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Iintroduction:

The epithelial breast cells responsible for milk production are the major culprits in breast cancer.
The excessive and invasive growth of these cells leads to the development of cancer. There are
no screening methods available to distinguish benign from premalignant lesions. Premalignant
breast lesions predispose women to a higher risk of breast cancer. Our group recently
developed a novel approach to understanding the early events in breast disease that precede
breast cancer. Our research resulted in the development of a unique new mouse model that has
potential benefit to women at risk for breast cancer. Our model is the first available to
systematically study premalignancy in breast cancer. Since the genetics of mouse and human
breast tumors are very similar, there are three needs that this model has the potential to meet; it
can be used to evaluate breast cancer prevention strategies in preclinical trials; it offers a
method to test promising therapeutic strategies; it provides reliable and reproducible material
that will be used to identify signature genetic changes in expression required for cells to become
metastatic tumors and to identify biomarkers, analogous to PSA for prostate cancer that would
serve as screening and predictive tools for breast cancer.

Body:

The following personnel were partially funded on this project ; Jeanne E. Maglione; Xianshu Cui;
Sarah Davie; Melinda Richards; Steve Shenouda; Petra Paulus :

Statement of Work:

Identifying the genetic profiles of normal mammary epithelial cells, premalignant cell and tumors
by microarray analysis before and after transformation to malignancy.

Task 1: Prepare tissue samples by transplantation.

Serial transplantation of the pre-malignant MIN-O tissue bilaterally into the gland-cleared no. 4
mammary fat pads of recipient FVB virgin females (The Jackson Laboratory, Bar Harbor, Maine)
was carried out at 5-week intervals. MIN-Os and tumors were collected over four consecutive
transplant generations (generations 9 to 12). In addition, intact no. 2 and 3 mammary fat pads
from the MIN-O transplant animals were collected and used as non-transgenic virgin mammary
fat pads. Prelactating mammary fat pads were collected from the no. 4 mammary fat pads of 16-
day pregnant FVB animals. Tumors and MIN-O tissues were identified under a
stereomicroscope, and grossly distinct regions were carefully biopsied for serial transplantation
or sampling for further analysis.

Since the MIN-O growth is confined to within the host mammary fat pad, the MIN-O grows as a
flat sheet into the approximate shape of the fat pad. In contrast, tumors emerge from the central
regions of the MIN-Os and grow as raised foci of dense tissue with defined borders. Because of
this difference in the growth patterns, tumors can be distinguished grossly from surrounding
MIN-O tissue. Dissected samples were frozen immediately in liquid nitrogen and stored at -80°C
for future molecular analysis. The remaining fat pad from each tumor/MIN-O site was fixed in
4% formalin and embedded in paraffin, and 4-um sections were stained with Mayer's
hematoxylin and eosin (H&E). The biopsied site on the H&E stained sections of the
corresponding mammary fat pad were evaluated histologically to confirm the origin of the frozen
sample before any samples were used for the molecular studies.




Figure 1. Whole slide image of MIN outgrowth 8w-D and tumor showing the tissue surrounding
the MIN outgrowth (MIN-O) and tumor (Tu) biopsies corresponding to 8w-D_5309L samples.
This particular outgrowth was composed almost entirely of eosinophilic microacini. C, higher
magnification image of the eosinophilic microacini in approximate area (arrow, C) in B. D, higher
magnification of the tumor tissue in the approximate area (arrow, D) in B.

Task 2: Identify the genetic profiles of selected Zone 4 premalignant HPO lines and normal
mammary cells and their metastatic foci.

Purified total RNA was used for cDNA synthesis, followed by in vitro transcription to incorporate
biotin labels and subsequent hybridization to Murine Genome GeneChip U74Av2 (MG_U74Av2,
Affymetrix, Santa Clara, CA) according to the manufacturer's protocol. The U74Av2 array
represents ~6,000 well-characterized sequences from the mouse Unigene database and an
additional ~6,000 less well-characterized sequences from the expressed sequence tag (EST)
clusters in the Unigene database.

Data analysis: Processing of individual GeneChip image files was carried out using Affymetrix
Microarray Analysis Suite 5.0 (MAS 5.0, Affymetrix). 5,119 probes that were present in all the
MIN-O samples were used to calculate the correlation coefficients between different groups of
mammary tissue. The image files of the MIN-O, virgin, prelactating, and tumor samples were
processed in DNA-Chip Analyzer, version 1.2 (dChip 1.2. The MIN-O and normal (virgin and
prelactating) groups were compared to identify probes with at least 2-fold expression difference,




at the lower boundary of the 90% confidence interval, with a pvalue of 0.05 or less.

The same criteria, as well as a less stringent fold change requirement (1.2-fold), were used to
compare the MIN-O and tumor image files. On the MAS 5.0 processed image files, pair-wise
comparison of each MINO/tumor pair was performed to identify genes with at least 2-fold
expression differences in three out of four pairs or 1.2-fold differences in all four pairs.
Moreover, using the Data Mining Tool (Affymetrix), the MIN-O expression data was compared to
that of the tumor groups to identify probes with at least 1.2-fold expression differences with
p<0.05. Probes whose detection signal was considered absent in all samples by the MAS 5.0
analysis were removed from the data set, and the remaining probe set data was log transformed
and subjected to the Significance Analysis of Microarrays (SAM) to select probes with
differential expression of 1.2-fold. The final list of genes was generated from the significant
differences from dChip 1.2 (1.2-fold, p<0.05), using confirmation with at least one additional
methodology (MAS, DMT and SAM) (Supplimental data table 2). Hierarchical clustering analysis
was carried out in dChip 1.2 using probes that showed significant variation across the samples,
as defined by having a coefficient of variation (standard deviation/mean) greater than 0.3 and
being present in at least 50% of samples; a second cluster was developed using the 33 probes
that were consistently differentially expressed between the MIN-Os and tumors.

Metastatic foci were not examined in this study as the number of lung metastases formed was
not sufficient to carry out the microarray analysis.

Table 1. Metastasis data

Line Lungs Examined Lungs with Metastases Incidence

Bw-A 16 8 0.50
tw-B 10 0 0
8w-D 15 7 0.47
dw-4 6 0 0
4w-b 5 0 0
$w-11 16 10 0.63

NOTE: hxidence of metastasis in lungs of mice with MIN outgrowth line tumens.
Emcrging tumars were allowed to grow for 60 dayz or until they reached the
maximun allowable size limit, Whole mounts of lungs were examined, Several
metastases from each Yine were confirmed histologically, Motastases were frequently
observed in seversl of the lines, Howover, no metastases were observed in mice
carrying lines 8w-B, 4w-4, or 4w-5,

Task 3: Identifying new genes previously unsuspected for their participation in the pathway from
premalignancy to malignancy.

