between the
206 aggressiveness gene list and the chromosomal instability (CIN), lymphocyte-
specific and ER attractors (Cheng et al 2013a, Cheng et al 2013b). The table below
lists the shared genes. The 6 overexpressed genes (marked in red) and 2
underexpressed genes (marked in green) which constitute the 8-genes signature in

this study are shown. Gene set enrichment analysis of the remaining 140 genes which
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were only present in the 206 gene signature reveal that these genes function in cell
cycle.
Figure 11: Correlation of breast cancer subtypes and the aggressiveness gene
list. The METABRIC dataset was visualized according to the expression of the 206
genes in the aggressiveness gene list. The aggressiveness score for each tumor was
calculated as the sum of normalized z-score expression values of overexpressed
genes divided by that of underexpressed genes. (A and B) The expression of the
aggressiveness gene list was visualized according to PAMSO0 intrinsic subtypes and
the integrative clusters classification. Box plots show the aggressiveness score of
these subtypes. The shaded lines in box plots mark the median value for the
aggressiveness score. *** p < 0.001 One-Way ANOVA using GraphPad® Prism.
Kaplan-Meier curves are of overall survival of patients in the METABRIC dataset
stratified according to the quartiles (left plot) or the median (middle plot) of the
aggressiveness score in ER+ patients with Grade 3 tumors. Tumors of the five
PAMSO intrinsic subtypes which show high aggressiveness score (higher than the
median) did not show statistical difference in overall survival (right plot). The hazard
ratio (HR) and the 95% confidence interval (CI) and the p-value are reported using
the Log-rank Test.
Figure 12: Survival of the PAMS50 breast cancer subtypes in the METABRIC
dataset according to the aggressiveness score. The survival of patients in the
METABRIC dataset annotated based on the PAMSO0 subtypes was analyzed by
dichotomy across the median aggressiveness score from the 206 gene list (A) and the
reduced 8 gene list (B). The p-value are reported using the Log-rank Test in
GraphPad®™ Prism and show that all tumors with the different PAMS50 subtypes but
high aggressiveness score did not show a difference in patient survival (left graphs),
whereas the PAMSO0 subtypes showed significantly different survival only in low
aggressiveness score setting.
Figure 13: TTK staining association with patient survival. The overall survival of
patients in a large cohort of breast cancer patients (n=409) was stratified according to
TTK staining by IHC (scores 0-3). Kaplan-Meier survival curves are shown for all
patients (with four TTK staining categories 0-3 and two categories (0-2 vs. 3) with
10 and 20 years follow up. Log-rank Test and p-value were used for survival curves

of all patients. There were no statistical differences in the survival of patients with
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Grade 1, Grade 2 or hormone positive tumors when stratified by TTK expression.
Survival curves and statistical analyses were performed using GraphPad® Prism.
Figure 14: Criteria used for assigning ‘prognostic subgroups’ in this study.
Figure 15:  Panel 1: Overall survival curves of lung cancer patients split by ten
(10) CIN and two (2) ER genes as a signature; patients are low or high according to
the median of the signature; Panel 2: Survival curves for lung adenocarconima split
by ten (10) CIN genes and two (2) ER genes as a signature; patients are low or high
according to the median of the signature; Panel 3: Survival curves for lung
adenocarconima (10 years) split by ten (10) CIN genes and two (2) ER genes as a
signature; patients are low or high according to the median of the signature; Panel 4:
Survival curves for lung adenocarconima split by six (6) CIN genes and two (2) ER
genes as a signature; patients are low or high according to the median of the
signature; and Panel 5: Survival curves for lung adenocarconima (10 years) split by
six (6) CIN genes and two (2) ER genes as a signature; patients are low or high
according to the median of the signature.
Figure 16: (A) RNA-Seq data from the breast cancer cohort of The Cancer Genome
Atlas (TCGA) data. (B) Recurrence-free survival of breast cancer patients in the
TCGA stratified by the Aggressiveness score compared to the OncotypeDx
recurrence score. (C) Comparison of copy number variations (CNVs) of breast
tumours with high aggressiveness score to those with low aggressiveness score.
Figure 17: (A) RNA-Seq data from all cancers of The Cancer Genome Atlas
(TCGA) data. (B) Recurrence-free survival of all cancer patients in the TCGA
stratified by the Aggressiveness score compared to the OncotypeDx recurrence score.
Figure 18: Recurrence-free survival or overall survival of cancer patients with
different cancer types in the TCGA data patients stratified by the 8-genes
aggressiveness score.
Figure 19: Outline of Example 2. Meta-analysis was performed in Oncomine™
using breast cancer datasets irrespective of subtypes or gene expression array
platforms used. The global gene expression profiles of breast tumors that led to
metastatic or death event within 5 years were compared to those that did not and the
top overexpressed (OE) and underexpressed genes (UE) in these comparisons were
selected. The commonly deregulated genes in the primary tumors that led to
metastatic and death events (depending on the annotation of each dataset) were then

interrogated using the online tool KM-Plotter™ (n>4000 patients with some overlap
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with the datasets in Oncomine™). Only genes which associated with relapse-free
survival (RFS), distant metastasis-free survival (DMFS) or overall survival (OS) of
basal-like breast cancer (BLBC) or ER-negative (ER’) breast cancer were selected.
The 96 genes from this training were then shortlisted to 28 genes by selecting the
most significant and persistent across the different outcomes (RFS, DMFS and OS).
The 28-gene signature was then validated in large cohorts of breast cancer gene
expression studies including The Cancer Genome Atlas (TCGA) dataset the
Research Online Cancer Knowledgebase (ROCK) dataset and the homogenous
TNBC dataset for prognostication of ER-, TNBC and BLBC subtypes. Finally, the
TN signature was then investigated for association with pathological complete
response (pCR) after neoadjuvant chemotherapy in studies which performed gene
expression profiling prior to therapy.

Figure 20: The 28-gene TN signature associates with RFS, DMFS and OS of
BLBC and ER- breast cancer. The 21 overexpressed and 7 underexpressed genes
were used as a signature in the online tool KM-Plotter. The signature (the average
expression of the 21 overexpressed genes and the inverted expression of the 7
underexpressed genes) stratified the RFS, DMFS and OS; low: under the median of
the expression of the signature and high: over the median of the expression of the
signature. The hazard ratio (HR) and log-rank p-value (p) for the univariate survival
analyses were generated by KM-Plotter. n = number of patients.

Figure 21: The prognostication by the TN score outperforms standard
clinicothapological indicators in TNCBC, BLBC and ER- breast cancer
subtypes. Two datasets, (A) the TNBC dataset and (B&C) the ROCK dataset, were
analyzed for the TN signature and the TN score was calculated as the ratio of the
average expression of the 21 overexpressed genes to that of the 7 underexpressed
genes. This score was calculated for each tumor and the median TN score over the
entire dataset was used to classify tumors as high (above the median) or low (below
the median) for the TN score. (A) RFR of TNBC patients in the TNBC cohort
stratified by dichotomy across the median TN score in the cohort. Table under the
survival curve shows univariate and multivariate survival analysis for the TN score
and other available clinical indicators recorded in the dataset. The TN score
outperformed all the clinical indicators in the multivariate analysis. (B) RFS and
DMEFS of BLBC in the ROCK dataset stratified by dichotomy across the median TN

score in the dataset. The table under the survival curves shows multivariate survival
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analysis for the TN score against other available clinical indicators recorded in the
dataset. The TN score outperformed all the clinical indicators in the multivariate
analysis of BLBC cases. (C) The RFS and DMFS of ER- negative breast cancer were
stratified by the TN score (data not shown) and the table shows the multivariate
survival analysis that the TN score outperforms clinical indicators in ER™ breast
cancer cases.

Figure 22: The TN score stratifies the overall survival of ER- breast cancer
patients in the TCGA dataset. The gene expression data using the Illumina HiSeq
RNA-seq arrays from the TCGA breast cancer data (n = 1106) were used to calculate
the TN score for all tumors. Tumors were classified as high or low for the TN score
by dichotomy across the median TN score. The overall survival (OS) of ER- breast
cancer cases with high TN score were compared to those with low TN score. The
table below the survival curve shows that the TN score is more significant than other
clinical indicators in univariate survival analysis and it is the only significant
prognostic indicator in multivariate survival analysis.

Figure 23: The TN score associates with pCR after chemotherapy in ER'HER2"
breast cancer. Gene expression datasets which profiled tumors prior to neoadjuvant
chemotherapy and recorded pathological complete responses (pCR) vs. no pCR or
residual disease (RD) were analyzed for the TN signature and the TN score was
calculated for each tumor. Tumors were classified as high or low TN score by
dichotomy across the median TN score in each dataset. Only ER-HER2- cases were
used in the data shown in the Figure. (A) Graphs showing the percentage of cases
achieving (red bars) or not achieving (black bars) pCR in low and high TN score
subgroups. Fisher's exact test was used to analyze the 2x2 contingency tables and the
p-value from this test was reported when statistical significance was observed. The
dotted line marks the 31% pCR rate reported in literature for TNBC. Each dataset is
labeled with the accession number and the chemotherapy regimen used, namely:
GSE18728, GSES0948, GSE20271, GSE20194, GSE22226, GSE42822 and
GSE23988. Chemotherapy abbreviation: 5-FU, Adriamycin, Cyclophosphamide,
Taxane, X: Xeloda, Methotrexate, Epirubicin. (B) The dataset GSE22226 from the
ISPY-1 trial was used to compare the TN score and pCR in the prediction of ER’
patient survival after neoadjuvant chemotherapy as this dataset also recorded RFS.
pCR strongly associated with RFS (first panel) as previously reported. the TN score

(next three panel) was not only predictive of survival in the these patients but could
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also stratified the survival of patients achieving or not achieving pCR, indicated the
TN score as an independent prognostic factor for pCR after neoadjuvant
chemotherapy.
Figure 24: Drug sensitivity of cancer cell lines according to the TN score. The
large published study by Garnett et al. was investigated where the TN score was
calculated for each cell line in the study as described in Methods. The cell lines were
classified as high or low TN score according to the median TN score to compare the
sensitivity of low TN score cell lines (white boxes) and high TN score cell lines (red
boxes). Graphs were prepared using GraphPad™ Prism showing sensitivity as -
log10[IC50] in boxes (with median marked by a line) and whiskers (marking the 1st
and 3rd quartiles and outliers as dots according to Tukey method for plotting the
whiskers and outliers). Unpaired two-tailed t test was used for statistical analysis.
Figure 25: The iBCR score stratifies the survival of all breast cancer patients
irrespective of ER status in the ROCK dataset. The TN and Agro scores were
calculated for each tumor in the ROCK dataset (n=1570, Affymetrix) and then the
iBCR score was calculated as the TN score to the power of the Agro score. The RFS
of all patients and the RFS of ER- or ER+ patients only was compared between high
score and low score by dichotomy across the median score for each of the scores.
The iBCR score was prognostic in all patients as well as ER- and ER+ subsets with
better separation between low score and high score tumors (increased hazard ratio
[HR] and limits of the 95% confidence intervals and decreased log rank p-value).
Graphs and the univariate survival analysis using the log rank test were performed
using GraphPad® Prism.
Figure 26: The iBCR score stratifies the survival of all breast cancer patients
irrespective of ER status in the TCGA dataset. The TN. Agro and the iBCR scores
were calculated for each tumor in the TCGA dataset (n=1106, Illumina RNA-Seq).
The RFS of all patients and the RFS of ER- or ER+ patients only was compared
between high score and low score. As in the results in the ROCK dataset in Figure 7,
The iBCR score was prognostic in all patients as well as ER- and ER+ subsets with
better separation between low score and high score tumors.
Figure 27: The iBCR score associates with RFS and pCR after chemotherapy in
the ISPY-1 trial. The dataset GSE22226 from the ISPY-1 trial was used to compare
the Agro, TN and the integrated iBCR score in the prognosis and association with

pCR after chemotherapy (Adriamycin, Cyclophosphamide and Taxane) in ER HER2"
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and ER" breast cancer subtypes. Tumors were classified as high or low score by
dichotomy across the median of each score in the entire dataset. High iBCR score
ER'HER2" tumors were less likely to achieve pCR and these patients had poor
survival. High iBCR ER" patients were more likely to achieve pCR but since a small
number of ER" patients achieved (10/62 [16%]), the survival of high iBCR ER+
patients remained poor. Note that the Agro score identifies all but two ER-HER2-
tumors as high score, thus the data from this group should not be interpreted. Also
note that the Agro score is highly prognostic of survival and association with pCR in
ER™ whereas the TN score is not in these patients. The integration of these two
scores in the iBCR score has overcame the limitation of each of these subtype-
specific scores.

Figure 28: The iBCR score associates with pCR after chemotherapy in breast
cancer. Gene expression datasets with pCR annotation after chemotherapy were used
as described in Figure 5 to calculate the Agro and TN scores and the integrated iBCR
score. Tumors were classified as high or low score by dichotomy across the median
of each score in each dataset. (A) ERHER2" cases with graphs showing the
percentage of cases achieving (red bars) or not achieving (black bars) pCR in low
and high score subgroups. (B) ER" cases were analyzed as in A. Fisher's exact test
was used to analyze the 2x2 contingency tables and the p-value from this test was
reported when statistical significance was observed. Each dataset is labeled with the
accession number and the chemotherapy regimen used, namely: GSE18728,
GSE50948, GSE20271, GSE20194, GSE22226, GSE42822 and GSE23988.
Chemotherapy abbreviation: 5-FU, Adriamycin, Cyclophosphamide, Taxane, X:
Xeloda, Methotrexate, Epirubicin.

Figure 29: The iBCR score stratifies the survival of tamoxifen-treated ER+
patients. The Agro and TN scores and the iBCR score were calculated in two
datasets of gene expression profiling prior to tamoxifen therapy: A&B. GSE6532
with 327 patients. 137 untreated and 190 tamoxifen-treated; C: GSE17705 with 298
patients treated with tamoxifen for 5 years. (A) ER+ NO patients with high iBCR
score have poor RFS compared low iBCR score counterparts. (B) RFS of all ER+
patients and NO and N1 subsets stratified by the Agro and iBCR scores. (C) DMFS
survival of all ER+ and NO and N1 subsets stratified by the Agro and iBCR scores.
The hazard ratios and log-rank p-values are more significant for the iBCR score than

the Agro score although the Agro score was significantly prognostic.
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Figure 30: Drug sensitivity of cancer cell lines according to the iBCR score. The
large published study by Garnett et al. was investigated where the iBCR score was
calculated for each cell line from the Agro and TN scores. The cell lines were
classified as high or low iBCR score according to the median iBCR score to compare
the sensitivity of low iBCR score cell lines (white boxes) and high TN score cell
lines (red boxes). Results according to low and high Agro score were also included.
Graphs were prepared using GraphPad® Prism and unpaired two-tailed t test was
used for statistical analysis (n.s. not significant).
Figure 31: Global gene expression meta-analysis of genes deregulated in
primary breast tumors with metastatic events or death at 5 years in
Oncomine™. (A) tumors with metastatic events at 5 years were compared to those
with no metastatic events at 5 years in 7 datasets and (B) tumors leading to death at 5
years were compared to those that did not lead to death at 5 years were compared in
7 datasets. The datasets used in the comparisons are stated in the legends and the key
for the heatmap coloring is also included. The heatmap key denotes the top or bottom
x % placement of a gene according to gene rank which is based on the p-value.
Figure 32: The TN signature outperforms all published signatures for
TNBC/BLBC. Relapse-free survival of basal-like breast cancer patients (BLBC) was
investigated in the online database KM-Plotter (Affymetrix platform) according to
the TN signature in comparison to published TNBC signatures. Hazard ratios (HR)
and logrank p-values were generated by KM-Plotter. (A) the TN score vs. signatures
(B) from Karn et al. (PLoS One, 2011); from Rody et al. (Breast Cancer Res, 2011)
(C) IL8, (D) VEGEF, and (E) B-cell metagenes; (F) from Yau et al. (Breast Cancer
Res, 2010); (G) from Yu et al. (Clin Cancer Res, 2013); (H) from Lee et al. (PLoS
One, 2013 and (I) from Hallet et al. (Sci Rep, 2012).
Figure 33: The TN score stratified the survival of ER™ patients in the Agilent
TCGA data. The original TCGA dataset using the Agilent microarrays (n=597)
were analyzed for the TN score where patients were assigned as low, intermediate or
high for the TN score according to tertiles. The RFS of ER- patients only were then
compared according to these tertiles. The stratification was significant according to a
log-rank survival test (P<0.0001). High TN score group vs. low TN score group had
a hazard ratio (95% confidence interval) of 3.484 (1.035 to 11.23) with a log rank p-
value of 0.0179.
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Figure 34: The prognostication by the TN score in ER- and BLBC is not
affected by systemic treatment. The online KM-Plotter tool was used to investigate
the stratification of RFS, DMFS and OS of ER- breast cancer (top two rows) and
BLBC (bottom two rows) in systemically untreated patients (untreated) or in patients
who were treated systemically (treated). The HR, the 95% confidence intervals and
the log-rank p values were provided by KM-Plotter as well as the number of patients
at risk.

Figure 35: Sensitivity of cancer cell lines to anticancer drugs according to the
TN score in the Cancer Cell Line Encyclopedia (CCLE) study. The gene
expression data of the cancer cell lines in the study were analyzed to calculate the TN
score for each cell line and were assigned to low or high TN score by dichotomy
across the median. The ICsy for each of the 24 drugs used in the CCLE study was
compared between high and low TN score cell lines and the data shown are those
with statistical differences based on unpaired two-tailed r-test performed using
GraphPad® Prism.

Figure 36: Integration of the TN and Agro scores by addition or subtraction.
The ROCK dataset was used to study the integration of the TN and Agro score with
the aim to develop a test that is breast cancer subtype independent. (A) The raw Agro
and TN scores for ER+ (black dots) and ER- (red dots) in the ROCK dataset (each
dot represent one patient, n = 1570 in total). The two scores are scattered and a
method of integration that can retain the information from each score in the relevant
breast cancer subtype is necessary. Such methods are tested in this Figure and Figure
38. (B) Addition method. First column shows the TN score in ER+ tumors with low
(white boxes) and high (red boxes) Agro score subgroups (top panel). In the bottom
panel, the Agro score in ER- tumors with low (white boxes) and high (red boxes) TN
score subgroups. This data shows that the TN score is similar for ER+ tumors with
low and high Agro scores and that the Agro score is similar for ER- tumors with low
and high TN scores. The lack of statistical differences (independence) suggested that
integration is possible. The second column shows the linear correlation between the
TN score and Agro score when they were added in each patient for ER+ (top panel)
and ER- (bottom panel) patients. In the third column, the TN and Agro scores were
plotted against the produced summed score showing that the information from each
score is retained in the final summed score for both ER+ (top panel) and ER- (bottom

panel) patients.. The last column shows the overlap of data from ER+ and ER-
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patients shown separately in the second and third columns. (C) Identical analysis as
that done in B but the integration was tested by subtraction of the TN and Agro score.
The linearity of the relationship between the summed score and each of the single
scores (TN and Agro score) indicated that information from each score is represented
in the final score. The performance of these two methods (addition or subtraction)
was tested for association with survival as shown in Figure 37.

Figure 37: Comparison of different integration methods of the TN and Agro
scores for prognostication in ER- and ER+ RFS in the ROCK dataset. The
methods of integration by addition or subtraction (from Figure 36) or multiplication
or division (Figure 38) were tested for the association of the produced integrated
score in the ROCK dataset in ER- or ER+ breast cancer. As shown in the figure, only
the addition or multiplication methods were prognostic in ER- breast cancer and the
multiplication was more significant in ER+ breast cancer compared to the addition.
These two methods are reasonable as subtraction or division methods would reduce
the value of one of the scores. Two additional methods were tested, raising one score
to the power of the second score since the relationships observed when multiplication
and division methods showed exponential or power curves. As shown in the last
column (shaded and marked in red box), raising the TN score to the power of the
Agro score should superior prognostication in both ER- and ER+ breast cancer
subtypes. In fact, the prognostication of this integrated score was better than each of
the score in their respective subtypes. The method was therefore used to calculate the
integrated Breast Cancer Recurrence (iBCR) score.

Figure 38: Integration of the TN and Agro scores by division or multiplication.
The ROCK dataset was used to study the integration of the TN and Agro as these
scores were scattered when plotted against each other (panel A in Figure 36). (A)
The box plots in the first column are identical to those in Figure 36. The shaded
boxes in panel A describe integration by division (top row) or multiplication (bottom
row) of the TN and Agro scores. The division produced a power curve and the
multiplication produced an exponential curve for the relationship between the TN
and Agro scores after dividing them or multiplying them by each other in both ER+
(black dots) and ER- (red dots). The overlay in the last column shows that the
differences between ER+ and ER- patients for the scores is retained. These two
methods were tested for survival association in Figure 37 and the multiplication

method was suitable. (B) As power and exponential curves were observed in the
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division and multiplication methods in A, it was reasonable to test integration by
raising one score to the power of the second score. As shown in the top row in the
overlay or individual plots, the integration by raising the TN score to the power of
the Agro score produced a linear relationship in both ER- (red dots) and ER+ (black
dots) patients. This method of integration outperformed all other methods when
tested for survival association as shown in Figure 37.
Figure 39: The iBCR score is prognostic in TNBC patients. In addition to the
validation of the iBCR score in the ROCK dataset (Affymetrix) and the TCGA
dataset (Illumina dataset) of mixed subtypes of breast cancer, the iBCR score was
investigated in the homogenous TNBC dataset. As shown in the right panel, the
iBCR was as prognostic (with slight improvement) compared to the TN score. This
further validates the development of the integrated score to be a prognostic test in
breast cancer irrespective of ER status, unlike previous limited signatures.
Figure 40: Survival of tamoxifen-treated ER+ patients according to the Agro
score vs. Oncotype Dx. (A) RFS and DMFS of node negative (top) and node
positive (bottom) ER+ patients treated with tamoxifen in the published study (Loi et
al., Clin Oncol, 2007) stratified by the Agro Score (high vs. intermediate vs. low by
tertiles). (B) DMFS of node negative or positive ER+ patients treated with
tamoxifen for 5 years from the published study (Symmans et al., J Clin Oncol, 2010)
was stratified by the tertiles of the Agro Score. (C) RFS and DMFS of node negative
(top) and node positive (bottom) ER+ patients treated with tamoxifen in the
published study (Loi et al., Clin Oncol, 2007) stratified by the risk groups of the
OncotypeDx Recurrence Score. (D) DMFS of node negative or positive ER+ patients
treated with tamoxifen for 5 years from the published study (Symmans et al., J Clin
Oncol, 2010) was stratified by the risk groups of the OncotypeDx Recurrence Score.
Figure 41: Comparison of the Agro Score and MammaPrint in the KM-Plotter
tool. Distant metastasis-free survival according to the Agro Score (high vs. low) or
according to MammaPrint (high vs. low) in all breast cancer patients, ER+, ER+
lymph node negative (LN-) or ER+ lymph node positive (LN+) patients. The KM-
Plotter online tool (n = 4142 patients). The Agro score outperformed the
MammaPrint signature in all patient subsets particularly for ER+ node positive
patients.
Figure 42: Sensitivity of cancer cell lines to anticancer drugs according to the

iBCR score in the Cancer Cell Line Encyclopedia (CCLE) study. The gene
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expression data of the cancer cell lines in the study were analyzed to calculate the TN
score for each cell line and were assigned to low or high iBCR score by dichotomy
across the median. The ICsy for each of the 24 drugs used in the CCLE study was
compared between high and low iBCR score cell lines and the data shown are those
with statistical differences based on unpaired two-tailed z-test performed using
GraphPad® Prism. As this analysis was also done for the TN score (Figure 35),
results from analysis of the Agro score are also shown in the top row.
Figure 43: High copy number variations (CNVs) in high Agro score tumors
compared to low Agro score tumors. The breast cancer tumors in the TCGA
dataset were classified as high or low for the Agro score based on the gene
expression data (Illumina HiSeq RNA-seq). (A) The TCGA copy number variations
(segmented and after deletion of germline CNV) were visualized using the UCSC
Genome Browser to compare patients who were classified from gene expression data
as high Agro score patients (top panel) to those classified as low Agro score patients
(bottom panel). (B) Presentation of the distribution of clinical indicators such as ER,
PR and HER?2 status and others. (C) The difference in the CNVs profile of high Agro
score patients to the low Agro score patients showing gains (red) and losses (green)
of whole chromosome arms in the high Agro score patients, suggesting aneuploidy.
Figure 44: High Agro and iBCR score cell lines are more sensitive to Aurora
kinase inhibitors. Two studies which treated breast cancer cell lines with Aurora
kinase inhibitors were analyzed based on the Agro, TN and the iBCR score for these
cell lines. As shown in Figure, high Agro score and particularly high iBCR score cell
lines were more sensitive to Aurora kinase inhibitors (ENMD-2076: IC50 1.4 uM vs.
5.9 uM for high vs. low iBCR Score cell lines, p=0.0125 -test; AMG 900: IC50 0.3
nM vs. 0.7 nM for high vs. low iBCR score cell lines, p=0.0308 -test).
Figure 45: The iBCR is prognostic in the pan-cancer TCGA data for overall and
relapse-free survival. The pan-cancer TCGA data were analyzed for the iBCR gene
signature using the UCSC Genome Browser and the data for this signature, survival
data and cancer types were downloaded from the browser. Tumors, irrespective of
cancer types, were classified into quartiles based on the iBCR signature expression
and the overall and relapse free survival were compared across these quartiles. As
shown in the top row, overall and relapse-free survival was stratified by the iBCR
signature in this pan-cancer dataset. In the far right panel in the top row, the

distribution of tumors in each cancer type across the iBCR signature quartile is
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shown. Cervical cancer for example displays high iBCR signature in the majority of
cases whereas on the opposite side, thyroid cancer displays low iBCR signature in all
the cases. The lower panels show the stratification of overall survival according to
the iBCR score from the pan-cancer dataset where the stratification was statistically
significant in log-rank univariate survival analysis. In addition to the breast cancer
data shown in paper, the iBCR signature was prognostic in adrenocortical cancer,
endometrioid cancer, kidney clear cell cancer, bladder cancer, lower grade glioma
and melanoma. The iBCR was also prognostic in lung adenocarcinoma as shown in
Figure 46.

Figure 46: The iBCR signature is prognostic in lung adenocarcinoma (LUAD).
The iBCR signature was tested for prognostication in lung cancer in two large
datasets. (A&B) KM-Plotter (Affymetrix data) was used to investigate overall
survival of lung adenocarcinoma (A) and squamous cell carcinoma (B). The iBCR
signature shows a strong prognostic value in lung adenocarcinoma (LUAD). (C)
Multivariate survival analysis was performed in KM-Plotter for the iBCR signature
in lung cancer in comparison to available clinical indicators; histological type (lung
adenocarcinoma vs. small cell lung cancer) and stage of disease. The iBCR signature
outperformed these standard clinical indicators. (D&E) The TCGA data for LUAD
(Illumina HiSeq RNA-seq data) were stratified by quartiles or tertiles for the iBCR
signature expression to test the association of the iBCR signature with overall
survival (D) and relapse-free survival (E), respectively. LUAD patients with high
iBCR signature had poorest survival and suffered earlier recurrence and death
compared to patients with lower iBCR signature expression. It should be noted that
the TCGA data for squamous cell lung carcinoma were also investigated and there
was no statistical significance for the association of the iBCR signature and survival,
in agreement with the very weak association seen from the KM-Plotter data.

Figure 47: The sensitivity of breast cancer cell lines treated with 24 drugs
according to the iBCR score. Breast cancer cell lines (10 cell lines) were cultured in
the absence or presence of escalating doses of 24 small molecular anti-cancer drugs.
This published study was re-analyzed to compare the sensitivity (calculated as the —
logIC50) between high iBCR score cell lines (5 cell lines: BT-549, MDA-MB-231,
MDA-MB-436, MDA-MB-468 and BT-20) to low iBCR score cell lines (5 cell lines:
Hs.578T, BT-474, MCF-7, T-47D, and ZR-75-1). The iBCR scores were calculated

from the Agro and TN scores using the published gene expression dataset for 51
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breast cancer cell lines (Neve et al., Cancer Cell, 2006). High iBCR score cell lines
(red bars) were more sensitive than low iBCR score cell lines (white bars) to 13
drugs (shaded in grey) targeting 9 different kinases. Statistical comparison was
performed in GraphPad®™ Prism using two tailed unpaired #-test.
Figure 48: Proteins and phosphoproteins associated with the iIBCR mRNA gene
signature. The iBCR score based on the mRNA expression of the 43 genes was used
to stratify the patients in the TCGA breast cancer dataset as low, intermediate or high
iBCR score. The reverse phase protein arrays (RPPA) from the TCGA breast cancer
dataset (n=747 patients) were then compared between the three groups of patients
according to the iBCR mRNA signature. (A) Overall survival of ER+ patients
according to the iBCR mRNA signature. (B) Significantly up- or down-regulated
proteins and phosphoproteins in ER+ patients in the low, intermediate and high
iBCR score groups. (C) Overall survival of ER- according to the iBCR mRNA
signature. (D) Significantly up- or down-regulated proteins and phosphoproteins in
ER- patients in the low, intermediate and high iBCR score groups.
Figure 49: Prognostication of breast cancer patient survival by integrated
mRNA and protein iBCR signature. The deregulated proteins and phosphoproteins
in the three iBCR mRNA score groups were investigated for association with
survival. Eight downregulated proteins and nine upregulated proteins were highly
prognostic as a protein signature (iBCR protein signature). (A) Stratification of
overall survival based on the iBCR protein signature (top row) and the integrated
iBCR mRNA and protein signature (bottom row) in all breast cancer patients, ER+
and ER- cases. (B) Univariate and multivariate survival analysis using the Cox-
proportional hazard model showing that the combined iBCR mRNA/Protein
signature outperforms all clinicopathological indicators.
Figure 50: Proteins and phosphoproteins associated with the iBCR mRNA gene
signature. (A) Stratification of lung adenocarcinoma overall survival based on the
iBCR mRNA gene signature in the TCGA dataset (n=472 patients). (B) Comparison
of proteins phosphoprotein levels between the tumors in the four quartiles of the
iBCR mRNA gene signature. (C) Stratification of overall survival of lung
adenocarcinoma patients based on six proteins deduced from panel (n=212 patients).
(D) The combined iBCR mRNA/Protein signature stratifies the overall survival of

lung adenocarcinoma patients (n=212 patients). (E) Multivariate Cox-proportional
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hazard model for survival analysis showing that the combined iBCR mRNA/Protein
score outperforms all clinicopathological indicators in lung adenocarcinoma.
Figure 51: The iBCR test is prognostic in Kidney renal clear cell carcinoma
(KIRC) (left vertical panel), Skin cutaneous melanoma (SKCM) (middle vertical
panel) and Uterine corpus endometrioid carcinoma (UCEC) (right vertical
panel). (A) Stratification of overall survival based on the iBCR mRNA gene
signature. (B) Stratification of overall survival based on iBCR protein signature. (C)
Stratification of overall survival based on the combined iBCR mRNA/protein
signature.
Figure 52: The iBCR test is prognostic in Ovarian adenocarcinoma (OVAC)
(left vertical panel), Head & Neck squamous cell carcinoma (HNSC) (middle
vertical panel) and Colon/Rectal Adenocarcinoma (COREAD) (right vertical
panel). (A) Stratification of overall survival based on the iBCR mRNA gene
signature. (B) Stratification of overall survival based on iBCR protein signature. (C)
Stratification of overall survival based on the combined iBCR mRNA/protein
signature.
Figure 53: The iBCR test is prognostic in Lower Grade Glioma (LGG) (left
vertical panel), Bladder urothelial carcinoma (BLCA) (middle vertical panel)
and Lung squamous cell carcinoma (LUSC) (right vertical panel). (A)
Stratification of overall survival based on the iBCR mRNA gene signature. (B)
Stratification of overall survival based on iBCR protein signature. (C) Stratification
of overall survival based on the combined iBCR mRNA/protein signature.
Figure 54: The iBCR test is prognostic in (A) Kidney renal papillary cell carcinoma
(KIRP). (B) Cervical squamous cell carcinoma and endocervical adenocarcinoma
(CESC), (€C) Liver hepatocellular carcinoma (LIHC), (D) Pancreatic ductal
adenocarcinoma (PDAC). For these cancer types, the TCGA datasets did not include
RPPA arrays; only the iBCR mRNA gene expression test was used.
Figure 55: Protein-protein interaction of the iBCR mRNA/protein signature.
The components of the iBCR test were analysed using the STRING database. The
iBCR test (65 components) was significantly enriched (P=5.6E-14) for protein-
protein interactions (129 interactions). The confidence of interactions is denoted by
increasing thickness of the connecting blue lines. It is noteworthy that the

components on the top right which do not show interactions contain several novel
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genes that are not well characterised. The iBCR test is enriched for several biological
functions related to the hallmarks of cancer (refer to Table 20).
Figure 56: The iBCR test as a companion diagnostic for immunotherapy. (A)
Twelve genes from the iBCR test, particularly from the TN component, associated
significantly with progression free survival of follicular lymphoma patients treated
with pidilizumab + rituximab immunotherapy. The expression profile of the 12 genes
in the tumours prior to treatment is shown (red indicates overexpression and green
indicates underexpression). White and black boxes denote progression free survival
or not, respectively. (B) A score was calculated based on the iBCR signature as the
ratio of expression of the overexpressed genes to that of underexpressed genes. The
survival of patients based on dichotomy across the median score was compared. The
hazard ratio (HR) and the log-rank p-value for the survival comparison between low
and high score tumors is shown in panel. (C) Eight patients were profiled pre- and
post-treatment and the expression profiles of the 12 genes from the iBCR test were
visualised in these patients. A trend for inversion of expression was observed and
this was most evident for patient no. 9 who remained free of disease progression. (D)
One gene was statistically significant in all patients post-treatment compared to that
before treatment. This gene showed a marked different post-treatment vs. pre-
treatment for patient no. 9. (E) Survival curve for the same patient group calculated
from the gene signature labelled “Follicular Lymphoma” in Table 23. All
conventions as per (B) above. Relapse-free survival of patients based on dichotomy
across the median score is shown.
Figure 57: Network analysis of the genes from the meta-analysis of gene
expression datasets.
Figure 58: Functional metagenes associate with breast cancer patient survival.
Figure 59: The iBCR test as a companion diagnostic for EGFR inhibition and
multikinase inhibition. (A) Seventeen genes (see Table 23) from the iBCR test
associated significantly with survival of colorectal cancer patients treated with the
EGFR inhibitor cetuximab. (B) Sixteen genes (see Table 23) from the iBCR test
associated significantly with overall survival of triple negative breast cancer patients
treated with the EGFR inhibitor cetuximab combined with cisplatin. (C) Nineteen
genes (see Table 23) from the iBCR test associated significantly with progression-
free survival of lung cancer patients treated with the EGFR inhibitor erlotinib. (D)

Twenty genes (see Table 23) from the iBCR test associated significantly with
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progression-free survival of lung cancer patients treated with the multikinase

inhibitor sorafenib.

DETAILED DESCRIPTION

The present invention is at least partly predicated on the discovery that there
are genes that are associated with tumor aggressiveness and poor clinical outcome
based on meta-analysis of published gene expression profiling. More particularly, the
overexpression and/or underexpression of these genes (see Table 21) was found to be
associated with poor survival in breast cancer. Network analysis using the Ingenuity
Pathway Analysis (IPA®) software identified a number of networks or metagenes
within these survival-associated genes that possess distinct biological functions as
outlined in Table 21. A smaller subset of genes from each network or metagene
which consistently associated with patient survival were then selected. The list of
these genes and their corresponding functions are shown in Table 22. These genes
were divided into six functional metagenes or networks.

The present invention is also at least partly predicated on the discovery that
there are genes that are commonly de-regulated in particular subgroups that
exemplify aggressive clinical behavior in triple-negative breast cancer (TNBC).
More particularly, this is evident in TNBC compared to non-TNBC and normal
breast, tumors associated with distant metastasis and/or death compared to their
respective counterparts. Initially, a list of 206 recurrently deregulated genes was
found to be particularly enriched for chromosomal instability (CIN) and estrogen
receptor signaling (ER) metagenes. An aggressiveness score based on the ratio of the
expression level of a CIN metagene relative to an ER metagene has been shown to
identify aggressive tumors regardless of molecular subtype and clinico-pathologic
indicators. Furthermore, depletion of proteins involved in kinetochore binding or
chromosome segregation could be therapeutic and significantly reduced the survival
of TNBC cell lines in vitro, particularly with regard to TTK. TTK inhibition with
small molecule inhibitor affected the survival of TNBC cell lines. Also, 7TK mRNA
and protein levels were associated with aggressive tumor phenotypes. Mitosis-
independent expression of TTK protein was prognostic in TNBC and other
aggressive breast cancer subgroups, suggesting that protection of CIN/aneuploidy

drives aggressiveness and treatment-resistance. The combination of TTK inhibition
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with chemotherapy was effective in vitro in the treatment of cells that overexpress
TTK, thus providing a therapeutic treatment for the protected CIN phenotype.

Additionally, the present invention is at least partly predicated on the
discovery of a second signature of altered gene expression, including 21
overexpressed genes and 7 underexpressed genes, that is highly prognostic in
patients with ER” breast cancer, TNBC and basal-like breast cancer (BLBC). Indeed,
integration of this 28 gene signature with the aforementioned aggressiveness score or
gene signature produces an integrated score which is prognostic in breast cancer
independent of ER status. Furthermore, the integrated score was prognostic in cancer
broadly irrespective of the cancer type, as well as in specific types of cancer in
addition to breast cancer, such as lung adenocarcinoma. Moreover, the 28 gene
signature and the integrated score were both shown to be predictive of response to
chemotherapy in breast cancer patients, as well as identify those ER” lymph node
positive breast cancer patients who would benefit from endocrine therapy. Altered
expression of the signatures described herein was also predictive of sensitivity in
cancer cell lines and clinically to a range of anticancer therapeutics, and in particular,
molecularly targeted inhibitors.

The inventors of the present invention have also identified a protein signature
that is highly prognostic in a range of cancers, including breast cancer and lung
adenocarcinoma. Furthermore, this protein signature may be integrated with the
aforementioned 28 gene signature and aggressive gene signature to provide a robust
prognostic indicator in cancer that was shown to outperform known
clinicopathological indicators.

In one aspect, the invention relates to a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of a plurality of overexpressed genes and an
expression level of a plurality of underexpressed genes in one or more cancer cells,
tissues or organs of the mammal, wherein the overexpressed genes and the
underexpressed genes are from one or more metagenes selected from the group
consisting of a Carbohydrate/Lipid Metabolism metagene, a Cell Signalling
metagene, a Cellular Development metagene, a Cellular Growth metagene, a
Chromosome Segregation metagene, a DNA Replication/Recombination metagene,
an Immune System metagene, a Metabolic Disease metagene, a Nucleic Acid

Metabolism metagene, a Post-Translational Modification metagene, a Protein
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Synthesis/Modification metagene and a Multiple Networks metagene, wherein: a
higher relative expression level of the plurality of the overexpressed genes compared
to the plurality of the underexpressed genes indicates or correlates with higher
aggressiveness of the cancer; and/or a lower relative expression level of the plurality
of the overexpressed genes compared to the plurality of the underexpressed genes
indicates or correlates with lower aggressiveness of the cancer compared to a
mammal having a higher expression level.

In a futher aspect, the invention relates to a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of a plurality of overexpressed genes and an expression level of a plurality of
underexpressed genes in one or more cancer cells, tissues or organs of the mammal,
wherein the overexpressed genes and the underexpressed genes are from one or more
metagenes selected from the group consisting of a Carbohydrate/Lipid Metabolism
metagene, a Cell Signalling metagene, a Cellular Development metagene, a Cellular
Growth  metagene, a Chromosome Segregation metagene, a DNA
Replication/Recombination metagene, an Immune System metagene, a Metabolic
Disease metagene, a Nucleic Acid Metabolism metagene, a Post-Translational
Modification metagene, a Protein Synthesis/Modification metagene and a Multiple
Networks metagene, wherein: a higher relative expression level of the plurality of
overexpressed genes compared to the plurality of underexpressed genes indicates or
correlates with a less favourable cancer prognosis; and/or a lower relative expression
level of the plurality of overexpressed genes compared to the plurality of
underexpressed genes indicates or correlates with a more favourable cancer
prognosis.

In one embodiment of the above aspects, the plurality of overexpressed genes
and/or the plurality of underexpressed genes are selected from one of the metagenes.
In an alternative embodiment, the plurality of overexpressed genes and/or the
plurality of underexpressed genes are selected from a plurality of the metagenes.

Suitably, for the method of the above aspects the Carbohydrate/Lipid
Metabolism metagene, the Cell Signalling metagene, the Cellular Development
metagene, the Cellular Growth metagene, the Chromosome Segregation metagene,
the DNA Replication/Recombination metagene, the Immune System metagene, the
Metabolic Disease metagene, the Nucleic Acid Metabolism metagene, the Post-

Translational Modification metagene, the Protein Synthesis/Modification metagene
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and/or the Multiple Networks metagene comprise one or more genes listed in Table
21.

In another aspect, the invention relates to a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of a plurality of overexpressed genes and an
expression level of a plurality of underexpressed genes in one or more cancer cells,
tissues or organs of the mammal, wherein the overexpressed genes and the
underexpressed genes are from one or more metagenes selected from the group
consisting of a Metabolism metagene, a Signalling metagene, a Development and
Growth metagene, a Chromosome Segregation/Replication metagene, an Immune
Response metagene and a Protein Synthesis/Modification metagene, wherein: a
higher relative expression level of the plurality of the overexpressed genes compared
to the plurality of the underexpressed genes indicates or correlates with higher
aggressiveness of the cancer; and/or a lower relative expression level of the plurality
of the overexpressed genes compared to the plurality of the underexpressed genes
indicates or correlates with lower aggressiveness of the cancer compared to a
mammal having a higher expression level

In yet another aspect, the invention relates to a method of determining a
cancer prognosis for a mammal, said method including the step of comparing an
expression level of a plurality of overexpressed genes and an expression level of a
plurality of underexpressed genes in one or more cancer cells, tissues or organs of the
mammal, wherein the overexpressed genes and the underexpressed genes are from
one or more metagenes selected from the group consisting of a Metabolism
metagene, a Signalling metagene, a Development and Growth metagene, a
Chromosome Segregation/Replication metagene, an Immune Response metagene
and a Protein Synthesis/Modification metagene, wherein: a higher relative expression
level of the plurality of overexpressed genes compared to the plurality of
underexpressed genes indicates or correlates with a less favourable cancer prognosis;
and/or a lower relative expression level of the plurality of overexpressed genes
compared to the plurality of underexpressed genes indicates or correlates with a more
favourable cancer prognosis.

Suitably, the Metabolism metagene, the Signalling metagene, the

Development and Growth metagene, the Chromosome Segregation/Replication



WO 2015/135035 PCT/AU2015/050096

10

15

20

25

30

46
metagene, the Immune Response metagene and/or the  Protein
Synthesis/Modification metagene comprise one or more genes listed in Table 21.

In particular embodiments of the method of the two aforementioned aspects,
the plurality of overexpressed genes and the plurality of underexpressed genes are
from one or more of a Carbohydrate/Lipid Metabolism metagene, a Cell Signalling
metagene, a Cellular Development metagene, a Cellular Growth metagene, a
Chromosome Segregation metagene, a DNA Replication/Recombination metagene,
an Immune System metagene, a Metabolic Disease metagene, a Nucleic Acid
Metabolism metagene, a Post-Translational Modification metagene, a Protein
Synthesis/Modification metagene and a Multiple Networks metagene. According to
the method of the above aspects, the step of comparing an expression level of a
plurality of overexpressed genes and an expression level of a plurality of
underexpressed genes includes comparing an average expression level of the
plurality of overexpressed genes and an average expression level of the plurality of
underexpressed genes. This may include calculating a ratio of the average expression
level of the plurality of overexpressed genes and the average expression level of the
plurality of underexpressed genes. Suitably, the ratio provides an aggressiveness
score which is indicative of, or correlates with, cancer aggressiveness and a less
favourable prognosis. Alternatively, the step of comparing an expression level of a
plurality of overexpressed genes and an expression level of a plurality of
underexpressed genes includes comparing the sum of expression levels of the
plurality of overexpressed genes and the sum of expression levels of the plurality of
underexpressed genes. This may include calculating a ratio of the sum of expression
levels of the plurality of overexpressed genes and the sum of expression levels of the
plurality of underexpressed genes.

For the purposes of this invention, by “isolated” is meant material that has
been removed from its natural state or otherwise been subjected to human
manipulation. Isolated material may be substantially or essentially free from
components that normally accompany it in its natural state, or may be manipulated so
as to be in an artificial state together with components that normally accompany it in
its natural state. Isolated material may be in native, chemical synthetic or
recombinant form.

As used herein a “gene” is a nucleic acid which is a structural, genetic unit of

a genome that may include one or more amino acid-encoding nucleotide sequences
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and one or more non-coding nucleotide sequences inclusive of promoters and other 5’
untranslated sequences, introns, polyadenylation sequences and other 3’ untranslated
sequences, although without limitation thereto. In most cellular organisms a gene is a
nucleic acid that comprises double-stranded DNA.

Non-limiting examples of genes are set forth herein, particularly in Tables 4,
21 and 22, which include Accession Numbers referencing the nucloetide sequence of
the gene, or its encoded protein, as are well understood in the art.

The term “nucleic acid” as used herein designates single- or double-stranded
DNA and RNA. DNA includes genomic DNA and cDNA. RNA includes mRNA,
RNA, RNAi, siRNA, cRNA and autocatalytic RNA. Nucleic acids may also be
DNA-RNA hybrids. A nucleic acid comprises a nucleotide sequence which typically
includes nucleotides that comprise an A, G, C, T or U base. However, nucleotide
sequences may include other bases such as inosine, methylycytosine, methylinosine,
methyladenosine and/or thiouridine, although without limitation thereto.

Also included are, “variant” nucleic acids that include nucleic acids that
comprise nucleotide sequences of naturally occurring (e.g., allelic) variants and
orthologs (e.g., from a different species). Preferably, nucleic acid variants share at
least 70% or 75%, preferably at least 80% or 85% or more preferably at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity with a
nucleotide sequence disclosed herein.

Also included are nucleic acid fragments. A “fragment” is a segment,
domain, portion or region of a nucleic acid, which respectively constitutes less than
100% of the nucleotide sequence. A non-limilting example is an amplification
product or a primer or probe. In particular embodiments, a nucleic acid fragment may
comprise, for example, at least 10, 15, 20, 25, 30 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425,
450, 475 and 500 contiguous nucleotides of said nucleic acid.

As used herein, a “polynucleotide” i1s a nucleic acid having eighty (80) or
more contiguous nucleotides, while an “oligonucleotide” has less than eighty (80)
contiguous nucleotides. A “probe” may be a single or double-stranded
oligonucleotide or polynucleotide, suitably labeled for the purpose of detecting
complementary sequences in Northern or Southern blotting, for example. A “primer”
is usually a single-stranded oligonucleotide, preferably having 15-50 contiguous

nucleotides, which is capable of annealing to a complementary nucleic acid
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“template” and being extended in a template-dependent fashion by the action of a
DNA polymerase such as 7aqg polymerase, RNA-dependent DNA polymerase or
Sequenase ™. A “template” nucleic acid is a nucleic acid subjected to nucleic acid
amplification.

It will be appreciated that the “overexpressed” genes or proteins referred to
herein are genes or proteins that are expressed at a higher level in a cancer cell or
tissue compared to a corresponding normal or otherwise non-cancerous cell or tissue
or reference/control level or sample.

It will be appreciated that the “underexpressed” genes or proteins referred to
herein are genes or proteins that are expressed at a lower level in a cancer cell or
tissue compared to a corresponding normal or otherwise non-cancerous cell or tissue
or reference/control level or sample.

In certain embodiments, the “overexpressed” and “underexpressed” genes
referred to herein may form, or be components of, a metagene.

As used herein, a “metagene” is a grouping, cohort or network of a plurality
of different genes that display a common, shared or aggregate expression profile,
expression level or other expression characteristics that associate with, or are
indicative of, a particular function or phenotype. Non-limiting examples include a
Carbohydrate/Lipid Metabolism metagene, a Cell Signalling metagene, a Cellular
Development metagene, a Cellular Growth metagene, a Chromosome Segregation
metagene, a DNA Replication/Recombination metagene, an Immune System
metagene, a Metabolic Disease metagene, a Nucleic Acid Metabolism metagene, a
Post-Translational Modification metagene, a Protein Synthesis/Modification
metagene and a Multiple Networks metagene. Table 21 provides non-limiting
examples of genes that are components of the aforementioned twelve metagenes.
Further non-limiting examples include a Metabolism metagene, a Signalling
metagene, a Development and Growth metagene, a Chromosome
Segregation/Replication metagene, an Immune Response metagene and a Protein
Synthesis/Modification metagene. Table 22 provides non-limiting examples of genes
that are components of the aforementioned six metagenes.

In particular embodiments, the plurality of overexpressed genes and/or the
plurality of underexpressed genes are selected from one of the metagenes. In this
regard, the plurality of overexpressed genes and/or the plurality of underexpressed

genes are selected from the same metagene. By way of example, the plurality of
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overexpressed genes or the plurality of underexpressed genes may be only from one
of the Carbohydrate/Lipid Metabolism metagene, the Cell Signalling metagene, the
Cellular Development metagene, the Cellular Growth metagene, the Chromosome
Segregation metagene, the DNA Replication/Recombination metagene, the Immune
System metagene, the Metabolic Disease metagene, the Nucleic Acid Metabolism
metagene, the Post-Translational Modification metagene, the Protein
Synthesis/Modification metagene and the Multiple Networks metagene. In a further
example, both the plurality of overexpressed genes and the plurality of
underexpressed genes may be only from one of the Carbohydrate/Lipid Metabolism
metagene, the Cell Signalling metagene, the Cellular Development metagene, the
Cellular Growth metagene, the Chromosome Segregation metagene, the DNA
Replication/Recombination metagene, the Immune System metagene, the Metabolic
Disease metagene, the Nucleic Acid Metabolism metagene, the Post-Translational
Modification metagene, the Protein Synthesis/Modification metagene and the
Multiple Networks metagene.

Alternatively, the plurality of overexpressed genes and/or the plurality of
underexpressed genes are selected from a plurality of the metagenes described
herein.

By “aggressiveness” and “aggressive” 1s meant a property or propensity for a
cancer to have a relatively poor prognosis due to one or more of a combination of
features or factors including: at least partial resistance to therapies available for
cancer treatment; invasiveness; metastatic potential; recurrence after treatment; and a
low probability of patient survival, although without limitation thereto.

Cancers may include any aggressive or potentially aggressive cancers,
tumours or other malignancies such as listed in the NCI Cancer Index at
http://www.cancer.gov/cancertopics/alphalist, including all major cancer forms such
as sarcomas, carcinomas, lymphomas, leukaemias and blastomas, although without
limitation thereto. These may include breast cancer, lung cancer inclusive of lung
adenocarcinoma, cancers of the reproductive system inclusive of ovarian cancer,
cervical cancer, uterine cancer and prostate cancer, cancers of the brain and nervous
system, head and neck cancers, gastrointestinal cancers inclusive of colon cancer,
colorectal cancer and gastric cancer, liver cancer, kidney cancer, skin cancers such as
melanoma and skin carcinomas, blood cell cancers inclusive of lymphoid cancers

and myelomonocytic cancers, cancers of the endocrine system such as pancreatic
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cancer and pituitary cancers, musculoskeletal cancers inclusive of bone and soft
tissue cancers, although without limitation thereto.

In certain embodiments, cancers include breast cancer, bladder cancer,
colorectral cancer, glioblastoma, lower grade glioma, head & neck cancer, kidney
cancer, liver cancer, lung adenocarcinoma, acute myeloid leukaemia, pancreatic
cancer, adrenocortical cancer, melanoma and lung squamous cell carcinoma.

Breast cancers include all aggressive breast cancers and cancer subtypes such
as triple negative breast cancer, grade 2 breast cancer, grade 3 breast cancer, lymph
node positive (LN") breast cancer, HER2 positive (HER2") breast cancer and ER
positive (ER") breast cancer, although without limitation thereto.

As used herein, “triple negative breast cancer” (TNBC) is an often
aggressive breast cancer subtype lacking or having significantly reduced expression
of estrogen receptor (ER) protein, progesterone receptor (PR) protein and HER2
protein. TNBC and other aggressive breast cancers are typically insensitive to some
of the most effective therapies available for breast cancer treatment including HER2-
directed therapy such as trastuzumab and endocrine therapies such as tamoxifen and
aromatase inhibitors.

As used herein, a gene expression level may be an absolute or relative
amount of an expressed gene or gene product inclusive of nucleic acids such as
RNA, mRNA and ¢cDNA and protein.

As would be appreciated by the skilled artisan, the present invention need not
be limited to comparing the expression level of the overexpressed genes and/or
proteins with the expression level of the underexpressed genes and/or proteins
provided herein. Accordingly, in particular embodiments, the expression level of the
overexpressed and/or underexpressed genes and/or proteins is compared to a control
level of expression, such as the level of gene and/or protein expression of a
“housekeeping” gene in one or more cancer cells, tissues or organs of the mammal.

In further embodiments, the expression level of the overexpressed and/or
underexpressed genes and/or proteins is compared to a threshold level of expression,
such as a level of gene and/or protein expression in non-aggressive cancerous tissue.
A threshold level of expression is generally a quantified level of expression of a
particular gene or set of genes, including gene products thereof. Typically, an
expression level of a gene or set of genes in a sample that exceeds or falls below the

threshold level of expression is predictive of a particular disease state or outcome.
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The nature and numerical value (if any) of the threshold level of expression will vary
based on the method chosen to determine the expression the one or more genes or
proteins used in determining, for example, a prognosis, the aggressiveness and/or
response to anticancer therapy, in the mammal. In light of this disclosure, any person
of skill in the art would be capable of determining the threshold level of gene/protein
expression in a mammal sample that may be used in determining, for example, a
prognosis, the aggressiveness and/or response to anticancer therapy, using any
method of measuring gene or protein expression known in the art, such as those
described herein. In one embodiment, the threshold level is a mean and/or median
expression level (median or absolute) of the overexpressed and/or underexpressed
genes and/or proteins in a reference population, that, for example, have the same
cancer type, subgroup, stage and/or grade as said mammal for which the expression
level is determined. Additionally, the concept of a threshold level of expression
should not be limited to a single value or result. In this regard, a threshold level of
expression may encompass multiple threshold expression levels that could signify,
for example, a high, medium, or low probability of, for example, progression free

survival.

By “protein” is meant an amino acid polymer. The amino acids may be
natural or non-natural amino acids, D- or L- amino acids as are well understood in
the art. As would be appreciated by the skilled person, the term “protein” also
includes within its scope phosphorylated forms of a protein (i.e., phosphoproteins).

Also provided are protein “variants” such as natrually occurring (eg allelic
variants) and orthologs. Preferably, protein variants share at least 70% or 75%,
preferably at least 80% or 85% or more preferably at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% sequence identity with an amino acid sequence
disclosed herein.

Also provided are protein fragments, inclusive of peptide fragments thqat
comprise less than 100% of an entire amino acid sequence. In particular
embodiments, a protein fragment may comprise, for example, at least 10, 15, 20, 25,
30 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250,
275, 300, 325, 350, 375 and 400 contiguous amino acids of said protein.

A “peptide” is a protein having no more than fifty (50) amino acids.

A “polypeptide” is a protein having more than fifty (50) amino acids.
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It would be appreciated that in addition to comparing the expression levels of
one or more genes or proteins, the methods of the present invention may further
include the step of determining, assessing, evaluating, assaying or measuring the
expression level of one or more of the overexpressed genes, the underexpressed
genes, the overexpressed proteins and/or the underexpressed proteins described
herein. The terms “determining”, “measuring”, “evaluating”, “assessing” and
“assaying” are used interchangeably herein and may include any form of
measurement known in the art, such as those described hereinafter.

Determining, assessing, evaluating, assaying or measuring nucleic acids such
as RNA, mRNA and ¢cDNA may be performed by any technique known in the art.
These may be techniques that include nucleic acid sequence amplification, nucleic
acid hybridization, nucleotide sequencing, mass spectroscopy and combinations of
any these.

Nucleic acid amplification techniques typically include repeated cycles of
annealing one or more primers to a “template” nucleotide sequence under appropriate
conditions and using a polymerase to synthesize a nucleotide sequence
complementary to the target, thereby “amplifying” the target nucleotide sequence.
Nucleic acid amplification techniques are well known to the skilled addressee, and
include but are not limited to polymerase chain reaction (PCR); strand displacement
amplification (SDA); rolling circle replication (RCR); nucleic acid sequence-based
amplification (NASBA), Q-B replicase amplification; helicase-dependent
amplification (HAD); loop-mediated isothermal amplification (LAMP); nicking
enzyme amplification reaction (NEAR) and recombinase polymerase amplification
(RPA), although without limitation thereto. As generally used herein, an
“amplification product” refers to a nucleic acid product generated by a nucleic acid
amplification technique.

PCR includes quantitative and semi-quantitative PCR, real-time PCR, allele-
specific PCR, methylation-specific PCR, asymmetric PCR, nested PCR, multiplex
PCR, touch-down PCR and other variations and modifications to “basic” PCR
amplification.

Nucleic acid amplification techniques may be performed using DNA or RNA
extracted, isolated or otherwise obtained from a cell or tissue source. In other
embodiments, nucleic acid amplification may be performed directly on appropriately

treated cell or tissue samples.



WO 2015/135035 PCT/AU2015/050096

10

15

20

25

30

53

Nucleic acid hybridization typically includes hybridizing a nucleotide
sequence (typically in the form of a probe) to a target nucleotide sequence under
appropriate conditions, whereby the hybridized probe-target nucleotide sequence is
subsequently detected.  Non-limiting examples include Northern blotting, slot-
blotting, in situ hybridization and fluorescence resonance energy transfer (FRET)
detection, although without limitation thereto. Nucleic acid hybridization may be
performed using DNA or RNA extracted, isolated, amplified or otherwise obtained
from a cell or tissue source or directly on appropriately treated cell or tissue samples.

It will also be appreciated that a combination of nucleic acid amplification
and nucleic acid hybridization may be utilized.

Determining, assessing, evaluating, assaying or measuring protein levels may
be performed by any technique known in the art that is capable of detecting cell- or
tissue-expressed proteins whether on the cell surface or intracellularly expressed, or
proteins that are isolated, extracted or otherwise obtained from the cell of tissue
source. These techniques include antibody-based detection that uses one or more
antibodies which bind the protein, electrophoresis, isoelectric focussing, protein
sequencing, chromatographic techniques and mass spectroscopy and combinations of
these, although without limitation thereto. Antibody-based detection may include
flow cytometry using fluorescently-labelled antibodies that bind the protein, ELISA,
immunoblotting, immunoprecipitation, in situ hybridization, immunohistochemistry
and immuncytochemistry, although without limitation thereto. Suitable techniques
may be adapted for high throughput and/or rapid analysis such as using protein
arrays such as a TissueMicroArray' ™ (TMA), MSD MultiArrays™ and multiwell
ELISA, although without limitation thereto.

In certain embodiments, a gene expression level may be assessed indirectly
by the measurement of a non-coding RNA, such as miRNA, that regulate gene
expression. MicroRNAs (miRNAs or miRs) are post-transcriptional regulators that
bind to complementary sequences in the 3' untranslated regions (3' UTRs) of target
mRNA transcripts, usually resulting in gene silencing. miRNAs are short RNA
molecules, on average only 22 nucleotides long. The human genome may encode
over 1000 miRNAs, which may target about 60% of mammalian genes and are
abundant in many human cell types. Each miRNA may alter the expression of
hundreds of individual mRNAs. In particular, miRNAs may have multiple roles in

negative regulation (e.g., transcript degradation and sequestering, translational



WO 2015/135035 PCT/AU2015/050096

10

15

20

25

30

54
suppression) and/or positive regulation (e.g., transcriptional and translational
activation). Additionally, aberrant miRNA expression has been implicated in various
types of cancer.

In this regard, an average expression level, or alternatively a sum of the
expression levels, may be calculated for the plurality of overexpressed genes and for
the plurality of underexpressed genes, to thereby produce or calculate a ratio.

Accordingly, determining cancer aggressiveness and/or a prognosis for a
cancer patient in certain embodiments of the present invention further includes
determining the ratio of the expression level (e.g. an average or sum of the
expression level) of the plurality of overexpressed genes to the expression level (e.g.
an average or sum of the expression level) of the plurality of underexpressed genes.

In another aspect of the invention relates to a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of a plurality of overexpressed genes associated with
chromosomal instability and an expression level of a plurality of underexpressed
genes associated with estrogen receptor signalling in one or more cancer cells, tissues
or organs of the mammal, wherein: a higher relative expression level of the plurality
of overexpressed genes associated with chromosomal instability compared to the
plurality of underexpressed genes associated with estrogen receptor signalling
indicates or correlates with higher aggressiveness of the cancer; and/or a lower
relative expression level expression level of the plurality of overexpressed genes
associated with chromosomal instability compared to the plurality of underexpressed
genes associated with estrogen receptor signalling indicates or correlates with lower
aggressiveness of the cancer compared to a mammal having a higher expression
level.

In yet another aspect of the invention relates to a method of determining a
cancer prognosis for a mammal, said method including the step of comparing an
expression level of a plurality of overexpressed genes associated with chromosomal
instability and an expression level of a plurality of underexpressed genes associated
with estrogen receptor signalling in the mammal, wherein: a higher relative
expression level of the plurality of overexpressed genes associated with
chromosomal instability compared to the plurality of underexpressed genes
associated with estrogen receptor signalling indicates or correlates with a less

favourable cancer prognosis; and/or a lower relative expression level of the plurality
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of overexpressed genes associated with chromosomal instability compared to the
plurality of underexpressed genes associated with estrogen receptor signalling
indicates or correlates with a more favourable cancer prognosis.

Non-limiting examples of genes in a chromosomal instability (CIN) metagene
include ATP6VICI, RAP2A, CALMI, COGS8, HELLS, KDM5A, PGKI, PLCHI,
CEP55, RFC4, TAF2, SF3B3, GPI, PIR, MCMI10, MELK, FOXMI, KIF2C,
NUPI155, TPX2, TTK, CENPA, CENPN, EXOI, MAPREI, ACOT7, NAEI, SHMT2,
TCPI1, TXNRDI, ADM, CHAFIA and SYNCRIP genes, although without limitation
thereto; and an estrogen receptor signalling (ER) metagene may comprise B7G2,
PIK3IP1, SECI4L2, FLNB, ACSF2, APOM, BIN3, GLTSCR2, ZMYNDI10, ABAT,
BCAT2, SCUBE2, RUNXI, LRRC48, MYBPCI, BCL2, CHPTI, ITM2A, LRIGI,
MAPT, PRKCB, RERE, ABHDI4A, FLT3, TNN, STC2, BATF, CDIE, CFB, EVL,
FBXW4, ABCBI, ACAAI, CHAD, PDCDA4, RPLI0, RPS28, RPS4X, RPS6, SORBSI,
RPL22 and RPS4XP3 genes, although without limitation thereto. Table 4 provides
further examples of genes that are components of a CIN metagene or that are
components of an ER metagene.

An average expression level may be calculated for the CIN metagene and for
the ER metagene, to thereby produce or calculate a ratio.

Alternatively, a sum of expression levels may be calculated for the CIN
metagene and for the ER metagene, to thereby produce or calculate a ratio.

In certain embodiments, a higher or increased ratio of the average or sum of
expression levels of a CIN metagene relative to an ER metagene is associated with,
correlates with or is indicative of, higher or increased cancer aggressiveness.

Thus, some embodiments of the invention provide an “aggressiveness score”
which is the ratio of CIN metagene expression level (e.g. average or sum of
expression of CIN genes) to an ER metagene expression level (e.g average or sum of
expression of ER genes).

Accordingly, embodiments of the aforementioned aspects of the invention
include determining, assessing or measuring an expression level of a plurality of
overexpressed genes associated with chromosomal instability and determining,
assessing or measuring an expression level of a plurality of underexpressed genes
associated with estrogen receptor signalling. In this regard, reference is made to
Table 4 which provides a listing of 206 genes that include genes associated with

chromosomal instability and genes associated with estrogen receptor signalling.
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Preferably, the chromosomal instability genes are of a CIN metagene, comprising
genes such as ATP6VICI, RAP2A, CALMI, COGS, HELLS, KDM5A, PGKI,
PLCHI, CEP55, RFC4, TAF2, SF3B3, GPI, PIR, MCM10, MELK, FOXM1, KIF2C,
NUPI155, TPX2, TTK, CENPA, CENPN, EXOI, MAPREI, ACOT7, NAEI, SHMT2,
TCP1, TXNRDI, ADM, CHAFIA and SYNCRIP, although without limitation
thereto. In one preferred embodiment, the chromosomal instability genes are selected
from the group consisting of MELK, MCM10, CENPA, EXOI, TTK and KIF2C.
Preferably, the estrogen receptor signalling genes are of an ER metagene comprising
genes such as BTG2, PIK3IP1, SECI14L2, FLNB, ACSF2, APOM, BIN3, GLTSCR2,
ZMYNDI10, ABAT, BCAT2, SCUBE2, RUNXI, LRRC4S8, MYBPCI, BCL2, CHPTI,
ITM2A, LRIGI, MAPT, PRKCB, RERE, ABHDI4A, FLT3, TNN, STC2, BATF,
CDIE, CFB, EVL, FBXW4, ABCBI, ACAAl, CHAD, PDCD4, RPLI0, RPS28,
RPS4X, RPS6, SORBS1, RPL22 and RPS4XP3, although without limitation thereto.
In one preferred embodiment, the estrogen receptor signalling genes are selected
from the group consisting of MAPT and MYB.

In certain embodiments, the method of the aforementioned two aspects
further includes the step of comparing an expression level of one or more other
overexpressed genes selected from the group consisting of CAMSAPI, CETNS3,
GRHPR, ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS5,
HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4,
TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2LI1, LAMA3, NDUFCI and STAUI,
and an expression level of one or more other underexpressed genes selected from the
group consisting of BRDS, BTN2A2. KIR2DL4. MEI, PSEN2, CALR, CAMKA,
ITM2C, NOP2, NSUNS5, SF3Bl, ZNRDI-ASI, ARNT2, ERC2, SLCIIAl, BRDA4,
APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B,
MYB, RLN1, MTMR7, SORBS1 and SRPK3, in one or more cancer cells, tissues or
organs of the mammal, wherein: a higher relative expression level of the one or more
other overexpressed genes compared to the one or more other underexpressed genes
indicates or correlates with higher aggressiveness of the cancer and/or a less
favourable cancer prognosis; and/or a lower relative expression level of the one or
more other overexpressed genes compared to the one or more other underexpressed
genes indicates or correlates with lower aggressiveness of the cancer and/or a more
favourable cancer prognosis compared to a mammal having a higher expression

level.
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In one embodiment, the one or more other overexpressed genes are selected
from the group consisting of ABHDS, ADORA2B, BCAP31, CA9, CAMSAPI,
CARHSP1, CD55, CETN3, EIF3K, EXOSC7, GNB2LI, GRHPR, GSK3B,
HCFCIRI, KCNG1, MAP2K5, NDUFCI1, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or more other underexpressed genes are selected
from the group consisting of BTN2A2, ERC2, IGH, ME1, MTMR7, SMPDL3B and
ZNRDI-ASI.

In this regard, an average expression level, or alternatively a sum of the
expression levels, may be calculated for the one or more other overexpressed genes
and for the one or more other underexpressed genes, to thereby produce or calculate
a ratio.

Accordingly, determining cancer aggressiveness and/or a prognosis for a
cancer patient in certain embodiments of the present invention further includes
determining the ratio of the expression level (e.g. an average or sum of the
expression level) of the one or more other overexpressed genes to the expression
level (e.g. an average or sum of the expression level) of the one or more other
underexpressed genes.

Detection and/or measurement of expression of the one or more other
overexpressed genes and the one or more other underexpressed genes may be
performed by any of those methods or combinations thereof described herein (e.g
measuring mRNA levels or an amplified cDNA copy thereof and/or by measuring a
protein product thereof), albeit without limitation thereto.

Suitably, the comparison of the expression level of the plurality of
overexpressed genes associated with chromosomal instability and the expression
level of the plurality of underexpressed genes associated with estrogen receptor
signalling is integrated with the comparison of the expression level of the one or
more other overexpressed genes and the expression level of the one or more other
underexpressed genes to derive a first integrated score. In particular embodiments,
this may include deriving the first integrated score, at least in part, by addition,
subtraction, multiplication, division and/or exponentiation.

By way of example, the comparison of the expression level of the plurality of
overexpressed genes associated with chromosomal instability and the expression
level of the plurality of underexpressed genes associated with estrogen receptor

signalling may be added to, subtracted from, multiplied by, divided by and/or raised
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to the power of the comparison of the expression level of the one or more other
overexpressed genes and the expression level of the one or more other
underexpressed genes to derive the first integrated score. Alternatively, the
comparison of the expression level of the one or more other overexpressed genes and
the expression level of the one or more other underexpressed genes may be added to,
subtracted from, multiplied by, divided by and/or raised to the power of the
comparison of the expression level of the plurality of overexpressed genes associated
with chromosomal instability and the expression level of the plurality of
underexpressed genes associated with estrogen receptor signalling to derive the first
integrated score.

In a particular preferred embodiment, the first integrated score is derived by
exponentiation, wherein the comparison of the expression level of the one or more
other overexpressed genes and the expression level of the one or more other
underexpressed genes is raised to the power of the comparison of the expression
level of the plurality of overexpressed genes associated with chromosomal instability
and the expression level of the plurality of underexpressed genes associated with
estrogen receptor signalling.

As would be appreciated by the skilled person, the other overexpressed and
underexpressed genes described herein may not necessarily be associated with
chromosomal instability and estrogen receptor signalling respectively.

In a further aspect, the invention provides a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or more overexpressed genes, wherein the one
or more overexpressed genes are selected from the group consisting of CAMSAPI,
CETN3, GRHPR, ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMAA4,
MAP2KS5, HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML, CD36, CD55,
GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2LI1, LAMA3, NDUFCI and
STAUI, and an expression level of one or more underexpressed genes, wherein the
one or more underexpressed genes are selected from the group consisting of BRDS,
BTN2A2. KIR2DIA. ME1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3BI,
ZNRDI1-AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC,
CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and
SRPK3, in one or more cancer cells, tissues or organs of the mammal, wherein: a

higher relative expression level of the one or more overexpressed genes compared to
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the one or more underexpressed genes indicates or correlates with higher
aggressiveness of the cancer; and/or a lower relative expression level of the one or
more overexpressed genes compared to the one or more underexpressed genes
indicates or correlates with lower aggressiveness of the cancer compared to a
mammal having a higher expression level.

In one embodiment, the one or more overexpressed genes are selected from
the group consisting of ABHDS5, ADORA2B, BCAP31, CA9, CAMSAPI, CARHSPI,
CD55, CETN3, EIF3K, EXOSC7, GNB2L1, GRHPR, GSK3B, HCFCIRI, KCNGI,
MAP2K5, NDUFC1, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or more underexpressed genes are selected from
the group consisting of BTN2A2, ERC2, IGH, MEIl, MTMR7, SMPDL3B and
ZNRDI-ASI.

In yet another aspect, the invention provides a method of determining a
cancer prognosis for a mammal, said method including the step of comparing an
expression level of one or more overexpressed genes, wherein the one or more
overexpressed genes are selected from the group consisting of CAMSAPI, CETNS3,
GRHPR, ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS5,
HCFCIRI, KCNGI1, BCAP31, ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4,
TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2LI1, LAMA3, NDUFCI and STAUI,
and an expression level of one or more underexpressed genes, wherein the one or
more underexpressed genes are selected from the group consisting of BRDS,
BTN2A2. KIR2DIA. ME1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3BI,
ZNRDI1-AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC,
CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and
SRPK3, in one or more cancer cells, tissues or organs of the mammal, wherein: a
higher relative expression level of the one or more overexpressed genes compared to
the one or more underexpressed genes indicates or correlates with a less favourable
cancer prognosis; and/or a lower relative expression level of the one or more
overexpressed genes compared to the one or more underexpressed genes indicates or
correlates with a more favourable cancer prognosis compared to a mammal having a
higher expression level.

In one embodiment, the one or more overexpressed genes are selected from

the group consisting of ABHDS5, ADORA2B, BCAP31, CA9, CAMSAPI, CARHSPI,
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CD55, CETN3, EIF3K, EXOSC7, GNB2L1, GRHPR, GSK3B, HCFCIRI, KCNGI,
MAP2KS5, NDUFCI, PML, STAUI, TXN and ZNF593.

In one embodiment, the one or more underexpressed genes are selected from
the group consisting of BTN2A2, ERC2, IGH, MEIl, MTMR7, SMPDL3B and
ZNRDI-ASI.

In particular embodiments, the method of the aforementioned aspects further
includes the step of comparing an expression level of one or more overexpressed
proteins selected from the group consisting of DVL3, PAI-1, VEGFR2, INPP4B,
EIF4EBP1, EGFR, Ku80, HER3, SMAD1, GATA3, ITGA2, AKT1, NFKB1, HER2,
ASNS and COL6AL, and an expression level of one or more underexpressed proteins
selected from the group consisting of VEGFR2, HER3, ASNS, MAPK9, ESRI,
YWHAE, RADS0, PGR, COL6A1, PEA15 and RPS6, in one or more cancer cells,
tissues or organs of the mammal, wherein: a higher relative expression level of the
one or more overexpressed proteins compared to the one or more underexpressed
proteins indicates or correlates with higher aggressiveness of the cancer and/or a less
favourable cancer prognosis; and/or a lower relative expression level of the one or
more overexpressed proteins compared to the one or more underexpressed proteins
indicates or correlates with lower aggressiveness of the cancer and/or a more
favourable cancer prognosis compared to a mammal having a higher expression
level.

As would be appreciated by the skilled artisan, the expression level of one or
more of the overexpressed proteins and/or one or more of the underexpressed
proteins described herein may include one or more phosphorylated forms of said
proteins (i.e., a phosphoprotein). In one embodiment, EIF4AEBP1 is or comprises one
or more phosphoproteins selected from the group consisting of pEIF4EBP1%%
pEIF4EBP1"’ pEIF4AEBP1"* and pEIF4EBP1"". In one embodiment, EGFR is or
comprises one or more phosphoproteins selected from the group consisting of
pEGFRY'"® and pEGFR'''”. In one embodiment, HER3 is or comprises
pHER3Y'?*  In one embodiment, AKT1 is or comprises one or more
phosphoproteins selected from the group consisting of pAKT1%*"* and pAKT1"*% In

one embodiment, NFKBI is or comprises pNFKB1°**®. In one embodiment, HER2 is

118
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or comprises pHER2 . In one embodiment, ESR1 is or comprises pESR
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one embodiment, PEA1S is or comprises pPEA1 . In one embodiment, RPS6 is
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or comprises one or more phosphoproteins selected from the group consisting of
pRPS65235, pRPS6SB6, pRPS6SZ40 and pRPS6SZ44.

An average or sum of the expression levels may be calculated for the
overexpressed genes, the underexpressed genes, the overexpressed proteins and/or
the underexpressed proteins, to thereby produce or calculate a ratio.

Thus, in certain embodiments of the present invention determining cancer
aggressiveness and/or a prognosis for a cancer patient includes determining (i) the
ratio of the expression level (e.g. an average or sum of the expression level) of the
one or more overexpressed genes to the expression level (e.g. an average or sum of
the expression level) of the one or more underexpressed genes; and/or (i) the ratio of
the expression level (e.g. an average or sum of the expression level) of the one or
more overexpressed proteins to the expression level (e.g. an average or sum of the
expression level) of the one or more underexpressed proteins.

Detection and/or measurement of expression of the overexpressed proteins
and the underexpressed proteins may be performed by any of those methods or
combinations thereof hereinbefore described, albeit without limitation thereto.

Suitably, the comparison of the expression level of the one or more
overexpressed proteins and the expression level of the one or more underexpressed
proteins is to thereby derive an integrated score. In one particular embodiment, the
comparison of the expression level of the one or more overexpressed proteins and the
expression level of the one or more underexpressed proteins is integrated with:

(1) the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and the expression level of
the underexpressed genes associated with estrogen receptor signalling
to derive a second integrated score; or

(i)  the first integrated score to derive a third integrated score; or

(ii1)  the comparison of the expression level of the overexpressed genes
selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMAA4,
MAP2KS5, HCFCIRI, KCNGI1, BCAP31, ULBP2, CARHSPI, PML,
CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI1, LAMA3, NDUFCI and STAUI and the expression level of
the underexpressed genes selected from the group consisting of

BRDS, BTN2A2. KIR2DIA. MEI, PSEN2, CALR, CAMK4, ITM2C,
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NOP2, NSUN5, SF3BI, ZNRDI-ASI, ARNT2, ERC2, SLCIIAI,
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
KIR2DL3, SMPDL3B, MYB, RLN1, MTMR7, SORBSI1 and SRPK3 to
derive a fourth integrated score; or

(iv)  the comparison of the expression level of the overexpressed genes and

an expression level of the underexpressed genes, wherein the genes
are from one or more of the Carbohydrate/Lipid Metabolism
metagene, the Cell Signalling metagene, the Cellular Development
metagene, the Cellular Growth metagene, the Chromosome
Segregation metagene, the DNA Replication/Recombination
metagene, the Immune System metagene, the Metabolic Disease
metagene, the Nucleic Acid Metabolism metagene, the Post-
Translational Modification metagene, the Protein
Synthesis/Modification metagene and/or the Multiple Networks
metagene, to derive a fifth integrated score; or

(v) the comparison of the expression level of the overexpressed genes and

an expression level of the underexpressed genes, wherein the genes
are from one or more of the Metabolism metagene, the Signalling
metagene, the Development and Growth metagene, the Chromosome
Segregation/Replication metagene, the Immune Response metagene
and/or the Protein Synthesis/Modification metagene, to derive a sixth
integrated score.

In particular embodiments, the second, third, fourth, fifth and/or sixth
integrated scores are derived, at least in part, by addition, subtraction, multiplication,
division and/or exponentiation. By way of example, the comparison of the expression
level of the one or more overexpressed proteins and the expression level of the one or
more underexpressed proteins may be added to, subtracted from, multiplied by,
divided by and/or raised to the power of (i) the comparison of the expression level of
the plurality of overexpressed genes associated with chromosomal instability and the
expression level of the plurality of underexpressed genes associated with estrogen
receptor signalling; or (ii) the first integrated score. Alternatively, the comparison of
the expression level of the plurality of overexpressed genes associated with
chromosomal instability and the expression level of the plurality of underexpressed

genes associated with estrogen receptor signalling or the first integrated score may be
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added to, subtracted from, multiplied by, divided by and/or raised to the power of the
comparison of the expression level of the one or more overexpressed proteins and the
expression level of the one or more underexpressed proteins.

In a further aspect, the invention provides a method of determining the
aggressiveness of a cancer in a mammal, said method including the step of
comparing an expression level of one or more overexpressed proteins selected from
the group consisting of DVL3, PAI-1, VEGFR2, INPP4B, EIF4AEBP1, EGFR, Ku80,
HER3, SMAD1, GATA3, ITGA2, AKT1, NFKB1, HER2, ASNS and COL6A1, and
an expression level of one or more underexpressed proteins selected from the group
consisting of VEGFR2, HER3, ASNS, MAPK9, ESR1, YWHAE, RADS0, PGR,
COL6A1, PEAI1S and RPS6, in one or more cancer cells, tissues or organs of the
mammal, wherein: a higher relative expression level of the one or more
overexpressed proteins compared to the one or more underexpressed proteins
indicates or correlates with higher aggressiveness of the cancer; and/or a lower
relative expression level of the one or more overexpressed proteins compared to the
one or more underexpressed proteins indicates or correlates with lower
aggressiveness of the cancer compared to a mammal having a higher expression
level.

In a related aspect, the invention provides a method of determining a cancer
prognosis for a mammal, said method including the step of comparing an expression
level of one or more overexpressed proteins selected from the group consisting of
DVL3, PAI-1, VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku80, HER3, SMADI,
GATAS3, ITGA2, AKT1, NFKB1, HER2, ASNS and COL6A1, and an expression
level of one or more underexpressed proteins selected from the group consisting of
VEGFR2, HER3, ASNS, MAPK9, ESRI, YWHAE, RAD50, PGR, COL6AI,
PEA15 and RPS6, in one or more cancer cells, tissues or organs of the mammal,
wherein: a higher relative expression level of the one or more overexpressed proteins
compared to the one or more underexpressed proteins indicates or correlates with a
less favourable cancer prognosis; and/or a lower relative expression level of the one
or more overexpressed proteins compared to the one or more underexpressed
proteins indicates or correlates with a more favourable cancer prognosis compared to

a mammal having a higher expression level.
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In particular embodiments of the two aforementioned aspects, one or more of
the overexpressed proteins and/or one or more of the underexpressed proteins are or
comprise a phosphoprotein hereinbefore described.

An average or sum of the expression levels may be calculated for the one or
more overexpressed proteins and the one or more underexpressed proteins, to thereby
produce or calculate a ratio as hereinbefore described.

This information with respect to the aggressiveness and/or prognosis of a
patient’s cancer may prove useful to a physician and/or clinician in determining the
most effective course of treatment. A determination of the likelihood for a cancer
relapse or of the likelihood of metastasis can assist the physician and/or clinician in
determining whether a more conservative or a more radical approach to therapy
should be taken. As such, a prognosis may provide for the selection and classification
of patients who are predicted to benefit from a given therapeutic regimen.

Accordingly, another aspect of the invention provides a method of predicting
the responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of a plurality of overexpressed
genes and an expression level of a plurality of underexpressed genes in one or more
cancer cells, tissues or organs of the mammal, wherein the overexpressed genes and
the underexpressed genes are from one or more metagenes selected from the group
consisting of a Carbohydrate/Lipid Metabolism metagene, a Cell Signalling
metagene, a Cellular Development metagene, a Cellular Growth metagene, a
Chromosome Segregation metagene, a DNA Replication/Recombination metagene,
an Immune System metagene, a Metabolic Disease metagene, a Nucleic Acid
Metabolism metagene, a Post-Translational Modification metagene, a Protein
Synthesis/Modification metagene and a Multiple Networks metagene, wherein an
altered or modulated relative expression level of the overexpressed genes compared
to the underexpressed genes indicates or correlates with relatively increased or
decreased responsiveness of the cancer to the anti-cancer treatment.

As would be understood by the skilled person, the relative expression level of
a gene or protein may be deemed to be “altered” or “modulated” when the
expression level is higher/increased or lower/decreased when compared to a control
or reference sample or expression level, such as a threshold level. In one embodiment,
a relative expression level may be classified as high if it is greater than a mean and/or

median relative expression level of a reference population and a relative expression
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level may be classified as low if it is less than the mean and/or median relative
expression level of the reference population. In this regard, a reference population
may be a group of subjects who have the same cancer type, subgroup, stage and/or
grade as said mammal for which the relative expression level is determined.

Suitably, for the present aspect the Carbohydrate/Lipid Metabolism
metagene, the Cell Signalling metagene, the Cellular Development metagene, the
Cellular Growth metagene, the Chromosome Segregation metagene, the DNA
Replication/Recombination metagene, the Immune System metagene, the Metabolic
Disease metagene, the Nucleic Acid Metabolism metagene, the Post-Translational
Modification metagene, the Protein Synthesis/Modification metagene and/or the
Multiple Networks metagene comprise one or more genes listed in Table 21.

