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INTRODUCTION

Breast cancer, although relatively treatable at an early stage, is a clinical problem once it has progressed to
metastatic disease in tissues such as lung and bone. It is therefore crucial to determine the molecular
mechanism by which primary tumor cells migrate and develop metastases at secondary organs. It is
becoming increasingly evident that tumor progression and metastasis is mediated not only by tumor cells
but by the surrounding stroma as well (1-4), including the vascular endothelium. Knowledge of the
molecular and cellular interactions that promote metastasis is required to determine prognostic markers and
therapeutic targets for metastatic breast cancer.

The importance of tumor-stromal interactions to tumorigenesis and metastatic progression has illustrated
the absolute requirement for use of in vivo models that allow for such an interaction. For this reason
conventional cell culture studies in vitro have become inadequate, with researchers developing models for
3D cultures (5, 6) that aim to mimic the cellular microenvironment in vivo. The ideal model, however, is
an in vivo model that encompasses the entire process of breast cancer metastasis, including primary tumor
formation and spontaneous metastasis to distant sites applicable to the human disease. Additionally, unlike
the commonly used human xenograft and intra-cardiac models, the ideal animal model should be syngeneic
to ensure tumor and host stroma compatibility and to allow the use of immunocompetent animals. Recent
studies have demonstrated that matched host stroma is important in breast development and carcinogenesis
(3, 7, 8) and the numerous roles of the immune system in tumorigenesis are well documented (9, 10). The
contribution of stroma also raises another important issue. Whole tumor gene expression analysis ignores
the contribution of tumor-associated stromal cells to growth and invasion of tumor cells. The use of cell
specific profiling is important to identify gene candidates in stromal cells that could have been masked
using whole tumor analysis.

Our laboratory has previously developed a spontaneous metastasis model that mimics the clinical disease
with primary tumor formation, invasion of cells through the stroma and into the circulation and
colonization at distant organs (11, 12). To our knowledge, this is the only syngeneic model of the entire
process and has great potential both for gene discovery and as a tool for analysing the functional
significance of gene candidates in breast cancer metastasis. Using this model (Figure 1) and
immunopurification of specific cell populations and microarray profiling, we have identified gene
expression alterations that occur in highly metastatic primary tumor epithelial cells and associated host
vascular endothelium (compared to non-metastatic tumors) and also changes that occur in tumor and host
cells associated with metastases in bone. We have identified a number of genes aberrantly expressed in
these cell populations, including those previously implicated in tumorigenesis and/or metastasis and also
novel candidates. We have initiated investigations into the expression and function of a number of genes
identified including the cathepsins and their inhibitor Stefin A, 2 novel ESTs and the interferon regulatory
factor IRF7. The clinical relevance of this study to the human disease has been verified by further analysis
of the cathepsin inhibitor Stefin A. This gene was found in the model upregulated in tumor cells derived
from highly metastatic primary tumors and was expressed at even higher levels in matched metastases in
lung and bone. Expression of Stefin A in metastatic tumor cells is only induced in vivo and is not seen in
cells in culture unless co-cultured with appropriate stromal cell populations (ie. mammary fat pad)
indicating a role for the microenvironment in its induction. Our studies in human tissues have supported
the murine studies, and preliminary data indicates that Stefin A is a marker of metastasis and poor outcome
in breast cancer.

The main objectives are to study the molecular events involved in metastasis, specifically we aim to 1)
verify gene candidates expressed in both tumor epithelial and tumor-derived endothelial cells that were
identified as associated with metastasis, 2) determine whether these candidates are also expressed in human
breast cancer, 3) study the function of these genes in vitro, 4) explore the role of candidates in distant
metastasis to lung and bone in vivo.