To identify genes associated with the malignant transition from MIN-O to tumor, we compared
the gene expression of the MIN-O and their paired tumors. Because our initial analysis found a




high correlation of the MIN-O and tumor expression profiles from the same mammary fat pad,
pair-wise comparisons of the MIN-O and tumor pairs were done to identify differences specific
to this transition in each pair. We found 43 genes that were differentially expressed with at least
a 2-fold change in three of four MIN-O and tumor pairs. When the same criteria used for the
analysis on the premalignant transition were applied to MIN-O/tumor transition, a total of five
genes— all of which were down-regulated in tumors—were found (Scd1, Cdo1, Acrp30, Adn,
and Car3). This suggests that only a few subtle expression differences are associated with the
malignant transition as compared with the premalignant transition. The majority of changes
occur between normal and premalignant tissues. (see Table 1, Namba et al., 2004).

Validating the genetic profile results from Tasks 1 =3, determining if they are found in other HPO
tumors and metastases

Task 4: Validate the identified changes in gene expression to determine whether the changes
detected by microarray are confirmed by independent classical methods of
Immunocytochemistry.

Immunohistochemistry (IHC): IHC was performed on 4pm paraffin sections. The following
primary antibodies were used with the VECTASTAIN ABC Elite Kit (Vector Laboratories,
Burlingame, CA): rabbit anti-estrogen receptor (ER, 1:600, LabVision, Fremont, CA), rabbit anti-
PyV-mT (1:400, gift from Dr. G. Walter, UCSD), rabbit anti-Decorin (1:300, R&D systems Inc.,
Minneapolis, MN), rabbit anti- IGFBP2 (1:400, Santa Cruz Biotechnology, Santa Cruz, CA),
rabbit anti-progesterone receptor (PR, 1:500, DAKO, Carpinteria, CA), anti-Ki67 (1:2400,
Novocastra Laboratories, Newcastle upon Tyne, UK). Anti-smooth muscle actin (SMA, 1:1000,
DAKO) was used in conjunction with the Animal Research Kit (DAKO) according to the
manufacturer’s instructions.

For two genes, immunohistochemistry was used to verify and localize the protein products of
differentially expressed genes. According to the expression analysis, insulin-like growth factor
binding protein-2 (Igfbp2) exhibited increased expression in tumors, while it was scarcely
expressed in the normal fat pads. In the MINOs, patchy cytoplasmic expression was detected.
In the center, away from the proliferative peripheral region, some myoepithelium-like staining
was observed. However, this pattern did not overlap with smooth muscle actin (SMA)
expression, and thus it is unlikely that these Igfbp2 positive cells are myoepithelial. in the
tumors, Igfbp2 was expressed at higher levels in a global cytoplasmic pattern with random
patches of very strong positivity within the tumor. Decorin (Dcn) was one of the genes down-
regulated at the malignant transition. Dcn is a small proteoglycan of extracellular matrix (ECM)
that is known to be dysregulated in human breast carcinoma. The transcript level of Dcn was
down-regulated by more than two fold at the MIN-O/tumor transition, while the samples of
normal tissue had even higher expression levels than the MIN-Os. Dcn was expressed
throughout the stroma of prelactating fat pads. Interestingly, in the prelactating fat pads, the
strongest staining of Dcn was found to highlight septa within the stroma.

See Fig. 5 Namba et al. 2004 for results.
Task 5: Final analysis and reports.
Processing of individual GeneChip image files was carried out using Affymetrix MAS 5.0.

Probes (n = 5,119) that were present in all the MIN-O samples were used to calculate the
correlation coefficients between different groups of mammary tissue. The image files of the MIN-




O, virgin, prelactating, and tumor samples were processed in DNA-Chip Analyzer version 1.2.
The MIN-O and normal (virgin and prelactating) groups were compared to identify probes with at
least 2-fold expression difference, at the lower boundary of the 90% confidence interval, with P
V 0.05. The same criteria, as well as a less stringent fold change requirement (1.2-fold), were
used to compare the MIN-O and tumor image files. On the MAS 5.0 processed image files, pair-
wise comparison of each MIN-O and tumor pair was done to identify genes with at least 2-fold
expression differences in three of four pairs or 1.2-fold differences in all four pairs. Moreover,
using the Data Mining Tool (Affymetrix), the MIN-O expression data were compared with that of
the tumor groups to identify probes with at least 1.2-fold expression differences with P < 0.05.
Probes, with detection signal considered absent in all samples by the MAS 5.0 analysis, were
removed from the data set, and the remaining probe set data were log transformed and
subjected to the Significance Analysis of Microarrays to select probes with differential
expression of 1.2-fold. The final list of genes was generated from the significant differences from
DNA-Chip Analyzer version 1.2 (1.2-fold, P < 0.05) using confirmation with at least one
additional methodology (MAS 5.0, Data Mining Tool, and Significance Analysis of Microarrays).4
Hierarchical clustering analysis was carried out in DNAChip Analyzer version 1.2 using probes
that showed significant variation across the samples, as defined by having a coefficient of
variation (SD/mean) of >0.3 and being present in at least 50% of samples; a second cluster was
developed using the 33 probes that were consistently differentially expressed between the MIN-
Os and tumors.

In summary, our data support the hypothesis that the molecular changes occur very early in the
progression to cancer and prior to the histopathological identification of invasive cancer. The
data presented here demonstrate that the transition from premalignancy to invasive carcinoma
is associated with relatively few additional changes in gene expression. The genes related to
the malignant transition in our GEM derived model have also been identified as potential
regulators of human breast cancer. These genes provide evidence for the dysregulation of the
mitogenic signaling and the stromalepithelial interaction as key regulators in the transition to
invasive carcinoma. We propose that this model closely mimics the development of invasive
carcinoma in human breast. Together with other PyV-mT MIN-O lines, the 8W-B line provides
an experimental system for understanding the biology of heterogeneous human DCIS lesions.
These lines can be utilized to develop chemoprevention and therapeutic protocols for breast
cancer in the future.

One manuscript resulting from this project is appended.
Key Research Accomplishments:

1. MIN-O and tumor pairs have very similar gene expression profiles.

2. 132 gene showed large expression differences between MIN-Os and virgin and prelactating
mammary glands. ‘

3. 5 genes were found to be consistently differentially expressed between MIN-Os and tumors

4. The MIN-O model has been proven to provide information important in defining molecular
changes from normal to premalignant to malignant cancer.

Reportable Outcomes:

Manuscripts:

Namba R, Maglione JE, Young LJT, Borowsky AD, Cardiff RD, MacLeod CL, and Gregg JP;
Molecular characterization of a mouse model for ductal carcinoma in situ (DCIS). Mol Cancer




Res 2004;2(8):453-63)

Abstracts:

Maglione JE , McGoldrick ET, Young LJT, Namba R, Gregg JP, Moghanaki D, Ellies LG,
Borowsky AD, Cardiff RD, and MacLeod CL. PyV-mT-induced MIN outgrowths: Single origin,
divergent evolution, multiple outcomes. International Association for Breast Cancer Research,
Sacramento, CA, 2003.

Conclusion:

Our data support the hypothesis that the molecular changes occur very early in the progression
to cancer and prior to the histopathological identification of invasive cancer. The data presented
here demonstrate that the transition from premalignancy to invasive carcinoma is associated
with relatively few additional changes in gene expression. The genes related to the malignant
transition in our GEM derived model have also been identified as potential regulators of human
breast cancer. These genes provide evidence for the dysregulation of the mitogenic signaling
and the stromalepithelial interaction as key regulators in the transition to invasive carcinoma.

