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Grade lll, Estrogen and Progesterone Receptor positive, ERBB2/HER2 negative
T3 tumors (diameter of > 5cm), 3/4 Node positive, all received Tamoxifen
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Two Color Fluorescent Hybridization for
the Analysis of Gene Expression

mRNA from Sample 1

(Reference or Experimental Sample)

mRBNA from Sample 2

Reverse transcribe each sample
using a different fluorescent
hucleotide (Cy2 orCy5)

Mix the complex probes together
and hybridize overnight

(Experimental Sample)

Cyd

Cy3 Cy5 ¢y

log, [Cyﬁ

Cyd

200

20.00

3.64

4800

1.00

0.00

9000

0.03

-4.91
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Cluster analysis and display of genome-wide expression patterns
MicHAEL B. EiseN, PauL T. SpeLLman, Patrick O. BRown, anD DaviD BoTsTEIN
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“Molecular Portraits of
Human Breast Tumors”
Perou et al. Nature,
vol 406, 747-52 (2000).

Cell Lines Breast Tumor and Tissue Specimens

< £ 3, I A e T AT e

40 tumors total

18 single specimens
2 tumor/lymph node metastasis pairs

3 normal breast samples
1 fibroadenoma
17 different cell lines

1753 cDNA
Clones
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84 Arrays

20 "before" and "after" doxorubicin pairs
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22 tumor pairs tested (20 "before and after" doxorubicin pairs)
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d¥-L428 AYAHON
LLL AYMHON

I AHOA M3IN
4¥-ZL AYAMHON
3821 AVAVHON
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A. 15/20 "before and after" pairs were on the same terminal dendrogram branch

B. 2/2 tumor/lymph node metastasis pairs were on the same dendrogram branch

C. 3/20 "before and after" pairs had the "after" sample in the normal breast branch

D. 2/20 "pefore and after" pairs were not grouped together

E. 3/3 normal breast samples were on the same dendrogram branch

44 "pbefore and after” pairs now completed, with 33 paired using 1753 clone list

Before and after clinical studies done by Per Evstein Lenning, Haukeland University Hospital (Bergen, Norway)



Eplthellal Cell Clusters
Basal Epithelial
Luminal Epithelial
Proliferation
HER2/ERBB2
Interferon/STAT1
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Other Cell Types
6. B-cell
7. T-cell

8. Macrophage
9. Fibroblast
10. Endothelial
11.Adipose




B-cells
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IMMUNOGLOBULIN GAMMA 3 GM MARKER
COLONY STIMULATING FACTOR 1 MACROPHAGE
NEUTROPHIL CYTOSOLIC FACTOR 1
IMMUNOGLOBULIN LAMBDA-LIKE POLYPEPTIDE 2
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MHC CLASS II, DQ BETA 1

IMMUNOGLOBULIN MU

EARLY DEVELOPMENT REGULATOR 2
MAX-INTERACTING PROTEIN 1

NB4+ATRA (neutrophil-like)
MOLT4 (T-cell leukemia-derived)
RPMI-8226 (multiple myeloma-derived)
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Proliferation Cluster

CENTROMERE PROTEIN E
CYCLIN B1
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Ki 67
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REPLICATION FACTOR C ACTIVATOR - susssnmies
- JCTASE M2 POLYPEPTIDE
CDC28 PROTEIN Kl NASE 2
CDC 20
CENTROMERE PROTEIN F
CYCLIN A2
CDC2DELTAT
POLO DROSOPHIA-LIKE KINASE
BUDDING UNINHIBITED BY BENZIMIDAZOLES 1
MINICHROMOSOME MAINTENANCE DEFICIENT 4
SERINE/THREONINE KINASE 15
PROLIFERATING CELL NUCLEAR ANTIGEN
PROLIFERATION-ASSOCIATED 2G4
URACIL DNA GLYCOSYLASE
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PRIMASE POLYPEPTIDE 1
LAMIN B2

THYMIDYLATE SYNTHASE
MINICHROMOSOME MAINTENANCE DEFICIENT 5
CDC7

CYCLINF

CYCLINE1

ORIGIN RECOGNITION COMPLEX, SUBUNIT 1
MAD2 MITOTIC ARREST DEFICIENT
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S-Phase Genes
CCNE1 cyclin E1

