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Adjustment

Metastatic dissemination is the primary cause of death for most breast cancer patients. The
research effort in PI's lab is to uncover the mechanisms whereby breast cancer undergoes malignant
progression and becomes metastatic. The onset and progression of breast cancer is accompanied
by multiple genetic changes that result in qualitative and quantitative alterations in individual
gene expression (1). Our hypothesis is that many of these quantitative genetic changes manifest
themselves as alterations in the cellular complement of novel transcribed mRNAs. Identification
of these mRNAs, if sufficiently characterized, could provide clinically useful information for
patient management and prognosis while enhancing our understanding of breast cancer
pathogenesis. Although pathological endpoints such as tumor size, lymph node status and status
of estrogen receptor and progesterone receptor remain the most useful guides in prognosis and
selecting treatment strategies for breast cancer (2), there is a need to further investigate the
molecular mechanisms that determine the properties of an individual tumor e.g., probability of
metastasis. While numerous prognostic factors have now been identified, few have contributed
to defining clinical response to therapy.

The current Career Development Grant was initially awarded to study the novel 80kDa
matrix degrading proteinase in breast cancer progression. During the past two years, we were not
satisfied with the progress of this project. We have devoted many effort on raising monoclonal
antibodies to the 80kDa proteinase in attempt to using these antibodies for purification and
molecular cloning. Although we obtained the antiserum which can immunoprecipitate the 80kDa
proteinase, no success has been met for development of monoclonal antibodies. Based on this
unsatisfied work on the cloning of 80kDa proteinase, PI has made some adjustment on his effort.

With the availability of tens of thousands of partial cDNA sequences (EST: expressed
sequence tag), researchers now shift their attention to the unveiling of expression profile of
individual genes or pattens of genes in normal versus diseased states. Several newly developed
strategies, such as Serial Analysis of Gene Expression (SAGE) (3) and ¢cDNA Microarray method
(4), have demonstrated potential for broad application for quantitative analysis of differential
patterns of gene expression. Within this context, we undertook a search, using the differential
c¢DNA sequencing approach (described in the manuscript 2), for isolation of differentially
expressed sequence tags and the possible presence of the new marker genes for breast cancer.

Within the same research area of breast cancer metastasis, we recently identified and cloned
two novel genes: tissue inhibitor of metalloproteinases-4, TIMP-4, and a putative breast cancer
specific gene, BCSG1. The expressions of both TIMP-4 and BCSG1 in human breast tissue,
including normal reduction mammoplasty specimens, benign breast lesions, carcinoma in situ, and
infiltrating breast carcinoma, were examined. In addition, we also demonstrated an inhibitory effect
of TIMP-4 on breast cancer growth and metastasis in the nude mice model. Currently, PI has one
TIMP-4 paper in press in J. Biol. Chem; one TIMP-4 manuscript submitted to Cancer Res., and one
BCSG1 manuscript submitted to Cancer Res. (see attached copies).




Project 1: TIIVIP-4, a novel tissue inhibitor of metalloproteinase whose expression is lost during
breast cancer progression, inhibits growth of human breast cancers in the mammary fat

pads of nude mice,

Introduction. A novel tissue inhibitor of metalloproteinases, TIMP-4, was cloned in PI’s
lab. Its expression in a variety normal tissue and in human breast cancer cells was examined. The
anti-MMP activity of TIMP-4 was also confirmed in the conditioned medium of TIMP-4
transfected human breast cancer cells (please see attached manuscript 1).

Expression of TIMP-4 mRNA in human breast cancer cells. In order to select a
suitable breast cancer cell line for TIMP-4 mediated gene transfection, the expression of TIMP-4
in human breast cancer cells was first investigated. As demonstrated in Fig. 1, Northern blot
analysis failed to detect the TIMP-4 transcript in most breast cancer cell lines except MDA-MD-
231 cells which showed a TIMP-4 transcript of 1.4 kb. The inability to pick up the TIMP-4
mRNA in most breast cancer cell lines by Northern blot suggests 1) that the TIMP-4 gene may
be only expressed very weakly in breast epithelial cells but is mainly expressed in stromal cells,
or 2) the expression of the TIMP-4 gene may be down-regulated in breast cancers during the
breast malignant progression.