BODY

TASK 1: Isolate tumor and stromal cells from primary tumors of differing metastatic capacity and

subject the RNA isolated from these cells to microarray analysis (months 1-12)

a. Purify specific cell populations (epithelial, endothelial and fibroblast cells) using immunopurification
from fresh tumors and by laser capture microdissection (LCM) from frozen tumors (months 1-9).

b. Perform microarray analysis of specific cell types, comparing RNA from cells derived from a non-
metastatic tumor to that from a metastatic tumor (months 6-12).

We used a clinically relevant syngeneic model of breast cancer metastasis to determine gene expression
alterations that occur both between primary breast cancers with varying metastatic potential and between
matched primary and bone metastases. For this study, we immunopurified epithelial and endothelial cell
populations and profiled them separately to identify a number of tumor and stroma associated genes, some
of which have not been associated previously with breast cancer metastasis. During the course of this
fellowship a number of microarrays have been performed to identify gene expression alterations associated
with metastatic progression. These include comparing tumor cells isolated from highly metastatic primary
tumors to those from primary tumors that were non-metastatic. To identify changes in the surrounding
microenvironment, endothelial cells were purified from the same tumors to identify changes in the
vasculature that may be associated with successful tumor cell dissemination and metastasis. To identify
changes that may be required for growth in distant secondary tissues, we have also compared expression of
purified tumor cells from matched primary tumors and bone metastases. Again, changes in the
surrounding bone microenvironment were investigated by purifying endothelial cells from tumor-burdened
and non-tumor burdened spines.

Figure 1. Orthotopic model of breast cancer
metastasis to bone. Several tumor sublines
have been isolated from a spontaneously arising
mammary gland carcinoma. Each subline has a
distinct metastatic phenotype. 67NR is non-
metastatic, while 168FARN, 66¢l4 and 4T07 are
weakly metastatic. 4T1.2 and 4T1.13 are two
bone metastasizing tumor clones derived from
the lung metastasizing 4T1 subline.

Metagtatic lungnodule

67NR 168FARN 66cl4 4107 4T1.2 4T1.13
Non-metastatic Regional Lung Lung  Mefastatic to lymph
lymph nodes (butdoesnot node, lung, bone
proliferate) and other tissues

1) Primary tumor expression profiling

We have separated epithelial cells, endothelial cells and remaining stromal cells from the primary
tumors of the tumor lines shown in Figure 1. The separation was done individually for six tumors of
each line following 28 days growth in the mammary gland of Balb/c mice. Fresh resected tissue (hormal
fat pad, primary tumor tissue or the metastatic sites spine, femur and lung) was obtained and cell
separation completed using an immunobead protocol. Epithelial and endothelial cells were isolated as
described previously (13) but with the use of mouse pan B and T Dynabeads™ (Dynal Biotech,
Norway) for removal of mouse B and T cells and CELLection Epithelial Enrich (Dynal Biotech) for
positive selection of epithelial cells. Purity of the epithelial and endothelial cell populations was
confirmed by realtime RT-PCR of epithelial (CK18) and endothelial (vWF, P1H12) associated genes
(Figure 2). During the cell isolation procedure, epithelial cells, endothelial cells, B and T cells and red
blood cells are removed. The composition of the “remaining stromal cells” is likely to be primarily



fibroblasts, with a small number of other cells including macrophages and adipocytes likely to be
present.

Single cell suspension

Cut into small pieces and digest with —» | Filter solution sequentially through
collagenase A in aMEM at 37°C for ~1-2hr smaller pore filters (100 & 70 pm)

| Fresh tissue/tumor sample |—p

Negative cell selection

Spin down cells and resuspend cell pellet in red cell Remove B and T cells using bead-linked mouse pan B and
lysis buffer (NH,CI buffer). Pellet cells and wash in — | mouse pan T (Dynal cat # 114.01, 114.03). Incubate at 4°C,
PBS (x2) and resuspend in PBS/BSA (0.5% BSA). 20 min, rotating prior to Dynabead™ magnetic separation.