In a related aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of a plurality of overexpressed
genes and an expression level of a plurality of underexpressed genes in one or more
cancer cells, tissues or organs of the mammal, wherein the overexpressed genes and
the underexpressed genes are from one or more metagenes selected from the group
consisting of a Metabolism metagene, a Signalling metagene, a Development and
Growth metagene, a Chromosome Segregation/Replication metagene, an Immune
Response metagene and a Protein Synthesis/Modification metagene, wherein an
altered or modulated relative expression level of the overexpressed genes compared
to the underexpressed genes indicates or correlates with relatively increased or
decreased responsiveness of the cancer to the anti-cancer treatment.

In one embodiment of the two aforementioned aspects, the plurality of
overexpressed genes and/or the plurality of underexpressed genes are selected from
one of the metagenes. In an alternative embodiment, the plurality of overexpressed
genes and/or the plurality of underexpressed genes are selected from a plurality of
the metagenes.

Suitably, the Metabolism metagene, the Signalling metagene, the
Development and Growth metagene, the Chromosome Segregation/Replication
metagene, the Immune Response metagene and/or the  Protein
Synthesis/Modification metagene comprise one or more genes listed in Table 22.

In particular embodiments, the plurality of overexpressed genes and the

plurality of underexpressed genes are from one or more of a Carbohydrate/Lipid
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Metabolism metagene, a Cell Signalling metagene, a Cellular Development
metagene, a Cellular Growth metagene, a Chromosome Segregation metagene, a
DNA Replication/Recombination metagene, an Immune System metagene, a
Metabolic Disease metagene, a Nucleic Acid Metabolism metagene, a Post-
Translational Modification metagene, a Protein Synthesis/Modification metagene
and a Multiple Networks metagene.

In a related aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of determining an expression level of one or more genes associated
with chromosomal instability (CIN) in one or more cancer cells of the mammal,
wherein a higher expression level indicates or correlates with relatively increased
responsiveness of the cancer to the anti-cancer treatment.

As will be described in more detail, overexpression of some CIN genes may
be predictive of the responsiveness of a cancer to an anti-cancer treatment,
particularly although not exclusively when overexpressed by non-mitotic cancer
cells. In this context, by “non-mitotic” means that the cancer cell is not in the mitotic
or “M phase” of the cell cycle. Preferably, the non-mitotic cancer cells are in
interphase. Broadly, any overexpressed CIN gene set forth Table 4 may be predictive
of the responsiveness of a cancer to an anti-cancer treatment. In particular
embodiments, the CIN gene is selected from the group consisting of: 77K, CEPS55,
FOXM1I and SKIP2. In a particularly preferred embodiment, the CIN gene is
selected from the group consisting of: TTK, CEP55, FOXM1 and SKIP2 and the
cancer is breast cancer. In this regard, the inventors have shown that “bulk”
measurements of extracted CIN gene mRNA or encoded protein do not provide a
useful indication of whether overexpression of the CIN gene may be predictive of the
responsiveness of a cancer to an anti-cancer treatment. More particularly, detection
of CIN gene expression by individual cancer cells, particularly non-mitotic or
interphase cancer cells, provides a more powerful indication of the responsiveness of
a cancer to an anti-cancer treatment.

As previously described, detection and/or measurement of expression of the
CIN gene may be performed by measuring RNA (e.g mRNA or an amplified cDNA
copy thereof) or by measuring a protein product of a CIN gene. In a particularly
preferred embodiment, a protein product of a CIN gene is detected or measured by

immunohistochemistry.  Typically, although not exclusively, a preferred



WO 2015/135035 PCT/AU2015/050096

10

15

20

25

30

67

immunohistochemistry method includes binding an antibody to the protein product
of a CIN gene expressed by a cell or tissue and subsequent detection of the bound
antibody. By way of example only, the antibody may be unlabelled, directly labelled
with an enzyme such as horseradish peroxidase, alkaline phosphatase or glucose
oxidase or directly labelled with biotin or digoxigenin. In embodiments where the
antibody is unlabelled, a secondary antibody (labelled such as described above) may
be used to detect the bound antibody. Biotinylated antibodies may be detected using
avidin complexed with an enzyme such as horseradish peroxidase, alkaline
phosphatase or glucose oxidase. Suitable enzyme substrates include
diaminobanzidine (DAB), permanent red, 3-ethylbenzthiazoline sulfonic acid
(ABTS), 5-bromo-4-chloro-3-indolyl phosphate (BCIP), nitro blue tetrazolium
(NBT), 3,3',5,5 -tetramethyl benzidine (TNB) and 4-chloro-1-naphthol (4-CN),
although without limitation thereto.

In a further aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of a plurality of overexpressed
genes associated with chromosomal instability and an expression level of a plurality
of underexpressed genes associated with estrogen receptor signalling in one or more
cancer cells, tissues or organs of the mammal, wherein an altered or modulated
relative expression level of the overexpressed genes associated with chromosomal
instability compared to the underexpressed genes associated with estrogen receptor
signalling indicates or correlates with relatively increased or decreased
responsiveness of the cancer to the anti-cancer treatment.

In certain embodiments, the genes associated with chromosomal instability
are of a CIN metagene. Non-limiting examples include genes selected from the group
consisting of: ATP6VICI, RAP2A, CALMI, COGS, HELLS, KDM5A, PGKI,
PLCHI, CEP55, RFC4, TAF2, SF3B3, GPI, PIR, MCM10, MELK, FOXM1, KIF2C,
NUPI155, TPX2, TTK, CENPA, CENPN, EXOI, MAPREI, ACOT7, NAEI, SHMT2,
TCPI1, TXNRDI, ADM, CHAFIA and SYNCRIP. In one preferred embodiment, the
chromosomal instability genes are selected from the group consisting of MELK,
MCM 10, CENPA, EXO1, TTK and KIF2C.

In certain embodiments, the genes associated with estrogen receptor
signalling are of an ER metagene. Non-limiting examples include genes selected

from the group consisting of: BTG2, PIK3IP1, SECI4L2, FLNB, ACSF2, APOM,
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BIN3, GLTSCR2, ZMYND10, ABAT, BCAT2, SCUBE2, RUNXI, LRRC48, MYBPCI,
BCL2, CHPTI, ITM2A, LRIGI, MAPT, PRKCB, RERE, ABHDI14A, FLT3, TNN,
STC2, BATF, CDIE, CFB, EVL, FBXW4, ABCB1, ACAAl, CHAD, PDCD4, RPLIO,
RPS28, RPS4X, RPS6, SORBSI, RPL22 and RPS4XP3. In one preferred
embodiment, the estrogen receptor signalling genes are selected from the group
consisting of MAPT and MYB.

Suitably, the method of this aspect further includes the step of comparing an
expression level of one or more other overexpressed genes selected from the group
consisting of CAMSAPI, CETN3, GRHPR, ZNF593, CA9, CFDPI, VPS2§,
ADORA2B, GSK3B, LAMA4, MAP2K5, HCFCIRI, KCNGI, BCAP31, ULBP2,
CARHSPI, PML, CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI1, LAMA3, NDUFCI and STAUI, and an expression level of one or more
other underexpressed genes selected from the group consisting of BRDS, BTN2A2.
KIR2DIA4. MEI1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3Bl, ZNRD]-
AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4,
HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and SRPK3 in
one or more cancer cells, tissues or organs of the mammal, wherein an altered or
modulated relative expression level of the one or more other overexpressed genes
compared to the one or more other underexpressed genes indicates or correlates with
relatively increased or decreased responsiveness of the cancer to the anti-cancer
treatment.

In one embodiment, the one or more other overexpressed genes are selected
from the group consisting of ABHDS, ADORA2B, BCAP31, CA9, CAMSAPI,
CARHSP1, CD55, CETN3, EIF3K, EXOSC7, GNB2LI, GRHPR, GSK3B,
HCFCIRI, KCNG1, MAP2K5, NDUFCI1, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or more other underexpressed genes are selected
from the group consisting of BTN2A2, ERC2, IGH, ME1, MTMR7, SMPDL3B and
ZNRDI-ASI.

In certain embodiments, the comparison of the expression level of the one or
more other overexpressed genes and the expression level of the one or more other
underexpressed genes is integrated with the comparison of the expression level of the
plurality of overexpressed genes associated with chromosomal instability and the
expression level of the plurality of underexpressed genes associated with estrogen

receptor signalling to derive a first integrated score as described herein, which is
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indicative of, or correlates with, responsiveness of the cancer to the anti-cancer
treatment.

In another related aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of one or more overexpressed
genes selected from the group consisting of CAMSAPI, CETN3, GRHPR, ZNF593,
CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMA4, MAP2K5, HCFCIRI, KCNGI,
BCAP31, ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4, TXN, ABHD), EIF3K,
EIF4B, EXOSC7, GNB2LI1, LAMA3, NDUFCI and STAUI, and an expression level
of one or more underexpressed genes selected from the group consisting of BRDS,
BTN2A2. KIR2DIA. ME1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3BI,
ZNRDI1-AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC,
CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and
SRPK3, in one or more cancer cells, tissues or organs of the mammal, wherein an
altered or modulated relative expression level of the one or more overexpressed
genes compared to the one or more underexpressed genes indicates or correlates with
relatively increased or decreased responsiveness of the cancer to the anti-cancer
treatment.

In one embodiment, the one or more overexpressed genes are selected from
the group consisting of ABHDS5, ADORA2B, BCAP31, CA9, CAMSAPI, CARHSPI,
CD55, CETN3, EIF3K, EXOSC7, GNB2L1, GRHPR, GSK3B, HCFCIRI, KCNGI,
MAP2K5, NDUFC1, PML, STAU1, TXN and ZNF593.

In one embodiment, the one or more underexpressed genes are selected from
the group consisting of BTN2A2, ERC2, IGH, MEIl, MTMR7, SMPDL3B and
ZNRDI-ASI.

In particular embodiments, the method of the five aforementioned aspects
further includes the step of comparing an expression level of one or more
overexpressed proteins selected from the group consisting of DVL3, PAI-I,
VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku80, HER3, SMADI1, GATA3, ITGA2,
AKT1, NFKB1, HER2, ASNS and COL6AI1, and an expression level of one or more
underexpressed proteins selected from the group consisting of VEGFR2, HERS3,
ASNS, MAPKO9, ESR1, YWHAE, RAD50, PGR, COL6A1, PEA15 and RPS6, in
one or more cancer cells, tissues or organs of the mammal, wherein: a higher relative

expression level of the one or more overexpressed proteins compared to the one or
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more underexpressed proteins indicates or correlates with higher aggressiveness of
the cancer and/or a less favourable cancer prognosis;, and/or a lower relative
expression level of the one or more overexpressed proteins compared to the one or
more underexpressed proteins indicates or correlates with lower aggressiveness of
the cancer and/or a more favourable cancer prognosis compared to a mammal having
a higher expression level.

In particular embodiments, one or more of the overexpressed proteins and/or
one or more of the underexpressed proteins are or comprise a phosphoprotein
hereinbefore described.

An average or sum of the expression levels may be calculated for the
overexpressed genes, the underexpressed genes, the overexpressed proteins and/or
the underexpressed proteins, to thereby produce or calculate a ratio, as hereinbefore
described.

Detection and/or measurement of expression of the overexpressed proteins
and the underexpressed proteins may be performed by any of those methods or
combinations thereof hereinbefore described, albeit without limitation thereto.

Suitably, the comparison of the expression level of the one or more
overexpressed proteins and the expression level of the one or more underexpressed
proteins is to thereby derive an integrated score. In one particular embodiment, the
comparison of the expression level of the one or more overexpressed proteins and the
expression level of the one or more underexpressed proteins is integrated with:

(1) the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and the expression level of
the underexpressed genes associated with estrogen receptor signalling
to derive a second integrated score; or

(i)  the first integrated score to derive a third integrated score; or

(ii1)  the comparison of the expression level of the overexpressed genes
selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNF593, CA9, CFDPI, VPS28, ADORA2B, GSK3B, LAMAA4,
MAP2KS5, HCFCIRI, KCNGI1, BCAP31, ULBP2, CARHSPI, PML,
CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI1, LAMA3, NDUFCI and STAUI and the expression level of
the underexpressed genes selected from the group consisting of

BRDS, BTN2A2. KIR2DIA. MEI, PSEN2, CALR, CAMK4, ITM2C,
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NOP2, NSUN5, SF3BI, ZNRDI-ASI, ARNT2, ERC2, SLCIIAI,
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
KIR2DL3, SMPDL3B, MYB, RLN1, MTMR7, SORBSI1 and SRPK3 to
derive a fourth integrated score; or

(iv)  the comparison of the expression level of the overexpressed genes and

an expression level of the underexpressed genes, wherein the genes
are from one or more of the Carbohydrate/Lipid Metabolism
metagene, the Cell Signalling metagene, the Cellular Development
metagene, the Cellular Growth metagene, the Chromosome
Segregation metagene, the DNA Replication/Recombination
metagene, the Immune System metagene, the Metabolic Disease
metagene, the Nucleic Acid Metabolism metagene, the Post-
Translational Modification metagene, the Protein
Synthesis/Modification metagene and/or the Multiple Networks
metagene, to derive a fifth integrated score; or

(v) the comparison of the expression level of the overexpressed genes and

an expression level of the underexpressed genes, wherein the genes
are from one or more of the Metabolism metagene, the Signalling
metagene, the Development and Growth metagene, the Chromosome
Segregation/Replication metagene, the Immune Response metagene
and/or the Protein Synthesis/Modification metagene, to derive a sixth
integrated score,

wherein the second, third, fourth, fifth and/or sixth integrated score is indicative of,

or correlates with, responsiveness of the cancer to the anti-cancer treatment.

In particular embodiments, the second, third, fourth, fifth and/or sixth
integrated scores are derived, at least in part, by addition, subtraction, multiplication,
division and/or exponentiation, as hereinbefore described.

In a further related aspect, the invention provides a method of predicting the
responsiveness of a cancer to an anti-cancer treatment in a mammal, said method
including the step of comparing an expression level of one or more overexpressed
proteins selected from the group consisting of DVL3, PAI-1, VEGFR2, INPP4B,
EIF4EBP1, EGFR, Ku80, HER3, SMAD1, GATA3, ITGA2, AKT1, NFKB1, HER2,
ASNS and COL6AL, and an expression level of one or more underexpressed proteins

selected from the group consisting of VEGFR2, HER3, ASNS, MAPK9, ESRI,
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YWHAE, RADS0, PGR, COL6A1, PEA15 and RPS6, in one or more cancer cells,
tissues or organs of the mammal, wherein an altered or modulated relative expression
level of the one or more overexpressed proteins compared to the one or more
underexpressed proteins indicates or correlates with relatively increased or decreased
responsiveness of the cancer to the anti-cancer treatment.

In particular embodiments, one or more of the overexpressed proteins and/or
one or more of the underexpressed proteins are or comprise a phosphoprotein
hereinbefore described.

It will be appreciated from the foregoing that the invention provides methods
that determine the aggressiveness of a cancer, facilitate providing a cancer prognosis
for a patient and/or predict the responsiveness of a cancer to an anti-cancer treatment.
Particular, broad embodiments of the invention include the step of treating the patient
following determining the aggressiveness of the cancer, providing a cancer prognosis
and/or predicting the responsiveness of the cancer to anti-cancer treatment.
Accordingly, these embodiments relate to using information obtained about the
aggressiveness of the cancer, the cancer prognosis and/or the predicted
responsiveness of the cancer to anti-cancer treatment to thereby construct and
implement an anti-cancer treatment regime for the patient. In a preferred
embodiment, this is personalized to a particular patient so that the treatment regime
is optimized for that particular patient.

Cancer treatments may include drug therapy, chemotherapy, antibody,
nucleic acid and other biomolecular therapies, radiation therapy, surgery, nutritional
therapy, relaxation or meditational therapy and other natural or holistic therapies,
although without limitation thereto. In particular embodiments, the cancer therapy
may target aneuploidy or aneuploid tumours and/or chromosomal instability.

Generally, drugs, biomolecules (e.g antibodies, inhibitory nucleic acids such
as siRNA) or chemotherapeutic agents are referred to herein as “anti-cancer
therapeutic agents”. In some embodiments relating to breast cancer, the anti-cancer
treatment may include HER2-directed therapy such as trastuzumab and endocrine
therapies such as tamoxifen and aromatase inhibitors. In other or alternative
embodiments, the therapy may include administration of inhibitors of CIN genes or
CIN gene products, such as one or more of those listed in Table 4. It will be
appreciated that inhibition of the CIN gene product TTK using the specific inhibitor
AZ3146 was effective against TNBC cell lines. Furthermore, siRNA-mediated
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knockdown of the CIN genes 77K, TPX2, NDC80 and PBK was effective against
TNBC cell lines.
In certain embodiments, the cancer treatment may be directed at genes or
gene products other than those listed in Tables 4, 10, 21 and/or 22. By way of

example, the cancer treatment may target genes or gene products such as PLK17""

73-76
or others

to thereby target aneuploid tumours or tumour cells.

Suitably, when considering (i) the relative expression of one or more of the
overexpressed genes of the 29 gene signature (i.e., CAMSAPI, CETN3, GRHPR,
ZNF593, CA9, CFDPI1, VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS5, HCFCIRI,
KCNGI, BCAP31, ULBP2, CARHSPI, PML, CD36, CD55, GEMIN4, TXN, ABHD?S,
EIF3K, EIF4B, EXOSC7, GNB2LI, LAMA3, NDUFCI and STAUI) when compared
to one or more of the underexpressed genes of the 30 gene signature (i.e., BRDS,
BTN2A2. KIR2DIA. ME1, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUN5, SF3BI,
ZNRDI1-AS1, ARNT2, ERC2, SLCI11Al, BRD4, APOBEC3A, CDIA, CDIB, CDIC,
CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and
SRPK3); (i1) the relative expression of one or more of the overexpressed proteins
(ie., DVL3, PAI-1, VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku80, HER3, SMADI,
GATA3, ITGA2, AKTI1, NFKB1, HER2, ASNS and COL6A1) when compared to
one or more of the underexpressed proteins (i.e., VEGFR2, HER3, ASNS, MAPKO9,
ESR1, YWHAE, RADS0, PGR, COL6A1, PEA1S and RPS6); and/or (ii1) the first,
second, third and/or fourth integrated score, the anticancer therapeutic agent is
selected from the group consisting of a chemotherapy, an endocrine therapy,
immunotherapy and a molecularly targeted therapy. In certain embodiments, the
anticancer treatment comprises an ALK inhibitor (e.g., TAE684), an Aurora kinase
inhibitor (e.g., Alisertib, AMG-900, BI-847325, GSK-1070916A, ilorasertib, MK-
8745, danusertib), a BCR-ABL inhibitor (e.g., Nilotinib, Dasatinib, Ponatinib), a
HSP90 inhibitor (e.g., Tanespimycin (17-AAG), PF0429113, AUY922, Luminespib,
ganetespib, Debio-0932), an EGFR inhibitor (e.g., Afatinib, Erlotinib, Lapatinib,
cetuximab), a PARP inhibitor (e.g., ABT-888, AZD-2281), retinoic acid (e.g., all-
trans retinoic acid or ATRA), a Bcl2 inhibitor (e.g., ABT-263), a gluconeogenesis
inhibitor (e.g., metformin), a p38 MAPK inhibitor (e.g., BIRB0796, LY2228820), a
MEK1/2 inhibitor (e.g., trametinib, cobimetinib, binimetinib, selumetinib,
pimasertib, refametinib, TAK-733), a mTOR inhibitor (e.g., BEZ235, JW-7-25-1), a
PI3K inhibitor (e.g., Idelalisib, buparlisib/apelisib, copanlisib, GSK-2636771,
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pictilisib, AMG-319, AZD-8186), an IGFIR inhibitor (e.g., BMS-754807,
dalotuzumab, ganitumab, linsitinib), a PLCy inhibitor (e.g., U73122), a JNK inhibitor
(e.g., SP600125), a PAK1 inhibitor (e.g., IPA3), a SYK inhibitor (e.g., BAY613606),
a HDAC inhibitor (e.g., Vorinostat), an FGFR inhibitor (e.g., Dovitinib), a XIAP
inhibitor (e.g., Embelin), a PLKI1 inhibitor (e.g., Volasertib, P-937), an ERKS
inhibitor (e.g., XMD8-92), a MPS1/TTK inhibitor (e.g., BAY-1161909) and any
combination thereof.

By way of example, patients with a high relative expression level of one or
more overexpressed genes, such as those of the 21 gene signature, when compared to
one or more underexpressed genes, such as those of the 7 gene signature, a high
relative expression level of one or more overexpressed proteins when compared to
one or more underexpressed proteins and/or a high integrated score described herein
are more likely to respond favourably, such as a pathological complete response,
when treated with chemotherapy. In this regard, non-limiting examples of
chemotherapy include a pyrimidine analogue (e.g., S-fluorouracil, capecitabine), a
taxane (e.g., paclitaxel), an anthracycline (e.g., doxorubicin, epirubicin), an anti-
folate drug (e.g., the dihydrofolate reductase inhibitor methotrexate), an alkylating
agent (e.g., cyclophosphamide) or any combination thereof. It would be appreciated
that the chemotherapy may be administered as adjuvant, neoadjuvant and/or as
standard therapy, alone or in combination with other anticancer therapeutics.

Additionally, in certain embodiments, patients with a high relative expression
level of one or more overexpressed genes, such as those of the 29 gene signature,
when compared to one or more underexpressed genes, such as those of the 30 gene
signature, a high relative expression level of one or more overexpressed proteins
when compared to one or more underexpressed proteins and/or a high integrated
score described herein may be more likely to respond favourably to (i.e., be more
sensitive to) inhibition of HSP90, EGFR, IGFIR, mTOR, PI3K, p38 MAPK, PLCy,
JNK, PAK1, ERKS, XIAP, PLK1 and/or MEK1/2 and may be less likely to respond
favourably to (i.e., be less sensitive to) anticancer treatment with an ALK inhibitor, a
BCR-ABL inhibitor, a PARP inhibitor, retinoic acid, a Bcl2 inhibitor, a
gluconeogenesis inhibitor, a p38 MAPK inhibitor, an FGFR inhibitor, a SYK
inhibitor, a HDAC inhibitor and/or an IGFIR inhibitor.

It will also be understood that the gene and protein signatures described

herein may be used to identify those poorer prognosis patients, such as those with
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larger and/or higher grade tumours, who may benefit from one or more additional
anticancer therapeutic agents to the typical or standard anti-cancer treatment regime
for that particular patient group. By way of example, ER" breast cancer patients with
or without lymph node involvement with a high integrated score, and hence a
relatively poor prognosis, are more likely to respond favourably to or benefit from
chemotherapy and/or endocrine therapy. This may include an improved survival
and/or reduced likelihood of tumour recurrence and/or metastasis for these patients.

In certain embodiments, for patients with a high relative expression level of
the overexpressed genes of the 21 gene signature when compared to the
underexpressed genes of the 7 gene signature and/or a high integrated score, the
cancer treatment may be directed at those genes or gene products listed in Tables 13,
15, 16 and 17.

Additionally, for patients with a high relative expression level of the
overexpressed proteins when compared to the underexpressed proteins and/or a high
integrated score the cancer treatment may be directed at one or more of those
proteins listed in Table 19.

It would be appreciated that those methods described herein for predicting the
responsiveness of a cancer to an anti-cancer treatment, such as an immunotherapeutic
agent, may further include the step of administering to the mammal a therapeutically
effective amount of the anticancer treatment. In a preferred embodiment, the
anticancer treatment is administered when the altered or modulated relative
expression level indicates or correlates with relatively increased responsiveness of
the cancer to the anti-cancer treatment.

Methods of treating cancer may be prophylactic, preventative or therapeutic

and suitable for treatment of cancer in mammals, particularly humans. As used

29 (13
2

herein, “treating”, “treat” or “treatment” refers to a therapeutic intervention, course
of action or protocol that at least ameliorates a symptom of cancer after the cancer
and/or its symptoms have at least started to develop. As used herein, “preventing”,
“prevent” or “prevention” refers to therapeutic intervention, course of action or
protocol initiated prior to the onset of cancer and/or a symptom of cancer so as to
prevent, inhibit or delay or development or progression of the cancer or the symptom.

The term “therapeutically effective amount” describes a quantity of a

specified agent sufficient to achieve a desired effect in a subject being treated with

that agent. For example, this can be the amount of a composition comprising one or
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more agents that binds one or more of the overexpressed and/or underexpressed
genes or gene products thereof described herein, necessary to reduce, alleviate and/or
prevent a cancer or cancer associated disease, disorder or condition. In some
embodiments, a “therapeutically effective amount” is sufficient to reduce or
eliminate a symptom of a cancer. In other embodiments, a “therapeutically effective
amount” is an amount sufficient to achieve a desired biological effect, for example
an amount that is effective to decrease or prevent cancer growth and/or metastasis.

Ideally, a therapeutically effective amount of an agent is an amount sufficient
to induce the desired result without causing a substantial cytotoxic effect in the
subject. The effective amount of an agent useful for reducing, alleviating and/or
preventing a cancer will be dependent on the subject being treated, the type and
severity of any associated disease, disorder and/or condition (e.g., the number and
location of any associated metastases), and the manner of administration of the
therapeutic composition.

Suitably, the anti-cancer therapeutic agent is administered to a mammal as a
pharmaceutical composition comprising a pharmaceutically-acceptable carrier,
diluent or excipient.

By “pharmaceutically-acceptable carrier, diluent or excipient” is meant a
solid or liquid filler, diluent or encapsulating substance that may be safely used in
systemic administration. Depending upon the particular route of administration, a
variety of carriers, well known in the art may be used. These carriers may be
selected from a group including sugars, starches, cellulose and its derivatives, malt,
gelatine, talc, calcium sulfate, liposomes and other lipid-based carriers, vegetable oils,
synthetic oils, polyols, alginic acid, phosphate buffered solutions, emulsifiers,
isotonic saline and salts such as mineral acid salts including hydrochlorides,
bromides and sulfates, organic acids such as acetates, propionates and malonates and
pyrogen-free water.

A useful reference describing pharmaceutically acceptable carriers, diluents
and excipients is Remington’s Pharmaceutical Sciences (Mack Publishing Co. N.J.
USA, 1991), which is incorporated herein by reference.

Any safe route of administration may be employed for providing a patient
with the composition of the invention. For example, oral, rectal, parenteral,
sublingual, buccal, intravenous, intra-articular, intra-muscular, intra-dermal,

subcutaneous, inhalational, intraocular, intraperitoneal, intracerebroventricular,
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transdermal and the like may be employed. Intra-muscular and subcutaneous
injection is appropriate, for example, for administration of immunotherapeutic
compositions, proteinaceous vaccines and nucleic acid vaccines.

Dosage forms include tablets, dispersions, suspensions, injections, solutions,
syrups, troches, capsules, suppositories, aerosols, transdermal patches and the like.
These dosage forms may also include injecting or implanting controlled releasing
devices designed specifically for this purpose or other forms of implants modified to
act additionally in this fashion. Controlled release of the therapeutic agent may be
effected by coating the same, for example, with hydrophobic polymers including
acrylic resins, waxes, higher aliphatic alcohols, polylactic and polyglycolic acids and
certain cellulose derivatives such as hydroxypropylmethyl cellulose. In addition, the
controlled release may be effected by using other polymer matrices, liposomes
and/or microspheres.

Compositions of the present invention suitable for oral or parenteral
administration may be presented as discrete units such as capsules, sachets or tablets
each containing a pre-determined amount of one or more therapeutic agents of the
invention, as a powder or granules or as a solution or a suspension in an aqueous
liquid, a non-aqueous liquid, an oil-in-water emulsion or a water-in-oil liquid
emulsion. Such compositions may be prepared by any of the methods of pharmacy
but all methods include the step of bringing into association one or more agents as
described above with the carrier which constitutes one or more necessary ingredients.
In general, the compositions are prepared by uniformly and intimately admixing the
agents of the invention with liquid carriers or finely divided solid carriers or both,
and then, if necessary, shaping the product into the desired presentation.

The above compositions may be administered in a manner compatible with
the dosage formulation, and in such amount as is pharmaceutically-effective. The
dose administered to a patient, in the context of the present invention, should be
sufficient to effect a beneficial response in a patient over an appropriate period of
time. The quantity of agent(s) to be administered may depend on the subject to be
treated inclusive of the age, sex, weight and general health condition thereof, factors
that will depend on the judgement of the practitioner.

In particular embodiments of the hereinbefore described methods, the cancer
is breast cancer and the one or more overexpressed proteins are selected from the

group consisting of DVL3, VEGFR2, INPP4B, EIF4EBP1, EGFR, HER3, SMADI,
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NFKB1 and HER2 and the one or more underexpressed proteins are selected from
the group consisting of ASNS, MAPK9, YWHAE, RADS0, PGR, COL6A1, PEAIS
and RPS6.

In particular embodiments of the hereinbefore described methods, the cancer
is lung cancer, such as lung adenocarcinoma, wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of GNB2L1, TXN, KCNG1, BCAP31, GSK3B, FOXM1, ZNF593, EXOI,
KIF2C, TTK, MELK, CENPA, TPX2, CA9, GRHPR, HCFCIRI,CEP55, MCM10,
CENPN and CARHSP1, and the one or more underexpressed genes are selected from
the group consisting of BIN2A2, MTMR7, ZNRD1-AS1, MAPT and BTG2; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, PAI-1, Ku80, GATA3, ITGA2 and AKT1, and the one or more
underexpressed proteins are selected from the group consisting of ESR1.

In particular embodiments of the hereinbefore described methods, the cancer
is kidney cancer, such as renal clear cell carcinoma, wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of EIF3K, ADORA2B, KCNGI, BCAP31, EXOSC7, FOXMI, CD55,
ZNF593, KIF2C, TTK, MELK, CENPA, TPX2, CEP55, PML, CENPN and
CARHSPI1, and the one or more underexpressed genes are selected from the group
consisting of BCL2 and MAPT; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, PAI-1 and EIF4EBPI, and the one or more underexpressed
proteins are selected from the group consisting of HER3, MAPK9, ESR1 and
RADSO.

In particular embodiments of the hereinbefore described methods, the cancer
is melanoma, such as skin cutaneous melanoma, and wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of EIF3K, ADORA2B, GSK3B, EXOSC7, FOXMI, EXOI, KIF2C,
CENPA, TPX2, CAMSAPI, MCMI0 and ABHDS5 and the one or more
underexpressed genes are selected from the group consisting of BCAP31, BITN2A2,
SMPDL3B, MTMR7, ME1 and BTG2; and/or

(i1) the one or more overexpressed proteins are selected from the group

consisting of PAI-1, EIF4AEBP1, EGFR, HER3 and Ku80 and the one or more
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underexpressed proteins are selected from the group consisting of ASNS, MAPK9
and ESRI1.

In particular embodiments of the hereinbefore described methods, the cancer
is endometrial cancer, such as uterine corpus endometrioid carcinoma, and wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of GNB2LI, EIF3K, KCNGI, BCAP31, GSK3B, EXOSC7, FOXMI,
ZNF593, EXOI, KIF2C, MAP2K5, TTK, MELK, GRHPR, and PML, and the one or
more underexpressed genes is MYB; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, INPP4B, EIF4AEBP1 and ASNS and the one or more
underexpressed proteins are selected from the group consisting of MAPK9, ESR1
and YWHAE.

In particular embodiments of the hereinbefore described methods, the cancer
is ovarian adenocarcinoma and wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of GNB2LI, EIF3K, TXN, ADORA2B, KCNGI, GSK3B, STAUI,
MAP2KS5, and HCFCIRI, and the one or more underexpressed genes are selected
from the group consisting of BTN2A2, and ZNRD1-AS1; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of PAI-1 and VEGFR2 and the one or more underexpressed proteins are
selected from the group consisting of ASNS, MAPK9, ESR1, YWHAE and PGR.

In particular embodiments of the hereinbefore described methods, the cancer
is head and neck cancer, such as head and neck squamous cell carcinoma, and
wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of GNB2L1, TXN, ADORA2B, KCNG1, CD55, ZNF593, NDUFCI, and
HCFCIRI1, and the one or more underexpressed genes are selected from the group
consisting of BTN2A2, and MTMR7,, and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of PAI-1, INPP4B, EGFR, HER3, SMADI, GATA3, ITGA2 and
COL6A1 and the one or more underexpressed proteins are selected from the group
consisting of VEGFR2 and ASNS.

In particular embodiments of the hereinbefore described methods, the cancer

is colorectal cancer, such as colorectal adenocarcinoma, and wherein:
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(1) the one or more overexpressed genes are selected from the group
consisting of EIF3K, TXN, CD55, NDUFCI, HCFCIRI, and PML, and the one or
more underexpressed genes are selected from the group consisting of BTN2A2,
SMPDL3B, and ME1; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, PAI-1, INPP4B, EIF4EBP1, EGFR and HER3 and the one or
more underexpressed proteins are selected from the group consisting of ASNS,
MAPK9, YWHAE, RAD50 and PEA15.

In particular embodiments of the hereinbefore described methods, the cancer
is glioma, such as lower grade glioma, and wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of TXN, BCAP31, STAUI, PML, CARHSPI1, and BTN2A2; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, PAI-1, VEGFR2, Ku80, SMAD1 and NFKB1 and the one or
more underexpressed proteins are selected from the group consisting of ESRI,
YWHAE and PGR.

In particular embodiments of the hereinbefore described methods, the cancer
is bladder cancer, such as urothelial carcinoma, and wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of ADORA2B, KCNG1, STAUI, MAP2KS, and CAMSAPI, and the one or
more underexpressed genes are selected from the group consisting of GNB2LI,
EIF3K, TXN, BCAP31, EXOSC7, CD55, NDUFCI, GRHPR, CETN3, BTN2A2,
SMPDL3B, and ERC2,; and/or

(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, VEGFR2, Ku80, SMAD1 and AKTI and the one or more
underexpressed proteins is ASNS.

In particular embodiments of the hereinbefore described methods, the cancer
is lung cancer, such as lung squamous cell carcinoma, and wherein:

(1) the one or more overexpressed genes are selected from the group
consisting of GNB2LI, ZNF593, and SMPDL3B, and the one or more
underexpressed genes are selected from the group consisting of GSK3B, MAP2KS5,
NDUFCI, CAMSAPI, ABHDS, and ME1; and/or
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(i1) the one or more overexpressed proteins are selected from the group
consisting of DVL3, PAI-1, VEGFR2, INPP4B, EGFR and GATA3 and the one or
more underexpressed proteins is ASNS.

In particular embodiments of the hereinbefore described methods, the cancer
is adrenocortical carcinoma, and wherein:

the one or more overexpressed genes are selected from the group consisting
of GNB2LI, EIF3K, TXN, ADORA2B, KCNG1, BCAP31, FOXM1, ZNF593, EXOI,
KIF2C, MAP2K5, TTK, MELK, CENPA, TPX2, GRHPR, CEP55, MCM10, and
CENPN, and the one or more underexpressed genes are selected from the group
consisting of MTMR7, BCL2, MAPT, MYB, and STC2.

In particular embodiments of the hereinbefore described methods, the cancer
is kidney renal papillary cell carcinoma and wherein:

the one or more overexpressed genes are selected from the group consisting
of GNB2L1, ADORA2B, KCNGI1, GSK3B, FOXMI1, CD55, EXO1, KIF2C, STAUI,
TTK, MELK, CENPA, TPX2, CA9, CEP55, and MCM10, and the one or more
underexpressed genes are selected from the group consisting of SMPDL3B, and
BCL2.

In particular embodiments of the hereinbefore described methods, the cancer
is pancreatic ductal adenocarcinoma and wherein:

the one or more overexpressed genes are selected from the group consisting
of EIF3K, ADORA2B, GSK3B, EXOSC7, FOXMI, CDS55, EXOIl, STAUI,
CAMSAPI, and CETN3 and the one or more underexpressed genes are selected from
the group consisting of BIN2A2, SMPDL3B, MTMR7, ME1, BCL2, and ERC2.

In particular embodiments of the hereinbefore described methods, the cancer
is liver hepatocellular carcinoma and wherein:

the one or more overexpressed genes are selected from the group consisting
of GNB2LI, TXN, EXOSC7, and CA9, and the one or more underexpressed genes is
MTMR7.

In particular embodiments of the hereinbefore described methods, the cancer
is cervical squamous cell carcinoma and/or endocervical adenocarcinoma and
wherein:

the one or more overexpressed genes are selected from the group consisting
of STAUI, CA9, and MEI and the one or more underexpressed genes are selected
from the group consisting of EIF3K, TXN, BCAP31, EXOSC7, and ZNRDI-AS1.
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Furthermore, in certain embodiments, patients with a high relative expression
level of one or more overexpressed genes, such as those of the 29 gene signature,
when compared to one or more underexpressed genes, such as those of the 30 gene
signature, a high relative expression level of one or more overexpressed proteins
when compared to one or more underexpressed proteins and/or a high integrated
score as described herein may be more likely to respond favourably to
immunotherapy.

Accordingly, one aspect provides a method of predicting the responsiveness
of a cancer to an immunotherapeutic agent in a mammal, said method including the
step of comparing an expression level of one or more overexpressed genes selected
from the group consisting of ADORA2B, CD36, CETN3, KCNGI1, LAMA3, MAP2KS,
NAEIL, PGKI, STAUI, CFDPI1, SF3B3 and TXN, and an expression level of one or
more underexpressed genes selected from the group consisting of APOBEC3A, BCL2,
BTN2A2, CAMSAPI, CAMK4, CARHSPI, FBXW4, GSK3B, HCFCIRI, MYB,
PSEN2 and ZNF593, in one or more cancer cells, tissues or organs of the mammal,
wherein an altered or modulated relative expression level of the one or more
overexpressed genes compared to the one or more underexpressed genes indicates or
correlates with relatively increased or decreased responsiveness of the cancer to the
immunotherapeutic agent.

In one embodiment the one or more overexpressed genes are selected from
the group consisting of ADORA2B, CETN3, KCNG1, MAP2K5, STAUI and TXN,
and/or an expression level of one or more underexpressed genes are selected from the
group consisting of BTN2A2, CAMSAPI, CARHSPI, GSK3B, HCFCIRI, and
ZNF593.

In one embodiment, the one or more overexpressed genes are selected from
the group consisting of ADORA2B, CD36, KCNG1, LAMA3, MAP2KS5, NAEI, PGKI,
STAUI, CFDPI, and SF3B3 and/or an expression level of one or more
underexpressed genes are selected from the group consisting of APOBEC3A, BCL2,
BTN2A2, CAMK4, FBXW4, PSEN2 and, MYB.

It would be understood for particular embodiments of the present aspect that
one or more other overexpressed genes and/or one or more other underexpressed
genes from one or more of a Carbohydrate/Lipid Metabolism metagene, a Cell
Signalling metagene, a Cellular Development metagene, a Cellular Growth metagene,

a Chromosome Segregation metagene, a DNA Replication/Recombination metagene,
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an Immune System metagene, a Metabolic Disease metagene, a Nucleic Acid
Metabolism metagene, a Post-Translational Modification metagene, a Protein
Synthesis/Modification metagene and a Multiple Networks metagene. such as those
listed in Table 21, may be included in the step of comparing an expression level of
one or more overexpressed genes and an expression level of one or more
underexpressed genes.

Insofar as they relate to cancer, immunotherapy or immunotherapeutic agents
use or modify the immune mechanisms of a subject so as to promote or facilitate
treatment of a cancer. In this regard, immunotherapy or immunotherapeutic agents
used to treat cancer include cell-based therapies, antibody therapies (e.g., anti-PD1 or
anti-PDL1 antibodies) and cytokine therapies. These therapies all exploit the
phenomenon that cancer cells often have subtly different molecules termed cancer
antigens on their surface that can be detected by the immune system of the cancer
subject. Accordingly, immunotherapy is used to provoke the immune system of a
cancer patient into attacking the cancer’s cells by using these cancer antigens as
targets.

Non-limiting examples of immunotherapy or immunotherapeutic agents
include adalimumab, alemtuzumab, basiliximab, belimumab, bevacizumab, BMS-
936559, brentuximab, certolizumab, cituximab, daclizumab, eculizumab,
ibritumomab, infliximab, ipilimumab, lambrolkizumab, mepolizumab, MPDL3280A
muromonab, natalizumab, nivolumab, ofatumumab, omalizumab, pembrolizumab,
pexelizumab, pidilizumab, rituximab, tocilizumab, tositumomab, trastuzumab,
ustekinumab, abatacept, alefacept and denileukin diftitox. In particular preferred
embodiments, the immunotherapeutic agent is an immune checkpoint inhibitor, such
as an anti-PD1 antibody (e.g., pidilizumab, nivolumab, lambrolkizumab,
pembrolizumab), an anti-PDL1 antibody (e.g., BMS-936559, MPDL3280A) and/or
an anti-CTL A4 antibody (e.g., ipilimumab).

As would be appreciated by the skilled artisan, immune checkpoints refer to a
variety of inhibitory pathways of the immune system that are crucial for maintaining
self-tolerance and for modulating the duration and/or amplitude of an immune
response in a subject. Cancers can use particular immune checkpoint pathways as a
major mechanism of immune resistance, particularly against T cells that are specific
for tumour antigens. Accordingly, immune checkpoint inhibitors include any agent

that blocks or inhibits the inhibitory pathways of the immune system. Such inhibitors



WO 2015/135035 PCT/AU2015/050096

10

15

20

25

30

84

may include small molecule inhibitors or may include antibodies, or antigen binding
fragments thereof, that bind to and block or inhibit immune checkpoint receptors or
antibodies that bind to and block or inhibit immune checkpoint receptor ligands. By
way of example, immune checkpoint receptors or receptor ligands that may be
targeted for blocking or inhibition include, but are not limited to, CTLA-4, 4-1BB
(CD137), 4-1BBL (CD137L), PDL1, PDL2, PD1, B7-H3, B7-H4, BTLA, HVEM,
TIM3, GAL9, LAG3, TIM3, B7H3, B7H4, VISTA, KIR, 2B4, CD160 and CGEN-
15049. Illustrative immune checkpoint inhibitors include tremelimumab (CTLA-4
blocking antibody), anti-OX40, PD-L1 monoclonal Antibody (Anti-B7-HI;
MEDI4736), MK-3475 (PD-1 blocker), nivolumab (anti-PD1 antibody), pidilizamab
(CT-011; anti-PD1 antibody), BYS5 monoclonal antibody, AMP224 (anti-PDL]1
antibody), BMS-936559 (anti-PDL1 antibody), MPLDL3280A (anti-PDL1 antibody),
MSB0010718C (anti-PDL1 antibody) and yervoy/ipilimumab (anti-CTLA-4
checkpoint inhibitor), albeit without limitation thereto.

In one embodiment, the method of predicting the responsiveness of a cancer
to an immunotherapeutic agent, may further include the step of administering to the
mammal a therapeutically effective amount of the immunotherapeutic agent.

In a related aspect is provided a method of predicting the responsiveness of a
cancer to an EGFR inhibitor in a mammal, said method including the step of
comparing an expression level of one or more overexpressed genes selected from the
group consisting of NAEI, GSK3B, TAF2, MAPRE1, BRD4, STAUI, TAF2, PDCDA4,
KCNGI1, ZNRDI-ASI, EIF4B, HELLS, RPL22, ABAT, BTN2A2, CDIB, ITM2A,
BCL2, CXCR4, and ARNT2and an expression level of one or more underexpressed
genes selected from the group consisting of CDIC, CDIE, CDIB, KDM5A, BATF,
EVL, PRKCB, HCFCIRI, CARHSP1, CHAD, KIR2DL4, ABHDS5, ABHDI4A,
ACAAl, SRPK3, CFB, ARNT2, NDUFCI1, BCL2, EVL, ULBP2, BIN3, SF3B3,
CETN3, SYNCRIP, TAF2, CENPN, ATP6VICI, CD55 and ADORA2B in one or
more cancer cells, tissues or organs of the mammal, wherein an altered or modulated
relative expression level of the one or more overexpressed genes compared to the one
or more underexpressed genes indicates or correlates with relatively increased or
decreased responsiveness of the cancer to the EGFR inhibitor.

It would be appreciated that the EGFR inhibitor may be any known in the art,

including monoclonal antibody and small molecule inhibitors thereof, such as those
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hereinbefore described. In particular embodiments, the EGFR inhibitor is or
comprises erlotinib and/or cetuximab.

In certain embodiments, the cancer is or comprises lung cancer, colorectal
cancer or breast cancer.

In one embodiment, the one or more overexpressed genes are selected from
the group consisting of NAEI, GSK3B, and TAF2 and/or the one or more
underexpressed genes are selected from the group consisting of CDIC, CDIE, CDIB,
KDMS5A, BATF, EVL, PRKCB, HCFCIRI, CARHSP1, CHAD, KIR2DL4, ABHDS,
ABHDI14A, ACAAI, SRPK3, and CFB.

In one embodiment, the one or more overexpressed genes are selected from
the group consisting of MAPREI, BRD4, STAUI, TAF2, GSK3B, PDCD4, KCNGI,
ZNRD1-AS1, EIF4B and HELLS and/or the one or more underexpressed genes are
selected from the group consisting of ARNT2, NDUFCI, BCL2, ABHDI4A, EVL,
ULBP2, and BIN3.

In one embodiment, the one or more overexpressed genes are selected from
the group consisting of RPL22, ABAT, BIN2A2, CDIB, ITM2A, BCL2, CXCR4, and
ARNT?2 and/or the one or more underexpressed genes are selected from the group
consisting of SF3B3, CETN3, SYNCRIP, TAF2, CENPN, ATP6VICI, CD55 and
ADORA2B.

In a related aspect is provided a method of predicting the responsiveness of a
cancer to a multikinase inhibitor in a mammal, said method including the step of
comparing an expression level of one or more overexpressed genes selected from the
group consisting of SCUBE, CHPTI, CDCI, BTG2, ADORA2B and BCL2, and an
expression level of one or more underexpressed genes selected from the group
consisting of NOP2, CALR, MAPREI, KCNG1, PGKI, SRPK3, RERE, ADM,
LAMAS3, KIR2DIA, ULBP2, LAMA4, CA9, and BCAP31, in one or more cancer cells,
tissues or organs of the mammal, wherein an altered or modulated relative expression
level of the one or more overexpressed genes compared to the one or more
underexpressed genes indicates or correlates with relatively increased or decreased
responsiveness of the cancer to the EGFR inhibitor.

Multikinase inhibitors typically work by inhibiting multiple intracellular
and/or cell surface kinases, some of which may be implicated in tumor growth and
metastatic progression of a cancer, thus decreasing tumor growth and replication. It

would be appreciated that the multikinase inhibitor may be any known in the art,
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including small molecule inhibitors, such as those hereinbefore described. Non-
limiting examples of multikinase inhibitors include sorafenib, trametinib, dabrafenib,
vemurafenib, crizotinib, sunitinib, axitinib, ponatinib, ruxolitinib, vandetanib,
cabozantinib, afatinib, ibrutinib and regorafenib. In a particular embodiment, the
multikinase inhibitor is or comprises sorafenib.

In one embodiment, the cancer is or comprises lung cancer.

Suitably, with regard to predicting the responsiveness of a cancer to an
immunotherapeutic agent, an EGFR inhibitor or a multikinase inhibitor, a higher
relative expression level of the one or more overexpressed genes compared to the one
or more underexpressed genes indicates or correlates with a relatively increased
responsiveness of the cancer to the agent or inhibitor, and/or a lower relative
expression level of the one or more overexpressed genes compared to the one or
more underexpressed genes indicates or correlates with a relatively decreased
responsiveness of the cancer to the agent or inhibitor.

In a further aspect, the invention provides a method for identifying an agent
for use in the treatment of cancer including the steps of:

(1) contacting a protein product of GRHPR, NDUFCI, CAMSAPI, CETN3,
EIF3K, STAUI, EXOSC7, COGS8, CFDPI and/or KCNG1 with a test agent; and

(i1) determining whether the test agent, at least partly, reduces, eliminates,
suppresses or inhibits the expression and/or an activity of the protein product.

Suitably, the cancer is of a type hereinbefore described, albeit without
limitation thereto. Preferably, the cancer has an overexpressed gene selected from the
group consisting of GRHPR, NDUFCI, CAMSAPI, CETN3, EIF3K, STAUI,
EXOSC7, COGS, CFDPI and KCNG1 and any combination thereof,

Suitably, the agent possesses or displays little or no significant off-target
and/or nonspecific effects.

Preferably, the agent is an antibody or a small organic molecule.

In embodiments relating to antibody inhibitors, the antibody may be
polyclonal or monoclonal, native or recombinant. Well-known protocols applicable
to antibody production, purification and use may be found, for example, in Chapter 2
of Coligan et al., CURRENT PROTOCOLS IN IMMUNOLOGY (John Wiley &
Sons NY, 1991-1994) and Harlow, E. & Lane, D. Antibodies: A Laboratory Manual,
Cold Spring Harbor, Cold Spring Harbor Laboratory, 1988, which are both herein

incorporated by reference.
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Generally, antibodies of the invention bind to or conjugate with an isolated
protein, fragment, variant, or derivative of the protein product of one or more of
GRHPR, NDUFCI, CAMSAP1, CETN3, EIF3K, STAUI, EXOSC7, COGS, CFDPI
and KCNGI. For example, the antibodies may be polyclonal antibodies. Such
antibodies may be prepared for example by injecting an isolated protein, fragment,
variant or derivative of the protein product into a production species, which may
include mice or rabbits, to obtain polyclonal antisera. Methods of producing
polyclonal antibodies are well known to those skilled in the art. Exemplary protocols
which may be used are described for example in Coligan er al., CURRENT
PROTOCOLS IN IMMUNOLOGY, supra, and in Harlow & Lane, 1988, supra.

Monoclonal antibodies may be produced using the standard method as for
example, described in an article by Kéhler & Milstein, 1975, Nature 256, 495, which
is herein incorporated by reference, or by more recent modifications thereof as for

example, described in Coligan er al., CURRENT PROTOCOLS IN

IMMUNOLOGY, supra by immortalizing spleen or other antibody producing cells
derived from a production species which has been inoculated with one or more of the
isolated protein products and/or fragments, variants and/or derivatives thereof.

Typically, the inhibitory activity of candidate inhibitor antibodies may be
assessed by in vitro and/or in vivo assays that detect or measure the expression levels
and/or activity of the protein products of one or more of GRHPR, NDUFCI,
CAMSAPI, CETN3, EIF3K, STAUI, EXOSC7, COG8, CFDPI and KCNGI in the
presence of the antibody.

In embodiments relating to small organic molecule inhibitors, this may
involve screening of large compound libraries, numbering hundreds of thousands to
millions of candidate inhibitors (chemical compounds including synthetic, small
organic molecules or natural products, for example) which may be screened or tested
for biological activity at any one of hundreds of molecular targets in order to find
potential new drugs, or lead compounds. Screening methods may include, but are not
limited to, computer-based ("in silico") screening and high throughput screening
based on in vitro assays.

Typically, the active compounds, or “hits”, from this initial screening process
are then tested sequentially through a series of other in vitro and/or in vivo tests to
further characterize the active compounds. A progressively smaller number of the

“successful” compounds at each stage are selected for subsequent testing, eventually
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leading to one or more drug candidates being selected to proceed to being tested in
human clinical trials.

At the clinical level, screening a test agent may include obtaining samples
from test subjects before and after the subjects have been exposed to a test compound.
The levels in the samples of the protein product of the overexpressed genes may then
be measured and analysed to determine whether the levels and/or activity of the
protein products change after exposure to a test agent. By way of example, protein
product levels in the samples may be determined by mass spectrometry, western blot,
ELISA and/or by any other appropriate means known to one of skill in the art.
Additionally, the activity of the protein products, such as their enzymatic activity,
may be determined by any method known in the art. This may include, for example,
enzymatic assays, such as spectrophotometric, fluorometric, calorimetric,
chemiluminescent, light scattering, microscale thermophoresis, radiometric and
chromatographic assays.

It would be appreciated that subjects who have been treated with test agents
may be routinely examined for any physiological effects which may result from the
treatment. In particular, the test agents will be evaluated for their ability to decrease
cancer likelihood or occurrence in a subject. Alternatively, if the test agents are
administered to subjects who have previously been diagnosed with cancer, they will
be screened for their ability to slow or stop the progression of the cancer as well as
induce disease remission.

In a particular embodiment, the invention may provide a “companion
diagnostic” whereby the one or more genes that are detected as having elevated
expression are the same genes that are targeted by the anti-cancer treatment.

In a related aspect, the invention provides an agent for use in the treatment of
cancer identified by the method hereinbefore described.

Suitably, the cancer is of a type hereinbefore described, albeit without
limitation thereto. Preferably, the cancer has an overexpressed gene selected from the
group consisting of GRHPR, NDUFCI, CAMSAPI, CETN3, EIF3K, STAUI,
EXOSC7, COGS, CFDPI, KCNGI and any combination thereof.

In another related aspect, the invention provides a method of treating a cancer
in a mammal, including the step of administering to the mammal a therapeutically

effective amount of an agent hereinbefore described.
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In this regard, test agents that are identified of being capable of reducing,
eliminating, suppressing or inhibiting the expression level and/or activity of a protein
product of GRHPR, NDUFC1, CAMSAPI, CETN3, EIF3K, STAUI, EXOSC7, COGS,
CFDPI and/or KCNGI may then be administered to patients who are suffering from
or are at risk of developing cancer,. For example, the administration of a test agent
which inhibits or decreases the activity and/or expression of the protein product of
one or more of the aforementioned genes may treat the cancer and/or decrease the
risk cancer, if the increased activity of the biomarker is responsible, at least in part,
for the progression and/or onset of the cancer.

Suitably, the cancer is of a type hereinbefore described, albeit without
limitation thereto. Preferably, the cancer has an overexpressed gene selected from the
group consisting of GRHPR, NDUFCI, CAMSAPI, CETN3, EIF3K, STAUI,
EXOSC7, COGS, CFDPI, KCNGI and any combination thereof.

All computer programs, algorithms, patent and scientific literature referred to
herein is incorporated herein by reference.

For the present invention, the database accession number or unique identifier
provided herein for a gene or a protein, such as those presented in Tables 4, 5, 10, 15,
16, 17 and 18, as well as the gene and/or protein sequence or sequences associated

therewith, are incorporated by reference herein.

So that preferred embodiments of the invention may be fully understood and

put into practical effect, reference is made to the following non-limiting examples.

EXAMPLE 1

Materials and Methods

Meta-analysis of global gene expression in TNBC

We performed a meta-analysis of global gene expression data in the
Oncomine™ database'” (Compendia Bioscience, MI) using a primary filter for breast
cancer (130 datasets), sample filter to use clinical specimens and dataset filters to use
mRNA datasets with more than 151 patients (22 datasets). Patients of all ages,
gender, disease stages or treatments were included. Three additional filters were
applied to perform three independent differential analyses: (1) triple negative (TNBC

49-56.

cases vs. non-TNBC cases, 8 datasets” ~; (2) metastatic event analysis at 5 years
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(metastatic events vs. no metastatic events, 7 datasets’>~ " ') and (3) survival at 5
years (patients who died vs. patients who survived, 7 datasets®>*086163)
Deregulated genes were selected based on the median p-value of the median gene
rank in overexpression or underexpression patterns across the datasets (Figure 8).
The union of these three deregulated gene lists resulted in a gene list of deregulated
genes in aggressive breast cancers (Figure 9). The METBRIC dataset’' was used as
the validation set for further analysis. The normalized z-score expression data of the
METABRIC dataset was extracted from Oncomine’™ and imported into BRB-
ArrayTools64 (V4.2, Biometric Research Branch, NCI, Maryland, USA) with built in
R Bioconductor packages. Survival curves for the METABRIC dataset were
constructed using GraphPad® Prism v6.0 (GraphPad Software, CA, USA) and the
Log-rank (Mantel-Cox) Test was used for statistical comparisons of survival curves.
Ingenuity Pathway Analysis and derivation of the eight gene list

Pathway analysis was performed using the Ingenuity Pathway Analysis®
(Ingenuity Systems®, CA). For pathway analysis in IPA®, we used only direct
relationships. After pathway analysis, we set to identify the minimum gene list that
recapitulates the aggressiveness 206 gene list. We used the METABRIC dataset to
perform statistical filtering in the BRB-ArrayTools software to derive the minimum
gene list as follows: (1) the correlation of each gene in the CIN metagene and the ER
metagene to the metagene itself was determined by quantitative trait analysis using
the Pearson’s correlation coefficient (univariate p-value threshold of 0.001); (2) the
association of each gene with overall survival using univariate Cox proportional
hazards model (univariate test p-value < 0.001); and (3) the fold-change of gene
expression between high aggressiveness score tumors and low aggressiveness score
tumors was calculated for each gene. We selected genes with Pearson’s correlation
coefficient > 0.7 to the metagenes, strongest survival association and more than 2-
fold deregulation between high and low agressiveness score tumors. The
METABRIC dataset and four publically available datasets were used to validate the
8-genes score. The four datasets (GSE25066™°, GSE3494°°, GSE2990"°, GSE2034°°)
were analyzed as described previously®’.
Cell culture and drug treatments

Breast cancer cell lines were obtained from ATCC™ (VA, USA) and
cultured as per ATCC™ instructions. All cell lines were regularly tested for

mycoplasma and authenticated using STR profiling. For the siRNA screen, siRNA
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solutions (Shanghai Gene Pharma, China) were used to transfect cells (MDA-MB-
231, SUMIS9PT and Hs578T) with 10 nM of respective siRNA using
Lipofectamine® RNAIMAX (Life Technologies, CA, USA). For drug treatments,
docetaxel and the TTK inhibitor AZ3146 were purchased from Selleck Chemicals
LLC (TX, USA) and diluted in DMSO. Six days after siRNA knockdown or after
drug treatments the survival of cells in comparison to control was determined using
the CellTiter 96" Assay as per manufacturer instructions (Promega Corporation, WI,
USA). For immunoblotting, standard protocols were used and membranes were
probed with antibodies against TTK (anti-MPS1 mouse monoclonal antibody [N1]
ab11108 (Abcam, Cambridge), and y-tubulin (Sigma-Aldrich®) then developed using
chemiluminescence reagent plus (Milipore, MA, USA). Flow cytometry to quantify
apoptosis was performed using Annexin V-Alexasgs and 7-AAD (Life Technologies)
as per manufacturer instruction using BD FACSCanto II™ flow cytometer (BD
Biosciences, CA, USA).
Breast cancer tissue microarrays, immunohistochemical and survival analysis

The Brisbane Breast Bank collected fresh breast tumor samples from
consenting patients; the study was approved by the local ethics committees. Tissue
microarrays (TMAs) were constructed from duplicate cores of formalin-fixed,
paraftin-embedded (FFPE) breast tumor samples from patients undergoing resection
at the Royal Brisbane and Women’s Hospital between 1987 and 1994. For biomarker
analysis, whole tumor sections or TMAs (depending on the marker) were stained
with antibodies against ER, PR, Ki67, HER2, CK5/6, CK14, EGFR and TTK (Table
8), and scored by trained Pathologists. The Vectastain® Universal ABC kit (Vector
laboratories, CA) was used for signal detection according to the manufacturer’s
instructions. Stained sections were scanned at high resolution (ScanScope Aperio,
Leica Microsystems, Wetzlar, Germany), and then images were segmented into
individual cores for analysis using Spectrum software (Aperio). Survival and other
clinical data were collected from the Queensland Cancer Registry and original
diagnostic Pathology reports, and in addition we performed an internal
histopathological review (SRL) of representative tumor sections from each case,
stained with H&E. For analysis of HER2-amplification TMAs were analyzed using
HER2 CISH. Criteria for assigning prognostic subgroups in this study are
summarized in Figure 14.

Other statistical analysis
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Statistical analyses were prepared using GraphPad® Prism v6.0. The types of
tests used are stated in Figure Legends. Univariate and multivariate Cox proportional
hazards regression analyses were performed using MedCalc for Windows, version

12.7 (MedCalc Software, Ostend, Belgium).

Results

Meta-analysis of gene expression profiles in TNBC

We performed a meta-analysis of published gene expression data, irrespective
of platform, using the Oncomine™ database'® (version 4.5). We compared the
expression profiles of 492 TNBC cases vs. 1382 non-TNBC cases in 8 datasets and
found 1600 overexpressed and 1580 underexpressed genes in the TNBC cases (cutoff
median p-value across the 8 datasets < 1x10™ from a Student's ¢-test, Figure 8). We
also compared the expression profiles of primary breast cancers from 512 patients
who developed metastases vs. 732 patients who did not develop metastases at 5 years
(7 datasets in total) to identify 500 overexpressed and 480 underexpressed genes in
the metastasis cases (cutoff median p-value across the 7 datasets < 0.05 from a
Student's #-test, Figure 8). Finally, we compared the expression profiles of 232
primary breast tumors from patients who died within 5 years vs. 879 patients who
survived in 7 datasets and found 500 overexpressed and 500 underexpressed genes in
the poor survivors (cutoff median p-value across the 7 datasets < 0.05 from a
Student's 7-test, Figure 8). The union of these analyses — genes deregulated in TNBC
and in tumors that metastasized or resulted in death within 5 years - generated a gene
list of 305 overexpressed and 341 underexpressed genes (Figure 9A&B). The
deregulated genes from our analyses did not consider deregulation in comparison to
normal breast tissue. To identify cancer-related genes, we used the METABRIC
(Molecular Taxonomy of Breast Cancer International Consortium) dataset’ as a
validation dataset. Of the 305 overexpressed and 341 underexpressed genes
identified in the meta-analysis, 117 overexpressed and 89 underexpressed genes (206
genes) were deregulated in TNBC (250 cases) vs. 144 adjacent normal tissue (1.5
fold-change cutoff;, Figure 9C&D).
Clinicopathological features of the aggressiveness gene list

We compared the 206 genes from the above analysis, we called the
“aggressiveness gene list” (Table 4), to the recently described metagene attractors'®!’

and found that 45 of the overexpressed genes were in the CIN metagene, whereas 19
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of the underexpressed genes were in the ER metagene (Figure 10). The expression of
the aggressiveness gene list was visualized in the METABRIC dataset, stratified
according to the histological subtypes by the GENUIS classification®”. As shown in
Figure 1A, ER/HER2" (TNBC), in comparison to adjacent normal breast tissue,
showed the highest upregulation of CIN genes (red in the heat map) and
downregulation of ER signaling genes (green in the heat map). Tumors of other
subtypes showed a range of deregulation of these genes. To quantify these trends, we
calculated the “aggressiveness score” as the ratio of the CIN metagene (average of
expression of CIN genes) to the ER metagene (average of expression of ER genes).
The aggressiveness score was highest for ER7HER2 (TNBC), followed by HER2"
then ER” tumors (box plot in Figure 1). We also analyzed the aggressiveness score in
the five intrinsic breast cancer subtypes predefined by the PAMS50 classification® and
the ten integrative clustering (intClust) subtypes defined by combined clustering of
gene expression and copy number data subtypes®' (Figure 11). The aggressiveness
score was highest in the basal-like and the intClust 10 subtypes which are enriched
for TNBC and have poor prognosis.

Interestingly, tumors of various subtypes scored higher than the median
aggressiveness score (line in box plots in Figure 1 and Figure 11). To this end, we
examined the overall survival of patients in the METABRIC dataset stratified by
quartiles and also dichotomized by the median of the aggressiveness score. Tumors
with high aggressiveness score had worse survival than those with low
aggressiveness score. The survival of patients with non-TNBC tumors with high
aggressiveness score had poor survival that was similar to TNBC patients (Figure
1B). Among ER" tumors we found that high aggressiveness score predicted poor
survival in both Grade 2 (Figure 1B) and Grade 3 (Figure 11) tumors. Tumors with
high aggressiveness score showed poor survival regardless of the PAMSO0 intrinsic
breast cancer subtypes (Figure 11). The PAMSO0 classifier was prognostic only in low
aggressiveness score tumors (Figure 12).

One network of direct interactions in the aggressiveness gene list associates with
patient survival

We performed network analysis on the aggressiveness gene list using the
Ingenuity Pathway Analysis (IPA™) and found a network with direct interactions
between 97 of the 206 deregulated genes (Figure 2A). To find the minimal genes that

represent the aggressiveness genes and this network, the 97 genes in this network
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were analyzed for their correlation with the CIN or ER metagenes and overall
survival in the METABRIC dataset (Table 5). We selected genes according to the
following criteria: (1) highest correlation with the metagenes (Pearson’s correlation
coefficient > 0.7); (2) association with overall survival (Cox proportional hazards
model, p <0.001), and (3) more than 2-fold deregulation with least standard deviation
of expression between high and low aggressiveness score tumors. These analyses
identified two genes from the ER metagene (MAPT and MYB) and six genes from the
CIN metagene (MELK, MCM10, CENPA, EXOI, TTK and KIF2C). These 8 genes
were maintained in a directly connected network (Figure 2B). The classification of
tumors (high vs. low across the median) from these eight genes, again representing
the ratio of CIN and ER metagenes, predicted the classification from the 206 genes
with 95% sensitivity and 97% specificity by prediction of microarray (PAM) analysis
(data not shown). Importantly, a high score from these eight genes identified poor
survival in all patients, non-TNBC patients and ER” Grade 2 (Figure 2C).

Next, we explored the 8-genes score for prognosis in several molecular and
histological settings in the METABRIC dataset. The survival of patients with tumors
with wild-type TP53 were stratified by the 8-genes score (Figure 3A). Patients with
mutant TP53, which were mainly of high score, showed worse survival than those
with wild-type TP53, suggesting that TP53 mutation is an independent prognostic
factor. Patients with tumors with low or high expression of the proliferation marker
Ki67 were stratified by the 8-genes score suggesting that the 8-genes score is
independent of proliferation (Figure 3A). We also found that the 8-genes score
stratified the survival of patients from all stages of disease (Stage I — Stage III,
Figure 3A). We focused on ER” and found that, as in the case of ER” Grade 2 tumors
(Figure 2C); the 8-genes score stratified the survival of patients with ER" Grade 3
tumors (Figure 3B). Importantly, the 8-genes score identified ER'LN" and ER'LN"
patients who had poor survival similar to ERTN" and ERLN" patients, respectively
(Figure 3B). High 8-genes score identified poor survival of patients with tumors of
all PAMSO subtypes and the prognostication by PAMSO0 classification was only
evident in low 8-genes score tumors (Figure 12).

The 8-genes aggressiveness score in multivariate survival analysis

To exclude the possibility that the aggressiveness score - calculated using the

206 genes or the 8 genes — was redundant; we performed multivariate Cox-

proportional hazards model analysis in the METABRIC dataset (with Illumina
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platform) in comparison to conventional clinical variables and current gene
signatures. As detailed in Table 1, the aggressiveness scores significantly associated
with patient survival when compared with conventional variables and outperformed

101 proliferation/cell cycle'®?® and CIN?® signatures.

MammaPrint’, OncotypeDx
Moreover, our aggressiveness scores outperformed the CIN4 classier”> which was
recently developed from the CIN signature.

We validated the six CIN and two ER genes in univariate survival association
using the online tool Kaplan-Meier (KM)-plotter** (Tables 6 & 7) which has the gene
expression and survival data of more than 2000 patients (but are not part of the
METABRIC dataset). We found that the collective expression of the six
overexpressed genes (MELK, MCMI10, CENPA, EXOI, TTK and KIF2C)
significantly associated with relapse free survival (RFS) and distant metastasis free
survival (DMFS) in all patients, ER " patients, lymph node negative (LN") or positive
(LN") patients (Table 6). The two underexpressed genes (MAPT and MYB) also
significantly associated with RFS and DMFS in these patient groups (Table 7).

More importantly, we performed multivariate survival analysis of the 8-genes
score in four datasets (with Affymetrix platform from the Gene Expression Omnibus
[GEO]; GSE2990, GSE3494, GSE2034 and GSE25066). Again, the score was
significantly associated with survival in a multivariate Cox-proportional hazards
model in every dataset tested (Figure 4). Altogether, we found that in multiple
datasets that used different platforms, the 8-genes score identified patients with poor
survival independently of other clinico-pathologic indicators and outperforming
current signatures.

Therapeutic targets in the aggressiveness gene list

The overexpressed genes in the CIN metagene are involved in or regulate
mitosis, spindle assembly and checkpoint, kinetochore attachment, chromosome
segregation and mitotic exit. Thus it is not surprising that several of the

25,26
~® and

overexpressed genes are targets for molecular inhibitors, such as CDKI1
AURKA/AURKB?’ and have been trialed pre-clinically and clinically*®. To this end,
we performed siRNA depletion against 25 genes of the CIN metagene in three TNBC
cell lines, MDA-MB-231, SUMI159PT and Hs578T. We found that knockdown of
four genes (TTK, TPX2, NDCS80 and PBK) consistently affected the survival of these
cells (Figure SA and Table 5). The knockdown of 77K showed the worst survival

and since it was in the 8-genes score we selected TTK for further studies. We found
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that TTK protein was higher in TNBC cell lines compared to the near-normal
MCF10A cell line, and luminal/HER2 cell lines (Figure 5B). Next, we used the
specific TTK inhibitor (TTKi), AZ3146, against a panel of breast cancer cell lines
and found that TNBC cell lines were more sensitive to the TTKi (Figure 5C).
TTK expression in aggressive tumors and potential for combination therapy

To further study the potential of TTK as therapeutic target, we investigated
TTK expression at the mRNA and protein levels in breast cancer patients. We
analyzed the correlation of 77K mRNA expression, dichotomized at the median, with
clinicopathological indicators in the METABRIC dataset of 2000 patients (Table 2).
High TTK mRNA expression associated with younger age of tumor diagnosis, larger
tumor size, higher tumor grade, higher Ki67 expression, TP53 mutations, an ER/PR
negative tumor phenotype, HER2 positivity and TNBC. Based on PAMSO0 subtyping,
high T7TK mRNA was associated with luminal B, HER2-enriched and basal-like
tumors.

We also analyzed TTK expression in a cohort of breast cancer patients (406
patients) by THC. TTK and its activity is detected at all stages of the cell cycle,
however, it is upregulated during mitosis®. Thus, we observed TTK staining in non-
mitotic cells to define high TTK levels (score of 3) in order to exclude the bias of
elevated TTK level during mitosis. Similar to 77K mRNA, high TTK protein level
(Table 3) associated with high tumor grade, high Ki67 expression and TNBC status
(particularly basal TNBC). Moreover, in agreement with the 77K mRNA
associations with the PAMSO0 intrinsic subtypes, high TTK protein was observed in
HER2-positive and proliferative ER"/HER2" tumors (most related to luminal B) but
low TTK protein in non-proliferative ER"/HER2" tumors (most related to luminal A).
In addition to these associations with aggressive phenotypes, we also found that high
TTK protein significantly associated with aggressive histological features including
ductal histology, pushing tumor border, lymph node involvement, nuclear
pleomorphism, lymphocytic infiltration and higher mitotic scores (Table 3).
Altogether, like the high aggressiveness score from the 206 or 8 genes, high level of
TTK mRNA and protein span across breast cancer subtypes marking aggressive
behavior.

We examined the association of TTK protein level with patient survival and
found that breast tumors with high TTK staining (category 3) had worse survival
than other staining groups at 5 years (Figure 6A&B) and 10 and 20 years (Figure 13).
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Importantly, high TTK staining (category 3) was not restricted to a particular
histological subgroup or to tumors with high mitotic index (Figure 6C). Next, we
focused on prognostication of aggressive subgroups (Grade 3, lymph node positive,
TNBC, HER2 or high Ki67) and found that high TTK protein level identified
exceptionally aggressive tumors that lead to poor survival of less than 2 years (Figure
7A). Finally, to exploit our finding that TTK, as a part of the aggressiveness score,
was associated with aggressive breast tumors and that TTK inhibition was effective
in TNBC cell lines that overexpress this protein (Figure 5), we investigated the
therapeutic potential of combining TTK inhibition with chemotherapy. We found
that TTKi synergized with docetaxel at very low (sub-lethal doses) in the treatment
of TNBC cell lines which overexpress TTK in comparison to cell lines which do not
(Figure 7B) and that this combination induced apoptotic cell death (Figure 7C).

CIN metagene and ER metagenes in lung adenocarcinoma

There is also reason to believe that the metagene signature may work for
other cancers, such as lung cancer. FIG. 15 provides overall survival curves of lung
cancer patients split by ten (10) CIN genes that include the aforementioned six (6)
(genes as well as CENPN, CEP55, FOXM1 and TPX2; and the two (2) ER genes
MAPT and MYB as a signature; patients are low or high according to the median of
the signature. The signature outperformed tumour grade and disease stage and
remained significant when adjusted for AJCC T (size) and N (lymph node) stages
(tumour size (T stage) and lymph node status (N stage) in multivariate Cox
regression analysis in lung cancer patients (Table 9). In particular, the signature was
prognostic in lung adenocarcinoma. The prognostication of lung adenocarcinoma
was significant even when including a minimal gene set of 6 CIN genes and 2 ER
genes.

In Figure 16 A we show the global gene expression (by RNAseq) of the breast
cancer patients in the TCGA dataset. From these data the 8-genes score
(Aggressiveness score) and the OncotypeDx (Recurrence score) were investigated
for association with survival. The 8-genes score stratified breast cancer survival
better than the OncotypeDx (Figure 16B). Further, the 8-genes score (Aggressiveness
score) identified tumours with high genomic copy number variations involving
whole chromosome arms deletions and duplications reflecting aneuploidy (Figure

16C).



WO 2015/135035 PCT/AU2015/050096

10

15

20

25

30

98

We also find that the 8-genes score (Aggressiveness score) stratifies the
survival of all cancers collectively in the TCGA data better than the OncotypeDx
(Figure 17) and that the 8-genes score (Aggressiveness score)was prognostic in each
of the tested cancers (Figure 18). Similarly, as in breast cancer (Figure 16C), the 8-
genes score (Aggressiveness score) identified tumors of all cancer types with high
genomic copy number variations involving whole chromosome arms deletions and
duplications reflecting aneuploidy (data not shown). These cancer types include
breast cancer, bladder cancer, colorectral cancer, glioblastoma, lower grade glioma,
head & neck cancer, kidney cancer, liver cancer, lung adenocarcinoma, abute

myeloid leukaemia, pancreatic cancer and lung squamous cell carcinoma.

Discussion

This meta-analysis of gene expression in the Oncomine™™ database identified
a list of 206 was enriched with two core biological functions/metagenes;
chromosomal instability (CIN) and ER signaling. We calculated the aggressiveness
score, the ratio of CIN to ER metagenes, which associated with overall survival of
breast cancer. A core of eight genes (six CIN genes and two ER signaling genes) was
representative and recapitulated the correlations with outcome from the 206 genes.
The score from the six CIN genes to the 2 ER signaling genes, 8-genes score,
associated with survival in several breast cancer datasets. Our aggressiveness scores
outperformed conventional variable and published signatures in multivariate survival
analysis. Particularly in ER” tumors, some cases have survival as poor as that of the
aggressive HER2™ and TNBC subtypes. Our data suggest that the interplay of cancer-
related biological functions, namely CIN and ER signaling, are better predictors of
phenotypes than single genes or single functions. This notion is in line with recent
studies showing that the interaction of biologically-driven predictors provide better

161730 Recently, all ER” tumors were described to have a high level of CIN

prognosis
metagene, however, it was not clear that ER” tumors could be described as low CIN
tumors'®. In our study, we clarify that ER™ disease contains a considerable fraction of
tumors that have high level of CIN genes and that the relationship between CIN and
ER genes is a powerful predictor of survival in these patients.

The fidelity of chromosome segregation is ensured by the proper attachment
of the microtubules from the mitotic spindle to the kinetochores of chromosomes in a

tightly regulated process and CIN refers to the missegregation of whole
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chromosomes thus producing aneuploidy’'. Using aneuploidy as a surrogate marker
for CIN, Carter et al developed a gene signature and found that this “CIN signature”
predicts clinical outcome in multiple cancers™. More recently, a minimal gene set
that captures the CIN signature, CIN4 (AURKA, FOXM1, TOP2A and TPX2) was
described as the first clinically applicable qPCR derived measure of tumor
aneuploidy from FFPE tissue. Since Grade 2 tumors heterogeneous characteristics in
terms of clinical outcome, the significance of the CIN4 classier is the stratification of
Grade 2 tumors into good and poor prognosis groups”. Our aggressiveness scores
were prognostic in all tumor grades and disease stages (stages I-III and lymph node
negative and positive) and outperformed the CIN signature and the CIN4 classier in
multivariate survival analysis in the METABRIC dataset. Strikingly, but in

. . - 3233
agreement with previous studies™”

, the prognostication using the CIN metagene and
our aggressiveness scores from gene expression levels were restricted to ER” disease
but not in the TNBC or HER2 subtypes. This may be explained that ER" tumors have
a high level of CIN metagene as per our results and published previously'®. However,
our results with TTK protein level clearly demonstrate that TNBC, HER2, high grade,
lymph node positive and proliferative tumors contain subgroups with high TTK
levels exclusive of mitotic cells and have poorer survival than those with low TTK
expression or TTK expression in mitotic cells. We propose that there are two types of
high expression of CIN genes that may not be clearly differentiated by mRNA
expression studies. One form of elevated CIN genes relates to high level of mitosis
and proliferation whereas the second form that we measured by IHC exclusive of
mitotic cells is driven by another aggressive phenotype; protection of aneuploidy and
genomic instability. The recent study of the CIN4 classifier lends support to our
proposition. In this study, using flow cytometry to measure aneuploidy by DNA
content, the authors found that a substantial proportion of tumors with high CIN4
scores have a normal DNA ploidy and that a significant proportion of aneuploid
cases had low CIN4 score™.

Chromosome missegregation and aneuploidy enhance genetic recombination
and defective DNA damage repair’® to drive a “mutator phenotype” required for
oncogenesis”. Genomic instability caused by deregulated mitotic spindle assembly

#3637 [

checkpoint (SAC) and aneuploidy has been termed “non-oncogene addiction
is tempting to suggest that CIN and aneuploidy are exploited by breast cancer stem

cells which are high in TNBC’® due to the link between cancer stem cells, aneuploidy
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. 39,40
and therapy resistance’”

. This is supported by studies that implicate several genes
involved in the SAC and chromosome segregation in tumor initiation, progression
and cancer stem cells, e.g. AURKA in ovarian cancer'!, MELK/FOXMI1 in
glioblastoma***’, MELK* and MAD2" in breast cancer and SKP2 in several
cancers'®. The role of CIN genes to protecting aneuploidy could provide an insight to
the paradox that TNBC show a better response to chemotherapy due to higher level
of proliferation, yet these tumors have poorer outcome. We propose that resistance in
TNBC could be attributed to the ability of aneuploid cells to adapt and drive
recurrence. At least in vivo, chemotherapy has been shown to induce the proliferation
quiescent aneuploid cells as a mechanism for therapy resistance’”. We envisage that
the high level of the CIN metagene in TNBC, particularly genes involved in
chromosome segregation, is protective of this state. Indeed, one study found that a
high level of TTK is protective of aneuploidy in breast cancer cells and its silencing
reduces the tumorigenicity of breast cancer cell lines in vivo'’. Our results from the
patient cohort demonstrate that high TTK protein expression exclusive of mitosis
was indeed prognostic aggressive tumors and support the concept that protection
from aneuploidy and genomic instability is an aggressive phenotype that drives poor
outcome.

Our results with the TTK molecular inhibitor, in agreement with published
47,48

2

studies using siRNA depletion supports the idea of targeting chromosomal

segregation in tumors with a high CIN phenotype as a therapeutic strategy. We also

4748 .
d"""", a considerable

suggest that while TTK is high in TNBC as previously describe
proportion of non-TNBC tumors that display aggressive features also show an
elevated level of CIN genes, and would benefit from such targeted therapies. To our
knowledge the combination of sub-lethal doses of taxanes with TTK inhibition has
not been investigated so far in breast cancer, but in other cancers’>’>’. Our results
reveal that TTK inhibition indeed sensitizes breast cancer cells with high TTK to
docetaxel.

Referring particularly in FIGS 16-18, as well as the 8-genes score
(Aggressiveness score) being prognostic for the survival of cancer patients after
treatment, the aggressiveness score also identifies tumors with high copy number
variations involving whole chromosome arms reflecting aneuploid status. Thus, the

aggressiveness score may also serve as a companion diagnostic for drugs that target

aneuploidy by means of targeting genes listed in Table 4, inclusive of the 8 genes
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used to produce the aggressiveness score (such as TTK”™™) or by other drugs that

71,72

73-76
or others™™™).

target the aneuploidy state (such as PLK1

In conclusion, our study emphasizes that classification of breast cancer based
on biological phenotypes facilitates understanding the drivers of oncogenic
phenotypes and therapeutic potentials. Importantly, our studies demonstrate that IHC
assessment of CIN genes, exemplified by TTK here; provide better characterization
and understanding for the contribution of CIN to tumor aggressiveness and prognosis.

Throughout this specification, the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment
or specific collection of features. Various changes and modifications may be made to
the embodiments described and illustrated herein without departing from the broad
spirit and scope of the invention.