MCM6 minichromosome maintenance deficient 6

E2F1 E2F transcription factor 1

MCM3 minichromosome maintenance deficient 3

PCNA proliferating cell nuclear antigen
POLE polymerase DNA directed, epsilon
RFC4 replication factor C activator 1 4

G2-M Genes

CDC2 cell division cycle 2

KNSL2 kinesin-like 2

TOP2A topoisomerase DNA Il alpha
MAD2L1 MAD2 mitotic arrest deficient
KNSLS5 mitotic kinesin-like protein 5
CCNA2 cyclin A2

FOXM1 forkhead box M1

CENPE centromere protein E
STK15 serine/threonine kinase 15
CHEK1 CHK1 checkpoint

CDC25B cell division cycle 25B
CKS2 CDC28 protein kinase 2

Hela cell cycle
time course
using the
breast tumor
proliferation
cluster genes

M. Whitfield et al.
Molecular Biology
of the Cell,

In Press

BUB1 budding uninhibited by benzimidazoles 1

CENPF centromere protein F
PLK polo Drosophia-like kinase
CDC20 cell division cycle 20



Profiles of Normal Breast
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XMP

EPITHELIAL MEMBRANE PROTEIN 2
KERATIN 8

KERATIN 18

EPITHELIAL-SPECIFIC TRANSCRIPTION FACTOR ESE-1B
TRANSFORMING GROWTH FACTOR BETA 3

PROLACTIN RECEPTOR

X-BOX BINDING PROTEIN 1

HEPATOCYTE NUCLEAR FACTOR 3, ALPHA
GATA-BINDING PROTEIN 3

ESTROGEN RECEPTOR 1

L2 ANNEXIN XXXI

CELLULAR RETINOIC ACID-BINDING PROTEIN 2

IGFBP5

RAS HOMOLOG GENE FAMILY, MEMBER B
CYTOCHROME P450, SUBFAMILY I

Luminal Epithelial Cells




Basal Epithelial Cells

TROPONIN |, SKELETAL, FAST
MATRIX METALLOPROTEINASE 14
LAMININ, GAMMA 2

ANNEXIN VIl

KERATIN 17

KERATIN 5

BULLOUS PEMPHIGOID ANTIGEN 1
5100 CALCIUM-BINDING PROTEIN A2
INTEGRIN, BETA 4

LAMININ, ALPHA 3

COLLAGEN, TYPE XVII, ALPHA 1
BASONUCLIN

‘ |— 184B5
184A1
184Aa
HMEC-C Confluent
HMEC+IFNa

HMEC-C

Tumor NY3 with
Keratin 5




“(yene expression patterns of breast carcinomas distinguish
tumor subclasses with clinical implications”
Sgrlie et al., Proc. Natl. Acad. Scl. 19, 10869-10874 (2001)

A. 78 Individual Breast Tumors Tested
1. 22 single breast tumor specimens (norway and stanford)
2. 2 primary tumor/lymph node metastasis pairs
3. 54 "before” doxorubicin samples (all T3 or T4)

87% infiltrating ductal carcinoma, 6.5% lobular, 6.5% others
57% T3,20% T4, 15% T2, 8% T1

44% Grade lll, 44% Grade I, 12% Grade |

57 from Norwary and 21 from Stanford

C.3fibroadenomas
D. TGIF - thank god its frozen



"Intrinsic"
gene set on
78 single tumor
samples

high variance across tumors

low variance within pairs

. = above average

. = average

| =below average

. = not determined

<8 <6 <4 < 11 32 >4 >6 >8

85 Arrays |



“Intrinsic”
gene set on
78 single tumor

samples
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Luminal Subtype A

ERBB2+ Normal Breast-like Luminal Subtype B

Basal-like

78 tumor specimens / 3 fibroadenomas / 4 normal breast samples

(if we use all samples, then 30/35 "before and after" doxorubicin sample pairs

were paired, and 2/2 primary tumor/lymph node metastasis pairs were paired)
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v-myh oncogene homolog-like 2
gamma-glutamyl hydrolase conjugase
squalene epoxidase