“So what”

We propose that this model closely mimics the development of invasive carcinoma in human
breast. Together with other PyV-mT MIN-O lines, the 8W-B line provides an experimental
system for understanding the biology of heterogeneous human DCIS lesions. These lines can
be utilized to develop chemoprevention and therapeutic protocols for breast cancer in the future.
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Molecular Characterization of the Transition to Malignancy
in a Genetically Engineered Mouse-Based Model

of Ductal Carcinoma In situ

Ruria Namba,' Jeannie E. Maglione,? Lawrence J.T. Young,? Alexander D. Borowsky,"?
Robert D. Cardiff,"? Carol L. MacLeod,® and Jeffrey P. Gregg'

Department of Pathology and Laboratory Medicine, School of Medicine and 2Center for Comparative Medicine,
University of California-Davis, Sacramento, California and 3Department of Medicine, School of Medicine,
University of California-San Diego Cancer Center, La Jolla, California

Abstract

A transpiantable model of human ductal carcinoma

in situ that progresses to invasive carcinoma was
developed from a genetically engineered mouse (GEM).
Additional lines were established using early mammary
premalignant lesions from transgenic MMTV-PyV-mT
mice. These lines were verified to be premalignant

and transplanted repeatedly to establish stable and
predictable properties. Here, we report the first in-depth
molecular analysis of neoplastic progression occurring
in one premalignant transplantable GEM-derived line.
Oligonucleotide microarrays showed that many genes
are differentially expressed between the quiescent and
prelactating mammary gland and the premalignant
GEM outgrowth. In contrast, a small but consistent
group of genes was associated with the transformation
from premalignancy to tumor. This suggests that the
majority of gene expression changes occur during the
premalignant transition from normal to premalignancy,
whereas many fewer changes occur during the
malignant transition from premalignancy to invasive
carcinoma. The premalignant transition is associated
with several cell cycle—related genes and the
up-regulation of oncogenes Is associated with various
cancers (Ccnd11, Cdk4, Myb, and Ect2). The changes
identified in the malignant transition included genes
previously associated with human breast cancer
progression. Misregulation of the insulin-like growth
factor and transforming growth factor-3 signaling
pathways and the stromal-epithelial interaction were
implicated. Our results suggest that this transplantable
GEM-based model recapitulates human ductal
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carcinoma in situ at both histologic and molecular
levels. With consistent tumor latency and molecular
profiles, this model provides an experimental
platform that can be used to assess functional
genomics and molecular pharmacology and to
test promising chemoprevention strategies.

(Mol Cancer Res 2004;2(8):453—63)

Introduction :

Studies suggest that development of human breast cancer
is a multistep process, starting from a benign stage and
progressing through histologically distinct intermediate prolif-
erative stages of hyperplastic epithelium that ultimately results
in invasive cancer (1, 2). Ductal carcinoma in situ (DCIS) is a
preinvasive lesion of the human breast and accounts for up to
20% of newly diagnosed breast cancer cases in the United
States, according to National Cancer Institute statistics (http://
www.cancer.gov). Although detailed molecular studies of DCIS
have been published in recent years (3-5), and DCIS has just
begun to be modeled in genetically engineered mice (GEM;
refs. 6-8), the stages of hyperplasia that precede DCIS and the
mechanism(s) of disease progression are not well understood.

We developed a mouse model of DCIS that recapitulates
“premalignant” disease of the mammary gland to probe
the molecular biology of DCIS (9). This model is based on
the transgenic mouse with mammary-specific expression of the
polyomavirus middle T transgene (PyV-mT; refs. 8, 10). The
PyV-mT GEM model is attractive, as it recruits and activates a
variety of signaling molecules associated with human breast
carcinoma, including those that interact with ErbB2. New/
ErbB2, a receptor tyrosine kinase, is overexpressed in 30% to
40% of human breast cancer and is associated with a poor
outcome (11-14). Histologically, the PyV-mT tumors resemble
activated ErbB2 tumors in mice and human breast cancer much
more closely than do other GEM mammary tumors (15, 16).’
Moreover, at the transcriptome level, the PyV-mT and new/
ErbB2 GEM mammary tumors are very similar as seen by
microarray analysis (17). As in human breast cancer, PyV-mT
tumors arise as focal atypical proliferative lesions in the
mammary gland that eventually progress to malignant tumors.
Moreover, the morphologically distinct stages are histopatho-
logically very similar to various stages of human breast cancer
progression (9, 16).

Over the last several years, stable mammary intraepithelial
neoplasia (MIN) outgrowth (MIN-O) lines have been developed
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from early dysplastic foci from the PyV-mT mice (9).
Dysplastic foci in the developing PyV-mT GEM mammary
gland were macroscopically dissected and transplanted into the
gland-cleared mammary fat pads of host FVB females. The
dysplastic outgrowths grow to fill the fat pad (see Fig. 1A for
description). Individual foci were developed into independent
MIN-O lines. Although the MIN lesions, which by definition
are premalignant (18), will grow in the orthotopic location in
perpetuity, they will not grow subcutaneously. Eventually,
malignant tumor foci, which will grow in both orthotopic and
s.c. locations, arise within the MIN-O, demonstrating its
biological potential. These criteria provide operational defini-
tion of “premalignancy” and “malignancy.” In addition, the
outgrowth can be sampled and transferred to other mammary
fat pads, effectively amplifying the original transplant. Each
transplant line has a consistent growth rate and tumor latency
period (19). Medina et al. have developed similar lines from

A

Tg: MMTV-PyVmT

8-week old female 3-week old FVB female

Identify, dissect and

transplant Continue to

" ill the fat pad

a single MIN B

lesion D >
N\

erial transplantation

p53-null GEM in the BALB/c background (20, 21). The ability
to develop, propagate, and expand the MIN-O lines in the
cleared mammary fat pad of immunocompetent syngeneic mice
provides the opportunity for detailed phenotypic (histology,
tumor latency, and metastasis rate) and molecular analysis of
transitions in neoplastic states.