All computer programs, algorithms, patent and scientific literature referred to

herein is incorporated herein by reference in their entirety.
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Table 1: Univariate and multivariate survival analysis of the aggressiveness score in the METABRIC dataset

Univariate Cox-proportional hazards Multivariate Cox-proportional hazards
model model (stepwise)
HR (95 % CI) p-value HR (95 % CI) p-value
206 genes score <193 1 4174 - 1.8454) <0.0001 1.5188 (1.3227 - 1.7440) <0.0001

(high, low)

Lymph node

+. ) 1.8594 (1.6289 -2.1224) <0.0001 1.6807 (1.4610 - 1.9334) <0.0001

HEI({E S_t)ams 1.4565 (1.2537 - 1.6920) <0.0001 1.1983 (1.0183 - 1.4101) 0,030
ns ns
516_7) 1.4184 (1.2399 - 1.6226) <0.0001 1 s
ns ns
CIN4
i - <
(high, low) 1.5310 (1.3413 - 1.7476) 0.0001 s ns
ns ns
Cell Cycle
(high, Tow) 1.5018 (1.3145 - 1.7158) <0.0001 ns s
ns ns
OncotypeDx
(L, L H) 1.2672 (1.0909 - 1.4720) 0.0021 s ns
Treatment 1.1646 (0.9753 - 1.2639) 0.0939
(ves, no)
Age
(<40, >40) 1.1235 (0.8480 - 1.4886) 0.4196

HR: Hazard Ratio. CI: confidence interval. ns: not significant. OncoTypeDx scores are low (L, < 18), intermediate (I,
18-31), high (H >31). All variables were included in the multivariate Cox-proportional hazards model analysis and by
stepwise model, only significant co-variants were included in the final analysis shown in Table.
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Table 2: Correlation of 7TK mRNA level and clinico-pathological indicators in the METABRIC dataset

2

C (1] (1]
>2cm <5cm 509 (26%) 685 (35%)

>5cm 60 (3%) 92 (5%) p=1.25E-2

Grade 2 479 (25%) 296 (16%)
Grade 3 251 (13%) 706 (37%) p<L.0E-6
Low 826 (39%) 242 (11%)
High 237 (11%) 831 (39%) p<L.0E-6
ER negative 71 (4%) 369 (19%) p<1.0E-6
ER positive 827 (42%) 681 (35%)
PR negative 306 (15%) 637 (32%) p<1.0E-6
PR positive 617 (31%) 432 (22%)
HER?2 negative 802 (40%) 744 (37%)
HER?2 positive 118 (6%) 323 (16%) p<1.0E-6
non-TNBC 885 (45%) 840 (43%)
Triple negative (TNBC) 29 (1%) 221 (11%) p<1.0E-6

umin (28%) (9%) p<L.
Luminal B 142 (7%) 350 (18%) p<1.0E-6
HER2-enriched 40 (2%) 200 (10%) p<L.0E-6
Normal-like 161 (8%) 41 (2%) p<1.0E-6
Basal-like 26 (1%) 305 (15%) p<1.0E-6
<50 167 (8%) 239 (13%) p=8.68E-4
50-74 485 (24%) 549 (27%) ns
75-100 282 (14%) 253 (13%) ns
Wildtype 390 (48%) 331 (40%)
Mutant 14 (2%) 85 (10%) p<1.0E-6

X2: Chi square test performed using GraphPad® Prism. ns not significant
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Table 3: Associations between TTK protein expression and clinico-pathological indicators

Ductal NOS
Lobular

Mixed ducto-lobular
Metaplastic
Tubular/cribiform

TTK (0-1)

147(60.7 %)
43(76.8 %)
31(88.6 %)

9(56.3 %)
8(80.0 %)
66.1 %

43(76.8 %)
162(77.5 %)
73(47.7 %)

TTK (2)

67(27.7 %)
10 (17.9 %)
4 (11.4 %)
7 (43.8 %)
2 (20.0 %)

13(23.2 %)
41 (19.6 %)
50 (32.7 %)

TTK (3)

(11.6 %)
(5.4 %)
(0.0 %)
(0.0 %)
(0.0 %)
%

0.0 %)
(2.9 %)
(19.6 %)

1

0.0265

<0.0001

Positive

Negative

193(79.8 %)
33(61.1 %)

10(76.9 %)
52(69.3 %)
216(65.5 %)

77(62.1 %)
81(73.0 %)

44(18.2 %)
18 (33.3 %)

3(23.1%)
20 (26.7 %)
81 (24.5 %)

41(33.1%)
18 (16.2 %)

2.1 %)
(5.6 %)

(0.0 %)
(4.0 %)
(10.0 %)

(4.8 %)
(10.8 %)

<0.0001

<0.0001

ns

0.0056

<2 cm
2-5 cm

Absent
Present

Absent
Mild
Moderate
Severe

112(68.3 %)
104(66.2 %)

119(78.3 %)
115(63.9 %)
36(53.7 %)

7(41.2 %)

40(24.4 %)
38 (24.2 %)
6 (19.4 %)

77(24.2 %)
27 (27.3 %)

28(18.4 %)
47 (26.1 %)
23 (34.3 %)

6 (35.3 %)

(3.3 %)

(10.0 %)
(11.9 %)
(23.5 %)

ns

ns

0.0007

Absent
Present

254(67.7 %)
25(56.8 %)

90(24.0 %)
14 (31.8 %)

(8.3 %)
(11.4 %)

ns

Infiltrative
Pushing (<50%)

HER2+

HR+/HER2-neg (Ki67-high)
HR+/HER2-neg (Ki67-low)
TN (basal-like)

TN (non-basal)

250(69.1 %)
11(36.7 %)

21(51.2 %)
6(24.0 %)
196(76.0 %)
23(41.8 %)
10(71.4 %)

88(24.3 %)
11 (36.7 %)

14(34.1 %)
13 (52.0 %)
53 (20.5 %)
20 (36.4 %)
1(7.1%)

6
6
9
12
3

(6.6 %)
(26.7 %)

(14.6 %)
(24.0 %)
(3.5 %)

(21.8 %)
(21.4 %)

0.0003

<0.0001

<0.0001

TMAs were scored by two independent assessors according to the following categories: 0, negative; 1, weak and
focal staining (pooled with negative cases for this analysis); 2, moderate-strong focal staining (collectively <50% of
tumour cells); 3 = moderate-strong diffuse staining (>50% of tumour cells). Regarding % cells stained, we
disregarded mitotic cells to assess mitosis-independent TTK expression. *Chi square test (GraphPad® Prism. ns: not

significant)
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Table 4: The aggressiveness genelist (206 genes)

Input Approved Name HGNCID Location

ALDH3A2 aldehyde dehydrogenase 3 family, member HGNC:403 17pl11.2
A2

APOBEC3B apolipoprotein B mRNA editing enzyme, HGNC:17352 22q13.1-q13.2
catalytic polypeptide-like 3B

ATP6V1C2 ATPase, H+ transporting, lysosomal 42kDa,  HGNC:18264 2p25.1
V1 subunit C2

AURKA aurora kinase A HGNC:11393 20q13

BCL2 B-cell CLL/lymphoma 2 HGNC:990 18g21.3

BLM Bloom syndrome, RecQ helicase-like HGNC:1058 15q26.1

Clorf106 HGNC:25599

C7orf63 HGNC:26107 7¢21.13

CCDC170

HGNC:21177 6¢25.1

CCNA2 cyclin A2 HGNC:1578 4q27

CDC25A cell division cycle 25A HGNC:1725 3p21

CDC45 cell division cycle 45 HGNC:1739 22q11.21
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CDCAS cell division cycle associated 8 HGNC:14629 1p34.3

CDKN2A cyclin-dependent kinase inhibitor 2A HGNC:1787 9p21

CENPW centromere protein W HGNC:21488 6¢22.32

CHEK1 checkpoint kinase 1 HGNC:1925 11q24.2

CKS2 CDC28 protein kinase regulatory subunit 2 HGNC:2000 9q22

CMC2 COX assembly mitochondrial protein 2 HGNC:24447 16q23.2
homolog (S. cerevisiae)

CPEB2 cytoplasmic polyadenylation element binding HGNC:21745 4p15.33
protein 2

DACH1

HGNC:2663 13q22

DEPDC1 DEP domain containing 1 HGNC:22949 1p31.2

ELOVLS ELOVL fatty acid elongase 5 HGNC:21308 6p21.1-pl2.1

EXO1 exonuclease 1 HGNC:3511 1q42-q43
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GGH gamma-glutamyl hydrolase (conjugase, HGNC:4248 8ql2.3
folylpolygammaglutamyl hydrolase)

GLYATL2 glycine-N-acyltransferase-like 2 HGNC:24178 11q12.1

GSTM3 glutathione S-transferase mu 3 (brain) HGNC:4635 1p13.3

GTSE1 G-2 and S-phase expressed 1 HGNC:13698 22q13.2-q13.3

IGFBP4 insulin-like growth factor binding protein 4 HGNC:5473 17q12-q21.1

IL8 interleukin 8 HGNC:6025 4q13-g21

IRAK1 interleukin-1 receptor-associated kinase 1 HGNC:6112 Xq28

activated channel, subfamily M, alpha

KIF13B kinesin family member 13B HGNC:14405 3p21

KIF20A kinesin family member 20A HGNC:9787 5q31

KIF2C kinesin family member 2C HGNC:6393 1p34.1

LAPTM4B lysosomal protein transmembrane 4 beta HGNC: 13646 8q22.1

LMNB2 lamin B2 HGNC:60638 19p13.3
LRIG1 leucine-rich repeats and immunoglobulin- HGNC:17360 3pl4
like domains 1

LY6/PLAUR domain containing 6
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MCM2 minichromosome maintenance complex HGNC:6944 3q21
component 2

MCM6 minichromosome maintenance complex HGNC:6949 2ql4-q21
component 6

MEIS3P1 Meis homeobox 3 pseudogene 1 HGNC:7002 17p12

MLPH melanophilin HGNC:29643 2q37.2

methylenetetrahydrofolate dehydrogenase
NADP+ depend 1-lik

NMES NME/NM23 family member 5 HGNC:7853 5q31.2

NOSTRIN nitric oxide synthase trafficker HGNC:20203 2q31.1

NUP93 nucleoporin 93kDa HGNC:28958 16q13

OGN osteoglycin HGNC:8126 9q22

PFKP phosphofructokinase, platelet HGNC:8878 10p15.3-p15.2

PLCH1 phospholipase C, eta 1 HGNC:29185 3q25

PNPLA7 patatin-like phospholipase domain containing HGNC:24768 9q34.3
7

PSMB2 proteasome (prosome, macropain) subunit, HGNC:9539 1p34.2
beta type, 2

PTPRT protein tyrosine phosphatase, receptor type, HGNC:9682 20q12-q13
T




WO 2015/135035 PCT/AU2015/050096
117

QDPR quinoid dihydropteridine reductase HGNC:9752 4p15.31
RABEP1 rabaptin, RAB GTPase binding effector HGNC:17677 17p13.2
protein 1

RBM38 RNA binding motif protein 38 HGNC:15818 20q13.31

RFC4 replication factor C (activator 1) 4, 37kDa HGNC:9972 3q27

RNASE4 ribonuclease, RNase A family, 4 HGNC:10047 14q11

SCUBE2 signal peptide, CUB domain, EGF-like 2 HGNC:30425 11p15.3

SKP1 S-phase kinase-associated protein 1 HGNC:10899 5q31

SLC16A10 solute carrier family 16 (aromatic amino acid HGNC:17027 6q21-q22

SLC39A6 solute carrier family 39 (zinc transporter), HGNC:18607 18q12.2

SLC7AS solute carrier family 7 (amino acid HGNC:11063 16q24.3

SOX11 SRY (sex determining region Y)-box 11 HGNC:11191 2p25

SRPK1 SRSF protein kinase 1 HGNC:11305 6p21.31

STIL SCL/TALI interrupting locus HGNC:10879 1p32

TBC1D9 TBC1 domain family, member 9 (with HGNC:21710 4q31.1

TFF1 trefoil factor 1 HGNC:11755 21q22.3

TMEM26 transmembrane protein 26 HGNC:28550 10g21.3

TRIP13 thyroid hormone receptor interactor 13 HGNC:12307 5pl5
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TTK TTK protein kinase HGNC:12401 6q13-g21

UBE2C ' ubiquitin-conjugating enzyme E2C HGNC:15937  20ql13.12

YEATS2 YEATS domain containing 2 HGNC:25489 3927.3
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Table 5: Degregulated genes from Ingenuity Pathway Analysis and correlation with
aggressiveness score

Pearson correlation cpefficie:nt with respective V?ﬁl:“
metagene ceore

'\ \ £ \

. TLMN_2246956 0.682 <le07 <107 <17

TLMN_1601884 0.65 <1e07  <led7  <led7

TLMN_ 770083 0.544 < Le-07 < 1e-07 < le-()7

TLMN_1699665 0.403 <led7  <le07 < l1ed07

TLMN_ 1678533 < Le-07 < 1e-07 < le-()7

ILMN_1766650 <le07  <le07  <lew?

TEMN_1809433 < 1e-0)7 < 1e-07 < 1e-07

T ILMN 1811387 <107  <le07 < led)7

Dl M 1755741 0.654 <le7  <led7 < led?

\ TEMN_1722489 (.645 < 1e-0)7 < 1e-07 < 1e-07

B \ ILMN_ 1698885 0.637 <1e07  <le07 < le7

= BNNRTRe 0.557 <lel7  <le07  <led?
: TLMN_1736184 0.5 <1e-07  <le07  <le07 200
5 S\\ ILMN_1772459 0.467 <1e07  <le07 < le7 2,00
Ui M 2391861 0.384 <le7  <led7 < le0? 200
- TLMN_1789505 0.546 <1e-07  <le07  <le07 185
\\ | N 1711766 0.689 <1e07  <le07 < le7 175
e MN 1725193 0.38 <le7  <led7 < le0? 472
TLMN_1771962 (.46 <1e-07  <le07  <ie07 161
\\\ | MmN 1714567 0.551 <1e07  <le07 < le7 159
BB MN 1718629 0.548 <le7  <led7 < le0? 1,59
\\ TLMN_1791678 0,304 <1e-07  <le07  <le07 156
e ILMN_ 1768004 0,44 <le07 <le07 < led7 .54

{ ILMN_1720526 <le7 <17 <led7

| ILMN_1747016 <le7  <le07 < lel7

| [LMN_2344971 <107 <led7  <le(7

| ILMN_1796949 <le07  <led7 < led7

| ILMN_1684217 <1e07  <le07  <1e47

{ ILMN_1680955 <led7  <led? < led?
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| ILMN_2374425 <le07 <107 <led?

| ILMN_1670238 <1607 <lel7  <ledy

| ILMN_ 2042771 <le07  <le07 < led7

{ ILMVN_2349450 <le07  <led? < led?

{ ILMN_1801939 <led7 <l < lel7

| ILMN_1683450 <le07  <le07 < led7

{ ILMN_1663390 <le07  <le07  <led7

| ILMN_2301083 <1607 <le07  <le7

| ILMN_1720373 <le07  <le07 < led7

| 1LMN 2200948 <le07 <107 <lie07 1.97
| [LMN_1709294 <1e07  <lel7  <1ed7 1.96
| ILMN_1728934 <le07  <le07 < led7 1.96
{ ILMN_1786125 <le07  <led? < led? 1.95
{ ILMN_1737728 <1607 <le07  <le7 1.95
{ ILMN_1703906 <1e07  <le07 < led7 1.9
| LMN_1695658 <le07 <17 <ied7 £9
| ILMN_1751444 <led7  <le07  <ledy 1.89
| ILMN_1664630 <1e07  <le07 < led7 1.85
| ILMN_1665538 <led7  <le07  <lely 1.83
{ ILMN_1737205 <led7  <le07 < 1e07 1.79
| LMN_1747911 <le07 <17 <ied7 1.75
| ILMN_1708101 <led7  <le07  <ledy 174
| ILMN_1670353 <led7  <le07 < 1e07 1.74
| IMN_ 1700337 <le07  <leT < led? 1.73
| ILMN_1749529 <led7  <le07  <ledy 1.7
| ILMN_ 1777564 <led7  <le07 < 1e07 1.7
| ILMN_1771039 <le07  <lel7  <lel7 1.69
IEMN_1716279 < 1e-07 <1e-07 < le-07 167
| ILMN_1681503 <led7  <le07 < 1e07 1.66
| ILMN_ 1798654 <le07  <leT < led? 6
| ILMN_1709484 <1e07  <le07  <led? 1.57
{ ILMN_ 1808071 <led7  <le07 < 1e07 1.55
| IMN_1811472 <le07  <leT < led? 155
| ILMN_1682792 <led7  <le07  <ledy 152
| ILMN_1711005 <led7  <le07 < 1e07 1.52
| TLMN_1742577 <led7 <17 <led)? 1.67
§ TEMN_1798504 < le-07 < le-07 < le¥7 162
| ILMN_1756326 <led7  <le07 < 1e07 1.6
| ILMN_ 1664511 <le07 <17 <ied7 .46
| ILMN_1724489 <led7  <le07  <ledy 1.45
| ILMN_1663195 <led7  <le07 < 1e07

| vN_i20s01 | 0.517 <le07  <led7 <lel]

| ILMN_ 2219002 0.474 <led7  <le07  <le?
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1 ILMN_1805737 0.595 < e-07 < g7 < 1e07
{ ILMN_2336781 {1,565 <le07 < le7 < 1e-G7
{ ILMN_2184373 0.357 < le-007 < le-07 < le-07
{ TLMN_2338323 0.594 < le07 < le-07 < le-07
1 TLMIN_204 1046 {.691 < le-0)7 < le-(7 < te-(7 175
| ILMN_1802252 {(0.685 < le-007 < le-07 < le-07 1.6l
{ ILMN_1782938 0.45 <le07  <led)7 < 1e-07 :
{ TLMN_1719753 (0.524 <le7 < le07 < 1e-G7
1 ILMN_1717714 0.591 < le-007 < le-07 < le-07 1.91
| ILMN_1758939 0.674 <le07 <107 <led? 1.7
1 TLMIN_1784300 {1.399 < le-0)7 < le-(7 < te-(7 1.66
| ILMN_17647%4 0.633 < le-007 < le-07 < le-07 1.52
{ ILMN_1723158 0.617 <le07  <le? < le-07 1.52
{ ILMN_2379130 (L.625 <le07 < le07 < le-(7 [.51
IEMN_1671257 0.692 < 1e-07 < le-(d7 < 1e-(07 1.5
IEMN_T708340 0.432 < le-(7 < le-{)7 < 1e-07 1.43
{ ILMN_1705301 0.554 < le-)7 < le-07 < le-07 1.42
Cox proportional h.azar:ds nfmdel, Wald §tatlst1c Cell survival after SIRNA depletion in
p-valoe cutoff vnivariate test: 0.001 vitro
10080 random permutations,
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ric p- FDR . " . : \ Hs5781
) on p-value Ratio intensiti 3 T
value es

L §
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Table 8: details of antibodies and immunchistochemistry conditions used for
breast cancer TMA analysis in this study

] . .o | Antigen | Cellular | Cut-off used for
g«g;(b Clone ggem Source g::u“ Retriev | Localizati | classification as
al* on ‘positive’
ER gF11 | Mous { Novoga | 4o | Giate | Nucleus | > 1%
2 stra
PR 1pg | Mous | Novoca | 450 | Gitate | Nucleus | > 1%
e sira
Cell
HER2 | CBt1 | Rabhit | Dako 1:200 | Citrate Membran | 3+ (>30%]
e
Membran
i | DB/16 | Mous | Chemic | 4 ,nn | o &+ -
CK&/6 B4 e o 1:400 | Citrate Cytoplas Any positivity
m
Membran
_ Mous | Naovocg . ~ &+
CKi4 | LLOo2 e stra 1:40 Ciirate Cytoplas Any positivity
m
Maus | Invitro Call
EGFR | 31G7 e an 911100 | EDTA Membran | Any positivity
e
Mous Any positivity (20%
Ki-87 MIB-1 e Dako 1:200 | Citrate Nucleus cells stained classed
as ‘Kig7-high')
0 Negative
1 weak and focal
staining
2 moderate-strong
focal staining
{collectively «50%
tumaor cells)
, 3 moderate-strong
TTK | N1 2"0“5 Abcam | 1:100 | EDTA Snywp‘as diffuse staining
{>50% tumor cells)
Regarding estimating
% of cells stained, we
disregarded mitotic
cefls to assess
mitosis-independent
expression of TTK

*Antigen retrieval in 0.01M citric acid buffer (pH 6.0) at 125 °C for 5 min in a
pressure cooker, or in 0.001 M Tris/EDTA; pH 8.8, at 105°C for 15 min in a pressure

cooker.
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Table %: Multivariate analyses
. - Hazar _— P zard . . : zarg
Covariants Ha{d d Covariants HQ{Md Covariants P Hat:u‘d
value Ratio value Ratio value  Ratio

2ER 00002 (1.25- 2ER 0 (Lm- ANEC

stage N

ignature 2.04) signature 2.79)
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EXAMPLE 2

Materials and Methods
Meta-analysis of global gene expression in TNBC
We performed a mieta-analysis of global gene expression data in the Oncomineg ™
database [37] (Compendia Bioscience, Ann Arbor, MI) using a primary filter for
breast cancer (130 datasets), sample filter to use clinical specimens and dataset filters
to use mRNA datasets with more 151 patients (22 datasets). Two additional filters
were applied to perform two independent differential analyses. The first differential
was metastatic event analysis at § years (metastatic events vs. no metastatic events, 7
datasets [51, 56-61]) and the second differential analysis was survival at 5 years
(patients who died vs. paticnts who survived, 7 datasets {39, 57, 59, 61-64]).
Deregulated genes were selected based on the median p-value of the median gene
rank in overexpression or underexpression patterns across the datasets for each of the
two differential analyses.
Deriving the 28-signature {(the TN signature)
The online tool KM-Plotter [38] which collates gene expression data from
Affyniterix platform for mare than 4000 breast cancer patients were used for
developing the 28-gene signature. Fromn the deregulated genes in primary tumors
which led to metastatic or death events within 5 years discovered in the meta-
analysis in Oncomine™, 166 genes were common in both survival events. These
genes were then interrogated one by one in KM-Plotter restricting the univariate
survival analysis to ER” or BLBC subtypes. Genes which significantly associated
with relapse-free survival (RFS), distant ruetastasis-free survival (DMFS) or overall
survival (O8) in either ER” or BLBC subtypes were short selected. The 96 genes that
were significant 1n this filtering where then sorted for their level of significance ags
well as the prevalence of significance across the different survival outcomes (RFES,
DMES and O5) and across ER™ and BLBC subtypes. Based on this sorting, six
groups of gene lists were obtained with different levels of survival association (Table
14). Each of these groups were then used as a metagene and the average expression
of genes in each group was mvestigated for association with survival in KM-Plotter
in ER" and BLBC subtypes. Based on these analysis, four groups were selected and
two were excluded. Furthermore, for two groups, the top 4 and 3 genes were found to

be more prognostic than the rest of the group and these were selected. In total, the 7
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genes (which their downregulation associates with poor survival) from these two
groups and 21 genes (which their upregulation associates with poor survival) in the
other two groups were selected to test for association with survival in KM-Plotter.
These 28 genes showed the highest association with survival as a gene signature
compared to any single gene in the original list or any groups from this list. These 28
genes were selected as the triple negative (TN) signature and was subjected to
validation as described below.
Validation of the TN signature in breast cancer cohorts
Three large breast cancer gene expression datasets were used for validation. The
Research Onling Cancer Knowledgebase (ROCK) dataset [40] (GSE47561; n=1570
patients) and the homogenous TNBC dataset [32] (GSE31519; n=579 TNBC
patients) were obtained from Gene Expression Omnibus (GEO) and the data was
immported into BRB-ArrayTools [63] (V4.2, Biometric Research Branch, NCI,
Maryland, USA) with built in R Bioconductor packages. The Cancer Genome Atlas
(TCGA) dataset [39]; using the Ilumina HiSeq RNA-Seq arrays (n=1106 patients) or
the Agilent custom arrays (Agilent G4502A-07-3) on 597 patients of the 1106 total
patients, were ohtained from the UCSC Genome Browser [66, 67]. The TN signature
was investigated in each of these datasets where a score was devised to quantify the
signature; the TN score = average expression of the 21 genes whose overexpression
associated with poor survival + average expression of the 7 genes whose
underexpression associated with poor survival. The TN score for each tumor in each
dataset was calculated and tumors were assigned as high or low TN score tumors by
dichotomy across the median TN score in each dataset. In some cases, tertiles of the
TN score in each dataset were used to classity tumors as high, intermediate or low
TN score tumors and in other cases the quarliles of the TN score were used to
classify tumors in the 1%, 2%, 3™ or 4% quartiles, The survival of patients in high
{over the median, last tertile of the 4th quartile) vs. low TN score groups was
compared. Suorvival analyses were constructed using GmphPad@' Prismi v6.0
(GraphPad Software, CA, USA) and the Log-rank (Mantel-Cox) Test was used for
statistical comparisons of survival curves.
Assaciation of the TN score and signatures with pathological complete responses
(pCR) after nevadjuvant chemotherapy and response to endocrine therapy
Datasets which performed gene expression profiling prior to neoadjuvant

chemotherapy or endocrine therapy alone were obtained from GEQO. The datasets

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035 PCT/AU2015/050096

10

b
LA

30

131
used in this study for neoadjuvant chemotherapy and recorded pathological complete
response (pCR) include: GSEI872R8 [42], GSES0948 [43], GSE20271 [44],
GSE20194 [45], GSE22226 [41, 46], GSE42822 [47] and GSE23988 [48]. For
datasets which performed gene expression profiling prior to endocrine therapy
(tamoxifen) and recorded patient survival include: GSE6532 [25] and GSE17705
[51]. These datasets using the Affymetrix gene expression array platforms were
imported into BRB-ArrayTools and normalized as described previously [68]. Each
tumor in the datasets were assigned as high or low score for our signatures as
described in the previous sections. The rate of pCR after chemotherapy or the
survival of patients after endocrine therapy were compared between high score
tumors and low score tumors using Gra'ph.Pad@ Prism.
Global gene expression prefiles comparison by class compuarison
Global gene expression comparison was carried out to compare tumors with high TN
or iBCR scores to those with low TN or iBCR scores to characterize additional
differences between these tumors and identify deregulated genes which could be
suitable as for drug targeting. These comparisons were carried out in the large cohort
of 1570 patients in the ROCK dataset and BRB-AsrayTools was used to perform the
Class Comparison test. The two classes were high vs. low score tumors and the
parameters selected in this plugin in AmrayTools were as follows: Type of univariate
test used = Two-sample T-test; Class variable = TN score (high or low) or iBCR
score (high or low); fold-change cutoff = 1.5 fold; Permutation p-values for
significant genes were computed based on 10000 random permutations and Neminal
significance level of each univariate test: 0.05. The results from these analyses are
shown in Tables 13 and 15-17.
Integration of the Agro and TN signatures in the integrated Breast Cancer
Recurrence (iBCR) score
We previously published the Aggressiveness (Agro) signature and score also from
meta-analysis and extensive validation and show that this signature is prognostic in
ER+ breast cancer [36]. To test whether the Agro signatures could be integrated with
the TN signature (prognostic in ER” breast cancer) to produce an integrated test that
1s independent of ER status, several integration methods were investigated. The
hypothesis behind the integration methods was to identify a direct relationship that
can describe the relationship between the TN and Agro scores in both ER” and ER”

breast cancer subtypes that is also in direct relationship with the integrated score. In
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other words, the integrated score would retain the information from each the Agro
and TN scores relevant to their prognostic value in ER” and ER™ breast cancers,
respectively. The ROCK dataset was used to test the different methods of integration
and the performance of these methods in the stratification of survival of ER™ and ER
breast cancer. The addition or subtraction of the scores produced a direct relationship
between the TN and Agro score and the produced integrated score (Figure 36). These
two methods were then analyzed for prognostication of ER™ and ER” subtypes in the
ROCK dataset and only the addition method retained prognostication in ER™ breast
cancer (Figure 37). Similarly, multiplying and dividing the TN and Agro scores were
tested and an exponential and power curve relationships described the relation
between the two scores and with the integrated score (Figure 38). Again, these two
methods were tested from prognostication in the ROCK dataset and only the
multiplication method retained prognostication in ER™ breast cancer (Figure 37).
Because the multiplication and division methods produced exponential and power
curves for the relationship between the scores, integration by raising one score to the
power of the other score appeared reasonable. Exponential and power curves dre the
result of power equations. Indeed, integration by raising the TN score to the power of
the Agro score was highly prognostic in both ER” and ER’ breast cancers (Figures 37
and 38). This integrated score, the integrated Breast Cancer Recurrence (1IBCR) score
was in fact more prognostic in ER" and ER” patients in the ROCK dataset than the
single Agro and TN scores, respectively. The iBCR score was validated in the ROCK
and homogenous TNBC datasets (Aftymetrix platform), the TCGA dataset (IMurnina
RNA-Seq platform) and the ISPY-1 trial dataset (GSE22226 [41, 46], Agilent
platform}, illustrating the platform-independence of the iIBCR score which is driven
by the platform independence of the Agro and TN signatures as they were discovered
from meta-analysis irrespective of array platforms used from independent studies,
Mining drug screen studies

Two large studies which treated large panels of cancer cell lines with large panels of
anticancer drugs were investigated to determine whether cell lines with high Agro,
TN or iBCR scores show different sensitivity to particular anticancer drugs in
comparison to cancer cell lines with low Agro, TN or iBCR scores. Briefly, the
datasets of gene expression profiling from Genentech (mRNA Cancer Cell Line
Profiles GSE10843), Pfizer (Pfizer Molecular Profile Data for Cell Line GSE34211)
and Broad Institute/Novartis (Cancer Cell Line Encyclopedia [CCLE] GSE3613)
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were obtained from GEO and imported into ArrayTools as described earlier. The
Agro, TN and iBCR scores for all the cell lines profiled were calculated and cell
lines were assigned as high or low for each of the scores based on dichotomy across
the median in each dataset. For cell lines which were profiled in more than one
dataset, the average scores were used. Using this data, the sensitivity of cancer cell
lines with high and low Agro, TN or iBCR scores was compared to those with low
scores to anticancer drugs was investigated in two studies [49, 50]. Drugs which had
significantly different IC50 in high score cell lines compared to low score cell lines
are described herein. Statistical significance was determined from unpaired two-
tailed t-test using GraphPad® Prism.

Other statistical analysis

Univariate and multivariate Cox proportional hazards regression analyses were
performed using MedCale for Windows, version 12.7 (MedCale Software, Qstend,

Belgium},

Results

Meta-analysis of gene expression profile in Oncomine™

We performed a meta-analysis of published gene expression data, irrespective of
platform or breast cancer subtype, using the Oncomine ™ database [37] (version 4.5).
We were able to compared the expression profiles of primiary breast tumots from 512
patients who developed metastases vs. 732 patients who did not develop metastases
at 5 years (7 datasets in total) to identify 500 overexpressed genes and 500
underexpressed genes in the metastasis cases {cutoff median p-value across the
datasets < 0.05 from a Swudent's #-test, Figure 31). We also compared the expression
profiles of 232 primary breast tumeors from patients who died within 5 years vs. 879
patients who survived in 7 datasets and found 500 overexpressed genes and 500
underexpressed genes in the poor survivors (cutoff median p-value across the
datasets < 0.05 from a Student's r~test, Figure 31). Since several datasets were
annotated for one of these outcomes but not beth, we rationalized that the union of
these analyses is more appropriate particularly that death is the most likely outcome
in metastatic disease. The union of the over- and expressed genes in tumors that
associated with metastasis and those that associated with death within 5 years
revealed common 101 overexpressed and 65 underexpressed genes (Figure 19).

These 166 deregulated genes were then subjected to training using the onling tool
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KM-plotter [38] to derive a 28 gene signature as described in methods below
followed by validation of this signature, the TN signature, in several large cohorts of
breast cancer gene expression datasets (Figure 19).
The TN signature is prognostic in TNBC, BLBC and ER’ breast cancer subtypes
The 166 deregulated genes in primary breast tumors that associated with poor

gutcome discovered from the Oncomineg ™

mieta-analysis were interrogated using
KM-Plotter. The overexpression of 31 genes and the underexpression of 65 genes
associated with RES, DMFES or OS of BLBC or ER- breast cancer {Table 14). Based
on the level of significance in univariate survival analysis and the prevalence of this
significance across the different disease outcomes (RES, DMFES and OS8), a list of 21
overexpressed and 7 underexpressed genes (Table 1) were shortlisted as a signature
with the strongest association with survival in both BLBC and ER breast cancer
subtypes (Figure 20).

The 28-gene signature, the TN signature, was then validated in multivariate survival
analysis in two breast cancer cohorts, the homogenous TNBC dataset [32] and the
Research Online Cancer Knowledgebase (ROCK) dataset [40]. We devised a score
to guantify trends in the TN signatore, the TN score, which is calculated as the ratio
of the average expression of the 21 overexpressed genes to that of the 7
underexpressed genes. Dichotomy across the median TN score stratified the survival
of TNBC (Figure 21A), BLBC (Figure 21B) and ER- (Figure 21C) patients and
outperformed all standard clinicopathological indicators. These analyses indicated
that the TN score is an independent prognostic factor that identified TNBC, BLBC or
ER™ patients with poor survival irrespective to tumor size and grade, patient age,
lymiph node status or treatment. The TN signature also outperformed all previously
published signatures that are prognostic in ER’, TNBC or BLBC subtypes [30-35]
(Figure 32).

While the discovery of the signature in Oncomine™ included datasets using the
Affymterix, lllumina and Agilent platforms, the training and validation above was
limited to the Affymterix platform. Thus, we validated the TN score in The Cancer
Genome Atlas (TCGA) dataset [39] which used the Hlumina HiSeq RNA-seq
platform. As shown in Figure 22, the RFS of ER" patients in the TCGA dataset was
stratified by TN score and this stratification outperformed that by standard
clinicopathological indicators. The original TCGA publication used Agilent custom

arrays (Agilent G4502A-07-3) on 597 patients and we analyzed the prognosis of the
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TN score in this data. The TN score stratified the survival of ER patients in the
Agilent TCGA data (Figure 33). Altogether, the prognostic value of the TN
signature/score was validated in large, independent cohorts of breast cancer in TNBC,
BLBC and ER’ breast cancer subtypes irrespective of the gene expression array
platforms used.

The TN score and the likelihood of pCR after chemotherapy

Chemotherapy is a standard therapy for ER™ breast cancer and the only mode of
therapy for ER'HER2 (TNBC) breast cancer. Although, pathological complete
response {pCR) differs by receptor status, it remains highly predictive of survival
within the different breast cancer subtypes [41]. Given the association of the TN
score with outcome in TNBC, BLBC and ER’ breast cancer, we questioned whether
this score is also associated with pCR after chemotherapy. To this end, we analyzed
publically available datasets of neoadjuvant chemotherapy trials which recorded pCR
and performed pre-treatment gene expression profiling. As shown in Figure 23A,
pCR after chemotherapy in ER/HERY patients was less likely after TX (GSE18728),
AT/CMF (GSE50948) or FAC (GSE20271) chemotherapy regimens when these
patients had a high TN score. TFAC chemotherapy regimen was less likely to
produce pCR in high TN score tumors in one study (GSE20194) but without a
significant association in a second study (GSE20271). ER' HER2' turnors with high
TN score had a trend to lower response to AC/T chemotherapy (GSE22226 AC/T).
In contrast, pCR was achieved in 57% and 60% of ER' HERZ tumors with high TN
score after treatment with the FEC/TX ((GSE42822) and FAC/TX (GSE2398%)
regimens, respectively. Altogether, the rate of pCR stratified by the TN score was
significantly different in either the low or high TN score tumor from the reported
general 31% pCR rate in TNBC [9] (dotted line in Figure 23A). In one dataset, the
ISPY-1 trial (GSE22226). the relapse-free survival (RFES) was also recorded. As
shown in Figure 23B, pCR was a strong predictor of RFS in ER' HERZ2 breast cancer
as previously published [41]. The TN score was not only a strong predictor of RES
after chemotherapy, but also could stratity the survival of patients who achieved pCR
further in addition to the stratification of patients who did not achieve pCR te good
and poor prognosis groups (Figure 23B). This data indicates that the TN score is
independent and has additional value to monitoring pCR after neoadjuvant
chemotherapy in ERHER2 (TNBC) breast cancer patients. To further illustrate the

utility of the TN score, we analyzed ER and BLBC patient outconie in KM-plotter
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for systemically untreated and treated patients separately. As summarized in Table
11 (Figure 34 for survival curves), the TN signature was prognostic in either
systemically untreated or treated ER- and BLBC subtypes.
Therapeutic targets based on the TN signature
The overexpressed genes in the TN signature containg novel genes which have
limited literature describing their function, particularly in cancer. These genes
includes GRHPR, NDUFCI, CAMSAP!, CETN3, EIF3K, STAUI, EXQSC7 and
KCUN(G 1, These genes are novel candidates for future studies to investigate the effect
of their knockdown on the survival of ER™ or TNBC breast cancer cell lines. In
addition, we took two approaches to identify possible therapeutic strategies
envisioned by the TN signature to benefit the poor survival of patients identified by
this signature. First, we compared the global gene expression profile of TNBC/BLBC
tumors with bigh TN score to those with low TN score. Secondly, we analyzed
published pre-clinical studies which treated cancer cell lines with panels of
molecularly targeted drugs to determine whether cell lines with high TN score
display sensitive to particular drugs. In the first approach, a class comparison
between the global gene expression profiles of BLBC or ER- tumors with high TN
score to those with low TN score was carried out in the ROCK dataset. In
comparison to low TN score BLBC tumors, high TN score BLBC tumors
overexpressed 171 probes and underexpressed 251 probes (Table 15). In a similar
analysis, high TN score ER™ tumors overexpressed 307 probes and underexpressed
332 probes (Table 16). Of the overexpressed probes, 87 probes (82 genes) were
commonly overexpressed in high TN score BLBC and ER’ breast cancer compared
to low TN score counterparts. Of the 87 probes, 39 probes were prognostic in BLBC
and ER- breast cancer (marked in bold in Table 15). More importantly, the 87 probes
include genes which encode several kinases, enzymes and ion channels which could
be targets or current for future drug development for the treatment of the high TN
score tumors that have poor outcome,
In the second approach, published studies which surveyed panels of molecular drugs
against cancer cell lines were analyzed. The Cancer Cell Line Encyclopedia (CCLE)
study [50] 1nvestigated the pharmacological profiles for 24 anticancer drugs across
479 cancer cell lines which were also profiled with gene expression arrays. We
calculated the TN score for each cell line in this study and compared the sensitivity

of these cell lines to the anticancer drugs according to the TN score. Cancer cell lines
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with high TN score were less sensitive to inhibition of ALK (TAE684) and BCR-
ABL (Nilotinib} but more sensitive to the inhibition of HSP90 (Tanespimycin [17-
AAG]) and EGFR (Erlotinib or Lapatinib) (Figure 35). In a similar method, we also
analyzed a second large study., Garnett et al. [49], which tested 130 drugs against
more than 600 cancer cell lines. As shown in Figure 24, cell lines with bigh TN score
were less sensitive to inhibition of PARP (ABT-888). retinoi¢ acid (ATRA), Bel2
(ABT-263), DHFR (methotrexate), glucose (metformin) and p38MAPK (BIRB
0796). Two IGFIR inhibitors showed different results; high TN score cell lines were
less sensitive to the OSI-V06 inhibitor but more seusitive to the BMS-336924
inhibitor, As shown in Figure 24, cell lines with high TN score were also sensitive to
HSP90 inhibition (17-AAG and Elesclomol) in agreement with the findings from the
CCLE study (Figure 35). High TN score cell lines were also more sensitive to
mTOR/PI3K {BEZ235) and MEK (RDEA-119) inhibition.

Integration of the TN score and the aggressiveness score

We have recently published the aggressiveness gene signature/score (Agro score)
[36] from a meta-analysis in Oncomine™ and validated that this score is prognostic
in ER" breast cancer at the gene level. ER breast cancer, BLBC and TNBC almost
consistently express high level of the Agro score thus this signature was not
prognostic in these subtypes. We further showed that one of these genes, TTK/MPSI,
is upregulated in TNBC cell lines and some ER- negative cell lines, and that TTK is
a therapeutic target in these cell lines. Moreover, we showed that the TTK protein
level by immunohistochemistry (IHC) is prognostic in very aggressive subgroups of
breast cancer including high grade, proliferative tumors, lymph node positive, TNBC
and HER2" subtypes [36]. The integration of the TN gene signature (prognostic in
ER/BLBC/TNBC) and the Agro gene signature (prognostic in ER™) would allow one
integrated signature and score which will be prognostic in breast cancer irrespective
of subtypes. As detailed in the methods section, the addition, subtraction,
multiplication or division of the TN and Agro scores were investigated in the ROCK
dataset to identify a direct relationship that would retain the information provided
from each of the scores. A linear relationship was observed by the addition or
subtraction of the TN and Agro scores (Figure 36), bul only the integration by
addition was prognostic in ER- patients (Figure 37). On the other hand, the
multiplication and division of the TN and Agro score produced exponential and

power curves relationships, respectively (Figure 38). Only the multiplication of the
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scores was prognostic in ER- breast cancer (Figure 37). Since multiplication and
division produced exponential and power curves for the relationship between the TN
and Agro score, we also tested integration by one score raised to the power of the
second score. Indeed, the TN score raised to the power of Agro score was highly
prognostic in ER- and ER+ patients in the ROCK dataset (Figure 37). This method to
itegrate the TN and Agro scores, the integrated breast cancer recurrence (iIBCR)
score, was prognostic in all patients, ER~ and ER+ patients in the ROCK dataset
(Figure 23) and the TCGA dataset (Figure 26). Moreover, the iBCR score was as
prognostic as the TN score in the homogenous TNBC dataset [32] (Figure 39),
supporting the iBCR score as prognostic test in breast cancer.
The iBCR score and the likelihood of pCR after chemotherapy
The association of the iBCR score with patient survival and the likelihood of pCR
after chemotherapy was mvestigated in the ISPY-1 tial (GSE22226). The RES of
ERVHERY patients was stratified by iBCR score better than the TN score alone
(Figure 27). High iBCR score ER/HER2 patients were less likely to achieve pCR
(Figure 27), which could explain the poorer survival of these patients. In ER” breast
cancer, the iBCR score stratified the RES patients similarly o the Agro score.
Although higher likelihood pCR was observed in high iBCR score ER' tumors
{Figure 27), this subgroup had poor RFS. This can be explained by the small number
of ER" patients who achieved pCR (10/62 [16%] vs. 10/34 [29%] in ER'HER2).
These results provide further validation and evidence for the value of the iBCR score
as a single test which incorporates the Agro score (prognostic in ER") and the TN
score {(prognostic in ER’). The results in Figure 25 from the ROCK dataset
(Affymetrix platform), Figure 26 from the TCGA dataset (Illumina platform) and
Figure 27 from the ISPY-1 trial (Agilent platform) also provide evidence for the
robustness of the Agro and TN scores and the derived 1BCR score across
independent studies across the three major gene expression array platforms.
Next, the association of the 1BCR score with pCR was investigated in other
neoadjuvant chemotherapy datasets in both ER-HER2 and ER™ patients. pCR was
less likely in high iBCR ER/HER™ patients after TX (GSE18728) chemotherapy
regimen and not different to low iBCR ER-/HER2- patients when treated with
AT/CMF {GSES50948). In the other datasets, pCR was more likely in high iBCR
score ER/HER2- patients after treatment with FAC (GSE20271), TFAC (GSE20271
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and GSE20194), FEC/TX (GSE42822) and FAC/TX (GSE23988) neoadjuvant
chemotherapy regimens (Figure 28A).
As shown in the summary from these four studies in Table 12, of the total 183 ER™
HERZ" patients, 120 patients (65.6%) bad high iBCR score and of these 34 patients
{29.5%) achieved pCR while 66 patients (36.1%) did not achieve pCR. The larger
number of patients with high iBCR score that did not achieving pCR (66/120, 55%)
and that recurrence may be observed on high iBCR score patients after pCR (55/120,
45%) could explain the poorer survival of high iBCR score ER'HER2 patients (40-
50% survival at 10 years in Figure 25 and Figure 26). Based on these studies and that
chemotherapy is the mainstay in the treatment of ER/HER2 breast cancer, low
iBCR score patients may be spared from additional treatments particularly if they
achieve pCR after chemotherapy. On the other hand, high iBCR ER-HER2- patients
and particularly those who do not achieve pCR should be offered additional therapy
which could be based on the upregulated genes in the Agro or TN signatures or based
on other overexpressed genes in these tumors (Tables 15 and 16) or from the pre-
clinical analysis we performed from drug sensitivity studies (Figures 24 and 35).
High iBCR score in ER™ was associated with higher likelihood of pCR after
AT/CMF (GSE50948), TX (GSE18728), TFAC (GSE20271 and GSE20194) and
FAC/TX (GSE23988) neoadjuvant chemotherapy regimens (Figure 38B). Despite
this higher pCR likelihood, high iBCR ER+ patients have poorer survival (Figures 25
and 26) which could be explained by the small number of ER+ patients who achieve
pCR (of the 207 ER” patients in the above five studies, 5 [2.5%] with low iBCR and
20 [9.7%)] with hizh iBCR score achieved pCR). Thus, for ER" breast cancer where a
decision about including chemotherapy with the standard endocrine therapy in the
treatment planning may be informed by the iBCR score. The value of the iBCR score
in the treatment planning of ER+ patients is the described next section.
The iBCR score and the treatment of ER” breast cancer
ER" breast cancer patients are treated with endocrine therapy, particularly tamoxifen.
When these patients are lymph node positive (N1), adjuvant chemotherapy is also
included. For lymph node negative (NO) ER" patients, decision to include
chemotherapy is less certain as good prognesis patients (small and lower grade
tumors) would be over-treated it chemotherapy is included whereas poorer prognosis
patients (larger and higher grade tnmors) would be under-treated if chemotherapy is

not included. This clinical decision has been the miotivation for the development of
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Oncotype Dx® recurrence score, the MammaPrint® and more recently the PAMS0
risk of recurrence score. We have previously published that the Agro score
outperformed the Oncotype Dx and the MammaPrint tests in multivariate survival
analysis in the METABRIC dataset of 2000 patients [36]. This finding is further
supported by direct comparison of the Agro score to Oncotype Dx (Figure 40) and
MammaPrint (Figure 41) in all ER” patients and in the NO and N1 subsets. For the
iBCR score, as shown in Figure 29A, this score was prognostic in ER™ NO patients
who were not freated with tamoxifen indicating that high iBCR ER™ NO patients
should be treated with tamoxifen. When ER+ NO or N1 patients are treated with
tamoxifen, the iBCR score can still identify patients who have poor RES (Figure
29B) and DMFS (Figure 29C). Thus, ER+ NO or N1 patients with high iBCR score
may bengfit from the inclusion of adjuvant chemotherapy in their treatment as these
patients may experience better pCR (Figure 28B). Nonetheless, as pCR rate in ER” is
not high, high iBCR score ER+ patients, particularly N1, should be offered
additional targeted therapies. The type of targeted therapies for these patients 18
suggested in the next section.

The iBCR score predicts therapies for ER/HER2Y and ER® and breast cancer
subtypes

The overexpressed genes in the Agro and TN signature contain targetable genes
which could be uvseful for therapeutic intervention against the high iBCR tumors
which have poor survival after the standard treatments. Similar to the analysis
performed for the TN signature above, we took two approached to identify additional
possible targets in the high iBCR score breast tumors. In the first approach, a class
comparison between the global gene expression profiles of ER™ or ER™ tumors with
high iBCR score to those with low iBCR score was carried out in the ROCK dataset.
The produced gene-list (1178 probes, data not shown) was then filtered by
comparison to normal breast tissue which was also profiled in this dataset. In
comparison to low iBCR score tumors and normal breast tissue, high iBCR score
tumors overexpressed 204 probes (181 genes) and underexpressed 124 probes (116
genes) (Table 17). Of the 181 overexpressed genes, 134 genes were specifically
upregulated in high iBCR score BER™ vs. normal breast and low iBCR ER" and 93
genes were specifically upregulated in high iBCR score ER™ vs. normal breast and
low iBCR ER’". As shown in Table 13, 49 genes were uniquely upregulated in high

iBCR score ER- tumors compared to low score iBCR score ER™ tumors and normal
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breast tissue. Similar comparison revealed that high iBCR score ER” tumors have
unigue upregulation of 86 genes. High iBCR score ER™ and ER™ tumors commonly
overexpressed 46 genes in comparison to low score iBCR counterparts and normal
breast tissue. These genes encode several kinases, enzymes and ion channels which
could be targets for current or future drug development for the treatment of the high
iBCR score tumors with poor outcome. Of the downregulated probes, a particularly
interesting hit was the micro-RNA (miRNA) hsa-mir-368 (9.3~ and 2.2-fold
downregulated in high iBCR score ER™ vs, normal breast and low iBCR score ER’,
respectively: 5.6- and 2.9-fold downregulated in high iBCR score ER” vs. normal
breast and low iBCR score ER', respectively). This downregulated miRNA in the
high iBCR score tumors targets several of the upregulated genes in these tumors,
particularly those which are upregnlated compared to normal breast tissue (Table 18).
This miRNA could be a genomic-based treatment against high iBCR score breast
cancers.

In the second approach, again similar to the above analysis for the TN score,
published studies of drug screens were analyzed for the association of the iBCR
score with sensitivity of cancer cell lines to anti-cancer drugs. In the CCLE study
(Figure 42), cancer cell lines with high iBCR score were less sensitive to inhibition
of ALK {TAE684) and BCR-ABL (Nilotinib) similar to results from the TN score. In
addition, high iBCR cell lines were less sensitive to inhibition of FGEFR (TKI1258)
and IGFIR (AEWS41). High iBCR score cell lines were more sensitive to the
inhibition of HSP90 (Tanespimycin [17-AAG]) (Figure 42). In the second large
study by Garnett et al. [49], high iBCR score cell lines were more sensitive to low
iIBCR score cell lines to 8 anticancer drugs (Figure 30). These include inhibitors of
HSPO0 (17AAG), mTOR/PIZK (BEZ235) and IGFIR (BMS-536924) as also
observed in the TN score results. Additionally, high iBCR score cell lines were more
sensitive to inhibition of PI3K (GDC0941), mTOR (JW-7-25-1), XIAP (Embelin)
and PLK1 {BI-2536) which also matched results from Agro score results (Figure 30).
The Agro score also identified sensitivity to inhibition of RSK (CMK), MEK
(PD0325901) and DNA damage (Bleomycin). Similar to results from high TN score,
high iBCR score cell lines were also less sensitive to the inhibition of PARP (ABT-
888 and AZD-2281), retinoic acid (ATRA), Bel2 (ABT-263), DHFR (methotrexate)
and glucose (metformin). Additonally, high iBCR score cell lines were less sensitive

to 1phibition of SYK (BAY613606), HDAC (Vorinostat) and BCR-ABL (Nilotinib)
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and p38MAPK (BIRB 0796). High Agro score cell lines were less sensitive to an
additional drug against GSK3A/B (SB216763). Altogether, the TN scote (Figures 24
and 35) and the Agro score and the combined iBCR score (Figures 30 and 42)
associate with sensitivity to several anticancer drugs and future experimental
validation would establish these scores as companion diagnostic for these drugs and
benefit breast cancer patients by directing these drugs to the high score patients with
poor survival.

Sensitivity of breast cancer cell lines to targeted inhibitors according to the iBCR
score

Breast cancer cell lings (10 cell lines); BT-549, MDA-MB-231, MDA-MB-436,
MDA-MB-468, BT-20, Hs.578T, BT-474, MCF-7, T-47D, and ZR-75-1, were
cultured in the absence or presence of escalating doses of 24 anti-cancer drugs. The
survival of cells was determined six days in comparison to untreated cells using the
MTS/MTA assav. The response of the cell lines to the drugs was analyzed in
GraphPad® Prism using a dose response curve to calculate the logyy of IC50 (IC50 is
the dose required to kill 50% of the cells). Sensitivity was presented as the -
logio[IC50]. This drug screen which we published previously (Al-Ejeh er al.,
Oncotarget, 2014) was re-analyzed according to the iBCR score. The gene
expression datasets of 51 breast cancer cell lines by Neve et al. (Cancer Cell, 2006),
was analyzed to calculate the Agro and TN scores for each eell line to caleculate the
iBCR score. Each cell line was assigned as low of high iBCR score by dichotomy
across the median of all the cell lines in the Neve et al. dataset. Based on the low or
high iBCR score classification, the sensitivity of the 10 cell lines used in our screen
was compared between high iBCR score cell lines (5 cell lines) to low iBCR score
cell lines (5 cell lines). As shown in Figure 47, high iBCR score cell lines were
significantly more sensitive to the inhibition of p38MAPK (LY2228820), PLCI]
(U73122), INK (SP600125), PAK1 (IPA3), MEK (AS87Q03026 and AZD6244), ERKS5
(XMD 8-92 and BIX02188), HSP90 (17-AAG, PF0429113 and AUY922), IGFIR
(GSK1904529A) and EGFR (Afatinib). The results froni our screen are in agreement
with the higher sensitivity of high iBCR score cancer cell lines to HSP90, IGFIR and
MEK inhibitors we identified from the two previously published large cell line

studies.
Discussion
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Our meta-analysis of gene expression datasets in the Oncomine™ database has
previously identified a signature, the Aggressiveness signature (Agro signature),
which was prognostic in ER" breast cancer. We validated one of the genes in this
signature, TTK/MPS1, by THC and found that TTK positivity in inierphase cells
{exclusive of mitotic cells) was prognostic in highly aggressive breast cancers such
as high grade, high grade and lymph node positive and highly proliferative (Ki67
positive) cases [36]. In this study, we used our meta-analysis approach to identify a
second signature, the triple negative signature (TN signature), which was highly
prognostic in ER’, TNBC and BLBC subtypes. The TN signature outperformed all
standard clincopatholical indicators in mwltivariate survival analysis and also
outperformed published signatures in ER- breast cancer. We were also able to
integrate the Agro signature (prognostic in BER" breast cancer) to produce the
integrated Breast Cancer Recurrence (iBCR) test. The two signatures and the iBCR
were validated in large independent cohorts of breast cancer studies irrespective of
the gene expression arrays used indicating the experimenter/technology
independence of our signatures. Importantly, both the Agro and TN signatures and
the iBCR test associated with response and outcome after endocrine therapy for BR®
and neoadjuvant chemotherapy for ER™ and ER™ breast cancers. Moreover, by
comparison of the global gene expression profiles of high iIBCR score tumors to low
1BCR score tumors, we were able to identify several overexpressed targets which can
be used for the targeted therapy of these poor prognosis patients who are not really
benefiting from the current treatment standards. In addition, mining of large
preclinical studies of drug screens against cancer cell lines showed that the signatures
and iBCR score predict higher sensitivity of cell lines to particular drugs. Thus, the
signatures and the iBCR test could be used as a companion diagnostic to direct
targeted therapies to those patients who would benefit from these treatments to
increase their low survival rates. Altogether, our studies have not only extensively
tllustrated the potential of our signatures in personalized medicine, but may also shed
light for future studies to understand the underlying mechanisms for the
aggressiveness of twmors that the iBCR test identified that lead to poor survival

To date, there 15 an unmet medical need for the prognostication of ER- breast cancer
and the development of effective therapies against these twmors particularly when
lacking HER?2 expression. Chemotherapy remains to be the only standard therapy in

these patients and the response rate after chemotherapy in the necadjuvant setting is
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reported as 31% in ER' HER2™ (TNBC) patients {9]. Identifying patients who would
truly benefit from chemotherapy would aid clinicians to determine patients who may
require longer or additional treatment regimens including investigational elinical trial
enrolment. Our sigoatures and the 1BCR score predict higher pUR after
chemotherapy in patients who have high scores compared to those with low score.
The low score patients have better survival and may not require additional therapy.
On the other hand, despite the higher pCR in high score patients, this patient
subgroup still has poor survival and recurrences were present even after achieving
pCR in high score patients when we analyzed the data from the ISPY-1 trial. Our
results from comparative analysis and mining pre-clinical drug screens identified
several targets and sensitivity to drugs in development. Thus, ER- and particularly
TNBC patients with high scores for our signatures/iBCR test may benefit from the
inclusion of therapies envisioned by these signatures to increase their survival rates.
Such clinical development will depend on future prospective validation of our
signatures and the iBCR test in clinical trials and pre-clinical studies.

In ER" breast cancer, three commercial tests exist for clinical decisions to spare or
include adjuvant chemotherapy with the standard endocrine therapy; Oncotype Dx®,
MammaPrint® and Prosigna'@. These have been validated for ER lymph node
negative (NO) breast cancer patients treated with endocrine therapy whether patients
with high risk according to these tests are recommended for adjuvant chemotherapy.
Our signatures and the iBCR test outperformed these tests in a direct comparison in
ER™ NO patient-survival after tamoxifen therapy. Moreover, our tests also predicted
the response of ER™ patients to chemotherapy and importantly could predict
sensitivity to targeted therapies. The current commercial tests do not have this
capability. Importantly, cur signatures and the iBCR test was also prognostic in the
subgroup with unmet need, ER" lymph nede positive breast cancer {ER™ N1). The
survival of these patients was stratified to poor and good prognosis groups by our
signatures and iBCR test which also informed whether these patients are benefiting
from endocrine therapy. Clinical validation of our signatures and the iBCR test along
with validation of drug sensitivity predictions would aid the development of new
freatment regimens for ER™ patients who are at high risk of relapse or metastatic
spread after the current treatment standards.

The comparison of aggressive ER™ tumors identified by our signatures to their

counterparts and to normal breast tissue identified several kinases, enzymes (redox
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particularly) and potassium channels which could inform new directions in
developing targeted treatments against ER™ breast cancer. On the other hand, for
aggressive ER™ tumors identified by our signatures, although targets were not
restricted to cell cycle and proliferation, these functions were notably enriched. This
high proliferation profile could explain the higher pCR in these tumors after
chemotherapy as  proliferative  tumors  would be more responsive  to
chemotherapeutics, Nonetheless, we have previously clarified that the overexpressed
genes in the Agro signature, thus the iBCR test, are genes that are involved in
kinetochore binding and chromosome segregations and that the signature is
prognostic even in proliferative tumors (high Ki67 expression) [36]. Deregulation of
genes Involved 1o chromosome segregation would produce aneuploidy and
chromosomal instability (CIN) [32]. At least in vivo, chemotherapy has been shown
to induce the proliferation quiescent aneuploid cells as a mechanism for therapy
resistance [53]. In support of the notion that high Agro score is related to anenploidy,
analysis of the copy number variations (CNVs) TCGA data showed that high Agro
score tumours, compared to low Agro score tumors, have high level of CNVy,
particularly those invalving whole chromosemes or chromosome arms (Figure 43).
Thus, although preliferation may be a characteristic of high AgroiBCR score ER”
turnors, these tumors appear to be aneuploid. In line with this notion, the sengitivity
of high Agro/iBCR score ¢ell lines to PLKI and HSPQO inhibition (Figure 3() and
aurora kinase inhibitors (Figure 44) support that high Agro/iBCR scores predict
sensitivity to anti-apeuploid therapy. PLK1 and Aurora kinases are classical targets
in aneuploidy and HSP90 inhibition has been reported to selectively kill aneuploid
cancer cells [54]. HSPOO sensitivity was also found for high TN score tumors and
interestingly, we have previously identified HSP9O as a target in TNBC by kinome
profiling of breast cancer. We showed that HSP9O inhibition in combination therapy
is effective in vitro and in vivo [55]. We propose that anti-aneuploid drugs should be
effective against ER" tumors with high Agro/iBCR scores including PLK1, Aurora
kinase and HSP90 inhibitors and that HSP9O inhibition should be effective in high
TNABCR score ER™ tumors. While other therapies envisioned by our signatures and
the iBCR test should also be mnvestigated, the above targets represent first line targets
for initial validation and development.

In conclusion, our meta-analysis in Oncomine™ and extensive subsequent validation

and analysis have developed novel signatures and an integrated genomic test for the
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prognosis of breast cancer and prediction of response to standard treatments
irrespective of ER status, The novel signatures and their integration also have the
potential as companion diagnostic tests for several classes of targeted therapies in
breast cancer patients who suffer poor survival. Foture validation and clinical
development of our signatures and the iBCR test holds a great potential and impact
on personalized and precision medicine for breast cancer: Finally, it should be noted
that the iBCR 1est has value in the prognosis of several other cancers (Figure 435) and
particularly in lung adenocarcinoma (Figure 46), thus our approach and novel

signatures may extend benetfit to other cancer types.
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Table 10: The 28-gene signature discovered from a meta-analysis of gene

expression data in breast cancer in Oncomine

Gene
Symbeol

TABHDS

TMADORA
2B
MBCAP31
PNCAY
PCAMSA
Pl
NCARHSP
1

TCDSS
APCETN3
MEIF3K
TEXOSCT

MGNB2LI

MNGRHPR

TGSK3B
AMHCFCIR
L

MNKCNG1
AMAP2KS
MNDUFC1
ANPML
NSTAUL

ANTXN
NZNF3593
VBTN2A2

YERC2
VIGH
VMEL

VMTMR7
N SMPDL3
B

Y ZNRD1-
Y AS1

Affymetrix
probe

213935_at

205891 _at

200837 _at
205199 _at

212711 _at

218384 _at

201926_s_at

209662 _at
221494 x_at
212627 s_at

200651 _at

214864 < at
209945 s at
218537 _at

2145935 _at
211370_s_at
203478 _at
206503 _x_at
208948 _s_at

216609 _ar
204175 _at
205208 _s_at

213938 _at

211649 x_at

211204 _at
217292 _at
205309 _at

215985 _at

Entrez

51099

136
10134
768
157922
23589

1604
1070
27335
23016
10399

9380
2932
54985

3755
5607
4717
5371
6780

7295
51042
10385

26059
3492
4199
9108

27293

80862

™
Gene nanie

abhydrolase domain containing 3; 1-
acylglycerol-3-phosphate O-acyltransterase

adenosine A2b receptor

B-cell receptor-associated protein 31
carbonic anhydrase IX

calmodulin regulated spectrin-associated
protein 1

calcium regulated heat stable protemn 1,
24kDa

CD33 molecule, decay accelerating factor
for complement (Cromer blood group)
centrin, EF-hand protein, 3

eukaryotic translation initiation factor 3,
subunit K

exospme component 7

guanine nucleotide binding protein (G
protein), beta polypeptide 2-like 1
glyoxylate reductase/bydroxypyruvate
reductase

glycogen synthase kinase 3 beta

host cell factor C1 regulator 1 (XPO1
dependent)

potassium voltage-gated channel, subfamily
G, member 1

mitogen-activated protein kinase kinase 5
NADH dehydrogenase (ubiquinone) 1,
subcomplex unknown, 1. 6kDa
promyelocytic leukemia

stauten, RNA binding protein, homolog |
{Drosophila)

thioredoxin

zine finger protein 593

butyrophilin, subfamily 2, member A2
ELKS/RAB6-interacting/CAST family
member 2

immunoglobulin heavy locus

malic enzyme 1, NADP(+)-dependent,
cytosolic

myotubularin related protein 7
sphingomyelin phosphodiesterase, acid-like
3B

ZNRD1 antisense RNA 1
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Table 11: The TN signature is prognostic in ER- and BLBC irrespective of
systemic therapy.

Unireated Treated
HR CI95% p-valae HE CL95% p-value
RES 2.02 125 -3.26 3.20E-03 2.39 1.84 —3.60 1.70B-08
ﬁ: DMFS 4.10 144 — 117 4 20B-03 1.89 104 - 3,43 J.40E-02
= S 1.77 .65 ~4.83 0.26 3.82 143 = 10,18 390E-03
., RS ST T ST0E-04 I8 T9II asoRdE
= DMES 354 166 - 1848 1L70E-03 314 138719 420B03
&2 0s 242 078 = 7y 0.1 4.89 165 = 1446 1. 50B-03
The 28-gene signiture wis usad as described in Figuee 2 in the online ool KM-plotter bul testricting th°
. fs ol ER- or BIBU patients who were untreated systeriically or systemifcally treated. The survival
2 (/\lr\t‘\ for RES. DMFES and 08 are shown in Figure 34; only the hazard ratio {HE) the 95%: confidence

trterval (CT95% ) and the Top-rank p-vatue from tm se curves are reported in the Table.

10 Table 12: The likelihood of pCR in ER-HER2- patients according to the iBCR
score

no pCR Sum

BR-/HTER2- patienty stratifizd by low and high iBCR: scores § four: siudies: were compared forachisving or not achieving
pCR after four chemotherapy regimens: PAC (GSEZ0271), TEAC ((:‘sE’O’?l and GSEX194), FECEX (GSE42822) and
FACITX (GSEZ3988)

15
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Table 13: Upregulated genes in high iBCR score tumors compared to low iBCR
tumeors and normal breast tissue

High iBCR score ER- vs, Iow
iBCR score ER- and normal
breast

High iBCR score ER+vs,
low iBCR score ER+ and normial breast

Commer in high IBCR
seore ER-/+ v, low iBCR
core and normal

BNIP3

LRP8

CECLI8

CLIC3 VEGFA

EPRS
AURKRB
CACYBP  GINS2

MSHo RBAD2

HMMR

CKSIB QIPS TACC3

CCNB1

MMFE1

CDCo

CDKN3 PHB

DDC QPFRT

CXCLIL  KIFt4 PCNA

7A

EZH2 S160A9

GALN  soxy

GPSM

2 STi4

DHFR KPNA2  PLOD2. TSN

L.SM4 WHSC1

EMC3

- [;‘ TG
CNINAP  SI00A
2 8

ESRP1
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Table 14. Univariate survival analysis of genes from the Oncomine metanalysis
in the KM-Plotter online tool in BLBC and ER- breast cancer. Deriving the 28-

gene signature.

Basal-like breast cancer

RFS DMFES 05
Gene Name | Affy Probe ID | HR HR P HR
- 205298 _s_at .41 0.4
211649 x at 0.55 .48
217292 | 073 0.44
211204 at 0.65 .66
221004 s at (.59 (.34
212430 at 0.55 3.47
210658 _s_at 0.65 0.6 THOOE-02
208149_x_at (.66 0.5
38158 at 0.55 0.4
214315 x_at 0.55 0.62 B.80B-02
206407 _s_at 0.58 0.87 50E
203805_s_at 0.60 045
222382 _x_at 0.52 (.56
221957 _at 0.64 0.54
204994 at 0.52 0.62 9, 10B-02
202895 _s_at 0.63 0.77 3.70B-01
221945 _at (1.59 0.6 1.80E-01
217451 _at 0.75 }.38 0.73 2708
214427 at 0.63 .6 .57
202953 _at 0.60 0.64 9.60E-02 0.66 1.50E-01
. R P
SMH | 205309 K .
RS \ 213938 _at 0.67 (.53
o \ 219678 _x_at 0.5 0.8
N 2030645 _at 0.72 0.39 :
1¢ 3 \ 217895 at 0.70 .83 5.10B-01
3 : 210005 _at 0.36 0.64 1.30E-01
\.“ \\\ 204325 s at a.70 09  7.30E-01
B 218115 _at 070 0.66 1.40E-01
\ 203408 _at 0.63 . 0.92 7.60E-0!
L _ : .
214772_at 0:70 . 0.52
! \\ \ 222039 at 0.58 6.63 L30R-01 0.5
221686, s at (.59 0.64 1.50E-01 (.54
\\\ 3 f()%ﬁ(ﬁ_x_m ().(?9 0(36 1 ‘IOE::“O} 0‘39 {5.20[3--(?2
3 208184, s_at .64 0.64 9.00E-02 (.63 LIOE-01
.\ \ 220223 _at 0.66 0.68 1.40E-01 .65 1.30E-04
" \\\\\ 217622 _at (.60 {1.63 9.90E-(02 (.68 1.80E-01
211481 _at 0.62 0.62 9. 10B-02 0.69 2, 10B-01
: \N\\ 213672_at 0.73 075 3,20B-01
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N 316233 _at 0.57 063 s30E2 | |os  320m01
§\\§\\\\\\ Bl 210028 at 0.61 080 430801 |06 13001
\ \ 2060645 at | 0.67 069  LOOE-01 | |06 400801
\\\\é\\ 207535t | 0.59 068  L60E-O1 08 4.3508-01
\\\ 2038405 a1 | 066 123 430E-01 14 230E-01
§§§\\\ 204224 s at | 0.66 066 120801 ] |14 6.80E-01
§\\§\\x\ 203287 _at 0.66 082 490E-01 | |08 370801
&Q\\b&*\ 209916_at 0.62 0.87  SO0EO1| 074 28001
Q\\%\\\\\ 221050 s_at | 0.64 0.80  390B-01 | |087 630801
§§\x\ \ 230544t 0.66 0.94  810E-01| |06 220801
%\\w 220200 a0 | 0.64 076 300E01| | 095  s40B-01
§\\\\\‘\ 207740 5t | 0.59 077 320801 | |09s  s70E-01
\\\'\\\\\ 2190045 @ | 063 130 400B01| 094 850B01
L 21431 s at | 0.69 0.84 52080 | 092 77080
215881 x at | 063 094  $20E-01 08 4.80E-01
202251 | 070 14 6A40E-01 0.9 7.30E-01
208373 | 0.67 001 730801 | |08 680E-01
207571 x.at | 0.70 005 R60B01| |082  s.40m01
217552 s at | 065 0.98 940801 | |122 500801
39891 _at 0.66 090 690E01 | | 092 760801
208433 s at | 0.60 098 960E-01 | |078 570801
207440 a2t | 0.58 097 920E-01] | 111 7.00E-01
2062168t | 070 102 950801 ] |089  680B-01
204506_at 0.72 0.00  7.00B-01 | 9.00E01
204007 _at 0.69 097 920801 |1.07 800801
203507 _at 0.62 101 980B-01 | | 099 970801
208948 s at | 146 93 176
212627 & at 1.68 1.71
200837_at 1.59 149 L60B-01
200651 _at 175 2.07
205891 _at 158 2.87
213935 _at 1.8 192
370 s at | 137 1,88
214595 _at 1.88 1.87
212711 _at 132 3 L1l
221494 x gt | 145 159 930E02| | 186
201926 s a4t | 135 199 130BO01] | 1.93
218384 at .63 116 SR0R01] | Lo
200945 ¢ at | 202 149 130801 ] | 155
2015199t 1,40 1.99 .
206503 x at | 1.48 211 620B-02
216609 _at 1.54 . 132 3.30E-01
218537 _at .51 119 ST0E-01] | 155 1.60B-01
203478_at 42 135 270801 ] | 119 550801
200662_at 143 112 660E01| | 123 4.60B-01
2148645 at | 131 162 6208021 | 159 1L.OOE-O1
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204175_at 130 0.92  TAQOE-OL 1.19 3.50E-01
203590 _at 1.84 1.68  670E-02 162 1.6DE-01
200655_s_at | L85 149  L30E-01 147 LSOE-01
219655 _at 1.66 140 200E-01 132 3,20B-00
217957 _at 1.82 1.07 8.30E-01
200277_s_at | 163 167  H.00E-02 102 9.350E-01
205618 _at 1.59 144 240E-01 179 1.10E-01
211501 5 at 1.57 1.33 330E-01 148 2.20B-01
217356 s_at | 1.5 163 L70E-0% 132 3.90E-0)
200989 _at 1.56 0.87  6.60E-01 2,15 L30E-01
201931 _at 1.65 130 3,50B-01 121 520B-01
ER- breast cancer Sorting

RFS DBMFES 08 Count
! , of Sig.p

HR HR P HR P Avg P val
045 0.44 0.55 1.8SE-(2 5
0.59 (.51 ¢ 4.90E-03 6
0.8 0.75 1.70E-01 0.67 9.60E-02 S569E-02 4
0.73 0.65  DOE- 142601 4
0.58 0435 7.72E-04 6
(.58 0.65 0.68 9 60E-02 2.36E-02 5
0.65 0.59 0.73 2. 10E-01 5.11E-02 4
0.67 0.67 4. 20E-01 %T4E-(2 4
0.58 0.58 6.88E-03 6
0.57 0.66 S.82E-02 4
0.53 0.42 1.I3E-01 s
0.62 0.69 SANE-02 2.88E-02 4
0.67 0.74 3.00E-01 8.32B-02 4
0.65 0.6 1.85E-02 6
0.55 .67 3.68E-02 5
0.6 0.64 4.20E-01 1.44E-01 4
0.62 0.64 0.69 1.50E-01 7.14E-02 4
0.73 0.58 0.79 3.20B-01 1.ISE-01 4
0.67 (.69 1.T0E-Q1 4.90F-02 4
(.54 0.58 4.32B-02 4
0.63 0.67 2.05E-01 3
1.01 9.30E-01 (.56 3.12E-Q1 3
0.82 1.00E-01 0.79 2.50B-01 0.86 5.20B-01 1.518-01 3
0.64 0.81 3.00E-01 1.05 8.50E-01 2.67E-01 3
0.75 0.81 3.00E-01 (.74 [ .90E-01 9.92F-02 3
0.76 .76 1.90E-01 1.08 7.40B-01 2.46GE-01 3
0.6 0.69 6.80E-02 (.86 5.30E-01 [.25E-01 3
0.69 0.7 9 40E-02 0.87 5.50E-01 2A7E-01 3
0.71 0.77 2.00B-01 0.88 5.80B-01 1.62E-01 3
0.65 0.74 1.40E-01 1.02 9.40E-01 3.14E-01 3
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0.76 0.83 3.70E-01 0.94 7.90E-01 2.83E-Q1 K
0.61 (.84 4.60E-(01 LO7 8.20E-01 241E-01 3
0.69 1 LOOE+00 0.87 5.70E-01 296E-01 3
0.74 0.9 6. 20E-01 0.89 6.00E-01 2.34E-01 2
063 0.8 270E-G1 .83 4,30E-01 1.SOE-Q1 2
0.73 .92 6.70E-01 1.05 8.30E-01 2.96E-01 2
Q.66 (.88 5.30E-01 (.85 5.00E-01 2. 18E-01 2
(.63 0.72 1.40E-01 .82 4.00E-01 1.40E-01 2
0.83 0.87 4.90E-01 1.18 4.60E-01 233801 2
0.58 0.8 270E-G1 1.06 8. 10E-01 247E-01 2
0.63 G735 2 10E-01 0.74 2.30E-01 L6TE-Q] 2
72 .97 §:70E-01 1.2 4.40E-01 3.18E-01 2

0.7 0.78 2.50E-01 0.9 6.50E-01 2.32E-01 2
0.62 (.88 540E-01 1.23 3.30E-01 2.55E-01 2
0.72 0.71 1.20E-01 1.12 6.70B-01 2.66E-01 2
0.71 1.03 8.80E-01 0.87 5.60B-01 3.85E-01 2
0.64 .91 6.A0E-01 0.99 9 .60E-01 4.12E-01 2
0.67 1.14 5.30E-01 118 4.60E-01 3.35E-01 2
0.63 .92 7:20E-01 0.75 Z90E-01 3.40E-01 2
0.53 .69 TAOE-(2 0.83 4, 20E-G1 2.72E- 2

0.6 0.88 5.30E-01 103 §.20E-01 4.27E-01 2
0.65 1.16 5.40E-01 0.96 B.BOE-O1 447E-01 2
Q.77 1.24 3 0E-01 1.26 3. 10E-01 3.22E-01 2
0.65 Loz 9.40E-01 0.91 7. 10E-01 4.92E-01 2

0.7 1.08 7:20E-01 1.04 8. 80E-(1 4.96E-01 2
0.63 0.73 1.20E-01 0.8 & 50E-(1 3 14E-01 2
(.59 0.73 1.50E-01 0.75 2.30E-01 3.00E-01 2
Q.65 0.85 4.20E-01 1.03 9.00E-01 4.60E-01 2
0.69 0.9¢ QTOE-0O1 118 4.90E-01 4.85E-01 2
0.58 LOS 8F0E-01 0.83 ST0E-G] 4.95E-01 2
067 EOS T20E-01 1.11 6.80E-01 SO5E-Q 2
0.76 1.16 4:70B-01 114 5.70E-01 4.49E-01 2
0.69 £.83 3.70E-01 101 9 .60E-01 5.06E-01 2
0.61 0.7 750E-02 0.86 5.00E-01 3.84E-01 2
0.68 1.1 114 5.80E-(1 5.27E-01 2
1.46 L8 1.88 1 20E-02 6
1.56 1.4 1.64 2.64E-02 4]
1.59 1.83 1.66 3ETE-2 5
.68 142 8T0E-02 1.33 5.15E-02 4
1.14 143 1.20E-0f 1.96 7.93E-02 4
1,18 1.2 3.80E-M 1.56 L20E-Q 4
1.25 1.47 9. 10E-02 1.25 4. T0E-(1 LOGE-Q] 4
1.56 L33 1.58 1.20E-G1 5.21E-02 4
1.33 1.88 1.28 2.80E-01 1L78E-(1 4
1.35 1.22 1.29 270E-01 1.26E-01 3

1.2 L.20E-0! 1.36 2.00E-01 BOSE-02 3
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1.78 267E-01 3

116 530801 | | 138801 3

144 L20E-01 | | LOYE-01 3

17 S I0E-01 104 870E-01 | | 265801 2

1.43 8.80E-02 143 §30B02 | | 852802 2

1.29 2.60E-01 1.35 { 67801 2

094  7.80E-01 L 990B01 | | 436E-01 2

106 7.70E-01 139 150E-01| | 341E01 2

1.50R-01 114 S ADE-01 142 LSOE-01 | | 168E-01 i

12 LOOE-0L 0.81 3. 10E-01 11 670801 | | 403601 1

1.52 6.64E-02 3

49 .61 7.13E-02 3

3 134 200801 | | 123E0 3

35 . 0.92 7.50E-01 3. 18E-O1 3

: ] 14 3.50E-01 2.28E-01 3

13 2 60B-01 153 LI0BDL| | 1.26B-01 2

132 230B-01 136 220E01 | | 1.69B-01 2

14 2.10E01 124 420E01 | | 2.04E-01 2

073 2.30E01 203 1L20E-01| | 1.95E-01 2

118 4.80E01 Lo4  870E01 | | 370801 2

RES
DMFS
08
RFS
DMES
as

RES

DMES

O3

RES

DMES

0s

Top 4 genes in the module

Rest of the genes in module

BLBC

BLBC
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%
-

Ouly top 3 genes as a module
had sig p value both DMFS and
OS in both BLBC and ER-

RES
DMFES
08

RFS§
DMFS
os

RFS
DMES 1.06 (.86
0s Q.71 025

RFS D8
DMES (.95 (.82
Qs 0.89 (.66
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RES

DMES

08

RES
DMES
08

RFS

RFS

DMES 1.64 0.19

0s 1.1 0.66
ER negative

RES 2.06

DMFS 1.93

08 1.38
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Table 15. Class comparison of the global gene expression profiles of high TN
score BLBC tumors to low TN score BLBC tumors in the ROCK dataset
(highlighted probe set indicates common in high TN score BLBC and ER-
breast tumours and bold probe set indicates common and prognostic in BLBC

5  and ER- breast cancer).