Transfection and selection of TIMP-4 positive clones. We selected MDA-MB-435 cell
line as receipt for TIMP-4 mediated gene transfection because of 1) its lack of detectable of

TIMP-4 transcript; and 2) its more aggressive and highly tumorigenic behavior in nude mice. The

full-length TIMP-4 cDNA was inserted into pCI-neo mammalian expression vector; and the
resulting vector was transfected into MDA-MB-435 cells. The same cells were also transfected
with the vector containing no insert, as a control for TIMP-4. Transfection was repeated once,
with different amounts of DNA, to allow establishment of neomycin-resistant clonal cell lines
from independent transfections. Subsequent to transfection, G418 selection, and cloning by
limiting dilution, several subclones of MDA-MB-435 cell were obtained. MDA-MB-435
subclones transfected with TIMP-4 cDNA were designated TIMP4-MDA-435, and MDA-MB-435
subclones transfected with pCVneo were designated neo-MDA-435. These G418-resistant clones
were expanded into individual cell lines and used as a source for RNA and protein analysis.
Clones were initially screened by in situ hybridization with a specific TIMP-4 antisense probe,
and the positive clones were subjected to Northern blot analysis. Eight TIMP4-MDA-435 clones
were picked up by in situ hybridization (Data not shown), and three clones were found to express
a single mRNA band consistent with the size of the 1.4 kb TIMP-4 transcript (ref 5) (see Fig.
SA in manuscript 1). In contrast, none of 3 neo-MDA-435 clones produced any detectable TIMP-
4 transcripts. Two high TIMP-4 expressing clones, TIMP4-MDA-435-19 and TIMP4-MDA-435-
20, and two TIMP-4 negative (neo only) clones, neo-MDA-435-15 and neo-MDA-435-12, and
parental MDA-MB-435 cells were chosen for further study. No changes in morphology were
observed in these clones.

Expression of MMP inhibitory activity. The anti-MMP activity of TIMP-4 transfected
clones was characterized. Conditioned media (CM) from two TIMP-4 positive clones (TIMP4-




MDA-435-19, TIMP4-MDA-435-20), and one TIMP-4 negative clones (neo-MDA-435-12) were
collected, concentrated, and analyzed for metalloproteinase inhibitory activity by reverse
zymography. Fig. 5C in manuscript 2 shows that the CMs from TIMP-4-producing clones
contained a prominent MMP inhibitory activity at 22 kDa band in a non-reducing gelatin
containing SDS gel. In contrast, no such activity was observed in the CM from neo-MDA-435
cells. These data suggest: 1) the TIMP-4 positive clones secret a functional TIMP-4-mediated
anti-MMP activity; 2) no endogenous TIMP activities were detectable in neo-MDA-435 clones
in the same conditions for detection of recombinant TIMP-4 activity.

In vitro growth of TIMP4-MDA-435 cells. To determine whether TIMP-4 expression
affects the growth of MDA-MB-435 cells, the growth curve of TIMP4-MDA-435 cells was
compared to that of neo-MDA-435 cell in monolayer culture. There was no significant difference
in the growth pattern between parental MDA-MB-435 cells, neo-MDA-435 cells, and TIMP4-
MDA-435 cells (data not shown).

Effect of TIMP-4 transfection on tumorigenicity. The tumorigenicity of TIMP4-MDA-
435 cells was determined in comparison with parental MDA-MB-435 cells and neo-MDA-435
cells by inoculating 3x10° cells into mammary fat pad of female nude mice. The growth of
developing tumors was measured subsequently at regular intervals for six weeks. Three
independent experiments were done to confirm reproducibility, and the data from three
experiments are summarized in Table 1. After a lag phase of 7-10 days, mice given implants of
both TIMP-4 positive and TIMP-4 negative cells developed tumors. There was no difference in
tumor incidence among the groups. As demonstrated in Fig. 2, after a slow growth phase of 17
days, tumors from parental MDA-MB-435 cells increased in volume at an exponential rate.
Starting at about 25 days after inoculation, great level of tumor narcosis was observed in tumors
derived from MDA-MB-435 cells. The same breast cancer cells transfected with TIMP-4,
however, were significantly inhibited in their tumor growth in vivo; and no tumor narcosis was
observed. The mean volume of TIMP4-MDA-435-20 tumor was only 7% of that in parental
MDA-MB-435 cells, 37% of that in neo-MDA-435-15 cells, and 22% of that in neo-MDA-435-12
cells (P<0.01 by two sided Student’s # test). Two of three TIMP-4 positive clones, TIMP4-MDA-
435-20 and TIMP4-MDA-435-4, showed a decreased tumor growth compared with parental
MDA-MB-435 cells and neo-MDA-435 cells (all p < 0.01; Table 1). One of the TIMP-4 positive
clone, TIMP4-MDA-435-12, exerted the similar tumor growth rate in nude mice compared with
TIMP-4 negative clones. This lack of the inhibitory effect is due to the loss of TIMP-4 expression
in TIMP4-MDA-435-4 cells in the in vivo environment (data not shown). Thus, the
tumorigenicity of the breast cancer cells was inhibited by expression of TIMP-4.