Here, we report the detailed molecular analysis of neoplastic
progression in one of the six transplantable MIN-O lines (8w-B).
This line was chosen because of its relatively short tumor
latency (11 weeks) and uniform histopathology (19). Sample
pairs from individual MIN-Os and their corresponding tumors
from the same mammary fat pads were studied over multiple
transplant generations. Despite passaging through multiple
transplant donors, the histopathology and tumor latency of the
MIN-Os remained stable. A large number of genes were found
with significant expression differences between the MIN-O and
the quiescent or prelactating mammary gland. Many of these

3-week old FVB female

Maintained by

(MIN-O line)

mammary fat pad

Gland-cleared no.4 fat pad

Gland-cleared o4 fat pad

FIGURE 1. Scheme of deriva-
tion and maintenance of PyV-mT
GEM-derived MIN-O lines (A). A
small lesion from a MMTV-PyV-
mT mammary fat pad was trans-
planted to a no. 4 mammary fat
pad of a 3-week-old FVB female.
The host FVB fat pad was gland
cleared by removing the area
between the nipple and the lymph
node (L). Morphologic (B and C)
and IHC (D and E) characteriza-
tion of MIN-O and tumor. In the
mammary fat pads of the 8w-B
line, dysplastic cysts (B), micro-
acini, and solid nests of cells (C)
were common patterns observed
in MIN-Os (m). Tumors (f) were
typically solid and undifferentiated
(B and C). Paiches of estrogen
receptor (ER)—positive cells were
observed in MIN-Os (D). IHC
staining with anti-PyV-mT (E)
show fairly uniform PyV-mT ex-
pression across the tumor/MIN-O
interface. Corresponding H&E
staining is shown in C.
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Molecular Study of Malignant Transition in a DCIS Model

genes have been associated with human breast cancer. In
contrast, only a few differentially expressed genes were
associated with the malignant transformation from MIN-O to
tumor. This suggests that early lesions already carry changes in
most of the “oncogenic” program that are similar to what has
been described in human breast cancer (3). In addition, the
changes identified in the malignant transition from the MIN-O
to tumor included genes previously associated with human
breast cancer progression. In summary, these results suggest
that this transplantable GEM-based model recapitulates human
DCIS and its progression to invasive carcinoma at both
histologic and molecular levels.

Results
Mouse Mammary Intraepithelial Outgrowth Line

The morphology and histology of the MIN-Os were
characteristics of the line 8w-B as described previously (19).
Cells comprising the MIN-Os were organized according to
several distinct patterns of differentiation including dysplastic
cysts, microacini, and solid nests of cells (Fig. 1B and C). The
most abundant structures, dysplastic cysts, were lined by one to
eight layers of pleomorphic cells (Fig. 1B). However, despite
organization into distinct patterns of differentiation, an
organized layer of smooth muscle actin—positive myoepithe-
lium was not observed. Patches of MIN-O cells positive for
estrogen receptor were frequently observed (Fig. 1D). In
contrast, progesterone receptor was not detected in MIN-Os.

The average tumor latency among the analyzed samples was
11.9 (SE, 4.4) weeks and did not significantly differ from that
reported previously for this line (19). Tumors were in the
central, more differentiated regions of the outgrowth rather than
at the proliferating periphery. Histologically, the tumors were
solid, undifferentiated masses of highly pleomorphic cells,
and in some areas, more organized groups of cells formed
microacini (Fig. 1B and C). These tumor phenotypes are
characteristic of this system (9, 16, 19).

Semiquantitative reverse transcription-PCR (RT-PCR) and
immunohistochemistry (IHC) were used to examine the levels
of PyV-mT transgene expression in both MIN-Os and tumors.
The PyV-mT expression at the transcript and protein level was
uniform between MIN-Os and tumors (Fig. 1E). There was no
obvious correlation of the PyV-mT expression pattern with the
proliferation state based on the Ki67 IHC staining (data not
shown). These results suggest that progression from prema-
lignancy to invasive carcinoma is, at least in part, driven by
secondary molecular changes rather than changes in PyV-mT
transgene expression.

Gene Expression Analysis

RNA from the MIN-O and tumor from the same mammary fat
pad was used for the gene expression analysis on the Murine
Genome Array U74Av2 (Affymetrix, Santa Clara, CA). A total
of four MIN-O and tumor pairs from the different serial
transplant generations were used. In addition, mammary fat
pads from nontransgenic virgin and prelactating FVB females
were used as “normal” samples. To understand the global gene
expression trend of the tissues, we calculated the correlation
coefficients (#2) of the samples using values from 5,119 probes
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that were identified as present in all four MIN-O samples
(Fig. 2A). The expression profiles of the MIN-Os were highly
similar over four transplant generations (r2 =0.948-0.979). In
contrast, the correlation coefficients between the profiles of the
prelactating and virgin fat pads and those of the outgrowths
were much lower (% = 0.788—0.877). The molecular similarity
of the MIN-Os is further supported by the observation that
the MIN-Os maintained their morphologic and histologic
characteristics over multiple generations. The expression pro-
files of the tumors arising from the MIN-Os were also highly
similar (/2 = 0.947-0.982). Interestingly, the correlation
coefficients of the MIN-Os and their tumors were also very
high (2 = 0.941-0.982). This suggests that the transcriptional
profile of the MIN-Os and tumors are extremely similar despite
their differences in neoplastic potential.

To better understand the relationships between MIN-Os and
tumors, 654 genes with significant variation of expression
level across samples were used to hierarchically cluster the
samples (Fig. 2B). By using an unbiased set of genes that
were selected based on their variation rather than on the dif-
ferential expression between the groups, the tumor and corres-
ponding MIN-O from the same mammary fat pad grouped
together in each pair, indicating that the MIN-O and tumor
pairs have very similar gene expression profiles. This is in-
triguing, as the morphologic and phenotypic differences be-
tween the MIN-O and tumor are substantial; yet, there seems
to be more similarity between the MIN-O and tumor pair in
terms of gene expression than within the MIN-O group or the
tumor group.

A
Prelactating| virginme |  MINO Tumor
"""::g““g 097 | 07830878 | 0.817-0.877 | 0.787-0.866
Virgin MG | 0.783-0.878 | 0955 | 0.788-0.823 | 0.736-0.765
MINO | 0.817-0.877 | 0.788-0.823 | 0.948-0.979 | 0.941-0.982
Tumor | 0.787-0.866 | 0.736-0.765 | 0.941-0.982 | 0.947-0.982
B
80080608
f22s2cet
FEEFSF2F
33833320

FIGURE 2. Correlation coefficients of tumor, MIN-O, virgin, and
prelactating mammary fat pads (A). Correlation coefficients were
calculated using 5,119 probes that had a “present” detection call in all
four MIN-O samples. Hierarchical clustering of MIN-O and tumor samples
(B). Four pairs of MIN-O and tumor samples were hierarchically clustered
using probes with significant variation across the samples. Quantitated
value of distance between clusters can be found in Supplemental data 3,
available online at http://mcr.aacrjournals.org/.
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Expression Differences at the Premalignant Transition
The expression profile of the MIN-Os was very different from
that of the normal fat pads based on the correlation coefficients
(Fig. 2A). When the MIN-O expression data were compared with
the expression data of the virgin and prelactating fat pads, we
found 132 genes with large expression differences (Supplemen-
tal data 1).* Among them, 90 genes had higher expression in the
MIN-O. According to the gene ontology analysis, many of these
genes are involved in cell proliferation (23 genes; e.g., Myb,

Top2a, Cks2, Cenbl, Cenb2, Cendl, and Rrm2), nucleic acid

metabolism (21 genes; e.g., Bubl, Stk6, Nol5, Hspel , Cdc25c,
and Ran), and transport (7 genes; e.g., Kpna2, Apod, Rasi2-9,
and Kif20a). Many of these genes are already known to be
associated with cancers (Cendl, Cdk4, Cdc2a, Cenbl, Cdc25¢,
Bubl, Stk6, Ccnb2, Myb, Ect2, and Top2a). The genes with
higher expression in the normal fat pads are mostly involved
in metabolism, including lipid, organic acid, and carbohydrate
metabolism (14, 10, and 7 genes, respectively). Because these
differences were extrapolated by comparing MIN-Os with both
adipose-enriched virgin fat pads and epithelial gland—-enriched
prelactating fat pads, they are less likely to reflect the
contribution from varying cell type composition. Moreover,
only a few genes previously classified as adipose specific (Cd36,
Fabp4, G3pdhl, Lpl, Pparg, and Sppl) were identified in our
list (17, 22).