Fold-
chan
ge

for
-
Param Iu?:;gl high
etricp- | FOR N ™™
. LULY
value ) seorg
value

¥8.
Low
™
score

Probe Syimbo Namie Eaftreel
Set I ; ‘ D

G protein-coupled receptor,

422B- | 0017 | < le- fanitly C, group 3, member

05 4 a7 29 A 9052
4.60F- | 0.043 | 0.000 mucin 1, cell surface
04 5 3 2.3 associated 4582

UDP-N-acetyl-alpha-13-
valactosaming: polypeptide

N~
LO3E- | 0.024 | < le- acetylgalactosaminyliransfer
04 9 07 24 ase 6 (GalNAGCTE) 11226
1.88E- 0.017 S100 calcium hinding
2 0.221 2 2.3 protein A2 6273
2,358~ 0.023 S100 calciun binding
02 0.244 9 2.3 protein P 6286
TAO0E- 0.005 secretory leukocyte
03 (.137 4 2.1 peptidase inhibitor 6590
393E-~ 8.004 mucin |, cell syuface
03 0.126 ) 2.1 associated 4582
183E- | 0.074 FXYD domain containing
03 6 0002 | 2.1 ion transport regulator 3 5349
6.71E- | 0.021 | <le- NAD(PYH dehyidrogenase,
05 4 a7 2.0 quinone 1 1728
2A7E- | 0016 | < le- hydroxysteroid (17-beta)
03 7 07 2.0 dehydrogenase 2 3294
G protein-coupled receptor,
F76E- | 0073 | 0.008 family €. group 5, member
03 7 9 2.0 A 9052
calciom/calmodudin-
2.56E- $.002 dependent protein kinase I
03 0.085 8 1.9 inthibitor 1 55450
T04E- | G050 | G000 pleckstrin homology-like
{4 Y 4 1.9 donmin, fantly A, member 2 7262
S08E- | 0.019 | < le-
03 5 07 1.9 syndecan 1 6382
Le5E- | 0.071 | 0.008 NAD(PH dehydrogenase;
03 6 3 1.9 guinone 1 1728
1.23E- aldo-keto reductase family 1,
02 018 | 8.012 1.8 member C3 8644

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035 PCT/AU2015/050096
164
427E- 0.040
02 0.321 3 1.8 keratin 16 3868
LI3B- | 8,060 | 0000 sctivated leukoeyte cell
03 2 8 1.8 adhesion molecule 214
540E- | 0.047 | 0.000
04 5 3 .8 iroguois homeobox 5 10265
solute cartier fanily 2
292E- {(facihtated glucose
03 0.09 | 0.003 1.8 fransporter), member 10 §1031
FO2E- | 0.075 | 0.001 3'-phaosphoadenosing 5
03 5 8 1.8 phosphosulfate synthase 2 9060
2T1E- (.028
02 0.261 2 1.8 nxelanophilin 7083
ATPase, Na+/K4+
4.52B- 0.004 teansporting, beta 1
03 0.111 4 1.8 polypeptide 481
LI9E- | 0.061 | 0.000
03 4 ) 1.8 cytochrome b5 reductase 2 51700
2.38E- | 0.082 | 0.002
03 3 A 1.8 horneobox C10 3226
5.29E- 0.003 nolybdenum cofactor
03 0.12 9 1.8 sulfurase 55034
2.38E- | 0.083 | 0.002 transmembrane channel-like
03 ] 2 1.8 5 79838
198E- 0.001
03 0.076 2 L& stangtocalein | 6781
JO6E- | 0.091 | 0.002 24-dehydrocholesterol
03 4 2 1.8 reductase 1718
carginoembryonic antigen-
related cell adhesion
344E- 0.033 molecule 6 (non-specific
02 0.291 9 1.7 Cross reacting anugen) 4680
8.94E- 0.007 tetratricopeptide repeat
03 0.154 S 1.7 domain 39A 22996
2168~ | 0078 | 0.002 NADXPYH dehydrogenase,
{3 7 1 1.7 guinone 1 1728
2A45E- 0.021 aldo-keto reductase family 1,
02 ().248 8 1.7 member C2 1646
LO2E- 0.011
02 0.1653 I 1.7 myosin VI 4646
895E- | 0.054 | 0.000 protein phosphatase 1,
04 7 8 1.7 regwlatory subunit 3C 3507
sodium chamnel, non-
4.66E- 0.045 voltage-gated [ alpha
02 0.332 7 1.7 subunit 6337
4.38B- | 0.043 | 0.000
04 5 5 1.7 gastrin-releasing peptide 2923
2.35E- | 0.082 | 6.002
03 1 5 1.7 profineg rich 15-like 78170
3 86E- 0.034
02 0.306 6 1.7
L94E- | 0075 | 4001 F-phosphoadenosine 5
03 & 8 1.7 phosphosulfate synthase 2 060
8.03E- 0.006 mal;, T-cell differentiation
03 0.146 7 1.7 protein-like 7431
538~ | 0048 | 0.000
04 8 6 1.7 transmembrang proiein 30B 161291
897E- 0.009
03 0.154 8 1.7 fibroblast growth factor 13 2258
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444E~ | 0.043 | 0.000 calmin {calponin-like,
04 5 5 1.7 transmembrane) 79789
1448~ {.015 dehydrogenasefreductase
02 0.193 i 1.7 (SDR family) member 2 10202
3.70E- 0.037 SRY (sex detenmining
02 0.302 7 1.7 region Y)-hox 11 6664
900E- | 0.054 | 0.001
04 7 4 1.6 siratitin 2810
5.49E- 0.005
03 0.121 7 1.6 arginase, type I 384
1.01E- | 0.057 | 0.001 aldehysde dehydrogenase &
03 ! 2 1.6 family, member Al 4329
830B- | 0.053 | 0.000 SH3-domain binding protein
15 7 3 L6 4 23677
potassium yoltage-gated
8.16E- 0.008 charnel, delayed-rectifier,
03 (0.147 3 1.6 subfamily S, member 3 3790
8.44E- 0.009 aldehyde dehydrogenase |
03 (.15 4 1.6 family, member A3 220
203E- | 0.078
03 6 0.003 1.6 keratin 1§ 3875
LB6OE- | 0.070 | 0002 egl nine homolog 3:(C.
03 7 2 1.6 ¢legans) 112399
4.288- | 0.043 | 0:000 adaptor-related protein
04 5 3 1.6 complex 3, delta 1 subunit 8943
pyruvate dehyrogenase
9.84E- | 0.036 | 0.000 phosphatase catalytic
04 9 g 1.6 subunit 1 34704
FS3E~- | 0.030 | 0.000 olycogen synthase kinase 3
04 6 3 1.6 beta 2932
3TTE- 0.004
03 0.101 6 1.6 periplakin 5493
3.03E- 0.026 cysteine-rich secretory
02 0.273 3 1.6 protein 3 10321
1.65E- 0.017
02 (.205 g 1.6 zin finger protein 652 22834
1.72E-~ 0.016
02 .21 5 1.8 fumor protein [352-like 1 7164
232E- 0.022
2 0.242 2 1.6 prefiyleysteine oxidase | 51449
2,108~ 0.023
02 0.233 9 1.6 secreted phosphioprotein | 6696
6.60E- 0.007
03 (0.133 7 1.6 squalene epoxidase 6713
CD55 molecule, decay
aceelerating factor for
2.54E- | 0016 | <le- complement (Cromer blood.
05 7 07 1.6 QrouD) 1604
7 46E- 0.006
03 0.141 ) 1.6
2.15E- | 0.078 | 0.002
03 6 5 1.6 CUE domuain containing | 404093
v~inaf musculoaponeyrotic
3.26B- 0:003 fibrosarcoma oncogene
03 0.094 4 1.6 homolog F {avian) 23764
CDP-diacylglycerol
3.75E- 6.003 synthase (phosphatidate
03 0.101 9 1.6 cytidylyltransferase) 1 1040
P728- | @21 | 0016 | 1.6 erythrocyte membrane 54566
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02 4 protein band 4.1 like 4B
233E~ | Q.081 | 0.002 low density lipoprotein

03 6 6 1.5 receptor 3649
1.80E- (1LDOO BCL2/adenovirus E1B

(3 0.074 9 L5 19kDa interacting protein 3 664
J09E- | 0091 | 0.003 sosondowah ankyrin repeat

03 6 3 1.5 domain family member € 65124
G.63E- | 0.021 | «<le- lysosomal-assaciated

05 4 07 1.5 membrane profein 2 3920
270E- | Q.087 | 0.002 desumoylating isopeptidase

03 4 7 L5 2 51029
.04 {(1L.O0Y quinelinate

3 0.155 1 1.5 phosphoribosylransferage 23475
I81E- | 0.017 | < le-

05 3 07 1.5 zinc finger protein 593 51042
S28E- | 0.047 | 6.000 par-3 partiioning defective

04 2 6 1.5 3 homolog (C. elegans) 36288
H5.97E-~ 0.007 BCL2-associated

03 0.136 4 1.5 athanogene 5 9529
G84E- | 0.021 | 0.000 GRB2 associated, regulator

05 4 2 1.5 of MAPK 64762
TASE- | 0.029 | 4,000 protyl 4-hydroxylase, alpha

04 g 3 L5 polypeptide 11 8974
5.37E- srowth differentiation factor

03 0.12 | 0.005 1.5 15 9518
573E- | 0.048 | 0.000 methylsierol

04 6 4 1.5 monpoxygenase | 6307
6.05E- | 0.020 | 6.000

03 1 1 1.5 D-dopachrome tagtomerase 1652
7.0%E- (0.008 coagulation factor 11

03 0.137 3 L5 {thromibin) receptor-like 1 2150
4.00E- | 0.002 | < le- chromosonie 14 open

07 23 07 1.5 reading frame | 11161
§.53E- 4.000

04 0.054 B L&
TATE- | 0067 | 0.001 212094

03 6 4 23 jat PEGIO | paternally expressed 10 23089
270B- | 0.087 | 0.001 219225 pigeyBae transposable

03 4 3 22 |at PGBDS | clement derived 5 79605
343B- 033 213680_

02 0,29 9 2.0 lat KRT6B | keratin 6B 3854
5.29E-~ §.004 202286_ | TACST | twnor-associated caleium

03 (.12 4 1.9 s at D2 signal transducer 2 4070
FALE- | 0.066 | 6.001 202669 _

03 7 5 L9 | s at EENB2 | ephrin-B2 1948
Q41E- 0.009 204750_

03 0.159 1 1.9 15 at DSC2 | desmocollin 2 1824
2.18B- 0.020 221690_ NLR family, pyrin domain

02 0.236 7 1.9 s at NLRP2 | containing 2 55655
7058~ | 0.031 | 0.000 211538_

04 2 8 1.9 |s at HSPA2 | heatshock 70kDa protein 2 3306
4.95E- 0.000 206125

04 0.046 2 1.8 | s at L KEKS: | kallikeein-telated peptidase 8 11202
Q.06E- 205428

03 0.155 | 0.009 L8 s at CALB2 | calbindin 2 794

sefpin peptidase inhibitor,
clade A (alpha-1

3.04E- 202376_ | SERPIL | antiprotgmase. antitrypsing,

02 0275 | 0034 | L& | NA3 member 3 12
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2.65E- 0.026 205595_
02 0.26 2 L8 | at DSG3 | desmoglein 3 1830
serpin peptidase tnhibitor,
1.538E- | 0.070 | G.001 204614 | SERPT | clade B (ovalbumin),
03 4 4 L8 1at . NB2 member 2 3053
2.67E- | 0.035 | 0.000 201324 gpithelial membrane protein
04 3 3 1.8 at EMPI 1 2012
3.19E- 0.037 203628 inswin-like growth factor 1
02 0.281 3 1.7 | at IGFIR | receptor 3480
potassium voltage-gated
361E- | 0.098 | 0.003 214595 | KCNG | channel, subfamity G,
03 3 ) 1.7 | at 1 member 1 3755
191E- 4.020 200602_ | GATA
02 0.223 5 L7 s at 3 GATA bhinding protein 3 2625
1.98E- 0.002 204059 malic enzyme 1, NADP(+)-
03 0.076 5 L7 | sat ME] dependent, cytosohic 4199
194E- | 0.031 | 0.000 205809 _ Wiskoti-Akdrich syndrome-
04 7 2 1.7 |s_at WASL | like 8976
LISE- | 0012 | < le- 204032 | BCAR | breast caneer anti-estrogen
03 8 07 1.7 at 3 resistance 3 8412
3H60E- | 0.099 | 0.002 219995 | ZNF75
03 3 9 1.7 s at 0 zing finger protein 750 79755
1.35E- | 0.065 | 4001 212451 | SECIS | SECIS binding protein 2-
03 5 6 L7 {at BP2L like 9728
amylo-alpha-1, 6+
L20B- | 0027 | < le- 203566_ shicosidase, 4-alpha-
04 3 a7 1.7 s af AGL shivanotransferase 178
1L30E- | 0.064 | 0.001 204058 malic enzyme 1, NADP(+)-
03 4 g 1.7 {a ME1 dependent, cytosolic 4199
L A9E- 0.013 218678 _
02 0.196 5 1.6 | at NES nestin 10763
4 4E- 0.045 208900_
02 0.315 6 1.6 s_at TOPI topoisomerase {ONAY 1 7150
LI8E- | 0.061 | 0.001 208610 | SRRM | sering/arginine repetitive
{3 4 3 1.6 s at 2 matrix 2 23524
LOOE- | 0.002 | < le- 213526
07 23 07 1.6 5_at LIN37 | Iin-37 homolog (C. elegans) 55957
3.34E- 209581 | PLA2G | phospholipase A2, group
02 0.287 | 0.034 1.6 | at 16 XVI 11145
1.21E- 0.011 218858 | DEPT | DEP domain containing
2 0.179 3 L& |t OR MTOR-interacting profein 64798
2.63E- 0.0258 204288 { SORBS | sorbin and SH3 domain
(02 0.259 8 1.6 | &m 2 confaining 2 8470
3.97E- 0.003 204686 _
03 0.104 8 1.6 | at SGCE. | sarcoglyecan, epsilon 8910
1.36E- 0.019 217996 | PHLIY | plecksirin bomology-like
02 0.22 4 1.6 | at Al domain, family A, member 1 22822
2A3E- | Q032 | 0.000 209254 i KLHD
4 8 3 1.6 |at C10 keleh domain containing [0 23008
7.78E- (1008 219263 | RNFI12. | ring finger protein 128, E3
03 0.144 8 L6 | 8 ubitgjuitin protein ligase 79589
LOSE- 0.008 219476_ | Clorfl | chromosome 1 open reading
02 0.167 3 1.6 | at 16 franie 116 78098
345E- 8.035 202600 _ nucledr receptor interacting
02 0.281 4 1.6 | s at NRIP1 | protein 1 8204
2.73E- 0.024 200126
02 0.263 9 1.6 | x.at KRT6B | keratin 6B 3854
3.04E- | 0.091 | 0.003 206421 { SERPI | serpin pepuidase inhibitor,
03 4 1 Lo | st NB7 clade B (pvalbumin), 8710

SUBSTITUTE SHEET (RULE 26)




WO 2015/135035 PCT/AU2015/050096
168
member 7
335E- 0.034 200604 | GATA
02 (.288 1 1.6 s @t 3 GATA binding protein 3 2628
1.539E- | 0.070 | 0.001 212775
(3 4 5 L6 |at OBSL1 | obscurin-like | 23363
2.80B- 205440_
02 0.266 | 0.028 1.6 s at NPYIR | newropeptide Y receptor Y1 4886
3.12E- 204508 _
02 (.278 | 0.033 1.6 | s at  CAI2 | carbonic anhydrase XU 771
317E~ 0.029 209301 _
02 028 § 1.6 |at CA2 carbonic anhydrase I1 760
3.31E- {.032 201860_
(2 0280 2 Le st PLAT | plasminogen gctivaior, tissue 5327
suanine nucleotide binding
833E- | 0.053 | 0.001 212294 protein (G proteim), samma
04 7 1 1.6 |at GNGI2 | 12 ‘ 55970
S35E- | 0.047 | 0.000 201325_ epithehial membrane protein
04 5 3 1.6 | s_at EMPL |1 2012
3.90E- 0.038 212992 | AHNA
02 0.307 7 1.6 | at K2 AHNAK nucleoprotein 2 113146
spen homolog,
5.98E- 8.005 201996 transcriptional regulator
03 0.126 ) 1.6 | s at SPEN | {Drosophila} 23013
4 A3E- 207480
03 0.109 | 0.004 1.6 g at MEIS2. | Meis homeobox 2 42172
v-erb-b2 ervihroblastic
6,59E- 0.006 202454 leukemiz viral oncogeng
03 0,133 8 1.6 §._at ERBRB3 | homolog 3 {avian) 2065
422E- 6.004 212492 | KDM4 | lysine (K)-specific
03 0.107 B 1.6 |s_at B demethvlase 4B 23030
prostaglandin-endoperoxide
synthase 2 (prostaglandin
2.87E- £.029 204748 G/H synthase and
02 0.268 6 1.6 | at PTGS2 | cyclooxygenase) 5743
1.29E- (012 200307_ | FOXD
n 0.183 1 L6 | s at I forkhead box D1 2297
2.41E- Q.024 ZI3110_ | €OL4
02 0.247 8 L6 [sat A5 collagen, type IV, alpha 5 1287
836E- | 0.033 212634
04 7 0.001 1.6 | at UFL1 UFM 1 -specitic ligase 1 23376
9.30E- 0.010 219681 { RABLI | RAB1I family interacting
03 0.157 1 1.6 s5_at FIP1 protein | (class ) 80223
8.13E- 0.010 203319 | ZNFi4
03 0.147 3 LG | s at 8 zing finger protein 148 7707
ATGAP with GTPase
6,738- | 0.050 | 0.000 04066_ | AGAP | domain, ankyrin repeat and
04 8 7 1.6 | s a ] PH dotnain | 116987
3.68E- | (.099 219298_ | ECHD | enoyl CoA hydratase
03 9 0.004 1.6 |at 3 domain containing 3 79746
serpin peptidase inhibitor,
ST7E-~ 8.004 209720 | SERPL | clade B {ovatbuniin),
03 0.124 3 1.6 s al NB3 member 3 6317
3.08E- 0.029 210467 { MAGE | melanoma aptizen family A,
02 0,275 4 L& | xoat Al2 12 4111
1.88E- | 0.073 | 0.001 204029 | CELSR | cadherin, BEGF LAG seven-
03 5 7 1.5 | 2 pass G-type receptor 2 1952
LOYE- 0.011 204779 { HOXB
02 0.17 4 1.5 s at 7 homeobox B7 3217
2.63E- | .259 | 0.028 1.5 | 204686_ | IRSI insulin re¢eptor substrate 1 3667
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02 § at
628E~ | 0.049 209123 quinoid dihydropteriding
04 3 0.001 1.5 at QDPR. | reductase 5860
1.04E- {1.060 212417_ | SCAM | secretory carrigr merabeaue
03 0.058 9 L5 {at Pl protein 1 9522
serpin peptidase inhibitor,
2.68E- | 0.087 209719_ | SERPL | clade B (ovalbumin),
03 3 0.002 1.5 %At NB3 migmber 3 6317
serpiin peptidase inhibitor,
G.14E- | 0.034 | 0.000 211906_ | SERPIL | clade B (ovalbumin),
04 7 2 1.5 |s_at - NB4 member 4 6318
TLIE- | 0.051 | 0.000 219073_ | OSBPL | oxysterol binding protein-
04 1 7 LS | s at 10 like 10 1148384
2.98E- (1031 209488 | RBPM | RNA binding protein with
(2 0.273 3 L5 {s at S multiple splicing 11030
6.36B- 0.007 203542 ‘
(3 0.13 3 L5 {sat KLFY | Kruppel-like fastor 8 687
3.76E- 203780,
03 0101 | 0004 | 1.5 | at MPZL2 | myelin protein zero-like 2 10203
serpin peptidase inhibitor,
clade A (alpha-1
287E- .031 209443 _ | SERPU | antiproteinase, antitrypsing,
02 {.268 A 1.5 | at NAS member 3 5104
2.95E- 0.004 210612
03 (.09 6 1.5 s_at SYNJ2 | synaptojanin 2 8871
9.59E- (010 213030 | PLXN
03 0.16 3 LS st A2 plexin A2 5362
L.19E- 0.012 218435_ | DNAT | Dnal (Hsp40) bonwolog.
02 0.178 4 1.5 | a Cl13 subfamily C, member 15 29103
1.24E- 4.013 202998
02 0.181 6 LS |s at LOXER | lysyloxidase-like 2 4017
227E~- | 0.033 | 0.000 218253 eukaryotic: transation
04 6 1 15 s at - EIF2D | imtiation factor 2D 1939
6.56E- (1006 203439 _
03 0.133 2 L5 | STC2 stanniocalein 2 8614
3.01E- 203929 microtubule-assoctated
02 0.274 | 0.031 1.5 (sat MAPT | protein tau 4137
4,26E- 0.003 204256 { ELOV | ELOVL fatty acid elongase
03 (.108 8 1.3 | at Lo 5] 79071
LAOE- | 0.029 | 6.000 218407
04 g 3 1.3 | x at NENF | neadesin nearotrophic lactor 29937
146E- | 0.067 | 0.001 221588 ALDH | aldehvde dehydrogenase 6
03 G 9 L5 | x_at - OAL family, niember Al 4329
1.23E- < le- 2119634
05 0.013 07 0.3 | x at
3.61E- | 0017 | 6.000 211635
08 3 i 0.3 | x.at
590E- | 0.048 216491 _ inmunoglobulin heavy
04 8 0.001 0.3 | x at IGHM | constant mu 3507
4,518~ | 0043 | Q.000 205242 | CXCLL | chemokine {C-X-C notif)
04 5 7 04 | a 3 figand 13 10563
L65E- | 0.07T | 0.001 214768 _ immuntoglobulin kappa
03 6 g 04 | x at IGRC | constamt 3514
5.56E- | 0.047 | 6.000 203915_ chemokine (€C-X-C motif)
04 g 5 04 | a CXCL9 | ligand 9 4283
206B- | 0.032 | 0.000 211637 _
04 7 6 04 | x at
1L66E- | 0.071 | 0.002 244777 _
(3 7 1 04 | &
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FAT7E- | Q.070 | 0.001 217148
03 1 9 04 | xa
2378~ | .035 | 0000 214916,
04 3 6 G4 | x at
imsnunoglobulin heavy
3.35B- | 0.017 | < le- 211633 constant gamma 1 (Glin
05 3 a7 04 | x at IGHG!T | marker) 3500
282E- | 0.035 | 0.000 205267_ | POUZ | POU class 2 associating
04 8 3 04 |at AF] factor 1 5450
1.31E- | D064 | 0.001 216576
03 5 8 04 | x_at
122E- | 0.027 | 4.000 214973 immunoglobulin heavy
4 7 i 04 | x at IGHD» | constant delta 3493
T79E- | 0.030 | < 1e- 217179
[ 3 a7 04 | x
222B- | 0,033 | 0.000 217281
04 2 3 g4 | x
Le4E- | 0.071 | 0.001 216510_
03 6 1 04 | x_at
protein tyrosine
2.50E- | 0005 | <le- 207238 phosphatase, receptor type,
06 87 07 04 |s at PTPRC | C 5748
7.63B- 203890
03 0.142 |1 0.008 | 04 |5 a
9.88E- | 0.02¢4 | < 1e- 217235_ immunoglobulin fambda-
(5 3 07 04 | xoat IGLLS | like polypeptide 5 1E4+08
7.52E- 0.007 211644
03 ().141 g 0.4 | x at
L73E- | 0015 | < le- 207339_ lymphotoxin beta (TNF
05 G 07 0.4 s at LTB superfamily, member 3) 4050
SBOE- | 0.047 | 0,000 216557
(04 g 7 04 | xat
protein tyrosiie
398E- | 0.017 | 0.000 212588 phosphatase, receptor type,
05 3 2 04 | A PIFRC | C 5788
LOSE- | 0.024 | 0.000 211796_
04 9 ] 04 |sal
5.16E- | 0.046 | 6.000 211630
04 4 ] 0.4 x_at
T81E- | 0.022 | 0.000 204563 _
05 3 2 0.5 |at SELL selectin L. 6402
1,04E- 0.001 211643
(03 0.0538 3 0.5 | x at
6.02E- 0.007 211645
03 0.127 7 0.5 | x at
LSOE- | 0.014 | < le- 215949
05 5 07 0.5 | x at
S04E- | 0.022 | 0.000 211640
05 3 1 8.5 | x at
1.07E- | 0.058 | (.00} 203861 _ Spi-B transcription facior
03 7 1 0.5 Al SPIB {Spi-1/PULT relatesh) 6689
8.17B- | 0,033 | 6.000 210915 T eell rgeeptor beta constant
04 7 6 0.5 | x at TRBCI | 1 28639
1.10E- 3.010 211122 CXCLI | chemokine (C-X-C motif)
02 0.171 9 .5 | s at 1 Higand 11 6373
LAIE- | 0.068 | 0.001 216207 _
03 8 9 8.5 | xat
4.11E- | 0.043 | 0.000 219014
04 5 2 05 |a PLACS | placenta-specific' § 51316
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H.57E-~ 0.007 216360 immunoglobulin lambda
03 0.133 7 05 | xat IGLCI | constant 1 (Mig marker) 3537
2748~ (1002 2014439 interferon-inducsd protein
03 0.088 ] 0.5 |at P44 | 44-like 10964
3.,00B- | 0.002 | < le- 211649
¥7 23 7 0.5 | x at
AFFX-
HUMIS
GF3IA/M signal transducer and
3.16E- | 0,038 | 0.000 Q7935_ activator of transcription 1,
04 4 2 0.5 | MA_at STATI | 91kDa 6772
3.65E- | 0.041 | 0.000 216541_
04 4 5 (.5 X_at
1.85E- (.002 217227 | IGLVT | immunoglobulin Tambda
03 0.075 2 0.5 | x at ~34 variable 1-44 28823
4.80E- 0.006 216984
03 0.1153 7 0.5 | x at
FA1E- 0.014 210029 _ indoleamine 2,3-
02 (3.191 7 0.5 | a 1RO dioxygenase | 3620
4.18E- | D.043 | .000 211881_ formmeglobulin lambda
04 5 3 0.5 | x_at IGLI3 | joining 3 28831
4.54E- | 0.043 | 0.000 205831 _
04 6 ] 0.3 at CD2 CD2 molecule 914
284E- | 0.035 | 0.000 206666_ sranzyme K (granzyme 3;
(4 3 3 05 jat GZMK | wypiase 1) 3003
2,66E- | 0.035 | 0.000 211908
04 3 3 0.5 | x at IGK@ | immuneelobulin kappa locus 50802
1.30E- g.014 215176 immunoglobulin kappa
02 (0.184 8 0.5 | x at IGKC | constant 3514
6.25E- 206134 | ADAM
03 0.129 1 0.005 | 03 |at DEC] ADAM-like, decysin | 27299
1.28E- < le- 200670_ T cell receptor alpha
05 0.013 07 0.5 |at TRAC | constam 28755
R8ATE-~ 0.009 217378_
a3 0,15 8 05 | x.at
LG6SE- | 0.029 | 0.000 211868
04 9 4 0.5 | x at
F31E- 0.014 210163 | CXCL1 | chemokine (C-X-C motih)
02 0.184 2 0.5 |at 1 ligand 11 6373
1.88E- | 0.075 | 0.002 211798 immunoglobulin lambda
03 5 3 0.5 x_at 1GLI3 joung 3 28831
2,66E- | 0.035 | 0.000 211641
04 3 2 0.5 | x.at
4.18E- 0.003 204533 | CXCL1 | chemokine (C-X-C motif)
03 0.107 4 0.5 | at 0 ligind 10 3627
L76E- | 0.073 | 0.001 214657_
03 7 7 8.5 |5 at
3H6E- | 0.099 | 0.002 205569 | LAMP | lysosomal-associated
03 g 9 0.5 |at 3 mermbrane protein 3 27074
1.56E- 0.017 216401 _
2 0.2 1 0.5 | x at
LO3E- | 0.015 | < le- 204912 1 ILIOR | interleukin 10 receptor,
03 9 07 0.5 | at A alpha 3587
LIOE- | 0.025 | <le- 210538 _ bacutoviral TAP repeat
04 8 07 G5 | s at BIRC3 | containing 3 330
640E- | 0.088 | 4.000 203471 _
06 39 1 8.5 | s_at PLEK | pleckstrin 5341
271E- | 0.087 | 0003 217480
03 & 3 .5 | x at
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6.37E- | 0.049 | 0.000 214453 interferon-induced protein
04 3 6 0.5 |s at 1F144 44 10561
AFEX-
HUMIS
GF3A/M signal transducer and
89O0E- | 0.054 | 0.000 97935_ activator of transcription 1,
04 7 7 0.5 | MB_at | STATI | 9lkDa 6772
246E- | 0083 | 0.002 212671
03 4 8 0.5 s at
THIE- | 0,022 | 0.000 211639
05 3 2 0.5 | x.at
2A2E- | DO32 | < le- 203671_ | HLA- | major histocompatibility
04 8 07 0.5 | s at DOB complex, class 11 DO bewa 3112
329E- | 0.017 | <le- 212314 | SELIL | sel-1 suppressor of Iin-12-
05 3 07 0.5 |at 3 like 3 (C. elegany) 23231
1.38E- 0.001 204891 Iymphoryte-specific protein
03 0.066 1 0.5 |s_at LCK tyrosing kingse 3932
SO5E- | 0.020 | 0.000 204118
05 1 I 0.5 |at D48 CD48 molecule 962
3.18E- | 0.038 | 6.000 203868_ | VCAM | vascular cell adhesion
04 & 4 0.5 s at 1 molecule | 7412
6.25E- | 0.049 | 0.000 217258 | IGLVL | immunoglebulin lambda
04 3 9 2.5 x_at -44 vartable {-44 28823
1.228- | 0.062 | 0.001 213888 | TRAF3
03 2 4 0.5 | at 1P3 TRAF3 interscting profein 3 20342
proteasome.-{prosoiie,
macropain) subunit, beta
1L.91E- | 0.073 204279 _ type., ¥ (large
03 5 0002 1 05 |at PSMBY | multifunctional peptidase 2) 5698
colony stimulating factor 2
4.04E- 0.003 205159 | CSF2IR | receptor, beta, low-aftinity
03 (.105 7 0.3 ja B {granulocyte-macrophage) 1439
T62E~ | 0035 | 8.000 213193 _ T cell receptor beta constant
04 3 i 8.5 | x_at CTRBCY | 1 28639
8.93E- 0.008 204006 _
03 0.154 7 0.5 $._at
3,28B- 0.035 209374_ immunoglobulin heavy
02 0.284 3 0.5 | s IGHM | constant i 3507
8.66E- | 0.034 | 0.000 210972
04 3 4 0.5 | x at
823E- | 0.033 | 0.000 213539_ CP3d molecule; delta (CD3-
04 7 6 0.5 | at D3 | TCR complex) 915
990E- | 0.024 | < le- 200671 _
05 5 07 0.5 | x at
3.98E- | 0.043 | 0.000 217157_
(4 3 O 0.6 | x at
2.57E- | 0085 | 9.002 212311 | SELIL | sel-1 suppressor of lin-12-
03 1 5 0.6 | at 3 like 3 (C. elegans) 23231
4.26E- £.039 209116
02 (.321 6 0.6 | x_at HBB bemoglobin, beta 3043
LISE- | Q060 | 0.000 2006715_
03 8 8 0.6 | at TFEC | wranscription factor EC 22797
§.48E- (.009 2003639 fibroblast growth factor
03 0.15 9 0.6 |y at FGFR2 | receptor2 2263
2.87E- | 0.089 | 6.002 204834
03 5 7 0.6 | at FGL2 fibrinogen-like 2 10875
2.99E- .028 210072 chempkine (C-C motif)
02 (.273 3 (L6 at CCL19 | hgand 19 6363
LSIE- | 0074 | 6001 0.6 215049 | CD163 | CD163 molecule 9332

SUBSTITUTE SHEET (RULE 26)




WO 2015/135035 PCT/AU2015/050096
173
03 & x_at
granzyme A (granzyme 1,
4.40F-~ 0.003 205488 _ cytotoxic T-lymphocyte-
03 (.109 9 06 |a GZMA | associtied serine esterase 3) 3001
5458- | 0.047 | 0.000 209606_ cytohestn L interactog
4 A b (6 |at CYTIP | protein 9595
O-linked N~
ROOE- | 0.008 | <le- 212307_ acetylalocosamine
06 9 07 0.6 s at OGT ({GleNA) wransterase 8473
L46E- | 0.067 | 0.001 209823 | HLA- major histocompatibility
03 6 2 0.6 | x_at - DOB1 complex, class 1L DQ beta 1 3119
200E~ | 0.032 | «le- 204890 _ Iymphoeyte-specific protein
04 8 07 0.6 § st LCK tyrosine kinase 3932
Q72E- | 0.056 2003922 cytochrome h-243, beta
4 7 {1001 (6 | xat . CYBB | polypeptide 1536
2.89E- | 0.03& | 0.000 216250 ‘
04 i 5 D6 s at LPXN | leupaxin 9404
232E- | 0.081 | 0.001 200846_ | BTN3 | butyrophilin, subfanily 3,
03 6 3 0.6 |s at A2 member A2 11118
sparcfosteonectin, cwev and
SYIE- | 0.023 | 0.000 202524_ | SPOC | kazal-like domains
05 1 I 0.6 | s_at K2 prateoglycan (testican) 2 9806
398E- | 0.043 | 0.000 213915 _ naturat kitler cell groap 7
4 3 4 0.6 | at NKG7 | sequence 4818
346E- | 0.097 | 0.002 205541 _
03 i 8 0.6 | st GSPT2 | Gl 10§ phase tansition 2 23708
ZI0B- | 0016 | < le- 221978 _ major histocompatibility
03 7 (07 0.6 at HLA-F | complex.class L F 3134
9.54E- 0.000 204116_ interfeukin 2 receptor,
04 0.056 3 0.6 | at TE2RG | gamma 3361
331E- | 0.017 | <le- 221087 _
U3 3 07 0.6 | s_at - APOL3 | apolipoprotein L, 3 80833
417E- | Q043 | G000 202510 §{ TNFAIL | wumor nieetosis factor, alphas
04 3 2 0.6 g at P2 induced protein 2 7127
membrane-spanuing 4-
6.02E- 4.000 210356 domains, subfamily A,
04 0.049 4 0.6 | x_at MS4AL | mentber 1 931
L44E- | 0.029 | 0.000 218805 _
04 9 2 0.6 | at
7.51E- | 0.032 | 6.000 221973
04 3 5 0.6 | at
signal transducer and
5.02E- 0.003 209969 _ activator of transcription I,
03 0.116 § 0.6 | sat STATI | 9ikDa 6772
chemokine {C-C motf)
2.73E- 0.028 09924 tigand 18 (pulmonary and
02 0.263 2 6 | a CCL1S | activation-regulated) 6362
3.89E- 0.003 208798_ | GOLG
03 (.103 3 0.6 | x at ASA golgin AR family, member A 23015
2TIE-~ 8.026 205681 | BCL2A
02 0.266 4 0.6 | at 1 BCL2-related protein Al 597
1.6SE- | 0.071 | 4.001 203645 _
03 6 6 0.6 | s at CD163 | CD163 molecule 9332
3678 | 0099 | 0.003 205692 _
{13 9 7 0.6 s at CD3§ | €D38 malecule 952
6.18E- 0.004
03 (.129 g 0:6 | 34210 _at | CD32 C52 molecule 1043
2678~ | 0.016 | < le- 203416_
05 7 07 0.6 | at CD33 CD33 molecule 963
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1.97E-~ 0.001 204057 _
03 0.Q76 9 06 |a IRES interferon regulatory factor 8 3394
4.35E- | 0.043 | 0,000 222150_ pigeon homolag
4 6 3 0.6 | s at . PION (Drosophila) 54103
5.98E- 0.000 210982 | HLA- | mgjor histocompatibility
04 0.049 & 0.6 |sat DRA | complex, class [1, DR alpha 3122
220B- | 0079 | 0.002 200796 mycloid cell leukenia
03 4 3 0.6 | s at MCLI sequence 1 (BCLZ-related) 4170
321E- | 0.038 | 0.000 202531_
04 6 5 0.6 |at IRE] interferon regulatory factor 1 3659
207E- | 0.032 | G.000 ARHG | Rbo GTPase activating
4 7 2 0.6 | 38149 at | AP23 protein 25 9038
2.33E- < le- 204821 | BTN3 | butvrophilin, subfamily 3,
[ 0.034 a7 0.6 | a A3 member A3 10384
SA9E- | 0.022 | 0.000 212980_ ubigmtin specific peptidase
05 3 i o | at USP34 | 34 9736
1.05E- 2029G2_
02, 0.167 | 0.01 0.6 | s al LTSS | cathepsin S 1520
CD79a molecule,
7.82E- | 0.052 | 8.000 205049 _ immunoeglobulin-associated
4 3 4 0.6 | s at CD79A | alpha 973
O-linked N-
290E- | 0003 | <l 207564 _ acetylplucosamine
06 87 7 0.6 | x at OGT (GlcNAg) transferase 8473
4,238~ | 0.043 212384
04 5 (0.001 0.6 |
1L35E- | 0.029 | 0.000 213160_ | DOCK
04 1 3 0.6 |a 2 dedicator of ¢ytokinesis 2 1794
LE~ | 0.060 | 0001 221286 marginal zone B and Bl
03 3 3 0.6 | s_at MZB1 | cell-specific protein 51237
1Lo4E- | 0.029 | 0.000 205997_ | ADAM | ADAM metaliopeptidase
(04 G 1 0.6 |at 28 domain 28 10863
511E- | 0.046 | 0.000 204192
04 3 2 0.6 | & CD37 | CD37 molecule 951
LABE- | 0.067 | 0.001 212827 immunoglobulin heavy
03 b 2 0.6 | at IGHM | constani o 3507
O-linked N-
8A3E~ | 0.022 | <le- 207563 acetylghicosaming
03 3 07 0.6 s._at 0OGT (GleNAC) transferase 3473
1LO4E- | 0.024 | 0.000 214093 _ far upstream element
04 9 2 0.6 | s at FUBPI | (FUSE) binding protein | 8880
1.39E- 0.016 208228 fibrablast growth fctor
02 0.2 8 0.6 s at FGER2 | receplor 2 2263
L62E- | 0.029 | < le- 205291 _
04 9 07 0.6 | at IL2RB | interleukin 2 receptor beta 3560
4.74E- 8.006 214753 | N4BP2 | NERIM hinding protein 2~
03 0.114 2 0.6 | at 1.2 tike 2 141443
350E- | 0.040 | 0.000 2006337_ chemoking (C-C motif)
4 7 3 0.6 |at CCR7 | receptor? 1236
major histocompatibility
5.11E- | 0.046 | 0.000 211991 § HLA- complex, class 11, DP alpha
{4 3 3 6 | DPAL 1 3113
2.76B- | 0.088 | 6.001 204661 _
03 1 4 0.6 | at CDh3s2 CD52 miolecule 1043
6.84E~ | 0.050 | 6.000 263760_
04 9 7 0.6 s at SLA Sre-like-adaptor 6303
2.958E- 0.002 202988 regulator of G-protein
03 (.09 9 0.6 | s_at RGS1 signaling 1 5996
275E- | 0.088 | 0.002 | 0.6 | 203381 | APOE | apolipoprotein E 348
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03 I 5 s at
3.63E- 0.035 214023_ | TUBB2
02 0.3 1 06 | x at B tubulin, beta 2B class 1ib 347733
structueal maintenanee of
1T.92E- | 0.013 | 0.000 212577 SMCH | chromoesomes flexible binge
[15) g 1 (0.6 |at bl donmin containing 1 23347
4.68E- 0.042 217414
02 0.333 5 0.6 |z at
J00E- | 0.002 | <le- 205298 | BTN2Z | butyrophilin, subfaniily 2,
07 23 07 0.6 | s_at A2 member A2 10385
2.51E- 202953 complement conponent 1, g
03 0.084 | 0002 | 06 |at CIQB | subcomponent, B chain 713
4.09E- {.040 215214
(2 0.313 4 (6 |at
7.67E- | 0L052 | 0.000 210425
04 5 4 0.6 Ix a
L76E- | 0.030 | 0.000 209685 | PREC
04 3 ! 0.6 |s_ at B protein kinase €. beta 5579
G.4E- 0.000 202643 | TNFATL | twmor necrosis factor, alpha-
04 0.049 & 0.6 | s at P3 induced protein 3 7128
420E- | 0.006 | <le- 212232
06 24 07 0.6 | at FNBP4 | formin binding protein 4 23360
4 86E- (044 2019458
02 0.337 2 .6 | x at
247E- | 0.035 | 0.000 200312
04 2 2 0.6 | x at
4.92E- §.004 201858_
03 0.116 7 6.6 | s at SRGN | serglyein 5352
321E- 0.029 216853 _
02 0.281 2 0.6 | x at ;
209E- | 0078 | (002 208894 | HLA- | major histocompatibility
03 2 1 0.6 | DRA complex, class 11, DR alpha 3122
LA4E- | 0.067 | 0.001 211902 | YMEL
03 6 2 Q.6 | x_ at L1 YMEl-like 1 (8., cerevisiae) 1730
AFFX-
HUMIS
GF3AM signal transduesr and
3I5E- | 0.092 | 0.003 97935_8 activator of transcription 1,
03 7 3 0.6 | _at STATI | 91kDa 6772
4.50E~ 0.005 218232 complement component 1, ¢
03 0.11 2 0.6 | at CIQA | subcomponent, A chain 712
Q04E- | 0.054 | 0.000 213502 | GUSB | glucuronidase, beta
04 7 9 0.6 | x at Pl pseudogene 11 91316
247E-~ 0.028 221728 X mnactive specitic transcript
02 0.249 3 0.6 | x_at XIST {non-protein coding) 7503
TOIE- | 0.030 | 0.000 221989
04 9 6 0.6 | at
T23E- | 0051 | 8.000 211656_ | HLA- | miajor histocompatibility
04 5 7 0.6 | x_at DOBL | complex, class 1L, DO beta 1 3119
581E- | 0.048 | 0.000 215193
04 7 3 0.6 | xat
571E- | 0.048 | 0.000 203470_
04 5 g 0.6 |s.at PLEK | pleckstrin 5341
5.58E- | 0.047 | 0.000 216542
04 9 4 0.6 | x at
243E- 0.001 214617 _ perforin { (pore forming
03 0.083 & 06 |a PRF1 protein) 5551
323E- | 0.093 | 0,002 217143 YMEL
03 3 8 .6 s_at L1 YMEL-like 1 (5, cereviside) 10730
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2TEE~ | Q.088 | 0.003 203923 cytochrome b-2485, beta
03 1 3 0.6 |s at CYBEB | polypeptide 1536
1218~ | 0.075 | 000l 213703_ | LINCG | long intereenic non-pritein
03 5 6 0.6 |at - (342 coding RNA 342 150759
2.96E- 0.002 209083 | CORO | coronin, actin binding
03 0.09 1 0.6 | 1A protein, 1A 1115}
S.67E- 0.000 203932 | HLA- major histoconipatibility
035 Q.02 2 0.6 | at DMB complex, clasy 1L DM beta 3109
S46E- 0.004 201718_ | EPB41 | ervthrocyte membrane
03 0.121 7 0.6 | s_at L2 protein band 4.1-like 2 2037
granzyne B (granzyme 2,
31IE- 0.033 210164 cytotoxic T-Tvmphocyte-
02 0.277 2 3.6 | at GZMEB | associated serine esierase 1) 3002
1788~ | L0300 | 0.000 204670_
3 3 4 0.6 | x at
S.68E- 211742 eeotropic viral ittegration
03 0123 | 0006 | 06 s a EVI2B | site 2B 2124
1.62E- 6.062 221768_
03 0.071 2 0.6 |at
3.53E- 0.000 201720 | LAPT | lysosomal proiein
04 0.041 1 0.6 | s at M35 transmernbrane § 7805
L8OE- | 0.005 | < le- 212036_ pinin, desniosoine associated
06 73 a7 .6 | st PNN protein 5411
SA8E- | 0.022 | < lg- 204674 Iymphoid-restricted
45 3 07 0.6 | a LBMP | menibrane protein 4033
LIBE- | 0.060 | 0.001 213142_ pigeon homolog
03 3 I 0.6 | x at PION {Drosophila) 54103
lymphocyte eytosolic protein
574E- < le- 205270_ 2 (SH2 domain containing
03 (.02 07 0.6 s_at LCP2 leukoeyte protein of 76kDa) 3937
5.88E- 211654 | HLA- major histocompatibility
03 0.126. | 0.005 | 06 | xat DOBI | complex, class I1, DQ beta | 319
immunoglobulin tambda-
3,00B- | 0.090 | 0.003 215946 | IGLL3 | like polypeptide 3,
03 9 3 0.6 | x_ at P pseudogene 91353
serpin peptidase inhibitor,
LOOE- | 0.037 | 0.000 209723_ | SERPI | clade B (ovalbumin),
03 1 8 0.6 | at NB¢ member 9 5272
8T8E- | 0.0534 | 0.000 205842_
04 5 7 0.6 | s atl JAK2 | Janmus kinase 2 3717
443E- | 0.043 | 0.000 203236_ | LGAL | lectin, galactoside-binding,
04 3 4 0.6 |s at 34 soluble, 9 3965
membrane-spanning 4-
242E- 217418 donaing, subfamily A,
03 0083 | 6002 | 06 | x at MS4A1 | member 1 931
myxovirus (inflagnza virus)
resistance 1, interferon-
L14E- 0.010 202086 inducible protein p78
02 0.174 5 0.6 | at MX1 {niouse) 4599
94A8E- 0.008 213875_ | Coorf6 | chromosome 6 open reading
03 {0.159 3 6.6 | x_at 2 frame 62 81688
phosphatidylinositol-4,5-
3.71E- 0.004 203879_ | PIK3C | bisphosphate 3-kinase,
03 0.124 7 0.6 |at B catalytic subunit delta 3293
8§98E- | 0.054 | (.000 204882 | ARHG | Rho GTPase activating
04 7 3 0.6 | AP2§ protein 25 9938
6.21E- | 0.049 | 0.000 221427
04 3 a 0.6 | st CCNL2 | gyclin L2 §1669
LOOE- | 0202 | 0.013 | 0.6 | 210663 | KYNU | kyvnureninase 8942
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02 7 s at
Q08E- | 0.054 | 0.000 210116 | SH2D!L
04 7 4 0.6 |a A SH2 domain containing 1A 4068
4.28B- (1.004 216614
(3 0.108 1 (6 |at
vesicle-associated
1.30E- | 0.064 | 0.001 213326_ | VAMP | membraneprotein 1
03 4 5 0.6 |4t 1 {synaptobrevii 1) 6843
1.78E- 0.001 221602_ Fas apoptotic inhibitory
03 0.074 6 0.6 | s_at . FAIM3 | molecule 3 9214
3198~ | 0.093 | 0.002 BTN3 butyrophilin, subfamily 3,
03 1 9 (0.6 | 38241 at | A3 member A3 10384
2.58E- | Q.083 | 0.002 205758
(3 1 1 .6 |at CDSA | CD8a molecule 925
heterogeneons nuclear
ribonueleaprotein D (AU-
4.94B- 0.004 213359 | HNRN | rich element RNA binding
(03 0.116 8 0.6 at PD protein 1, 37kDy) 3184
LO4E- 0.009 204939 _ myeloid cell nuclear
02 0.166 3 0.6 | at MNDA | differentiation antigen 4332
344~ | 0096 | 6.003 206133_
03 9 4 0.6 | at NAFIL XIAP agsociated factor 1 54739
4.31E- 217388
02 0.322 | 0.043 | 0.6 | s at KYNU | kynureninase 8942
1.20E- | 0.061 | (.00} 213293 | TRIM2
03 o] 1 0.6 | wat 2 tripartite motif conlaining 22 10346
636~ 0.006 208018 _
03 0.13 7 0.6 5. at HCK hemopoietic cell kinase 3055
ATP synthase, H+
transporting, mitochondrial
7H9E- | 0.052 | 8.001 214132 | ATPSC | FI coniplexs, gamma
04 8 B 0.6 | at 1 polypeptide 1 309
1 49E- 0.014 212998 | HLA- major histocompatibility
02 0.196 7 0.6 | x at DQB1 | complex, class I, DQ beta 1 3119
membrane-spanping 4-
1.13E- 0.011 219666_ | MS4AG | domains, subfamily A,
02 0.174 1 0.6 |at A member A 64231
2308~ | 0005 | < le- 202380 natural killer-tumor
(6 87 a7 0.6 | s a NETR | recognition sequienice 4820
1OSE- 0.010 219208 _ interferon induced with
02 (.167 2 0.6 | at IFTH1 helicase C domain 1 64135
mOr nectosis factor
1.76E~ 0.015 200641 | TNFRS: | receptor superfamily,
0 0.212 8 0.6 | at F17 member 17 608
390E- (3.003 206978 _ chemokine (C-C motif)
(3 0.103 6 0.7 |at CCR2 | receptor 2 729230
4,738~ | .018 | 0.000 24923 SAM and SH3 domain
05 6 1 0.7 | & SASH3 | containing 3 54440
poly (ADP-rihose)
194E- | 0.075 | 0.001 218543 | PARP1 | polymerase family, member
03 3 3 0.7 s al 2 12 64761
6779E~ | 0.021 | 8.000 213269 | ZNF24
05 4 2 0.7 1a 8 zine linger protein 248 57209
826E- | 0.022 | 0.000 204234 | FNF19
03 3 1 0.7 | s at 5 zinc {inger protein 193 7748
6A48E- | 0.049 | 0.000 203761_
04 B 5 0.7 | SLA Sre-likeradaptor 6503
6.59B- 4.004 201104
03 0.133 7 0.7 | x at
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1 92E- 211090_ | PRFF4 | PRP4 pre-mRNA processing
02 0.223 | 0.018 0.7 s & B factor 4 homolog B (veast) 8899
ras-related C3 botulinom
toxin substrate 2 (rho family,
328E- | 0.094 | 6.002 213603 sl GTP binding protein
03 2 2 0.7 | s at RAC2Z | Rac2) 3880
2,15E- | 0.078 | 0.002 203382
03 5 3 0.7 sl APOE | apolipoproiein B 38
1.23E- 0.012 216920,
02 0.1% 4 0.7 |s_at
1.74E- 0.019 211996
02 0.212 f 0.7 | s _at
integrin, beta 2 {complement
4.53E- 0.004 202803 _ component 3 receptor 3 and
03 0.112 9 0.7 | s at ITGB2 | 4 subunit) 3689
1738~ | 0.030 | 0.000 212613_ | BTN3 | butvrophilin, subfamily 3,
152 1 1 0.7 1at A2 membgr A2 i1118
1.81E- 0.001 210279 G protein-coupled receptor
03 0.074 6 0.7 | at GPRIS |18 2841
3.02E- | 0.037 | 6.000 221971 _
04 4 6 6.7 | x_at
1.40E- 0.014 211317_ | CFLA | CASPS and FADD-like
02 0.191 8 8.7 s_at R apoptosis regulator 8837
Ras association
2.51E- 0.001 203185_ | RASSF | (RalGDS/AF-6) domain
03 0.084 ) 0.7 |at 2 fantily menber 2 9770
1,388~ 0.016 214059 interferon-nidticed protein
02 0.201 9 (.7 at 1FI44 44 10561
6.57E- 0.006 208747_ complement component I, &
03 (0.133 7 0.7 s at Cis subcomponent 716
743E~ | 0.052 | 0.000 208885_ Iymphocyte cytosolic protein
04 3 & 0.7 | a - LCP1 L {L-plastin) 3936
T A2E- 0.009 216829_
02 0.173 9 0.7 {a
1.37E- | 0.070 210031 _
03 1 0.001 0.7 | & D247 | CD247 molecule 919
cateye syndrome
187E-~ g.017 219505 chromosoni¢ region,
02 .22 7 0.7 | at CECRI | candidae | 51816
TO67E~ | 0086 | 8.002 202957 hematopoietic cell-specific
03 g 7 0.7 | a HCLS1 | Lyn subsirate 1 3039
167E- | 0.029 | 0.000 208306_
04 g 1 0.7 | x_at
2.536E- | 0.033 | 0.000 221830
(4 3 4 .7 | x at
5,668~ 0.005 212187 _ prostaglandin D2 synthase
03 0.123 4 0.7 | x at PTGDS | 21kDa (brain) 5730
330E- | 0.039 | 0.000 220046
04 4 5 0.7 s at CONLI | evelin i 57018
nascent polypeptide-
7.28E- 0.007 222018 associated complex alpha
03 0.139 3 0.7 |at NACA | subunit 4666
1.32B- (.0153 214567
(2 0.183 3 7 st
major histocompatibility
2.61E- 0.026 213537_ | HLA- complex. class 11 DP alpha
02 .258 | 0.7 | at DPAI 1 3113
2.08E- | 0.032 | 0.000 207734 _ Fymphocyte transmembrane
04 8 3 0.7 | at LAXT | adaptor 1 54900
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1L63E- | 0.029 | 0.000 217610 | SPDYE | speedy homolog E2
04 9 3 07 |a 2 (Xenopus laevis) 441273
4 968~ {1.000 206150_
(4 0.046 1 0.7 |at D27 CD27 molecule 939
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Table 16. Class comparison of the global gene expression profiles of high TN
score ER- tomors to low TN score ER- tumors in the ROCK dataset

(highlighted probe set indicates common in high TN score BLBC and ER-

breast tumours).
5
Fold-
chan
ge
Param Perm f? i
etric utati high Entrezl
‘ FDR TN | ProbeSet | Symbol | Name N
p- onp- | D
. e seore
value valye
VSt
Low
TN
sSgore

pleckstrin homology-like
domain, family A, mémber
2 7262

< le- < fe- | < le-
07 07 07 3.0

carcinoembryonic antigen-
refated cell adhesion
molecule 6 (non-specitic
criss reacting antigen) 4680

272E- | 0.600 | 0.000
05 683 2 2.9

(G protein-coupled receptor,

SO0E- | G000 | < le- family C, group 5, member

07 0338 7 2.8 A 9052
1288~ | 0.002 | 6.000 S106 catehnm binding

04 09 1 2.7 proein P 6286
200E- | 0.000 | < le- FXYD domain containing

07 (168 07 24 1on transport regulagor 3 5349
<le- | <le- | <leg- NATYPYH dehydrogenase,

07 07 (7 2.3 guinone | 1728
S00E- | 0.000 | < le- NAD{P)H dehydrogenase,

07 0338 07 2.2 quinone 1 172§
4.88E- | 0.005 | 6.000 secretory leukoeyte

04 88 5 2.1 peptidase inhibitor 6590
<le- | <le- | < le- ggl nine homolog 3 (C.

07 07 07 2.1 glegans) 112399

calctum/calmodulin-

L96E- | G000 | < le- dependent protein kinase 1

05 531 07 2.1 inhibitor 1 55450
SO00E- | 0.000 | < le- guinolinate

07 0338 07 2.1 phosphoribosvitransferase 23475
200E- | 0000 | < le- NAD{P)H dehydrogenase,

a7 0168 07 21 guinone 1 1728

potassium voltage-gated

3.00E- | 0.006 | < le- channel, detaved-rectifier,

(07 0224 07 2.0 subfamily S, member 3 3790
<le- | < le- | < lg-

07 07 07 2.0 syndecan 1 H382
360E- | 0000 | < le-

06 144 07 2.0 preayleysteine oxidase | 31449
LOOE- | (.000 | < le- 24-dehydrocholesterol

05 317 07 2.0 reductase 1718
843E- | G048 | 0008 | 2.0 S100 calcium binding 6273
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03 1 9 protein A2
<le- | <le- | <le- mathylsterol
07 07 07 240 MSMOI | monooxygenase | 6307
L30E- | 0,000 | < le- F-phosphoadenosine 5'-
06 0677 (07 1.3 PAPSS2 | phosphosulfate synthase 2 2060
3.20E- | 0.000 | 0.000 F-phosphoadenosine 3
05 761 1 1.9 PAPSS2 | phosphosulfate synthase 2 9060
3.84E- | 0000 | < Te- teteawricopeptide repeat
G5 87 07 1.9 TTC39A | domain 3BA 22996
6.518- | 0.007 | 0.000 mcin 1, cell surface
04 27 6 1.2 MUCH associated 4582
G protein-coupled receptor,
136E- | 0.002 | 0.000 family C, group 5, member
04 43 2 1.9 GPRC3A | A 2052
CDP-diacylglycerol
ZO0E- | 0.000 | < le- synthase-(phosphatidate
07 168 07 1.9 CDs1 cytidylyliransterase) 1 1040
<le- | =< lg- | <le- low density lipoprotein
a7 {7 07 1.9 LDLR mreeptor 3949
<le- | <le- | <le- BCL2/adenovirus E1B
07 07 07 1.8 NIP3 19kDa interacting protein 3 664
pyruvate dehyrogenase
LIOE- | 0.000 | < le- phosphatase catalytic
06 (599 07 1.8 PDP1 stibunit 1 54704
9.00E- | 0.000 | < 1le-
07 0313 07 1.8 SQLE squalene epoxidase 6713
v-maf musculoaponeurotic
2H0E- | 0000 | < le- fibrosarcoma oncogeng
06 114 07 1.8 MAFF homolog F (avian) 23764
3.60E- | 0.025 | 0002 muein 1, cgil surface
03 7 5 1.8 MUCI associated 4582
6.90E- | 0.000 | < le-
(6 234 07 1.8 KRTI1§ keratin 18 3873
JIIE- | G004 | 0.000 activated Tevkocyte cell
04 16 b 1.8 ALCAM | adbesion molegule 214
SO00E- | 0.000 | < le- SH3-domain binding
07 (0477 07 1.8 SH3BP4 | protein 4 23677
sodivan channel, non-
1:336E- | 0.067 | 0.012 SCNN1 voltage-gated 1 glpha
0z 6 7 1.8 A subunit 6337
300B- | 0.000 | < le- SOWAH | sosondowah ankyrin repeat
07 0224 07 1.8 C domgain family member C 65124
854E- | G001 | 0.00D
05 57 I 1.8 HOXC10 | homeobox C10 3226
LOTE- | 0.000 | < le-
05 319 07 1.8 PPL periplakin 5493
520E- | 0.001 | 0.000
05 1 I 1.8 PRRISL | proline rich 1S8-like 79170
2.00E- | 0.000 | < le- calmin (calponin-like,
07 (168 07 1.8 CLMN iransmembrane) 79789
1.84E- 0.01% dehydrogenase/reductase
02 0.083 1 1.8 DHRS2 | (SDR family) member?2 10202
LOOE- | 0000 | < le-
06 (1561 07 1.8 SEN stratifin 2810
L8OE-~ | (081 | 0.018
02 8 3 1.8 MLPH melanophilin 79083
solute carrier family 2
1.37B- | 0014 | 0.002 SLC2AT | (facilitated glucose
43 1 1 1.8 0 pranspotter), membege 10 81031
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240E- | 0019 | 0.002 transmembrane channel-
03 3 9 1.8 TMCS like § 79838
LOOE- | 0016 | 0.002
03 2 4 1.8 KRTGC
6256~ | 0.001 | 0.000 molybdenum cofagtor
[65] 25 1 1.7 MQCOS | suthuase 35034
<le- | <le- | < le- CYPS1A
07 07 47 1.7 i
UDP-N-agetyl-alpha-D-
galactosamine:polypeptide
N-
6.32E- | 0039 | 0.O0G7 QALNT | acetylgalactosaminyltransfe
03 2 4 1.7 f rase 6 (GalNAc-T6) 11226
LOOE- | 0.000 | < le- TME
06 0801 D7 1.7 0B transniembrane protein 308 161291
LASE- | 0013 | 0.001 ‘
3 3 3 1.7 SPP1 secreted phosphoprotein | 6696
F93E- | 0001 | 0.000 TPD32L
03 21 2 1.7 i furnor protein P32:-like 1 7164
8.G5E-~ | 6.001 | « lg- mal, T-cell differentiation
05 31 (7 1.7 MALL protein-like 7851
L70E- | 0008 | < le- CUEDC
06 (1836 (7 1.7 I CUE domain confaining | 404093
227E~ | 0095 | 0.021 cysteing-rich secretory
2 6 7 1.7 CRISP3 | protein 3 10321
4.60B- | 0.000 | 0.000 BCL2-associated
06 174 1 1.7 BAGS athanogerne 5 9529
LOOE- | 9.52E | < le- prolyl 4-hydroxylase, alpha
07 -06 07 1.7 P4HAZ polypeptide 11 8974
<le- | <le- | «le- glycogen syithase kinase3
07 07 (y7 1.7 QSK3B beta 2937
<le- | <les | <le-
07 o7 07 1.7 DDT D-dopachrome tautonierase 1652
D9IE- | 0001 | < le-
05 75 07 1.7 IRX5 iroguois homeobox § 10265
CIS55 molecule, decay
accelerating factor for
<le- | <le- | <le- complement (Cromer blood
07 07 07 1.7 CDS5 group) 1604
<le- | <le- | «le- chromosome 14 open
07 07 07 1.7 Cldorfl | reading frame | 1116l
330E- | 0000 | < le-
06 135 07 1.6 ARG2 arginase, type 1L 384
LO3E- | 0.055 | 0.008 SRY (sex deternyining
0z 4 9 1.6 SOXI11 rgeion Y y-hox 11 6664
8.35E- | 0.008 | 0.000
(4 7 8 1.6 RNASE4
4728~ | G005 | 0.000
04 71 7 1.6 FGF13 fibroblast growth factor 13 2258
L70E- | 0.078 | Q.016 aldo-keto reductase family
02 6 6 1.6 AKRIC2 | 1, member C2 1646
532E- | 0001 | < le- growth differentiation
a5 12 07 1.6 DEIS factor 15 9518
2.77E-~ 0.025
02 0.109 3 1.6 KRT16 keratin 16 3868
8.59E- | G008 | 0.00D
04 87 9 1.6 STCH stanmiocalein 1 6781
645E- | 0.007 | 0.000 PPPIR3 | protein phosphatase 1,
04 22 5 1.6 regulatory subumnit 3C 5507
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<le- | <ler | g le- lysosomal-associated
07 07 07 1.6 LAMP2Z | membrane protein 2 3920
9.00E- | 0000 | < le- GRRB2 associated, regulator
07 0513 07 L6 GAREM | of MAPK1 54762
9138~ | 0.009 | 0.000 HSDI78 | hydroxysteroid (17-bets)
04 26 2 1.6 2 dehydrogenase 2 3294
<le- | <le- | < le-
07 07 47 1.6 ZNF593 | zint finger protein 593 51042
L79E- | 0015 | 0.002 ALDHI | aldehyde dehydrogenase 1
03 3 7 1.a A3 family, member A3 220
1L.27E- | (0.002 | 0.000 coagulation factor 11
04 09 2 1.6 F2RL1 {thrombin) receptor-like 1 2130
J05E- | 0000 | < le- destmoylating isopeptidase
08 737 07 1.6 DESI2 2 51029
LO%E- | 0.001 | < le- ALDH6 | aldehyde dehydrogenase 6
04 88 07 1.6 Al family, menmber Al 4329
4.536E- | (.005 | 0.000
04 55 8 1.5 CYB3R2 | cytochrome bS reductase 2 51700
220E- | 0.000 | < le- par-3 partitioning defective
06 102 07 1.5 PARD3 3 homolog (C. elegany) 56288
3A8E- | 0.005 | 0.000
04 02 6 1.3 CGRP gastrin-releasing peptide 2922
I.1I7E- | Q.001 | 0.000 adaptor-related protein
(4 99 i 1.5 AP3DI complex 3, delta 1 subunit 8943
TH0E- | 0.008 | 0.000 EPB41L | ervthrocyte membrane
04 19 § 1.5 4B protein band 4.1 like 4B 54566
303E- 0.032 aldo-keto redustase family
02 0.116 8 1.5 AKRIC3 | 1, memberC3 8644
ATPase, Nat/K+
BISE- | 49 | 0008 transporting, beta |
43 8 g 1.8 ATPIB1 | polypeptide 481
L23E- | 0062 | 0.012
02 8 4 1.5 MYO8 miyosit VI 4646
T.00E- | 0.042 | 0005
03 5 § 15 ZNP632 | zine finger protein 652 22834
342E- | 0000 | < le- S100 calcium binding
05 804 (Y7 4.5 | at SIO0AT | protein A7 6278
carcinoembryonic antigen-
related cell adhesion
340E- | 4000 | 0.000 203757 s | CEACA | molecule 6 {non-specific
05 802 2 3.0 | _at M6 Cross reacting anfigen) 4680
AFEX-
HUMRG
1.56E- | 0.014 | 0.001 B/MIOOS: | LINCOO2 | lony intergenic non-protein
43 1 3 28 |85 m 73 coding RNA 273 649159
AFFX-
12-
1.96E- | 0.016 | 0.001 HsI8SIR
03 6 7 2.7 | NA-S_at
LIIE- | G001 | < le- 203535 85100 caletun binding
04 91 (7 27 | at SI00A9 | protein A9 280
5.HE- | 0.033 | 0.004 206378 | SCGB2A | secretoglobin, family 24,
03 7 8 2.6 |at 2 member 2 4250
L7SE- | 0.002 | 0.000 217528 chloride chanuel sccessory
04 65 3 26 |at CLCAZ 12 9635
3.53E- | 0.001 | < le- 2061668 chloride channel aceessory
03 13 07 24 | _at CLCAZ |2 9635
ITEE- | 0026 | 0.003 202917 ¢ 8100 caletun binding
03 ) 9 22 | S100A8 | protein A8 3279
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3.F7E- | 0004 | Q000 2061655 chloride chanvel accessory
4 22 4 22 | at CLCA2 {2 9635
246E- | 0003 | 0.000 206164 _ ¢hloride chanuel sceessory
04 47 1 2.2 | at CLCA2 12 9635
LAISE- | 0059 | 0.611 208173 anterior gradient 2 homolog
02 8 8 22 | a AGR2 {Xenopus laevis) 10551
LASE- | 0.013 | 0.001 214461 Iipopolysiccharide binding
03 3 1 21 | at LBP protein 3929
SAM pointed domain
LORE- | G016 | 001 220182 containing ets transcription
03 8§ 9 2.1 x_at SPDEF factor 25803
aldo-keto reductase fanuly
4.530E- | 0.000 | < le- 206561 _s | AKRIB1 | 1, member B10 (aldose
06 171 07 2.1 | _at 0 reductase) 37016
SPLE- | 0006 | 0.000 204942 5 | ALDH3 | aldehyde dehydrogenase 3
04 79 4 2.0 | _at B2 family, member B2 232
L76E- | 0.0153 | (.001 214774 TOX high mohility group
03 3 4 20 |z a TOX3 box family member 3 27324
233E- | 0000 | < le- 202712 ¢
05 ohd 07 2.0 _at
< le- <le- | < le- 218145 tribbles homolog 3
7 07 07 28 |at TRIB3 {(Drosophila) 57761
L.99E- | 0.016 | 0.001 217284
Q3 8 ] 20 | x_at SERHILZ | sering hydrolase-like 2 253190
1.58E= | G:Did | 0.001 217276
03 2 & 20 | SERHL2 | serine hydrolase-like 2 233190
L43E- | 0013 | 0.001 216623 TOX high mobility group
03 I 2 20 | x_at TOX3 box family member 3 27324
< te- < fe- | < le- 214073
07 07 (7 2.0 | at CTTN COrtactn 2017
LITE- | (088 | 0.009 200309 _ alpha-2-glycoprotein. 1,
02 6 1 20 | at AZGP zing-binding 563
1.36E- | 0012 | 0.001 205979 | SCGB2A | secretoglobin, family 24,
(3 6 4 1.9 | at i membey | 4246
transcription factor AP-2
2.08E- | 0.089 214451 _ beta {activating enhancer
02 B 0.2 1.9 | at TFAP2B | binding protein 2 betd) 7021
L79E- | 0.081 | 0.018 206799_ | BCGBID | secrgwoglobin, family 1D,
02 4 2 1.9 | a 2 member 2 10647
340E- | 0000 | < le- 203967 _
06 138 07 19 |at CDC6 cell division cyele 6 99()
2.84E- | 0.003 | 0.000 201650_
(4 88 5 19 |t KRTI9 keratin 19 3880
LOOE- | 9.52E | < le- 209605 _ thiosultate sulturtransferase
07 -06 07 1.8 at TST {rhodanese) 7263
§O02E- | G001 | < le- 209016_s
035 51 (7 1.8 | _at KRT7 keratin 7 3855
ZAYE- | 0,003 | Q.000 219300 s | CNTNA | contactin associated
4 5 2 1.8 | _at P2 protein-like 2 26047
v-erb-b2 erythroblastic
leukemia viral oncogene
homolog 2,
336E- | 0.024 | 0.003 216836 5 newro/glioblastony derived
03 4 2z 1.8 | _at ERBR2 oncogens homolog{avian) 2064
NADH dehydrogenase
{ubiguinone) Fe~-S protein
<le~ | <le | <le 211752 % 7, 20kDa (NADH-
07 07 07 1.8 | &t NDUFS7 | coenzyme Q reduciase) 374291
349E- | 0.025 | 0.002 1.8 210397 _ | DEFB1 defensin, beta | 1672
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03 1 at
406E- | 0.000 | < le- 209398_ | HISTIH
05 G909 07 1.8 at 1C histone cluster 1, Hle 3006
T29E- | 0.043 | 0.0056 214243 5
03 3 9 1.8 | _at
S00E- | Q000 | < le- 208774 coagulation factor XI1
(7 (338 07 1.8 | at Fi2 (Hageman facton 2161
S83E- | .006 | 0.000 208978 _
04 71 7 1.8 | at CRIP2 cysieine-rich protein 2 1397
5.68E- | 0006 | Q000 218677_ S100 calctum binding
04 59 6 1.8 | at S100A14 | protein Al4 57402
730E- | 0000 | < le- 214469
06 244 07 1.8 |at
LDOE- | 9.52E | < le- 213508 serine palmitovitransferase,
07 06 07 EE SPTSSA | small subunit A 171546
J.08E- | 0.004 | 0.000 201291 ¢ topotsomerase (DNAY 1T
04 14 1 L8 | _at TOP2A | alpha T70kDa 7153
< le- < le- | «le- 202963 ilvB {bacterial acetolactate
07 07 (17 1.8 |at ILVBL synthasej-like 10994
angtotensin L converting
730E- | 0001 | < le- 219962 enzyme (peptidyl-
05 4 07 1.8 |at ACE2 dipeptidase Aj 2 59272
3.70E- | 0000 | < le- 2039655
06 146 07 1.8 | _a £DC6 cell division eyele 6 990
angiotensin I converting
4.31E- | Q008 | < le- 222257 & gnzyme (peptidyl-
03 986 07 1.8 | _at ACE2 dipeptidase A) 2 59272
6.22E- | 0.001 | 0.000 205364 acyl-CoA oxidase 2,
05 25 1 1.8 | at ACOX2 | branched chain 8309
SO8E- | 0,006 | 0.000 219010 chromosome § open
04 06 5 1.8 |at Clorfl06 | reading frame 106 55765
4.00E- | 0.000 | < le- 209164 s
07 0288 07 1.8 | & CYBS6L | eytochrome b-361 1534
J00E- | 0.000 | < le- ZI8507 hypoxia inducible lipid
07 0224 07 1.8 |at HILFDA | droplet-associated 29923
6.59E- | 0.001 | < leg- 2013405 ectodermal-neural cortex 1
03 3 07 1.7 | _at ENCI (with BTB domain) 8507
Z30E- | 0.000 | < Te- 2007145 cychin-dependent kinase
06 104 07 1.7 | _at CDKN3 | inhibitor 3 1033
2.55E- | (020 | 0.003 210387
03 i 1 L7 |at
7 4BE= 0.000 219410 | TMEM4
04 0.008 8 1.7 |at SA pansmembrang proeirdiA 35076
1218~ | 0.1t 219630 | PDZKII | PDZK1 interacting protein
03 5 (.001 1.7 | at Pl 1 10158
< le- < le- | < le- 204824,
07 07 (7 1.7 | a ENDOUG | endonuclease G 2021
<le- | <le- | <le- 2UEO00L_ niitochondrial ribosomal
07 o7 07 1.7 |at MRPS2 | protein §2 51116
6.00E- | 0000 | < le- 204975 epithelial membrane
a7 0386 07 1.7 | at EMPZ protein 2 2013
1.33E- | 0.012 | 0.001 205238 _
03 4 1 1.7 | at INHBB inhibin, beta B 3625
560E- | 0000 | < le- 205253 pre-B-cell lenkemia
06 202 57 1.7 | at PBX1 homeobox 1 5087
SH6E- | (.036 | 0.008 202859
Q3 i 2 1.7 | x_at 1.8 interfeukin § 3576
2358 | 0003 | 0.000 209621 _s
4 35 3 1.7 _at PDLIM3 | PDZand LIM domain 3 27295
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< le- < le- | «le- 215083 NAD{F) dependent steroid
07 07 07 1.7 |at NSDHIL. | dehydrogenase-like 50814
4728~ | 0.001 | 0.000 206110 | HISTIH
05 o2 | 1.7 | at 3H histone cluster 1, H3h 8337
361E- | 0025 | 0.003 211652 s Lpopotysaccharide binding
a3 7 6 1.7 | _at LEP protein 3929
6.62E- | 0.040 206714 | ALOX15 | arachidonate 15-
03 4 0007 | L7 | at B lipoxygenase, tvpe B 247
T28E- | 0.043 | D.OG6 215108 TOX high mobility group
03 3 8 17 | x at TOX3 hox family member 3 27324
BS53E- | 0008 | 0.001 205442 nticrofibrillar-associated
04 82 2 L7 | at MFAP3L | protein 3-like 9848
LOOE- | 9.52E | < le- 2018485 BCL2/adenovirus EIB
a7 -06 07 17 | at BNIP3 19kDa interacting protein 3 664
<le- | <le- | < le- 208817 catechol-0O-
07 07 07 1.7 |4t COMT mathyltransferase 1312
3.45E- 0.033 220414 | CALML
02 (.128 5 1.7 | at 5 cabmodulin-like 3 51806
4.75E- | 0.001 | 0.000 209114
05 03 1 1.7 | at TSPANL | tetraspanin 1 10103
LOOE- | 0.000 | < le- 219038 MORC family CW-type
06 R0 07 1.7 | at MORCY | zing fioger 4 79710
299E- | 0.000 | < le- 203207 s mitochondrial fission
03 729 07 17 | & MTFRI | regulator | 9650
2.84E- | Q000 | < le- 212325 LIM and calponin
08 708 07 L7 | at LIMCH! | homology domains 1 22998
LOTE- | 0.000 | <« le- 221563 _ dual speeificity
05 333 (y7 1.7 at DUSP10) | phosphatase 10 11221
<le- | <les | <le- 214264 s | EFCAB1 | EF-hand calcium binding
a7 07 07 L7 | _at 1 domain 11 90141
sotute carrier family 6
{rieurotransmitter
1.8OE- | 0.000 | < le- 202219 fransporter; creatine),
06 088 07 1.7 | at SLC6AS | member 8 6535
537E- | QO06 | 4.000 2097735 ribonucleotide reductase
04 32 3 17 | _at RRM2 M2 65241
938E- | 0.601 | 0.000 219288_ chromosome 3 open
05 68 2 L7 | a C3orfld | readinge frame 14 57415
20E- | 0047 | 0.008 214598
03 1 6 1.7 |at CLDNS | claudin 8 9073
3.28E- | 0004 | 0.000 206284
(4 33 4 17 | xoat
3.63E- | 0.004 | 0.000 201417
04 68 3 1.7 | x at
LO2E- | G.G106 | 0.000 208180 s
03 1 9 1.6 | at
7.HE- | 0.000 | < le- 201287 s
06 239 07 1.6 | _at SDCI syndecan 1 6382
AFFX-
HUMRG
3.82E- 0.035 E/MI0G8
0z 0.137 2 1.6 | 8. M
S.00E- | 0.000 | < le- 218261 ddaptor-related protéin
07 0477 07 1.6 |at APIM2 complex 1. mu 2 subunit 10053
138E- | 0.002 | < lg- 2046785 potassium channel,
04 22 7 1.6 | _at KCNK1 subfamily K, member 1 3775
LSIE- | 0000 | < le- 204179
05 431 07 1.6 |at MB myoglobin 4151
<le- | <le- | <le- 1.6 | 5364 &t ONALl guanine picleotide binding 2767

SUBSTITUTE SHEET (RULE 26)




WO 2015/135035 PCT/AU2015/050096
187
07 07 07 protein {G protein), alpha
1T (Gg class)
1.39E- | 0.068 | 0.013 219612 5
02 6 7 16 | _at FGG fibrinogen ganmnia chain 2266
L2SE- | 0.002 | 0.000 201846 s RING1 and YY1 binding
G4 07 i 1.6 | _at RYBP protein 23429
AFFX-
j#
Hs18SR
*79E- 0.034 NA-
02 0.136 9 1.6 | M x a
360E- | 000 | < le- 202275 glucose-6-phosphate
06 144 (7 1.6 | at G6PD dehydrogenase 2539
2.80E- | 0.000 | < le- 213246 | TMEM2
06 12 07 .6 | at 51 transmembrang protein 251 26175
LS0E- | 0000 | < le- 212460 serine paluiitoyltransferase,
(6 76 07 1.6 | at SPTSSA | small subunit A 71546
LOOE- | 9.52E | < le- 2031895
07 -06 07 1.6 | _at
LGYE- | 0.002 | 0.000 208346 | HISTIH
04 38 2 L6 | x.at 2BH histone cluster 1, H2bh 83435
FO9E- | 0000 | < Te- 216607 _s
05 537 07 1.6 | _at
2Z00E- | 0000 | < le- 202528 LDP-galactose-4-
07 0168 07 1.6 | at GALE eplmerase 2582
<leg- | <le | <les 202587 s
07 07 07 1.6 | _at AK1 adenylate kinase 1 203
2.81E- | 0.003 | 0.000 212328 LIM and calponin
04 84 3 1.6 | at EIMCHI | homology domains | 22998
236E- | 0003 | 0.000 204679 potassium channel,
04 35 2 1.6 | a KCNK | subfamily K, member | 3775
LA9E-~ | (.000 | < le- 208677_s
05 407 07 1.6 | _at BSG basigin (Ok blood group) 682
9.60E- | 0000 | < le- 209008_
06 306 07 1.6 | x at KRTH keratin 8 3856
procollagen-lysine, 2-
1L76E- | 0.013 | 0.001 202619_s oxoglutarate S-dioxygenase
03 3 7 16 | _at PLOD2 2 5352
KDEL:{Lys-Asp-Glu-Leuw)
6.73E- | 0001 | < le- 204017_ endoplasiiic reticulum
05 32 07 1.6 | at KDELR3Y | protein retention receptor 3 T10LS
LOOE- | (.000 | < le- 202790
06 0909 07 1.6 |at CLDNT | cladin 7 1366
208E- | 0089 | 0018 204914 5 SRY (sex determining
0z 8 5 1.6 | _a SOX11 region Y)-box 11 6664
S70E- | 0.006 | 0.000 202912
04 8] 7 1.6 |t ADM adrenomedullin 133
careinoembryonic antigen-
4.28E- | .029 | 0.003 201884 | CEACA | related cell adhesion
03 4 9 1.6 | at M3 molecule § 1048
UbP
357E- 0.034 211682 | UGT2B2 | glucurenosyltransferase 2
02 .13 7 1.6 | x at 8 family. polypeptide B28 54490
4.00E- | 0.000 | < le- 204867_ GTP cyelobydrolase 1
07 0288 07 1.6 |at GCHFR | feedback regulator 2644
<le- | <le | <le- 214463
07 07 07 1.6 | x at
1L98E- | G087 | 0.022 209125
02 3 6 1.6 |at KRT6A | keratin A 3833
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876E- | 0.001 | Q000 208579
{05 6 1 1.6 x_at
239E- | 0.099 | 0.020 212531
02 2 1 L6 | at LON2 lipocalin 2 3934
LO7E- | 0010 | 0.001 215779 5
43 3 8§ 1.6 | _at
L92E- | 0.002 | 4.000 214710 5%
04 85 2 1.6 | _at CCNBL | cvelin Bl 891
395E- | 027 | 0.003 202870 ¢
03 3 7 e | _ar COC20 | ecell division eycle 20 991
9.86E- | 0.009 | 0.001 205158 _ ribonuglease, RNase A
04 83 1 1.6 | at RINASE4 | family, 4 6038
3826~ | 0000 | < le- 208963
5 869 07 1.6 | % at
S04E- | 0.033 | 0.004 2111105
03 2 6 1.6 | _at AR androgen recepior 367
LIE- | G016 | D001 204952 LYO/PLAUR domain
03 8 6 16 |at LYPD3 containing 3 27076
dopa decarboxylase
ZO2E- | (3.003 | 0.000 205311 _ (aromatic L-amino acid
04 95 1 1.6 at DDC decarboxylase) 1644
LOTE- | 0.010 | 0.001 209919
03 3 5 1.6 | x_at
sterol=Ca-desaturase
{ERG3 delta-S-desatarase
3.10B- | 0004 | 0.000 211423 5 homolog, S cerevisiae)-
O 15 4 1.6 at SC3DL like 6309
processing of precursor 7,
<le- | <le- | <le- 2009482 ribonuclease PAMRP
07 07 07 1.6 | at POP7 subunit {S. cerevisiae) 10248
4.53E- 204623 _
02 0152 | 0.045 1.6 | at TFF3 trefail factor 3 (Intestinal) 7033
ectonucleotide
4.92E- | 0005 | 0.000 205066_s pyrophosphatase/phosphadi
04 9 5 1.6 | _at ENPP1 esterase | 5167
1.56B= | 0000 | < le- 212051 WAS/WASL interacting
05 443 07 16 | at WIPF2 protein family, member 2 147179
6.79E- | 0.001 | < le- 218260 DET! :nd DDB1
03 33 07 1.6 | at DDAL associated 1 79016
370E- | 0000 | «le- 200616_s
06 146 07 1.6 | _at MLEC malectin 9761
247E- | 0019 | 0.003 201952 activated leukogyte cell
03 6 1 1.6 | at ALCAM | adhegion molecule 214
LOOE- | 9.32E | < le- 214212
07 -6 07 1.6 X at FERMT?2 | fermitin fansly member 2 10979
L20E- | 0002 | < le- 200832 5 stearoyl-CoA desatarase
(4 03 07 16 | _at SCD {delta-9-desaturase) 6319
fucosyltransferase 3
(ealactoside 3(4)-L-
1S0E- | G.000 | 0.000 214088 _¢ fucosyltransferase, Lewis
0§ 519 I Lo | _at FUT3 blood group) 2525
LOYE- | 0018 | 0.001 212327 LIM and calponin
03 6 2 1.6 |at LIMCHI | homology domaing 1 22998
discs, large (Drosophila)
4.06E- | 0.005 | 0.000 203764, homolog-associated protein
04 1 1 1.6 |at DLGAPS | 5 9787
3.00E- | 0000 | < le- 219819 & mitochondrial ribosonial
07 (224 07 1.6 | _at MRPSZS | protein 528 28957
3.00E- | 0000 | < le- 1.6 1202201 | BLVRB | biliverdin reduciase B 645
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06 126 07 at {flavin reductase
{(NADPHN
L50E- | 0.000 | < le- 218451 CUR domtain containing
06 (76 07 L6 | at CDCPL | protein | 54866
LOYE- | 0001 | 0.000 201037_ phosphofructokinase,
G4 59 2 1.6 | at PEKF platelet 3214
<le- | <le- | < le- 218189 5 N-acetylneuranmunic acid
07 07 07 16 | _at NANS synthase 54187
TA2E- | G069 | 0014 205239 _
02 7 ! 16 |at
LESE- | 0.016 | 0.001 218884 s newropilin (NRP) and
03 1 7 L6 | _at NETOZ | tolloid {TLL)}-like 2 81431
LAYE- | 0.002 | 0.000 215145 5 | CNTNA | contactin associated
(4 38 i 16 | _at P2 protein-Hke 2 26047
<le- | <le- | < le- 2206885 mRNA wmover 4 honoloz
07 07 07 1.6 | _at MRTO4 | (8. cerevisiae) 51154
NADH dehydrogenase
<le~ | «le- | < le- 202839 s | NDUFB | (ubiquinone) T beta
07 07 (17 1 | _at 7 subcomplex, 7, 18kDa 4713
LOOE- | 952E | <le- growth arrest-specific 2 like
07 -06 07 1.6 | 31874 at | GASZLY | 1 10634
LO3E- | 0,055 | 0.008 210761 _s growth factor receptor-
02 2 2 1.6 | _at {GRB7 bound protein 7 2886
355E- | 0.006 | 0.000 217771 _
04 47 6 16 | at GOLMI | golpi miembrane protein | 31280
small nuclear
9.00E- | 0.000 | < le- 218493 | SNRNP2 | ribonucleoprotein 25kDa
07 0513 07 1.6 | at 5 (UL1AU12) 79622
< te- < fe- | < le- 218206_ | SCAND
07 07 07 1.6 x_at { SCAN domain containing 1 51282
LZTE- | (.002 | 0.000 203786_s | TPD32L
04 60 2 1.5 _at 1 tunior protein D52-like | 7164
9.00E- | 0001 | 0.000 204348
05 63 2 1.5 | &t
<le- | <le- | < le- 212540
07 07 07 1.5 | at CDC34 cell division cycle 34 997
620E- | 0001 | < le- 201702 _s pratein phosphatase 1,
05 25 07 L5 | _at PPPIR1Q | regulatory subunit 10 5514
3.53E- | 4004 | 0.000 2006325 N-myc downstream
(4 58 6 L8 | _at NDRGE | regulated | 10397
<le- | <le- | <le- 208336 s wans-2,3-enovi-CoX
(7 (7 07 1.3 il TECR reductase 9524
<le- | <le- | <le- 205141 _ angingenin, ribonuclease,
07 07 07 1.5 | at ANG RNase A family, 5 283
900E- | 0000 | < le- 212807 _s
07 {513 (7 1.5 | at SORT1 sortilin | 6272
239E- | 0.099 | 0.021 213711
02 4 5 1.5 | at KRTS81 keratin 81 3887
291E- | 0.000 | < le- 219929 5 | ZFYVE2 | zing finger, FYVE domain
05 717 07 1.3 | _at 1 containing 21 79035
LA8E- | 0.000 | < le- 2140045
03 447 07 1.5 | _at VGLL4 | vestigial like 4 (Drosophila) 2686
L32E- | 002 | 0.000 217188 s chromasonie 14 open
04 14 2 1.5 _at Cldorft reading frane 1 11161
LGOE- | 0.000 | < le- 211612 5 nterfeukin 13 receptor.
05 464 07 1.5 | _at ILI3RAL | alpha | 3597
9.06E- | 0.009 209322 s carniting O-
o4 2 0.001 1S A CRAT acetyliransferase 1384
<le- | <le- | ¢le- | 1.5 | 218188 5 | TIMMIZ | wanslocase of innet 26517
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07 07 07 _at mitochondrial membrane
13 homolog {veast)
minichromasome
L57E- | 0.002 | 0.000 22141 maintenance complex
04 34 2 1.5 | at MCM4 conponent 4 4173
steroid-S-alpha-reductase,
alpha polypeptide T (3-oxo-
§.24B- | 0.008 | 0.000 2109359 5 5 alpha-steroid delta 4-
04 62 4 1.5 | _a SRD3AL | dehydrogenase alpha D) 6718
2.12E- | 0.003 | 0.000 202890_ raicrotubule-associated
04 08 3 1.5 | at MAP7 protein 7 9053
5.30E- | 0006 | < le- 218049 ¢ mitochondrial ribosomat
06 196 07 1.5 | _at MRPL13 | protein 113 28998
1L8SE- | 0.016 | 0.001 217562_ fanuly with sequence
03 )] 3 1.5 | at FAMSC | sunilarity 5, member C 339479
LASE- | 0000 | < le- 219390 FK506 binding protein 14,
05 349 07 15 | at FKBP14 | 22KDa 35033
6.30E- | 0.000 | < le- 202671 _5 pyridoxal (pyridoxine,
06 22 07 1.5 _at PDXK vitamin Bb)y kinase 8566
wingless-type MMTV
2.34E-~ 0.002 205990 integration site fanily,
03 0.019 9 1.5 | _at WNTSA | member SA 7474
1.15E- 0.011 219529 _ chloride intracellular
02 0.06 4 1.5 | a CLIC3 chavmel 3 9022
NADH dehydrogenase
<le- | <le- | <le- 218160 | NBUFA | {ubiguinone) 1 alpha
(07 07 07 1.5 | at 8 subcomplex, 8, 19kDa 4702
LOIE- | 0016 | 0.001 202095_s baculoviral IAP repeat
03 3 2 15 | _a BIRCS containing 3 332
UDP-N-acetyl-alpha-D-
galactosamine: polypeptide
N-
§.76E- | 0.008 | 0.000 203397 s | GALNT | acetylgalactosaminylivansie
0Od 98 8 1.5 | _at 3 rase 3 {GaINAC-T3) 2591
FLFTE- | 0000 | < le- 221734
05 475 07 1.5 | at PRRC1 proline-rich coiled-coil 1 133619
LA3E- | .013 | 0.001 218186 RAB25, member RAS
3 9 1 L8 |at RAB25 oncogene family 57111
LDOE- | 9.52E | < le- 203190
a7 06 067 1S5 | at
LIGE- | 0.011 | §.000 204941 s | ALDH3Y | aldehyde dehydrogenase 3
3 4 9 1.5 _at B2 family, member B2 222
<le- | <le- | <lg- 209194
07 07 (7 1.5 |at CETNZ2 | centrin, EE-hand profein, 2 1069
2H9E- 0.026 206463 _s dehydrogenase/reductase
02 0.107 2 1.5 | _at DHRS2 {(SDR familyy member 2 10202
431E- | 0.005 | 6.000 210613 s | SYNGR
04 32 3 LS | a 1 symaptogyrin 1 9145
AFFX-
r2-
2.69E- HsZHSIR
(2 0.107 | 0.026 1.5 | NA3 at
2.25E- | L0188 | 0.001 Z08U79. &
03 4 4 1.5 | _at AURKA | awora kinase A 6790
273k~ {0.029 211653 dldo-keto reductase family
(2 0.108 4 1.5 | x at AKRIC2 | 1, member C2 1646
L.30E- | 0.000 | < le- 203740 | MPHOS
a5 387 07 1.5 | at PH6 M-phase phosphoprotein 6 10200
E.66H- | 0.001 | 0.000 1.5 | 213843_ | SLCGAS | solute carrder family 6 6535
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05 59 1 x at {neurotransimitier
fransporter, creating),
memier 8
L77E- | 0.015 | 0.001 219978 s nucleolar and spindle
03 4 3 LS | _at NUSAP! | associated protein | 51203
500B- | 0000 | < le- 203282 glucan (1, 4-alpha-),
g7 0338 07 1.5 |at GBEIL branching enzyme 1 2632
2.39E- | 0.019 | 0.002 2074695 pirin (iton-binding nuclear
03 2 4 1.5 | _at PIR proteind §544
4.08E~ 0.044 201983 ¢ epidermal growth factor
02 0.142 7 1.5 | _at EGFR recepior 1956
4. 10E- | 0.000 | < le- 210088 | MAPK1 | mitogen-activated protein
06 158 07 LS | at 3 kinase 13 5603
1L.46E- 0.613 217014 5
02 0.071 3 1.5 | _at
7608~ | 0.000 | < le- 208928 P430 (¢ytachrorag)
06 251 07 15 @ POR oxidoreductase 5447
kynurenine 3-
LOIE- | 0:085 | 0.020 205306_ MONoDXYLLNase
02 I 4 L5 | x_at KMO (kynurenine 3-bhydroxylase) 8564
Z26E- | 0.000 | < le- 209806 | HISTIH
05 592 07 15 |a 2BK histone cluster 1, H2bk 85236
4.98E- 0.003 212458 sprouty-related, EVH1
03 (0.033 1 1.5 | at SPRED2 | domain containing 2 200734
304E- | 0004 | 0.000 218280_
(4 09 6 18| x st
guanine nucleotide binding
<le- | <le- | <le- protein (G protein), alpha
07 07 07 1.5 | 40362_at | GNATI 11 G class) 2767
523E- | 0,006 | 0.000 209911 | HISTIH
04 19 2 1.5 | x at 2BD histone cluster 1, H2hd 3017
L29E- | (.002 | < le- 214472
(4 1 7 1.5 |at
6.52E- | 0007 215780 s
(s 27 0.001 1S |
3.09E- (3.003 202975 _s | RHOBT | Rho-related BTB donwain
03 0.023 8 15 | &t B3 containing 3 22836
S.H0E- | 0000 | < le- 219061 _s
06 19 (7 £.5 | _af LAGE3 L antigen family; member 3 8270
L24E- | 011 210904 s interleukin 13 receptor,
43 7 0.001 1.8 | & ILI3RAL | alpha | 3597
1L70E- | 0002 | 0.000 201791 _s T-dehydrochelesterol
4 59 1 15 | DHCR7 | reductase 1717
LOOE- | 0.000 | < te- 218498 s
06 0561 07 1.5 | _at EROIL | EROI-like (8. cerevisiae) 30001
CD53 molecule, decay
accelerating factor for
138E- | G000 | < lg- 201925 ¢ complement (Cromer bloed
03 406 (7 1.5 | at CDs5 roup) 1604
343E- 0.034 203571 _s adipogenesis regulatory
02 (0.127 4 1.5 | _at ADIRF factor 10974
2.80E- | 0003 | 0.000 2058379
4 34 5 1.5 | at CBR3 carbonyl redugtase 3 874
1.O2E- | 0001 | 0.000 216804 3
04 79 1 1.5 | _at PDLIMS | PDZ and LIM domain § 10611
832E- | G008 | 0.001 214290 5
04 68 2 L5 | at
262E- | 0.020 202620 s procollagen-lysine, 2-
03 5 0.003 1.5 | _at PLOD2 oxoglutarate S-dioxygenase 3352