Summary. Recently, we identified, cloned, and characterized a novel human tissue
inhibitor of metalloproteinases-4, TIMP-4. To determine if TIMP-4 can modulate the in vivo
growth of human breast cancers, we transfected a full-length TIMP-4 ¢cDNA into MDA-MB-435
human breast cancer cells and studied the orthotopic growth of TIMP-4-transfected (TIMP4-
MDA-435) vs control (neo-MDA-435) clones in the mammary fat of athymic nude mice. TIMP4-
MDA-435 clones expressed TIMP-4 mRNA and produced an anti-metalloproteinase (MMP)
activity detected by reverse zymography; while neo-MDA-435 clones did not express TIMP-4
mRNA or produce detectable anti-MMP activity. in vitro, TIMP4-MDA-435 clones showed no




significant difference in cell proliferation as compared with controls. When these cells were
injected orthotopically in nude mice, we found that the overexpression of TIMP-4 significantly
inhibited tumor growth rates; reached (4-10)-fold smaller primary tumor volumes at sacrifice (p
< 0.01); and gave lower rates of axillary lymph node and lung metastasis, as compared with neo-
MDA-435 clones.

Project 2: identification of a breast cancer specific gene, BCSG1, by direct differential

cDNA sequencing

Introduction. Identification of quantitative changes in gene expression that occur in the
malignant mammary gland, if sufficiently characterized, may yield novel molecular markers
which may be useful in the diagnosis and treatment of human breast cancer. Several differential
cloning methods, such as differential display polymerase chain reaction and subtractive
hybridization, have been used to identify the genes differentially expressed in breast cancer
biopsies, as compared to normal breast tissue controls (6-10). However, these investigations have
involved the relatively time- and labor-intensive steps of subcloning, library screening, and cDNA
sequencing of individual genes (7,11). On the other hand, creation of expressed sequence tag
libraries is a rapid method used to identify or "tag" sequences that are expressed in specific
tissues (12-13). Since the introduction of the EST sequencing approach, many novel human genes
have been discovered (12-13). The advantage of this methodology, compared to isolation and
sequencing of individual cDNAs, is that a large number of sequences can be "cataloged" with
small amounts of sequencing data.

In this initial report, we described a novel breast cancer specific gene named BCSG1 that
is overexpressed in advanced infiltrating breast cancer cells but not in normal or benign breast
lesion. The expression pattern of BCSG1 may be a meaningful marker in the development of

breast cancer. Please see attached manuscript 2 for the table and figures.

Molecular cloning of BCSG1. BCSG1 was identified and cloned by differential cDNA
sequencing as described in the manuscript 2. Comparison of the predicted amino acid sequence
with the sequence of a similar human protein was analyzed. After optimal alignment, the putative
BCSGl-encoded protein shows 54% sequence identity with the recently cloned non-AB fragment
of human Alzheimer’s disease (AD) amyloid protein (14).

Tissue expression. The expression of BCSG1 gene in a variety of normal human tissues
were analyzed by Northern blotting (Fig. 3 in manuscript 2). As expected, the Northern blot showed
that BCSG1 was abundantly expressed as a 1 kb transcript in brain which is the rich source for AD
amyloid family gene. Similar bands with much lower accumulations in their relative intensity were
also obtained in ovary, testis, colon, and heart. By contrast, none of them was present in other
specimens analyzed, such as breast, kidney, liver, prostate, lung, small intestine, thymus and
placenta.

Expression of BCSG1 in human breast cancer cells. In an attempt to evaluate the
potential biological significance of BCSG1 on human breast cancer development and progression,
we studied BCSG1 gene expression in human breast biopsy samples. The expression of BCSG1
in metastatic breast carcinoma and normal breast tissue were analyzed by Northern blotting. Fig.