Positive cell selection

Select for epithelial cells using anti-mouse EpCAM (Epithelial cell adhesion molecule). Conjugate
the rat anti-mouse EpCAM (BD Pharmingen # 552370) to secondary coated Dynabeads
(Dynabeads M-450 sheep anti-rat IgG) in PBS at 4°C rotating, 30 min. Incubate with cell
suspension to find target cells (30 min, 4°C, rotating) and remove using magnetic separation.

v

Take supernatant and select for endothelial cells with anti-CD31(PECAM-1) antibody (BD Pharmingen # 550274),
conjugated to bead-linked sheep anti-rat IgG (as above) to allow subsequent purification. Rinse cells 5 x PBS/BSA
and resuspend in lysis buffer for RNA extraction. Store at —80°C until required.

RT-QPCR purity assessment
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Figure 2: Isolation of endothelial cells from tissues by immunopurification technigues
Bead-bound endothelial cells can be visualized microscopically (A). The purity is confirmed by
RT-QPCR of genes specifically expressed in endothelial (B) and epithelial cells (C). The expression of CK18 is

ahsent in the endathelial naniilatinns eonfirmina the ahsence nf contaminating enithelial cells

RNA extracted from immunopurified cells (2 samples of 3 pooled replicates) was subjected to two
rounds of amplification to yield amplified RNA (aRNA) followed by two step indirect labeling to yield
Cy-labelled DNA. Reference samples (new born mouse total RNA) were labelled with Cy3 and test
samples (aRNA from epithelial or endothelial cells) were labelled with Cy5. Samples were run on an
agarose gel and imaged using the Molecular Imager FX System (BioRad) to ensure quality of labelled
cDNA before hybridization to the custom NIA mouse 15K cDNA clone set (containing 15,272 elements,
comprising 13,739 unique UniGene identifiers (14)). Arrays were scanned using an Agilent confocal
laser scanner (Agilent Technologies, CA) and fluorescence intensities were quantified using GenePix
Pro Version 4.1 (Axon Instruments, CA). Genespring version 6 software (Silicon Genetics, CA) was
used for analysis, where two biological replicates for each group were normalized using the LOWESS
regression model (15). Nonparametric ANOVA and the Benjamini and Hochberg false discovery rate
correction was used to identify genes differentially expressed (p<0.02) between tumor or endothelial
cells derived from highly, weakly and non-metastatic tumors. It should be noted that amplification of
RNA did not produce any bias as confirmed by the lack of significant difference between expression
profiles of the same sample that was or was not amplified (data not shown).

Gene expression profiles have been obtained from the tumor epithelial and endothelial cells within the
primary tumors. For each cell type, a set of genes have been identified whose expression is different
between the highly aggressive bone metastasizing lines (4T1.2 and 4T1.13) and the poorly metastatic lines



(66¢l4 and 67NR); and in endothelial comparisons also different from that in the normal mammary gland.
We have also isolated RNA from the remaining stromal cell component of each of the six primary tumors
of each tumor line in the metastasis model in preparation for gene expression profiling of this cell
population in future studies.

Primary epithelial changes

Some of the significantly altered genes in highly metastatic 4T1.2 and 4T1.13 tumors (compared to
weakly metastatic 67NR and 66cl4 tumors) are listed in Table 1 and Table 1S and 2S (Supplementary
Data, Appendix. These include the metastasis suppressor BRMS1 (16, 17) and others involved in
development, cell cycle progression, cytoskeletal organization, apoptosis and transformation. Genes
involved in the TGFpB pathway were also identified. Of interest was the decreasing expression of BMP4
with increasing metastatic capacity and the reverse response for DACHL. BMP4 is a member of the
TGFp family (18) whereas DACH1 stimulates proliferation and inhibits TGF induced apoptosis (19).
Given reports that BMP4 can negatively regulate DACHL1 expression (20), the down-regulation of BMP-
4 may result in the increased expression of DACHL, or conversely, the inhibition of the TGFp pathway
by DACH1 may result in decreased transcription of BMP4. A number of ESTs (summarised in Table 2)
were also identified as aberrantly expressed and a selection validated in Task 2.