SUBSTITUTE SHEET (RULE 26)




WO 2015/135035 PCT/AU2015/050096
192
2
200E- | 0000 | < le- 214768 imnunoglobulin kappa
07 U168 7 0.3 | x at 1GKC constant 3514
LOOE- | 9528 | < le- 211644
07 -06 (7 0.3 | x al
<le- | <le- | <le- 27148
07 o7 07 0.3 | x at
200B8- | 0.000 | < le- 216491 _ immunoglobulin heavy
a7 0168 07 03 | % at IGHM constant mu 3507
<le- | <le- | < le- 205267_ | POUZAF | POU class 2 associating
07 07 07 0.3 | at i factor 1 5450
< le- < le- | < le- 211637
07 07 (07 0.3 | x at
220E- | 0.000 | < le- WATTT_
06 102 07 0.3 | at
LAOE- | 0.000 | < le- 211634
06 {599 07 03 | x at
2.00B- | 0.000 | < le- 209374 % imnmnoglobulin heavy
07 0165 07 0.3 | _at IGHM constant mu 3507
<le- | <le- | <lg- 217179,
07 07 07 0.3 | x_at
< le- <le- | <le- 216984
07 07 07 04 | x at
J00E- | 4000 | < le- 216576
07 (0224 07 04 | x at
9.00E- | 0000 | < e 217022 s
07 0513 07 04 | _a
<le- | <le- | < le- 217235_ immuonoglobulin lambda-
07 07 07 04 | x_at IGLLS like polypeptide 5 TE+08
- 1L70E- | 0.000 | < le- 211635_
06 0836 07 04 | x at
LIOE- | (.000 | < le- 216401 _
06 0599 07 04 |x_at
LDOE- | 9.528 | < le- 217281
07 <06 07 04 | x at
2708~ | Q000 | < le- 216510
06 116 07 04 | x_ at
LOOE- | 9.52E | < le- 211643
07 06 07 0.4 | x at
L20E~ | 0.000 | < le- 25176 immunoglobulin kappa
06 0634 07 0.4 | x_at IGKC constant 3514
LOOE- | 952K | < le~ 216557_
a7 06 07 04 | x st
innunoglobulin I
polypeptide, linker protgin
S00E- | 0000 | < le- 212592 for immunoglobulin alpha
07 (338 07 04 | at 1G] and mu polypeptides 3512
S.00B- | G000 | <lg- 214916
07 {513 (7 0.4 | x_at
F74E- | 0.015 | 0.001 205044 ganuma-aminpbutyric agid
03 2 3 04 | at GABRP | (GABA) A receptor, pi 2568
T20E- | 0.000 | < le- 211645
06 241 07 04 {xa
profein tyrosine
<le- | <le | «<le- 212588 phosphatase, receptor type,
07 07 07 04 |at PTPRC C 5788
<le- | <le- | <le- 210915 T cell receptor beta
07 07 (7 0.4 | x_at TRBCI constant 1 28639
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7.62E- | 0.006 | 0000 203915 chemekine(C-X-C motif)
05 45 5 04 | at CXCLY | ligand 9 4283
Z00E- | 0.000 | < le- 211650
07 0168 07 04 | x at
LAOE- | 0000 | < le- 214973 immgnoglobulin heavy
06 0717 07 04 | x_ at 1GHD constant delta 3495
protein tyrosine
<le- | <ler | < le- 207238 % phosphatase, receptor type,
07 07 07 04 | _at PTPRC | C 5748
600E- | 0.000 | < le- 217227_ | IGLV 1~ | immunoglobulin lambda
07 (386 07 04 | x at 44 variable 1-44 28823
LOOE- | 9.52E | < le- 211796 s
07 -6 07 04 | _at
<lg= | I | <le- 206666 granzvine K {granzyme 3;
a7 07 07 04 | a GZMK | wypase U) 3003
S05E- | 0.001 | 0.000 216560 imnmnoglobulin lambda
03 07 1 04 | x at 1GLLT constant 1 (Meg miarken) 3537
7.00E- | 0.000 | < le- 216207 _
07 {1425 (7 04 | x_at
201E- | 0,002 | <le- 2058905
04 95 07 04 | _at
292E- | 0.000 | < le- 210072 chemokine (C-C motih
g5 717 07 04 |at CCL1Y ligand 19 6363
9.00E- | 0.000 | 0.000 217378
06 289 I 04 | x &
L9OE- | 0.000 | 0.000 209138
06 (0909 1 04 | x at
<le- | wle- | <lg- 208798_ | GOLGA | golgin AS family, member
07 07 07 0.5 | x at BA A 23015
3A0E- | 0000 | 0.000 214677 _
06 129 ! 0.5 | x_at
<lg- | <le- | <le- 211868
07 07 07 0.5 | xoat
colonty stimulating tactor 2
4.00E- | 0.006 | < le- 203159 receptor, betd, low-affinity
07 (28% 07 0.5 |at CSF2RB | (granulocyte-macrophags) 1439 |
380E- | 0000 | < le- 2798 immumoglobalin Jambda
06 149 (Y7 0.5 | x at IGLI3 joining 3 28831
LD3E- | 0001 | 0.000 211430 5
(4 81 1 0.5 | _at
2.70E- | 0000 | <le- 204891 _s Lymphocyte-specitic protein
06 116 07 05 | _a LCK fyrosine kinase 3932
360E- | 0.000 | < te- 217480
06 144 07 0.5 | x.at
188E- | 0.016 | 0.001 205242 chemokine (C-X-C motil)
03 1 3 0.5 |at CXCLI3 | lieand 13 10363
300E- | 0.008 | < le- 205831 _
07 0224 07 0.5 |at CD2 CD2 molecule 914
<le- | <le | <le- 204116 interlenkin 2 receptor,
a7 07 07 05 |at IL2RG ganma 3561
S.00E- | 0.000 | < le- 207339 % lymphotoxin beta (TNF
07 0477 07 05 | _at LTB superfamily, member 3) 4050
6.0DE- | 6.000 | < le- 212827 immunoglobulin heavy
07 {1386 (7 0.5 |at IGHM constant nig 3507
&31E- | (0.001 | 0.000 25214,
05 55 2 0.5 |at
LOOE- | 9528 | < le- 215949
o7 -(6 07 0.5 Ixa
THO3E- | 0001 | 0000 | 0.5 | 204363 | SELL selectin L 6402
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05 49 1 at
2.50E- | 0.000 | 0.000 214669 immunoglebulin kappa
{6 111 1 0.5 X_dt IGKC constant 3514
LO7E- | 0001 | < le- 206134 | ADAMD
04 86 07 0.5 |at EC1 ADAM-like, doeysin 1 27299
TO0E- | 0000 | < le- 217258 | IGLVI- | immunoglobulin lambda
07 0425 07 035 | xat 44 varigble 144 25823
intngnoglobulin heavy
3G4E- | 0000 | < e 211633 constant gamma 1 (Glm
08 858 07 0.5 | x at IGHG1T mnarker) 3500
<le- | <le- | g le- 210425
07 07 07 0.5 | x at
J00E~ | 0000 | < le- 211639
a7 (224 07 05 |xa
ectonuclentide
5.16E~ | 0001 | < le- 209392 _ pyrophosphatase/phosphodi
(5 09 07 0.5 | at ENPPZ | estorase 2 5168
J.00E- | 0.000 | < le- 213193 T cell receptor betd
07 0224 07 03 | x.at TRBCI constant 1 28639
LODE- | 9.52E | < le- 212314 sel-1 suppressor-of lin-12-
07 -(J6 (7 0.5 |at SELIL3 | Jike 3 (. elegany) 23231
4 40E- | 0.000 | 0.000 215379
06 168 | 0.5 | x.a
major histocompatibility
T35E- | 0.043 | 0.005 203290 | HLA- complex, class 11, DG alpha
03 6 8 0.5 |at DOAI 1 3117
2.70B- | 0.000 | 0.000 215121
(6 116 1 05 | x.a
<le- | <le- | <lpg- 213142 pizeon homolog
07 07 (7 0.5 | x at PION (Drosophila) 34103
LOOE- | 9.52E | < le- 217157 _
07 -06 07 0.5 | x at
1.20E- | 0.000 | 0.000 211881_ wnmunoglobulin lambda
Q5 352 I 0.5 xat IGLI3 joining 3 28531
6.748- | 0.040 | 0.005 213831 _
03 9 7 05 |at
<le- | <le- | <le- 209670 T cell receptor alpha
07 07 07 (05 | at TRAC constant 28755
- S37E- | 0.001 | 0.000 27767 _
05 12 1 0.5 |at C3 complement compouent 3 718
<le- | <le- | <le- 213502 | GUSBPIL | glucuronidase, beta
07 7 07 0.5 |x.at 1 pseudogene 11 91316
< le- < le~ | < le- 204912 interleukin 10 receptor,
07 07 07 0.5 | at ILIORA | alpha 3587
<le- | <le- | < le- 209685_s
07 07 07 035 | _at PRKCB | protein kinase C, beta 3579
<le- | «<le- | <lg- 222150 ¢ pigeon homolog
07 07 07 0.5 | _at PION {Drosophila) 34103
tmmunoglobulin lambda-
<le- | <les | <le- 215946 like polypeptide 3,
07 o7 07 0.5 |x.at IGLL3P | pseudogene 91353
S00B- | 0000 | < le- 206337 _ chemokine (C-C moth)
07 0338 | 07 0.5 |at CCR7 receptor 7 1236
TAOE- | 0.000 | < le- 213888 _s | TRAF3L | TRAE3 interacting protein
06 246 07 0.5 | _at P3 3 80342 |
LOOE- | 0.000 | 0.000 214836
06 561 1 0.5 x_at
200E- | 0000 | < le- 204674 tyniphoid-restrigted
07 0168 07 0.5 | a LRMP membrane protein 4033
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6.80E- | 0.000 | Q000 211908 immunoglebulin kappa
6 232 1 0.5 x_at IGK®@& Iocus 50802
< le- < Je- | < le- 211649
07 07 07 0.5 | x at
Xnactive specific
S.14E- | 0001 | 0.000 221728 transcript {(non-protein
(5 52 3 0.5 | x at XIST coding) 7503
phosphatdylinositol-4,5-
LOOE- | 9.52E | < le- 203879_ bisphosphate 3-kinase,
07 -06 07 05 |a PIK3CD | catalytic subunit delta 5293
<le- | < le- | < le- ARHGA | Rho GTPase aetivating
07 07 (594 0.5 38149 at | P23 protein 23 9938
6.00E- | 0.000 | < lte- 205665_
07 0386 07 0.5 |at LY75 lyniphocytie antigen 75 4065
200E- | 0000 | < le- 204057_ interferon regulatory factor
a7 0168 07 0.5 | a IRKS 8 3394
1.28E- | 0.064 | 0013 220625 % E74-like factor 5 (ets
02 6 4 05 | _at ELF3 domain transcription factor) 2001
6.20E- | 0.000 | 0.000 221671 _
06 217 1 0.5 | x at
F37E- | 0.002 | 0.000 214637 5
04 2 4 0.5 | _at
S00E- | 0000 | < le- 204118
07 0338 07 0.5 | at CD48 CD48 molecule 962
4708~ | 0000 | 0.000 221681_
06 178 f 05 | xm
Ch79a molecule,
6.00E- | 0.000 | 4.000 205049 g immuonoglobulin-associated
07 0386 1 0.5 | _at CD79A | alpha 973
| 1.90E- | 0:000 | « le- 211742 s ecotropic viral integration
06 0909 (y7 0.5 | _at EVIZR site 2B 2124
3T4E- | 000 | < le- 202746 integral membrane protein
05 856 7 0.5 |at ITM2A 2A 9452
4448~ | 0000 | < le- 203868 s vascular cell adbesion
05 98 07 0.5 | _mt VCAMT | miclecule 1 7412
3.66E- | 0.004 | 0.000 216853
04 71 5 035 | x.oat
4.80E- | 0.005 | 0.000 205569_ lysosomal-associated
04 79 7 0.5 | at LAMP3 | membrane protein 3 27074
membrane-spanning 4-
3S51E- | 4000 | < le- 210356 domains, subfamily A,
03 2 07 0.2 | x at MS4AT niember 1 931
9.10E- | 0000 | < le- 211641
06 292 07 0.5 {xat
3.23E- { 0.001 | < le- 212311 sel-1 suppressorof ln-12-
03 I 07 0.6 at SELIL3 | like 3 (C. glegans) 23231
<le- | <le- | <lg- 221978 raajor histoconpatibility
07 07 (7 0.6 |at HLA-F complex, ¢class I F 3134
3.19E- | (0.000 | 0.000 208335 5 Duffy blood group,
05 759 | 0.6 | _at DARC chemokine receptor 2532
<le- | <le | <le- 213160
a7 07 07 06 |at DOCK2 | dedicator of eytokinesis 2 1794
< le- < le- | < le- 202510 5 | TNFAIP | tumor necrosis factor,
07 07 07 0.6 | _at 2 alpha-induced protein 2 7137
2.89E- | G.000 | < le- 205861 _ Spi-Btranscription factor
05 657 (7 0.6 |at SPIB (Spi-1/PU. 1 related) 0689
<le- | <le- | <le- 213375 s | N4BP2L | NEDD4 binding protein 2-
07 07 07 0.6 | _at 1 like 1 90634
481E- | 0001 | 0000 | 0.6 | 212671 5
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05 04 1 _at
<le- | <le- | g le- 211338 ¢
07 07 07 0.6 | _at ITK ILZ2-inducible T-cell kinase 3702
LOCE- | 9.52E | < le- 203471 _s
a7 06 07 0.6 | _at PLEK plecksirin 5341
<le~ | <Te- | < le- 212232
07 07 07 .6 at ENBP4 formin binding protein 4 23360
granzyme A (granzyme 1,
9418~ | 0001 | < 1g- 2003488 _ eytotoxic T-lyniphocyte-
05 69 07 0.6 | at GZEMA associated serine estérase 3) 3001
00000 | 0.000 | < le- 213539 CD3d molecule, delta
3 731 07 0.6 | at Ch3b (CD3-TCR complex) 915
0.0000 | 0.000 | < le- 211748 prostaslandin D2 synthase
(113 0677 07 0.6 | x at PTGDS 21kDg (brain) S730
0.0000 | Q000 | < le- 204198 5 runi-related trapseription
164 461 07 06 | _at RUNXY | factor 3 864
<le- | <le | < lg- 214093 5 far upstream element
07 07 7 0.6 | _at FUBPI (FUSE) binding protein 1 8840
0.0000 | 0.000 | < le- 209606 cytohesin T interacting
045 171 {17 0.6 |at CYTIP protein 9595
<le- | <le- | <le- 212980 ubiquitin specific peptidase
07 07 07 0.6 |at USP34 34 9736
0.0005 | 0.006 219014
974 83 0001 | 066 |at PLACE | placenta-specific B 51316
00600 | 0.000 | < le- 210972
165 462 07 0.6 | x.a
ectonucleotide
Q0000 | Q001 | < lg- 210839 ¢ pyrophosphatase/phosphodi
847 57 (7 0.6 | _at ENPP2 esterase 2 3168
0:0000 | 0001 | 0.000 211640
634 27 | 0.6 | xat
major histocompatibility
0.0173 | 0079 | 0016 209480_ | HLA- complex, class 11, DG beta
219 S 6 0.6 at. DB 1 3119
cat eye syndrome
Q0000 | 0.00G | < le- 219505 chromosome region,
(024 107 07 06 |at CECR1 candidate 1 51816
GO000 | Q000 | < le- 221601 _s Fas apoptotic inhibitory
308 742 07 (6 | at FAIM3 molecule 3 9214
poliovirus receptor related
G.0000 | 0000 | < le- 219812 immunoglobulin domain
807 (425 07 0.6 | at PYRIG comaining 79037
0.0003 | G004 | 0.000 214453 5 interferon-induced protein
28 33 3 0.6 | _a [F144 44 10561
<le- | <l | <le- 203332 5 inositol polyphosphate-5-
07 07 07 0.6 | _at INPPSD | phosphatase, 145kDa 3635
0000 | Q000 | < le- 204661
143 415 07 0.6 |at CIS52 CIx52 molecale 1043 |
X inactive specific
(.0000 | 0.001 | 0.000 214218 s transeript {non-protein
513 08 4 0.6 _at XIST coding) 7503
00001 | G001 | 0.000
{76 86 2 0.6 | 34210 _at | CD52 (D32 molecule 1043
< 1é- < le~ | o< le- 217317 s
a7 (7 067 0.6 | _at
GO0a0 | Q000 | < le- 210538 s baculoviral TAP repeat
002 0168 07 06 | _at BIRC3 containing 3 330
o008 | 0006 | < le- 221602 % Fas apoptetic inhihitory
068 232 (7 0.6 | _at FAIM3 molecule 3 2214
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00000 | 0000 | < le- 204882 | ARHGA | Rho GTPwse activating
044 168 07 0.6 | at P25 profein 25 9938
0.0000 | D000 | < le- 204192
062 217 07 0.6 |at CD37 CD37 molecule 931
<lg= | <le- | <le- 205997 | ADAMZ | ADAM metallopeptidase
a7 7 07 06 |at 8§ domain 28 10863
Q.0000 | 0.000 | < le- 209829 family with Sequence
037 146 47 0.6 | at FAMOSB | sinnilarity 65, meniber B 9750
G0000 | 0.000 | < le- 2193359 ATHLI, acid trehalase-like 1
158 447 (¥7 pa | at ATHLI {yeast) 80162
00000 | 0.000 | 0.000 22187 _ prostaglandin D2 synthase
136 401 1 0.6 | x at PTGDS | 21kDa (brain) 5730
0.0000 | 0.000 | < le- 2048905 tymphoeyte-specific protein
114 347 07 06 | _w LCK tvrosine kinase 3932
0.0000 | 0.000 | < le- 216542
01 0561 07 06 | x. at
G000 | 9328 | < le- 219279,
001 -06 0 0.6 | at DOCK10 | dedicator of cytokinesis 10 55619
00000 | 0.000 | < le- 211996 s
242 623 07 0.6 | _at
0.0000 | 0.000 | < le- 209671 _
(39 211 07 06 | xat
0.0000 | 0.000 | < le- 218805
003 0224 07 0.6 | at
<le- | <le- | < lg- 218614 | KIAAILS
07 07 07 .6 |at 51 KIAA1351 55196
(0000 | 0.000 | < le- W1236_s
87 713 07 0.6 | _at BTG2 BTG family, member 2 7832
heterogeneous nuclear
ribonugleoprotein D (AU-
0.0000 | G000 | < le- 213359 | HNRNP | rich element RNA binding
033 135 07 0.6 | at D protetn 1, 37kDa) 3184
0,0000 | 0000 | < le- 202957 hematopoietic cell-specific
002 0168 07 0.6 | a HCLST | Lyn substrate 1 3059
ras-related C3 botulinum
toxin substrate 2 {rho
Q.UH00 | Q000 | < le- 2136035 family, small GTP binding
01 0361 07 0.6 | _at RAC2 protein Rac?) 5880 |
(10297 0.027 202037 _s secreted frizeled-related
372 0.115 & 0.6 | _at SFRP1 protein | 6422
0.0000 | G001 | 0.000 205692 s
737 41 2 0.6 | at D38 CD38 molecule 952
plecksirin homology
0.0011 | 0.010 | 0.000 200504 5 | PLEKH domain containing, family
94 8 8 0.6 | _at Rl B (evecting) member 1 38473
<le~ | <le | <le 218456 | CAPRIN
07 07 07 06 |at 2 caprin family member 2 65981
o008 | 0006 | < le- 205291 _
G2 {1168 (7 0.6 |at IL2RB interleukin 2 receptor, beta 3560
0.0000 | 0.000 | < le- 205821
037 146 07 0.6 |at
sema domain,
irgrunpelobulin domain
{1}, transrembrane
domain (TM) and short
<le- | <le- | < tle- 203528 | SEMA4 | eytoplasmic domain,
a7 07 07 0.6 |at 0 {enmphotin 4D 10507
Q0000 | Q000 | < le- 209723_ | SERPIN | serpin peptidase inhibitor,
019 3909 07 0.6 at BY clade B (ovaltbumin), 5272
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member 9
nembrane-spanning 4-
00001 | 0002 | < le- 217418 domains, subfamily A,
686 58 07 0.6 | x al MS4AL member 1 931
0.0000 | D000 | 0.000 220054 s paired immunoglobin-like
253 646 2 0.6 | _at PILRB type 2 receptor beta 29990
0.0000 | Q000 | < le- 205758
013 0677 07 0.6 at CDSA UD8a molecule 975
GO00E | 0601 | 0.000 204834
79 87 2 .6 |at FQGLZ fibrinogen-like 2 10873
CD74 molecule, major
<le- | <le- | g le- 209619_ histocompatibility complex,
07 07 07 0.6 | at CIy74 class 11 invariant chain 972
0.0000 | D000 | 0.000 213915_ natural kitler cetl group 7
232 603 | 06 | at NKG7 sequence 4818
0.00006 | 0.000 | < le- 210116
023 104 07 06 |at SH2D1A | SH2 domain containing 1A 4065
<le- | <le | < le- 215193
07 07 07 0.6 | x.at
aoo0al | 0001 | < le- 209083 | COROL | coronin, actin binding
04 82 (17 0.6 | at A protein, TA 11151
00224 | 0,094 | 0.020 200842 SRY (sex determining
506 6 | 0.6 | at SOX1) region ¥)-box 10 6663
0.0004 | 0.005 | 0.000 205798
459 46 6 0.6 | at TL7R interfeukdn 7 receptor 3575
0.0039 | 0.027 | 0,003 208791 _
118 4 2 0.6 |at CLU clusterin 1191
GO013 | 0012 | 0001 213674 _
661 6 3 0.6 | x_at
integrin, bety 2
0.0000 | 0000 | < Te- 202803_s (complement component 3
603 0224 07 0.6 | _at ITGB2 receptor 3 and 4 subunit) 3689
0.0000 | 0000 | < le- Iymphoid-restricted
(148 18 07 0.6 | 33974 _at | LRMP mierabrane protein 4033
<le- | <le~ | <le- 203416
07 07 07 06 | at CD33 CD53 molecule 963
G000 | 0006 | < le- 203382 ¢
038 149 07 .6 | _at APOE apolipoptotein B 348
mgjor histocompatibility
(.0000 | 0.000 | < le- 211991 s | HLA- complex; class 11, DP alpha
005 0338 07 0.6 | _at DPA1L i 3113
0.0000 | G000 | < le- 221768
101 319 07 0.6 |at
<lg- | <le- | ¢ le- 220046_s
07 07 67 0.6 | _at CENLE eychin L1 37018
GO0a0 | Q000 | < le- 208894 | HLA- major histoconpatibility
005 0338 07 .6 |at DRA complex. class 11, DR alpha 3122
SAM domain, SH3 domain
(G.0000 | 0.001 | <le- 220330 s | SAMSN | and nuclear localization
622 25 07 0.6 | at I signals 1 61092
< le- < le- | <le- 204670
7 07 07 0.6 X _at
<le- | <le- | < le- 209312
(7 (7 07 0.6 x_at
<le- | <le- | <le- 204923 SAM and SH3 domain
07 07 07 0.6 | at SASH3 containing 3 54440
O-linked N-
o008 | 9528 | < le- 212307 acetylglucosamine
001 -06 (7 0.6 at OGT (GleNAC) transferase 8473
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00000 | 0000 | < le- 202663 WAS/WASL interacting
007 (0425 07 0.6 | at WIPF] protein family, member 1 7456
<le- | «le- | o< le- 2210878
07 o7 07 0.6 | _at APOL3 apolipoprotein L, 3 80833
vesicle-associated
0.0000 | 0.000 | < le- 213326 miembrane protehn |
056 202 07 0.6 | at VAMP1 | {synaptobrevin 1) 6843
phospholipase €, gamimg 2
<le- | <le- | < le- 204613 {phosphatidylinositol-
07 07 07 0.6 at PLCG2 specific) 5336
G.0000 | 0.000 | < le- 210982_s | HLA- major histocompatibility
003 (1224 (17 06 | _af DRA complex; ¢lass I, DR alpha 3122
00001 | 0.001 | 0.000 204994 myxovirus (influenza virus)
138 94 4 06 | at MX2 resistance 2 (mouse) 4600
00059 | 0.037 | 0003 203638 5 fibroblast growth factor
061 4 8§ 06 | _at FGFRZ | receptor 2 2263
<le- | <le- | <le- 209734 | NCKAP | NCK-associated protein 1-
07 07 07 0.6 | at 1L like 3071
0.0000 | 9328 | < le- 20777 _s
001 06 (7 0.6 _at SPi40 SP140nucleae body proteia 11262
Ras association
00000 | 0000 | < le- 203185 (RalGDS/AF-6) domain
825 111 07 0.6 | at RASSE2 | family member 2 9770
0.0000 | G000 | < le- 2044463 arachidonate S-
149 43 07 0.6 | _at ALOXS | lipoxygenase 240
DOG00 | 0000 | 0.000 2162505
204 548 i 06 | _at LPXN leupaxin 9404
QU000 | Q001 | < le- 202747 s integral membrane protein
47 02 07 .6 | _at ITM2A 2A 9452
L G.0000 | 0001 | < le- 211919 s chemokine (C-X-C motif)
G678 33 07 0.6 | _at CXCR4 | receptor 4 7852
major histocompatibility
0.0000 | G001 | < le- 211654 | HLA- complex, class 11, DQ beta
778 47 7 0.6 | x_at DOBI 1 3119
00001 | 0002 | 0.000 205541 3
269 09 2 0.6 | _at GSPT2 G1 16 S phase transition 2 23708
aate6 | Q.077 | 0015 2042359 _ matrix metallopeptidase 7
S82 7 9 0.6 |at MMP7 (mairilysin, vierine) 4316 |
(0003 | 0.004 | 0.000 209846_s butyrophilin, subfamily 3,
392 43 4 0.6 | at BTN3A2 | member A2 11118
0.0000 | G000 | < le- 219191 s
007 0425 07 0.6 | at BIN2 bridging integrator 2 51411
<lg- | <l | < e 212176 PNN-interscting
07 07 07 0.6 |at PNISR serine/argining-tich protein 25957
0.0000 | Q000 | < le- 204352 TNF rgceptor-associated
15 43 07 06 | at TRAFS factor 3 7188
Q0000 | Q000 | < lg- 217143 % YMET-like 1 (8.
142 413 (7 0.6 _at YMEIL] | cerevisiae) 10730
0.0148 0.017 206157 _
a1s (.072 7 0.6 |at PTX3 pentraxin 3, long 5806
0.0008 | 0.008 | 0.000 216341
368 72 9 06 |x at
<le- | <le- | <le- 205298 5 butyrophibin, subfamily 2,
07 07 07 0.6 | _at BTN2AZ | member A2 10383
Q0000 | Q000 | < le- 211005 Hinker for activation of T
003 0224 (7 0.6 at LAT cellx 27040
0:0000 | 0001 | < le- 206133
522 i 07 0.6 | at XAF1 XIAF associated factor 1 54739
00000 | 0001 | 0.000 | 0.6 | 203381 s | APOE apolipoprotein E 348
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795 5 2 _at
0.0095 | 0.052 | 0.009 204439 interferon-induced protein
93 7 6 0.6 | at TFI44L 44-like 10964
<le- | &le | <le- 201137 s | HLA- major histocompatibility
a7 07 07 0.6 | _at DPB1 contplex, class 11, DP beta 1 3115
0.0000 | 0000 | < le- 212179 PNN-interacting
012 0634 07 .6 at PNISR sering/arginine-rich protein 25957
G000 | 0.000 | < 1e- 213203 ¢ tripaetite motif containing
g6 {1386 07 0.6 | at TRIM22 |22 10346
0005 | 0.006 | Q000 204635 chemekine(C-C motif)
693 6 2 0.6 | at CCLS ligand 5 6352
< le- < fe- | < le- 203347
a7 7 07 06 | at CD4 CD4 molecule 920
10,0120 0.012 210029 indoleamine 2,3-
383 (.062 6 .6 at IDOL dioxysenase | 3620
G.0000 | G000 | < le- 2103465
011 399 07 0.6 | at CLEK4 ChC-like kinase 4 57396
0.0000 | 0.000 | < le- 206978 chemekine:(C-C motif}
422 939 (7 0.6 | at CCR2 receptor 2 729230
0.0000 | 0001 | < le- 221969
503 07 07 0.6 |at PAXS paired box 5 5079
lymiphecyte eytosolic
protein 2 {SH2 domain
0.0000 | 0.000 | < le- 205269_ containing leukocyte
239 617 07 0.6 | at LCP2 protein of 76kDa) 3937
integrin, alpha L {antigen
CD11A (p180), lymphocyte
< le- < le- | < le- 213475 % Tunctuon-associated antigen
07 07 07 0.6 | _at ITGAL 1; alpha polypeptide) 3683
0.0008 | 0.008 | 0.000 208747 _ complement.component 1,
431 76 7 0.6 | _at 18 s subcomponent 716
major histocompatibility
0006 | 0007 | 0.000 213537 | HLA- complex, class I, DP alpha
503 27 4 0.6 |at DPAI 1 3113
0.0000 | 0.000 | < le- 207957 s
027 116 07 0.6 | _at PRKCB | protein kinase €, beta 5579
0,0000 | 0000 | < le- 214016 s splicing factor
007 0425 07 06 | _a SFPQ proline/dutamineg-rich 6421
O-linked N-
GO0a0 | Q000 | < le- 207563 _s acetylglucosaming
024 107 07 (0.6 | at OGT (GleNAc) transterase 8473
RAS guanyl releasing
G.0024 | 0.019 | 0.002 205590 | RASGR:. | protein | {calciom and
33 5 8 0.6 | at Pl DAG-regulated) 10125
0.0000 | G000 | < le- 202531 _ uterferon regulatory factor
204 548 7 0.6 |at IRF1 1 3639
00008 | 0008 | 0.000 203413
485 79 5 0.6 | at NELL2 NEL-like 2 {chicken) 4753
<le- | <le- | <le- 221850
07 07 07 0.6 | x at
protein tyrosine
00105 | 0:.056 | 0.009 213587 ¢ phosphatase, receptor type,
274 3 4 0.6 | _at PTPRL C 5788
00000 | G000 | < le- 204294
003 0224 07 0.6 |at AMT amingmethyltransierase 275
0.0000 | 0.000 | « le- 221427 5§
167 4865 07 0.6 | _a {CCNL2 cyelin 1.2 81669
80000 | 0.000 | < le- 205270 % ymphoeyie cytoselic
011 059¢ 07 06 | _at LCP2 protein 2 (SH2 domain 3937
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containing leukocyte
protein of 76kDa)
spare/osteonectin, cweviand
0.0000 | 0000 | < le- 202524 ¢ kazal-lTike donins
U39 211 07 0.6 | _at SPOQCK2 | proteoglycan (lestican) 2 9806
0.0000 | 0.000 | < le- 202643 5 | TNFAIWP | wmor necrosis factor,
159 444 07 0.6 | _at 3 alpha-indirced protein 3 7123
0.0016 | Q014 202902 5
349 5 (0.002 0.6 | _at CTSS cathepsin 1520
0.0002 | 0.003 | 0.000 209403
622 64 2 0.6 | at
00000 | 0000 | < te- 203761 _
{09 0513 07 0.6 | at SLA Sre-like-adaptor 6503
00600 | 0001 | 0.000 216614
729 4 i 0.6 | at
00003 | 0.005 | 0.000 205671 5 | HLA- major histocompatibility
988 02 6 0.6 | _at DOB coraplex, class I, DO beta 3112
ArfGAPwith coiled-voil,
0.0000 | G.000 | < le- 205213 ankyrin repeat and PH
012 0634 07 0.6 | at ACAPL domains | 9744
00000 | 9.52E | < le- 221501 _
001 -06 07 0.6 | x at
0.0000 | 0.000 | < le- 212706
038 149 07 0.6 |at
00024 | 0019 | 0.002 1405 1 3 chemokine (C-C motit)
604 6 i 06 |t CCL3 ligand 5 6352
Q0000 | Q000 | < le- 202664 WAS/WASL interacting
022 102 07 0.6 | at WIPE1 protein family, member 1 7456
- 0.0001 | 0.002 | 0.000 221286_s marginal zone B and Bl
381 45 5 0.6 | _at MZB1 cell-specific protein 51237
00012 | GO11 | 0.000 209763_ | CHRDL
371 7 g 0.6 |at 1 chordin-like | 91451
00001 | 0.002 | < le- 221973
288 I 07 0.6 | a
major histocompatibility
GO006 | Q.007 209823 | HLA- complex, class T, DQ beta
328 12 (.001 0.6 | x at DQBI 1 3119
(G.0000 | 0.000 | <le- 206118 signal rravsduecer and
026 114 07 0.6 | at S5TAT4 aetivator of franseription 4 6775
major histocompatibility
0.0016 | 0014 | 0.001 212998 | HLA- complex, class 11, DQ beta
038 3 7 0.6 | x at DOQB 1 1 3119
00,0000 | 0.001 | 0.000 214617 perforin I {pore forming
R88 62 3 0.6 |at PRF] protein) 5551
(.0250 209687 echemokine ¢C-X-C motif)
316 0.102 1 0024 | 06 | at CXCLI2 | higand 12 H387
o008 | 0006 | < le- 221899, | N4BP2L. | NEDI} binding protein 2-
146 331 (7 0.6 |at 2 fike 2 10443
00000 | 0.000 | <le- 202644 s | TNFAIP | twmor necrosts factor,
053 196 07 0.6 | _a 3 alpha-induced protein 3 7128
0.0000 | 0.000 | < le- 204821 _ butyeophilin, subfamily 3,
15 43 07 06 |at BTN3A3 | miember A3 10384
< le- < le- | < le- 202380 5 natural killer-tumor
07 07 07 0.6 | _at NKTR recognition sequence 48290
G000z | G003 | 0.000 203922 % cytochrome b-245, beta
911 94 2 0.6 | ot CYBB polyvpeptide 1536
0.0000 | 0.008 | 0.000 212847 far upstream element
396 891 | 0.6 |at FUBP1 (FUSE) binding protein 1 3880
00027 | 0021 | 0.002 | 0.6 | AFEX- STATI signal transducer and 6772
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593 2 G HUMIS activator of transcription 1,
GF3A/M 91kDa
97935 M
A_at
00000 | 0050 | 0.010 219497 B-cell CLLAymphoma 11A
963 8 3 0.6 | _at BCLILA | (zinc finger protein) 53335
0.0003 | 0.004 | 0.000 210279 G protein-coupled receptor
227 28 1 0.6 | at GPRIS 18 2841
0.0039 | 0.037 | 0.006 217430
355 5 9 0.6 | x at COL1A1 | collagen, type I, alpha 1 1277
G.0000 | 0.000 | < le- 204538 nuclear pore.complex
003 (1224 07 0.6 | x at NPIP interacting protein 9284
00000 | 0.000 | < le- 208885_ lyniphocyte cytosolic
{33 141 07 0.6 | a LCPI protein. 1 (L-plastin) 3936
leukoeyte immunoglobulin-
like receptor, subfamily A
< le- | < lgs | < le- 210313_ (with TM domuiny, member
a7 07 07 06 |a LILRA4 { 4 23547
0.0000 | 0.000 | < le- 207651 G protein-coupled receptor
151 431 07 0.6 |at GPRI71 | 171 29909
GO00n | 0006 | < le- 214870
002 (164 07 0.6 | x at
00001 | 0002 | 0.000 209201 _ chemokine (C-X-C motif)
932 86 1 0.6 x_at CXCR4 receptor 4 7852
0.0000 | G000 | < le- 202813_ TAR (HIV-1) RNA binding
007 0425 07 0.6 |a TARBPL | protein 1 6894
DOGO0 | 0000 | < le- 206150
13 387 07 06 |at D27 CD27 molecule 939
00026 | 0.020 | 0.002 213806
19 5 4 0.6 | x_a
00208 0.028 212730 synemin, intermediate
737 0113 9 0.6 | at SYNM filament protein 23336
ATPase,
aminophospholipid
0.0000 | 0000 | < le- 213106 transporter (APLT), class I,
021 0985 07 0.7 | at ATESAL | type 8A, member | 10396
00005 | 0006 | 0.000 214059 imerferon-induced protein
067 04 4 0.7 at 1F144 44 10561
GO0a0 | Q000 | < le- 219243 GTPase, IMAP fanily
057 206 07 0.7 |at GIMAP4 | member 4 53303 |
structural maintenance of
Q0000 | Q000 | < lg- 212577_ | SMCHD | chromaosomes flexible
{56 202 (7 0.7 |at 1 hinge domain containing 1 23347
0.0000 | 0.000 | < le- 219471 | KIAAQ2
049 184 07 0.7 |at 26L KIAAD226-like 80183
0.0126 | 0.064 201348 glutathione peroxidase 3
445 1 0012 | 07 |a 3PX3 {plasina) 2878
Q0000 | 0.000 | < le- 204236, Frignd leukemia virus
023 104 07 0.7 |at FLII integration | 2313
0.0284 0.030 210163 chemokine (C-X-C motif)
638 G111 7 0.7 |at CXCLiL | Teand 11 0373
00001 | 0,002 | < le- 204774 ecotropic viral integration
443 28 07 0.7 |at EVI2A site 2A 2123
0.0063 0.006 2211853
216 0.04 3 0.7 | _a 1QCG 1Q mouf containing G 84223
matrix metallopeptidase 2
{selatinase A, 72kDa
Q0141 | Q069 | 0015 201069 _ gelatinase, 72kDa type IV
111 4 9 0.7 | at MMP2 collagenase) 4313
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<le- | <le- | g le- 212454 | HNRFD | heterogeneous nuclear
{7 07 07 Q0.7 x_at L ribonucleoprotein D-like 9487
chemokine {C-C motih
00194 | 0.086 | 0.019 ligand 18 (pulmonary and
654 2 | 0.7 | 32128 at | CCLI8 activation-regulated) 6362
ADAM metallopeptidase
0.0029 | 0.022 272162 5 | ADAMT | with thrombospondin type
865 5 0003 | 07 | _a Si 1 motif, 1 851}
Q.0478 0.048 211122 ¢ chemokine (C-X-C motif)
313 0.158 1 0.7 | _at CXCLI1 | ligand 11 H373
0.0006 | 0007 | D.000 201151 ¢ muscleblind-like splicing
993 63 7 0.7 | _at MBNL1 | regulator | 4154
<le- | <le- | <le- 209827 5
07 07 07 0.7 | _at 1L16 interleukin 16 3603
apolipoprotein B mRNA
0.0017 | 0.015 | 0.001 204205_ | APOBE | editing puzying, catalytic
313 2 4 07 |at 36 polypeptide-like 3G 60489
00008 | 0.008 | 0.000 202988 5 regulaior of G-protein
25 63 8 07 | _at RGST signaling 1 5996
Q0000 | 0.001 | 0.000 210031 _
464 01 1 0.7 at CD247 CIx247 molecule 919
ATP synthase, H+
transporting, mitochondrial
(G.0000 | 0.000 | < le- 214132 Fl complex, gamma
146 422 07 0.7 | at ATPSCL | polypepuide | 509
< le- < le- | < le- 202665_s WAS/WASL inferacting
a7 07 07 0.7 _at WIPF] protein family, member | 7456
O-linked N-
0,0000 | 0.000 | < le- 207564 acetylglucosamine
006 0386 07 0.7 | x_at OGT {GIeNAC) transterase %473
QU004 | 0.005 | 0.000 209795
322 52 1 0.7 | at D69 CD69 molecule 969
(.0000 | 0.000 | <« le- 203845 K(lysine) acetyhiransferase
422 939 (7 0.7 at KAT2B 2B 8850
AFFX-
HLUMIS
GF3A/M signal wansducer and
0.0043 | G020 | 0.004 97935_M activator of transeription 1,
937 9 9 0.7 | B at STATI 91kba 6772
major histocompatibility
0.0002 | 0.003 | 0.000 217478 5 | HLA- complex, class 11, DM
641 66 I 0.7 _al DMA alpha 3108
00000 | 0000 | < le- 209879
105 328 07 0.7 |at SELPLG | selectin P ligand 6404
tumor necrosis factor
GO00n | 0001 | < le- 203508_ | TNERSF | receptor superfamily,
917 66 (7 0.7 |at 1B member 1B 7133
00000 < le- 200953 _5
451 0.001 07 0.7 | _at COND2 | cyclin D2 8§94
0.0001 | 0.002 | 0.000 207677 8 neutrophil cytosolic tactor
309 13 2 0.7 | _at NCF4 4, 40kDa 4689
Q0009 | Q.009 | 0.000 206715
618 H3 9 0.7 |at TFEC iranscription factor EC 22797
Q0001 | 0.002 | 0.000 212873 histocompatibility {rainor)
349 18 2 0.7 at HMHALD | HA-T 23526
00000 | 0.000 | <le- 203932 | HLA- major histocompatibility
008 0477 07 0.7 at DMB complex, class II, DM beta 3109
0.0008 0.000 206082 HEA complex P35 (non-
183 {.007 3 0.7 |a HCP3 protein coding) 10866
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0.0001 | G002 | 0.000 216834 regulator of G-protein
573 44 3 0.7 | at RGS1 signading 1 5996
niitogen-activaied protein
0.0000 | 0.000 | < le- 206296 | MAP4K | kinase kinase kinase kinase
022 102 07 0.7 | x_at 1 1 11184
Q.0000 | 0.000 | < le-
011 599 07 0.7 | 64064 _at
0.0000 | 0000 | < le- 207734 Iymphocyie fransmembrane
003 03358 07 0.7 | at LAXI adaptor | 54900
GOD28 | 621 | 0.002 222043
821 9 7 0.7 |at CLU clusterin 1191
< le- < le- | «le- 208306
07 07 07 0.7 | x_at
0.0000 | 0001 | 0.000 201720 s | LAPTM. | lysosomal protein
927 67 2 0.7 | _at 5 transmembrane 5 7805
00000 | 0.000 | < le- 204440
022 102 07 .7 | at D83 CI83 molecule 9308
G.0000 | 0.000 | < le- 204562 _ interferon regulatory factor
006 (1386 (17 0.7 | at IRP4 4 3662
0.0000 | 0.000 | < le- 221249 s | FAMIL7 | family with sequence
175 484 07 0.7 _at A similarity 117, member A 81558
sema doinain,
immunoglobulin domain
0.0006 0.000 219689 | SEMA3 | (lg), short basic domain,
184 (.007 5 0.7 | at G secreted, (semaphorin) 3G 56920
00060 | 0037 | 0.005 220232
147 9 9 07 |at SCD3 stearovi-CoA desaturase 3 79066
Q.UH00 | Q000 | < le- 211038 s | CROCC | ciliary rootlet cotfed-coil,
054 198 07 0.7 | _a P2 rootletin pseudogene 2 84809
| G.0197 | 0087 | 0.020 204533 _ chemoking (C-X-C motif)
569 i 7 0.7 | at CXCLLY | hoand 10 3627
00004 | 4.005 | 0.000 204150
576 57 7 07 | at STABI stabilin | 23166
00005 | 0.006 | 0.000 208018 s
(43 (13 5 0.7 | _a HCK, hemopoietic cell kinase 3055
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Table 17. Class comparison of the global gene expression profiles of high iBCR
score ER- and ER+ tumors to low iBCR score tumors post comparison to

normal breast in the ROCK dataset.

Cluster
2 vs,
ER- ¥s. ER+vs. | Chuster
Jas gy N’ Q.
ProbeSe Accessio  UGClust  Symb 1:«0: ma} ormal 1
t Name: i or ol L1 S |

ust ust Cln Clu
1 2 stl st2
ER ER ER ER | E

- +

matrix

mietallopeptidase
204475 1 (inerkfitial NM_002 3.0 0.7
at collagenase) 421 Hs. 53169 H 1

S100 calcium
202917 binding protein NM. (02 Hs4d1607 10, 1.0
s_at A8 964 3 45
204351 S100 calcium NM_(05 3.8 2.
at binding protein P 980 Hs.2962 9 )
217385 _ Hs. 47012 (0.6 0.2
5 at kynureninase 536392 6 9
204846_  ceruloplasmin NM_0DO  Hs.55831 1.6 0.6
at (ferroxidase) 096 4 9
202870_  cell divisioneyele  NM_001  Hs.52494 5.8 0.8
5_at 20 255 7 2

plackstrin

homology-like
209803_ domain, tamily A,  AF00129 Hs.15403 0.6 0.5
5_at roember 2 4 6 &
209773 rihonucleotide BCOOIR8  Hs.22639 4.4 0.7
s_at reductase M2 6 0 7

chromosonme |
219010_  open reading NM_QL8 Hs.51899 L6 0.4
at frame 106 265 7 I

guinolinate
204044 phosphoribosyltra  NM_014  Hs.51348 0.7
at nsferase 298 4 3
208079 _ NM_Q03 Hs.25082 0.3
s_at aurora kinase A 158 2
209942 melanoma antigen BCO0034  Hs 41781 0.8
x_at family A, 3 Q 6 7
209714 cyclin-dependent  AF21303 34 1.1
s_at kinaseinhibitor 3 3 Hs. 84113 7 3
220414 NM_017  Hs. 18014 2.6 0.8
at calmodulin-like 5 432 2 :
220615_  fatty acyl CoA NM_OI8 Hs.72895 1.1 6.8
s_at redyctase 2 099 3 9
214612 melanoma antigen Hs 44111 14 0.8
x_at family A, 6 L10601 3 9
218009 proteinregulator NM_003  Hs.36640 1.7 04
s_at of cytokinesis 1 981 L 8
214710 BE40751 2.6 0.8
s_at cyclin BI 6 Hs.23960 3 g 7 i
205347 _ NM 021 1.9 8.3

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035

s_at
201890_
at

204675_
5_at

202095_
s_at

219121
s_at
203744
at

217735_
at

202954
it

201291 _
s at
209875
s at

2040589_
s_at

210387_
at

202671 _
s_at

219978 _
s_at
203207 _
s_at
205943
at
218355_
at

218039
at
262705
at
204651
at

203755_
at
202338 _
at

203764 _

ritronucleotide
reductase M2
potassiun

channel,

subfamily K,
member |
baculoviral TAR
repeat containing
5

epithehial splicing
regulatory protein
!

high prohility
group box 3
hematological and
neurological
expressed 1
ubiquitin-
conjugating
enzyme BE2C
topoisonierase
(DNA)IT alpha
170kDa

secreted
phosphoprotein 1
malic enzyme 1,
NADP(+)-
dependent,
cytosolic

pyridoxal
{pyridoxine,
vitamin B6)
kinase
nucleolar-and
spindle assoctated
protein 1
niitochondrial
fission regulator 1
tryptophan 2,3~
dioxygenase
kinesin family
member 4A
nucleolar and
spindle associated
protein 1

eyehin B2
NIMA-related
kinage 2

BUBI mitotic
checkpoint
serine/threonine
kinase B
thymidine kinase
1, soluble

dises, large

SUBSTITUTE SHEET (RULE 26)

992
BEY6623
b

UB0063

NM_GD1
168

NM_017
697
NM_(05
392

NM_G16
185

NM_0U7
019

AUL599
42

Mg3248

NM_002
398

BCDO113
1

NM_003
681

NM_O15
454
BF21432
9
NM_005
651
NM_012
310)

NM_016
359
NM_004
701
NM_002
497

NM_001
211
NM,_003

235

NM_014

206

Hs.22639
a

Hs.20854
4

-1

Hs 48747
1

Hs. 19114

Hs.53280
3

Hs.93002

Hs. 15634
6

Hs.313

Hs.21160

Hs.28449
I

Hs.61509

Hs, 38478
8
Hs. 18367
1
Hs 64832
i

Hs.61509
2
Hs. 19469
8

Hs. 158370

PCT/AU2015/050096




WO 2015/135035

at

203554
x_at

203358_
s_at

204033 _
at

207828 _

215779 _
st
218883
s_fit

204170 _
§_at
201037_
at

201195_
s_at
205034
at
210559
s_at

217785
s_at
200655_
s_at

203126_
at

206102_
8t

221922
at

221676
s_at

219918
s_at

{Drosophila)
homwolog-
associated profein
s

phuitary tumor-
transforming 1
enhancer of zeste
homolog 2
{Drosophila)
thyroid hermone
receptor interactor
13

centromere
protein F,
350/400kDa
anitigen idetitifiad
by monocional
antibody Ki-67

MLF! interacting
protein

CDCZ8 protein
kinase regulatory
subunit 2
phosphofructokin
ase, platelet
solute-carrier
family 7 (amino
acid transportet
lightchain, L
systern), member

23

cyclin B2
cyclin-dependent
kinase 1

YKT6 v-SNARE
homatop S.
cerevisiag)

prohibitin
nositolmyo)-
Kor )
monophosphatase
2

GINS complex.
subunit 1 (Pstl
homuolog)
G-protein
signaling
rnodulator 2
COrOnin, actin
binding protein,
1C

asp (abnormal
spindle) homolog,
mnicrogephaly
assoeiated

SUBSTITUTE SHEET (RULE 26)

750

NM_004
219

NM._004
456

NM_004
237

NM_005
196

BFOO180
6

BE27147
0
NM_024
629

NM_001
827
NM_002
627

ABO1800
9
NM_004
02

Da8357

NM_006
555
ALS6001
7

NM_014
214

NM_021
067

AWI1955
§1

BCOO234

3

4

NM_Q18
123

207

Hs.35096
6;

Hs.44408
2

Hs. 43618
7

Hs 49774
1

Hs.68982
3

He. 37503
2

Hs.83758

Hs.26010

He 81379
7
Hs 82169
3
He. 73243

LR

Hs. 74331
i

Hs.65846
4

Hs. 56490
1

Hs.33038
_,i

Hs.i2102

]

PCT/AU2015/050096




WO 2015/135035 PCT/AU2015/050096

208
{Drosophila)
epithelial cell
trarisforming
219787_  sequence 2 NM_018 Hs.31829
s_at OnCOgENS 098 2
218 26()_ DETI and DDB1 NM 024  Hs.46615
at associgted 1 050 4
Hiatix
metallopeptidase
204580_ 12 (macrophage NM_002 31
at ehistase) 426 Hs. 1693
203967 cell division cyele Hs. 40595 1.6
at 6 U77049  §
¢ontactin
215145 associated ACO0537  He.H5568 1.1
st protein-like 2 & 4 7
ZW 10 interagtor,
204026_  kingtochore NM_007 Hs.59136 1.2
st profein 037 3 0
cormchon
218728 . homplogd NM 014 Hs.44589 1.3
s_at {Drosophila) 184 0] 0
203968 cell division eycle NM_001  Hs 40595 1.6
s_at 6 254 5 0
BUB1 mitotic
checkpoint
209642 serine/threoning AF04329  Hs.46964 2.8
it kinase 4 9 5
204092_ KNM_003 Hs.25082 1.4
s_at anrora kinase A 600 2
215223 1.7
s_at W48 f
topoisomerise
201292_  (DNA)II alpha ALS6IR3  Hs.15634 5.1
it 170kTra 4 6 2
guaning
214431 monphosphate KM 003 Hs59131 {1L.9
at synthetase 875 4 9
203214 cyclin-dependent NM_O01L  Hs.73243 5.9
X_it kinase 1 786 3

denticleless E3
ubiquitin protein

218585 Tgase homolog KM 016 Hs.63647 2.6
s_at {Drasophila) 448 3 2
fow density
Iipoprotein

receptor-related
protein 8,

208433 apolipoprotein € NM_ 017 Hs.28038 1.7
s_at receptor 522 7 8
NDC30
kinetochore
204162 complex NM_ 006 Hs41440 2.4
at component 141 7
S100 calcium
205916_  binding protein NM_002 Hs.11240 2.3
at A7 963 8
5100 calcium
203535 binding profein NM 002 Hs 11240 6.1
at A8 965 ] &

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035

203029_
s_at
205030_
at

204913
s_at
219410_
at

204914
s_at
210663 _

s at

204915_

s at

2195829
at
214461
at
202912
at

214370_
at

211527
X_at

204679_
at

201848 _
s_at
202859
X_at
211110
s_at
208650_
s_at

203397_
s_at

209924
it
2075802
it

faity acid binding

protein 7, brain

{atty acid binding
protein 7, brain
SRY ¢sex
determining
region Y)-box 11

transmembrang
protein 45A
SRY {sex
determining
region Y)-box 11

kypuresntinase
SRY (sex
determining
region Y)-hox 11
chtoride
ttracellolar
channel 3
lipopolysaccharid
¢ binding protein

adrenomedullin
S100 caleium
binding protein
A8

viascular
endothelial
growth factor A
potassium
charnnel,
subfamily K,
mernber 1
BCL2/adenoving
EIB 19kDa
interacting protein
3

interfenkin 8
androgeil receptor

CD24 motecule
UDP-N-acetyl-
alpha-D-
salactosamine:pol
ypeptide N-
aeetylgatagtosmmi
nyltransferase 3
{{GalNA¢T3)
chemokine (C-C
raot!) tigand 18
(pulmonary and
aetivation-
rezulated)
cysteine-rich
seeretary protein
3

SUBSTITUTE SHEET (RULE 26)

NM_001
446
NM_001
446

Al36087
5

NM_018
004

AW1572
02
BCOOO8T
9

AB(2864
1

NM_004
H6Y
NM_004
139
NM_001
124

AW2386
54

M27281

NM_002
245

U15174
NM_00¢
584
AF16270
4
BG32786
3

BF0O6327
1

ABOOOZ2
1

NM_006
061

209

Hs.26770
Hs. 26770

Hs.43263
8

Hs.65895
6

Hs.43263
8
Hs.47012
6

Hs 43263
8

Hs 54746
Hy 15407
8

He 44104

-
7

Hs 41607
3

Hg. 73793

Hs. 20854
4

Hs. 13487
3

Hs.624

Hs. 76704
He. 64410
p

Hs. 17098
6

Hs.14390
1

Hs 40446
6

PCT/AU2015/050096




WO 2015/135035 PCT/AU2015/050096
210
chemokine (C-C
motif) ligand 18
{palmonary and
32128_a.  activation- Hs, 14396
t regulated) Y13710 1
dopa
decarboxylase
{aromatic L~
205311_ amino acid NM_000  Hs¢.35969
at decarboxylase)} 790 8
angiotensin 1
converting
219962 enzyme (peptidyl- NM_021  Hs.17809
at dipeptidase A2 804 8
stearoyl-CoA
211708 desaturase {delta-  BCO0580  Hs.55839
§_at 9-desaturase) 7 6
steroid-S-alpha-
reductase, alpha
potypeptide 1 (3-
oxo-5 alpha-
steroid delta 4-
211056_  dehydrogenase BCOOG37
s_at alpha 1) 3 Hys.552
stearoyl-CoA
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209763 ALD4917  Hs49658 CHR
at chordin-like 1 6 7 DL1
sema domain,
immunoglobulin
domain (Ig), short
basic domain,
219689 seercted, NM_020 SEM
it (semaphorin} 3G 163 Hs.59729 A3G
insulin-like
209540 growth factor 1 AUT49  Hs 16056
at {sonutomedin Cy 12 2 IGF1
43427 a  acetyl-CoA AI97089%  Hs.23489 ACA
) carboxvlase beta S 8 CB
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Table 18. Upregulated targets of the downregulated hsa-mir-568 in high iBCR

score ER-/ER+ tumors.

Fold-
chang Symbo Entrezl
et ProbeSet |1 Bame D Accession  UGCluster
HELL | helicase, lymphoid- NM_0180
3.0 220085_at | 8 specific 3070 63 Hs.655830
201291 5. | TOP2 | wpotkomerase (DNA) 10
25 at A alpha 170kDa 7153 AU159947  Hs. 156346
2.4 203213_at | CDK1 | cyclin-dependent kinase 1 | 983 ALS24035  Hs 732435
212008 _s_ stress-induced-
2.3 at STiP1 | phosphoprotein 1 10963 ALS53320  Hs.337293
BUB1 | BUB1 mitotic checkpoint NM_0012
1.7 203755 at | B serine/threonine kinase B 701 1§ Hs. 513645
low density lipoprotein
recepior-refated protein. 8, NM_0046
La 205282 at | LRPS | apolipoprotein e receptor | 7804 31 Hs. 280387
nudix {hueleoside
NUDT | diphosphate linked motety NM_0070
16 202697 _at | 21 X)-type motif 21 11031 06 Hs.528834
209053 s | WHSC | Wolf-Hirschhom
15 at i syndrome candidaie | 7468 BE793789  Hs.113876
202134 5 | WWT | WW domain contgining NM_0154
1.9 at Rl transcription reguiator | 25937 72 Hs.594912
v-myb myeloblastoss
MYBL | viral oncogene homolog AWS9226
1.9 213906 _at | 1 (avian)y-like 1 4603 6 Hs. 445898
200348 s pyravate dehydrogenase NM_0053
1.8 at PDK3 | kinase, isozyme 3 5165 91 Hs.296031
FCF1 small subunit (SSU)
processonie component NM_0159
1.8 219927 at | FCF1 homolog (8. cerevisiae) 51077 62 Hs.579528
v-mmy¢ myclocytomatosis
viral related oncogene,
209757 _s_ nearoblastoma derived
1.8 at MYCN | (avian) 4613 BCOOZ712 Hs, 25960
FAMS | fanuly with sequence
1.8 217562 at | C similarity 5, member C 339479 BF589529  Hs.63765
219875 s_ desumoylating KM_0160)
1.7 at DESIZ | isopeptidase 2 51029 76 Hs. 498317
platelet-derived growth
PDGF | facter receptor, alpha
1.7 215305 _at | RA polypeptide 5156 H79306 Hs.74615
triggering receptor
TREM | expressed on myeloid cells NM_0186
L7 219434 ar | 1 1 542140 43 Hs. 2583022
synaptotagmin binding,
217834 s | SYNC | cytoplasmic RNA KM_0063
L7 at RIP interacting protein 10492 72 Hs.571177
205046_3. NM_0002
L6 at PAX6 | paired box 6 5080 80 Hs.270303
TCP1I | tcomplex L1, tesus- KM_0183
L6 205796_at | L1 specific-like 1 35346 93 Hs.655341
APOQ
L6 222269 at | L apolipoprotein O-llke 139322 WET634 Hs. 512181
centrosonal protein NM_0248
1.6 219311 _av | CEPTS | 76kDa 79959 99 Hs.236940
1.6 214708 at | SNTB1 | syntrophin, beta | 6041 BG484314  Hs46701
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{dystrophin-associated
protein Al, 59kDa. basic
component 1)

ST8 alpha-N-acetyl-
neuraminide alpha-2,8-
sialyliransferase 1

gap junction protein, beta
3. 31kDa

CAP-GLY domain
containing lnker protein
family, member 4

aptic attophy 3 (autosomal
recessive, with chorea and
spastic paraplegia)
suppressor of varipgation
349 homelog 2
(Drosophila)

protein phosphatase 1,
regulatory subuait 12A
ariadne hamolog 2
{Drosophila)

spectrin, beta, non-
erythrogytic |

phosphoglucomutase 3
solute cartier fanily 6
{newtral armino acid
fransponier), member 15

6489

2707

79745
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79723
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L32867  HsA408614
BFO60667  Hs.522561
NM_(246

92 Hs.122927
NM_0251

36 Hs. 466945
NM_(246

70 Hs.554883
BE737620  Hs.49582
AVE94434  Hs.633601
NU2501  Hs.S03178
BCO01258  Hs.661665
NM_0180

57 Hs.44424

Bolded genes upregulated in high iBCR score ER-/ER+ vs. normal breast.
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EXAMPLE 3

The iBCR test described herein was developed from a meta-analysis of gene
expression profiles of breast cancer. This test is based on the expression of 43 genes
which are prognostic as a signature in breast cancer irrespective of subtype. This test
was also found to be prognostic in lung adenocarcinoma. Patients with high iBCR
score have much poorer overall survival than patients with low iBUR score.

In the current study, The Cancer Genome Atlas (TCGA) datasets for several
cancer types were investigated for three purposes. First, to determine the differences
at the protein level between high iBCR score breast cancer cases to low iBCR score
breast cancer cases. This comparison was also cartied out for lung adenocarcinoma.
Secondly. to determine whether deregulated proteins/phosphoproteins between high
and low iBCR score tumours are prognostic. Finally, the prognostic value of the
iBCR mRNA signature and associated protein signature are prognostic in other
cancer types profiled by the TCGA.

As shown in Figure 48A&B, comparison of the reverse phase protein array
{(RPPA} data between ER+ breast cancer cases with high iBCR score and low iBCR
score identified several deregulated proteins and phosphoproteins between these two
patient subgroups. Similar analysis in ER- breast cancer cases with high iBCR score
compared to those with low IBCR score also identified deregulated proteins and
phosphoproteins  between these two patient subgroups (Figd8C&D). These
significantly deregulated proteins and phosphoproteins were then tested for
association with overall survival. The upregulation of 9 and down regulation of 8
proteins/phosphoproteins were  highly prognostic in breast cancer (Fig 49A).
Importantly, the integration of the iBCR mRNA and protein signatures is the most
significant indicator of overall survival of breast cancer patients irrespective of
subtypes and in comparison to all known clinicopathological indicators (Fig.49B).

Similar analysis in the lung adenocarcinoma TCGA dataset identified
proteins/phosphoproteins based on the iBCR mRNA signature which are prognostic
as a protein signature (Fig.530A-C). The integration of the iBCR mRNA/protein
signatures were highly progoostic and outperformed the standard clinicopathological
indicators in lung adenocarcinoma (Fig. 50D&E).

Table 19 summarises the 43 genes at the mRNA level and 23

proteins/phosphoproteins in the iBCR test. The components which were prognostic
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in breast cancer (Figd® & Fig.49) and lung adenocarcinoma (Fig.50) are labelled in
Table 19. Next, the association of the mRNA and protein/phosphoprotein levels of
the genes in Table 19 with overall survival was tested in other cancer types. The
deregulation of mRNA and protein levels of the iBCR test components that associate
with overall survival is summarised in Table 19, For each cancer type, the marked
components were used as a signature and the stratification of overall survival of
kidney renal clear cell carcinoma (KIRC), skin cutaneous melanoma (SKCM),
uterine corpus endometrioid carcinoma (UCEC), ovarian adenocarcinoma (OVAQ),
head and neck squamous cell carcinoma (HNSC), ceolon/rectal adenocarcinoma
{COREAD), lower grade glioma (LGG), baldder urothelial carcinoma (BLCA), lung
squamous cell carcinoma (LUSC), kidney renal papillary cell carcinoma (KIRP),
cervical squamous cell carcinoma and endogcervical adenocarcinoma (CESC), liver
hepatocellular carcinoma (LIHC) and pancreatic ductal adenocarcinoma (PDAC).is
shown Figures 51 to 54.

In conclusion, the iBCR test including the mRNA and protein components
(Table 19) is a highly prognostic test in all cancers tests. This test identifies
aggressive human cancers and is enriched for protein-protein interactions (Figure 55)

as well as biological functions related to the hallmarks of cancer (Table 20).
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Table 19: The iBCR test components in different cancers from TCGA datasets

IBCR test II o
Q LS L S (] (%}
sEkEREEBEER| keREER
component |5 12 ¥ B 2 I8 E IS R | |2 = g I |0
ted

GNB2L1

EIF3K

TXN

ADORAZ2
B

KCNGH1

BCAP31

GSK3B

EXOSC7

FOXMT

CD55

ZNF593

EXO1

KIF2C

STAU1

MAP2KS

TTK

MELK

CENPA

TPX2

NDUFC

CA8

CAMSA
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P1

GRHPR

HCFC1R
1

CEP55

MCM10

PML

CENPN

CARHSP
1

CETN3

ABHDS

BTN2A2

SMPDL3
B

MTMR7

ME1

BCL2

ZNRD1-
AS1

MAPT

ERC2

BTG2

MYB

STC2

IGH@
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INPP4B

EIF4EBP
1

EGFR

Kus0

HER3

SMAD1

GATA3

ITGAZ

AKT1

NFKB1

HER2

ASNS

MAPKY

ESR1

YWHAE

RAD50

PGR

COLBAT

PEA15

RPS8B

+ denotes the assaciation of overexuression with poorer survival (also shaded as red),

- denotes the association of underexpression with poorer survival (also shaded in green)
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Table 20: Enrichment of bivlogical functions related to the hallmarks of cancer
in the iBCR test

GO ID TERM # GENES P- P- P-VALUE
VALUE VALUE  BONFERR
FDR ONi
GO:0009  response to endogenous stimulus 22 17k 113k 1‘.1§3§~06
\\\\\\\\\ FI9 R BB
GO:1901 | response to oxygen-containing 18 9.10E- 2.90E- 1.13E-Q03
700 compound 08 04
GO:0032 . regulation of cellular protein 20 158E-  2.90E-  196FE-03
268 | metabolic process 07 04
GO:0035 | intracellular signal transduction 20 1.6BE- 2.90E- 2.05E-03
556 07 04
GU0010  response to organohitrogen 14 1.80E= 2.90E- 2;22&03
““““ 243 compound D0
GO:0010 | response to organic substance 24 1.82E- 2.90E- 2.25E-03
033 07 04
GO:0000 « mitotic cell cycle 14 183k  2090E  227E03
278 07 04
GO:0051 | regulation of transport 18 1.87E- 2.90E- 2.32E-03
049 07 04
GO:0031 | positive regulation of protein 15 268k 341E  332E03
“““““ 401 modificationprocess g7 g
G0:0022 | cell cycle process 16 2.86E- 3.41E- 3.54E-03
402 07 04
G0:0044 . positive regulation of molecular 18 3478  341E-  430E-03
093 | function 07 04
GO:0051 | negative regulation of transport 10 3.75E- 3.A41E- 4.64E-03
051 07 04 _
G0:0042 | response to drug 11 3768  341E.  A466E-03
493 07 04
GO:0007 | cell cycle 18 3.85E- 3.41E- 4.77E-03
049 07 04 _
GO:0009  response to mechanical stimulus 8 436E-  360E-  540E-03
612 07 04
GO:0001 | positive regulation of protein 13 5.76E- 4.13E- 7.13E-03
934 phosphorylation 07 04 _
G0:0008  cell proliferation 13 610E-  413E- 755803
283 07 04
G0:0009 | positive regulation of signal 16 6.12E- 4.13E- 7.57E-03
967 transduction 07 04 _
G0:0051 . positive regulation of cellular 13 634E- 413k 785£-03
130 camponent organization 07 D4
GO:0022 | regulation of anatomical structure 13 8.87E- 5.49E- 1.10E-02
603 maorphogenesis 07 04 _
G0:0072 | divalent inorganic cation 9 996E-  570E- 123802
507 homeostasis 07 04
G0:0023 | positive regulation of signaling 16 1.12E- 5.70F- 1.38E-02
056 06 04 _
G0:0032  positive regulation of cellular 15 113E-  570E-  140E-02
270 protein metabalic process 06 04
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GO:0048 | gland development 9 1.13E- 5.70¢- 1.40E-02
732 06 04
GO:0010  positive regulation of cell 16 1.18E- 5708  146E02
647  communication 06 04
GO:0051 | regulation of protein metabolic 20 1.20E- 5.70¢- 1.48E-02
246 process 06 04
 GO0051  regulation of cellular component 19 151E . 691 187502
128 | organization 06 04
GO:0071 | cellular response to organic 19 1.89E- 8.34¢- 2.34E-02
310 silbstance 06 04
60:0042 | positive regulation of 13 251E- 107e-  3.10E-02
327  phosphorylation 06 03
GO:1801 | response to nitrogen compound 13 2.90E- 1.18€- 3.59E-02
698 06 03
GQ:0009  responsetohormope 13 295 1.18E- 365602
725 06 03
GO:0048 | positive regulation of response to 18 3.30E- 1.24E- 4,08E-02
584 stimulus 06 03
G0:0042  regulation of cell proliferation 17 3.3BE-  1.24F-  416E-02
127 06 03
GO:0070 | cellular response to chemical 21 3.40E- 1.24E- 421802
887 stimulus 06 03
G0O:0010 : posttranscriptional regulationof e 3656 1.29E- 450800
608 | gene expression 06 03
GO:0043 | positive regulation of catalytic 15 3.78E- 1.30E-  4.68E-02
085 activity 06 03
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The study by Westin et al. (Lancet Qneol, 2014, vol 15(1)) performed gene
expression profiling on 18 follicular lymphoma patients before receiving pidilizumab
in combination with rituximab. The expression of the genes in the 1BCR signature
was investigated for association with progression free survival (PES) in these patients.
Twelve genes showed a strong association with PES (Figure 36A) (all the genes that
associated with sarvival belonged to the TN component of the iBCR test). As shown
in Figure 56B, a score calculated based on the iBCR signature was highly predictive
of patient survival after pidilizumab + rituximab immunotherapy. The study also
profiled eight of the patients 15 days post treatment. The expression of the genes in
the signature was compared in these patients before and after treatment, Apart from a
trend towards an ioversion of the expression profile in general which was most
obvious for the one patient who survived (Figure 56C — patient number 9), one gene
(ADORAZB) was significantly different in tumnours after treatment compared to that
before treatment (Figure 56D). This gene could be used teo confirm response after
selection of patients based on the iBCR test.

The data presented here indicate the iBCR test can be a companion diagnostic
for certain immunotherapy which is not surprising since the TN component includes
several immune related genes in addition to genes involved in redox reactions and

kinases.
EXAMPLES

A meta-analysis was performed in Oncomine ™ using breast cancer datasets
irrespective of subtypes or gene expression array platforms used. The global gene
expression profiles of breast tumors that led to metastatic or death event within 3
years were compared to those that did not and the top overexpressed (OE) and
underexpressed genes (UJE) in these comparisons were selected. The commonly
deregulated genes in the primary tumors that led to metastatic and death events
(depending on the annotation of each dataset) were then interrogated using the online
tool KM-Plotter™ (n>4000 patients with some overlap with the datasets in
()ncominem). Genes which associated with relapse-free survival of breast cancer

patients were selected.
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The 860 genes identified from this analysis were then subjected to network
analysis using the Ingenuity Pathway Analysis ( TPAY) software to identify functional
networks within this gene list (see Table 21), Figure 57 shows the eleven functional
networks that contamn the 860 genes identified from the meta-analysis where the
function of each network is specified and the imteractions anongst these networks are
depicted with the connecting lines. Genes whose overexpression is associated with
poorer survival are marked in red and those whose underexpression iy associated
with poorer survival are marked in green. Larger curcles mark genes with highest
association with patient survival in any given network,

These 860 genes identified from the meta-analysis were then filtered for
genes with the highest association with patient survival in each of the eleven
functional networks, From this, the selected 133 genes (listed in Table 22) from the
eleven functional networks are shown in Figure 58 (panel A) where the function of
each network is displayed. Based on these networks, the 133 genes were classified to
six functional metagenes (listed in Table 22) which include: Metabolism, Signalling,
Development and Growth, Chromosome segregation/Replication, Immune response
and Protein synthesis/Modification metagenes. The association of each of these
metagenes with relapse-free survival of breast cancer patients in the KM Plotter
dataset 1s shown in panel B of Figure S8. Each of these metagenes were scored by
calculating the ratio of the expression level (sum or average) of the overexpressed
genes in the metagene to the expression level (sum or average) of the underexpressed
genes 1n the metagene. The green lines (with better survival) denote lower score
{ratio of the overexpressed to the underexpressed genes) of the metagene whereas the
red line (with worse survival} denote high score (ratio of the overexpressed genes to

the underexpressed genes).

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035

232

PCT/AU2015/050096

Table 21. 860 genes associated with relapse-free survival of breast cancer

patients.
Carbohydrate/Lipid Cell

Metabolism Signaling Cellular Development
ARHGEF3  ATPRVOA1 AGBL2 ABCAS KIFSC ZNF211
ASAH1 ATP6VIC1 ARFRP1 APBB2 LRIG1 AP3B1
ASB1 COX4it ARNT2 ART4 MADD  DYNC1LI2
ATP2A2  DHRS7 CCR1 ATHLL MAPT  ESRP1
BRDS EPCAM DST BCL2 MIER2  GMPS
BIG2 HN1 EEF1A1 BENDS MISI8A  GPI
BTN2A2  IDH3A LUzZP1 CABYR MR1 HCCS
108 IDH3G MYBPC1 CASP10 NABP1  HCFC1R1
CERSE LAMTOR2 PIP CHPT1 NEDDAL KCNGI
CYP2C9 LAMTOR3 S1PRL CYBRD1 QOGN NAPG
ELOVL2 MATR3 SNED1 ERC2 PRKCBE  NDRG1
ELOVLS NPR3 TAZ FHLS PROL1  NDUFB6
ERBB4 NRIP1 P63 GAB1 RERE NDUFS6
FLNB PFKP ADORA2B GONF SETBP1  NMEL
HIF3A RAP2A cMca GLRB SGCD oiP5
KIR2DL4  SLC16A3 DDX3SA GOLGBL  SGSM2  PGAML
LRP2 TK1 GAPDH GOSR1 SLCA5AZ  PIR
LRP§ VDAC1 GSK3B GPR12 50D2 PRRG1
ME1 RAPGEF6 HIF1A HLA-B SPAG8  RTCA
NCOAL RBM38 HSPA14 ITM2A SPG20  S100A11
NR1H3 SEC14L2 LAMA4 KIAAD247  SSPN SMS
PBXIP1 SRSF5 MAP2KS KIAAD430  S5X2 TARS
PIK3IP1 STARD13 STX18 XBP1 TRAK2
PSEN2 TRAK1 ZC3H14

TRAPPLCIO ZMYMS
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Chromosome

Cellular Growth segregation
ASF1B  SLCIIAL  BCAP31  AFFL AURKB
BBS1 SMARCA2 BYSL ATP1A2  BUBL
CCL13  SNXL CCNAZ CDCI4A  BUBIB
CCND2  SORL1 CCNE2 CDC27  BUB3
CDKN2A  SPDEF CDC25A  CSPG4  C20orf24
DIRAS3  STATSB  €DC45 FOXK2 ~ CCNB1
DIXDC1  TAOK3  CDC6 MAGI1  CCNB2
DOCKI  TGOLNZ  CDCA3 MLLTI0  €DC20
DOK1 THPO CDCAS MTUST €DKl
EPOR TIMELESS  CHEK1 NUP62  CENPE
FLT3 TNN DERLL NXF1 CENPF
FOSB TNXB DHFR PKMYTL  CKS1B
GGA2  TYRO3  E2F8 RAPGEF2 (CKS2
HAVCR1  ULK2 ECT2 SLC25A12  FOXMI
ILIRAPLL VPS39 GINS3 SLCBAL  KIF2C
L6ST PIM1 RAD51 KIF4A NUP93
IAK2 POLD1  RRM2 MAD2L1  NUSAP1
LEPR PLK4 SKP2 MXi1 NUTF2
LGl PSMD10  UBE2C NCAPG  PLKI1
LZTFLL  MCM6  ULBP2 NDC8O  PRC1
MTF1 MELK WDHD1 ~ NUPIS5  PTTGL
PCM1  MMP1  ILIRAP TPX2 SPC25
PIK3R4  MYBLZ  MCMI10  TTK TACC3
POUGEL  ORC6 MCM2 ZWINT
NF1 PDAPL  MCM4
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DNA Replication/
Recombination Immune system

ALDH3A2  ADRM1 ABCA1 oTX3 SARM1  PBK ACOT7
ATADS BIRCS AHSG DYNC2H1 SIRT3 PFDN5 ANP32E
ATES CARHSP1 ANK3 EFCAB6  SMPDL3B PSMA2  APOBEC3B
BLM CENPA APQOBECIA EFNB3 SN RNASE4  CAST
BRD4 CENPI BATF ERAPL TTC28 RNF141  CCT5
BRF2 CENPN BECN1 EVL WEDC2  S100A9  CCT6A
BTN3A2 CENPU BUD31 FBXD41  ZMYM6  SHMT2  CCT7
CLASP2 DLGAPS c2 FBXW4  ZNF516  SLC7AS  CD36
FANCA ERCC6L 3 FCGBP IGHG3 SOX11 CD55
FBLN1 EXO1 CACNALD FCGRIA  IGHM TBPLL CDKS
KIF188 FANCI CARDIO  FCGR1B  [GK TCPL CHD1
NPR2 H2AFX €D163 FOS IGKC TOPORS  CXCL8
PLXNA3 H2AFZ CD1A FRZB IGSF9B  TREM1 DHCR7
PSMD2 IMPDH2 CD1B GAST L1 TXN Dscel
STC2 MAPRE1 ¢D1C GCH1 KCNMAL TXNRD1  ELF3
TCF3 MSH6 cb22 GL3 KIFI38  WNTS5A  GEMIN4
TCF7LL PML D68 GPRASPT Kb GM2A
TCF7L2 POMP D80 GREB1 LAD1 GPSM2
TXNIP PSMB4 CDKSR1  IGH LAT GSPT1
RYBP PSMB5 CFB IGHG1 LFNG HMGB3
TOP2A PSMB7 CHL1 NBPFI0  MED12  HMMR
UBE2A PSMD14 CIITA NUMAL  MOG HNRNPAB
UBE2B PSMD3 CR1 PDEGB MX2 HPSE
PSMD7 CRP PGR MCCC2  HRASLS

CST3 PHLDA2  MRPLI2  IDH2

€xcLi4 PPY NAE1 KiAA0101

CXCR4 RLN2 NXN LGALS1
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Metabolic Disease

NME1-
AASS ENOSF1 MMRN2  SESNI CALM1 NME2
ABCCB FAMI05A MPP2 SFi1 CAMSAP1 PARPBP
ACAP2 FAMIIZA  MYO19 SLC35AZ  CETNS PGK1
ACSF2 FAMI120A N4BP2L1  SLCBAS CFAP20  PLCH1
AHCYLL FAMI129A NBEA SLCQIA2  €MC2 RAB22A
ALDH1A2 FAMAGE  NCAPD3  SPATA6  CNOTS SFXN1
ANKHD1-
EIFAEBP3 FAMB6B1 NDUFAFS TBRGA4 cOGS8 SHMT1
ANKRD11 FCER1A NFATCL TCTN1 coQ9 sMC4
APOM GCe2 NOP2 TLDCT CORO1C  SNRPAL
ARL3 GLTSCR2  NSUN5 TLE4 DKC1 STIL
BIN3 GTPEP2 OSBPLIA  TMCE DONSON  SUGCT
BSDC1 HAUSS PADI1 TSKS EMCS8 TMEM208:
BTD HDC PDK3 TSR1 ENY2 TPD52L2
BTN2AL HOOK?2 PHF3 TIC12 FKBP3 TRIP13
BTN3A3 HOXA4 PIEZOL VAMP1 GGH WDR41
C120rf49 HPN PPIL2 VAMPZ GLTSD1  YIPE3
CALR HS35T1 PPP3R1 WDR19 GRHPR ZNF593
CAMKZB HIN1 PSD4 ZCCHC24  GTSEL
CAMK4 HYI PUMI1 ZEP36L2  HELLS
CASCL INADL RAR30 ZMYND1G HIURP
CCDC176 ITM2C RABGB INF22 KCMF1
CCDE2s ITPR1 RAI2 ZNF506  KDMS5A
CDiE WD RALGAPAL ZNF778 KIF14
CNTRL KIAAQS30 RAPGEF3  ZSCAN32 MRPL1S
CPSF7 KIAA1549L RCAN1 ZZEF1 MRPL9
CROCC LAP3 RPS6KAE  ACOT13  MRPS17
CTDSPL ME3 SERHL2 BoOD2 NFATC3
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Nucleic Acid Metabolism

Post-Translational
Modification

ABAT RECOLS  HEATR3
AHNAK RUNX1  KIFi8A
ALPK1 SCUBEZ  KIF23
BCAT2 SF3IB1 KPNA2
BMP8A  SE3B2 PAPOLA
BTRC SLC27A2  RADSI1APL
CACNALG 5LC6A2  RFC4
CALCOCO1 SMARCCZ RPN1
CBX7 SNRNP70  SEC61G
COLI4A1  SRSF7 SF3B3
DCLREIC  $5X3 SMADS5
ESR1 SYMPK  SMYD2
FBX04 SYNC SPAGS
FMO5 TMCS SRPK1
GART UsP19  susil
HEPD usP4 TAF11
JADE2 wsBl TAF2
KLRG1 ACTR3  TCEB1
KMT2A AQPS USP10
MAFG ARPCA  VPS28
MAPRE2  ATADZ  WWTR1L
MYOF AURKA  XPOT
NOVAL CA9

NSMCE4A  CDK7

POLE2 CEP55

PTGDS CFDPL

PTGER3  DSN1

ABCB1 RTN1
ACAN TENCI
AMN TGFB3
COLAAB TGFBR3
CSF1 ADAMZ
DDX11 ADM
FGFR1 CALB2
FGFR2 CTSV
GSTMI DBNDD1
GUSB FAMBS6B
IGF1 IGF1R
LRRN3 KIF11
MAP3K12  KIF20A
MSTL LAPTMA4B
MYB MMP15
NTRK2 RABZA
RBMS SERPINH1
RLN1 TCEB2
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Protein Synthesis/Modification Multiple networks
ACAAL  MTMR3 RPS28  EIF6 SLC25A5  ABHDI14A  RPS4XP2
ACKR1 MTMR7 RPS4X  EPRS SLC52A2 Clorf21 RPSAXP3
ACSLE MXD4 ~ RPSE ETFA SPIN1 C3orf18 $LC35D2
ADRAZA  MYOZ3  SAMD4A EXOSC4  SQLE C4A SLC3BAT
AGTRZ  MYT1 SIRPA EXOSC7 STAU1 €CDE30 SPATAGL
AUNIP NMES  SLCI6AS GNB2L1 SYNCRIP  CFAPES $SX7
€2¢D2 NMT1  SLCAA7  GPRS6  TKT CLutl TNXA
CCDC170  NPYIR  SLC7A6  GTPBP4 TMEMI94A FCGR3B TPSAB1
CELSR2  NPYSR  SORBSL  ILF2 TUBA1B GUSBRP11  TPSB2
CHAD OSGEPLI SQSTM1 KARS  UBE2Vi IGHD UGT1A8
CREBLZ  P2RY4  SRPK3  LAMA3 YWHAZ IGHI3 WDR78
CSDEL P2RYE  THEMIS2 LRPPRC IGHV3-20  ZNF710
ZNRD1-
CX3CR1  PAPPA  TTLLL NDUFC1 IGHV3-23  AS1
CYRB1 PDCD2  ZNF395  NELFE IGLI3 BOLA2
DDX3X  PDCD4  ABHD5  NOPS6 KIAADD40  MRPL23
DHTKDT  PER3 ADRBK2Z QARS KIRZDL1
EGOT PNPLA4  AIMP1  RACGAP1 KIR2DL3
EIF1 PTCD3  ALG3 RAD21 LINCO1260
EML2 PTPN1I  BRIX1  RAD23B LOC389906
EPHX2 PTPRO  CDKN3  RC3H2 LRRCA8
FAM134A PTPRT  CHAF1A RPL1A NBPF8
FRS3 PURA EIF3A RPL1S NSUN7
IcAL RAMP2Z  EIF3B RPL29 PGAP2
LAMA2  RGSS EIF3K RPS9 PGPEP1
LPAR2 RHBDD3 EIF4B RPSA RBMY1J
LZTs1 RPLIC  EIF4E SFPQ RBMY2IMP
MADA RPLZZ  EIF4G1  SHCBP1 RGPDS

Genes whose overexpression is associated with poorer survival are in bold and those

whose underexpression is associated with poorer survival are underlined
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Table 22. 133 genes associated with relapse-free survival of breast cancer

patients.