4 in manuscript 2 shows overexpression of BCSG1 transcript in an infiltrating breast carcinoma.
In contrast, the BCSGI transcript was undetectable in normal breast tissue. The presence of
BCSG1 transcript in human breast tissue and its overexpression in breast carcinomas are
consistent with our differential cDNA sequencing cloning strategy which suggests a possible role
or a biomarker of up-regulation of BCSG1 in the development of breast cancer.

The expression of BCSG1 was also investigated in a variety of human breast cancer cell
lines (Fig. 5 in manuscript 2). Northern blot detected the 1 Kb BCSGI1 transcript in 2/4 lines
derived from pleural effusion and 4/4 lines detected from ductal infiltrating carcinomas. Among
these lines, H3922 expressed the highest level of BCSG1 mRNA. The absence of BCSG1 mRNA
in some breast cancer cell lines may suggest that the expression of BCSG1 gene requires specific
in vivo conditions or that it is induced by interactions between the tumor cells and stromal cells.

In order to localize the cellular source of the BCSG1 expression and to further assess the
biological relevance of the overexpression of BCSG1 in breast cancers, we next performed in situ
hybridization on fixed breast sections from 20 infiltrating carcinomas, 15 ductal carcinomas in

situ (DCIS), and 18 benign breast lesions including 5 reduction mammoplasty specimens, 8 breast

hyperplasias, and 5 fibroadenomas. In these experiments, we examined two aspects of BCSG1
expression: 1) the tissue localization (stromal versus epithelial); and 2) the correlation of BCSG1
expression and breast cancer malignant phenotype. There was a wide variation in staining intensity
for BCSGI1 expression among the human breast cancer specimens. Since the colorimetric in situ
hybridization is not quantitative, the tissue samples were classified into either positive or negative
staining for BCSG1 expression; no attempt was made to differentiate the levels of expression of
BCSG1 among positive-staining specimens. The negative cases were confirmed with at least two
independent experiments. All stainings were reviewed by at least two people. Fig. 6 in manuscript
2 shows a representative in situ hybridization for BCSG1. We found a strongly positive BCSG1
hybridization in neoplastic epithelial cells of highly infiltrating breast carcinomas (Fig. 6A,B). The
expression of BCSG1 mRNA was detectable in the neoplastic epithelial cells in 17 of 20 infiltrating
breast carcinomas. No expression of BCSG1 was detected in the stromal cells. In contrast,
expression of BCSG1 was absent in 16 out of 18 cases of normal or benign breast lesions. A
representative negative staining of BCSG1 in normal ductal breast epithelial cells (Fig. 6E), a benign
proliferative breast lesion (Fig. 6F), and a benign fibroadenoma (Fig. 6G) are presented.
Furthermore, as demonstrated in Fig. 6B for a highly invasive breast carcinoma, no detectable signal
of BCSG1 expression was evident in the residual normal lobular breast epithelial cells although the
surrounding invasive breast carcinoma cells were stained positive for BCSG1 expression. These in
situ hybridization results are consistent with the Northern blot analysis which showed a strong
expression of BCSG1 transcript in breast carcinoma but not in normal or benign breast lesions.

It is interesting to note that although a strong BCSGI1 signal was easily detected in the
malignant breast epithelial cells of infiltrating breast carcinoma, the in situ carcinomas showed a
different BCSG1 expression patterns. Among 15 DCISs (8 are Comedo type and 7 are non-Comedo
type), 8 specimens were stained negatively (Fig. 6D) and 7 specimens were positive (Fig. 6C).
Interestingly, 6 of 7 BCSG1 positive DCIS samples were Comedo type DCIS and only one was non-
Comedo type; among the BCSG1 negative specimens, there were 6 non-Comedo type DCISs and
only two Comedo type DCISs. These results, which demonstrated a stage-specific BCSG1
expression from virtually no detectable expression in normal or benign breast to partial expression
(7/15) in the in situ breast carcinoma and to the high expression (17/20) in the infiltrating malignant
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breast carcinomas, suggest an association of BCSG1 expression with breast cancer malignant
progression. Based on this BCSG1 expression pattern, we propose that BCSG1 may be potentially
used as a breast cancer progression marker.