Of particular interest was the increased expression of the cathepsin inhibitor Stefin Al in metastatic
primary tumors (Table 1). Stefin Al was enhanced 7.6 fold in highly metastatic 4T1.2 and 4T1.13
primary tumor epithelium compared to tumor cells derived from non- or weakly-metastatic primary
tumors.

Primary endothelial alerations

The genes identified aberrantly expressed in highly metastatic tumor-associated endothelium are listed
in Table 3 and include, not surprisingly, genes involved in angiogenesis, proliferation, adhesion and
motility. Also of interest are some genes whose expression is suppressed in the endothelial cells of the
highly metastatic tumors, including two well known tumor suppressor genes, PTEN and LKB1. There
are also genes involved in, or regulated by the Hedgehog signalling pathway: Laspl, CREBBP/EP300
inhibitory protein 1 and FoxP1. Of interest as well are a number of differentially regulated ESTs, shown
in Table 5. Interestingly, one EST down-regulated in highly metastatic tumor endothelium has recently
been identified as a homolog of large tumor suppressor 2 (LATS2), again revealing endothelial-cell
specific decrease in expression of tumor suppressor genes.

2) Profiling expression changes associated with growth in bone

Matched pairs of isolated tumor cells from four 4T1.2 primary tumors and spine metastases were used for
Affymetrix microarray analysis. Tumor cells were purified as described above, but with rat anti-mouse
Ep-CAM pre-conjugated to sheep anti-rat Dynabeads instead of CELLection Epithelial Enrich, and anti-
CD31 for endothelial cell isolation. Immunohistochemistry verified that antibodies against EpCAM and
CD31 recognize tumor cells and endothelial cells respectively (Figure 3). Cell purity was confirmed by
RT-PCR for epithelial (Ep-CAM, CK18, CK19) and endothelial (CD31, vWF, P1H12, VEGF-R2, Tie2)
specific genes (Figure 4). RNA integrity was confirmed by capillary electrophoresis using the Agilent
Bioanalyser.

The Affymetrix Two-Cycle Amplification Kit was used to amplify RNA and biotin-labeled RNA (aRNA)
was hybridized to Mouse Genome 430 v2.0 microarrays. Array data was analyzed using Genespring GX
7.3 (Agilent Technologies). Gene expression of tumor cells from spine metastases were normalized to
their matched primary tumor and an ANOVA (parametric test, not assuming equal variances) was used to
identify differentially expressed genes (p=<0.03). The top 20 genes (most significantly altered) are shown
in Table 4. The majority of these genes were novel genes (ESTs), indicating the potential of this study to
identify new genes that have previously not been associated with metastasis. Subsequent to ANOVA, a
gene ontology analysis was performed on significantly altered genes to identify groups/pathways that were
significantly altered (Table 5). Interestingly, the most significantly altered gene ontology categories were