Expression Differences at the Malignant Transition

To identify genes associated with the malignant transition
from MIN-O to tumor, we compared the gene expression of the
MIN-O and their paired tumors. Because our initial analysis
found a high correlation of the MIN-O and tumor expression
profiles from the same mammary fat pad, pair-wise compar-
isons of the MIN-O and tumor pairs were done to identify
differences specific to this transition in each pair. We found 43
genes that were differentially expressed with at least a 2-fold
change in three of four MIN-O and tumor pairs. When the same
criteria used for the analysis on the premalignant transition
were applied to MIN-O/tumor transition, a total of five genes—
all of which were down-regulated in tumors—were found
(Scdl, Cdol, Acrp30, Adn, and Car3). This suggests that only
a few subtle expression differences are associated with the
malignant transition as compared with the premalignant
transition.

To find a more exhaustive number of expression changes
associated with the tumor progression, these data sets were
subjected to various analytic methods with less stringent criteria
(1.2-fold difference), and a set of consistent differences was
identified. First, the signal values calculated in the Affymetrix
Microarray Analysis Suite 5.0 (MAS 5.0) were subjected to
t test to identify statistically significant differences. Alterna-
tively, the signal values were log transformed and subjected
to Significance Analysis of Microarrays. This method is more
sensitive in identifying small changes in gene expression
compared with the conventional methods. In addition, the
image files were processed and analyzed in DNA-Chip

4 Supplemental data are available online at http://mcr.aacrjournals.org/.

Analyzer version 1.2. The cumulative results from these
methods were used to identify a set of consistent expression
differences between the MIN-Os and the tumors. As expected
from their high correlation coefficient, a few genes were
differentially expressed between the two sample types (Table 1
and Supplemental data 2).* At the malignant transition, more
genes (27 genes; Table 1A) were down-regulated (i.e., lower
expression in the tumors compared with the MIN-Os) than were
up-regulated (5 genes; Table 1B). Among them, eight genes"
(Socs3, Igfbp2, Chi3ll, Lum, Dcn, Gsn, Thrsp, and Sncg)
have been reported to be dysregulated in human breast cancer
(23-34).

Among the 27 down-regulated genes, many are involved in
lipid metabolism and were highly expressed in the virgin fat
pad samples. Moreover, a few (Lpl, Adn, and Car3) have been
associated with adipose-enriched mouse mammary tissue
(17, 22). Thus, we suspected that a subset of these genes may
seem down-regulated in tumors because the MIN-Os contain
adipose cells in the surrounding stroma, whereas the solid
tumors are enriched with epithelial cells. To assess the gene
expression differences from the stromal contribution, we used
total RNA from two prelactating mammary fat pads for gene
expression analysis. Unlike the virgin fat pads, the prelactating
mammary fat pad is enriched with proliferating epithelial cells
and therefore provides a better control for the proliferative
MIN-O tissue. Virgin and prelactating fat pads, MIN-Os, and
tumors were hierarchically clustered based on the expression of
the identified malignant transition genes (Fig. 3). The 27 genes
down-regulated at the malignant transition were clustered into
several groups based on their expression pattern in the virgin
and prelactating tissues. The first group (Facl2, Thrsp, Lpl, and
Scdl) was highly expressed in both prelactating and virgin
mammary fat pads and was down-regulated in the MIN-Os and
more so in the tumors (Table 1Aa and Fig. 3a). We classified
these as a group of genes representing the premalignant
transition from normal to MIN-O because of the large
expression differences between the normal and the MIN-O
samples. The second group was associated with very high
expression in the adipose-enriched virgin fat pads and therefore
represents potential markers for stroma enrichment. Based on
the expression in prelactating and MIN-O samples, this second
group of genes was subclassified into three classes (Fig. 3b-d).
Many were expressed higher in the prelactating fat pads than in
the MIN-Os (Table 1Ab and Fig. 3b), whereas a few genes
(Dpt, Adn, Car3, Lum, and Dcn) had similar expression levels
in the prelactating and MIN-Os (Table 1Ac and Fig. 3c).
Moreover, two genes (Serping! and Hal) had lower expression
in prelactating samples compared with the MIN-Os and tumors
(Table 1Ad and Fig. 3d). All the identified genes up-regulated
at the malignant transition had a lower expression in the
prelactating and virgin mammary fat pads than in the MIN-Os
and tumors. This result suggests that the identified malignant
transition genes are regulated differently than in the normal
proliferating mammary fat pad.

Validation of Expression Differences

Quantitative RT-PCR was used to validate the results of the
microarray analysis. We carried out real-time semiquantitative
PCR on two of the breast cancer—associated genes (Thrsp and
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Table 1. Genes Differentially Expressed at the MIN-O/Tumor Transition

Probe ID Gene FC* P

Biological Function

Cellular Component

A. Genes down-regulated in tumors at malignant transition
a

94507 _at Facl2 2.11 0.045
95020_at 9130415E20Rik 1.34 ' 0.025
160306 _at Thrsp 245 0.002
95611 _at Lpl 4.16 0.003
94056_at Scdl 2.96 <0.001
94057 _at Sed! 2.96 <0.001
b.

161900_f_at Adrb3 391 0.032
100567 _at Fabp4 2.18 0.013
97520 s_at Nnat 3.23 0.003
92718 at Isgl2 2.82 0.024
102366_at Retn 6.37 0.025
98924 _at Art3 2.67 0.012
99104 _at Acrp30 545 0.028
93750_at Gsn 3.08 0.025
101991 _at Fmol 1.93 0.02
101539 _f at Ces3 4.66 0.012
102373 _at Enpep 241 0.009
96346_at Cdol 4.66 0.023
104280_at Sncg 2.71 0.018
101058 _at Amyl 5.59 0.019
[

96742 _at Dpt 2.84 0.033
104445_at 4631408011Rik 2.63 0.002
99671 _at Adn ) 6.51 0.008
160375_at Car3 7.18 0.044
93353 _at Lum 2.11 0.022
93534 _at Den 244 0.013
d.