Summary. With the availability of tens of thousands of partial cDNA sequences, we have,
using differential cDNA sequence, identified a new putative breast cancer marker gene BCSG1
and studied its expression in breast cancer. Using in situ hybridization analysis, we have
demonstrated the expression of BCSG1 transcripts in the neoplastic epithelial cells of infiltrating
breast carcinoma but not in epithelial cells of normal and benign breast. The overexpression (13
of 15) of BCSG1 in malignant infiltrating breast epithelial cells compared to the partial
expression (7 of 15) in the in situ carcinoma suggests that up-regulation of BCSG1 expression
is associated with breast malignant progression and may signal the more advanced
invasive/metastatic phenotype of human breast cancer. This implication is further supported by
detection of BCSG1 expression in 6/8 aggressive Comedo type DCISs and only 1/7 in non-
Comedo type DCISs. It is unlikely that BCSG1 is overexpressed as a secondary effect of cellular
proliferation because no detectable BCSG1 expression is evident in rapidly proliferating
nonmalignant breast lesions.

It is interesting to note that the predicted amino acid sequence of BCSG1 gene shares high
sequence homology with the recently cloned non-AB component of Alzheimer’s disease (AD)
amyloid precursor protein (14). A neuropathological hallmark of AD is a widespread amyloid
deposition resulting from beta-amyloid precursor proteins (beta APPs). Beta AAPs are large
membrane-spanning proteins that either give rise to the beta A4 peptide (AB fragment) (15) or
a non-Af} component of AD amyloid (14) that is either deposited in AD amyloid plaques or
yielding soluble forms. While the insoluble membrane-bound AD amyloid destabilizes calcium
homeostasis and thus renders cell vulnerable to excitotoxic conditions of calcium influx resulting
from energy deprivation or overexcitation (16), the soluble AD amyloid proteins are
neuroprotective against glucose deprivation and glutamate toxicity, perhaps through their ability
to lower the intraneuronal calcium concentration (17). We currently do not know whether BCSG1
is an instigator or merely a by-product during breast cancer progression. With the availability of
anti-BCSG1 antibody to localize BCSG1 protein and the recombinant BCSG1 protein, we may
start to speculate that BCSG1, like soluble AD amyloid, may be potentially involved in tissue
damage resulting from tissue remodeling due to the local cancer invasion. An elucidation of the
reasons for BCSG1 overexpression in infiltrating breast cancer cells may shed some light on the
pathogenesis of breast cancer progression. Nevertheless, we demonstrated a stage-specific BCSG1
expression and an association of BCSG1 overexpression with clinical aggressiveness of breast
cancers. The notion that the BCSG1 overexpression may indicate breast cancer malignant
progression from benign breast or low grade in situ carcinoma to the highly infiltrating carcinoma
warrants further investigation.
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1.4kb— -

Fig. 1. Northern analysis of TIMP-4 expression in human breast cancer cells. RNAs were
isolated and subjected to Northern analysis by hybridization with random-labelled full-length
cDNA probe. The integrity of the RNA samples was ascertained by direct visualization of the
ribosomal RNAs in stained gel. Each lane contained 20 pg total RNA. Northern analysis failed
to detect the TIMP-4 transcript in most breast cancer cell lines, except MDA-MB-231 cells,
which showed a strong 1.4 kb TIMP-4 transcript. 1. Hs578t; 2. MDA-MB-231; 3. MDA-MB-
435; 4. MDA-MB-436; 5. MCF-7; 6. T47D; 7. BT549; 8. TKS-7 (FGF-4 transfected T47D
cells).
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Inhibition of breast cancer growth by TIMP-4
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Fig. 2. Inhibition of tumor growth in nude mice. Closed circle represents parental MDA-MB-435
cells and open circle represents TIMP4-MDA-435-20 cells. The data reflect the experiment 3 in
Table 1. Cell injection and tumor measurement were described in Table 1.
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Abstract

The tissue inhibitors of metalloproteinases (TIMPs) comprise a family of proteins, of which
three members have so far been described. Using the expressed sequence tag (EST) sequencing
approach, we have identified a novel TIMP related cDNA fragment and subsequently cloned a
fourth human TIMP (TIMP-4) from human heart cDNA library. The open reading frame (ORF)
encodes a 224 amino acid precursor including a 29-residue secretion signal. The predicted structure
of the new protein shares 37% sequence identity with TIMP-1 and 51% identity with TIMP-2 and
TIMP-3. The protein has a predicted isoelectric point of 7.34. The ORF directed expression of
TIMP-4 protein in MDA-MB-435 human breast cancer cells showed metalloprotease inhibitory
activity on reverse zymography. By Northern analysis, only adult heart showed abundant TIMP-4
transcripts with a 1.4 kb predominant transcript band; very low levels of the transcripts were
detected in kidney, placenta, colon and testes; and no transcripts were detected in liver, brain, lung,
thymus and spleen. This unique expression pattern suggests that TIMP-4 may function in a tissue-

specific fashion in extracellular matrix (ECM) homeostasis.