Description Common|Function
stefin Al stfal |cystatin, cathepsin inhibitor
breast cancer metastasis-suppressor 1 Brmsl
ets variant gene 6 (TEL oncogene) ETV6 |cellular aggregation, transformation
complement component 3 C3 up in cancer patients, including highly metastatic human melanoma cells
histidine decarboxylase Hdc |synthesis of histamine, tumor cell proliferation
SMT3 (supressor of mif two, 3) homolog 1 Smt3hl [protection against TNF etc cell death, cell cycle progression
histidine decarboxylase Hdc |synthesis of histamine, tumor cell proliferation
dachshund 1 (Drosophila) DACH1 |cell proliferation, inhibits apoptosis (TGFB), developmental gene
bone morphogenetic protein 4 BMP4 [member of TGF-beta superfamily, induce cell senescence
topoisomerase (DNA) | Topl [realxation of supercolied DNA through breakage, cell cycle checkpoint
mitogen activated protein kinase 1 MAPKZ1 |activation of ERK1/ERK2, roles in differentiation
MAP kinase-interacting serine/threonine kinase 2 | Mknk2 |limit/inhibit translation
developmental pluripotency associated 5 dppa5 [development
maternal effect gene Mater |early development
eomesodermin homolog (Xenopus laevis) Eomes |early developmental gene
envoplakin Ewvpl |cytolinker protein
Rho GTPase activating protein 8 Arhgap8 |cytoskeletal organization, cell cycle regulation, ras-mediated transformation
Rho guanine nucleotide exchange factor (GEF) 3 | Arhgef3 |cytoskeletal rearrangement
ARP3 actin-related protein 3 homolog (yeast) ARP3 |actin nucleation, organization of the cytoskeleton, controls polarised cell growth
heat shock protein 8 HSP8/73 |chaperone
autophagy 7-like (S. cerevisiae) Apg7l |enzyme essential for autophagy
DnaJ (Hsp40) homolog, subfamily B, member9 | Dnajb9 |stress induced, induced upon anti-metastatic activity (lung adenocarcinoma cells)
zinc finger protein X-linked ZfX inhibits angiogenesis, involved in embryonic growth (sex differentiation)

Table 1 Genes altered in highly metastatic epithelial cells.

Microarray profiling revealed genes that had increased (purple) or decreased (pink) expression in immunopurifed epithelial cells from primary tumors that

metastasize to lung and bone.




Microarray ID p-value Gene name (accession #) Mus Musculus Protein Name Human Homolog (accession #)
(accession #)
BG077363 0.0020 Breast cancer metastasis-suppressor Breast cancer metastasis-suppressor Breast cancer metastasis-suppressor 1-
( ) 1-like( ) like( )99% identity
BG071250 0.001675 Leucine-rich repeats and calponin Leucine-rich repeats and calponin Leucine-rich repeats and calponin
homology (CH) domain homology (CH) domain homology (CH) domain
containing 2, transcript containing 2 isoform 1 containing 2(NP_065922)92%
variant 1 (Lrch2), (Lrch2)(XP_204439) identity
MRNA(XM_204339)
BG082965 0.006905 cyclin-dependent kinase 8 (variant 1 cyclin-dependent kinase 8 isoform CDKS8 (AAI104493)98% identity
and 2-) NM_153599, a(NP_705827)
(NM_181570)
BG083353 0.001307 RIKEN cDNA 4632434111 gene, Hypothetical protein LOC74041 Hypothetical protein
transcript variant 1 isoform(XP_485962) LOC220042(AAH39268)52%
(NM_028729) identity
BG066198 0.004408 RIKEN cDNA 2410016F19 gene Hypothetical protein Hypothetical protein
(NM_026113) LOC67371(NP_080389) LOC112495(NP_612417)75%
identity
BG071839 0.00124 EST / No homology to human
BG068055 0.009414 EST / No homology to human
BG066777 0.005089 Mus musculus suppressor of hairy Suhw4 protein(AAH27163) KIAA1584 protein(BAB13410)51%
wing homolog 4 identity
(Drosophila),
mRNA(BC027163)
BG066360 0.004154 Rho GTPase activating protein Arhgap8 protein(AAH24991) proline rich protein 5 isoform
8(BC024991) 1(NP_851850)88% identity)

Table 2. ESTs with differential expression between highly and weakly metastatic tumours.

Microarray profiling revealed genes that had increased (pink) or decreased (blue) expression in immunopurified epithelial cells from highly metastatic
primary tumours that metastasize to lung and bone. Some of the ESTs have now been named and are therefore updated accordingly. The documented
metastasis suppressor BRMSL is also indicated with decreased expression.