99081 _at Serpingl 1.79 0.041
92833 _at Hal 2 0.049
B. Genes up-regulated in tumors at malignant transition

98627 _at Igfbp2 1.41 0.016
99952_at Chi3ll 2.13 0.048
161046_at Crifl 2.03 0.011
162206 _f at Socs3 1.8 0.069"
162483_f at Coll8al 1.64 0.096"

Fatty acid metabolism

Lipid metabolism
Fatty acid biosynthesis
Fatty acid biosynthesis

Lipid transport
Development

Adipocyte hormone

Protein amino acid ADP-ribosylation
Fatty acid p-oxidation

Actin cytoskeleton

Electron transport

Extracellular space

Nucleus
Extracellular space
Membrane
Membrane

Extracellular space
Extracellular space
Extracellular space
Extracellular space
Extraceltular space

Defense response Membrane
Taurine metabolism

Signal transduction

Carbohydrate metabolism

Cell adhesion ECM

Complement activation Extracellular space
One-carbon compound metabolism

ECM

ECM
Complement activation Extraceliular space
Amino acid metabolism

Extracellular space
Extracellular space

Cell growth regulation
Carbohydrate metabolism
Antipathogenic response
Cell growth regulation
Cell adhesion ECM

*Fold change of averaged tumor signal value compared with averaged MIN-O signal value calculated in MAS 5.0.
tThese probes were chosen based on the results from other data analysis (Supplemental data 2).

Sncg). In addition, we picked Serpingl, a member of serine
proteinase inhibitor family, because another member of serine
proteinase inhibitor family, Maspin, is a well-studied tumor
suppressor in human breast cancer (35, 36). The quantitative
RT-PCR analysis of Thrsp, Sncg, and Serpingl expression
patterns correlated with the microarray analysis (Fig. 4,
columns 1 and 2). These genes were consistently expressed
at higher levels in MIN-Os than in tumors. The expression
levels in prelactating fat pads also correlated well for all three
genes, but we did find some discrepancies in the gene
expression profiles in the virgin fat pads. This difference may
be due to the fact that we used RNA from different virgin
glands for the microarray and quantitative RT-PCR analysis.

We also used total RNA from other MIN-O and tumor
samples from this line for quantitative RT-PCR analysis (Fig. 4,
column 3). Sncg and Serpingl expression values were higher in
all three MIN-O samples compared with the tumors. Thrsp, on
the other hand, in these MIN-O and tumor samples failed to
show statistically significant expression differences. However,
when the paired samples (5262 and 5263) were compared,
Thrsp expression in the tumors was equivalent or lower than
that in the MIN-O samples.

Mol Cancer Res 2004;2(8). August 2004

For two additional genes, IHC was used to verify and
localize the protein products of differentially expressed genes.
According to the expression analysis, Igfbp2 exhibited
increased expression in tumors, although it was scarcely
expressed in the normal fat pads (Fig. SA). Because the up-
regulation of Igfbp2 mRNA and protein in human breast cancer
has been reported previously (24, 25), we investigated the
Igfbp2 protein expression in the mammary fat pads (Fig. 5B).
Antibody specific to Igfbp2 detected very low expression in
normal mammary fat pads, mostly found secreted in the ducts.
In the MIN-Os, patchy cytoplasmic expression was detected
(Fig. 5B). In the center, away from the proliferative peripheral
region, some myoepithelium-like staining was observed.
However, this pattern did not overlap with smooth muscle
actin expression (Fig. 5C); thus, it is unlikely that these Igfbp2-
positive cells are myoepithelial. In the tumors, Igfbp2 was
expressed at higher levels in a global cytoplasmic pattern with
random patches of very strong positivity within the tumor.

Dcn was one of the genes down-regulated at the malignant
transition. Dcn is a small proteoglycan of extracellular matrix
(ECM) that is dysregulated in human breast carcinoma (32, 37).
The transcript level of Den was down-regulated by >2-fold at
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FIGURE 3. Hierarchical clustering of normai, MIN-O, and tumor
samples using differentially expressed genes at the MIN-O/tumor
transition. Down-regulated genes were further subgrouped based on the
expression pattern in the normal samples (a-d).

the MIN-O/tumor transition, whereas the samples of normal
tissue had even higher expression levels than the MIN-Os
(Fig. 5D). According to the immunohistologic analysis, the Dcn
protein is localized in stroma of the normal fat pad (Fig. 5G)
as well as of the MIN-O (Fig. SE). In the outgrowths, Dcn
positivity was found in the stroma surrounding the microacinar
clusters. In contrast, the stromal positivity was lost in the
tumors, although they retained the microacinar architecture and
had associated stroma (Fig. 5SE and F). Dcn was expressed
throughout the stroma of prelactating fat pads. Interestingly, in
the prelactating fat pads, the strongest staining of Dcn was
found to highlight septa within the stroma (Fig. 5G and H).

Discussion

Mouse mammary tumorigenesis has traditionally been
divided into two major processes that involve the transition
from normal to premalignant in situ (called nodulogenesis) and
the transition from premalignant to malignant (called tumori-
genesis; refs. 38-40). The GEM-based PyV-mT transplantation
model described here has morphologic and biological tran-

sitions similar to other GEM mouse mammary tumor mod-
els (8). This model, however, is unique because it uses a
transplantable premalignant tissue initiated by the expression of
a specific molecule (PyV-mT).

Using a stringent difference requirement, we found a rather
large number (132 genes) of transcriptome changes, most of
which were gene inductions that occur during the premalignant
transition from normal to the in situ PyV-mT MIN. In contrast,
considerably fewer gene expression changes (32 genes), largely
down-regulation, occur during the malignant transition from
MIN-O to tumor. These findings suggest that major changes in
the molecular architecture of the cell appear during the pre-
malignant transformation, and activation of oncogenic transcrip-
tion may be initiated at this stage. The transition to malignancy
does not coincide with dramatic change in transcription but may
be regulated by other post-transcriptional changes.

Many of the 132 differences identified during premalignant
transformation were genes that have already been found to
be associated with human breast and other cancers. These
molecular differences are unlikely to reflect the differences in
cell type composition between the normal fat pad and the MIN-
O, because the differences were extrapolated by using two
different types of “normal” mammary fat pads (adipose-
enriched virgin fat pad and gland-enriched prelactating fat pad).

Despite the significant differences in their morphology and
malignant behavior, very few transcript changes were associated
with the MIN-O to tumor transition. Moreover, the MIN-O and
tumor pairs segregated together in unbiased hierarchical
clustering analysis (Fig. 2B). These results show that these
biologically and morphologically disparate tissues can have
remarkable molecular similarities. A similar trend was observed
in human breast cancer in which few transcriptional changes
were identified by DNA microarray and serial analysis of gene
expression between DCIS and the corresponding breast
carcinoma from the same patients (3, 4). In fact, our MIN-O/
tumor clustering pattern is remarkably similar to the hierarchical
clustering of the human DCIS/invasive ductal carcinoma pairs
described previously (3). Our data imply that, in both human and
GEM, the preinvasive lesions already possess most of the genetic
events needed for progression to malignancy. Previous studies of
mouse mammary outgrowths have failed to establish morpho-
logic predictors of biological potential, leaving the investigator
with test-by-transplantation as the only criteria (18, 41). Our
analysis supports a hypothesis that gene expression profiling
may be able to serve as a more robust prognostic tool for
determining the biological properties of the in situ neoplasm.