Introduction

Matrix metalloproteinases (MMPs) play a critical role in ECM homeostasis. Controlled
remodeling of the ECM is an essential aspect in the process of normal development, and deregulated
remodeling has been indicated to have a role in the etiology of diseases such as arthritis, periodontal
disease, and cancer metastasis (1-5). The overproduction and unrestrained activity of MMPs has
been linked to malignant conversion of tumor cells [4-12]. The down-regulation of MMPs may
occur at the levels of transcriptional regulation of the genes; activation of secreted proenzymes; and
through interaction with specific inhibitor proteins, such as TIMPs. TIMPs are secreted
multifunctional proteins that play pivotal roles in the regulation of ECM metabolism. Their most
widely recognized action is as inhibitors of matrix MMPs. Thus, the net MMP activity in the ECM
is the result of the balance between activated enzyme levels and TIMPs levels. Augmented MMP
activity is associated with the metastatic phenotype of carcinomas, especially breast cancer [7-9, 13-
16]; the decreased production of TIMP could also result in greater effective enzyme activity and
invasive potentials [17-19]. These results suggest that an increase in the amount of TIMPs relative
to MMPs could function to block tumor cell invasion and metastasis. In fact, tumor cell invasion and
metastasis can be inhibited by up-regulation of TIMP expression or by an exogenous supply of
TIMPs [17, 40-44].

Three mammalian TIMPs have been characterized at the sequence level: TIMP-1 (20),
TIMP-2 (21) and TIMP-3 (22-25, 35,54). The proteins are classified based on structural similarity
to each other, as well as their ability to inhibit matrix metalloproteases. There have been other
reports of inhibitors of metalloproteases (IMPs) with characteristics different from these known

TIMPs. In some cases these activities result from alternate forms of the known TIMPs. For



instance, a report describes one IMP present in the conditioned media of human. bladder
carcinoma to be a partially glycosylated form of TIMP-1 and another to be a partially
- processed/degraded form of TIMP-2 (25). There are additional reports that describe sources and
characteristics of IMP activity, but the gene products associated with these activities have not

been delineated (26).

Individual TIMP family members may have specific physiological roles. This notion is

supported by several lines of evidence. First, although TIMPs are essentially interchangeable in their

capabilities as inhibitors of MMPs, they are distinguished by the formation of specific complexes
with different pro-MMPs (27-29). Secreted MMP-2/TIMP-2 and MMP-9/TIMP-1 complexes may
represent an additional function for TIMPs in controlling activation of specific latent MMPs. Unlike

TIMP-1 and TIMP-2, TIMP-3 has a unique association with ECM (30). Second, the expression of

TIMP genes is quite different. The TIMP-1 gene is highly inducible at the transcriptional level
in response to many cytokines and hormones (31-34). Likewise, TIMP-3 expression is not only
induced in response to mitogenic stimulation, but also is subject to cell cycle regulation (35),
suggesting that TIMP-3 expressioh may represent an invaluable tool for the analysis of cell cycle
progression, terminal differentiation, and replicative senescence. In contrast, TIMP-2 expression,
like that of MMP-2 with which it interacts, is largely constitutive (36-37).

Since the introduction of the expressed sequence tag (EST) sequencing approach, many
novel human genes have been discovered and isolated [38]. With the rapidly growing repertoire
of human ESTs, we took advantage of automated EST sequence analysis to identify novel TIMP-
related genes. We have described here the full-length sequence of a novel member of the TIMP

family and examined the expression of this new member, TIMP-4, in a variety of tissues. We




have also demonstrated an MMP inhibitory activity of the expressed TIMP-4 protein.

Materials and Methods

Reagents. Restriction enzymes, T7 polymerase, random primer DNA labeling kit, and
digoxigenin-labeled nucleotides were obtained from Boehringer Mannhem, Indianapolis. **P-dATP
was purchased from Amersham.