Iarminin

keratin 17

keratin 3

{ransforming growth faclor, bela 2
fatly acid binding protein 7

GRO1 oncagene

glycerak3-phosphate dehydrogenase 1
lipoprotein lipase

alcohal dehydrogenase 2 class |
aguaparin 7

estrogen receptor 1
GATA-hinding protein 3
A-box binding protein 1
¢ h?a‘laqrte nuclear factor 3, alpha
HA'F pratein, estrogen ragulated
1




Three Standard Clinical Parameters

tested on the 51 patients/tumors specimens from the prospective
doxorubicin "before and after" study (before samples only)

Estrogen Receptor Status

Probability
T SESeE SeElE B

—

» Censored

L]

1z 24 5 45 B0 72 G54 96 108

survival months

P = 5.23784E-06

0 = ER negative
1 = ER positive

Bloom-Richardson Grade

Probability
oo oo o oo oo
oo

L} 12 24 5 45 B0 972 G54

survival months

96 105

x Censored

P =0.015

HER2/ERBB2 Status

Probability

o9 o o o O O O Q9

Ll

12 24 5 45 EBO0 %2 G54 96 108

survival months

» Censored
e ]

—1

P =0.04

0 = ERBB2 negative
1 = ERBB2 positive

1 =Grade 1
2 = Grade 2
3 =Grade 3
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Basal-like ERBB2+ Normal Breast Luminal Subtype B Luminal Subtype A
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33 gene based
tumor
classification

Steve Marron (Dept of Statistics)
"gene paring" which is a
technique for reducing the set
of genes used for discrimination

=l

Normal Bst3
Normal Bstl
Normal Bsit2
Normal Bsi4
BC-HBC2
BC37-FA
BCBOBA-BE
BC17
BC120A-BE
BC213B-BE
BC406A-2ndT
BC4ag
BC305A-BE
BC309A-BE
BC2
BC709B-BE
BC-HBCSH
BC402B-BE
BCBOS5A-BE
BC48-center
BC208A-BE
BC205B-AF
BC404B-BE
BC119A-BE
BC790
BC605B-BE
BC610A-BE
BC118B-BE
BC308B-BE
BC-HBC4-T1
BC121B-BE
BCS807A-BE
BC201B-BE
BC210B-AF
BCA40

BC1369

BC114A-BE
BC23

BC-A
BC-HBC3
BC406A-BE
BC11-FA
BC20-FA
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BCA45
BCA46-LN46
BC-HBCS
BCG606B-AF
BC14

BC704B-AF
BC108A-BE
BC702B-BE
BC608B-BE
BC708B-BE
BC6

BC125A-BE

keratin 5 W72110

atania-telangiectasia D-associated protein AA055485

kerafin 173.30251&] i "

nuclear factor /B W87528

ceruloplasmin ferroxidase H86554

nuclease m;mmg binding pwﬂn 1 AA5%9175

ma-glutam 0 j 455800

ﬂh FIp434B0425 ﬁmcggnuﬁme AA010188

tassium channel, subfamily K, member 1TWIK-1 N62620
100 calcium-binding protein A8 calgranulin A AA088471

- kynureninase L-kynurenine hydrolase HB7471

growth factor receptor. protein 7 H53702

v-erb-b2 AA443351

hepsin fransm embrane protease, serine 1 H62162

|aminin, alpha3 AA001431

B-cell CLUI a2We1100

ESTs Mmglgndam

N-acetyliransferase 1 arylamine N-acetyltransferase R91802

lymphoid nuclear protein related to AF4 H39588

LIV-1 protein, estrogen regulated H29315
tative G protei led receptor H50224

?uacyi-Coenzl:me W |.‘.e!'r,rclroga'leﬁeqJ Hos7%2

estrogen receptor 1 AA291702

trefoil factor 3intestina N74131

GATA-binding protein 3 R31441

X-box binding protein 1 W90128

hepatocyte nuclear factor 3 aphaT74639

ras homolog gene family, member B HB8963

v-maf AAD43501

four and ahalf LIM domains 1 AA455925

endothelial PAS domain protein 1 AAGS0300

insulin-like growth factor 2 somatomedin A N74623

aguaporin 1 channel-forming integral protein H23036



Mouse Models of Human Cancer Consortium
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Luminal Subtype A