Description

Common

Function

Egl
AX
Ctsd
Mif
odc
Tob2
H1f0
Stk11
ADAMS
Rab20
ltgbl
Cdon
Rap2b
Vil2
Laspl
S100a9
PTEN
Foxpl
Socs3
Bach2
Smarca5

Snail
PRL3

angiogenesis

angiogenesis, cell adhesion and proliferation

angiogenesis, ECM degradation

angiogenesis, endo growth and migration

tumor invasion/angiogenesis/endo proliferation (supression of endostatin)
antiproliferative/inhibits cell cycle progression

DNA replication/progression through cell cycle

tumor suppressor/cell cycle blockage/P53 apoptotic regulation

cell adhesion/growth/osteoclast maturation

cell adhesion/migration

cell adhesion/spreading

cell adhesion

chemotaxis/cell adhesion, morphology, motility/migration

cytokeleton architecture

cytoskeleton architecture/cell motility/downstream target of hedgehog
transendothelial migration/adhesion to ECM

tumor suppressor/proliferation/migration

growth suppression/transcriptional repressor

inhibition of antiproliferative proteins/inhib T cell recognition/osteoclast diff.
oxidative stress/reduced proliferation/spontaneous cell death
decreased expression = cell specific differentiation

Role in EMT, repression of E-cadherin, over-expressed in cancer
Tyrosine phosphatase, expressed in metastatic colorectal cancer

Table 3- Expression profiling of isolated endothelial cells.
Microarray profiling revealed genes that had increased (purple) or decreased (pink) expression in endothelial cells derived from primary tumors that are metastatic
(compared to non-metastatic tumors).
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those involved in immune response (including defense response and response to biotic stimulus).
Additionally, when promoter analysis was carried out on genes that were categorized significant under
both ANOVA and gene ontology analysis, it was found that promoter regions specific to binding of
interferon regulatory factors was statistically significant. One such interferon regulatory factor (IRF) is
IRF-7 and interestingly, this gene is listed as one of the top 20 significantly altered genes (Table 4) and

therefore will be followed up for verification and functional analysis.
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Figure 3: Immunohistochemical staining of Ep-CAM and CD31 on 4T1.2 primary tumor sections.
Sections of paraffin embedded 4T1.2 primary tumors were stained with rat anti-mouse Ep-CAM or rat
anti-mouse CD31. Signal was then detected with biotinylated goat anti-mouse, conjugation of HRP and

then DAB staining (Scale bar = 100uM).
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Figure 4: Confirmation of epithelial and endothelial cell purity by realtime RT-PCR

RNA derived from immunopurified cells was reverse transcribed and RT-PCR was then performed using primers
specific for epithelial genes (Ep-CAM, Ck18, Ck19) and endothelial genes (Cd31, vWF, P1H12, VEGF-R2, Tie-2).
Expression is calculated by CT comparison of the marker gene and GAPDH and then calculating the fold difference

between the epithelial and endothelial samples.
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Affy ID p-value [fold change |Gene Name

1438155 x_at 2.83E-06 2.239|BB357373 RIKEN full-length enriched
1418044 at 3.90E-06 1.232|RIKEN cDNA A630042L21 gene
1453312 at 4.08E-06 2.697|BB264725 RIKEN full-length enriched
1450459 _at 6.68E-06 0.154|RIKEN cDNA 2010106G01 gene
1416301 a at 6.75E-06 114.6|early B-cell factor 1

1425588_at 7.31E-06 0.599]602903194F1 NCI_CGAP_Mam3
1422301 at 9.50E-06 0.552(ferritin light chain 1

1440795 x_at 2.14E-05 8.731|BB259371 RIKEN full-length enriched
1456585 x_at 2.26E-05 3.818|BB546892 RIKEN full-length enriched
1428126 a at 2.27E-05 2.373|RIKEN cDNA 4921506J03 gene
1448810 _at 2.67E-05 2.37|glucosamine

1436890 at 2.95E-05 0.248|RIKEN cDNA 5730445F03 gene
1449308 _at 3.26E-05 0.0718|complement component 6

1417244 a_at 3.64E-05 0.222|interferon regulatory factor 7
1453977 at 3.70E-05 0.57|SEC8-like 1 (S. cerevisiae)