Molecular cloning of TIMP-4 full-length cDNA sequence. We have used EST analysis

to search for a new TIMP. A data base containing approximately 500,000 human partial cDNA
sequences (expressed sequence tags) has been established in a collaborative effort between the

Institute for Genomic Research and Human Genome Science Inc., using high throughput

automated DNA sequence analysis of randomly selected human ¢cDNA clones (38). Sequences of
TIMP-related genes were searched for using the blastn and tblastn algorithms [39]. An EST from

a human brain library, which demonstrated homology to TIMPs, was completely sequenced and
found to be a partial clone lacking the sequence at the 5' end. The coding region and 3' untranslated
region of this clone was excised from the Bluescript vector by digestion with the restriction
endonucieases EcoRI and Xhol, and used to generate a radiolabelled probe. This probe was used to
screen a Northern blot of total RNAs from several human tissues. The highest level of éxpression
of the putative novel TIMP was noted in RNA from adult heart. We next generated a cDNA library
from human heart. Poly A mRNA from heart tissue was obtained using Oligotex beads. Five
micrograms of this mRNA was used to construct a directional cDNA library in the Stratagene
Unizap vector using the Stratagene cDNA library kit. One million clones of the prixhary library
were amplified and an aliquot excised to yield Bluescript SK plasmid clones. These clones were
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screened with the probe generated by EcoRI and Xhol digestion of the positive clone from human
brain library as described above. Positive clones were re-screened, both by hybridization and PCR
analysis, wusing a Bluescript reverse primer and an antisense primer (5’

GACTGTCCACTTGGCACTTCT 3’) specific for the putative TIMP-related gene in the 3’

untranslated region. The full-length cDNA was completely sequenced using ABI 373a Automated

Fluorescent Sequencer protocols.

Northern analysis. Total RNA was extracted from tissues according to the method of
Chomcznski and Sacchi [45]. The RNA from human breast cancer cells was prepared using the RNA
isolation kit RNAzol B (Tel-Test, Inc) based on the manufacturer's instruction. Equal aliquots of
RNA were electrophoresed in a 1.2% agarose gel containing formaldehyde and transferred to nylon
membrane (Boehringer Mannheim). The membrane was pre-hybridized with ExpressHyb
hybridization solution (Clontech, Inc.) at 68°C for 30 min. The hybridization was carried out in the
same solution with **P-labeled TIMP-4 probe (1.5 x 10° cpm/ml) for 1 hour at 68°C. The membrane
was then rinsed in 2 x SSC containing 0.05% SDS three times for 30 min at room temperature,
followed by two washes with 0.1 x SSC containing 0.1% SDS for 40 min at 50°C. The full-length
TIMP-4 cDNA was isolated from the Bluescript vector, following EcoRI and Xhol digestion, and
used as a template for preparation of a random-labelled cDNA probe. The riboprobe is a 390 base
segment extending from nucleotides 800 to 1,189 ( the end of the 3'-end of the cDNA). This
riboprobe, which covers 85% of the 3' untranslated region, was generated by PstI digestion of the

Bluscript vector, followed by RNA synthesis with T7 polymerase.

Expression of TIMP-4 in human breast cancer cells. Human TIMP-4 full-length sequence

was subcloned into the pCI-neo mammalian Expression Vector (Promega) downstream of the human




cytomegalovirus promoter to generate the pCITIMP4 expression vector. Forty micrograms of
pCITIMP4 or the control pCI-neo plasmids were transfected into MDA-MB-435 human breast
cancer cells by the calcium phosphate-mediated method as previously described (46). Thirty G418-
resistant individual clones were selected in the selection medium containing 800 ug/ml of G-418,
subcloned and characterized by in situ hybridization and Northern blot analysis. TIMP-4-producing
clones were grown in serum-free defined medium. The conditioned media were collected at 40 hours
after culturing cells in serum-free DMEM medium, concentrated approximately 10-fold using an
Amicon hollow fiber concentrator with 10,000 molecular weight cut off. The inhibitory activity was
subsequently analyzed on reverse zymography SDS-PAGE.

Electrophoretic analysis by reverse zymography. Samples of conditioned media from
TIMP-4 -producing clones and control clones were adjusted to the same protein concentration and
electrophoresed on a 0.1% SDS, 12% polyacrylamide protease/substrate gel (47). The gel was
incubated in the collagenase buffer (50 mM Tris, pH 7.4, 0.2 M NaCl, 5 mM CaCl,, 1% Triton X-
100, 0.7 ug/ml of recombinant MMP?2) at 37°C overnight to allow digestion of gelatin in the gel. The
MMP inhibitory activities of samples were visualized by commassie blue R-250 (Sigma) staining

and destaining as previously described (48).