D SEQ 1D NO: Network

BRD8 1 Carbohydrate/Lipid Metabolism
BTG2 2 Carbohydrate/Lipid Metabolism
BTN2A2 3 Carbohydrate/Lipid Metabolism
KIR2DL4 4 Carbohydrate/Lipid Metabolism
ME1 3 Carbohydrate/Lipid Metabolism
PIK3IP1 & Carbohydrate/Lipid Metabolism
SEC14l2 7 Carbohydrate/Lipid Metabolism
PSEN2 8 Carbohydrate/Lipid Metabolism
FLNB 9 Carbohydrate/Lipid Metabolism
ACSF2 10 Metabolic Disease

APOM 11 Metabolic Disease

BINZ 12 Metabolic Disease

CALR 13 Metabolic Disease

CAMK4 14 Metabolic Disease

GLTSCR2 15 Metabolic Disease

ITM2C 18 Metabolic Disease

NOP2 17 Metabolic Disease

NSUN5 18 Metabolic Disease

ZMYND1Q 19 Metabolic Disease

ABAT 20 Nucleic Acid Metabolism
BCAT2 21 Nucleic Acid Metabolism
SCUBE2 22 Nucleic Acid Metabolism
SF3BT 23 Nucleic Acid Metabolism
RUNX1 24 Nucleic Acid Metabolism
ZNRD1- 25

AS1 Nucleic Acid Metabolism
ATPsViICt1 26 Carbohydrate/Lipid Metabolism
RAP2A 27 Carbohydrate/Lipid Metabolism
CALM1 28 Metabolic Disease

CAMSAPT 29 Metabolic Disease

CETN3 30 Metabolic Disease

COG8 31 Metabalic Disease

GRHPR 32 Metabolic Disease

HELLS 33 Metabolic Disease

KDMSA 34 Metabolic Disease

PGK1 35 Metabolic Disease

PLCH1 36 Metabolic Disease

ZNF593 37 Metabolic Disease

CA9 38 Nucleic Acid Metabolism
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CEP55 39 Nucleic Acid Metabalism
CFDP1 40 Nucleic Acid Metabolism
RFC4 4 Nucleic Acid Metabolism
TAF2 42 Nucleic Acid Metabalism
VPS28 43 Nucleic Acid Metabolism
SF3B3 44 Nucleic Acid Metabolism
LRRC48 45 Cell Signaling
ARNT2 46 Cell Signaling
MYBPC1 47 Gell Signaling
ADORA2B 48 Cell Signaling
GSK3B 49 Cell Signaling
LAMA4 30 Cell Signaling
MAP2K5 51 Cell Signaling
BCL2 52 Cellular Development
CHPT1 53 Cellular Development
ERC2 54 Cellular Development
ITM2A 58 Cellular Development
LRIG1 %6 Cellular Development
MAPT 57 Cellular Development
PRKCB 58 Cellular Development
RERE 29 Cellular Development
ABHD14A 60 Cellular Development
FLT3 61 Cellular Growth
sLci11a1 62 Cellular Growth
TNN 83 Cellular Growth
GPI 64 Cellular Development
HCFCiR1 65 Cellular Development
KCNG1 66 Cellular Development
PIR 67 Cellular Development
BCAP31 68 Cellular Growth
MCM10 69 Cellular Growth
MELK 70 Cellular Growth
ULBP2 7 Cellular Growth
72 DNA
BRD4 Replication/Recombination
73 DNA
STC2 Replication/Recombination
FOXMA1 74 Chromosome segregation
KIF2C 75 Chromosome segregation
NUP155 76 Chromosome segregation
TPX2 77 Chromosome segregation
TTK 78 Chromosome segregation
79 DNA
CARHSP1 Replication/Becombination
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| 80 DNA |
CENPA Replication/Recombination
81 DNA
CENPN Replication/Recombination
82 DNA
EXO1 Replication/Recombination
83 DNA
MAPRE1 Replication/Recombination
84 DNA
PML Replication/Recombination
APOBEC3A 85 Immune system
BATF 86 Immune system
CD1A 87 Immune system
CDiB 88 Immune system
chig 89 Immune system
CD1E a0 Immune system
CFB a1 Immune system
CXCR4 92 Immune system
EVL a3 Immune system
FBXW4 94 Immune system
HLA-B 95 Immune system
IGH 96 Immune system
KIR2DL3 97 Immune system
SMPDL3B 98 Immune system
ACOT?7 99 Immune system
CD36 100 Immune system
CD55 101 Immune system
GEMIN4 102 Immune system
NAE1 103 Immune system
SHMT2 104 Immune system
TCP1 105 Immune system
TXN 106 Immune system
TXNRD1 107 Immune system
ABCB1 108 Post-Translational Modification
MYB 109 Post-Translational Modification
RLN1 110 Post-Translational Modification
ACAA1 111 Protein Synthesis/Modification
CHAD 112 Protein Synthesis/Modification
MTMR7 113 Protein Synthesis/Modification
PDCD4 114 Protein Synthesis/Modification
RPL10 115 Protein Synthesis/Modification
RPS28 116 Protein Synthesis/Modification
RPS4X 17 Protein Synthesis/Modification
RPS6 118 Protein Synthesis/Modification
S0ORBS1 119 Protein Synthesis/Madification
SRPKS 120 Protein Synthesis/Madification
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RPL22 121 Pratein Synthesis/Modification
RPS4XP3 122 Protein Synthesis/Modification
ADM 123 Post-Translational Modification
ABHD5 124 Protein Synthesis/Modification
CHAF1A 125 Protein Synthesis/Modification
EIF3K 126 Protein Synthesis/Modification
EIF4B 127 Protein Synthesis/Modification
EXOSCTY 128 Protein Synthesis/Modification
GNB2L1 129 Protein Synthesis/Madification
LAMA3 130 Protein Synthesis/Modification
NDUFC1 131 Protein Synthesis/Modification
STAU1 132 Protein Synthesis/Modification
SYNCRIP 133 Protein Synthesis/Modification

Genes whose overexpression is associated with poorer survival are in bold and those

whose underexpression is associated with poorer survival are underlined

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035 PCT/AU2015/050096

10

242

EXAMPLE 6
The preceding example identified 133 genes, associated with 12 oncogenic functions,
the expression of which is strongly associated with cancer aggressiveness and
clinical outcome (Table 22). The expression of genes from this list was investigated
for association with survival in: (1) follicular lymphoma patients before receiving
pidilizumab in combination with rituximab (Westin et al. Lancer Oncol, 2014, vol
15(1)) (i1) colorectal cancer patients treated with cetuximab (GSES851); (iii) triple
negative breast cancer patients treated with cetuximab and cisplatin (GSE23428);
(iv) lung cancer patients treated with erlotinib (GSE33072); and (v) lung cancer
patients treated with sorafenib (GSE33072). This analysis identified new sets of
genes, with partial overlap to the iBCR signature, the expression of which was highly
associated with survival in the different treatment groups (Table 23). Scores for each
patient group, which were calculated based on these gene signatures were shown (o
be highly predictive of survival in these patient groups (pidilizumab + rituximab:

Figure 56E; all other treatments Fignte 59).
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Table 23. iBCR gene signatures associated with survival in patients receiving

anticancer therapy.

Follicular
Lymphoma Colarectal Triple negative
{pidibizumab + Lung Cancer Lung Canger cancer breast.cangcer
rituximab) (erlotinib) (sorafenib) (cetuximab) (cetuximab)
APOBEC3A CDIC NOP2 ARNT2 SF3B3
BCL2 CDIE CALR NDUFC1 CETN3
BTN2A2 CDIB MAPREI1 BCL2 SYNCRIP
CAMK4 KDMSA KCNG1 ABHDI14A TAE2
FBXW¢4 BATF PGK1 EVL CENPN
PSEN2 EVL SRPK3 ULBP2 ATP6VICI
MYB PRKCB RERE BIN3 CD55
ADORAZB HCFCIRL ADM MAPREI ADORA2B
CD36 CARHSP1 LAMA3 BRD4 RPL22
KCNGI CHAD KIR2DE4 STAUI1 ABAT
LAMA3 KIR2DL4 ULBI?2  TAFZ BTN2A2
MAP2KS ABHDS LAMA4 GSK3B ChiB
NAEL ABHDI14A CAY PDCD4 ITM2A
PGK ACAAL BCAP31 KCNGI BCL2
STAUL SRPK3 SCUBE2 ZNRDI1-ASI {UXCR4
CEDPI CFB CHPT! EIF4B ARNT2
SE3B3 NAEIL Chig HELLS
GSK3B BTG2
TAER2 ADORAZB
BCLZ2

Genes whose undererexpression is associated with a response to treatment are in bold

and those whose overexpression

underlined.

18 associated with a response to treatment are
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SEQUENCE LISTING

The sequences set forth in SEQ ID NOs: 1-133 below correspond sequentially to the 133

genes provided in Table 22,

>8

MATGTGKBELLETGPTEPWS ITREKLCLASSVMRSGDONWVSVERALKPEFARPGRPPDWE SORRCASQY
LLETTETPKREKRGEKGEVVETVEDVIVRELTAERVEELKEVIKETQERYRRLERDAELIQAGHMDS
RLDELCNDIATKKKLEEEEAEVHREKATDAAYQARQAVKIFFE RJDT”WUnVPIUQASTCJDY LGDLT
T'*EEPTQQVNFSEMA"A GHLMSTGVLLEVGGVLPMIHGGEIQQTPNTVAASPAASGAPTLSRLLE
QFTTPLASEFTTVASEPPVKLVEPPVESVACATIVMMPALPAPSSAPAVSTTESVARPVSQPDNCY
PMEAVGDPHIVIVSMDSSEISMIINSIKEECFRSGVAEAPVGSKAPSIDGKEELDLAERMDIAVEYTS
EELDFETVGDIIAITEDKVDDHPEVLDVAAVEAALSECEENDDEQSLPGPHREHPIQOERDEEVPLPAR
EMTVEQERLDEEETENKGIE BL“DIRFPQAEIK”FP&EPEP”'SGAEI FAGVVPATSMEPFELRSQDL
DEELG% AAGEIVEADVATGRGDETPLINVRTEASPESMLSPSHEGSNPIEDPLEAETQHKFEMSDSLE
EESGTIFGSQIRDAPGEDEEEDGVS AA&TEE“KEEUQCEQVTSWP NEPFVSESDDGESTHNATLOS
HTLADST PbbPaSSQFbVCLEDQUALthhlJKK IMLVWRAAANHRYANVEFLOPVIDDIAPGYHSIV

“RPD“ STIKKENIENGLIRSTARFOQRDIMLME QNAVMYNISDHDVY HMAVEMORDYLEQIOQFPLATQL
MQTSESGILEAKSLRGRDSTREQDASEKDSVPMGSPAFLLSLEMGHEWVHLDSEQDRFNDSELSNECR
ULESS"UU LDLDVGNWRETEDPEAERELEESSPEREPSELLVGDGGSEESQEAARKASRONTLLHFLSE

VAYLMEPLCISSNEGSEGCCPPSGTROEGRETKASEGERELCRETEELSARGDPLVAEKRPLGENGREPE
VASAPSVICTVQGLLTESEEGEAQQESKGELOGEVY VSEMEDDQPPSCGECDDAFNIRETRLVDTLESHA
T SBLTDLQODLBVQDH LEKKTLLPVWEMIASHRESSPFLEPVSEROAPGYKDVVKREMDLTSLERN
KGRIRTMAQFLRDLMLMPONAVMYNRSDHEVYHMAVEMROEVLEQIOVLNIWLDKREGS SSLEGER

ANPVﬁDuWPVb

EQ ID NQ:l
G

G
hoju¥

1

SBEQ ID NO:2

MSHEKGTDMLPEIARAVGFLSSL RTRnﬁVSEQRLK " SGALOEAL TEHYKHEWFPEKPSKESGYRCT
RINHKMDPIISRVASQIGLSOPQLHEQLLPSELTLWVDPYEVSYRIGEDGSICVLYEEAPLAASCGLLT
CRNQVLLGRS SPSKNYVMAVSS

>8EQ ID NO=3

MEPAARALHF SLEASLLLLLLLLLLSLEALVSAQF TVVGCPANP I LAMVGEN] TIRCPLSPEVWAFDN?V
BRWFRSQFSPAVEVYKGGRERTEEQMEEYRGRI TEFVSKDINRGSVALVIENVTAQENGIYRCYFQEG
YDEAILRLVYVAGLGSEPLIETKAQEDGE IWLECT SGEGWYPEPLTVWRDPYGEVVEAL KEVQIADADbh
FMVTTAVIIRDRYVRNYSCEVENNTLLGOERETVIFIPESEFMPSASPWNMVALAVILTASFRMVSMTVI
AVEFTIIFMAVSICCIKKLOREKKILIGERKVEQEERKEI AQOLOEELRWRRTF LHAARVVLDPDTAHPEL
FLEEDRREVRREPYRQRVPDNPERFDSOPCVLGWE SFASCKHYWEVEVENVMVHIVGVCRESVEREGE
VLLIPONGEFWTLEMFGNQYRALSSPERILPLRESLECRVGEVELDYEAGDYVSEFYNMRDRSHIY TUPRSAR
ITVEYRPFFRLGSDDEPIFICPALTGASGEVMVPEECLKLHERVGTHRSL

__,1

v

TD NOw 4
VIILACLGFFLDQIVWAHVGGOIRPFCSAWP BAVVPQGGHVTLRCHYRRGFNIETLYRKDGY
I\RIF» NESFLISEPVTRAHAGTYRCRGE APHSPTEW‘“P\P"‘NPT"IPVIVTC‘L’XE:(D LTARPGRPTVY
A %

(ﬂ £
*J:l

':* [11 tﬁ

NVTLSCSEOSSEFDIYELSREGEABELRLPAVPEINGTFQADEPLGPATHCETYRCEGSFHGSEY

PEDPLPVEVIGNPSSSWESPTERPSEFRTGIARHLHAVIRYSVAITLE LPFFLLHRRCSEEKDA

AVMNOEPAGHRTVNREDSDEQDPQEVIYAQLDHCIETORKITGPSQRSKRRPETDTSVCIELPNARPRA
LEPAHEHHSCGALMGSSRETTALSQTOLAS SNVPARGT

FSEQ T NO=5

MEPEAPRRRETHOREYLLTRNPHLNRDLAF TLEERQOLNTHCLLPPSFNSCETOVLRVVENTFEHLNSD
FDEYLLLMDLODENEKLEYRVLTSDIEKFMPIVY TRTVGLACQQY SLVFREPRGLEFITIHDRGHTASY
LNAWEFEDVIKATVVTDGERILGLGDLGONGMGI PVGRLALY TACGGMNPOECLPVILDVGTENEELLK
DPLYICARQBRJRGSﬁVDDLLDEEMEAVSSK"”MJCLIQF DEANVNAFRLLNKYRNQYCTEFNDDIQEG
TASVAVAGLLAALRITKNKLSDOTILFOCAGERALGTARLIVMALEREGLEPREKATI KK IWLVDSKGLT
VEGRASLIQEKERKFAHEHEEMRNLEATVORIKPTALIGVARICGAF SEQT LRKDMAAFNERPTIFALSN
PTSKAECSAEDCYKITKGRAIFASGSPFDPVTLPNGOTLY PGUGNNSYVEPGVALGVVACGLROITDN
IFLTTAEVIAQOVSDEHLEEGRLYPPLNTIRDVSLKIAEKTVKDAY QEKTATVY PEPONKEAFVRIOM
YSTDYDOILP DY SHEEEVORIQTRVDY

-
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>SEQ ID NO:6
MLLAWVOAFLVINMLLAEAYGSGGOFWDNGHLYRERQTSPAPGLRCLNWLDAQSGLASAPVEGAGNHS
TCRNPDEDPRGPHCYVSGEAGVPEKRPCEDLRCPETTSQALPARTTEIQEASEGPGABDEVOVEAPANA
LPARSEAZAVOPVIGISORVRMNSKEKKDLGTLGYVLGITMMVI T IATIGACT I LG Y SYKRGRDLEKEDH
DORVCEREMORITLRPLSAFTRPTCEIVDERTVVVHT SQIPVDEOEGT TRPLMGRAGTPGA

>8EQ ID NG:7
MSGRVGDLSPROKEALARFRENVODVLPALPNPDDYFLLRWLRARSFDLGKSEAMLRRKAVEFRKOKDI
YLIGEMCGYDLDGCPVUYDI IGPLDAKGLLE SASKQDLLRTKMRECELLLOECA
HOTTHELGRRVETITIIYDCEGLGLKHLWKPAVEAYGEF LCMEEENYEETLRRLEVVKAPKLFPVAYNL
IKPPLEEDTREKIMVLGANWKEVLLKHI 3PDOVRVEYGGTMTDPDGNPRKOKSKINYGGEDIFRKYYVRD
QVEGOYEHSVQI SSRGS SHOVEYEILFEPGCVLRWQPMSDGADVERGIFLEKTRKMGERQRAGEMTEVLENG
RYNSELVPEDGTLICSDPGIYVLRFDNTY SFIHAKKVNEFTVEVLLPDEASEERMKOLGAGTPK

1

>BEQ ID NO:8

MLTEMASDSEEEVCDERT SIMSAESPTPRECQEGROGRPEDGENTADWRSCENEEDGEEDPDRYVCIGV
PGRPPGLEEELTLRKYGAREVIMLFVEVILOMIVVVATIKSVREYTEKNGGLIYTEF TED TIPS VGURLL
NSVLNTLIMISVIVVMTIFLYVLYRYRCYKFITHGWLIMSSLMLLELFTY I YLGEVLRTYNVAMDYPT
LLTVRANEFGAVEMVC TEWKGPLVLOOAYLIMISALMALVE IKY LEEWSAWVILGAI SVYDLYAVLCPKG
PLEMLVETAQERNEPIFPALIYSSAMVWTVGMAKLDEPSSOGALQLPYDPEMEEDSYDSEGEFSYPEVE
EPPLTGYPLGEELEEEEERGVRLOLGDEP TEYSVLVGKAAATGSGDWNT TLACPVAI LIGLCLTLLLLAY
PREALPALPISITEGLIFYPSTDNLVRPEMDTLASHOLYT

>BEQ ID NG:&

MPVTEKDLAEDAPWRKEICONTF TRUCNEHLECVNKRIGNLQTELSDEGLRLIALLEVLSQRRMYREYHO
RETFROMOLENVSVALEFLDRESIRKLVSIDSKAIVDONLEL I LGLVWTLILEY SISMEVWEDEGDRDA
RKROQTPRORLLGWIONKIPYLPT TNEFNQNWODEKALGATLVDSCAPGLOPDWE SWDPOKPVDNAREAMQD
ADDWLGVPQVITEPEEI IHPDVDERSVMTYLSOFPRAKLKPGAPLEPKLNPEKARAYGREIERPTGNMVE
QPREFTVDTISAGOGDVMVEVEDPEGNEEEAQVTPDSDRNKTY SVEYLPKVTGLERVTVLFAGDHISK
SPEEVEVDKAQGDASKVIARKGCPGLEAVGNIANKPTYFPEIYTAGAGVGDIGVEVEDPQGENTVELLVED
RGNQVYRCVYREMOPGPHVVRIFFAGDTIPRSPEVVQVGEACNPNACRASGRGLOPKGVRIRETTDEK
VDTKAAGSGELGVIMEGPKGLEELVKOKDFLDGVYAFEYYPSTPGRYSIATTHGGHRHIPKEPFEVQVG
PEAGMOKVRAWGPGLHGGIVORSADFVYESIGSEVGSLGEFATEGP SQAKIEYNDOQNDGSCDVEYWPKE
PGEYAVHIMCDDEDIKDSPYMAR IHPATAGYNPDLVRAYGPGLEKSGCTIVNNLAER TVDPKDAGHEAPL

KIFAQDGEGORIDIQMENRMDGTYACSY TPVRKAIKHT IAVVHGEVNIPHSPYRVNIGOGSHPQEVEVE
GPGVERIGLKANEPTHF TVDCTEAGEGDVSVGIKCDARVLEEDEEDVDEFEI THNAND TR TVEYVERPAA
KAGVENGKPTHF TVYTKGAGKAP LNVOF
NSPLPGDAVERLDT IDNYDRYSHTVRY PTRPTOOENMOVLVY ITYGEDRR IRPKEPETVGVAAPLDLSKITKLNGL
ENRVEVGKDOEFTVDTRGAGGUGKLDVTILSPSREVVECLVIPVIGRENS TAKE IPREEGLYAVDVTY
DGHPVRPGSPY TVEASLPPRF SKVKAHGPGLEGELVGKPAEF TIDTRGAGTGGLGLIVEGRCEAKIECS
DNGDGTCSVSYLPTRPGEYFVNILFEEVHIPGSPEKARIEMPEDEF SKVVASGEFGLENGKVGEAGLLSY
DUSEAGPGALGLEAVSDSGTRAEVS TONNKDGTYAVTYVRLTAGMY TLTMKYGCGELVPHEPARVEVEPR
AVDTSRIKVEGRPGIECKDVFREATTDETVDIRPLTOVGGDHIKAHIANP SGASTECFVIDNADGTYOV
EYTPEERGLHVVEVTYDDVPIRPNSPFRVAVIEGCCPSRVOACCPGLEEAF INKPNVETVVIRGAGIGE
LGITVEGPSESKINCRDNKDGSCSAEY IPFARPGLYDVNITYGGAHIPGSFFRVEVKDVVDPSKVETAG
PGLGSGVRARVLQSFIVDSSKAGLAPLEVRVLGPRGLVEFVNVVDNGDGTHTVIY TP SQEGRPYMVEVK
YADEETPRSPFEVKVLPTYDASKVTASGPGLESYGVRPASLPVDFATIDARDAGEGLLAVOITDOEGKEK
RATVHDNRDGTYAVEYIPDKTERYMIGVTYGEDRIRPLSPYRIRATOTGDASKCLATGPGLASTVRTGE
EVGEPVVDAKTAGKGRVICTVLIPDGTEAEADVIENEDGTYDIFY TAARPGTYVIYVREGGVIIPNSPE
TVMATDGEVI AVEEAPVNACPEPGFRPWVTEEAY VRV IDMNGLGERFFDLVIFFAVRKGEITGEVHMPS
GHIATPEIVDNKDGTVIVRYAPTEVGLEEMHIKYMGEHIPESELOE YVNYPNEGSVSAYGEGLVYGVA
NETATETIVIEDAGEGGLDLAIEGPSKAELISCIDNKDGTCTVIYLPTLPGDY ST LVEYNDRHIPGSPE
TAKITDDSRERCSOVKLGSAADFLLDISETDLISLTASIKAPSGRDEPCLLERLENNHIGI SFIPREVG
EHLVSIKENGNEVANSPVSIMVVOSETGDARRARKVYGRGLSEGRTFEMSEF IVDIRDAGYGGISLAVE
GPSKVDIQIEDLEDGTCRKVSYFPTVRPGVY IVSTRKFADEHVPGSPETVEISGCEGRVEESITRTISRARPSV
ATVGSICDLNLKIPEINS SDMSARBVITSPSGRVIEAEIVPMGRNS HOVREVEPQEMGVETVEVEYRGQREY
IGSPEOF TVGPLEEGGAHRKVRAGGPGLERCGEAGVEREF SITWTREAGAGGLS IAVEGP SKAET TFDDHE
NGSCEVEYITAQEPGNYEVRS IKFNDEHIPESEYLVEVIAPSDDARRLTVMS LOESGLRKVNQPASFAIRL
NGAEGKIDAKVHEPSGAVEECHVSELEPDRKYAVREIPHENGVHT IDVKFNGSHVVGSPERVRVGERGQ
AGNPALVSAYGTGLEGHRTTGIOSEFEINTTRAGPGTLEVI IEGE SEVKMECQETPEGY KVMYTPMAPG

GRYTIKVLFASQEIPASPFRVKVLPSHDASKVKAEGPGLS
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NYLISVEYGGPNHIVGESPFRAKVTIGRRLVEPGSANETSSILVESYVTRESTETCYSAIPKASSDASKVT
SKEAGLSRAFVGURESFLVRCSKAGSNMLLIGVHGRTTRPCER 'V"SD/E\ IVENQQYNVTYVVKERGDYVLA
VEWGEEHIPGSEFHVTIVPR

»SED ID NG:ig
MAVYVEGMLRLGRLOAGSSGVLGARAALSREWOEARLOGVRF LS SRE
LNSKIVEQCLETTAQRVFPEREALVVLHEDVRLTFAQLKEEVIKAAS
W’LMQL-,TA GAGI TLVAVNPAYOAMELEYVLKEVGCRALVFPROFHTQOYYNVLKQTCPEVENAQPGA
LRKSORLEPDLTTVISVDAPLPGTLLLDEVVARAGETROHLDOLOGYRQOFLSCADPINIOETSGTTGEPKRG
ATLSEYNIVNNSNILGERLELHERTPEQLEMILPNPLYHCLGSVAGTMMC LMYGATLILASPIFNGEK
ALBEATISRERGTIFLYGTPTMEVDILNORDESSYDISTHMCGEGV IAGSPAPPELIRAT INKINMEDTLVVAY
GTTENSEVTFAHFPEDTVEQOKAESVGRIMPHTEARIMNMEAGTLAKLNTRPGELCIRGYCYVMLEYWEER
QETEEAVDODEWYWTGDVATMNEDGRCRIVEGRSKDMT IRGGENIYPAELEDEFHTHRPREVQEVQVVGVE
DDRMGEEICACIRIKDGEETTVEEIKAFCKGEISHERKIPEKY ITVEVINYPLTISGRKIDKFKLREQMERH

LML

VDRMVETPIGOLEYVQGCTKRKH
GLLSIGL (‘FGDRZGM“’JF FNSYA
YN

tO N W Dd

SEEQ ID NG:1l

MFHOIWAALLYEYGITLNS I¥YQUPEHSD LT TLGVDGREFPEVHLGOW Y FTAGAAPTKEELATFDEVDN
IVERNMAAGEAPMOLHLRATIRMKDGLOVPREKWIYHLTEGSTT LRLSGRPT“VIHIJLF SSCPGGIMLNE
TGREYORFLLYNRSPHPPEKCVEEFKSLTSCLDSKAFLLTPRNQEACELSNNK

»8EQ ID WO:12
MSWIPFRIGOPKROIVPKTVERDEEREYGKLOOLEEOTRELOKDMKKS TRADLAMSESAVRISLDLLS
NPLCEQDODLINMYTALD TAMERMDAFNDQEKVNCIORTIVIEPLKKEGSVERS LNMAVKRREQALODYR
RLOAKVERYEEKEKTGPVLAKLHQAREELRPVREDFEAKNRGLLEEMPREYGSRLDYFCP FVFQLTRA
GYVYYSEMEK IFEGDLSHOLDOPGHSDEQRERENEAKLSELRALSIVADD

p

SEQ ID NO:13
MLLSVPLLLGLLGLAVAERAVYFRKEQF L DGLGHT SRW T ESKAK S DEGREVL S SCKFYGNEEEDRGLOT
SODARFYALSASFEPFSNKGUTLVYORTVRHEQNI DCGGEY VELFPENSLOQTDMHGDSEYNIMEPGRDI
CAPGTRKVHVIFNYKGKNVLINKDIBCKDDEFTHLY TLIVREPDNTYEVK IDNSOVE SGSLEDDWDE LE
PHEIKDEDASKPEDWDERAK I DDPTDEKFEDWDEPER I FDPDAKKPFEDWDEEMDGENEPEVIONPEYK
GEWKPROIDNPIYKGTWIHPEI DNPEY SPDESI YAY INFGYLGLDLWOVKSCT IFDNF LI TNDEAYAE
EFGNETWGVTKAAEKOMEDKODEECGRLKEEEEDKKRKEEEEAEDKEDDEDKDEDEEDEEDKEEDEEED
YEGDAKDEL

»3EQ ID NO:l4

MLEVIVPECSASSCAEVIASAAPGTASLVPDYWIDGSNRDALSDEFEVESELGRGATSIVYRCKORGT
OKBYALKVLEKTVDRKIVRTEIGVLLRLSHPNI IKLEEIFETRPTEISLVLELY IGGELFDRIVERKGY
SERDAADAVKQILEAVAYLHENGIVHRDLEKPENLLYATPAPDARPLKIADEGLSEIVEHQVLMRTVOGT
PGYCAPEILRGCAYGPEVRMWEVEITTY ILLCGEFERPFYDERGDOQFMFRRILNCEYYF ISPRWWDEVSLN
ARDLYRKLIVLDPRKRLTTFCALQHPWYTGRAANE VEMDTACKKLOEFNARRKLRAAVKAVVASSRLG

SASHSRGSIQESHEKASRDPS “IQT‘GNEDMRAIPEGEKIQ\’_—; GAQA%"E\ SACARLMEVQALERVEKGADT
NAEEAPKMYPRKAVEDRGIKVADLELEEGLAEEKLETVEEAA F(x(‘CSBA\H"F' VPQUDVILPEY

»HEQ ID NG:15
MAKGGSGVGGRRSSKESDADSGEFLGLRPTSVDPALRRRERRGPRNKKRGWRRLAQEPLGLEVDOFLEDVR
LOERTSGELLSEAPNERLEFEVDTGSKEXKGLTREKRTRVOKKS LLLKKPLRVDLILENTSKVRPAPKIV LA
BOVENARKKLRRKEQLWERKLAKOGELPREVREAQARLLNESATRAKPGPODTVERPFYDLWASTNPLDR
PLYGODEFFLEQTKKKGVERFARLHTKEF SUAPAVEVARPAGASYNESFEDHOTLLSAAHEVELOROKEA

EXLERQLALPATEQARATOESTFORELCEGLLEESDGEGERPGOGEGPEAGDAEVCRPTPARLATTERKTEQ

PRRRERAVHRLRVOOAALRAARLRHQELFRLRGIKAQVALRLABLARRDREROQARREAEADKFRRLGR
LEYOAPDIDVOLSSELTDSLRTLEPEGN ILRDRFRKSEFQRRNMIEPRERAKFKRKYEVEKLVERRAFRET
QL

>BEQ ID NG:lsé

MVKISFOPAVAGIKGDRADKASASAPAPASATEI LETRPAREEQPPOHREKRGEGSVGEVCYLSMGMYV L
LMGLVFASVYIYRYFFLAQLARDNFFRCGVLYEDSLSSOVRIGMELEEDVKIYLDENYERINVEVEQE
GGGDEPADIIHDFQRGLTAYHRI SLDECY VIEBLNTTIVLEPRNFWELLMNVERGTYLPOTY TICEEMVY
TEHVEDREALGSFIYHLCNGEDTYRLERRATRRRINERGAKNCNATRHFENTEVVETLICGYV

[

n

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035 PCT/AU2015/050096

30

(43
L

40

50

LA
i

60

247

»>SEQ I NO:17

MGRELDPTKEKRGPGRKARKGRGAETELVRFLPAVIDENSKRLS SRARKRAAKRRLGSVEAPRTNKSE

EAKPLPGKLPEGI SAGAVQTAGRKKGPQSLENAPRGKERPAPGSDEEEEEEDSEEDGMVNHGDLWESED
AGT

DADTVDDYGADSNSEDEEEGEALLPIERAARKQKAREAA &W"“EEIJDEEEEEEMIPLSCPPKVE
BEADGELOTINY ERnLFVLfPACFM SODAQAPDLORVHKRIQDIVGILRDEFGCGAQOREEGRSRSEYLNRLEK
DLATYY S‘."b‘ FLLGKLMDLFRPLSELVEF LEANEVERPVILRTINTLKTRRRELAGALTINRGVNLDPLGK

WORTGLVYYDSSVPIGATPEY LAGHYMLOGASSMLPVMALAPQEHERILEMCCAPGGK T SYMAQLMEN
TQJILANDAWAERLKQ\”“NLHRLC"TNTLIS YDGRQFPEVVGHEEDRVLLDAPCSGTIGVISKDPAVK
TNEKDEKDILRCAHLOKELLLSATIDSVNATSKTGGY LVYCTCSITVEENERVVDYALKKRNVRLYPTGL
DFGQEGEFTRFRERRFHPSLRETRRFYPHTHNMDGEFFTARFKKESNS IPOSQTGNSETATPTNVDLEPQV
T“K.ENSSQT“KFAKGAAFT CCOLOKQOHPRKASFQRLNGISKRGADSELSTVPSVIKTQASSSEFQODRSS
QPAGKAEGIREPKVTGKLEQREPKLOSSKRKVAFLRONAPPRKGTDTOTRPAVLAPSRTOATLEPK HHQP
LuPhKC”EKQQuPEQPﬁEFRAFanNDTT EGPOPPTVEPIRSSRPFPAKREKKSOQSRENSQLLL

>BEQ ID NO:18
MGLYAAARGVILAGVESROGS IKGLVY SSNFQNVEQLYALVCETORY SAVLDAVIASAGLLRAEKKLRP
ﬁLnKVL"‘ELLLF&GFRGGq”RWBxLJf HQAR LKAELAPL (VHRGVSRNEDLLEVGSRPEPASGLPR
RVNTLETCSDDVVYDYFPRROGPAYOGRASSLUDLRALKGKHELLDPLMPELLVFPACTDLHAEHELYR
hGHuILQDR&S:LP%MLLDPPPGUH\IDA&A“PbNFIbH AALLENQGKIFAFDLDAKRLASMATLLA
RAGVSCCELAEEDFLAVSPSDPRYHEVHEYILLLDPSCSGSGMPARQLEEPGAGTESPVRLHALAGFQOR
ALCHALTFPSLORLVYSTOSLCQEENEDRVVRDALOQONEFGAFRLAPALPANPHRGLSTEPGAEHCLRAS
PETTLSSGFFVAVIERVEVER

>3EQ ID NO:1l9
MGDLELLLPGEAEVLYVRGLRSFPLREMGSEGWNCGCHENLEELNMOATILDATVSQGERP TOELLV THGRY
HTLVEElIRVFMWY@K E 7FCPVEDFKPQMLF IYMVVHHEASTIINLLETVEFHEKEVCESAEDTVL
LVDYCHRELTLLVAQSGUGEPPEGEGS QDS NPMOELOKQARLMEFETALRALSVLRYITDCVDS LS LE
TLQRMLblHNJPPLTVELLEQbPH RREGGKLOQFEGSRWHTVARSEQOKLSKLDGOVWIALYNLLLS
PEAQARYULTSFAKGRLLELRAFLIDTLLDOLPNLAHLOSFLAHLTLTETQPREKDLVLEQIPEIWER
LERENRGKWQATLAKHOLOQHVESPSEQDRLRLOARRWAETYRLDVLEAVAPERFPRCAYCSAEASKROSRC
QNEWYCCRECQVEHWEKHGKTCVLARQGDRAK
>8EQ I 22
MASMLLAQRLACSFQHISYRLLVEGIREI SOAAAKVDVEFDYRGPLMEKTEVREGPRSQELMKOLNITONA
EAVHFFCNYEESRGNYLVDVDGNRMLDLY SQTISVPIGY SHFALLKLIQOPONASMEVNRPALGILPP
ENFVERKLRGSLLSVAPKGMSQLITMACGESCSNENALKTI IFMWYRSKERGORGEF SQEELETCMINQAPG
CPDYSILSFMGAFHGRTIMGC LATTHSKATHKIDIPSFDWRP IAPFPRLKYPLEEFVKENQQEEARCLEER
VEDLIVKYRKEKKTVAGI IVEPIQSEGGDNHASDDFERKLRDIARKHGCARLVDEVOTGEEC TGREWA
HERWGLDDPADVMTFSKEMMT GGFFHRKEEFRPNARPYRIFNTWLGDPSKNLLLAEVINI TKREDLLNNA
AHAGEALLTGLLDLOARYPQF ISRVRGRGTFCSEFRTPLDSIRNKLI LI ARNKGYVVLGGCGDESIRERE

TLVERDHHEHLFLNIFSDILADFK

O

e

)

»134 U
-

)’1

0
SF

S>SEQ ID WO:21

MAARALGQIWARKLLSVPWLLOGPRRYASS SFKAADLOLEMTOKPHKEPGEGEPLVFGKTF TDHMLMY
EWNDEGRGUPRINPPONLTLHPAS3SLEY SLOLFEGMKAPKGKDOOVRLFRPULNMDRML RSAMQLCL
ESFDKLELLECTRRLIEVDKDWVEDAAGT SLYVRPVLIGNEF SLGVSQETRALLFVILCPVGAYFEGG
SVIPVSLLADPAF I RAWVGEVENYKLGGNYGPTVLVOOEALKRGCEQVLWLYGPDHQLT EVGIMNIF*
YW H&DUJLEJVIPPLVG LLPGVVRQDLLDMAQ“WG PRVVERTI TMKQOLLRALEEGRVREVEGSGT
ACQVCPVHRI LYEDRNLHIPTMENGPEL I LEFQKELKETOYG T RAHERMEEY

SYH @ ) (a2
MGVAGRNRPGAAWAVLLLLLLLPPLLLLAGAVPPGRGRAAGRPOQEDVDECAQGLEDCHADATL.CONTRPTS
YKCICKPGYQGEGROCEDIDECGNELNGGCVADCLNIPGNYRUCTCEDGE MLAI“ 1 CHNLT DVDECLENN
GGCOHTCYVNVMGSYECCCKEGFFLIDNOQRTCIHRIFEGLSCMNKDHGC SHICKEAPRGEVACECRPGF
ELAKNQRDCI LTCRHGNGGUOHICDDTADGPRECSCHRPOYKMHTDGR CLnREDTVY VTESNTTIVVD
GDKRVKERLLMETCAVNNGGCDRTCKPTSTEGVHCSURPVEETLGT DGY TCRDT DVC"\TRNSGP DHEPCKN
IVGSFDCGCRRGEKLLTDERSCOQDVDECSLDRTCERSCINHEGTFACACNRGY TLYGF THEGDTNEC S
INRGEGCOOVCVNTVGEEYECOUHPGY KLHWNKKDCVEVKGLLPTSVEPRVSLECGK SGGGDECFLRCAS
GI FLSSDVTTIRTSVTFKMNLUKFQLRNAFkFPbGLTumLPFKhSSVKESFPY"YLTMASGKQYDGAP
GRESTPKEME I TVEFELETNGREVTASCDLSC IVERTEKRLREATRTLREKAVHREQFHLOLSGMNLDY
AKKEPRRTSERQAES QGVCQuanNQhVSCRnuT“”DGARFRCIL PNGTEQNEEGOMTCEPCPRPAENS
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GALKTPEAWNMSECGGLOOPGEYSARGFAPCHLEALGTFOPEAGRT SCFPCGGGLATKHOGATSFODC
ETRVQCSPEHEYNTTTHRCIRCPVETYQRPEFGRKNNCVSCPEGNT TTRFDES TNI TOCKNRRCGGELGDE
TEYIESPNYPEGNYPANTECTHTINPPPRRRILIVVPEIFLRPIEDDCGDYLYMREKTSS SNEY 7T'"”“‘TCQ
TYERPTAFTSREKRKLWIQFKSNEGNSARGEQVPYVIYDEDYQELIEDIVRDGRLYASENHQET LEDKK
LIKALFDVLAHPONYEFRYTAQESREMEFPRSEFIRLLRERKVSREFLRPYEK

SEEQ ID NG:i3
MAKIAKTHERTEAQIREIQGKKARLDEAQGVELDS THYYDOET YISGSDERFAGYVTSTAATELEDDDD
DYSSSTSLLCOREPGYEAPVALLNDI POSTEGYDEFAEHRP PRIADREDEYKEHERTMI I SPERLDEE
ADGENTPOPRMNARTYMOVMREOHLTRKEERETROQLABKAKAGELKVVNGARASUPPSKRERRWDQTE
DOTPGATPRKLSSWEOAETPGHTPSLRWDETPGRAKGSETPEATPGESK IWDETESHTPAGAATRPERED
TPBHATPGHGGATISARKNRWDETPE TERDTPGHEGRCWAETPRTIDRGGDSIGETPTPGASKRKSRWDE
TPASQMGESTPYVLTPGK TR IGTPAMNMATPTPGHIMSMIPEQLOAWRWEREIDERNRPLSDEELDAME
PEGYRVLPPPAGYVEPIRTPARKLTATPTPLGGMT GEHMOTEDRTMRSVNDGP SGNLPF LKPDDIQYED
ELLVDV DESTl“PEEOVFRKTMhLLLKIKTQTPPBRK\&LEQITDKAPEFGAQAIFNQLMPIIMQPLU
EDQERHLLVEVIDRILYKLDDLVRPYVHKILVYIEPLLIDEDYYARVEGRET I SNLAKARGLATMIST
MERFDIDNMDEYVRNTTARAFAVVASALGIPSLLEFLKAVCKSKKSWOARITGIKIVOGIATLMGCATL
PHLRSLVETIEHGILVDEQCRVRT T SALATARLAEAATRPYGIESFDSVLKPLWRETROHRGKELAAFLK
AIGYLIPLMDAEYANYYTREVMLI LI REFPUSPDEEMEK I VLEKVVKOCCGTDGVEANY IKTEILPPEFR
HEWQHRMALDRRNYROLVDTTVELANKVGAA ETTQPT’DLLKDEﬁEQY KMYMETIERIMGNLGRADT
DHKLEEQLIDGILYAFDEQTTEDSVMLNGFGTVVNALGKRVKPY LEQICHTYL wR.NwVSAKVRQQAA
DLISRTAVVMKTCOEEKLMGHLGVVLYEYLGEEYPEVLGSILEALKAT VNVIGMHRKMTEPTKDLLEPRL
TPILENRHEKVOENCIDLYGRIADRGAEYVSAREWMRICFELLELLKAHKKATRRATVNTFGY TAKAT
GPEDYLATLLNNLEVOERDNRVCTTVATAIVAETCSPEIVLPALMNEYEVEELNVONGVLKSLSFLEER
YIGEMBEDYI YAVTPLLEDALMDRDLVHEROTASAVVOHMSLGVYGF GUELSLNHLLN Y VHPNYFE TSP
HVIQAVMGALEGLRVATIGPORMLOYCLOGLFHPARKVRDVYWKIYNSIYIGSODALIAHYPRIYNLDK
NIYIRYELDYIL

»SEQ ID NO:z4

MRIPVDASTSRRFTPPSTAL ZEGKMIEALPLGAPDAGAALAGK LR 3CDRSMVEVLADHPGELVRTDSE
NFLOCBVLPTHWRCNKRTLE I AFKVVALGDVEDET LY TVMAGNDENY 3AELRNATAAMKNOVARFNDLRE

VERE CRJ\SF*LTITVEINPDﬁVAIvhmhI&ITVDGPREP? HROKLDDQTEKFGSLSESERLSELEQL
RRTAMRYVSPHHPAPTEPNPRASLNES TAFNEOROSOMODTRO LGP SPEWSYDOSYOY LGS TASESVHEA
EPICDGRASGMTTLSAEL“CRLST&PDLT\FSDBR‘W”AL331S[’RMHYPGAFTYSPTPVTSGIGIG
M3AMESATRYHTY LEPPYPES SQAGGEPEFOASSPSYHL Y YGASAGS YOPSMVEEERSFPRILPECTNA
3T NPSLPNQSDVVEAEGSHINSPTNMARFSARLEEAVWREY

g . -
O LD

<

i85
)
o

SEQ TD NO=25
MEEKTTQ VEGLEOYCLVPEREMKHIBRATHOTOKAGEFRNKEFRGVLOPPNETKLPK IMEEGHGION
AORREQVNEREQMOTRKDHQERMIRGRELAECRLEKERILRRSDSQLLTYEKHERVKEIKEFERVIAY LL
FOPCARSRIKVITILMDKAQNGERVNT IVERPYORKFE LAMPPFLRIQTIGKIRD

SS5EQ ID NO26

MTEFWLISAPGEKTCQUTWEKLEAAT SKNNNLAYVTSKENIFDLEVGTLDVLVGLSDELAKLDAFVEGY
YERVAEQYMADVLEDSKDKVOENLLANGVDLVTY I TREQWDMAKYRPIKQSLKNISET TAKGVIQIDNDL
KSRASAYNNLKGNLONLERKNAGELLTRSLAEIVKKDDFVLISEY LV TLLVVVPKLNENDWIKQOYETLL
AEMYVPRESNVLSEDODS YLONVTLERKAVDDFRHRARENKF IVRDEQYNEEEMKADKEEMNRL STDR
KROFGPLVRWLEVNF SEAF TANTHVRALRBVEVESVLRYGLPYNFQAML LOPNEK TLRKKLREVLERL YK
HLDSSARATIDAPMDIPGLNLSOOEYYPYVYYKIDCHNLLEFK

>EEQ ID NO:Z7

MEREYRVVVLGSGGVL KSAL VOEVIGLF IERYDPTIERFYREKEIEVDESPSVLEI LDTAGTEQFASMR
DLYIKNGQGEF ILVYSLVNQOSFORTKPMRDOIIRVKRYERVRPVILVGNEVDLESEREVS SEEGRALAE
B

'S"DFMVTQARSKTMYLELFAEIVRQMNYFﬁQP SKDDECCBACNID

SEEQ ID NG:zZ8

MADOQLTEEQIAERFKEAF SLEDKDGRGT ITTKELGTVMRSLGONPTEAELODMINEVDADGNGT
FLTMMARKMRKDIDSEEETREAFRVFDEDGNGY ISAARLREVMINLGEKLTDEEVDEMIREADT
VNYEEFVOMMTAK

TDFPE
BEREY

2

E

ID NO:29

(&)

N

b

G
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MVDASGRAAAEGNREMEAPPDGAADLVPLDRYDAARAKTIAANLOWI CARAYGRUNIPERLRUPEYVDY
YEQEHIKPPVIKLLLESELYCRVCSLILKGDQVAALOGHOSVIQALSRKGIYVMESDDTRPVTESDLSE
APTEMSAHMAMYDALMMAYTVEMI SIERKVVASVERESTE SASKELPYDLEDAMVEWINKVNLEMRETT
EXEVKLKOOLLESPARQKVRYRREHLSARQSPYFPLLEDLMRDGSDGAALLAVIHY YCRPEQMRLDDIC
LEEVTSMADS LYNIRLLREF SNEYLNKCEYLTLEDMLYARPLVLKPNVMVF ITARLFWWEFENVRPDEVQP
RODVOELEDAKTVLHOESSRPPVERISNATKRSFLGSPAAGTLAELORPPVOQLPARGCHRHYLEHPEEPEY L
GEGTAEAFSPSHPLLPLRORODKSIQCEDIPDQRARSNSLTRVDGOPRGAATAWPEKKTRPASQFTEFA
LHHAABSCEVDPSSGDS IS LARSIARDS LASNIVNLTIPQNQFHPTATKSHGRSLLSNVSIEDEEERELVA
IVRADVVPOOADPEFPRASPRALGLTANARSPOGOLDTSESKEDSEFLEPLMPAVLKPARKEKQVITRKE
DERGEGRPRSIVSRRPSEGPUPLVRREMTESRDLNRTE TP IPCEEFPMEGIDETETGPLESVETAGEVCG
GPLALGGFDPFPQGPETRGEFLEVGRADEDTEGRLYVSCSKSPNSHDSEPWTLLRODSDSDVVD IEEA
EHDEMGEAHPVVE SRY IGEEESAKLQEDMKVRKEHEDKDDASGRS SEPCLSTASQMESVSMASGEVRMTS
FAERKLORLNSCETKSSTS3SOKTTPDASESCRAPLTTHWROKREQSPSQHGKIPASLLASELVQLHMO
LEERKRRAIEAQKKEMEAL SARQRLKLGKAAFLHVVKKGKARAAPPLRPEHFARKEY SQHNGEDCGDAY S
KTEDFLVEEEOREELLHEPODVDRKESLAFAQOHKAKDRPVALHELERNEKV LEAALLEDTVEEVVIVNEL
DLSIERLNETI STLQOATLKISQQUEOLIMESPTVPVRPGSKNNSODHEVEAPVHEVEPLSPTGVAGHR
KAPRLGQGRNSRSGRFAELKVERDRPOGSSREKTRETPSVETLRHLRPFPASSHPRTFTDPGLDSALER
AGDPHGKCLFDEYRLEDESNORTLT LSS SKDANTLSEQMALKEVLDASVREVGS SS3DVSGKESVEVE
EPLRSRASLIEVDLEDLKAPDEDGELVSLDGSADLY SEGDORPGVGFFFRDEQKARDELAKKRAAFLL
ROQREAEEARVRKOOLEAEVELKRDEARREAEEDRVEEEEEKARRELIKQEYLRRKOOQILEEQCGLEK
PKSKFPEKPRPKSVHREESUSESGTKCSSTPDNLSRTQEGESLSLASAATTERESVHSGGTPBQRVES!
EALPILSRNPSRETDRDWETASAASSLASVAEY TGPKLFREPS SKSNRPTIHNAT SHECLAGKVNEPH
ENSTLEELEKCEANAY T TLEPRDAGCQERALYCY YPOTEEL YKLTGTGRPENITRKEMIDKLYKY SSDRKQ
PHNLIPARKTMEVEVDALT TENRLWOPKRPAVPERAUTRE

SakallE N

b

¢

. <

>BEQ ID NG:30
MSLALRSELVVDETERRKRRELSEEQRQEIKDAFELFDTDREDEAIDYHELRKVAMRELGE DVEKKADVLEK
ILKDYDREATGKITFEDENEVVIDWILERDPHEETLEKAFKLEFDDPDSGRISLRNLRRVARELGENMSD
ERLRAMIEEFDRDGDGEINQEEFIAIMIGDT

>SEQ ID NO:31

MATAATIPSVATATAAALGEVEDEGLLASLEFRDRPPEAQWRERPDVGRYLRELSGSGLERLEREPERL
AEERAQLLOOTRDLAFANYKTFIRGAECTERIHRLFGDVEASLGRLLDRLESFOOSCRNEVRKEARETS
SHNERMNSLTLNRHTEILEILEIPQLMEDTCVRNSYYEEALELAAYVRRLERRKY SSIPVIOGIVNEVRUSE
MELMLSQLIGOLRINIGLPACLRVIGY LRRMDVF TEAELRVEFLOARDAWLRSILTATIPNDDPYFHIT
KILIEASRVHLFDIITQYRAIFSDEDPLLPPRAMGEHTVNESATFHGWVLOREVSQFLOQVLETDLYRGIGE
BLDSLLGOCMYFGLSPSRVEADFRGOLAPVFORVAISTEQRAIQETVERFPQEEMNSYMEI SAPATLGT
SNMPAAVPATQOPGTLOPPMVLLDFPPLACEFILNNILVAFNDLRLCCPVALAQDVTGALEDALAKVTKIL
(&

LAFHRAEEAAFSBGEQELEVOFCTIVFLEDLVPYLNRCLOVLFPPAQTIAQTLGIPPTOLSKYGNLGHVN
IGATQEPLAF ILEKRETLETLDDOALGRFELTAPAPEPPAEEPRLEPAGPACPEGCGRAETQARPPSVGE
»SEQ ID NO:32
MRPVRLMEVEVIRRIPAEGRVALARAADCEVEQWDSDEPIPAKELERGVAGAHGLLCLLSDHVDERIL
DAAGANLEVI ETMSVGIDELALDEIRKKRGIRVGY TPOVLIDTTARLAVSLLLTTCRELPEAIEEVENG
GWITSWKPLWLOGYGLTGS TVGETIGLGRIGOATARRILKPFGVORELY TGROPRPEEAAERFDAEPVSTEE
LAADSDEIVVACSLTPATEGLCNKDFEDKMERTAVE INT SRGDVVNOQDDLYOALASGRKIABAGLDVTS
PEPLPITNHPLLTLENCVILPHIGSATHRTRNTMSLLAANNLLAGLRGEFMESELKL

>8EQ ID NO=33
MPAERPAGSGGSEAPAMVEQLDTAVITRAMLEEEEQLEAAGLERERKMLEKARMSWDRESTEIRYRRL
PHLLERSNIY SKFLLTKMEQOOLEEQKKKEKLERKKESLKVEKGENESI DASEEKPVMREKKRGREDES Y
NISEVMSKEEILSVAKEKNEKENEDENSSSTRLOVEDLOQRNKDSNE I IKDRLSETVRONTRKEFFDPVRE
CHGORPVPEQUPKHETGGVMRWYOVEGMEWLRMLWENGINGILADEMGLGRTVOCIATIALMIORGVEG
PFLYCGPLSTLPNWMAEFKRFTPDIPTMLYHGTOEERQKLVEN IYKREGTLQIHPVVITEFEIAMRDR
NALQHEYWKYLIVDEGHRIKNMECRLIRELEREPNADNKLLLTGTPLONNLSELWSLLNF LLPDVFLDEL
KEFESWFDITSLSETAEDRT IRKEREONVLHMLHQILTPPLLRRLKSDVALEVPPEKREVVVYAPLIKKY
EIFYTATVNRIIANMEPGSSERETIELSPTGRPERRTRESINYSKIDDFENELEKLTSQIORPEVDRERA
VVEVNIPVESEVNLKLONIMMELLRRCCNHPYLIEYRIDPVIQEFKIDERLVTNSGKF LILBEMEPELK
KRGHEVLLFSQMT SMLDILMEYCELRRDFNFSRLDGSMSY SEREKNMHSFNTDREVE IFLVSTRAGGLG
INLTAADTVI IV DSDWNPQSDLOADDRCHRIGOTEEVVVYRLVTANTIDOKIVERAAAKRELEKLITH
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RNHFKGGOEGLNLSKNFLDPKELMELLESRDYEREIKGSREKVI SDKDLELLLBRSDLIDOMNASGPL
KEEMGIFKILENSEDSSPECLE

£
R o
b =
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MAGVGPGGYAAEFVPFPECPVFERPSWEEF TDPLSFIGRIRPLAEKTGICKIRPPEDWOPPFACEVESE
RETPRVORLNELEAMTRVRLDEFLDQLAKEWELQGS TLKIPVVERKILDLYALSKIVASKGGFEMYTKE
KEWSKVGIRLGYLPGKG TGS LLKSHYRRILYPYELFOSGVSLMOVOMPNLDLKEKVERPEVLSTDTOTS
PEPGTRMNILPKRTRRVKTDSESGDVSRNTELEKLOIFGAGPRVVGLAMGTKDKEDEVTRRREVTNRS

DAFNMOMRORRKGTLEVNFVDLYVCMECGREGNNEDKLLLCDGCDDSYHTFCLIPRPLPDVERGDWRCPRE
VAEECSKPREAFGFEQAVREYTLOSFGEMADNFKSDYFNMPVAMYVPTELVEKEFWRLVSSTEEDVIVE
YGADRISSKDFGSGPPVKDGRREILPEEEEYALSGWNLNNMPVLEQSVLARINYDI SGMKVENLY VEMC
FSOFPCWHIEDHWSY SINYLEHWGEPKTWYGVPSHAAREQLEEVMRELAPELFESGPDLLHQLY TIMNPNY
LMEHGVEVYRINQCAGERYVVIFPRAYHEGEFNOQGYNFAEAVNFCTADWLRPIGROQCVNHYRRLRRECVES
HEELIFKMAADPECLDVGLAAMVCKELTIMTEREETRLRESVVOMGVLMSEEEVEELVPDDERQCSACK
TTCELSALTCSUNPERLYCLYHRPTDLCPCEPMOKECLRYRYPLEDLPSLLYGVKVRAQSYDTWVSEVTE
ALSANFNHEEDLIELRVMLEDAEDRKYPENDLFRKLRDAVEKEAETCASVACLLL SKKOKHRO SPDSCR
TRIKLIVEELKAFVQQLE SIPCVISQAROVENLLIDVEEFHERAGEAMMDETPDSSKLOML IDMGS ST
YVELPELPRLRDELOUARWLDEVRLTLEDPQOVTLDVMERLIDSGVGLAPHEAVEKAMAELQELLTVS
ERWEEBKARKVOLOARPRASVASLES IVNEAKNIPAFLPNVLELKEALDKAREWTAKVEATQSGENYAYL
EQLESLSARGRPIPVRLEALPOVESOVAAARAWRERTCGRTFLEENSSHTLLOVLSPRTDIGYYGSERN
RREEVEELIEKEKERDLDLERLSDLEEGLEETRDTAMYVAVEFEEREQKEIEAMHS LRAANLARKMTMVD
RIEBEVEFCICRETASGEFMLOCELCKDWEHNSCVPLPEKSSSOEKGE SWOAKEVRKFLCPLCMRERRPRLE
TILSLLVSLOKLEVRLPEGEALOCLTERAMSWODEARQALATDELS SALAKLEVLSQRMVEQAAREKT
EKIISAELOKAAANPDLOGHLESFOUEAFNRVVESVESSPRETMDYDDEETDEDEDRIRETY @Y DMEDT
ASVRSSSSLEPNLFCREEIPIKSEEVVTHMRTAPSFUARHAYSSASKSCESOGESSTRPREQPRKSPLVER
SLEPPVLELSPGAKAQLEELMMVGDLLEVSLDETCHINRILOATERPPSEDRELHIMERDSMEEKP LRV
KGRDSSERRRRKRELERVEQLEGEGRORKSKELKEMERPREKELRLGADKSKELNKLARKKLAKEEERKRKK
KREKAARARVELVKES TERKREKKVLDIPSKYDWSGAEESDDENAVCAAONCORPCKDRVDRYVQUDGGE
DEWFHOVCVGVSPEMAENEDY ICINCAKKOGPVSPGPAPPRSE IMSYKLEPMEDLKETS

>SEQ ID NO:35
MSLSNRLTLDELDVRKGERVYVMRVDENVEMENNO T TNNQRIKAAVES IKFCLDNGARSVVILMSHLGRED
GVPMPDEYSLERPVAVELKSLLGERDVLELRKDCVGPEVERACANFAAGSVILLENLREFEVEEEGRKGEDAS
GNEVEKAEPAKIEAFRASLEKLGDVYVNDAFGTAHRAHS SMVGVNLEPOKAGCE LMEKELNYFAKALESP
ERPFLAILGGAKVADKEIQLINNMLEKVNEMITGGGMAEF TF LEVILNNMEIGT SLEFDEEGARKIVEKDLMSK
AERNGVREITLPVDEVTADKEDENAKTGDATVASGIPAGRMGLDCGPES SKKYAEAVIRARD IVHWNGPV
GVEEWEAFARGTRALMDEVVEATSRGCITITGGGDTATCCARWNTEDEVSHVETGGGASLELLEGRV L
PGVDALSNI

>8EQ ID NO:3E6
MADRLEVYRKNLSPERVERCMSVMOSGTOMIKLKRGTREGLVRLEYLDEHRTRLRWRPSREKSERAKILIDS
IYEVIEGROSEIFHROAEGNEFDPSCCF TIYHENHMESLDLITSNFEEARTWITGLRY LMAGT SDEDSL
AKRORTHDOWVROQTFEEADKNGDGLLNIEEIHOLMERLNVNLERREVROQMFOEADTDENQGTLTEEEE
CVEYRKMMSLRRDLYLLLLEY SDKEDHLIVEELAQF LEKVEQEMNNVTIDYCLDIIKKFEVEEENEVENVY
LGIEGFTNFMRSPACDIENPLHEEVYODMDOPLCNYY TASSHNTY LIGDRULLSQSKVEMY Z
RCVEVDCWEGPDGERVVHHGY TLTSKILERDVVETINKHAPVENEFPVILS IENHCSTOOORKIAQY L
RGIFGDRLDLSSVDTGECKRLEPSPQSLKGKILVKGRKLPYHLGDDAEEGEVSDEDSADELEDECKE KL
HYSNGTTERQVESFIRRKLESLLKESQIRDKEDPRSETVRALLKATHEGLNARLKQEPDVRKESGKRKSE
GRELMINFGEHEKT TKSRSESYSTDDEEDTCOSTGREGGOLYRLGRERKTMKLERELSDLYVY TNSVA
EORIVEDDGTTGNVLSFSETRAHOVVQORSEQFMIYNOKQLTRIYEPSAYRIDSSNFNPLPYWNAGC QLY
ALNYGSEGRMMOQLNRAKFKANGNCGYVLEPOOMCKGTENPF SGDPLPANPEKULI LEVI SGUOLPKPE
DSMFGDPRGEIIDPFVEVEI IGLPVDCCKEDOTRVVDENGEFRPVHEETLTEFTVHMPEI ALVRELVWDHDE
ITGRUOEVGORITVIFSSLVPGYREVYLEGLTEASIFVHITINEIYGKWSPLILNPSY TILHELGATENRD
LOGLKGLEPNENPREHSSSIENNSHY VREKRSIGDRILRRTASAPARCGREKSKMGFOEMVEIKDSVSEATRD
GDGVLRRTITRELDARPVSMPVDENLLGALSLEVSETAKDIEGRENSLABDKDGRREGRASTKDERHF LN
FNRKKLSSSS55ALLHEDTSQGDTIVI TAHMSVIGEQLGMSSPRGEGRTISNAT SNCQENFCPSKSLSPRY
RLAPDEVVNFP TODLHGVKIKEKGNPEDEVEGKS I LEGEVLSHSNLEIKNLEGNRCGKGRAATSF 3L SDV
SMLCSDIPDLESTATLOESVISHLIDNVILINENEPGZSS TSALIGOF DETNNQAL TVVSHLHNTSVMS
GHCPLPSLGLEMEIKHGFCKGKSKSSFLCSSPELIALSSSETTRHATNTVYETTCTPISKTERPDDDLS
SKAKTAALESNLEGSPNTSRGWLPKSPTKGEDWETLESCS

PASSPLLILEDVIADPTLCENSGESSLV
EIDGESENLSLTTCEYRREGTSQLASPLELKYNQGVVEHFOQRGLRNGYCKETLRPSVPEIFNNTIQDVE

SUBSTITUTE SHEET (RULE 26)



WO 2015/135035 PCT/AU2015/050096

30

(43
L

50

LA
i

60

251
TQSIS VT AYQGRGEVHNBF SDEDARMFQTCVRPOOSSACDMEVRPVEKOLAHRLPLEALKLPSPCKEKSLG
DLTSEDIACNEESKYQCISKSFVITGIRDKRGVIVETKSLER IDALTEQLRELVSFDQERNCOVLY SKE
QDPI\IQ PRA "'RWLSSQ:)QQR“'RNI.F:QL ‘J\EKQMVI‘VKQI\J NESNGAGVVLRNRPSAPTPAVNRESTG
SYIAGYLENTKGGGLEGRGIPEGACTALRYGHVEQFCSDNSVLOTERSSDEDKPETIYFLLRL

>BEQ ID NO:37
MGRERRTGAHRA F*'SI ARCMKAKRREPDLDEIHRELRRPDGSARPOPDPNAEFDPDLEGCGGLHR LJACnR
YFIDSTHLETHFRSKDHRKRLKQLESVERPY SQEEAERABAGMGSYVPRPRELAVPTEVETEVPEMDT

\/

~SEQ ID NO:38
MAPLCPSPWLPLLIPAPAPGLTVOLLLSLLLLVPVHPORLPRMOEDSPLEGGSSCGEDDPLGEEDLPSE
EDSPREEDPPGEERLPGEEDLPGEEDLPEVEPKSEEEGSLKLEDLEPTVEARGOPOEPQNNAHRDKEGD
DRSHWRYGGDPPHEFRVSPACAGRFOSPVDIRPRLAAFCPALRPLELL ”VQLP LPELRLRNNGHSVQL
TLPPGLEMALGPGREYRALOTLHLAWGAAGRPGSEHTVEGHERFPAELIRVVHLETAFARVDEALGRPGGL
AVLAAFLEEGPEERSAYEQLLSRLEEIAEEGSETOVPGLDISALLPSDESRYFQYEGSLTTRRPCAQGY

IWTVENQTVMLSARQLHTLEDTLWGPGDSRLQLNFRATOQPLNGRVIEASFPAGVRSSPRAAERPVQLNGS
CLAAGDILALVEGLLFAVT SVAFLVOMRROHRRGTRKGGVSYRPAEVAETGA

>SEQ ID NO:39

MSSRSTRDLIKSKWGSKPSNSRSETTLEXKLKGEIARLETSVDEI TSGKGKLTDRERHRLLEEIRVLEA

EXEKNAYQLTEKDRKEIDRLRDQLKARYSTTTLLEQLEETTREGERREQVLEALZEEKDVLEQOLSAAT
SRIAELESKTNTLRLSQTVAPNCEFNSSINNIHEMETOLRDALEENQOWLVY DCOREVYVEGLLAKIEERE

LEKKTETAZHSLEQOTKKPESEGYLOERRQKCYNDLLASARKDLEVERQTITOLSFELSEFRREYEET

QEKEVHNLNQLLYSORRADVORLEDDREKTEKIQORKLREENDIARGRKLEEEKKRSEELLSQVOFLY TSLL

KGOEEQTRVALLEQQMCACTLDFENERLDROHVOHOLHVILEELRKARNGI TOLESLKQLHEFATTEP
LYTEQGETENREKVAASPKSPTAALNESLVECPRCNIQYPATEHRDLLVHVEYCSK

SSEQ TD NG+ 40

MEEED QFDFQTSEFDEDIvPSGGE!sEDDVNFLVKEDEVDGTFQTQKTQGKHRKAQSIPAPVRRQG:L
SLEREEEEDANSESEGS S SEREDDAARQEKGI GSEDARKKKEDELNASFLNIVEPKSKVEEBTOVKRG
EETERTSSSKLLVKARELEKPKETERVE TTRVEDFAGEEVRVTEEVDATSEEAKSFFKQNEREKPOAN
VPSALPSLPAGSCLERS SGMESLLEK I GARROKMS TLEKSKLDWESFREEEGIGEELATHNRGREGY I
ERKAFLDRVDHROFPEIERDLRLSKMKE

>BEQ ID NO:4l

MCAFLKGTS I STKPPLIKDRAVAASAGSSGENKEARPVEWVERYRPKCY IE\'AFQEE’\/ VAVLEKSLEG
ADLPRNLLEFYGPPGTGKTSTILARARELFGPELFRERVLELNAS DERG TOVVREKVENFAQLTVSGSRE
SRITIEPLTSRCSKERFKPLSD

LDGKPCPPPRIVILDEADSMTSARQAALRRTMEKESKTTRFCLICNYV : €8
RKIQOORLLODIAKKENVRKISPEGIAY LVEVEEGDLREATI TFLGSATRL TGEGRETTERVITDIA
RIDGVFAACQRGEFDRLEAVVRKDLIDEGHAATOLVNGLHDVVVENNLSDKQKSIITEKLA
GADEHLOLISLCATVMOQLIGNC

GVIPAE
VDRCLAR

,1 k,(,y

>8EQ ID NO:42

MPLTGVEPARMNREKGDEGEFESPRPYRLTHQVVCINNINEQRKSVVGEVELTIFPTVANLNRIKLNSK
QCRIYRVRINDLEARFIYNDPTLEVCHSESKQRNLNYF SNAYAAAVSAVEPDAGNGE L\,IK\/P,JBL VK
HVDELKVLEIHINFSLOQPKGGLHFVVP SVEGSMAERGARVE SCEYQNITREWFPCYVLEY SELCTWRL
EFTVDAAMVAVENGDLVETVY THDMRKKTFHYMETIPTAASNT oL IGFFEILVDPFYMHEVTHECLEPQ
LLPLLEKHITSYLHEVFEFYEETLTCRYPY SCERTVEIDEAYVEVAAYASMS IFSTNLLHSAMIIDETR
LTRRCLAQSLAQUFFGCF ISRMSWSDEWVLKGISGY TYUA_.EVKVTT"‘HTT”‘\'NF YRHWIKEELDRIVAYELE

H
TEGVLLBPIFGGGRKERDNPAGHLHF SIKHPHTLSWEY YEMFOCKAHLVMRLIENRT SMEFMLOVFRKL
LSLASTASSQKFUSHMWSOMLVETSGPLESISNVSGEDIOPLIKGWVDO SGVVEFYGSEFAPNRKRNVL
ELEIRQDYTSFGCTORYVGFLRVTIVOELDGSFNHTLQIEENSLEHD I PCHSKSRENKKKK IFLMNGEEY
DMDL SAMDADSPLLWIRIDPDMSVLRKVEFEQADFMROYQLRYERIVVAQUESTLALEKFPTRASRLA
LTDILEQECCEYRVRMIACFCLAKIANSMVITWIGPPAMESLETRMEFCCESCPNIVETNNEFMSEQSYE
LOKTMEVAMALLRDVENLCPKEVLTFILDLIKYNDNRENKFSDNYYRAEMI DALANSVTRPAVSVNNEY
RT LDNLNPDVRLILEEITREFLNMEKLLPSYRHTITVSCLRAIRVLOKNGHVPSDPALFKSYAE Y GH]
IRIAALEAVVDYTE »7ER°YH EL(, WLLNMIONDEVPYVREEILNMLTKNPEETKNME "PACNEHLVDQ

L‘VE’LMP\!’ GTSHDWRLRCE LY P TLEGLSRPESCLPLPELGLVENLKEKKAVINPTI IPESVAGNCEA
ANT\P\:‘»SHL uJ_”GFQI\PF?SnQL CEEIDMDTVHDSQAF ISHELNMLERPSTRGLSKYRPASSRSALIEQ

SAGCDSTPITERPQWSLELARKGTORKEQAPLEMSMHPAASAPLAVE TRESTASKHSDHHHEHHHEHEK
&VK CHKHKHEHEHKHBDSKEKDREPF TEPSSPASGRSIRBPSLSD
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>S5EQ ID NO:43
MEPHGIFATPGIGAPGNRPELYEEVELYRENAREREKYDNMARLFAVVRTMOALERAYIKDCV P SEYTA
ACBRLLVOYKAAPROVQGSELSSIPDEFCREKFRLDCPLAMERIKEDRPLTTKDDRGRNLNRCTADVVSLE

ITVMDKLRLEIRAMDETIQPDLRELME TMHRMSHLPPDFEGROTVEOWLOTLEGMSASDELDDSOVROM
LEDLESAYNAFNRELBA

>EEQ ID NG:44
MEL INLTT ORATGISFATHGNF SGTRKQRETVVERGKILELLRPDENTGRVHATLLTVEVEGVIRSLMAFR
RLTGGTRDY IVVGSDSGRIVILEYOPSKNMFERTHQETFGRSGCRRIVPEOFPLAVDPKGRAVMISATIE
ROKLVYILNRDAAARLTISSPLEAHKANTL \,'YHTVGVD\/G ENPMFACLEMDYEEADNDEPTGEARANT
COTLTFYELDLGLNHVVRKY SEPLEEHGNFLI TVPGGEDGER SGVLICSENY ITYRNFGDOEFDIRCPIE
REPNDLDDPERGMIEVCSATHRTR SMFFFLAQTt;QuUIFKI TLETDEDMVTEIRLRYFDTVEVARAMCE
VLE l"‘““LE‘\/AbE*"(‘i\hYLYQIAhLbLDUEEPEVSSHU’LE" GDTFEFQPRPLKNLVLVDELDSLSPIL
FPCOIADLANEDTRPO uY\/’ACGR("PDSSL VLREGLEVSEMAVSELPGNPNAVWTVRRETEDEFDAYTIV
SE YNATLVLSIGETVEEVIDSGFLGTTPTLICSLLGDDALVOVYPDGIRHIRADEKRVNEWKTPGKETT
Cuv'\IOR\,v VI AL TGCETJVYEEML,PWJ LNEYTERKEMSADVVCMS LANVPPGEQRSREFLAVGLVDN
T "RI ISLD W LOPLAMOALEPAQPES L IVEMGGIERGDELGERGSIGFLY LNIGLONGVLLETVL
P\TGDL‘?DI’{TRYLGURP‘ JELERVRMQGOEAVLAMSSREWLSYSYOSRFALTPLSYETLEFASGEFASE
QUPEGIVAISTNTLRILALEKLGAVFNOVAFPLOY TPREKFVIHEESNNLI I IETDENAY TEATKAQRK
QOMAEEMVER F\GUDFREM AAEMAAAFLNENLPESIEGAPKAGNGOWASVIRVMNEIOH NTLLLV"‘LF’}
NEAAF SVAVURE SNTGEDWYVLVGVARDLILNPRSVAGGFVYTYRLVNNGERKLEF LEKTPVEEVPAAT
APFOGRVL [br\‘GI\Lmav YDLGREKLLRRCENKHTANYTISGIQTIGHRVIVEDVOESE IWVRY E\BNF'NQ
LIIFADDTYPRWVITASLLDYDTVAGADKEGNICVY :{LPPNT\IDEVDEDfT&NKALW“RGLLNGTA S0OK
AEVIMNYHVGETVLASLOKTTLIFGGSESLVY TTLSGGIGILVPETSHEDHDFEFOHVEMELRSEHPPLE
GRUDHLSEFRSYYEPVENVIDGDLCEGENSMEPNECKNVSEELERTPPEVSEKLEDIRTRYARF

EEQ TD NO145
MNOPCNSMEPRVMDDDMLELAVGDQGPOERAGOLAKQEGTI LFEDVLILOLDFPENT LRIDNLWOFENLR
KLQLDNNIIEKIEGLENLAHLVWLDLSEFNNIETIEGLDTLVNLEDLSLENNRISKIDS LOALVKLOVL
SLGNNRIDNMMNIIYLRREPECLRTLSLARNPISEARDYRMF ICAYLPDLMY LDYRRIDDHTEKLARRK
HOYSIDELKHQENLMOAQLEDEQAQREELERKHKTAPVERLNGSPLEDSMYARDSEGRNLSYLPGVGEL
LETYRDEEVI TCVNIFEYGLKS QPKRKI‘ DTESEC 7REAIQhNQEQ KEKIAKFEEKHLESLSATRE
ELELPNIEKMILECSADI SELFDALMTILEMQLVEGLEETINMFERN I VDMVGLE IENVUSTMAQCRLL
ENHHHEKLLETISTSTLEKIVEGDLDEDLPNDLRALEVDKDTIVNAVEASHDIHLLEILNREDELVTRI
MSWCTRLIDRIHKDEIMRNRKRVEE INDY IDHMGSELDNLECGDILD

SEQ TD NO=:46

MATEAAVNSPEMASDI PESVTLPVARMAATGOVRMAGAMPARGESKRRSCMDFDDEDCEGPSEFSRENHE
SEIERRRRNEMTGYITELSDMVPTOSALARKPDKLT I LRMAVSEMKSMRETGNES TDEAYKRSFLTEQ
ELKHELILERADRGFLFVVAARETGRYIYVADSVTPVYLNQRQSERFGSTLYEOVEPDDVEXKLREGLC TSEN
SMTGRILDLETGTVRKKEGQOS SMRMCMG SRRSF TCRMRCGNARLDHLPLUR I TTMRERERNGLGPVKE
GEAOYBVVHUTOYI KAWPPACGHT I PEEDADVEOGSKYC LY A TGRLOVT SSEVCMDMNGMSVETEF LR
HNEDGI ITFVDPRCISYIGYOPQDLLGKDI LEFCHPEDQSHLRESFQOVVKLKEQVLEVMYRERTKNR
EWMLIRTSSFTEQNPYSDEIEY ITCTNTNVEQLGGOOR EuEvUQRDGLSSYDLSQVPJPNLPA IVHEA
GKSVEKADAIF SOERDPREBEMPAGI SASEKKMMS SASARGTCOIY SOGEPFRPSGHAGKAF SSSVVHY

PEVRDIQSSS STHONMSGI SROLNGSOVANTGEREPEFPGOGIPSOSSKTCSSPFGTGTE PTYPaDPSS
YCPLbbPhISbPSGNAYSSLANRTPGFAEbfQSCQQEQuRP EVHSQROSCHEGQOSGERESHOOPGY
TEVFODMLEMEGDETOGTENYNIEDFADLGMEPPESE

>SEQ ID NO:47
MEPEPTRREENEVPAPAPPPEEPSKEKEAGTTPAKDWTLVETPPGEEQAKONANSQLSILPTERPOGGET
VEVGEDITF IARKVEAEDLLREPTLKWEKGRWMDLASKAGRELOGLKETFERHSRVY THEMOT TIKAKDNE
AGNYRCEVIYKDKFDSCSFDLEVHESTGTIPNIDIRSAFEKRSGECGQEDAGELDF SGLLERREVEQQEE
EPQVDVWELLRKNAKPSEYEKIAPQYGITDL R\atflIJKRLKRIVTﬁREEKKSAKF~1KII DRAYQVDKGGRVRE
’VTLM DEPELEVEKWYRNGOEIRPITEKYIFEHKGCORILEINNCOMTDDIEYYVTAGDERCSTELEVREP
PIMVTROLEDTTAYCGERVELECEVSEDDANVEWFKNGEET IPGPRKORYRIRVEGCKRAILITEGATRKA
DAARY SVMTTGGROGARLSVRLEKPLRILTPLTDOTVNLGKEICLEKCETISENIPGEKWTKNGLPVOESDR
LEVVHKGRIHKLVIANALTEDEGDYVFAPDAYNVTLPAKVEVIDPPRKITLDGLUADNTVIVIAGNKLR
I_ BL PI\,\-.E’T-’PPB AMWSRGDEAIMEGSGRIRTESYPDSZTLVIDIAERDDSGVYHINLENEAGEARAST
KVEVVDFPDPEPVAPTVIEVGDDWC IMNWEPPAYDRGGSPILGYF IERKKKO S SRUMRLNEDLCRETTER
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PREMIEGVAYEVRIFAVNAIGI SKPSMPERPFVPLAVT SPPTLLTVDEVTDTTVTMRWRPPDHTIGAAG
LDGYVLEYCFEGSTEAKOSDENGEAAY DL PAEDWIVANRKDLIDETRFTITEGLFTDAK IFVEVKAVNAA
GASEPRYYSQPILVRKEITERPRKIRIFPRELKQTYIRRVGEAVNLYIPFQGRKPRPELTWKKDGAE IDENQ
INIRNSEIDTIIFPIRKAERSHSGRYDLOVRVDEFVETASIDIQI TDRPGPRPOIVRIEDVWGENVALTW
TPPRDDGNAATTEY TIQKADRKKSMEWE TVIEAYHRT SATITELVIGNEYYFRVE SENMCGLSEDATMT
KESAVIARDGKIYKNEVYEDFDEFSEAPMETQPLYNTYATAGYNATLRNCSVRGNPEPE L TWMKNEVALY
DOPRYRMESNGGVCTLE IRKPSRYDGGETYCCKAVNDLGTVEIECKLEVEVIAD

>SEG ID NO:48

MLLETODALYVALELV I AR L SVAGKV LVCAAVETANTLOTP TN Y F LV LARADVAVELEATPFATTIS
L EFOTPEYSC L LACFVLVLTOSS IFSLLAVAVDRYLATCVP LRYKSLVTGTRARGY IAVLWVLAFRGT
SLTPELGWNSKDSATNNC TEFWDGT TNESCOLVKCLFENVVPMS YMVYFNFFGCVLPPLLIMLVIYIK
IFLYACROLOFTELMDHSRT TLORE THAAKS LAMI VG I FALOWLEVHAVNCVTLF OPAQGKNKPKWANM
NMATLLSHANSVYNPIVYAYRNRDERY TEHK LT SRYLLCOADVK SGNGQAGVORALGVGL

»>ZED ID 145

MEGRPRITEFAESCKEVOOPSAFGSMRV SRDEDGSKV T TVVATRPGOGEFDRPOEVSY TDTRVIGNGEFEG

VY ORKLODSGELVATRKVLO DERFRNRELOIMRRKLDHCNIVRLRYFFY S SGREKKDEVYLNLVLDY VP
4 HYSR

-

RVARHYSRAKCTLEVIYVRLYMYQLFRSLAYIHSFGICHRDIKPONLLLDPDTAVLKLCDEGSA

NRGEPNVSYICERYYRAPELIFGATDYTSS IDVWSAGCVLAELLLGQPIFPGDSGVROLVEITIRY
LGTPTREQIREMNPNY TERPKFPQIKAHPRNTEKVFRPRTFPEAIALCIRLLEYTFTARLTPLEACAHSER
DELRDPNVKLPNGRDTRPALENFTTQELESNPPLATILIPPHARIQAAASTPTNATAASDANTGDRGQT
NNAAZASASNST