Ofthe 32 genes identified as differentially expressed between
the PyV-mT MIN/tumor comparisons, eight have been associated
with human breast cancer (Socs3, Igfbp2, Chi3ll, Lum, Dcn, Gsn,
Thrsp, and Sncg). Increased expression of Socs3, Igfbp2, Thrsp,
and Sncg have been reported in human breast cancer (23-29), and
increased serum levels of Chi3/] have been reported in breast cancer
patients (30). Lum and Dcn are abundantly expressed in normal
breast tissue, but their reduced expression is associated with more -
invasive and aggressive breast cancer (33). Except for Gsn, which
has been reported to show down-regulation with the progression
from normal to DCIS to invasive breast cancer (34, 42), we have yet
to find any report of expression studies of the remaining genes
correlating with the different stages of breast cancer progression.
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The apparent dysregulation of insulin-related pathways has,
to the best of our knowledge, not been previously documented
in the PyV-mT tumors. Igfbp2 expression is low in the normal
mammary fat pad (average signal value of 147 in virgin and 16 in
prelactating), whereas the expression increases as the tumor
develops (average signal value of 410 in MIN-O and 874
in tumor). A commercial antibody was used to show that the
protein was highly expressed in the MIN-O and tumor epithelia.
The tumor cells had strikingly heavy cytoplasmic staining
(Fig. 5).

Igfbp2 is one of the six insulin-like growth factor (IGF)
binding protein (IGFBP) that have high affinity for IGFs and
that play an important role in modulating the IGF system.
Various studies document the importance of this system in
mammary development and tumorigenesis (43-45). For exam-
ple, overexpression of IGF-I in mammary gland leads to
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hyperplasia and a failure of postlactational apoptosis. In com-
bination with loss of p53, up-regulation of IGF-I leads to mam-
mary tumors with a short latency (46). The role of IGFBPs is
complex. They function as both positive and negative
regulators of the IGF system; furthermore, IGF-independent
actions of IGFBPs have been reported (47, 48).

Increased expression of Igfbp2 has been associated with
various tumors, and the positive correlation with the expression
level and tumor grade has been reported (24). A recent study
using human prostate specimens and cell lines identified
dramatic overexpression of Igfbp2 that was associated with
malignant transformation (49). Igfbp2 stimulates malignant
prostate cells but not normal prostate cells (50). This suggests
that normal and malignant epithelial cells have different
susceptibility toward the Igfbp2 action, which may reflect the
availability of interacting molecules in the extracellular space.
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FIGURE 5. Expression levels of /gftp2 (A) and Dcn (D) from the microarray analysis. Igfbp2 (B) and smooth muscle actin (SMA; C) localization at the
MIN-O (m)/tumor (t) interface on an 8w-B mammary fat pad. Igfbp2 is enriched in tumor compared with the adjacent MIN-O, and the Igfbp2-positive cells do
not overlap with the smooth muscle actin—positive myoepithelium. IHC analysis of Den (E and G) and corresponding H&E (F and H) on an 8w-B (E and F)
and a prelactating mammary fat pad (G and H). Dcn protein is readily detectable in the stroma of the MIN-O, whereas the staining is absent in the tumor.
Weak Dcn expression is found throughout the stroma of prelactating fat pad (G), especially in major septi (arrows).

Another modulator of insulin signaling, Socs3, was up-
regulated in our tumor samples. Increased expression of Socs3
is also found in human DCIS and invasive ductal carcinoma
(23). In addition to its role in the insulin signaling, Socs3 acts to
block the cytokine signal from the activated cytokine receptor
and decrease cell sensitivity to other cytokines and hormones
(51, 52). Interestingly, another cytokine-responsive protein,
Crlfl, is also up-regulated in these GEM tumors. This may
indicate the state of local host defense mechanism and
implicates the stromal environment on tumor development.

Other components of the IGF system were differentially
expressed at the normal/MIN-O transition. Although expressed
in the MIN-Os and tumors, IGF2 (which Igfbp2 preferential
binds), Igfbp3 (another IGFBP implicated in tumorigenesis),

and Igfbp4 were not expressed in virgin and prelactating
mammary fat pads. The lack of expression in the normal
mammary fat pad of these IGFBPs shows that they may be
dysregulated early in the progression to invasive carcinoma.
Igfbp6, on the other hand, was expressed in the proliferating fat
pads and virgin mammary tissues but was not expressed in
either the MIN-Os or the tumors. This observation is consistent
with the observation that human breast cancer cells express
Igfbp2, Igfbp3, Igfbp4, and Igfbps.

Among the genes with reduced expression in tumors, we
identified Dcn, an ECM-associated small leucine-rich proteo-
glycan. The expression of Den was down by >2-fold in tumors
compared with the MIN-Os. The tumor stroma was essentially
devoid of Dcn, whereas the normal stroma and the stroma of the
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MIN-O were found to have abundant expression of Dcn. A sim-
ilar observation has been made in human breast tissues in which
Dcn mRNA and protein were expressed at lower levels in tumor-
associated stroma compared with stroma associated with normal
tissue (32). Previously, in situ hybridization analysis showed that
Den is expressed by stromal cells of normal human breast tissue,
DCIS, and invasive carcinoma; in particular, increased stromal
expression rimming the DCIS was reported (37). More recently,
low expression of Dcn and Lum, also identified in this study, was
found to be associated with short progression time and poor
prognosis in node-negative invasive breast cancer (33).

Several lines of experimental evidence suggest that Dcn
directly interacts with transforming growth factor-B and
epidermal growth factor receptor and that it has antiproliferative
effects through the epidermal growth factor receptor and
transforming growth factor-p pathways (53-55). Interestingly,
our expression analysis identified another down-regulated ECM
protein, Dpt, which directly interacts with Decn and trans-
forming growth factor-8 (56). We suspect that these expression
differences reflect the changes in the microenvironment and
again highlight the contribution of stromal cells in tumor
development.

In summary, our data support the hypothesis that the
molecular changes occur very early in the progression to cancer
and prior to the histopathologic identification of invasive
cancer. The data presented here show that the transition from
premalignancy to invasive carcinoma is associated with
relatively few additional changes in gene expression. The genes
related to the malignant transition in our GEM-derived model
have also been identified as potential regulators of human breast
cancer. These genes provide evidence for the dysregulation of
the mitogenic signaling and the stromal-epithelial interaction as
key regulators in the transition to invasive carcinoma.

We propose that this model closely mimics the development
of invasive carcinoma in human breast. Together with other PyV-
mT MIN-O lines, the 8w-B line provides an experimental system
for understanding the biology of heterogeneous human DCIS
lesions. These lines can be used to develop chemoprevention and
therapeutic protocols for breast cancer in the future.