Luminal Subtype B

likely hormone

ERBB2+ HMormal Breast-like

Basal-like

likely hormone responsive

+ 9y

non-responsive

9

o

—

Estrogen Receptor Positive

Estrogen Receptor Negative

Jeff Green, M.D.

inogenesis

Laboratory of Cell Regulation and Carc

National Cancer Institute
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Neu/HER2 Normals C3H-MMTV T-antigen

Mouse Mammary Tumor
Profiling Project.

a collaboration with
Gary Churchill, Karen
Rasmussen and others
at the JAX

FVB MMTV-neu lung met
FVB MMTV-neu 408
FVB MMTV-neu 412
FVB MMTV-neu 404
FVB MMTV-neu 409
FVB MMTV-neu 406

FVB MMTV-neu 407

FVB MMTV-neu 410-A
NormBst from WapTagf
NormBst from C57BL-1
NormBst from C57BL-2
Lactating Bst C57BL-1
Lactating Bst C57BL-2
C3H/Hed . C3H/HeN MTV+
C3H/HeNxVLnJ -F1 004-A
C3H/Hed f. C3H/HeN MTV+
C3H/Hed MTV+
C3H/NeNx/LnJ-F1
C3H/HeN tumor

C3H/HeN tumor

1]

C3H.YKxl/Lnd-F1 MMTV
C3H/HeN MTV+
WapTag 1 tumor 215

WapTag 1 tumor 224
WapTag 1 tumor 223 =




’JH Mouse Proliferation cluster
Eull ?ﬂ gl

NewHER2 Normals C3H-MMTV T-antigen

rﬁﬁﬂtﬂﬁm

H2A histone family, member Y AF171080

cell division cycle 71 homolog S. cerevisiae-like 1 NM_009863

DNA primase, p58 subunit NM_008922

serine/threonine kinase 6 U69106

cyclin A2 NM_009828

mini chromosome maintenance deficient 2 S. cerevisiae NM_008564
H2A histone family, member X NM_010436

activator of S phase kinase NM_013726

mutS homolog 6 E. coli NM_010830

mini chromosome maintenance deficient 5 S. cerevisiae NM_008566
ligase I, DNA, ATP-dependent NM_010715

mini chromosome maintenance deficient S. cerevisiae X62154
cyclin B1, related sequence 1 NM_007629

DNA polymerase epsilon NM_011132

antigen identified by monoclonal antibody Ki 67 X82786

DNA primase, p49 subunit NM_008921

DNA polymerase alpha 1,180 kDa NM_008892

mini chromosome maintenance deficient 4 homolog S. cerevisiae NM_008565




"Significance Analysis of Microarrays"
to identify genes that correlate
with patient survival
(254 genes/264 cDNA clones)

81 gene overlap with Intrinsic List

=3 Luminal Epithelial

=3 Basal Epithelial




"Significance Analysis of Microarrays"
SAM264 survival set

40 gene array-based proliferation
i

W B i | SR !I ...........................
Ey 0.8 +--- i i .-—!'BE —————
::?' 0.7 ¥ Censored
ﬂ 0.6 | —1 (low)
0.5 .
g aod —— 2 (medium)
B 0.3 =3 (high)
B 0.2
0.1
] i ; , ’ i i . i
0 12 24 IE 4% E0 72 &4 96 103
survival months P =0.048

1 = lowest proliferation rates
2 = middle proliferation rates
3 = highest proliferation rates

=3 Proliferation




"Significance Analysis of Microarrays"
SAM264 survival set Luminal/ER

el

il Tl

il

ADO021 protein

NAT1

NAT

LIV-1 protein, estrogen requlated
lymphoid nuclear protein related to AF4
Ec I-Coenzyme A dehydrogenase

JDP1

estrogen receptor 1

GATA-binding protein 3
GATA-binding protein 3

X-box binding protein 1
hepatocyte nuclear factor 3, alpha
trefoil factor 3 intestinal

estrogen receptor 1

endothelin 1

EST

6 gene array-based ER

o
w 0
;o: o7 w Censored
e EE ——1  (low)
3 uja: — 2 (medium)
E 0.3 ——3 (high)
Ba 0

o

0 12 24 36 4% B0 7T §4 86 108

survival months P = 2,0761E-05




Gene expression profiling predicts
clinical outomce of breast cancer
L. J. van 't Veer et al.