=
¥
[

B
o
Ex

>BEQ ID NG:H0

MALSSAWRSVLPLWLLWSAACSRAASGDDNAFPFDIEGSSAVCRODPPET SEPRVALGRLPPARERCN
AGFFHTLEGECVRPCDCNGNSNECLEGSGEYCVHCORNTTGERCERCLDGY IGDS IRGAPQFCQPCPCRL
PHLANFABSCYRKNGAVRCICNENY AGPNCERCAPGY YEGNPLLIGS TCRRKCDCSGNSDERNLIFEDCDE
VIGQCRNCLRNTTGEFRCERCAPGYYGDARIARKNCAVCNCGGGRCRSVIGECLEEGFERPRPTGMDCPTIS
CRECVWDLTDALRLAALSTEEGKSGVLAVESGAARHRIVNEINATIYLLKTKLSERENQYALRKIQIN
NAENTMKSLLSDVEELVERENGASREGQLVOKESMDTINHASQLVECAHDMREET OEINNEMLYYGER
HELSPREISEKLVLAQKMLEEIRSROPFFTORELVDEEADEAYELLSQAESWORLANETRTLEPVVLE
QLDDYNAKLSDLOEALDGATNYVRDAEDMNRATAARQRDAEKGOERVREQMEVVNMSLSTEADSLT TR
RLTLSELDDIIKNASGCIYARIDGAKSELOVKLSNLENLSHDLVOEAIDHADDLOQEANELSRELHSSD
MNGLVOKALDASNVYENIVNYVSEANETAEFALNTTDRIYDAVSGIDTQIIYHKDESENLLNQARELD
ARAESSSDEAVADTSRRVGGALARKSALKIRLSDAVKOLOAAERGDAQORLGOSRLITEEANRTTMEV
COATAPMANNLTNWSONLOHEDSSAYNTAVNSARBAVRNLTEVVRPOLLDOLRTVEQKRPASNVSAS IO
RIRELIAQTRSVASKIQVSMMFDGOSAVEVHERT SMDDLKAFTSLSLYMKPPVKERPELTETADQF ILY
LGSRNARKEYMGLATKNDNLVYVYNLGTEDVE I PLDSKPVESWRPAYFSIVRIERVEGRHAGRVEFLTVESL
SSTAEERFIKKGEF SGDDSLLELDPERTVEYVGEVESNFRLPTILNLPGEVGCLELATLNNDVISLYN
FEHIYNMDPSTSVPCARDKLAF TOSRAASYFFDGSGYAVVRDI TRRGKFGOQVTRFDIEVRTRFADNGL I
LLMYNGSMEFRLEMRNGYLEVEYDEFGPEGGPVHLEDTLRRAQINDARYHEI STIYHNDEEMILYVDRER
BVKEMDNERMKIPFTDIYIGGAPPETLOSRALRAHLPLDINFRGUMRGEQFORKDENLLEQTETLGVG
YGCPEDSLISRRAYFNGUESFIASIOKI SFEFDOPEGGENFRTLOPNGLLEYYASGSDVESTISLDNGTVI
MOVKGIEVOGSVDKQYNDGLSHEVISEVSPTRYELIVDKSRVGS KNP TEGRIEQTQASERKKEYFGGSPT
SAQYANPTGCISNAYFIRVDRDVEVEDEQRY TERKVHTSLYECPIESSPLFLLHEHKKGENL SKPKASQNK
RGGKBKDAPSWDPYVALRKLPERNTPRNSHCHLSNSERATIEHAYQY GGTANSROQEFEHLRKGDFGAKSQES
IRLRTRGSHGMIFYVEDQEENDEMT LE LAHGRLVYMENVEHRRLEIREQERYNDGLWHDVIF IRERSS
GRLVIDGLRVLEESLPPTEATWKIKGP I Y LGEGVAPGRAVRNVO INS TYSFSGCLENLEOLNGASTTSAS
SITESVIPCFEGEFMETGTYFPSTEGEYVVLEESFNIGLEFEIAFEVRPRSSSGTLYHGHSVNGEY LNVHM
ENGOQVIVRVNNGIRDFSTSVIPROSLEDGRWHRITVIRDSNVVQLEVD SEVNHRVVGPLNPRFIDHRER
VEVGGVPESLLTFRLAPSKPEFTOCIRHEFVIDGHPVSESRABLY SGAVEINSCRAA

o0

el

SBED ID NO: 51
MLWLALGPFPAMENOQVLVIRIKIPNSGAVDRIVHSGPOLLFRDVLDVIGOVLPEATTTAFEYEDEDLGD
RITVRADEEMRAMLSYYYSTVMEQUVNGOLIEPLCIFPRACKPPLHERNIHGLKVNTRAGPSOHSSFAVY
SDSLPENALKKSSAELRKKILANGOMNEODIRYRDTLGHGNGGTVYKAYHVESGRILAVEVILLDITLE
LOKOTMAELEILYRKCDSSY I TCEYGARFVENRI SIC TEFMDGGSLDVYRKMPEHVLERIAVAVVKGLT
YIWSLKILHARDVEP SNMLYNTRGOVELCDFGVSTOLYNSIARTYVGTNAYMAPERISGEQYGTIHSDVW
SLGIZFMELALGRFPYRPOIQRENOGS LMPLOLLOCIVDEDSPVLEVGEFSEPEVHF I TOCMREQPRKERE
APEELMGHPE TVOFRNDGENAAVVEMWVERALEERRSQOGPP

L
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>S5EQ ID NO:52

MAHAGRTGYDNREIVMEY THYKLSORGYEWDAGDVGAAPPEAAPAPGIFSSQPGHTRPHPAASRDPVAR
TSPLOTPAAPGAAAGPALSPVPPVVHLTLROAGDDESRRYRRDEAEMSSCLHL TPFTARGREATVVEE
LERDGVNWGRIVAFFEFCGVMCVESVNRENMSPLVDNTALWMTEYLNRELHTWIQDNGGUWDAFVELYGP
SMRPLEFDESWLELKTLLSLALVGACTI TLGAYLGHE

>8EQ ID NO:33

MAAGAGAGEAPRWLRALSEPLSAAQLRRLEEHRY SAAGVSLLEPPLOLYWIWLLOW I PLWMARPNETITL
LGLAVNVVITLVLISYCPTATEEAPYWTYLLCALGLEIYOSLDAT DGKQARRTNSCSPLGELFDEGED
SLETVEMAVGASIAARLEGTYPDWFFFCSF IGMFVEYCAHWOTYVSGMLREGRVIVTEIQIALVIVEVL
SAFGGATMWDY TIFILEIKLKILPVLGFLGEVIESCSNYFHVILEGGVGENGSTIAGTSVLSPGLHEIG
LITILAIMIYEESATDVEFERHPCLY ILMPGCVFAKVEQRLVVAHEMTRSELYLGDTVFLGPGLLEFLDQY
FNNFIDEYVVLWMAMVISSEDMVIYFSALCLOISRELHLNIFKTACHOAPEQVOVLSSKSEORNNMD

*SEQ ID NO:54
MYGSARTITNLEGSFSREPRLPREIPRLGHRRTSSGEEGETGKTLSMENIOS LNARYAT SGPMY LIEDHE
SVASTTYPEGIMT LGRATNRAVYGERVTAMGS PN IASAGLSHTDVLEYTIDOHEGL TGS SHHHEAGVE
SMLROVRDSTMLPLOAQLKELCRENDLLEBKELDIRKDSKLGSSMNS TKTEFWSPELKKERVLRKEEARARM
SVLEEOMRVEHEENOHLOLTTUALODELRTORDLNHLLOOESGNRGARHFTIE LLEENFPQLQ:\EHDP
QAKELFLLRKILEEMELRIETOKOTLRARDES TKELLEMLOSKGLP SKSLEDDNERTRRMAEAESOVS
HLEVILDOQKEKENIHLREELHRRSGLOPEPARTHALQTVIEMKDTRIASLERNIRDLEDETOMELKANG
VINTEDREEETRKQIEVYKSHSKEMEKTK IDQLEQELSKRKESELLALOTKLETLENONSDCRKOHIEVLEE
SLTAKEQRAATLOTEVDALRLRLEEKESFLNEK TKOLODLTEERKGTLAGE IRDMEDMLEVKERKE T NVL
ORKIENLOEGLRDEDEGLTNLKDRYVKSLOTDSSNTDTALATLEEALSERKERI ITERLEEQRERDDRERT
EEIESEFREENKDLEKERVNALOAELTERESSLIDLKEHASSLASAGLERDEKLKSLETATEQKKEECSK
LEAQLEKAHNIEDDSRMNPEFADQIRQLDKEASYYRDECGRACAEVDRLLEILKEVENERKNDKDERIA
ELESLTLREMKDONKRVANLKHNQOLEKKKNAQLLEEVRRREDSMADNSCRLOTEELMNALEKTROEL
DATHKARLASTQOBLAFKEAHLANLRIBRRKQLEEI LEMKQERALLAAT SEXDANTALLELSASKKKKTO
EEVMALRREKDRLVHOLEQQTONRMELMADNYDDDEEHYHEHHHHEHHERSPGREOHSNHRESRDCDDE
EaIWA

>8EQ ID NG 55

MYVKIAFNTPTAV ‘PEunRQDVERLLSRTVRTQILIGKELP\F‘ QEKEGSSGROMLTLLGLSFILAGLT
VGGACIYRYFMPKSTIYRGEMCPFDEEDPANS LRGGEPNF LFVIEEADIREDDNIAT IBVRPVESESDS
DPAALIHD EKgl\/lTAYLDuLLCM’YL MPLNTSITVMPPKNLVELFGKLASGRYLPQTYVVREDLVAVER
IRDVBNLGIFIYQLUNNRKSERLRRRDLLLGEFNKRAI DKCWRIREFPNEF IVETKICOE

»>3EQ ID NO:56
APRRSPCLLLLWLLLLRLEPVTAAAGPRAPCARARCTCAGDSLOCGERELAALPGDLES
WIRSLNLSYNKLEEIDPAGEEDLPNLOEVYLNNNELTAVPSLGRASSHVVSLFLOHNKIRSVEGSQLEK
LY LELEVLDLSLNNI TEVRNTCFPHGPP IRELNLAGNRIGTLELGAFDEGLSRELLTLRLSKNRITOLY
VEAFRLPRLTOLDLNRNRIRLIEGLTFOGLNSLEVLKLORNNISKLTDGAFWGLSKMHVLELEYNSLY
BEVNSGESLYGLTALHQLHLENNSIARTHRKGWSFCOKLAELVL3FNNLTRLDEE SLAELS SLSVLRLEE
NSISHIAEGAFKGLRILRVLDLDHNEISGTIEDTSGAF SGLESLSKLTLEGNKIKSVAKRAF SGLEGL
EHLNLGGNATIRSVQPDAFVKMKNLRELEISSDSFLECDCQLEWLPPWLIGRMLOAFVTATCAHPESLEG
QSIFSVPPESF”CDD“LRPQI”TQPELTLWMVGKDTRFTCCAA S5SSSPMTFAWKEKDNEVLTNADMEN
FVHVHAQDGEVMEY TTILHLROVIFGHEGRYQCVITNHFGETY SHEKARL TVNVLESF TRTPHDITIRT
TTMA“Ih.AATGﬂPNLQTYWCKDQGLDFPAARERRM&VMPD“D JERITDVRIDDAGVYSCTAONSAGS

IGANATLITVLETESLVVPLEDRVVSYGE TVALQPKHTGN PPRITWFKGDRPLELTERHHLTRDNOLL
””QN’VAE“ﬁGRYTvAN INTLGTERAHSOLSVLPAAGURKDGTTVGIFTIAVVESIVLISLVEVCIIY

TREKSEEYSVINTDETVVEEDV SYLSS;"TLJDR““TVIu_EGCPQANGBIHWNG7CPKuAJhtPE
?bEHSVACPQPKLPAbbnlPKEPWKAAEK%E STPGPHERKMEHGGRVYVCSDENTEVRCYSRGUAFHPQEY
SRESAQPSAPNGPEPGESDOERSPHHOC SRTAAGSCPECQGSLYPSNHDEMLTAVEKEPMASLOGKGD
SEWTLARLYHPDSTELOPASSLT3GSPERREAQYLLVSNGHLPRKACDASFESTPLTGOULPRKQRVEPLL
LAPKS

»SEQ ID NO:57

MARPROEFEVMEDHAGTYGLGDRRDOGGY TMHODOEGUTDAGLEKESPLOTPTEDGESEERGSETEDAKS
TPTAEDVTAP LYDEGAPGKQAAADPHTETPEGTTAEEACT GDTE S LEDEARGHV TOEPESGRYVQEGE
LPEFGPPGLSHQLMSGMPGAPLLPEGPREATROP SGTGPEDTEGGRHAPELLKHQLLADLAGEGPPLE
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GACGEERPSS?EUVDFD&D IDESEPODSPPSKASPAQDCGRPPOTAAREATSIPGFPAEGATELPVDEL
SKVSTEIPASERDGPSVERAKGODAPLEFTFHVEITED AHSEEHLGRAAFPGAPGEGPEARGE

SLGEDTKEAD LP PSERQPAAAPRGEPVSRVPQLKARMVS GTGSDPKEKARTSTRSSAKTLENRE
CLSPRHPTPGSSDPLIQPSSPAVCPEPPSSPREYVESVISRTIGE SGARKEMKLKGADGETK IATPREGAAP
PGUKGQANATRIPAKTPPAPRTIPPSSGEPPRKSGDREGY SSPCEPGTRPGIRSRTPSLPTPPTRERPKEVA
VVRTPRPESPSCAKSRLOTAPVEMPDLKNVESKIGS TENLKEQPGGGEVQTINKKLDLENVQSKCGEKD
NIKHEVPGGGSVOIVEKPVDLSKVISKRCGSLOGNTHHKPGGGOVEVKSERLDFKDRVQSKIGSLDNITHY
PGEGNKKIETHKLTPRENAKAKTDHGARIVYKSPVVSADTSPRELSNVIS TGS IDMYDSPOLATLADE
VEASLAKQGL

o
NVOKED
KSKED

3

»SEQ ID NO:58
MADRPAAGPPRSEGEESTVREARKG
3

ALRO
VCCEVVHRRCHEFVIEFSCPGADKGRPA

QENVHEVENHEFTARFFROPTFOSHCTDF ITWGFGROGFQCQ
SDDPRSKHKERIHTYSSPTECDHECGSLLYGLTHOQGMREDTCM
MNVHKRCVMNVPELCGTDHTERRGRIYIQAHIDEDVLIVLVEDAKNLVPMDPNGLSDPYVRKLRLIPDP
KSESROQKTKT IRCSLNPEWNETFREFOULKESDEDRRLEVEIWDWDL T SRNDFMGSLSFGL SELQEASVD
GWFKLLSQEEGEYENVPVPPEGSEANEELRQEFERAKISQGTRVPEERT INTVSKEDNNGNRDRMEL T
DENELMVLGEKGSFGRVMLSERKGTDELYAVEILEKRKDVVIQUDDVEC TMVERKRVLALFGKPRPEFLTOLHS
CROTMDRLYFVMEYVNGEDLMYHT QOVERFEEFHAVEYAARIAIGLEFFLOSKET TYRDLKLDNVMLES
PGHIFLnD“CMC/UNIvDShELKfTCS"Ll¢AVEIIAXQPXQHSVDWWAF”‘LLthuAGyQPFEG
DEDELFUSIMERNVAYPKSMSKEAVATICKGLMTKHEGKRLGCGPEGERD IKEHAFFRY I DWEKLERKE
IQPPYBPKARDKRDTSNFDKEFTRQPVVLTPTDKLFIMRLDQNE”AUFSY”%PEF TNV

>8EQG ID NC:59
MTADKDEDEDKEKDRDRDRDREREKRDKARESENSRPRRECTLEGGARKNYARSDHSEDEDNDRNSATA
EESTKKNEEE PP/YKS“VTRTDTGMITSYITELUvvYRPGDCVYIESP FNTRPYPICSIODFKLVHNS

QACCRSETPALUDPPACSLP VA SOPPOHLSEAGRGPVESKROHLLMNVEWYYROSEVEDSVYQHLVQED
REONENDSGRELVITDEVIRNRELE LEDYVDTYHAAALR LKQ'TC IESDIFAAREFEARVDEFEYTILGY
NPETRRLNSTQGETRVGES Q“KLPDJDPEPDP“"DLVYgﬁWEL‘NMPG”ND”“LLMYLRAARSMAAF
AGMCDGGSTEDRGCVAASRDDTTLNALNTLHESGY DAGKALORLVEKEVPKLI rJE(CV‘JThDE TKREVKGL

ROYGENFFRIBKELLPNKETGELITEYYYWKKTPEAASSRAHRRHRROAVERRIKTRTASTREVNTPSR
SSEFLDLSSASEDDFDSEDSEQELKEKGYACRHOFTTTE KD%HHGGRFNTLMCTD‘\,RTHFI*K GELPE
KPVDPPPEMERPVREEEDDGLSEKHSMRTRRSRGEMSTLRSGRKROPASPDGRT SPINEDIRS bPRh
SAASTSONDERAETVKKSARKEKVKEEASSPLESNKRORER ,ﬁ SDTEEADRTESKETKTOELSRPHS
SSDSREVNDE ’“DDRDIDQTNROT8951PSPQDNESDSDSSAQQQML“%OBPnTQAPTGV
SSAPPG TPDIPTPGPTPSAT%VPPD PTASQCAPNQFQAPTARVPHTHIDOAPALHPORPESFPHP
HPSPHPPLOPLIG AGDPSAPSHKOPpIHUQGPPJPHSLCAG LOHFGPPOPETGLPPOASQGUAPR
LTS -P’%YPHTQLWLLAbQSﬁLQSQQPPREQPLPPAPLAMrHIKPPPTTP POLPAPQAHKHPPHES
GPSPESMNANLPEPPALKPLSSL uIHHPPSﬂFPPP’“LMPQSQPLBboPA”PPbLfQSQhLBPPDA EH
PRIGLHOVAPQPPFAQHPEVEGEPRPPITPRTUPSTSTRRPAGPGTSAUPPCSGAAASGGSIAGGESCRL
PTVQIKEEALRDAEEPESFPEPPRSPSFEPTVVRIPSHASQSARFYK PLURQYWSCAR*DLYFMPL G
SELAKKREEAIEKAKREAEQKAREEREREKEKEKEREREREREREAERAAKASSSAHEGRLSDPOLSG
PGHMRPSEFEPPPTTIARVEEY IGPDTPALRTLSEYARPHVMSPTNRNHPEYMPLNPTDRPLLAYHMPGL
AJvQ“TTrERhLQERZIRhR“IREPh RERMEKPGFEVRPPELDPLHPAANPMEHFARHSALTIPPTAG
PHPFASFHPGLNPLERERLALAGPQLRPEMIYPDRLAAERIHAERMASLT SDPLARLCMENVTPHHHD
HSHIHSHLALHV DFLQQnuﬁCF”' PLVDPLTAGPHLARFPYPPGTLENFLLGOPRPHEHEMLRHPVEG
TPYPRDLPGAIPPPMIAAHDLOAMHAQSAELQRLAMEQOWLHGHPHMHGGHLPSQEDYY SRLKKEGDK
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»>8EQ ID NOsEl

MYGALCGCWEFRLGGARPLIPLGPTVVTBMIRSY
TVL AGLTPFN“PIFYRQVLPLNUaHRv“vVTIH£KL
SAPSREASTEAGRAALLERALRDLEVONAVLVEPR SLFG
EQFWAVEKTPTLILYGELDHILARESLROLRELPNHS

GLSLLLMLLLYVGLPGPPEQTICLWGDPNY
SHTWEQLGTLOLLSORGYRAVALDLPGEGN
YALPPLMRGHHQLEGEFVPIAPTSTONYTO
SVRLRNAGHRACYLHKPODFHLVLLAPLDHLE

fx

SEEQ ID NG:sl

MPALARDGGOLPLLVVFEAMIFGTITNODLPVIKCVLINHENNDSSVGREEESYPMVSESPERLGCALR
POSSGIVYEAAAVEVDVSASITLOVLVDAFPGN SCLWVFKHSSLN(QP IPDLONRGYVEMVILEMTET
CAGEYLLFIQSEATNYTILETVASIRNTLLY TLRREYERKMENODALVCI SESVPERPIVERVLCDSQGE
SCKEES PKV“FFbFKVLHELFGTDIR@”KRNFLCRECTRULTIDLWOTPCTEJbumFlkvuuPuhIRu
K.JT’NHSPCMT LENKALEEGNYFEMZTYSTNRTMIRILEAEVESSVARNDTGYYTCSSSKHPSQSA

LVTIVERGET RXTNUQADYMIDO EEFCESVRFKAYPQIRCTWTF3RKSEPR CDQKULDNGYSIQKFpR
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HKHOPGEY IFHAENDDAOF TEMETLNIRREPOVLAEASA Q§9”VSDGYDLP WITWKKCSDES PNF”E
uITECVTNR(ANRKVT QNVSCSTINﬂQEnIKhrL JRCCAYNSLGTSCETILLNSPGPFRETIQODNIS
YATIGVCLLFIVVLTLLICHRKYRKQFRYESQLOMYVG ?TﬁoSD?EYL*vaREY DLKWE*LRENLEF
GKYV LGSGAFbKvMVleVG_QﬁTGVbTQVAVKMLKEKAD‘SFBhALMSELKMMIQLGSHENIVNLLGA
CTLEGRIYLIFEYCCYGDLLNYLRSKREKFHRTWIEIFKEENFSEFYPTEQSHPNESMPGSREVOQ THPD
SDOISGLEGNSEHSEDREIEYENQKRLEEEEDLNVLIFEDLLCEFAYOVAKGCGMEF LEFKSCVHEHRDLAARN
VLVTHGKYVKICDFGLARDIMSDSNYVVRGNARLEVKWMAFESLEEGIYTIKSDVWSYGILLWEIESL
GVNPYPGIPVDANEYKLIQNGFRMDGPFYATEEIYI IMQSCWAFDSRERPSEFPNLTSFLGCQLADARE
AMYONVDERVSECPHTY ONREPFSREMDLGLLEPQAQVEDS

E

SEO ID NO:6Z
MTGDEGPORLSGE3YGES ISSPTSPTSEGEQD \PDPETVL EXIPIPUTKRPETESLRRKLWAFTGRGELM
SIAFPLDPGNIESDLOAGAVAGFKLLWY LLWATVLGLLCORLAARLGYNTOKDLGEVCHLYYPRVPRTV
LWLTIELAIVESDMOEVIGTAIAFNLLSAGRIPL WG@JLTIIV‘I FFLF1DN3GLkﬁLhA;FCLLIL
ITMALTEGYEYVVARPEOGALLRGLEFLPSCPGCGHPELLOAVGIVEGAT IMPHNIYLEASALVKSREIDRA
EADIREANMYFLIEATIALSVSF LINLEVMAVFGOAF qFTNQA%FKICnNCQLFD AKTFPMNNAT
JAVPI FOGGEY LF(MFCP“ALVI{AIGLLAAGQSSTMTFTYACQF IMEGE LRLPNSRTARVIITRSCA
TLRPTVLVAVFRDLRDLSGLNDLLNVLOSLELPFAVLPTLT “MPTLMQPF}NH INEVVTSSIMVLY
CALNLVE”V&V PSLPHPAYFGLEALLAAAYL GL&IYLVWICCLAH&AIFLA bhhdF‘YbLTEWDQ
KG 1DG

»>BEQ ID KO63

MSLOEMEPREPMGLLLGSVLLVASAPATLERPPGUSNKEQOVIVSHTYRIDVERSALVOQVDADRPORPLSDD
GABLLALGEAREEQNIIFRENIRLUTPOKDCELAGSVODLLARVKKLEEEMVEMKEQCSAQRCCOGVT
DLSRHCSGHGTESLETCECHOEREGREGPACERLACPGACSGHGROVDGRCECHERYVGADCGYPACPE
NCEGHEECVRGVOQCHEDFMSEDRCSERRCPGDCSGH JFCDTCE@YﬁFEGrTSLUPHQVVTPQ?

LOQLLK
NTEDSLLVEWERSSOVERYLLSYYPLGKELSGRCIOVPKECHSYETI LGLLPGTEKY IVTLRNVKNEVSS
SPOHLLATTDLAVLETAWVIDETENS LDVEWENPSTEVDYYRLRYGPMTGQEVA VI”PKSSDPKQR{
DITGLHPGTEYKITY V“MPULIhGKPTLthRT?TDDPTNV‘TDPVTEDTATVSMDD”ﬂAVIDKfVVR
QKDGDTKLMXVHKDanTvITJIYPGunYK“ NAERGNQGSEEADTNALTEIDSPANLVTDRVTE
NTAL SWDPVQATIDRKYVVRYTSADDOETREV CYLQVQT”LTGLRPSVFXT HVWAQKGLRESKKA
DTNAPTDIDSEFENLVIDRYVTENMATVSWREVQAATDRYVVRYTIAGGETR EVPVGKuQSoTVLTuLRP
GMEYMVBVWACGKGDOESKKADTRAQTDIDSPONLY TORVTENMATVSWDPVRATIDRYVVRYTSAKDG
ETREVPVGKEDSSTVLIGLRPGVEY TVHVWAQKGAQE SKKARTRKAQTRIDSPONLVIDWVTENTATVE
WOPVQATIDRYVVHY TSANGETREVPVEKEQSSTVLTGLRPGMEY TVEVHAQKGENQESKKADTKAQTE
IDGPENLVIDWVIENMATVSWDEVCATIDEYMYVRY TSADGETREVEVGREHS STVLTGLRPGMEYMVHE
VWARKGAQESKKADTRAQTELDPPRNLRPSAVIQSGHEILTWTIPPSAQIRGYILTYQFPFDGTVKEMQLG
REDORFALOGLEQGATYPVSLVAFKGGRRERNVSTTLS TVGARFRPHPS "OQVQQN NAASGLYTIYEL
HGDASRPLOVYCEMETDGGGWIVFORRNTGOLDFERKRWRSYVEGEF GUPMKEFWLGLDKLANLTTGTRA
RYEVRVDLOTANESAYRIYDFFOVASSEERYKLTVGEYRGTAGDALTYHNGWRKE TTFDRDNDI AL SNG
ALTHHGGWWYKNCHLANPNGRYGETEHSEGVNWEPWKGHEFSIEYVELKIRPHGY SREPVLGRKKRTL
RGRLRTE

SSEQ ID NG:64

\LTRDDQF PKLOQWYREHRSELNLRRLFDANKDREFNHESLTLNTNHGHILVDY SENLVTEDVMRML
VDLAKSRGVEAARERMFNGEKINYTEGRAVLEVY LRNR“NTL¢uVDQVD”MPEVNKVLDKMKOFCQRJ
REGDWRGYTGKT ITDVINIGIGGSDLGPLMVTEALRKPY SSGGPRVWYVENIDGTHIARTLAQLNPESS
LFIIASKIFTTQETITNAETAKERFLOAAKDPSAVAKHEVALSTNI TKVKEFG I DEONMEERWDWVGE
RYSLWSAIGLSIALHVGFDNEEQLLSGAHWMDQHFRTTPLERKNAPVLLALLGIWYINCFGCETHAMLE
YDOYLHRFARYFOUGDMESNGRY I TRSGTRVDHOTGE IVRGEPGTNGOHAR YOLIHOGETKMIPCDE LI
BPY QTQHPIRYGLJHKIILKNLL OTEALMRGKS TEEARKELOAAGKSPEDLERLLPHKVEEGNRPTNS
IVPTRKLTPEFMLGALVAMYEHRIFVQGI IWDINSEDOWGVELGKY LALKIAPELDGS. VITSHDASTNG
LLNE‘I]E\Q QBEARYQ

SEEQ ID NG
MIquP*“hGPDHG LORLPRAALGVIWGLDASSFLRGAVEM3TKRRLEEECEPLRKQFL SEENMATHE
SCLESLHNDHP YU SPPMIFESPALPPLRSPCSELLLWRYPGSLIPEALRLLRLGDTPSFFYPATRPAGLRIM

T
Bolp o]

7

>EEQ ID NO:é

&
Y

G
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MTLLPGENSDYDRY SALSCTSDASFHPAFLPOROAIKGAFYRRAQRLRPODEFPROGCOPEDRRERITIN
VGGIKYSLPWITLDEFPLT PLGvLKACTNTDDT]NVCMDYDVTCNEFFTPRNPGAFGTILTFLRAGKL
RLLREMCALSFQEELLYWGIAEDHLDGCCKRRYLQKIEEFAEMVEREEEDDALDSEGRDIEGPARGEG
RLGRCMRRLRDMVERPHSGLEPGRVEACLSVLEVIVIAVNLSVETLRPSLREEEEQGHCSOMCHRVETIVE.
SYCVGWF SLEFLLRLIQAPSKEAFLREPLTLIDLVATILPYY TTLLVDGARAGRREFPGACNEYLDE i
VLEVLRALRTILYVMRLARHSLGLOTLGLTARRCTREFGLLLLFLOVAIALFAPLL YV IENEMADSPEE
T?IPA”" (WAVITMITVGYGDMYFRETPGOVVALSSILESGILLMAFPVIS IFHTFSREYLELKQECER
YMERRAQPLIKTKBQLAVSQDSDILFGSASSDTRINN

»>SEQ I NO:67

MGSSKEVTLSVLEREQSEGVGARVRRE IGRPELKNLDEF LLFDEFEGGRPGGFEDHPHRGFETVSY LL
EGGSMAHEDFCGHTGRMNEGRLOWMTAGRGTI LHAEMPCSEERPAHGLOLWVNLRSSEK N“E CY?LIVD
EEIPRPSKDGVIVAVISGEALGIRKSEVY TRTPTLY LDFRLDPGARHSORPTIPKGWISKEFTY SDVYIG
PDLAQOKIEPHHTAVLGEGDSVOVENKDPKRSHFVLTAGEPLREPVIQHGPEVMNTNEER Q%TL“kR
MNAKNGEERAKTWKSKIGHN

SEEQD ID NG6E
MSLOWTAVATFLYAEVFVVLLLCTIPFI SPERWORKIFRER /ELLL YEGNIFFVVLIVILVLLVYIDAVR
BEIRKYDDV f"K“NLQBNPGAMhHFHMhL”RnQR@LxIA SFALLLSPFLLRRLVTLISOQATLLASNEAE
KROAESASEAAKKYMEENDQLEKGAAVDGGKLDVEHNAEVKLEEENRSLKADLORLKDELASTRKOKLEK
AENQVLAMRKQSEGLTKEYDRLLEEHAKLOAARVDGERMBKKEE

SSEG ID NO:6%
MDEEE DQUoLLTALuuLMEUALDCWoFmIWFTT“FNGEPDAFDFLFDADGLUHSYTEEADQGETGETR
DERKENLATLFGDMEDLTIDEEEVPAZCS TENRVLFARPAPRREKINEELQEELRNLOEGMEALOEQLEVT
TIKQTASE? RLD&SFVZKUPRPPL {ER WQRIQEQTCV S AELDVPALPRTKRVARTPRASPEPDRPKSSES
SRMISAPIQPLOTISRNKPSGITRGQIVGTIPGSSGETTQRPICVEAESGLRLRRPRVISTEMREKMTGR
KL*RnglK“hMARhKLEELDWWTTCVILKKVIPQSVNbuKTFSINKuNDLk MLTOCVSLFLFGEVHAR
ALWKTEQGTVVEILNANPMKPKDGSEEVCLSIDHPORVLIMGEALDLETC FRFFKNGZP\TQ“”NLRD
CEYCOYHVOROYKKLSAKRADLOSTESGGRIPKKEARRG TS LEERLCODGE Y YGEVSSASYAASTARR
VAPFR“¢UTTthL7¥KGTNLIIQ ITROKLGTROES Lo,uLFFYmLMDLPTCGARNLKQHLAKKTA;G

IMGAPREPATIKSISASALLEQOKORMLEMRRRESEEIQORKRFLOSSAEVESPAVESSSROPPAQPPRTGS
EFPRLEGAPATMIPELGRGYLEGDDVLEYDESPPEFRPKLSALAEAKKLEAI TRLRAKGOVLTRTNRPNS
IKKKQKDEPQDILEVKERVERNTMESSOAEDELEPARKEKRREGLAYLESEEFORILKAKSKHTGILKEA
TAEM”ER FEPLYVEEECGMEEKMRN IREVECRYVVTCKTCAY THEKLLETCVSEQHEYHRHDGVEREFRD
PCEGNRS ISLDRLPNEHCSNOGLYKWERDGMLKEK TGPKIGGETLLERGEEHAKFLNSLK

SSEQ TD NG 70

MKDYBELLKYYELHET IGTGGFAKVELACHTLTGEMYAT K IMDKNTLESDLERTKTE IEALENLRHOH
ICOLYHVLETANKIFMVLEYCEGOELPDYITS QDRLSEPFTRVV ROIVSAVAYVHSQEYAHRDLKPE
NLLF FY”(MFLIDFJICﬁBDKaN<DYHLyTCFﬁSLAY“KPM GCKSYLGSEADVHSMGILLYVLMG
GFLPFDDDNVMALYKKIMRGKYDVRPENLSPSST LQMLQVDPKBRI SMENLLNEPWIMODYNYPVE
WQSKNPFL&LDDDCVTZL’VHHRNVR“lMED!IbTNQ&DhLLnI&LLJLAhKh%Lh”V RI LbSVSLu
OASATPPIDLKSNNWSLEDVTASDENYVAGLIDYDWCEDDLS TGARTPET 30 TKIWIESNGVESK
TPALORTPANKLKNKENVY TPESAVENEEY FMEPEPKT PVNKNQHKREIL TTPNRY TTRSKARD QCQK
ETRIKIEFVIS TETDELMIGVI SEFERRCRSVELDLNOAHMER TPKRKHHWVFGSIEPuLDK JITVLTRS
KREKGSARDGPRRLELEYNVI TIRLVNPDOLLNEIMS I LPKKHVDEVOKGY TLRCQTUSDEGKYTMOFE
LEVEQLOKREDVVG T RRORLEGDARVYRRLVEDTLS SCKY

D NO:71

ARATKILLECLPLLLLL3GWSRAGRADPHS LY DI TVIPRKERPGPRWCAVOGCOVDEKTELHYDCGN
C"LGKKLI‘\f\f":['T.m.l»I&'AQI"VTP“—*'DILTE JLRDIL LEh&TPIEP-TLQARMJCE”WKE”'SS
FRGGIFLLEDSEKRMWITVHPGAREMEEKWENDEVVAMEFRYPSMGDCIGWLEDE LMGMB ST
APLAMSSGTTOLRATATTLILEOCLLITILPCFILEGT

»1»*

MEEQ ID NOz72
MSAESGPGTRLRNLPVMGDGLETSOMSTTQAQAQPOPANAASTNRPPPPETSNPNKPRROTNQLOYL LR
VVLKTLWRHOFAWPEQOPVDAVKLNLPDY YK IIKTPMDMGT IKKRLENNY YWNAQECIQDENTMETRC

YIYNKPGDDIVLMARALEKLF LOKINELETEETEIMIVCAKGRGRGRKETGTAKPGYSTVEPNTTQAST
PRPOTOTPOPNEFPEVOATPHEFPAVIPRLIVOTPVMTVVRPPOPLOTEPPVERPQPGPPPAPAPUPVOSHE
‘r‘
Lo

PIIAATPOPVKTEKGVKREADTTTPTTIDRPIHEPPSLPPERPKTTELGORRESSRPVKPPRELVPDSQQ
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g SERVSEQLECCSGILEEMFAKKHALYAWPPYREPVDVEALGLHEDY CDI TKHPMDMS TIK SKLE
REYRDAQEF GADVRLMF SNCYRYNPPRHEVVAMARKLODVFEMEFARMPDEFEERPVVAVSSPAVRER
SDSBSDESSDSRSSTDDSEEERAQRLAELQEQLKAVHEQLAAL SUPOONKPERKRKEKDEK
KEEVEENKKSKAKEPPPEKKTEKENNS SNENVSEKEPAPMESKPPPTYESEEEDRKCEPMSY

E GRVVEI "QRF‘PQu}f"JoI\PT)FLJ‘JTLFF‘TLFPdlL:{MI ERYVTSCLREKRK
B

o
p

e}

1-

&

o)

oW
G T

s

=

W oo

o
P SSSDSEDSETEMAPKSKEKEKGHPGREQEKHHEEREQOMGO
A PPFDwPuMPQQﬁhPAM<SSPPPFIATQ BVLEPQLPGEV

FHPIQHFT¥PILHLP“DE7P‘H' POPPEHSTPPHLNOHAVVSPPALHNALEOOP SRFSHRAAALEFEKD
ARPRAVSPALTOTPLLPOPPMACPROVLLEDEEPPARPPL TAMOMOLY LOQLOKVOPRTRLLEEVRVOS
OPPPELPPPPHE SVOOOLOOGPRPPPRPOFOPPPOOCHUPPPREVHLOPMOFS THIQOPEPECGGOOPE
PPPROPAKPOOVIGHEESPREHKSDPY STGH L REAPSPLMT HSPOMSUFOSLTHOSPRPOON
VOPEKGELRAASYYOPOPLYYVKEEKT H3PT TRAEPFEPS LRPEFFKEPES T KAPVHLROEFEMKEVD
VGERPVIRPPEQNAPPPGAPDKDKOK QEPBTPVA?K “LRIKNMGL‘ASLVQKLTMT“QST%RCO DSF
EOFRRAAREKEEREKALKAQARHARKERERLROERMRSREDEDALEQARRANEEARRRGECOOOORGE.
QUUOOD0OARARVAARATPORDSSOP QUMLDQQPEAA&KRFQ T RERREAMAAT IDMNFQSDLLSIFEEN
LF

>8ES ID NG:73

MO AR LGP M T L ALY L AT FDPARC T DATNPPEGPODRS YOOKGRESLONTAET OHC LYNAGDVGOGVE

EPFENVQLATRuLHqTFMTVLHMAuYFWAQ’KSFT}D ALKCRARALRERFPGOT SEKCPATREMVEQLO
RECYLKHDLCAAAQENTEVIVEMIHFKDL LLEEPYVDLYNLLLECGEEVKEA T THSVOVQCEONWESL

CBILEFCTSATIQRPPTAPEFEROPOVDRTRLSRAHHGRAGHELPER SSRETGRGARGERGSKSHPNAHR

RERVOGLGAUGPSCSSENEDEQSEYSDIRR

>BEQ ID NG:74
METSPRRELILKRRRLEPLPVONAPSETSEEEPERSPAQOESNGAEASKEVARSNSCKFPAGIKIINEP
TMPNTQ”VATPNNANIHOIIT&gThhSKWSGp\GPNKE LISCGEAPTORPPGLRPOTOTSYDARKRTEV
TLETLGPRPAARDVNLPRPPGALCEQRKRETCADGERAGCTINNSLSNIQWLREMSSDGLGSRETKQEM
EERENCHLEQROQVEVEEPSRESAS vﬂN“VSFR?PYSYLAMIFFATWSTFRFPHTIKTIYTWIED%PPY
FEHIAKPGWENSIRHNLSLEDMFVRETSANGRKV SEFWT THPSANRYLTLDOVERPLDPGSPOQLPEHLES
DQFPDNPAIRRNMTIKTELPLGARRKMBPLaPRVFSYTVPT‘FP’MQVL”L@PQVK FPLELAASLMSS
ELARHSKRVRIAFKVLLAEEGIAPLISAGPGREEKLLFGEGE SPLLPVOTIKEEEIQPGEEMPHLARE
IKVESPPLEEWP SPAPSFRKEESSHESWEDSSQSPTPRPEKKSYSGLRSPTRCYV SENM '”IQHRLKREQDRQ
RRKQHLLPPCVDEPELLESEGPSTSREAAELPFPADSSDPASULSY SQEVEGPEFKIPIKETLRPISETR
SKSVLPRTIPESHWRLTPPARVAGLDESPVOT SQGASDPLPDPLGIMDLSTTPLOSARPPLESPORLLESE
PLDLISVEFGNSSPSDIDVPKRPGSPEPQVSGLAANRSLIEGLVLDTMNDSLEKILLD I SFRPGLDERPL
GPDNINWSQFIPELQ

F
51
KI

GLAIKIQRONGLIHSANVRTVNLEKSCVSVEWAEGGATKGEEIDFDDVAATINREL

ENVTICKQRRESVNEKIPAPKESLRSRSTRMETVSELRITAQENDMEVELPAA
ANSREQFSVPEPAPTRPSCEAVAEIPLEMVSEEMEEQVHSIRGS3SANPVHNSVRRESCLVEKEVERMENK
BEERKKAQNSEMRMEKREAQEYDISSFPNWEFARMIKEFRATLECHELTMIDPIEEERICVCVRERPLNKGE
L‘KAETDEIQIPQRCLLL HEPKLEVDLTKYLENGAFCEDFAFDETASNEVVYRFTARPLVOTIFEGGE
ATCFRAYGU TGS GRTHTMGEDLSGRAONASKGIYAMASRDVF LLKNQPCYRKLGLEVYVIEFEIYNGK
DLINEKAKLRVLEDRGKOOVQVVGLOEHLVNSADDVIKMIDMGS ACRTSGOTFANSNESRSHACFQT
I RAKGRMHGREFSLVDLAGNERGADTSSADRQTRMEGAETNKSLLALKECIRALGONKAHTPFRESKL
I“”LPD&FlHENleCVIAILbP"leC:YluN“;RYADR 'RELSPHSGPFSGEQLTOMETEEMEACSN
GALIPGNLSKEEEELSSOMSSFNEAMTQIRELEEKAMEELKE I IQUGPDWLELSEMTEQRPDYDLETEY
NEAESALAQQAKHE SALBRDVIKALRLAMOLEEQASRUI SSKKREQ

1

)SEQ ID NO:76

MPSELLGAAMPASTSAARLOFALENAGRLIDROLOEDRMYPDL SELLMVSAPNNERTVSGMEDMDYRPLO
GPGLL SWENLPEISSIERVPLPPELVEQEGHMOCNCMMGVEPPI SRAWLTIDSDIFMUNYEDGGDLAY
ﬁDuLuETILuanVKLK*GIFQFEE HLLVLATFVDIVILGLEYANLOTGESGVLNDSLEGEMOLLEDP
LYSLPIDNIYLLTITSTDNGRIPLAGKDGCLYEVAYQARAGWE SQRCREINHSKSSL3FLVESLLOET
FSEDDEILOIAIDNSRNILY TRSERGVIQVYDLGODGOEMSRVASVIQNAIVEAAGNIARTIDRIVER

PIVRTAVIENSESLUDCQOLLAVTHAGVRLYFSTCPFROPLARPNTLTLVHEVRLEPPCF SASSTVEKPSKY
HRALYSKGILLMAASENEDNDI LWCVNHDTEFPF ORKPMMETOMTAGY UPqWALSALFLu:VLKiITPL
NERHIPITDSEFVVVOOHMLEPKKEVLL3AQGS LMPHRLRPVDOLRHLLVSNVGGDGEEIERFFKLHQE

DOACATCLILACSTAACDREVSAWATRAFFRYGHEEAQMREP] TLPfPSNVGPILGSPJ~nooPVPan
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PYPNPSFLGTPSHGIOPPAMETPVCALGNPATQATNMSCVTEPETIVYSGKANGICIYFSRTIMGNIWDA
Sl“VERITKSGNRBITAIEMQVPp,IIES LOELKGLUEFLDRNSCFAGGPLGNENTTARKVOORLIGE
IEPENGNPORMOOELQREKFEBEAQLSER I SLOAIQQLYRKSY QALALY KLL&E IQFTITVAELQRELQE
QLKITIFKDLV RDKELTGALIASLINCYIRDNAAVDGISEHLODICPLLY STDRDATCSKANELLORS
ROVONKTERERMLRESLEEYOQKISNOVDL SNVCADYROVREYEGVVELSLTAAEKEDPOGLGLEEYKH
GEPEEDIVGLUAFQERLNSYRKCITDTLOELVNQSKAARQSPSVPRKRKPGPPVLESDENMLSNEEAGHHE
EQMLKLAQRSKDELF STALYNWLICVDLADKELLOVASPF LEPHLVRMARVEONRVRYMDLLWRYYEKN
REFSNAARVLSRLADMHSTEISLOORLEY TARATLSAKSSTAI SSTAADGEFLHELEERMEVARIQLY
IQETLORCYSHASSVODAVSQLDEELMDITKLYGEFADPFRLAECKLAITHCAGY SDPILVOTLHQDT
IEKELSTSVTLSSSDRMHAL LK VluuFIYAGTPPVFPuD“T’QTLEQO“”TLMW‘”W VIQTMNEL
GVPLPRLLEVYDQLFKSRDEPFWNRMEKPLHLLDC THYLLIRYVENPSOVLNCERRRFTRNLCLDAVCGY
LVELOSMESSVAVOATITENFKSLOAKLERLE

\PSDREFINEFSSLDDEGDTONIDSWFEERKANLENKLLGENGTGGLFQGKTPLREANLGD
YHEEAEKERLVEQSIPSKACSSLEVERATISRKTRPAQPORRELRLSAUKDLEQKEKH
IIM¢ SKEMEVSNRKEKKE LEEGSABQ&;AE/NﬂauPEKAYG RHTVPCMPPAKD
MEMOO m"/""ﬁ]ﬁﬂﬁ\KNH EFKKLALAGTIGOPVRREVE] ‘”"DFHF TDERIKQHP
KW”EEVKhJWEIDEURKHPSSPARV“KGUIIWKVFRLSQGKKRIEDhI S YVPLAQOVEDFHERIEPN
RYHLRSKKDDINLLPERSSVIRICRDPOQTRVI QTK HRARAVTCHESTAELEAEELERLOQTRFKARELD
PRTLECCPI FPREEPPVKPPTEPIGEDLETEKRIQERESKKKTEDEHFEFHSRPCPTKILEDVVGVREK
VLEITVPHESPAFPALKNRIRMPTRKEDEE DEPV‘ AQPVPHVGVPFKD\IPEARTV ICPFSFDSED
E GLOKEKKIKELORGEVPREFEALPLPHFDTINLPERKVENY TOIERPFCLETDRRGALKAQTWEHGL
EELROOKEAACFEARPNTIVISQEPEVPRKEKERKSVARGLSGELVOERPFQLATEKRAKERQE LEKRMAE
BAQKAQQLEEARLOEEEQKKEELARLRRELVHKANP IRKYQGLEIKSSDOPLIVEPVERPKESTREHC

o

3|

-

ot

»§EQ ID NO:7%

MESEDLSGRELTTDS TMNEVED TRNKFENED L TDEL SENKT SADT TDNSETVNO TMMMARNPEDRL ST
LLKLEKMSVPL%DALLIFuIGRYSOAInAIPPbKYGWJFKFAR OVRFAERLEATOEPDDARDYFOMAR
ANCKKFAFVHI SFAQFEL SQGNVKKSKQLLOKAVERGAVPLEMLE nuRQLNLCKK“LLSEEFKK@Lh
ASTVLTAQESFSG quF:Q]QN‘ULDSRGQTTKAREL¢7FNMPPQLAFIthNObRQTNFTKOSCPFG
RVPVNLLNSEDCDVKTDDSVVECFMEKRQT SRSECRILVVPESKESGNDSCELRNLESVONSHFRERPLY
SDEKSSELITTRSITLENKTESSLLAKLE ETAVVQEPEVPEDNQKQrEQKRKUECINQNPha SNHWQ

IPELARKVNTEQRKHTITFEOPVESVIKOSPPISTSKWEFDPESICKIP SSNTLDDYMSCERTPVVENDER
PACOLSTRPYGOPARLCEQ CQQWWIMATPJVWL“”LhSSbARECTSVKGRIYSILKQIGSGGSSKVFQVLN
ERRQIYAIRYVNLEEADNQTLDSYRNEIAYLNELCOHSDEI IRLYDYEI TDOY IYMVMECGNIDLNSW
LREKESIDPWERKSYWRKNMLEAVHET THOHGIVESDLKPANPLIVDGMLELI DEGIANOMOPDTTIVVK
DEOVETVNYMPPEATKDMS SSRENGKSKSKISPRODVNSLGCILY YMIYGRIPEQOI INQISKLHATL
DENHEIEFPDIPERKDLODVLECCLKRDFPECRISIPELLAHPYVQIQTHPVNOQMAKGTTEEMEYVLGOL
VGLNSPNSILEKAARTLYEHY SGGESHNSZSSKTFERKKRGKK

>SEQ ID NO:79
MESEPPPPPUPPTHOASVGLLDTPRSRERSPSPLEGNVVESPLPTRRTRTFSATVRASOEPVYKGEVER
CFCRSKGHGEITPADGGPDIFLEBISDY EHFLVP"FqLEVTYVNCSIPP NEKLOAVEVVITHLAPGTK
HETWSGHVISS

»$EQ ID NO:80

MGPRRRERKPEAPERRSPSPTPTPGPSRRGPSLGAS SHOHSRRRQGWLKEIRKLOKSTHLLIRKLPES
RLARETICVKF TRGVDFNNQAQALLALQEAARAF LVHLFEDAYLLTLHAGRVTLEFPRDVOLARRIRGLE
EGLG

>SEQ ID NO: 81

MOETVAER TKRTILKIPMNELTTILEARDFLSENGLOTVNERCRKESVVQHLIHLCEEKRASISDAATL
LI ITYMOFPHOHORVWEVFOMSKGPGERDVDLFDMEGFRNSEFRKETI LORALKNVIVSERETEENAVWIRTA
WETOY TEPNOYRKPTYVYVYYSOTEYAF TS SSMERRNTRPLLGOALTTASKHHQIVEMDLRSRYLDS LKA

VFROYNQTFETHNSTTPLOERSLGLDINMDSRITHENIVERERVORITOGETEGDYPQPOLEFAQYKLE
TREKSGLNGSILAEREEPLRCLIKFSSPHLLEALRSLAPAGIADAPLSPLLTCIPNERMNYFKTIRDK

=8RG ID NOwg2
MGIQGLLOF IKEASEPTHVREYRGOVVAVDTYCWLHEGATACAERRKLAKGERPTDRYVGFCMKFVNMLLS
HGIKPILVEDGUTLPSKEEVERSRRERROANLLKGKOLLREGKVIEARECF TREINI THAMAHRVIKA
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ARSQGVERCLVAPYEADAQLAYLNRAGIVOATIITEDSDLLAFGCREY I LKMDOFGNGLEIDOARLGMCR
QlbDUTiEuKFPYMLILSGCLYLSS RGIGLAKACKVLRLANNPOIVRVIEKEIGHYLEMNITVRPEDY I
NGEFIRANNTPLYQLVEDP IERKLIPLNAYEDDVD PETLSYAGQXJDDSIngQIALGNKDLNTFEQIDD
INPDTAMPAHSRSHSWDDKTCORKSANVESTWHRNY SPREPESGTIVEDAPQLKENPSTVGVERVISTEGL

NLPRKS“IVKRPRSAELQEDDIquYS‘JFIFPTKKNSSE”NKSLSFSEV} JPDLVNGPTNRESYVSTP
JRTRNKE“'JDQRKNEESGA”VVPGLRSREF S3LSTRCVSNKVEIQPLDETAVIDKENNLEESEYGD
QEGKRLVD VARWGQDD PNNHIFCDHIPDEATVFTDEESYSFESSKFIRTISPFTLGTLRECESHWS
GGLGDES PTDC STALODFRRKSDSPTSLPENNMSDVEQLKSEESSDDESHPLREEACSSQSQESS
EFSLOSSNAS hubQLS& DSDSEESDCNIKLLDSOSDOTSKLRLSHFSKKDTPLENKVEGLYKESSAD
SLSTTKEL KplMPAhnSGLSFFPAﬁTnthHHhAEQKPGLQIKLNELWKNFGEEKDSEKLPPCKKPLSP
VRDNIQLTPEABEDIFNKPECGRVDRAIFQ

SSEQ ID RO:&3
MAVNYY STSVTSDNLSREDMLAWINESLOLNLTKIEQLC SGAAYCOFMDMLEPGSIALKKYKFOAKLE
HEYTONFKILOAGFKRMGVDKI IPVDKLVKGKFQDNFEFVONFRKFFDANYDGKDY DPVAARQGQETA

VAPSLVAPALNKPEEPLTESSAAPORPISTQRTAARAPKAG P’VVR&NP"”@NGUDEAnhMM“Q‘NVIK
LIVEDLEKERDFYFGELRNIELICQENEGENDPFVEORIVDILYATDEGEVIPDEGGFOEEQEEY

>SEG ID NO:84

MEPAPARSPRPOGHPARPOE fTMP?PETPSFGRCP%DSPSPTEPﬁPAoEEEFQ?TRFCQ @A Ei F
LLPCLHTLOSGCLEASGMOCEICOAPWPLGADTEELDNVFFESLORRLSVYRQT VDAQAVOTR SA
DEFWCFECESLLCAKCFEAHQWE LKHEARPLARLENGEVREFLDE TARTNJ PCSNPNHRTE TLT IYQ
GUSKPLOOSCALLDS SHEELKC DI SARIOOROEELBAMTOALOEODSAFGAVHAOMEARVEOLERAR
AETEELIRERVROVVAHVRAQERELLEAVDA YQRDY@EMPSRMQ&IDAVigRIRTGSALVQRM COYA
SDOEVLDMHGELROALCRLROEEPGS LOARVRTDGFDEFEVRLODLSSC I TOGKDAAVSKKASPEAAS
TrRDPIDV“LP EAERVEAQVQALGLAEAQPMAVVOSVPGAHPVPVY AP IKGPSYGEDVSNT TTAQK
RRCSQIQCPREVIEMESEEGKEARLARSSPEQERPSTSKAVSEFPHLDGEESPREPVIGSEVFLENSNE
VASGAGEARERVVVISSSEDSDAENS S SRELDDS S SESSDLOLESPS TLRVLDENLADPOAEDRPLVE
FDLEIDNETOKI SOLAAVNEESKFRVVIOPEAFFSI YSKAVSLEVGLOBFLSFL3SMRRET LACYKLY

o ‘70

7

GRPGLENFFRALEDINRLWEFPQEATS CFLnn;PLTPFRVPQASFF KLENLAQTYLARNMSERSAMAAVL
AMRDLCRLLEVSRGPQLAQHVYPFSSLOCFASLOPLYVUARY LPRAEARLLALHWVSFMFLLonPRRDR

DGGLEKY SRYLELOTTTLERFAQPAFNLOALGT YﬁE SLLEGPALARAREGVSTPLAGRGLABRASOQS

>BEQ ID NO:85

MEASPASGPRELMDFHIF TSNFNNGIGRHKTYLCYEVERLDNGT SVEMDUHRGEF LHNQARKNLLOGEYG
RHAELREFLDLVPSLQLDPAQIYRVIWE ISWSPCF SWECAGEVRAFLOENTHVRLRIFAARIYDYDPLY
REALQMLRDAGAQVSIMTYDEFKRCWDTEVDHQGCPFOPWDGLDEHSQALSGRLRATLONDGH

»8EQ ID NO:36
MP SS ug DSSESREPPPGROLSSDDVER RV RRFYNRInA“T RORQTOKARTLHLESEDLERONAAL
REEIKQLTEELEYETSVLNSHEPLCSVLAASTPSPREVVYS FIQPHVFSDRFQP

>SEQ ID WO'87

MLELLLPLLAVLPGDONADGLEEPLSFEVIWIASEFYNHSWKON LYV SGWLSDLOTHTWDENSSTIVELC
PWERGNES NETV ELETLFRIRTIRSFEGIRRYAHELOPEYPFEIQVIGGCELHSGEVEGSFLOQLAYD
GoDFV“FQWNbWI YPVAGNMAEKHFCRKVLNONQHENDITHNLLSDTCPRE ILGLLDAGKAHLORQVKP
EAWLSHGPSPGPGHLOLVIHV SGE YPRPVWVMHMRGEQEQOGT QRQDTLPS WDGTWYLRATLEVAAGE

I
AADLSCRVRASSLEGODIVIYWERHSSVEF ITLAVIVPLLLLIGLALWFRRRCEC

MLLLEFFOLLAVLFPGONSEHAFQLPTSE {VIuT SETNSTWAQTOGSGWLDDLOTHGWDRSRSGTAIREL
KPWEKGNFSDEEVAELEETIFRVY IFGEATL “QD-”GEFQWK”PF“IQ SIAGECELHSGOATIVEFLRGAL
GELDFLSVENASCVPSPEGGIRAQKFCALIIQYQGIMETVRT LIYETCPEY LLGVLNAGKADLOROVE
PEAWLSSGPSPEPGRLULVCHVSGE YPREVIWVMWMRGEQEQOCGTOLEGD L LENANWIWY LRATLOVADG
EAAGLSCRVEHSSLEGCDI ILYWRNPTSIGSIVLAI IVPSLLLLLCLALWYMRRRSYQON IR

»S$EQ ID NO:89

MLFLQFTLLALLLPGGTNFDASQ"VSE%VlQl?SFVNQSWAR-\bbUWLDELQIHGW SESGTIIFL
HNWSKGNFSNEELSDLELLFREYLFGLTREIODHASQDY SKYPFEVOVKAGCELHEGRSPEGFFQVAF
NGLDLLSFONTTWVPSPGUGSLADSVOHLLNHOYEGVTETVYNLIRS TCPPFLLbLLD? SEMYVHROY
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RPEAWNLSSRPSLGEGULLLVCHASGFYPKPVHVTWMER “JEQEQI{’TKHGDTLPNADGT"\TY LOVILEVAS
EEPAGLECRVRHESLGEODI ILYWEHHF SMNWIALVVIVRPLVILIVLVLWFEEHCSYQDIL

SSEQ ID NO:90

MLLLFLLFEGLCCPGENTARPOALGSYHLAAEEGL SFRMLOT S SFANESWAHSEGSGWLEDLOTHGWD
TYLGTIRFLEPWSHONE 3KOELENLO S LEQLYFHAF TQIVOASAGOFQLEYPFETIQILAGCRMNARPDT
FLNMAYQGSDFLSFQGT SHERSPGAGIRAONICKVLNRY LD IKETILOSLLGHTC PRPLAGLMEAGESE
LRRKVKPEAWL S G P S EGPERLOLVCHY SGFY PRV VMINMRGEQEGRGTOREDVLENADETWY LRAT
LV AACEAAGL SCRVKESSLGGHDLT THNGGY 8 IFLILICLTVI VT LY T LVVVDSRLKKOSSNKNTLS

H
PHIPSPVFIMGANTODTENSRHOFCLAQVIWIKNRVLERKWKTRLNCLW

SEQ ID NP‘OI

LSGGVITIPHSLARRPOGSCELEGVEIRGESFRLLOEGQALEYVCESGEYR
CTORORTVREKAECRATHCPREHDFENGEYWPRSPYYNVSDEISFHCYDGYT
WSGL TATPDNGMGYPSNP Sy TPTIGTREVGESOYRLEDSVIYHCSRGLTLRGSORRT
CQEGGS%SGTEPCCQDSFWY SITPQEVAEAFLSSLTETIEGVDAEDGHGPGEQORKREIVLDP SGSMNIY
LYLDGSDSIGASNE TGAKKCLVNLIERVASYGVERPRY GLVTYATYPKIWVRKVSEADSSNADWVTEOLN
EINYEDHELKSGTNTERAL QAVYaMMSWﬁDDVPEEGWNPTRHVIILM-“GLFNVCGDPITVIDEIQDu
LY IGHDRENEREDY LIVYVEGVGPLVNQVNINALASKKDNEQHVFKVKDMENLEDVEYQMIDESQSLS
LOCGMVWEHRKGTRDYHROPWOARI SVIRPSKCGHESCMGAVV SEYEVLTAAHCETVDDKEHS TEVEVGGEE
KRDLETEVVLEHENYNINGKKEAGIPEFYDYDVALIKLKNKLEYGOTIRPICLPCTEGTTRALRLPPT
TTCQOUREELLPAODIKALEFVSEEEKKLTREEVY IKNGDRKGSCERDEDYAPGYDRVEDISEVVTPRE
LOTGOVSPYADPNTCRGDSGEPLIVHKRSREIQVGVI SWEVVDVCKNQERCKOVPAHARDEFHINLEGY
LPWLKEEKLQDEDLGEL

»>BEQ ID NG:92

MEGISIYTSDNY TEEMGESGDY DSMREPCEREENANFNKIFLPTIYSITELTGIVONGLVILVMGYURK
LRESMIDRYRLHALSVADLLEVITLPFNAVDAVANWYFGNEF LCKAVHVIN TVNLY SSVLILAFT SLDRYL
AIVHATNSQRPRELLAERKVVYVGVWIFPALLLTIPDEF TEANVSEARDRY ICDREYRPNDLWVVVFOFQHI
MYVGLILPGIVILSCYCIIISKLSHSKGHOKRKALKTTVILILARPFACULRPYYIGISIDSEILLEIIKQ
GCEPENTVHEWISI TEALAFFHCOLNPILYAFLGAKFETSAQHALTEVSRGSSLRILSKGERGGHS SV
STESESSSTHRE

>BEQ ID MG 23
MQEOJICQARA*“MVYDDT KEWVE IKPGQ&ﬁFSRINIVFNTnuNTfvaGVKIODQQVVINVQIVKG
LEYNQATPTFHOWRDAROVYGELNFASKEEATTESNAMLEPALNIMNSQEGGP SSQROVONGPSPDEMDI
QRRQVMEQQ QQPQESLERRTU&TCPILDPUHPDS;AQHPVSCSGDPP“PPPPVPPPPTSATPPPPPP
LPACGAQGSSHDESSMEGLAAATAGARLRRVORPEDASGESSPSETSKSDANRASSGGEEEGLMEEMN
KLLAKRRKAASQSDKPAEKKEDESOMEDES TEPSPGTRAASOPPHNSSEAGRKPWERSNSVERRPVESIL
SRIPBVAKSPEAKSPLOSQPHSRMKPAGEVNDMALDAFDLDRMKQEI LEEVVRELERKVEEETIDAIRY
A_KLQ. ’j \)TT

>SEQ ID NO: %4
MAARAGEEEEEEEAARESARRPAAGPALWRLPEELLLLICSYLDMRALGR,
nRIARLQLWouFTRuGTDuITS By KER“YV°§)'RLHRCBFCILIV&QC
NFILAYQFRPDGASLNRRPLGVEAGHDEDVCHFVLANSHIVSAGGDGKIG
VA?““LFGGIIVSQMRPRLAVVWDLnSSRL QLLHTICIED“’T‘IAISP SSEVTGTALCCGHESP
R*WDLNSG)LIIHLCS“FPPUAQ’LD“MVh SPFTLLSCOYDTYVRYWDLRT SVRECVMENERPHEDS TL

CLOTDGNHLLATGS SYYOVVRLWDRRQRACLEAFPLTS TPLSSPVYCLRLTTEHLYAALSYNLEVLD
QNP

AOVCRWLRRETSCDLLYW
OMPRMOQLEDDSLYTS0A
KIHQTFT'KYQEWFCF

II" o

o}

L

&
TH
L
-
T

e K

>BEQ ID NO:9%

MLVMAPRTVLLLLSAZLALTETWAGSHEMRYFY TOVERPGRGEPREISVGYVDDTQFVREDEDAASER
EEPRAPWIEQEG DFYWJRNT”TYFAQAQTDREQLRNLKFY‘NQSF'JSHFTQSMYGCUMuiTQPLLRU
HOOYAYDGRDYIALNEDLRSWIAADTAARITQREWEAAREAECRRAYLEGECVEWLRRYLENGKDKL
RADP?YTFVTHWPIQLHEATLR\WKTuFYPAETTuTW“RDunDDTﬁDLBLVETRPRGDRTFQYEAh"”
VPSGEEQRYTCHVQHEGLPKPLTLRWERP SSQETVR IVLGIVAGLAVLAVYVIGAVVAAVMCRRKSSGGK
GGSYSQARCEDSAQGEDVSLTA

y

>8EQ ID NO: ¢

k)

G

P
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MEHLWEFLLLVAAPRWVLSOQVOLOESGPGLVKPSETLSLTCTVSGGE I SCYYWSWIRQPAGRGLEWIG
RIY¥TSGETNYNESLRERVIMSVDTSENQFSLRKLSSVTAADTAVYYCARGRETYFDYWEQGTLVTVESA
STHEGESVEPLAFSSKSTSGGTAALGCLVRDYFPERPVIVSWNSGALTSEGVHTEFPAVLOSSGLYSLESVY
TVPSESLGTOTY ICRVNHEP SNIRVDERVEPKSCBKTHICPPCPAPELLGGPSVELEPPKPRODTILMIS
RIPEVTCVVYDVEHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGEEYKCK
VENKALPAPTEKTISKAKGOPREPOVY TLPPSRDELTRNQVSLTCLVEKGEFYPERDIAVERWESNGOPENN
YRITPPVLIOSDGSFFLY SKLTVDESRWODGNVESCEVMHEALENEY TQKSLELSPGE

¥

>SEG ID NO: 87
MS LMYV EMVCVEFFLLOGAWPHEGVARKPS LLAHPGPLVKSEETVT LOCWS DY RFONF LLERESKFED
TLHLIGFHH“Cx SKANFS MMQuLLuTY Y GSVTHSPYQLSARSDPLOI VI TELYERDPSLEAQPS

TVLAGESVTLSCIER SS[ MYHLSREGEAHERRFSAGPRVNGTFUADFPLGPATHGGETYRCFGSFRD
PD“EwuNkb“PQL”O*T NP SH WD PTEPSSETGNPRELAVLIGTSVVIILEILLLFFLLARWOCNK
FNAVVMDOEP AGNRTVNREDSDEQDPORV TYAQLNECVE TORKI TRESORPKTFETD I IVY TELPNAE

P

SEEQ ID NG:98

MRLLAWLIFLANWGGARAEPGKIWHIADLHLDPDYRVSKDEFQVLP SAGSORVPDAGEPWEDYLCDSEW
ALINSSIYAMKEIEPERDEILWIGCDDTPHVPUEKLGEAAVLEIVERLTKLIREVEPDTRKY YAALGNAD
FHPENCFPAGSNNIYNQIAERLWKPWL SNES TALFPRRGAFYCERLPGRAGAGRTVVLNTRLYYTSNALT
ADMADEGODFQWLEDVLTDASKAGDMYY IVGHVPPGFFEKTONKAW Rm SENEKYLKVVRKHHRVIAG
NFFGHHHTDSFRMLYDDAGYPISAMFITPGVT PWK T TLREGVVNGANNPATRVFEYDRATLELKDMYTY
FMNLSOANAQG TPRWELEYOL TEAYCVP DAS AHSMETVLDR IACHOSTLORYYVYNSVS Y SAGVEDESR
CEMOBVCAMROVDIDAY TTCLYASGTTPVRPQLPLLEMALLGLUTLY

>BEQ ID NG:99

MELLARALRLCEFGRQAS SRRLVAGQGTUVEPRRGUUCARVOVVEPRADLEFPCGACITGRIMRPDIANVA

GN”HGGTlLKMLEhAGAIIbLRHCNCQNGER“VAuuAhVERIDELDPWCILE\ VEAELITYTEKHSY

EVOVNYMSENILTGAKKLTNEATLWY VELSLRNVDEVLEVPPVVY SRUEQEEEGRRRYEAQELERMET

KWENGDIVOPVLNPEPNTVIYEOSSLIHLVGPSDCTLACE VHEGGVTMKLMDEVAGI VAARHCKTNIVT
°WDKINFHDKIRKGCVI*IQCRMTFTSNKJMETFVL 'DADPVVLSSOKRYRAASAFEFTYVSLSOEGR

SLEVEQLVPETEDERKKRFEEGRGRY LOMRARROGHAEEQE

>BEQ ID NO:100
MGCDRNCGLIAGAVIGAVLAVEFGGILMPVGDPLL ICK T IKKQVVLEEG
DVONPQEVMMNSSRIQVEORERPY TYRVRELAKENVIDDAEDNTVSE TbAIVEP SLEVETEADNET
VLNJAVAAAChI\QhQFV(MILNQLTNKJKSEMFQVRTLRuLK&Cl DJFTOL‘PYDVTTTVGLEYPf
NNTADGVYRVENGKONISKVATIDTYKGKRNLSYWESHCDMINGTDAASFEPPEVERSQVLQEFSSDIC
REIYAVFESDVNLKGIPVYRFVL PQFﬁerPVENPDNYCFLTFhTI KNG ThYGVLDIthKFuRPWZ
ISLEPHELYASEPDVEERPIDGLNPNEEEHRTY IEPTTGFTLQF%iRL VNLLVEPSERIQVLEKNLKRN
YIVEILY LNFLCTIG“HFHNMTRQQVT3“IBLL¢LTDMIL LSVGVVM AFMISYb“ RAKTIK

AFKNWVETGTEVYRQFWIE

>3EG ID NOs 101
MFVARPSVPRAIPL NE} RLLLLYVLLOLPAVHGDCGLEPDVENAQPALEGRT SFPERDTVITYKCEES
FVRIPGERDSVICLEGE Q F?IT FCNRSCEVPTRLNSASLEGPYITONYFPVETVVEYECRPGYRRE
POLSPELTCLONLEWSTAVEFCKKRSCPNRPGRETIRNGO IDVPGGILEFGATISFSCNTGYRLEGRTISZEC
LISGESSVOHUSDRPLPECRELIYCPAPPQIDNGITOGERDHYGYROSVIYACNKGETMTIGEAS TYTUTVNND
EGEWSGPPPECRGKSLTSRVEPTVQRPTTVNVPITEVSPTSORTTIKITIENAQATRSTRPVSRITRKAF
HETTPNRGSGTTSGCTITRLLSGHTCFTLTGLLGTLVTIMGLLT

(] EIJ

>SEQ ID NO:102

LGPLNICEEMTILHGGELLA EQLFBPVALAuL KEDWERVGRF IVEALREI SSARAHSOPFAWKKK
ALIIINAF\L“”HP“I““UI RWQEDLEFSVGHNMIPTINHTILEELLESLEASGLETQLIMALPTTT
CH??IFPVLEP7T”DT3AFDV3FVLD‘VQF"WFHKUWDDDHLTQ OF SAMAHKYLPALDEFPHPPEELR
SDPDACPTMPLLAMLLRGLTQIQSRILGPGRECCALANLADMLIVFALTEDDRPOQEVISATVYLDELATV
LEVHNSDTONPYHOQALAEKVKEAERDVSLISLARKLPSETIFVGCEP LEHLLREWGEELQAVLRSE0G
TSYDBYRLCDSLTSFSGNATLYLNRTS LEKEDROVVSELAECVRDFLRETSTVLENRALEDI TASTAM
AVIQUKMLDRHMEVCY IFASEXKKWAF SDEWVACLEGSNRALFROPFDLVLRLLETVIDVETADRATPESQL
ROVIHLILECYADLSLPGKNEVLAGILREWERKGLSEELLAYVEGFUEDLNTTENOLTOSASEOGLAK
AVASVARLVIVHREVIVEKEMCSLAVVNLGTHRKFLAQILTAFPALREVEEQGEPNSSATEMY SCLKETVHW
MEPSTPRKEEKQFLELLNCLMSPVRKPQGIPVAALLEFPREVIKEFVLPFLRLDVEEVDLSLRIFIQTLEA
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NACREEYWLOTCSPFPLLESLCQLLDRESKYWOLPRERRCLSLDREDLATIHILELLCEIVSANARTES
PDVWIKSLSWLHRELEQLDWIVGLRLKSFFEGHFECEVPATLFEICKLSEDEWT SQAHRPGYGAGTGLL
EWUMECCCVSSE ISEPQL LLYVVDVGNPEEVRLF SKGE LVALVQVMPWCSPQEWORLHQLTRRLLEKQL

ri\’PX SLEYIQFVPLLNLKFEAQELOLEVLFLRTFOFLCSHSCRDWLPLEGRNEVVELLCGSLIRLLD

SVRAIQAAGPWVOGPEQDLITOEALEVY TOVEFCHALEIMAMLHPEVCERLYVLALETLTCYRTLSKTIND
SYVESLLORAHEDRFLESIAEGIGPEERRQTLLOKMESE

>8EQ ID NO:103
MﬁQuuYLLKEQHYDRQLRLWGDHG EALESARVCLINATATGTEILRKNLVLPGIGEFTI IDGNCVYSGE
DAGNNFFLORSSIGENRAEBAAMEFLOELNSDVESGSEVEESPENLLDNDP SEECRF TVVVATOLPESTS
LRLADVLUWNSQIPLLICRTYGLVGYMRI IITKEHPVIESHPDNALEDLRLDKEFPELREHFQSYDLDHM
EXKKDHSHTPWIVIIARY LAQWYSETNGRIPRTYKEKEDFRDLIBQGILKNENGAPEDEENFEEATKNY
NIALNTTQIPSSIEDIFNDDRCINITROTPSFWILARALKEFVAREGQGNLPYRGTIPDMIADSEKY T
ELONVYREKAKKDARAVENEVARLLOS EGOAPES I SERELKLLCENSAF LRYWRCRSLAEEYGLDTIN
KDEIISSMDNPDNEIVLYLMLRAVDREHROQGRYPEGVESNYQVEEDIGRLESCLTGEFLOEYGL SVMVED
DYVHEFCRYGAAEPHTTAAF LGGAAROEVIKITTROEVIENNTYIYSGMEQT SATEQL

>»8EQ ID NCs104

MLYESLFWAARPLQRCG“‘WBMAI?AQHSN ACTOTEEANRGWTGOESLSDSDPEMWELLOREKDROC
RGLELIASENFCSRAALEALGECLNNKY SEGYPCKRYYGGAEVYDEIELLS QQ MEAFDLLPﬁﬂWhV
N¥OPYZGCSPANLAVYTALLQPHDRIMGLDLPDGEHLTHGYMS DVERI SATS IFFESMPYRLNPK LT
DYNQLALTARLERPRLIIAGTSAYARLIDYARMREVCD “\AH@LADWA-ISC ‘AAKVIrSPFKHND

4
IVITTTHRTLRGARSGLIEYRRKGVKAVDERTGREIPYTFEDRINEFAVEPSLOGCGFANHATAAVAVALK
QﬂCTPMFPbY LOVLENARAMADALLERGY SLVESGETDRHELY LYDLRPWGT DGARABRVLELVSITAN
KNTCPEDRSAITPGGLRLGAPALTSROFREDDEFRRVVDF IDEGVN LGLEVRK SKTAKLOBFKSPLLEDS
T

mTQURnANLRQRVEQrARAFPMPGFDEH

>SEQ T NO:105
MEGPLEVFGDRSTCGETIRSONVMARASTANTIVKS SLEPVELDEMLYVEDIGDVT I TUDGATT LKL LEVE
HPAAKVLOCELADLODREVGDGTTSVVI TAAELLEKNADELVKOKETHRPTSVISGYRLACKEAVRYINENL
TYNTDELGRDCLINAAKTSMESKIIGT NGDFFLNMWVLAVLATFYTDIR(QPRVP INSVNTLKAHGRS
OMESMLISEYALNCVVESQGMPRRIVNARIACLDE SLORTEMKLGVOVVITDRFERLDQIRQRESDITE
ERTQRILATGANVILT TGGIDDMCLEYPVEAGAMAVRRY LKRDMKKTAKA QaILJbLLANLEUV“_E
EAAMLGQAEEVVQERICUDELILIENTRARTSAS T TLRGANDEMCDEMERSLEDALCVVRKRVLESK IV
VPGGEAVE “,1~TVLLNYATUMGSREULAIAE ARSLINVIPNTLAVNAAQDSTDLYVARKLRAFHNEADV

NPERENLEWIGLDLSNGKPRDRKQAGVFERPTIVEVKSLEFATEAALITILRIDDLIKLHPESKDDEHGS
YEDAVHEGALND

»8EQ ID NO:106

I‘YQ ESRTAPQEALDAAGDELVVVDESATHCGRPCKMIKPFEHSLBERY SNVIFLEVDVDDCODVASE

EVECMPTFOFEKKGOKVOEFSGANKEKLEATINELY
SEEQ ID NO3 107
MECAEGKAVARAAP TELO TRGKNGDGRRRYAEDHEPGKTLPENPAGE TS TATADSRALLOAY IDGHSEV
VIFSROTCTIRCTEVEKLFKSLOVPYFPVLELDQTEDGSRALEGTLSELARETDLRPVVEVKORK I GGHGPT
LKAYOEGRLOKLLEMNGPEDLPESYDYDLI ITGGGSGGLARAKEAR)YGKKVMVLDFVTPTPLGTREG
LGGTQV'VGLIPKKuMq“AALLGQALQDQRNXGWT“E”IVBHDNDRMIE‘”QN%luaLWWG”RvALRE
KEYVYENAY GO TGPHRIKATNNKGKEKT Y SAFRFLIATERRPRYLGIPEGDRKEYC TS SDDLESLPYCR
GKTLVVGASYVALECAGFLAGI GLDVTVMVES TLLRGFDODMANK IGEEMEEHGIRF IRQFVPIKVEQ
IFAGTPGRLEVYAUSTNSERT IEGEYNTVMLATGRDACTRKIGLETVGVKINEKTGK IPVTDEEQ TNV
PYIYAIG uI EDRVFLTPVAIOAuthAQRJYAHn TYECDYENVETTVFIPLEYGACHELSEEKAVEKE

GEENIEVYE FWPLEWTIFSRDNNKCYARKIICNTKDNERVVGPEVLGPHAGEVTQREAAARTLKCGLTE
KQLDSTI&IHPVQ%EVFIILS TVP”GASILQA&LDG

SEEQ ID NG:z108

MELEGDRNGGAKKKNE FRLNNKSERDRKKERKEP TV VE SMERY SNWLDKELYMVVETLAAT THGAGLELM
MLVEFGEMIDIFANAGNLEDLMSNITNRSDINDTGFEMNLEEDMTRYAYYYSGIGAGYLVAAY IQVEFW
CLAAGROTHKIRKQFPHAIMRUE IGWEDVHDVGELNTRLTDDVSKINEGIGDKIGMFFQSMATEF TGE
IVGETRGWKLITLVILATLSEY LGFQAAVWAKLASSFLLVFUIAVPFAGnvAFEvL AIRTVIAFGGOKK
ELERYNKNLEEAKRIGIKKAI TANISIGAAFLLIYASYALAFWYGTTLVLSGEYSIGOVLTVFESVLI
GAFSVGQASPSIEAFANARGAAYRIFKIIDNKPSIDSY F SGHEPONIKGNLEFRNVHESYPESRKEVE
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TLEGLNLKVOSGOTVALVENSGCEKSTTVOLMORLYDETEGMV SYDGODIRT INVRFLRET IGVVSQE
PYLEATTIAENIRYGRENVTMDEI EKAVEKEANAYDE IMKLPHKEDT LVGERGAQLEGEOKORIATARA
LVENPRILLLDEATSALDIESEAVVOVALDRARKGRTTIVIAHRLETVRNADYVIAGFDDGVIVE
DELMKERGIYFRLVIMQTAGNEVELENAADESKS 5,

"TRIDDPETK
RONSNLESLLELALGIISFITEFFLOQGF TFGRAGEILTKRLRYMVERSMLRODVEWFDDPKNTTGALTT
RLANDAAQVEGAIGSRELAVITONIANLGTGITISFIYGHQLTLLLLAIVEI IATAGVVEMKMLSGUAL
KUKKELEGAGKIATEATENFRIVVSLTREQKFEHMYAQSLOVEPYRNSLRRAHIFGITF SFTRAMMYFES
YAGCERFGAYLVAHKLMSFEDVLINVE SAVVEGAMAVGOVESTAPDYAKAKISAAHT IMIIEKTRPLIDS
YSTEGLMPNTLEGNVTFGEVVENYPTRPDIEVLOGLSLEVRKKGOTLALVESSGCEKSTVVQLLERFEYD
PLAGKVLLDGKEIKRLNVOWLRAHLGIVSOERPILFRDCSTAENIAYGONSRVVSCEEIVRAAKEANTHA

FIESLPNKYSTEVGDRGTQLSGGRKORIATARALVREOPHILLLPEATSALDTESERVVOEALDKAREG
RICIVIAHRLSTIQNADLIVVEORGRYVEEHCSTHROLLAQOKGIVESMVSVOAGTERD

>BEQ ID NO:108
MARRPRHSIYSESDEDDEDFEMCDHEHDYDGLLPESGKRELGETRWTREEDEKLKKLVEQNGTDDWEV TAN
YLPNRTID¥QCOHRWOEVLNPELTEGPHTKEEDQRVIELVQORKYCGPKRWSVIAKHLEGRIGKOCRERWHN
BINPEVERTSWIEEEDRI IVOAHRRLGNRWAETARLLPGRTDNATHNEWN S TMRRRVEQESYLOESEK
ASOPAVATEFORNSHLMGFAQAPPTAQLPATGOPTVNNDY SY YHI SEAQNVS SHYVRPYPVALHVNIVNY
POPAAAATORHYNDEDPEKEKRIKELELLIMSTENELEGOOVLETONHETCS YPCGWHSTTIADHTRPHG
DSAPVSCLGEHHSTPSLPADRGSLPEESASPARCHMIVHOGTILDNVKNLLEFAETLOFIDSFLNTSSN
HENSDLEMPSLTSTPLIGHKLTVITERERDQTVETORENTVERTFAIRRSILESSPRTPTPFRHALAA
QEIKYGPLEMLPOTPSHLVEDLORVIKOESDESGIVAEF QENGPPLLEKIKQEVESPTDREGNEFCSH
HWEGDSLNTCQLETQTSPVADAPNILT S SVLMAPASEDEDNVLEAFTVPENRELASPLOPCSSTWEPA
CGEMEEQMTSSE SQARKYVNAFSARTLVM

»BEQ ID NG:1ll

QSEAADSNPSELKYLGLDTHEOKKREPYVALFEKCCLIGCTKRILAKYC

»8EQ ID NOr1lll
MORLOVVLGHLRGPADSGWMPOQAZPCLIGARPQASAADVVVVHGRRTALCRAGRGGEFRDITPDELLSAY
MTAVLKDVNLRPEQLGDICVERNVLOPGAGAIMARTIAOFLSDIPETVEPLSTVNROCSSGLOAVASTIAGG
IRNGSYDIGMACHEVESMELADRGNPGNI TSREMEKEKARDCLIPMGI TSENVAERFGLSREKQDTFAL
ASCRKARRAGSKACFQAEIVPVTTTVEDDRGTERSITVIQREGIRPSTIMEGLAKLEPAFKKDGSTTA
GNSSOVSDGAAATLLARRSKAEELGLP ILGVLRESYAVVGVEPDIMGIGPAYAIPVALORAGLTVIEVD
IFEINEAFASQAAYCVERLRLPPERVNPLGGAVALGHPLGCTGARQVITLLNELKRRGRKRAY GV SMT
IGTEMGARAVEEYPGN

SEQ ID NO:11l2
MYRPMLLLSLGLLAGLLPALAACPONCHCHEDLOHVICDRVGLORKIPRVSERTRLLNLORNNFPVLAR
NSFRAMPNLYVSLHLOHCOIREVAARGAFRCGLEQLIYIYLSHENDIRVLRAGAFDDLTELTYLYLDENKYT
ELPRGLLSPLYNLFILOLNNNEIRELRAGAFQGAKDLRWLY LSENALSSLOPGALDDVENLAKEFHVIR
NGLESYPSAALSKLRVVEELKLSHNPLKSIPDNAFQSFOGRYLETLWLDN INLEKPSDGAR LGV T TLRKE
VHLENNRLNOQLPSNFPFDSLETLALTNNPWECTCOLRGLRRWLEAKASRFDATCASPARFKGQHIRDT
DAFRSCRKEFPTRREEKAGRHE