1428725 at 4.91E-05 0.487|Mus musculus adult male medulla oblongata cDNA
1450821 at 5.02E-05 0.592|p300/CBP-associated factor
1436202_at 5.35E-05 4.955|RIKEN cDNA 2210401K01 gene
1452068_at 5.45E-05 0.624(602890571F1 NCI_CGAP_Lu29

Table 4: Top 20 genes altered in matched spine metastases by significance
P-value generated by ANOVA. Fold change represents primary tumor expression/expression in tumor
cells purified from matched spine metastases

Category Genesin %Genesin Genesin List % Genesin List |[P-Value
Category Category in Category |in Category

GO0:6952: defense response 704 3.084 71 6.58 1.50E-09
GO0:9607: response to biotic stimulus 716 3.136 71 6.58 3.08E-09
GO0:6955: immune response 548 2.401 55 5.097 1.28E-07
G0:42330: taxis 127 0.556 21 1.946 5.23E-07
G0:6935: chemotaxis 127 0.556 21 1.946 5.23E-07
G0:6898: receptor mediated endocytosis 18 0.0789 7 0.649 1.04E-05
G0:50896: response to stimulus 1556 6.816 108 10.01 3.49E-05
GO0:50874: organismal physiological process 1320 5.782 94 8.712 4.48E-05
GO0:9605: response to external stimulus 512 2.243 45 4.171| 5.13E-05
G0:42221: response to chemical stimulus 251 11 27 2.502 6.20E-05
G0:9613: response to pest, pathogen or parasite 315 1.38 30 2.78 0.000227
G0:43207: response to external biotic stimulus 323 1.415 30 2.78 0.000349
G0:9628: response to abiotic stimulus 363 1.59 32 2.966 0.000563
GO0:6956: complement activation 43 0.188 8 0.741 0.000804
GO0:6959: humoral immune response 100 0.438 13 1.205 0.000856
G0:8361: regulation of cell size 106 0.464 13 1.205 0.00148
GO:7585: respiratory gaseous exchange 28 0.123 6 0.556, 0.00169
GO0:1701: embryonic development (sensu Mammalia) 12 0.0526 4 0.371 0.00181
GO0:6954: inflammatory response 149 0.653 16 1.483 0.00187
GO0:1558: regulation of cell growth 84 0.368 11 1.019 0.00197

Table 5: Gene ontology analysis of genes significantly altered in spine metastases

Ontology analysis was carried out on genes found to be significantly altered in tumor cells purified from spine
metastases when compared to tumor cells derived from matched primary tumors (ANOVA p<0.005).
Analysis was conducted using Genespring GX 7.3 (Agilent Technologies)

TASK 2: Verify expression of differentially expressed genes found in the mouse model in the relevant
cells of human breast tumors, using immunohistochemistry or in situ hybridization (months 9-18).

a.

Use realtime RT-PCR and immunohistochemistry in cell culture and in tissue sections of the mouse
model to confirm the microarray data (months 9-15).
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b. Confirm that these genes are also relevant to breast cancer metastasis to bone in humans by using
human tissue arrays to measure expression of the identified genes in the relevant human cell type
(endothelial, fibroblast or epithelial) (months 12-18).

Realtime RT-PCR verification

Primary tumor alterations

The differences in expression for several gene candidates has now been confirmed by real time
quantitative RT-PCR. From the summary list of epithelial genes altered in highly metastatic primary
breast cancer (Table 1), we have compared the expression of BMP4, Dachl (Figure 5) and Stefin Al and
also 2 ESTs (NM028729 and AK122516- which has know been named LRCH2 (leucine-rich repeats and
calponin homology domain containing 2, isoform 1) (Figure 6). Of interest was the decreasing expression
of BMP4 with increasing metastatic capacity and the reverse response for Dachl. BMP4 is a member of
the TGFB family, has a role in development, induces senescence and is a negative regulator of Da