Nature 415, 530-536 (2002).

Sporadic breast tumours
patients <55 years
tumour size <5 cm

lymph node negative (LNO)
No chemotherapy given

5,000 genes differentially expressed across 78 tumors

|

supervised correlation analysis to identify genes that
correlated with Bad versus Good prognosis
(230 genes)

Distant metastases No distant metastases
<5 years (2.5) >5 years (8.7)
Bad prognosis Good Prognosis

Y

Prognosis reporter genes set and predictions optimized
to identify pateints that might not require chemotherapy
versus those that do require therapy



figure adapted from
L. J. van 't Veer et al.
Nature 415, 530-536 (2002).

Sporadic breast tumours
patients <55 years
tumour size <5 cm

lymph node negative (LNO)

/

S~
Prognosis Reporter Genes -70 total

/

Distant metastases
<5 years (2.5)
Bad prognosis

training set of
78 tumors

Contig 63649RC

LOC51203
Contig 462 18RC
Contig 38288RC
AA555029RC

Contig 28552RC

AlLos0052

virgin set of
19 tumors
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No distant metastases
>5 years (8.7)

Good Prognosis
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Correlation to
average good

prognosis
profile
4 0 1 Metastases
j =ro
|:| = yes

with optimized
predictor on 78:

15 misclassifications
3 poor as good

12 good as poor
81% accurate

with optimized
predictor on 19 new:
2 misclassifications




"SAM264" survival list and the
metastasis predictor list
overlap by approximately 21
genes and make similar
predictions

BTG family, member 2
methylmalonate-semialdehyde dehydrogenase

acyl-Coenzyme A dehydrogenase, short/branched chain

high expression predicts favorable outcome

Rreferentially expressed antigen in melanoma
-m)‘c downstream regulate
cF:’u:r_u oplasmin ferroxidase
irin
budding uninhibited by benzimidazoles 1 yeast homolog
cathepsin S
phosphofructokinase, platelet
cell division cycle 258
ribonucleotide reductase M2 polypeptide
gamma-glutamyl hydrolase conjugase, folylpolygammaglutamyl hydrolase
serine/threonine kinase 15
enhancer of zeste Drosophila hom oIo\g3 2
thyroid hormone receptor interactor 1
centromere protein F 350/400kD, mitosin
mmll_chlrEomosome maintenance deficient mis5, S. pombe 6
cyclin
AA0008 gene product
transferrin receptor p90, CD71

high expression predicts poor outcome




Distant metasiases Mo distant metastases
<5 years (2.5) >5 years (8.7)
Bad prognosis Good Prognosis

Gene Expression Profiling
Clinical Implications

1. showed significance in
a multivariate analysis
- adding value

2. suggests that some
patients may not nheed
therapy (20-40%)

3. these data sets, and others
to come, will form the basis
for new diagnostics based
on preoperative tumor
biopsies (cores or FNAs)

-who to treat (van't Veer et al.)
-how to treat, which will likely

be dependent upon tumor
subtype biology




Treatments

No chemotherapy

T TITTT

Luminal A (favorable) Tamoxifen, SERMs or

aromatase inhibitors

Tamoxifen, SERMs or

Luminal B (poor) —— aromatase inhibitors????

BCL2
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Future studies and directions

“Systems Biology™ or Cell Biology approach to the study of human cancers: coordinated

use of multiple techniques on the same samples to create predictive models.

Collaboration with Stephen Channock, Bob Strausberg (NCI) and Anne-Lise Boerresen-

Dale (Radium Hospital/Norway) to perform on each of our breast tumors

Microarray

« [HC, western blots and proteomic analyses for signaling pathway investigations

«  DNA sequence variation analysis on 100 genes in 100 tumors to identify somatic
mutations and gene varnants/polymorphisms.

*  Genome-wide genotyping using SNPs and/or microsatellites

Validate our existing findings on large clinical cohorts of homogenously treated patients
May require alternative sample collection methods (fresh frozen)

«  Correlative studies first, then predictive studies second

Mandate from funding agencies for full data release.

Develop therapies based upon cell type of origin and a molecular understanding of the
altered genes/proteins and pathways in each tumor subtype — combination therapies.
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