Material and Methods
Animals

The serial transplantation technique (57) and the establish-
ment of the mouse PyV-mT MIN-O line 8w-B (9, 19) have been
described previously. Serial transplantation of the premalignant
MIN-O tissue bilaterally into the gland-cleared no. 4 mammary
fat pads of recipient FVB virgin females (The Jackson Lab-
oratory, Bar Harbor, ME) was carried out at 5-week intervals.
MIN-Os and tumors were collected over four consecutive trans-
plant generations (generations 9-12). In addition, intact nos. 2
and 3 mammary fat pads from the MIN-O transplant animals

were collected and used as nontransgenic virgin mammary fat

pads. Prelactating mammary fat pads were collected from the
no. 4 mammary fat pads of 16-day pregnant FVB animals.
Tumors and MIN-O tissues were identified under a
stereomicroscope, and grossly distinct regions were carefully
biopsied for serial transplantation or sampling for further
analysis. Because the MIN-O growth is confined to within the
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host mammary fat pad, the MIN-O grows as a flat sheet into the
approximate shape of the fat pad. In contrast, tumors emerge
from the central regions of the MIN-Os and grow as raised foci of
dense tissue with defined borders. Because of this difference in
the growth patterns, tumors can be distinguished grossly from
surrounding MIN-O tissue. Dissected samples were frozen
immediately in liquid nitrogen and stored at —80°C for future
molecular analysis. The remaining fat pad from each tumor/
MIN-O site was fixed in 4% formalin and embedded in paraffin,
and sections (4 um) were stained with Mayer’s H&E. The
biopsied site on the H&E-stained sections of the corresponding
mammary fat pad were evaluated histologically to confirm the
origin of the frozen sample before any samples were used for the
molecular studies.

Immunohistochemistry

THC was done on paraffin sections (4 pm) as described pre-
viously (15). The following primary antibodies were used with
the Vectastain ABC Elite Kit (Vector Laboratories, Burlingame,
CA): rabbit anti—estrogen receptor (1:600, LabVision, Fremont,
CA), rabbit anti-PyV-mT (1:400, gift from Dr. G. Walter, Uni-
versity of California-San Diego, La Jolla, CA), rabbit anti-
decorin (1:300, R&D Systems, Inc., Minneapolis, MN), rabbit
anti-IGFBP2 (1:400, Santa Cruz Biotechnology, Santa Cruz, CA),
and anti-Ki67 (1:2,400, Novocastra Laboratories, Newcastle
upon Tyne, United Kingdom). Anti--smooth muscle actin (1:1,000,
DAKO) was used in conjunction with the Animal Research Kit
(DAKO) according to the manufacturer’s instructions.

RNA Isolation

Frozen tissue (20-50 mg) was homogenized in TRIzol
(Invitrogen, Carlsbad, CA), and total RNA was extracted
according to the manufacturer’s protocol followed by reextrac-
tion with phenol/chloroform/isoamy! alcohol (25:24:1) mixture,
pH 4.3, (Fisher Scientific, Pittsburgh, PA). The isolated total
RNA was purified further with the RNeasy RNA isolation kit
(Qiagen, Inc., Valencia, CA). Quantity and quality of final total
RNA were examined with RNA 6000 Nano LabChip using the
Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA)
as well as spectrophotometrically.

Oligonucleotide Array

Purified total RNA (10 pg) was used for cDNA synthesis
followed by in vitro transcription to incorporate biotin labels and
subsequent hybridization to Murine Genome Array GeneChip
U74Av2 (MG_U74Av2, Affymetrix) according to the manufac-
turer’s protocol. The U74Av2 array represents ~ 6,000 well-
characterized sequences from the mouse Unigene database and
an additional ~ 6,000 less well-characterized sequences from the
expressed sequence tag clusters in the Unigene database.

Data Analysis

Processing of individual GeneChip image files was carried
out using Affymetrix MAS 5.0. Probes (n = 5,119) that were
present in all the MIN-O samples were used to calculate the
correlation coefficients between different groups of mammary
tissue. :
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The image files of the MIN-O, virgin, prelactating, and
tumor samples were processed in DNA-Chip Analyzer version
1.2 (58). The MIN-O and normal (virgin and prelactating)
groups were compared to identify probes with at least 2-fold
expression difference, at the lower boundary of the 90%
confidence interval, with P < 0.05. The same criteria, as well
as a less stringent fold change requirement (1.2-fold), were used
to compare the MIN-O and tumor image files.

On the MAS 5.0 processed image files, pair-wise compar-
ison of each MIN-O and tumor pair was done to identify genes
with at least 2-fold expression differences in three of four pairs
or 1.2-fold differences in all four pairs. Moreover, using the
Data Mining Tool (Affymetrix), the MIN-O expression data
were compared with that of the tumor groups to identify probes
with at least 1.2-fold expression differences with P < 0.05.
Probes, with detection signal considered absent in all samples
by the MAS 5.0 analysis, were removed from the data set, and
the remaining probe set data were log transformed and
subjected to the Significance Analysis of Microarrays (59) to
select probes with differential expression of 1.2-fold. The final
list of genes was generated from the significant differences
from DNA-Chip Analyzer version 1.2 (1.2-fold, P < 0.05)
using confirmation with at least one additional methodology
(MAS 5.0, Data Mining Tool, and Significance Analysis of
Microarrays; Supplemental data 4

Hierarchical clustering analysis was carried out in DNA-
Chip Analyzer version 1.2 using probes that showed significant
variation across the samples, as defined by having a coefficient
of variation (SD/mean) of >0.3 and being present in at least
50% of samples (Fig. 2); a second cluster was developed using
the 33 probes that were consistently differentially expressed
between the MIN-Os and tumors (Fig. 3).

Semiquantitative RT-PCR for PyV-mT

For quantitation of the PyV-mT expression, DNase-treated
total RNA (2 pg) was reverse transcribed using the RETRO-
script kit (Ambion, Austin, TX) primed with a 1:1 mixture of
oligo(dT) and random decamers. The following primers were
used to amplify a small region within the PyV-mT gene: 5'-
CCAGCTACCAGTCGCCGCCT-¥ and 5 -GCTCTGAGAG-
CAGCTCTGTG-3'. As a normalization control, cyclophilin
primers were designed: 5’ -CGAGCTGTTTGCAGACAAAG-
3 and 5 -TTCTTGCTGGTCTTGCCATT-3'. One tenth of the
reverse transcribed reaction was used for the subsequent real-
time PCR reaction (20 pl) with 0.5 pmol/L primers and SYBR
green DNA dye (QuantiTect SYBR Green PCR kit, Qiagen) in
the LightCycler Instrument (Roche, Basel, Switzerland). The
PCR cycles for both sets of primer pairs were as follows: 95°C
for 15 minutes, 35 cycles of 94°C for 15 seconds, 60°C for 20
seconds, and 72°C for 20 seconds followed by melting curve
analysis. Each reaction was run in duplicate and each sample
was normalized by cyclophilin expression.

For validation of the identified gene expression differences,
DNase-treated total RNA (1 pg) was reverse transcribed with
random hexamers using Superscript II (Invitrogen) followed
by RNaseH digestion. The gene expression differences were
validated by real-time PCR on the ABI Prism 7700 (Applied
Biosystems, Foster City, CA) with the Assays-on-Demand

Gene Expression Assays (Applied Biosystems). The cDNA
generated from total RNA (20 ng) was used for PCR reactions
(25 pL), and each reaction was done in triplicate on a 96-well
plate. Eukaryotic 185 RNA was used as the normalization
control.
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