»SEQ ID NO:113
MEHIRTPRVENVRLVDRVSPERAALGTLYLTATHVIFVENSPRDEREETWILHSQISTIERQATTATGC
PLLIRCKNFQIIOQLITPQERDCHDVY ISLIRLARPVEYEELYCESENPMLDKEEREQGWVLIDLSEREY
TRMGLPREYWULSDVNRDYRVCDSYPTELYVPHKSATAHIIVESSKFRERRRFEVLSYYYRKDNHASICR
SECPLSGESARCLEDEQMLOATIREANPGSDEVYVVDTRPELNAMANRAAGKGYENEDNY SNIKEQE TG
IENTHVMENSLOKMLEVCELKSPSMEDELWGLENSGWLRHIKATIMDAGIF TARKAVSEEGASVLVHCSD
GWDRTAQVCEVASLLLDPEYRTLEKGEFMVLIEKDWI SEFGHEPNHRYGNLDGDPKEISPVIDREFIECVHD
LMEQEFPCAFEFNERFLIHIOHHIYSCOFGNFLCNSOKERRELKIQERTYSLHWAHLWKNRADY LNPLFR
ADHSQTOGTLHLPTTPCNEMYKFREGMYNRFERGMOPROEVIDYLMAVKEETQOLEEELEALEERLEK
IQRVQLNCTRKVKSKOSEPSKHSGF STSDNS IANTPOD Y SGNMKSEPSREP SOGDEDSALILITODNLES
SDEDLSANSDOESGVEDLACREPEGEEHAPSEDSGKDRUSDEAVELTA

>SEQ ID NO:11l4
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MOVENEQILNVNPADPDNLSDELFSGDREENAGTEEIRENEINGRWI SASS INEARTINAKAKRRLRKNSS
RDSGRGDEVEDIGIDALRIGLTVP T SFEGRLLDRRSESCRGRELFKKGRAGGHKGVHGTRGOVYDVEEY
DVFDPNVDDDQENC“YVTu /LPLDERAPEKTLTRPI IQEYFEHGDTNEVAEMLRDLNLGEMESGVRVLA
SLALEGRASHREMT SKLLSDLCGTVMSTTDVEKSFDRLLEDLPELALDTEPRAPQLVGOEF TARAVEDG
TLbNFYIDoYKqF‘DLVQE‘?ALDV ATVLLSMSKGGKREDSVHGSGEGQQSVNHLVEE IDMLLEEYLL
SCGDISEAEHCLKELEVPHEEHELVYEAT IMVLESTGESTFEMIIDLLESLRKSSTITVDOMKRGYERT
YNEIPDINLDVPHSYSVLERFVEECFOAGIISKECLRDLOCPSRGRKRFVSEGDGGRLEPESY

>SEQ ID NO:115

MGRRERPARCYRYCHKNEPYPKSRECRGVPDARIRIFDLGRKKAKVDEFPLCGHMYSDEYEQLSSEALEAA
RICANEYMVKSCGKDGFHIRVRLEPFHVIRINKML SCAGADRLOTGMRGAFGREQGTVARVHIGOVIM

SIRTEKLONKEHVIEALRRAKFKFPGRQEIHISKKWGE TKENADEFEDMVAERRLIPDGCGVKY IPNRG
PLDEWRALHS

»SED ID NG:lile
MDTERVOQPIKLARVTEVLGRTGSQCUCTOVRVEFMDD TSRS TIRNVEGEPVREGDVLTLLESEREARRIL
R

>SEQ ID NO:117
MARGPEKHLKRVAAPREWMLDRKLTGVFAPRESTGPHELRECLPLITFLRNRLEYALTGREVER ICMQR
FIKIDGEKVRTDITYPAGEFMDVISIDRTGENFRLIYDTEGRFAVHRITPEEAKYELCKVRKIFVGTKGI
PHLYTHDART IRYPDPLIKVNDTIQIDLETGRITDPIRFDTGNLCMVTGEGANLGRIGY IT RERBPGS
FDVVHVKDANGNSEFATRLSNIFVIGKGNKEPWISLERGRGIRLTTAEERDKRLAARQSS

>BEQ ID NMG:118
MKTNISFPATGCQKLIEVDDERKLRTFYEKRMATEVAADALGEEWKCYVVRISGGNUKQSFPMKQGVL
THGRVRLLLSKGHSCYRPRRTGERRRKSVRGCIVBANLSVLNLEVIVEEGERDIPGLTETTVPRRLGEK
RASRLRKL?VLSKEDE”RQYVVRKFL&KSGKKPRLHAPKIQRUJIPRVLQHFPPRIALRHQRLKKNKE
EAARYAKLLAKRMKEAKEKRQEQIAKRRRLSSLRASTSKSESSQK

>SEQ ID NO:11%
M3SECDGESKAVMNGLAPGENGODRATADPLRARSI SAVRKI IRVETVRNASGLVLPTDMDLTRICTGK
GAVTLRASSSYRETPSSSPASPOETRGEESKPGLEPERSSADEWRLSSSADANGNAQPS SLAAKGYRS
VHPNLPSDESODATSSSAAQPEVIVVPLY

YLVNTDRGOEGTARPPTPLOPLEGCVPTIPATASAASPLTE
FILDRFIPPHLORWPHHEOPARASGEFAPISQT DPCFQPPBPuvPPAPFLuRRV PbLTHKVgQTDb
SPLLNEVSSSLIGTIDICAFPSVSKPESAYE STTT INPTIVLLOHNREQOERLSSLIDFVEERRVGEQD
SAPTQERPTSPGKATERRAKDDSRRVVKETQOD VEMDEVGE PL":’NTZRSI\DW“KTMFI\QIHKLNRD
T“EENPVEPTEK‘PEL’EIDQI&EED&PKLLflgFPAblPSFRSEDDDSD;prkiSFSEDTKSPLSV
PREHSEMSYIDGERKVVKRSATLPLPARSEELKESSERNDWEPPDEKVDTRKYRAEPKS I YEYOPGKS S
VLTNEEMSRDISPEEIDLEKNEPWYKFESELEFGKPPPERIWDYTPGDCSILEREDRKTNLDEDLSLCQ

L ISETPEISSETRPGYTYSSNFHAVKRESDGAPGDLTRLENERQ

T”*ERDAAKMETLNKAPxéNVPQb A
SVLEGEDIPLOGLSGLERPSSSASTRESESPREFIEADY LESTEEF IRRRADDKEKLLADOQRRLE
Fth SADIAARRHTGVIPTEHOFITNEREGDLLNIDDTAKRKSGEEMRPARAKEDFRKAQTLRKELPLOK
SDIVY IYKOIDONWYEGEHHGRVGIFPRTIY IELLPPAERKAQPRKLIPVOVLEYGEATARENFNGDTOV
EMSFREKGERI TLLRQVDENWYEGRIPGTISRQGIFRPITYVDVIKRPLVENFVDYMDLEF SSSPSRAAT
SPOESSHIKLITPAPSSLPHSRRALSPEMHAVISEWISLIVGVPERRILALTPPLFPLPEASTIYNTEH
LALSPRABPSLELELPHLSWSDRPTPREVASPLALPSPHRTYSLARPTSQASLHMNGDGGVHTPSSGIH
QODSFLOLPLGSSDSVISOLSDAFSSOSKROPWREESGOYERRAERGAGERGPGEPKI SKKSCLKPSDV
VRCLBTEQRLSDLNTPEESRPGKPLEGSAFPGSEAEQTERERGGEQAGRKAARRGGEQOPQACURRVTR
DESQTSODLESYQALY SY TPFONDDELELRBGDIVDVMERCDRDGWEFVGT SRRTRGFGTEFPGNYVKPLY L

H

G

>5EQ ID NO:120
MEASTGEGEDEGESGESSSE50
VEIGDVENGRYHEVVRELGWGHF
CPRRETIVOLIDDFRISGVNGY

QASTGPESSGSELALATEVRPOMLOGLLGSDBEEQEDPKDYCKGGYHY
STYWLOWDIQRKREVALKVVKSAGRYTETAVDEIRLLKCOVRDSDRES
FTHYCMVLEVLGHOLLKRITIESNYQGLPYVECVKSIVROVLEGLDYLHT
KCKIIHTDIKPENILLCVGDAY IRRLAAEATEWQCAGAPEPPSREIVSTAPQEVLOTGKL SKNEREEMR
REKRKQOKRLLEERLRDLOQRLEAMEAATODAFDSGLRLDGGSGSTES
GRSLSAGEQTSGYSEELFSPASCEILSGSSNQRETGELLERSTP
DLGNACWVHEHFTEDIQTROYRAVEVLIGAEYGPPADTH T»\C MA
HIAHIVELLGRIPPAFALSGRYSREFENRRGELRHIHENLKHNG
MMEY IPERRASAADCLOHEWLNE

SGCEPGLARAGE SPASSEPARGH
FCASNLLVNPLEPQNADKIKIRIA
BV

r
C

)}1[1"

ELATGDYLFEPHSGEDYSRDED
ILMERYEWPLEQATOF SAFLLE

Y
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>8EQ ID NO:121
MAPYVERLVVEGGKERKQVLEF TLDCTHEVEDGIMDAANFEQF LOERIKVNGKAGNLEGGYVVTIERSKS
RITVISEVPEFSKRYLEYLTRRKYLEKNNLRDWLRVVANSKESYELRYFQINQDEEEEEDED

SSEQ ID NO:122

ARGSAL AFACG¢VNT0TTTCVTTGCC¢LA ‘GCAGCCATGECTCETEGICCOCAAGAAGCAT TGARGCAG
ITAGCAGCTCCARAGCRAT TN TGL““A-TPPATT’A3TGGTGTFTTTGCmCCTCaTQLATC ACCARG
TCCCCACART T TOAGAGAGTEGTCICCOCUTCATCAT TT TCC T ARGGARCAGACT TAAGTATE TCCTCA
CTGEARATCAAGTARAGAAGAT TTGCATGCAGCEGT (ATTAAGETCA\TJGCAAGGTP GTACTGAT
ATARCCTACTCTGCIGEATTCATAGATGTCARCAGCAT TGACAAGTCGRCAGAGAATTTCCGTUTEAT
CTATGACACCAAGGETCROTTTGC TETACATOGTATTACACCTGAGGAGGCCAA

SEEQ ID NO:123
MFLVSVALMYLGSIAFI”nPTAPLQTASWFRFVWNKWALSRGKRETR%SSbYDTCLADVKACPﬁQTLT
RPODMKGASRSPEDSSPUAARIBVERYROSMNNFOGLREFGUREGTCTVOKLARQIYOFTDRDRDNVA
PRSKISPOGYGRRRERRSLPEAGPGRTLVSSKEC AHuuPAPU”CSAPHFL

>SEG ID NO:124
MAAEEEEVDSADTGERSGWL TGWILP THEPTS T S HLEEARERMLECVPOTYREERVRT SNONETWTLKE
SHNISNKTPLVLLEGFOGGLGLHALNPGDLO TNREVYAFDLLGPGRESRPRFDSDAREVENGFVESIE
EWRCALGLDKMILLGHNLGGELARAYSLEYPSRVNEL I LVEPWGFPERPDLADCDRPTPVWI RALGAR
LTPENPLAGLRIAGPEGLSL ’“RLRPDFRR&KSSMEEDDTVLEYl&H“NVQIUCGETAFKNMTIPYGW
AKRPMLORIGKMHPDIPVEVIFGARSCTI DENSG TS IOSLRPHSYVK T IAT LEAGHYVYADOPEEFNOK
YKEICDTVD

»>SEQ ID NG:125
MLEELECGAPGARGARTAMDCKDRPAFPVKKLIQARLPFKRLNLVPEGRKADDMSDLOGT SVQEKSPDL
EASLDTLENNCHVGSDIDFRPRLVNGEGPLUNFLRNRIETSIGQSTVI ITuTLUSNF”PDDLJT“&KU
NJF%SPSREATnyRE“TULQQGLIF L TONDRKLAFEGETLSDIBCKTEEREGVGUGGAGRRGDEOECSE
RS”PLLTQHPPMCPRK DSWESEAGGILFRGRVPMYVLODILAVREPOTIKS LPATPOGKNMTRPESEVL

SFPEEDRSVLSE fSLSpPR TSSPEGPFPAPPROHSSTSEFFPTSTEFLRRITREEVEGSTEERNKLRLORE
QERLGROLKLRAEREEKEKLKEEAKRAKEEAKKKKEEERELKEKERREKREKDERKERAEKORLEEERK
KERDEALEAKLEEKRKKEEEKRLEREEEKRIKAEKAEITREFORPRKTIPQAPKTLAGSCUGREFAPFEIKEH
MVLAPRRnTKFAPDuC S LDQLLQOOSEEF SFLEDLKGROPLRSGP THVS TRNADIFNSDVVIVERGK

SVPERRKEFGRMEKLLOFCENHRPAYWGTWNRETALIRARDPHAQDIRLLDYEVDSDEEWEEEEFPGE S

LDH,buDDDDDMGED DEDDGFFVPHGY LSEDEGVTEECADPENEKVRORLKAKEWDERLAKGKRERY
LOPVETGOVWAADRUDCAGDDLEKVLQOFAACFLETLPAQEEQTPRKASKRERRDEQTLACLEPLLHGNVH
GQK”ITREWﬂEHCRRGLLQNHTGS?RFPSTTYLHTP PEEDAAIPSKSRLEKRLISENSVYEEKRPDERM
CWYVHPOVLOSFOUEHLPVRPCUWBYVTSVESAPKEDRSGEVPS TGP BOGTRPISLERKSAGSMCI TOFME
KRRHLDGQIGAEDMBGFRARTEEEREEEGDCMIVDVEDAAEVOAPCGAASHAGGEVGVRTGRATLTSSE
LGAS

>SEQ ID NO:126
MA \IP‘&QMR%TVS?{L;A_,KGIDRYNPENLATLERYVETD WKENAYDLEANLAVLKLY QP NPAFFQTITIVTAQ
ILLKALTNLPHTDFTLCKC MTD“%HQFERPIPQTQYLHDLLTTCHWQﬂFWC%LUFRMUuu‘FITGFFD
DVRKFTCYVySITVQIIDRWLL&PMQ sDLEDSGLEVWMSKYGHSADESGUIFICSQEESTKPRKNIVER
IDEDSVEIIMASSQ

>GEQ ID NO:127

MAASAKKRNEKGKTISLTRELAEDGGTGGCS TYVSEEVSHADETDDLEGDVSTTWHSNDDDVYRAPR I
DRSILETAPRAAREPNIDRERLPKS PPYTAF'”WLP'“” EESIKEFFRBLNISAVRLPREP&RPERL
KEFGYARPEDLDSLLSALSINEESLGNRRIRVDVADQAQDEDRDDRSFGRDRNRDSDEKTDTDWRAREA
TDEFDDYPFRRGDDSFGDRYRDRY DS DRYRDGYRDGYRDGEFERDMDRY GGRDRY DDRGERDYDRGYLE
RIGSERRAFGEGYRRDIDYRGGGDRYEDRYDRRIDRSWSSREDY SRDDYRRDDREGPPORPKLNLEPRS
TPKEDDSSAS TOQSTRAASIFGGARPVDTARREREVEERLOKEQEKLOQROLDEPKLERRPRERHP3HR

SEETQERERSRTGSESSQTSTSTTSSRNAREP“"EIDLENUTINVEEDCH SPTSKPEPRPDQPLEVMEPA
PEPKENAWVRERSSNPPARSQSSDTEQQSPTSGGERVAPAQP SEESGPGRRDENKYDEMNAPKGOTGNS S
RPP'“GGNRDFWVF\DRFDGFKDVDQPQAPFPKKPEENPKQKFS SASKYAALSYDEEDENEGEDYAE

>GEQ ID NO:128
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MASVTLSEAERVY IVHGVOQEDLRVDGRGCEDYRCVEVETDVVSNTSGSARVELGHT DI LVGVKAEMET
PELEEPNEGYLEFFVDCSASATPEFEGRGGDDLGTEIANTLYRIFNNRS SVDLRKTLC ISPFREHCWVLY
VLLLECGGNLERAISTAVEAALENTRIPRVRVLEDEEGSKDIELSDRRYDCIRLSVENYECIVTILG

KIGYRHVVDATLOEEACSLASLLVSVT SKGVVICMRKVGRGS LUPESIFEMMETGERVGRKVLEASLOS

2

&

S3EQ ID NG:12
MTEQMTLEGT LKGHNGWYTQIATTPGFPDMILSASRDKTI IMWKLTRDETN Y GTPORALRGHSHFVSED
VVISSDEOFALSGSWDGTLRLWDLTTGT T TRREVGHTKDV LS VAR SSDNROIVSGARDKT LKLWNTLG
VORTTVODESHSENVSCVRE SPNS SNP T TVSCOWDELVKVWNLANCKLKTNHIGHTGY LNTVTVSPRG
ST.CASGOKDEOAMLWDLNEGKHLY TLDGGDT INALCF SPNRYWLCAATGPS IKTWDLECKT TVDELED
EVISTSSKAEPEQUTSLAWSADGOTLEAGY TDNLYVEBVHOVTIGTR

»SEQ ID NO:130
MAAARRPRGRALGPVLPPTPLLLLYVLRVLPACGATARDPGARAGLSLAPTYFNLARAARTWATATCCE
RGPGEGRPOPELYCKLVGGPTAPGSGHT IQGQF CHNS

QYNRVNLTLDLGQLFPHVAY ILIKFANSPRPDLWVLERSVDEGS TY SPHQYFAHSKVDC LKEFGREANM
AVITRDDDVLOVTIEY SRIVPLENGEVVVS LINGREGAKNF T SHTLREF TRATNTIRLRFLRTNTLLGHL
TSRAGRDPTVIREYYYSTRET STGCOCVONGHARVECNTNNPERLFRCECCRETCCETCDRCCTEYNGR
RWRPABWEQSHECEACKNCHGHASNCY YDPLVERQQASLUTOGI YAGGGVE INCCENTAGVNCESCAKSG
YYREPYGVPVDAPDGC IPCSCDPEHADGUECGSGROHCKPNFHGDNCERKCATGY YNFPECLRIRPIFRVS
TPSSEDEVAGDIRGCDCNLEGVLPEICDAHGRCLCRPGVEGPRCDTCRSGEYSFRICQACKHCSALGSY
OMPUSSVIGQUEGRPGVTGORCDRULSGAY DEPHUQGS S SAUDPAGT INSNLGYCQUKLEVEGRTCSK
CELLYWNLDEENPSGCIECKCHKAGTV: SECROGDGDCHCKSHVGGDSCDTCEDGYFALEKSNYRG
COGCOCDIGGALSSMCSGRSAVCQCREHVVGKVYCORPENNYYFPDLHEMKYEIEDGITPNGRDLREGE
DPLAFPEFSWRGYAQMISVONDVRITLNVGKSSGSLERVILRYVNPGTEAVSGHI TTYPSWEARQSKE
TIFLPSEEPARVTIVEGNGFADEFS I TPGIWVACIRAEGYLLEYLVLLPRDYYEASVLOLPVTEPCAYA
GPPOENCLLYOBLPVIRFPCTLACEARBF LI DGEPRPVAVROPTRAHPUMYDLSCREVELELRERT PO
VEHYVVVVEY STEAAQLFVVDVNVKSSGEVIAGOVNIYSONY SVLCREAVIDEMSRT AMYELLADADT
QLEGHMARFLLEOVCIIPIEEF SAEYVREQVHC IASYGREVNQSATCVSLAHETPPTALILIDVLSGRE
FPHLEQOSSP SVDVLPGYVTLEAPONOVTLRGRVPHLGRYVEVIHEYOAMHP TRFAQVSVDGGWPRAGS
FHASFCPHVLGERDOVIAEGQIEFDISEREVAATVEVREEGKS LYVLVRVLVVPAENYDYQI LHKKSMDE
SLEFITNCGKNSEYLDPOTASRFCENSARSLVAFYHKGALPCECHPTGATGPHCSPEGGQOPCOPNYT
GROCTRCATGEYGEFPRCKPCSCGRRELCEEMTGOCRCPPRIVEPOCEVCETHEFSFHPMAGCEGCNCSR
GT IEARMPECDRDIGGCROKPRITGROCDRCASGEYRFPECVPONCNRIGTERGVCIPGTGACLCKE
WWEGTECNVCREGSFHLDPANLEGC TSCFCFGVNNODHSSHKRRTKEVDMLGWHLETADRVDIBPVSEN
PGSRSMVADLOELPATIHSASWVAPTS Y LGDKVSSYEGYLTYOAKSFGLEGDMVLLEKKPDVOL TGO
MSITYERETNTRPRPDRLERGRVHVYEGKFRHASSRAPVSREELMTVLSRLADVRICELYETETCRLTLS
EVGLEEASDTGSGRIALAVEICACPPAYAGDSCOGCSPGYYRDEKGLY TGRCVPCNCNGHSNOCODES
GILOYNCOHNTAGEHCERCOEGYYGNAVEGSCRACPCPHTNSFATGUVVNGEDVRCSCKAGYTGTRORER
CAPGYFGRNPOKFPGGSCOPESCNSNGQLGECHPLTERCINDEPKELSSPAEECDOCDSCVMT LINDLATM
GEQLRLVKSQLOGLSASAGLLEQMRHMETOARDLENGLLNYRSATI SNHGSKIEGLERELTDLNQERET
LOERAOVNSREKAQTLNNNYNRATOSAKELDVEIKNVIRNVHILLEOI SGTDCEGNNVPEGDESREWAR
AGRMMRELENRNFGKHLREAEADKRESOLLLNRIRTWOKTHGGENNGLANS TRDSLNEYEAKLSDLRA
RLOEARRQAKQANGLNGENERALGATOROVEEINSLOSDETKY LT TADSSLLOTINIALOLMEKSQKEY
ERKLAASLNEARDELSDKVRELSRIAGKTSLVEEAEKHARSLOELAKQLEETKRNASGDELVRE AVDAL
TAYENILNAIKAREDAANRAASASESATITVIKEDLPRKAKTLE SNSDRKLLNEAKMTCRKLEQEVSEA
LNNLOOTLNIVIVOREVIDTNLT TLRDGLHGTOREDIDAMT SSAKSMVRKARDT TDEVLDGLNPTOTD
VERIKDTYGRTONEDFKEALTDADNSVNELTNKLEPDLURKTES INQOLLPLGNISDNMDRIRELTIQOA
AASKVAVPMRENGKSGYEVRLPNDLEDLKGY TSLALFLORPNSRENGAT ENMF VMY LGNEDASRDY
GMAVVDEOLTCYVYRLGDREAELOQVDQILTKSETKEAVMDRVEFQRIYOFARLNYTRKEATSEKRPETPG
VYDMDGRESNTLLNLDPENVVEYVGGYPPDFKLPSRLSFPPYKGCIELDDLNENVLSLYNFRRKTENLN
TTEVERCRRRKEE SDENYFEGTGYARVPTORHARPIPTRGO T IGTTVIRGLLEFFAENGERFISLNIEDG
KLMVRYKLNSELPKERGVGDAINNGREDHESIQIKIGKLOKRMWINVDVQONTI IDGEVEDFSTYYLGGIPR
IATRERFNIS TPAFRGCMKNLEKKT3GVVRLNDTVGVTKKCSEDWKLVRIASFSREGQLSFTDLGLEFRT
DHLOASEGFOTEQRSGILLDHRTWIRNLOVTLEDGY IELSTSDSGSPIPKSPOTYMDGLLEYVIVISD
NSGLRLLIDDOLLRNAKRLKHI SSSROSLRLGGSNFEGC TANVEVORL SLSPEVLIL TSNS LKRDVS L
GECSINKPRPFLMLIKGSTRENKTKIFRINGLLODTRPVASPROEVEVWODAC SPLPKTOANRGALOFEDT
PTSHLLFKLPOELLKPREQFAVDMO T TS SRGLVEFHTGTRNSFMALYLSKGRLVEFALGTDGKKLRTKSK
EKCNDGRWHTVVEGHDGEKGRLVVDGLRAREGSLPEGNITISIRAFVYLGSPPSGKPKSLETNSFVECL
KNPQLDSKPLYTESSSFGVISCLEEPLERKGIVFSEEGGHVVLAHSVLLGPEFKLVEFSIRFREBLTGILT

2o

3
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HIGEQPGRELCVYLEAGKVTASMDSGAGGTS TEVIPROSLCDGOWHSVAVTIKOHILHLELDTDSSYT
AGQIFFPPASTQEPLHLGGAPANLTTLRIPVWKSFEGCLRNIHVNHIPVRPVTEALEVQGPVSLNGEED

Q

>SED ID NG:i31l
MAPSALLRPLERLLAPARLPSGRSVREKFYVREPPNAKPDWLEVGFTLGTTVFLWIYLIKORNEDTLE
YRRRNGLE

>SEG ID NO:13%

MSOVOVOVONPSAALSGSQILNKNQSLLEOPIMSIESTTSSLPSENAGRPIQNSALPSASTITSTSARA
ESITPTVELNALCHMKLGEEKEPMYKPVDRY SEMOSTYNYNMRGGATYE DR\ PEPVEPLLYQVELEVGEGED
SOVFEIALEENLEVNEEY

FY
FNGFCKTRPAAFHDAPAKALRILQNEPLPERLh NGRESEELENLNKSE LS
RESGPPHMENEVTRVSVGEFVEEGEGR SKKISKKNAAIAVLEELKRLPPLPAVERVEPRIKRKTKET
_PQT PEYGOGINPISRLAQIQOARKEREPEY TLLTERGLPRRREEVMOVEVGNEHTAEGTGTREKVA
KENAAENMLEILGERVPUAQPTERPALKSEEKTPIKKPGDGREVIFFERPGSCGDENGT SNKEDEFRMPY L
SHUOLPAGTILPMVPEVAQAVGVSQGHHETRDE TRAAPNPAKATVIAMIARELLYGGTSPTAERTILENNT
S5GHVPHGFLT RD“F JLDYLSRYQCFOVEYKDEFFRNNKNEEFVSLINCSSOPPLISHGIGKDVESCHDM
AALNTLKLLSELDQOATEMPRTGNGEMEVIGRC

>SEQ T NO:133
MATEHVNGNGTEEPMDTT Ay; SENPQTLLDAGLPORVAEKLDEIYVAGLVAHSDLDERATIEALKEE
NEDGALAVLOQFRDSDLSHVORN AFMCCVMKT’PQREIQ STKVADSSKGPDEARIKALLERTGYTLD
VI TGORKY bbPJ“DSVVSGQQPSVb. IFEVGKIPRDLEFERELVPLFEKAGP IWDLRLMMDPLTGLNRG
YAFVTECTEE AAOEAVELYNNEBEIRSGKHIGVC I 3VANRNRLEFVGSIPESKTKEQILEEFSKVTEGLTD
VILYHOPDDEKEKNRGFCFLEYEDHRTAAQARRRLMEGKVEVHGNVGTIVEWADRPIEDPLPEVMAK VKV L
FYRNLANTVTEEILERAF SOFGRLERVKKLEDYAF THF DERDGAVEKAMEEMNGKDEEGENTEIVEAKP
PLORREKERKAQROABRKNOMYDDY YYYGPPHMPPETRGRGRGGRGGYGYPEDYYGYEDYYDY YGYDYHN
YRGGYEDRPYYSYREDEOVGEARGRGGREGARGARPERGRGAAPPRGRAGY 5ORGGRGSARGVRGARGGAQD
ORERGVRGARGGRGENVEGKRKADGYNOPDSKRROTHNONHWGSQPTAQQP LOGGLHSGN TG YKSENQE
FYQDRTFGOOWK
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CLAIMS

A method of determining the aggressiveness of a cancer in a mammal, said
method including the step of comparing an expression level of one or a
plurality of overexpressed genes and/or an expression level of one or a
plurality of underexpressed genes in one or a plurality of cancer cells, tissues
or organs of the mammal, wherein the overexpressed genes and the
underexpressed genes are from one or g plurality of metagenes selected from
the group consisting of a Carbohydrate/Lipid Metabolism metagene, a Cell
Signalling metagene, a Cellular Development metagene, a Cellular Growth
metagene, a  Chromosome  Segregation  metagene, a  DNA
Replication/Recombination metagene, an Immune System metagene, a
Metabolic Disease metagene, a Nucleic Acid Metabolisin muetagene, a Post-
Translational Modification metagene, a Protein  Synthesis/Modification
nmietagene and a Multiple Networks metagene, wherein: a higher relative
expression level of the one or plurality of overexpressed genes compared to
the one or plurality of underexpressed genes indicates or correlates with
higher aggressiveness of the cancer; and/or a lower relative expression level
of the one or plurality of overexpressed genes compared to the one or
plurality of underexpressed genes indicates or correlates with lower
aggressiveness of the cancer compared to a mammal having a higher
expression level.

A method of determining a cancer prognosis for a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed genes and/or an expression level of one or a plurality of
underexpressed genes in one or g plurality of cancer cells, tissues or organs of
the mammal, wherein the overexpressed genes and the underexpressed genes
are from one or a plurality of metagenes selected from the group consisting of
a Carbohydrate/Lipid Metabolisnt metagene, a Cell Signalling metagene. a
Cellular  Development metagene, a Cellular Growth metagene, a
Chromosome  Segregation metagene, a DNA Replication/Recombination
metagene, an Immune System metagene, a Metabolic Disease metagene, a
Nucleic Acid Metabolism metagene, a Post-Translational Modification

metagene, a Protein Synthesis/Modification metagene and a Multiple
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Networks metagene, wherein: a higher relative expression level of the one or

plurality of overexpressed genes compared to the one or plurality of
underexpressed genes indicates or correlates with a less favourable cancer
prognosis; and/or a lower relative expression level of the one or plurality of
overexpressed genes compared to the one or plurality of underexpressed
genes indicates or correlates with a more favourable cancer progrosis,

The method of Claim 1 or Claim 2, wherein the one or plurality of
overexpressed genes and/or the one or plurality of underexpressed genes are
selected from one of the metagenes or are selected from a plurality of the
metagenes.

The method of any one of the preceding claims, wherein  the
Carbohydrate/Lipid Metabolism metagene, the Cell Signalling metagene, the
Cellular Development metagene, the Cellular Growth wmetagene, the
Chromosome Segregation metagene, the DNA Replication/Recombination
metagene, the Immune System metagene, the Metabolic Disease metagene,
the Nucleic Acid Metabolism metagene, the Post-Translational Modification
metagene, the Protein Synthesis/Modification metagene and/or the Multiple
Networks metagene comprise one or a plurality of geney listed in Table 21.

A method of determining the aggressiveness of a cancer in a maminal, said
method including the step of comparing an expression level of one or a
plurality of overexpressed genes and/or an expression level of one or a
plurality of underexpressed genes in one or a plurality of cancer cells, tissues
or organs of the manmumal, wherein the overexpressed genes and the
underexpressed genes are from one or a plurality of metagenes selected from
the group consisting of a Metabolism metagene, a Signalling metagene, a
Development and Growth metagene, a Chromosome Segregation/Replication
metagene, an Immune Response metagene and a  Protein
Synthesis/Modification metagene, wherein: a higher relative expression level
of the one or plurality of overexpressed genes compared to the one or
plurality of underexpressed genes indicates or correlates with higher
aggressiveness of the cancer; and/or a lower relative expression level of the
orie or plurality of overexpressed genes compared to the one or plurality of
underexpressed genes indicates or correlates with lower aggressiveness of the

cancer compared to a mammal having a higher expression level.
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A method of determining a cancer prognosis for a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed genes and/or an expression level of one or a plurality of
underexpressed genes in one or a plurality of cancer cells, tissues or organs of
the mammal, wherein the overexpressed genes and the underexpressed genes
are from one or a plurality of metagenes selected from the group consisting of
a Metabolism metagene, a Signalling metagene, a Development and Growth
metagene, a Chromosome Segregation/Replication metagene, an Immune
Response metagene and a Protein Synthesis/Modification metagene, wherein:
a higher relative expression level of the one or plurality of overexpressed
genes compared to the one or plurality of underexpressed genes indicates or
correlates with a less favourable cancer prognosis; and/or a lower relative
expression level of the one or plurality of overexpressed genes compared to
the one or plurality of underexpressed genes indicates or correlates with a
more favourable cancer prognosis.
The method of Claim 5 or Claim 6, wherein the one or plurality of
overexpressed genes and/or the one or plurality of underexpressed genes are
selected from one of the metagenes or are selected from a plurality of the
metagenes.
The method of any one of Claims 5 to 7, wherein the Metabolism metagene,
the Signalling metagene, the Development and Growth metagene, the
Chromosome  Segregation/Replication metagene, the Imomune Response
metagene and/or the Protein Synthesis/Modification metagene comprise one
or more genes listed in Table 22,
The method of any one of Claims 5 to 8, wherein the one or plurality of
overexpressed genes and the one or plorality of underexpressed genes are
from one or a plurality of a Carbohydrate/Lipid Metabolism metagene, a Cell
Signalling metagene, a Cellular Developroent metagene, a Cellular Growth
metagene, a  Chromosome  Segregation  metagene, a  DNA
Replication/Recombination metagene, an Immune System metagene, a
Metabolic Disease metagene, a Nucleic Acid Metabolisin muetagene, a Post-
Translational Modification metagene, a Protein  Synthesis/Modification

metagene and a Multiple Networks metagene.
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The method of any one of the preceding claims, wherein the step of
comparing an expression level of one or a plurality of overexpressed genes
and/or an expression level of one or a plurality of underexpressed genes
includes comparing an average expression level of the one or plurality of
overexpressed genes and/or an average expression level of the one or
plurality of underexpressed genes,
The method of Claim 10, which includes calculating a ratio of the average
expression level of the one or plurality of overexpressed genes and the
average expression level of the plurality of underexpressed genes.
The method of any one of Claims 1-9, wherein the step of comparing an
expression level of oune or a plurality of overexpressed genes and/or an
expression level of one or a plurality of underexpressed genes includes
comparing the sum of expression levels of the one or plorality of
overexpressed genes and/or the sum of expression levels of the one or
plurality of underexpressed genes.
The method of Claim 12, which includes calculating a ratio of the sum of
expression levels of the one or plurality of overexpressed genes and the sum
of expression levels of the one or plurality of underexpressed genes.
A method of determining the aggressiveness of a cancer in a maminal, said
method including the step of comparing an expression level of one or a
plurality of overexpressed genes associated with chromosomal instability
and/or an expression level of one or a plurality of underexpressed genes
associated with estrogen receptor signalling in one or a plurality of cancer
cells, tissues or organs of the mammal, wherein: a higher relative expression
level of the one or plurality of overexpressed genes associated with
chromosormal instability compared to the one or plurality of underexpressed
genes associated with estrogen receptor signalling indicates or correlates with
higher aggressiveness of the cancer; and/or a lower relative expression level
of the one or plurality of overexpressed genes associated with chromosomal
instability compared to the one or plurality of underexpressed genes
associated with estrogen receplor signalling indicates or correlates with lower
aggressiveness of the cancer compared to a mammal having a higher

expression level.
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A method of determining a cancer prognosis for a mammal, said method
including the step of comparing an expression level of one or a plurality of
overexpressed genes associated with chromosomal instability and/or an
expression level of one or a plurality of underexpressed genes associated with
estrogen receptor signalling in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein: a higher relative expression level of the one
or pluralily of overexpressed genes associated with chromosomal instability
compared to the one or plurality of underexpressed genes associated with
estrogen receptor signalling indicates or correlates with a less favourable
cancer prognosis; andfor a lower relative expression level of the one or
plurality of overexpressed genes associated with chromosomal instability
compared to the one or plurality of underexpressed genes associated with
estrogen receplor signalling indicates or correlates with a more favourable
cancer prognosis.
The method of Claim 15, wherein the cancer prognosis includes determining
responsiveness to anti-cancer therapies targeting ancuploid tumours.
The method of Claim 15, wherein the cancer prognosis includes determining
responsiveness to anti-cancer therapies targeting chromosomal instability.
The method of any one of Claims 15 to 17, wherein the cancer prognosis
includes determining responsiveness to one or more anti-cancer therapies that
comprise targeting TTK., PLK1 and/or one or more Aurora Kinases.
The method of any one of Clainas 14 to 18, wherein the step of comparing an
expression level of one or a plurality of overexpressed genes associated with
chromosomal instability and/or an expression level of one or a plurality of
underexpressed genes associated with estrogen receptor signalling includes
comparing an average expression level of the one or plurality of
overexpressed genes associated with chromosomal instability and/or an
average expression level of the one or plurality of underexpressed genes
associated with estrogen receptor signalling.
The method of Claim 19, which includes calculating a ratio of the average
expression level of the one or plurality of overexpressed genes associated
with chromosomal instability and the average expression level of the one or
plurality of underexpressed genes associated with estrogen  receptor

signalling:
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The method of any one of Claims 14-18, wherein the step of comparing an
expression level of one or a plurality of overexpressed genes associated with
chromosomal instability and/or an expression level of one or a plurality of
underexpressed genes associated with estrogen receptor signalling includes
comparing the sum of expression levels of the one or plurality of
overexpressed genes associated with chiromoesomal instability and/or the sum
of expression levels of the one or plurality of underexpressed genes

associated with estrogen receptor signalling.

2. The method of Claim 21, which includes calcnlating a ratio of the sum of

expression levels of the one or plurality of overexpressed genes associated
with chromosomal instability and the sum of expression levels of the one or

plurality of underexpressed genes associated with estrogen receptor signalling.

3. The method of Claim 20 or Claum 22, wherein the ratio provides an

aggressiveness score which is indicative of, or correlates with, cancer

aggressiveness and a less favourable prognosis.

24. The method of any preceding claim, wherein the genes associated with

chromosoral instability are of a CIN metagene.

The method of Claim 24, wherein the CIN metagene comprises a plurality of
genes listed in Table 4.

The method of Claim 25, wherein the genes are selected from the group
consisting of: ATPOVICI, RAP2A, CALMI, COGS, HELLS, KDMSA, PGKI,
PLCHI, CEPS3, RFCY, TAF2, SF3B3, GPI, PIR, MCMI10, MELK, FOXMI,
KIF2C, NUP155, TPX2, TTK, CENPA, CENPN, EXQIl, MAPRE!, ACOT7,
NAEL, SHMT2, TCPI, TXNRDI, ADM, CHAF 1A and SYNCRIP.

. The method of Claim 26, wherein the genes are selected from the group

consisting of: MELK, MCM 10, CENPA, EXQI, TTK and KIF2(.

28. The method of any one of Claims 14 to 27, wherein the genes associated with

estrogen receptor signalling are of an ER metagene.

. The method of Claim 28, wherein the genes are selected from the group

consisting of: BTG2, PIKSIPI, SECI4L2, FLNR, ACSF2, APOM, BIN3,
GLTSCR2, ZMYNDIO. ABAT, BCAT2. SCUBE2. RUNXI, LRRC4S,
MYBPCI, BCL2, CHPTI, ITM2A, LRIGI, MAPT, PRKCB, RERE,
ABHDI4A, FLT3, TNN, STC2, BATF, CDIE, CFB, EVL, FBXW4, ABCBI,
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ACAAL CHAD, PDCD4, RPLIO. RPS28, RPS4X. RPS6, SORBSI, RPL22
and RPS4XP3.

30. The method of Claim 29, wheregin the genes are selected from the group

31

33,

consisting of: MAPT and MYB.

The method of any one of Claims 14 to 30, further including the step of
comparing an expression level of one or a plurality of other overexpressed
genes selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNF593, CAS, CFDPI, VPS28, ADORA2ZB, GSK3B, LAMA4, MAP2KS,
HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML. CD36, CDS5S5,
GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7, GNB2L!, LAMAS,
NDUFCI and STAUI, and/or an expression level of one or a plurality of
other underexpressed genes selected from the group consisting of BRDS,
BTN2A2. KIR2DILA4. MEI, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUNS,
SF3BI, ZNRDI-AS1, ARNT2, ERC2, SLCIIAL, BRD4, APOBEC3A, CDIA,
CDIB, CDIC, CXCR4, HLA-B, IGH, KIR2DL3, SMPDIL3B, MYB, RLNI,
MTMR7, SORBST and SRPK3, in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein: a higher relative expression level of the one
or plurality of other overexpressed genes compared to the one or plurality of
other underexpressed genes indicates or correlates with higher aggressiveness
of the cancer and/or a less favourable cancer prognosis; and/or a lower
relative expression level of the one or plurality of other overexpressed genes
compared to the one or plurality of other underexpressed genes indicates or
correlates with lower aggressiveness of the cancer and/or a more favourable

cancer prognosis compared to a manmmal having a higher expression level.

. The method of Claim 31, wherein the one or plurality of other overexpressed

genes are selected from the group consisting of ABHDS, ADORAZB,
BCAP31, CA9, CAMSAPI, CARHSPI, CD55, CETN3, EIF3K, EXOSC7,
GNB2LI, GRHPR, GSK3B, HCFCIRI, KCNGI, MAP2KS, NDUFCI, PML,
STAUT, TXN and ZNF3593 and/or the one or plurality of other underexpressed
genes are selected from the group consisting of BTN2A2, ERC2, IGH, MEI,
MTMR7, SMPDIL3B and ZNRDI-ASI.

The method of Claim 31 or Claim 32, wherein the step of comparing the
expression level of the one or plurality of other overexpressed genes and/or

the expression level of the one or plurality of other underexpressed genes
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includes comparing an average expression level of the one or plurality of
other overexpressed genes and/or an average expression level of the one or
plurality of other underexpressed genes,
The method of Claim 33, which includes calculating a ratio of the average
expression level of the other overexpressed genes and the average expression

level of the other underexpressed genes.

. The method of Claim 31 or Claim 32, wherein the step of comparing an

expression level of the one or plurality of other overexpressed genes and/or
an expression level of the one or plurality of other underexpressed genes
includes comparing the sum of expression levels of the one or plurality of
other overexpressed genes and/or the sum of expression levels of the one or

plurality of other underexpressed genes,

. The method of Claim 35, which includes calculating a ratio of the sum of

expression levels of the one or plurality of other overexpressed genes and the

sum of expression levels of the one or plurality of other underexpressed genes.

. The method of any one of Claims 31 to 36, wherein the comparison of the

expression level of the overexpressed genes associated with chromosemal
instability and/or the expression level of the underexpressed genes associated
with estrogen receptor signalling is integrated with the comparison of the
expression level of the other overexpressed genes and/or the expression level

of the other underexpressed genes to derive a first integrated score.

- A method of determining the aggressiveness of a cancer in a manmunal, said

method including the step of comparing an expression level of one or a
plurality of overexpressed genes selected from the group consisting of
CAMSAP!, CETN3, GRHPR, ZNF593, CAY, CFDPI, VP528, ADORAZB,
GSK3B, LAMA4, MAP2KS, HCFCIRI, KCNGI, BCAP3Il, ULBP2,
CARHSPI, PML, CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B,
EXOSC7, GNB2LI. LAMAS3, NDUFCI and STAUI, and/or an expression
level of one or a plurality of underexpressed genes selected from the group
consisting of BRDS, BTN2AZ. KIR2DL4. MEI, PSEN2, CALR, CAMK{,
ITM2C, NQP2, NSUNS5, SF3B1, ZNRDI-ASI. ARNT2, ERC2, SLCI1IAI,
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH, KIR2DL3,
SMPDL3B, MYB, RLNI, MTMR7, SORBSI and SRPK3, in ong or a plurality

of cancer cells, tissues or organs of the mammal, wherein: a higher relative
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gxpression level of the one or plurality of overexpressed genes compared to
the one or plurality of underexpressed genes indicates or correlates with
higher aggressiveness of the cancer; and/or a lower relative expression level
of the one or plurality of overexpressed genes compared to the one or
plurality of underexpressed genes indicates or correlates with lower
aggressiveness of the cancer compared to a mamimal having a higher

expression level.

. A method of determining a cancer prognosis for a mammal, said method

including the step of comparing an expression level of one or a plurality of
overexpressed genes selected from the group consisting of CAMSAPI,
CETN3, GRHPR, ZNF393, CA9, CFDPI, VPS28, ADORAZB, GSK3B,
LAMA4, MAP2KS5, HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML,
CD36, CD33, GEMIN4, TXN, ABHDS, EIF3K, EIF4B. EXOSC7, GNB2LI,
LAMA3, NDUFCI and STAUI, andfor an expression level of one or a
plurality of underexpressed genes selected from the group consisting of
BRDS, BIN2A2. KIR2DIL4. ME], PSEN2, CALR, CAMK4, ITM2C, NOP2,
NSUNS, SF3BI, ZNRD1-ASI, ARNT2, ERC2, SLCIIAI, BRD4, APOBEC3A,
CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB,
RENI, MTMR?, SORBSI and SRPK3, in one or a plurality of cancer cells,
tissues or organs of the mammal, wherein: a higher relative expression level
of the one or plurality of overexpressed genes compared to the one or
plurality of underexpressed genes indicates or comelates with a less
favourable cancer prognosis; and/or a lower relative expression level of the
one or plurality of overexpressed genes compared to the one or plurality of
underexpressed genes indicates or correlates with a more favourable cancer
prognosis compared to a mammal having a higher expression level.

The method of Claim 38 or Claim 39, wherein the one or plurality of
overexpressed genes are selected from the group consisting of ABHDS,
ADORAZB, BCAP3I, CAS, CAMSAPI, CARHSPI, CD35, CETN3, EIF3K,
EXOSC7, GNB2LI, GRHPR, GSK3B, HCFCIRI, KCNGI, MAP2KS,
NDUFCI, PML, STAUI, TXN and ZNF393 and/or the one or plurality of
underexpressed genes are selected from the group consisting of BTN2A2,
ERC2 IGH MEI, MTMR7, SMPDL3B and ZNRDI-ASI.
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The method of any one of Claims 38 to 40, wherein the step of comparing the
expression level of the one or plurality of overexpressed genes and/or the
expression level of the one or plurality of underexpressed genes includes
comparing an average expression level of the one or plurality of
overexpressed genes and/or an average expression level of the one or
plurality of underexpressed genes,

The method of Claim 41, which includes calculating a ratio of the average
expression level of the one or plurality of overexpressed genes and the

average expression level of the one or plurality of underexpressed genes.

3. The method of any one of Claims 38 to Claim 40, wherein the step of

comparing an expression level of the one or plurality of overexpressed genes
and/or an expression level of the one or plurality of underexpressed. genes
includes comparing the sum of expression levels of the one or plurality of
overexpressed genes and/or the sum of expression levels of the one or
plurality of underexpressed genes.

The method of Claim 43, which includes calculating a ratio of the sum of
expression levels of the one or plurality of overexpressed genes and the sum

of expression levels of the one or plurality of underexpressed genes.

. The method of any one of Claims 1 to 44, further including the step of

coniparing an expression level of a one or a plurality of overexpressed
proteins, and/or an expression level of one or a plurality of underexpressed
proleins, in one or a plurality of cancer cells, tissues or organs of the mammal
to thereby derive an integrated score,

The miethod of Claim 38, wherein the one or plurality of overexpressed
proteins are selected from the group consisting of DVL3, PAI-1, VEGFR2,
INPP4B, EIF4EBPl, EGFR. KuR0, HER3, SMADI1, GATA3, ITGA2,
AKTI1, NFKB1, HER2, ASNS and COL6AL, and/or the one or plurality of
underexpressed proteins are selected from the group consisting of VEGFR2,
HER3, ASNS, MAPKY, ESR1, YWHAE, RAD5(, PGR, COL6A1, PEAILS
and RPS6, wherein: a higher relative expression level of the one or plurality
of overexpressed proteins compared to the one or plurality of underexpressed
proteins indicates or correlates with higher aggressiveness of the cancer
and/or a less favourable cancer prognosis; and/or a lower relative expression

level of the one or plurality of overexpressed proteins compared to the one or
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plurality of underexpressed proteins indicates or correlates with lower
aggressiveness of the cancer and/or a more favourable cancer prognosis
compared to a mammal having a higher expression level.
The method of Claim 45 or Claim 46, wherein the step of comparing the
expression level of the one or plurality of overexpressed proteins andfor the
expression level of the one or plurality of underexpressed proteins includes
comparing an average expression level of the one or plurality of
overexpressed proteins and/or an average expression level of the ene or
plurality of underexpressed proteins.
The method of Claim 47, which includes calculating a ratio of the average
expression level of the one or plurality of overexpressed proteins and the
average expression level of the one or plurality of underexpressed profeins.
The method of Claim 45 or Claim 46, wherein the step of comparing an
expression level of the one or plurality of overexpressed proteins and/or an
expression level of the one or plurality of underexpressed proteins includes
comparing the sum of expression levels of the one or plurality of
overexpressed proteins andfor the sum of expression levels of the one or

plurality of underexpressed proteins.

. The method of Claim 49, which includes calculating a ratio of the sum of

expression levels of the one or plurality of overexpressed proteins and the

sum of expression levels of the one or plurality of underexpressed proteins.

. The method of any one of Claims 45 to 30, wherein the comparison of the

expression level of the one or plurality of overexpressed proteins and the

expression level of the one or plurality of underexpressed proteins is

integrated with:

(1) the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and/or the expression level of
the underexpressed genes associated with estrogen receptor signalling
to derive a second integrated score; or

(i)  the first integrated score to derive a third integrated score; or

(iil)  the comparison of the expression level of the overexpressed genes
selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNF593. CA9. CFDPI, VPS28, ADORA2B, GSK3B, LAMA4,
MAP2KS, HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML,
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CD36, CD55, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI, LAMAS, NDUFCI and STAUT and/or the expression level
of the underexpressed genes selected from the group consisting of
BRDS, BTN2A2. KIR2DI4. MEI, PSEN2, CALR, CAMKH4, ITM2C,
NOP2, NSUNS5, SF3BI, ZNRDI-ASI, ARNT2, ERC2, SLCIIAI
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBSI and SRPK3 to
derive a fourth integrated score; or

the comparison of the expression level of the averexpressed genes and
an expression level of the underexpressed genes, wherein the genes
are from one or a plurality of the Carbohydrate/Lipid Metabolism
metagene, the Cell Signalling metagene, the Cellular Development
metagene, the Cellular Growth metagene, the Chromosome
Segregation metagene, the DNA  Replication/Recombination
metagene, the Immune Systemn metagene, the Metabolic Disease
metagene, the Nucleic Acid Metabolism metagene, the Post-
Translational Modification metagene, the Protein
Synthesis/Modification metagene and/or the Multiple Networks
metagene, to derive a fifth integrated score; or

the comparison of the expression level of the overexpressed genes
and an expression level of the underexpressed genes, wherein the
genes are from one or a plurality of the Metabolism metagene, the
Signalling metagene, the Development and Growth metagene, the
Chromosome  Segregation/Replication  metagene, the  Immune
Response metagene and/or the Protein Synthesis/Modification

metagene, to derive a sixth integrated score.

52, The method of Claim 51, wherein the first, second, third, fourth, fifth andfor

sixth integrated scores are derived, at least in part, by addition, subtraction,

nrultiplication, division and/or exponentiation.

. A method of determining the aggressiveness of a cancer in a mammal, said

method iocluding the step of comparing an expression level of one or a

plurality of overexpressed proteins selected from the group consisting of

DVL3,

PAI-1, VEGFR2, INPP4B. EIF4EBP1, EGFR., Ku80, HER3,

SMADI1, GATA3, ITGA2, AKTI, NFKB1, HER2, ASNS and COL6AI,
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and/or an expression level of one or a plurality of underexpressed proteins
selected from the group censisting of VEGFR2Z, HER3, ASNS, MAPKSY,
ESRI1, YWHAE, RADS0, PGR, COL6AL, PEA1S and RPS6, in one or a
plurality of cancer cells, tissues or organs of the mammal, wherein: a higher
relative expression level of the one or plurality of overexpressed proteins
compared to the one or plurality of underexpressed proteins indicates or
correlates with higher aggressiveness of the cancer; and/or a lower relative
expression level of the one or plurality of overexpressed proteins compared to
the one or plurality of underexpressed proteins indicates or correlates with
lower aggressiveness of the cancer compared to a mamimal having a higher

expression level.

. A method of determining a cancer prognosis for a mammal, said method

including the step of comparing an expression level of one or a plurality of
overexpressed proteins selected from the group consisting of DVL3, PAI-1,
VEGFR2, INPP4B, EIF4EBPI, EGFR, Ku80, HER3, SMADI, GATA3,
ITGA2, AKT1, NFKB1, HER2, ASNS and COL6A1, and/or an expression
level of one or a plurality of underexpressed proteins selected from the group
consisting of VEGFR2, HER3, ASNS, MAPKY9, ESRI, YWHAE, RAD30,
PGR, COL6AL, PEAIS and RPS6, in one or a plurality of cancer cells,
tissues or organs of the mammal, wherein: a higher relative expression level
of the one or plurality of overexpressed proteins compared to the one or
plurality of underexpressed proteins indicates or correlates with a less
favourable cancer prognosis; and/or a lower relative expression level of the
one or plurality of overexpressed proteins compared to the one or plucality of
underexpressed proteing indicates or correlates with a more favourable cancer

prognosis compared to a mammal having a higher expression level.

. The method of Claim 53 or Claim 34, wherein the step of comparing the

expression level of the one or plurality of overexpressed proteins and/or the
expression level of the one or plurality of underexpressed proteins includes
comparing an average expression level of the one or plurality of
overexpressed proteins and/or an average expression level of the one or

plurality of underexpressed proteins.
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The method of Claim 55, which includes calculating a ratio of the average
expression level of the one or plurality of overexpressed proteins and the

average expression level of the one or plurality of underexpressed proteins.

. The method of Claim 33 or Claim 34, wherein the step of comparing an

expression level of the one or plurality of overexpressed proteins andfor an
expression level of the one or plurality of underexpressed proteins includes
comparing the sum of expression levels of the one or plurality of
overexpressed proteins and/or the sum of expression levels of the one or

plurality of underexpressed proteins.

. The method of Claim 57, which includes calculating a ratio of the sum of

expression levels of the overexpressed proteins and the sum of expression

levels of the underexpressed proteins.

. A method of predicting the responsiveness of a cancer to an anli-cancer

treatment in a mammal, said method including the step of determining an
expression level of one or plutality of genes associated with chromosomal
instability in one or a plurality of non-mitotic cells of the mammal, wherein a
higher expression level indicates or correlates with relatively increased
responsiveness of the cancer to the anti-cancer treatment.

The mcthod of Claim 59, wherein the one or plurality of genes associated
with chromosomal instability are targeted by the anti-cancer treatment.

The method of Claim 59 or Claim 60, wherein the one or plurality of genes
associated with chromosomal instability are Iisted in Table 4 and/or imclude

one Or more genes associated with aneuploidy.

. The method of Claiim 61, wherein the one or plurality of genes associated

with chromosomal instability and/or aneuploidy are selected from the group

consisting of: TTK, CEPSS, FOXMI, SKIP2, PLKI and/or Aurora kinases.

. The method of any one of Claims 59 to 62, wherein the anti-cancer treatment

is a treatment targeted to ancuploid turnours,

. The method of any one of Claims 59 to 63, wherein the anti-cancer treatiment

is a treatment targeted to chromosomal instability.

. A method of predicting the responsiveness of a cancer to an anli-cancer

treatment in a mammal, said method including the step of comparing an
expression level of one or a plurality of overexpressed genes and/or an

expression level of one or a plurality of underexpressed genes in one or a
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plurality of cancer cells, tissues or organs of the mammal, wherein the
overexpressed genes and the underexpressed genes ate from one ot a plurality
of metagenes selected from the group consisting of a Carbohydrate/Lipid
Metabolism metagene, a Cell Signalling metagene, a Cellular Development
metagene, a Cellolar Growth metagene, a Chromosome Segregation
metagene, @ DNA Replication/Recorabination mietagene, an Immune System
metagene, a Metabolic Disease metagene, a Nucleic Acid Metabolism
metagene, a Post-Translational Modification metagene, a Protein
Synthesis/Modification metagene and a Multiple Networks metagene,
wherein an altered or modulated relative expression level of the
overexpressed genes compared to the underexpressed genes indicates or
correlates with relatively increased or decreased responsiveness of the cancer
to the anti-cancer treatment.
The method of Claim 65, wherein the one or plurality of overexpressed genes
and/or the one or plurality of underexpressed genes are selected from one
metagene or are selected from a plurality of metagenes.
The method of Claim 65 or Claim 66, wherein the Carbohydrate/Lipid
Metabolism metagene, the Cell Signalling metagene, the Cellular
Development metagene, the Cellular Growth metagene, the Chromosome
Segregation metagene, the DNA Replication/Recombination metagene, the
Imimune System metagene, the Metabolic Disease metagene, the Nucleic
Acid Metabolism metagene. the Post-Translational Modification metagene,
the Protein Synthesis/Modification metagene and/or the Multiple Networks
metagene comprise one of more genes listed in Table 21.
A method of predicting the responsiveness of a cancer to an anti-cancer
treatment in a mammal, said method including the step of comparing an
expression level of one or a plurality of overexpressed genes and/or an
expression level of one or a plurality of underexpressed genes in one or a
plurality of cancer cells, tissues or organs of the miammal, wherein the
overexpressed genes and the underexpressed genes are from one or a plurality
of metagenes selected trom the group consisting of a Metabolism metagene, a
Signalling metagene, a Development and Growth metagene, a Chromosome
Segregation/Replication metagene, an Immune Response metagene and a

Protein Synthesis/Modification metagene, wherein an aliered or modulated
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relative expression level of the overexpressed genes compared to the
underexpressed genes indicates or correlates with relatively increased or
decreased responsiveness of the cancer to the anti-cancer treatment.
The method of Claim 68, wherein the one or plurality of overexpressed genes
and/or the one or plurality of underexpressed genes are selected from one
metagene or are selected from a plurality of metagenes.
The method of Claim 68 or Claim 69, wherein the Metabolism metagene, the
Signalling metagene, the Development and Growth metagene, the
Chromosome Segregation/Replication metagene, the Immune Response
metagene and/or the Protein Synthesis/Modification metagene comprise ong
or more genes listed in Table 22.
The method of any one of Claims 68 to 70, wherein the one or plurality of
overexpressed genes and the one or plurality of underexpressed genes are
from one or a plurality of of a Carbohydrate/Lipid Metabolism metagene, a
Cell Signalling metagene, a Cellular Development metagene, a Cellular
Growth metagene, a Chromosome Segregation metagene, a DNA
Replication/Recombination metagene, an Immune System metagene, a
Metabolic Disease metagene, a Nucleic Acid Metabolism metagene, a Post-
Translational Modification metagene, a Protein Synthesis/Modification
metagene and a Multiple Networks metagene.
The method of any one of Claims 65 to 71, wherein the step of comparing an
expression level of the one or plurality of overexpressed genes and/or an
expression level of the one or plurality of underexpressed genes includes
comparing an average expression level of the plurality of overexpressed
genes and/or an average expression level of the plurality of underexpressed

genes.

. The method of Claim 72, which includes calculating a ratio of the average

expression level of the one or plurality of overexpressed genes and the
average expression level of the one or plurality of underexpressed genes.

The method of any one of Claims 65 to 71, wherein the step of comparing an
expression level of the one or plurality of overexpressed genes and/or an
expression level of the one or plurality of underexpressed genes includes

comparing the sum of expression levels of the onme or plurality of
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overexpressed genes and/or the sum of expression levels of the one or
plurality of underexpressed genes.
The methed of Claim 74, which includes calculafing a ratio of the sum of
expression levels of the one or plurality of overexpressed genes and the sum
of expression levels of the one or plurality of underexpressed genes.
A method of predicting the responsiveness of a cancer to an anti-cancer
treatment in a mammal, said method including the step of comparing an
expression level of a one or plurality of overexpressed genes associated with
chromosomal instability and/or an expression level of one or a plurality of
underexpressed genes associated with estrogen receptor signalling in one or a
plurality of cancer cells, tissues or organs of the mammal, wherein an altered
or modulated relative expression level of the overexpressed genes associated
with chromosomal instability compared to the underexpressed genes
associated with estrogen receptor signalling indicates or correlates with
relatively increased or decreased responsiveness of the cancer to the anti-
cancer treatment.
The method of Claim 76, wherein the genes associated with chromosemal
instability are of a CIN metagene.
The method of Claim 77, wherein the CIN metagene comprises a plurality of
genes listed in Table 4.
The method of Claim 78, wherein the genes are selected from the group
consisting of: ATPOVIC!I, RAP2A, CALMI, COGS, HELLS, KDM3A, PGKI,
PLCHI, CEP55, RFC4, TAF2, SF3B3, GPI. PIR, MCMI10, MELK, FOXM]I,
KIF2C, NUPI15S, TPX2, TTK, CENPA, CENPN, EXOI, MAPREI, ACOT7,
NAEL SHMT2, TCPI, TXNRD!I, ADM, CHAFIA und SYNCRIP.
The method of Claim 79, wherein the genes are selected from the group
consisting of: MELK, MCMI0, CENPA, EXOI, TTK and KIF2C.
The method of any one or Claims 76 to 80, wherein the genes associated with
estrogen receptor signalling are of an ER metagene.
The method of Claim 81, wherein the genes are selected from the group
consisting of: BTG2, PIK3IPI, SECI412, FLNB, ACSF2, APOM, BIN3,
GLTSCR2, ZMYNDI0, ABAT, BCAT2, SCUBE2, RUNXI, LRRCYS,
MYBPCI, BCL2, CHPTI, ITM2A, LRIGI, MAPT, PRKCB, RERE,
ABHDI4A, FLT3, TNN, STC2, BATF, CDIE, CFB, EVL, FBXW4, ABCBI,
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ACAAL, CHAD, PDCD4, RPL10, RP528, RPS4X, RPS6, SORBSI, RPL22
and RPS4XP3.
The method of Claim 82, wherein the geney are selected from the group
consisting of: MAPT and MYB.
The method of any one of Claims 76 to 83, wherein the step of comparing an
expression level of the one or plurality of overexpressed genes associated
with chromosomal instability and/or an expression level of the one or
plurality of underexpressed genes associated with estrogen receptor signalling
includes comparing an average expression level of the one or plurality of
overexpressed genes associated with chromosomal instability and/or an
average expression level of the one or plurality of underexpressed genes

associated with estrogen receptor signalling.

. The method of Claim 84, which includes calculating a ratio of the average

expression level of the one or plurality of overexpressed genes associated
with chromosomal instability and the average expression level of the one or
plurality of underexpressed genes associated with estrogen receptor
signalling.

The method of any one of Claims 76 to 83, wherein the step of comparing an
expression level of the one or plurality of overexpressed genes associated
with chromosomal instability and/or an expression level of the one or
plurality of underexpressed genes associated with estrogen receptor signalling
includes comparing the sum of expression levels of the one or plurality of
overexpressed genes associated with chromosomal instability and/or the sum
of expression levels of the one or plurality of underexpressed genes
associated with estrogen receptor signalling.

The method of Claim 85, which includes calculating a ratio of the sum of
expression levels of the one or plurality of overexpressed genes associated
with chromosomal instability and the sum of expression levels of the one or
plurality of underexpressed genes associated with estrogen receptor signalling.
The method of any one or Claims 76 to 87, further including the step of
comparing an expression level of one or a pluralily of other overexpressed
genes selected from the group consisting of CAMSAPI, CETN3, GRHPR,
ZNE593, CA9, CFDPI, VPS28, ADORA2B. GSK3B. LAMA4, MAP2KS,
HCFCIRI, KCNGI1, BCAP3I, ULBP2, CARHSPI, PML, CD36, CD35,
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GEMIN4, TXN, ABHDS, EIF3K EIF4B, EXOSC7, GNB2Ll, LAMAS,
NDUFCI and STAUI, and/or an expression level of one or a plurality of
other underexpressed genes selected from the group consisting of BRDS,
BTN2A2. KIR2DIA. MEI, PSEN2, CALR, CAMK4, ITM2C, NOP2, NSUNS,
SF3BI, ZNRDI-ASI, ARNTZ2, ERC2, SLC11AI, BRD4, APOBEC3A, CDIA,
CDIB, CDIC, CXCR4, HLA-B, IGH, KIR2DL3, SMPDL3B, MYB, RLNI,
MTMR7, SORBST and SRPK3 in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein an altered or modulated relative expression
level of the one or plurality of other overexpressed genes compared to the one
or plurality of other underexpressed genes indicates or correlates with
relatively increased or decreased responsiveness of the cancer to the anti-
cancer treatment.

The method of Claim 88, wherein the one or plurality of other overexpressed
genes are selected trom the group consisting of ABHDS, ADORA2B, BCAP3I,
CA9, CAMSAPI, CARHSPI, CDS55, CETN3, EIF3K, EXOSC7, GNB2LI,
GRHPR, GSK3B, HCFCIRI, KCNGI, MAP2K5, NDUFCI1, PML, STAU],
TXN and ZNF593 andfor the one or plorality of other underexpressed genes
are selected from the group consisting of BIN2A2, ERC2, IGH, MEI,
MTMR7, SMPDIL3B and ZNRDI1-AS1.

The method of Claim 88 or Claim 89, wherein the comparison of the
expression level of the one or plurality of other overexpressed genes and/or
the expression level of the one or plorality of other underexpressed genes is
integrated with the comparison of the expression level of the one or plurality
of overexpressed genes associated with chromosomal instability and/or the
expression level of the one or plurality of underexpressed genes associated
with estrogen receptor signalling to derive a first integrated score, which is
indicative of, or correlates with, responsiveness of the cancer to the anti-
cancer treatment.

The method of Claim 90, wherein the first integrated score is derived, at least
in  part, by addition, subtraction, multiplication, division and/or

exponentiation.

. The method of Claim 91, wherein the first integrated score is derived by

exponentiation, wherein the compartison of the expression level of one or a

plurality of other overexpressed genes and/or the expression level of one or a
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plurality of other underexpressed genes is raised to the power of the
comparison of the expression level of the one or plurality of overexpressed
genes associated with chromosomal instability and/or the expression level of
the one or plurality of underexpressed genes associated with estrogen
receptor signalling.
The method of any one of Claims 88 to 92, wherein the step of comparing an
expression level of the one or plurality of other overexpressed genes and/or
an expression level of the one or plurality of other underexpressed genes
includes comparing an average expression level of the one or plurality of
other overexpressed genes and/or an average expression level of the one or
plurality of other underexpressed genes.
The method of Claim 93, which includes calculating a ratio of the average
expression level of the one or plurality of other overexpressed genes and the
average expression level of the one or plurality of other underexpressed
genes.
The method of any one of Claims 88 to 92, wherein the step of comparing an
expression level of the one or plurality of other overexpressed genes and/or
an expression level of the one or plurality of other underexpressed genes
includes comparing the sum of expression levels of the one or plurality of
other overexpressed genes and/or the sum of expression levels of the one or
plurality of other underexpressed genes.
The method of Claim 93, which includes calcnlating a ratio of the sum of
expression levels of the one or plurality of other overexpressed genes and the
sum of expression levels of the one or plurality of other underexpressed genes.
A method of predicting the responsiveness of a cancer to an anti-cancer
treatment in a mammal, said method including the step of comparing an
expression level of one or a plurality of overexpressed genes selected from
the group consisting of CAMSAPI, CETN3, GRHPR, ZNF593, CA9, CFDPI,
VPS28, ADORA2B, GSK3B, LAMA4, MAP2KS, HCFCIR!, KONGI,
BCAP31, ULBP2, CARHSPI, PML, CD36, CD53, GEMIN4, TXN, ABHDS,
EIF3K, EIF4B, EXOSC7, GNB2LI, LAMAS, NDUFCI and STAUY, and/for an
expression level of one or a plurality of underexpressed genes selected from
the group counsisting of BRDS, BTN2A2. KIR2DI4. MEI, PSEN2, CALR,
CAMK4, ITM2C, NOP2, NSUNS5, SF3BI, ZNRDI-ASI, ARNT2, ERCZ,
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SLC1iAL BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
KIR2DL3, SMPDL3B, MYB, RLNI, MTMR7, SORBS! arid SRPK3, in ong or
a plurality of cancer cells, tissues or organs of the mammal, wherein an
altered or modulated relative expression level of the one or plurality of
overexpressed genes compared to the one or plurality of underexpressed
genes indicates or correlates with relatively increased or decreased
responsiveness of the cancer to the anti-cancer treatment.

The method of Claim 97, wherein the one or plurality of overexpressed genes
are selected from the group consisting of ABHDS, ADORAZE, BCAFP31, CAY,
CAMSAPI, CARHSPI, CD55, CETN3, EIF3K, EXOSC7, GNBZLI, GRHPR,
GSK3B, HCFCIRI, KCNGI, MAPZKS, NDUFC1, PML, STAUI, TXN and
ZNF593 and/or the one or plurality of underexpressed genes are selected from
the group consisting of BIN2A2, ERC2, IGH, ME1, MTMR7, SMPDL3B and
ZNRDI1-ASI.

The method of Claim 97 or Claim 98, wherein the step of comparing the
expression level of the one or plurality of overexpressed genes and/or the
expression level of the one or plurality of underexpressed genes includes
comparing an average expression level of the one or plurality of
overexpressed genes and/or an average expression level of the one or

plurality of underexpressed genes.

100, The method of Claim 99, which includes calculating a ratio of the

101.

average expression level of the one or plurality of overexpressed genes and
the average expression level of the one or plurality of underexpressed genes.

The method of Claim 97 or Claim 98, wherein the step of comparing
an expression level of the one or plurality of overexpressed genes and/or an
expression level of the one or a plurality of underexpressed genes includes
comparing the sum of expression levels of the one ot plurality of
overexpressed genes and/or the sum of expression levels of the one or

plurality of underexpressed genes.

102, The method of Claim 101, which includes calculating a ratio of the

103.

sum of expression levels of the one or plurality of overexpressed genes and
the sum of expression levels of the one or plurality of underexpressed genes.
The method of any one of Claims 65 to 103, further including the step

of comparing an expression level of a one or plurality of overexpressed
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proteins, and/or an expression level of one or a plurality of underexpressed
proteins, in one or a plurality of cancer cells, tissues or organs of the mammal

to thereby derive an integrated score.

104, The method of Claim 103, wherein the one or plurality of

overexpressed proteins are selected from the group consisting of DVL3, PAI-
1, VEGFR2, INPP4B, EIF4EBP1, EGFR, Ku8(, HER3, SMADI, GATA3,
ITGA2, AKTL, NFKBI1, HER2, ASNS and COL6AI, and/or the one or
plurality of underexpressed proteins are selected from the group consisting of
VEGFR2, HER3, ASNS, MAPKY, ESRl, YWHAE, RADS0. PGR,
COL6AIL, PEAILS and RPS6, wherein: a higher relative expression level of
the one or plurality of overexpressed proieins compated io the one or
plurality of underexpressed proteins indicates or correlates with higher
aggressiveness of the cancer and/or a less favourable cancer prognosis; and/or
a lower relative expression level of the one or plurality of overexpressed
proteins compared to the one or plurality of underexpressed proteins indicates
or correlates with lower aggressiveness of the cancer and/or a more
favourable cancer prognosis compared to a mammal having a higher
expression level.

The method of Claim 103 or Claim 104, wherein the step of
comparing the expression level of the one or plurality of overexpressed
proteins and/or the expression level of the one or plurality of underexpressed
proleins includes comparing an average expression level of the one or
plurality of overexpressed proteins and/or an average expression level of the

one ot plurality of underexpressed proteins.

106. The method of Claim 105, which includes calculating a ratio of the

average expression level of the one or plurality of overexpressed proteins and
the average expression level of the one or plurality of underexpressed

proteins.

107. The method of Claim 103 or Claim 104, wherein the step of

comparing an expression level of the one or plurality of overexpressed
proteins and/or an expression level of the one or plurality of underexpressed
proteins includes comparing the sum of expression levels of the one or
plurality of overexpressed proteins and/or the sum of expression levels of the

one or a plurality of underexpressed proteins.
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The method of Claim 107, which includes calculating a ratio of the

sum of expression levels of the one or plurality of overexpressed proteins and

the sum of expression levels of the one or plurality of underexpressed

proteins,

109.

The method of any one of Claims 103 to 108, wherein the comparison

of the expression level of the one or plurality of overexpressed proteins and

the expression level of the one or plurality of underexpressed proteins is

integrated with:

()

(ii)
(1)

(ii)

the comparison of the expression level of the overexpressed genes
associated with chromosomal instability and/or the expression level of
the underexpressed genes associated with estrogen receptor signalling
to derive a second integrated score; or

the first integrated score to derive a third integrated score; or

the comparison of the expression level of the overexpressed genes
selected from the gronp consisting of CAMSAPI, CETN3, GRHPR.
ZNF593, CA9, CFDPI, VPS28, ADORAZB, GSK3B, LAMA4,
MAPZKS, HCFCIRI, KCNGI, BCAP31, ULBP2, CARHSPI, PML,
CD36, CDS5S5, GEMIN4, TXN, ABHDS, EIF3K, EIF4B, EXOSC7,
GNB2LI, LAMAZ, NDUFCI and STAUI and/or the expression level
of the underexpressed genes selected from the group consisting of
BRDS, BTN2AZ, KIR2DIA. ME!, PSEN2, CALR, CAMK4, ITM2C,
NOP2, NSUNS5, SF3BI. ZNRDI-ASI, ARNT2, ERC2. SLCIIAI
BRD4, APOBEC3A, CDIA, CDIB, CDIC, CXCR4, HLA-B, IGH,
KIR2DL3, SMPDI3B. MYB, RLNI, MTMR7, SORBSI and SRPK3 to
derive a fourth integrated score; or

the comparison of the expression level of the overexpressed genes
and/or an expression level of the underexpressed genes, wherein the
genes are from one or a plurality of the Carbohydrate/Lipid
Metabolism metagene, the Cell Signalling metagene, the Cellular
Development metagene, the Cellular Growth metagene, the
Chromosome Segregation metagene, the DNA
Replication/Recombination metagene, the Immune System metagene,
the Metabolic Disease metagene, the Nucleic Acid Metabolism

metagene, the Post-Translational Modification metagene. the Protein
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Synthesis/Modification metagene and/or the Multiple Networks
metagene, to derive a fifth integrated score; or

(ifi)  the comparison of the expression level of the overexpressed genes
and/or an expression level of the underexpressed genes, wherein the
genes are from one or a plurality of the Metabolism metagene, the
Signalling metagene, the Development and Growth metagene, the
Chromosome  Segregation/Replication  metagene, the Immune
Response metagene and/or the Protein  Synthesis/Modification

metagene, to derive a sixth infegrated score.

110. The method of Claim 109, wherein the first, second, third, fourth, fifth

and/or sixth integrated scores are derived, at least in part, by addition,
subtraction, multiplication, division and/or exponentiation,

A method of predicting the responsiveness of a cancer (o an anti-
cancer treatment in a mammal, said method including the step of comparing
an expression level of one or a plurality of everexpressed proteins selected
from the group censisting of DVL3, PAI-1, VEGFR2, INPP4B, EIF4EBPI,
EGFR, Ku80. HER3, SMAD1, GATA3, ITGA2, AKTIl, NFKB1, HER2,
ASNS and COL6AI, and/or an expression level of one or a plurality of
underexpressed proteins selected from the group consisting of VEGFR2,
HER3, ASNS, MAPKY, ESR1, YWHAE, RAD5(, PGR, COL6A1, PEAILS
and RPS6, in one or a plurality of cancer cells, tissues or organs of the
mammal, wherein an altered or modulated relative expression level of the one
or plurality of pverexpressed proteins compared to the one or plurality of
underexpressed proteins indicates or correlates with relatively increased or

decreased responsiveness of the cancer to the anti-cancer treatment.

112. The method of Claim 111, wherein the step of comparing the

expression level of the one or plurality of overexpressed proteins and/or the
expression level of the one or plurality of underexpressed proteins includes
comparing an average expression level of the one or plurality of
overexpressed proteins andfor an average expression level of the one or
plurality of underexpressed proteins.

The method of Claim 112, which includes calculating a ratio of the

average expression level of the one or plurality of overexpressed proteins and
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the average expression level of the one or plurality of underexpressed

proteins.

114, The method of Claim 111, wherein the step of comparing an

expression level of the one or plurality of overexpressed proteins and/or an
expression level of the one or plurality of underexpressed proteins includes
comparing the sum of expression levels of the one or plurality of
overexpressed proteins and/or the sum of expression levels of the one or

plurality of underexpressed proteins.

115. The method of Claim 114, which includes calculating a ratio of the

sum of expression levels of the one or plurality of overexpressed proteins and
the sum of expression levels of the one or plurality of underexpressed

profeins.

116. The method of any one of Claims 59 to 115, wherein the anti-cancer

treatment i selected from the group consisting of a endocrine therapy,

chemotherapy, immunotherapy and a molecularly targeted therapy.

117. The method of Claim 116, wherein the treatment comprises

administration of an agent selected from the group consisting of an ALK
inhibitor, a BCR-ABL inhibitor, a HSP90 inhibitor, an EGFR inhibitor, a
PARP inhibitor, retinoic acid, a Bel2 inhibitor, a gluconeogenesis inhibitor, a
p38 MAPK inhibitor, a MEKI1/2 inhibitor, a mTOR inhibitor, a PI3K
irthibitor, an IGFIR inhibitor, a PLCy inhibitor, a JNK inhibiter, a PAKI1
inhibitor, a SYK inhibitor, 2 HDAC mhibitor, an FGFR inhibitor, a XIAP
inhibitor, a PLK1 inhibitor, an ERKS inhibitor, a TTK inhibitor, an Aurora

Kinase Iuhibitor and/or any combinaton thereof,

118. The method of Claim 116, wherein immunotherapy is or comprises an

immune checkpeint inhibitor.

119. The method of Claim 118, wherein the immune checkpoint inhibitor

is or comprises an anti-PD1 antibody or an anti-PDL1 antibody.

120. A method of predicting the responsiveness of a cancer to an

immunctherapeutic agent in & manunal, said methed including the step of
comparing an expression level of one or a plurality of overexpressed genes
selected from the group consisting of ADORA2B, CD36, CETN3, KCNGI,
LAMA3, MAP2KS, NAE], PGK1, STAUI, CFDPI, SF3B3 and TXN, and/or

an expression level of one or a plurality of underexptessed genes selected
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from the group consisting of APOBEC3A, BCL2, BTN2A2, CAMSAPI,
CAMK4, CARHSPl, FBXW4, GSK3B, HCFCIRI, MYB, PSEN2 and
ZNF593, in one or a plurality of cancer cells, tissues or organs of the
mammal, wherein an altered or modulated relative expression level of the one
or plurality of overexpressed genes compared to the one or plurality of
underexpressed genes indicates or correlates with relatively increased or
decreased responsiveness of the cancer o the immunotherapeutic agent.

1. The method of Claim 120, wherein a higher relative expression level
of the one or plurality of overexpressed genes compared to the one or
plurality of underexpressed genes indicates or correlates with a relatively
increased responsiveness of the cancer to the impmunotherapeutic agent;
and/or a lower relative expression level of the one or plorality of
overexpressed genes compared to the one or plurality of underexpressed
genes indicates or correlates with a relatively decreased responsiveness of the

cancer to the immunotherapentic agent.

122, The method of Claim 120 or Claim 121, ‘wherein the

immunoetherapentic agent 1s an immung checkpoint inhibitor.

123, The method of Claim 122, wherein the immune checkpoint inhibitor

is or comprises an anti-PD1 antibody or an anti-PDL1 antibody.

124. A method of predicting the responsiveness of a cancer to an epidermal

growth factor receptor (EGER) inhibitor in a mammal, said method including
the step of comparing an expression level of one or a plurality of
overexpressed genes selected from the group consisting of NAE!, GSKIB,
TAF2, MAPREI, BRD4, STAUI, TAF2, PDCD4, KUNGI, ZNRDI1-ASI,
EIF4B, HELLS, RPL22, ABAT, BTN2A2, CDIR, ITM2A, BCL2, CXCR4, and
ARNT2 and/or an expression level of one or a plurality of underexpressed
genes selected from the group consisting of CDIC, CDIE, CDIB, KDMS3A,
BATF, EVL, PRKCB, HCFCIRI, CARHSPI, CHAD. KIR2DI4, ABHDS,
ABHDI4A, ACAAL, SRPK3, CFB, ARNT2, NDUFCI, BCL2, EVL, ULBP2,
BIN3, SF3B3, CETN3, SYNCRIP, TAF2, CENPN, ATP6VICI, CD55 and
ADQORAZEB, in one or a plurality of cancer cells, tissues or organs of the
mammal, wherein an altered or modulated relative expression level of the one

or plurality of overexpressed genes compared to the one or plurality of
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underexpressed genes indicates or correlates with relatively increased or
decreased responsiveness of the cancer to the immunotherapeutic agent.

125. A method of predicting the responsiveness of a cancer to a
multikinase inhibitor in a mammal, said method including the step of
compating an expression level of one ot a plurality of overexpressed genes
selected from the group consisting of SCUBE, CHPTI. CDCI, BTG2,
ADORAZB and BCL2, and/or an expression level of one or a plurality of
undergxpressed genes selected from the group consisting of NOP2, CALR,
MAPRE], KCNGI1, PGKI, SRPK3, RERE, ADM, LAMA3, KIR2DIA, ULBP2,
LAMA4, CA9, and BCAP31, in one or a plurality of cancer cells, tissues or
organs of the mammal, wherein an altered or modulated relative expression
level of the one or plurality of overexpressed genes compared to the one or
plurality of underexpressed genes indicates or correlates with relatively
increased or decreased responsiveness of the cancer to the multikinase
inhibitor.

126. The method of any preceding claim, which includes the further step of
treating cancer in the mamimal.

127, A method for identifying an agent for use in the treatment of cancer
including the steps of:

(1) contacting a protein product of GRHPR, NDUFC/!, CAMSAPI, CETN3,
EIF3K, STAUI, EXQSC7, CQGS, CFDPI andfor KCNGI with a test agent;
and

(11) determining whether the test agent, at least partly, reduces, climinates,
suppresses or inhibits the expression and/or an activity of the protein product.

128. The method of Claim 127, wherein the agent possesses or displays
little or no significant off-target and/or nonspecific effects.

129, The method of Claim 127 or Claim 128, wherein the agent is an
antibody or a small organic molecule.

130. A method of treating a cancer in a mammal, including the step of
administering to the mammal a therapeutically effective amount of the agent

identified by the method of any one of Claims 127 to 129,

131. The method of any preceding claim wherein the mammal is a human.
132. The method of any preceding claim wherein the cancer includes

breast cancer, lung cancer, ovarian cancer, cervical cancer, utetine cancer,
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prostate cancer, cancer of the brain and nervous systenmi, head and neck
cancer, colon cancer, colorectal cancer, gastric cancer, liver cancer, kidney
cancer, bladder cancer, melanoma, lymphoid cancers, myelomonocytic
cancers, pancreatic capcer, pituitary cancer, adrenal cancer or

musculoskeletal cancer.

133, The method of Claint 132, wherein breast cancer includes aggressive

breast cancers and cancer subtypes such as triple negative breast cancer,
grade 2 breast cancer, grade 3 breast cancer, lymph node positive (LNT)
breast cancer, HER2 positive (HER2") breast cancer and ER positive (ER™)
breast cancer.

An agent identified by the method of any one of Claims 127 to 129

for use in the treatment of cancer.
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