Results

Molecular cloning of TIMP4 complementary DNA. We have searched a database of

human genes identified by the EST method. The automated screening revealed an EST from a
human brain library with a 45% sequence homology to TIMP-2 protein. The clone was
completely sequenced. A putative stop codon was located; however, a start codon (ATG) could
not be located at the 5° end. The length of the open reading frame was alsp shorter than expected
for a 22-28 kDa protein in TIMP family. Therefore, it was concluded that this cDNA clone did
not encode the entire putative TIMP protein and that a segment at the 5’ end containing the start
codon was missing. In order to obtain the full-length sequence of the putative new TIMP gene,
the identified cDNA clone was prepared as a probe and was used to investigate the expression

of this new putative TIMP gene in a variety of human tissues by Northern blot analysis. Because
the highest expression of this new putative TIMP gene was identified in human heart, we next

generated a cDNA phage library from human adult heart and screened one million clones for
additional 5° sequence. As result, a number of clones were identified and the longest of these was
sequenced and found to contain the full-length cDNA sequence of the putative new TIMP gene.

The nucleotide sequence determined from this clone and the predicted corresponding
amino acid sequence are shown in Fig. 1. The full-leﬁgth cDNA sequence contains 1,189 bp with
672 bp open reading frame; 59 bp in the 5’ untranslated region; and 458 bp of 3’ untranslated
sequence. The open reading frame extends from the initiation A, TG codon to TAG,3, stop. The
open reading frame encodes a protein of 224 amino acids. A hydrophobic leader sequence at the
amino terminus conforms to a consensus signal peptide with a predicted cleavage site following

an alanine residue located at position 29 in the precursor (Fig. 1). Removal of the signal sequence




results in a mature protein of 195 amino acids having a calculated molecular weight of 22 kDa,
which is in close agreement with the molecular mass range of the TIMP family. The deduced
amino acid sequence predicts a protein with an isoelectric point of 7.34. Comparison of the
predicted amino acid sequence with the sequences of human TIMP-related proteins is shown in
Fig. 2. After optimal alignment, the putative protein shows 37% sequence identity and 57%
similarity to TIMP-1 and 51% identity and 70% similarity to TIMP-2 and TIMP-3. These
calculations do not take into account the significance of any gaps in the alignments. The predicted
protein structure of the putative new protein shares several essential features that are characteristic
to the TIMP family, including 12 completely conserved cysteine residues in-the corresponding
positions that form intrachain disulfide bonds that fold the protein into a two-domain structure
[49]. The presence of a consensus sequence VIRAK, which has been proposed to serve a
hallmark of the TIMP family (50,54), was also observed in the most conserved first 22 amino
acids located at the N-terminal region.

The extensive similarity of the predicted amino acid sequence with TIMPs suggests that
the putative new protein is a novel member of the human TIMP family and should be designated
as human TIMP-4.

Tissue expression. Tissue-specific transcription of TIMP-4 was examined by Northern
blotting on 20 micrograms of total RNAs from various human adult tissues (Fig. 3). As expected,
the Northern blot showed maximal TIMP-4 transcript levels in heart. Using a full-length cDNA

hybridization probe, transcripts of 4.1, 2.1, 1.4, 1.2 and 0.97 kb were detected in heart, with the

1.4-kb band representing at least 90% of the hybridization signal. Similar bands, with much lesser

accumulations in their relative intensity, were also obtained in kidney, pancreas, colon and testes.




By contrast, none of them was present in other specimens analyzed such as liver, brain, lung, small
intestine, thymus and spleen. The 1.4 kb TIMP-4 transcript was also detected in RNA isolated
from the human breast cancer cell line MDA-MB-231 (Fig. 4). In order to rule out the possibility
of cross-hybridization with either TIMP-1, TIMP-2, or TIMP-3; an additional filter with RNA
from MDA-MB-231 cells was also hybridized with a 389 bp riboprobe, which represents a
specific nucleotide sequence of the 3’-untranslated TIMP-4. As shown in Fig. 4B, the riboprobe
recognized the same bands in the RNA from MDA-MB-231 cells as the complete DNA probe,
thus suggesting that the 1.4 kb transcript corresponds to TIMP-4.

Expression of MMP inhibitory activity. Active recombinant TIMP-4 protein is required
for characterization of its biochemical activity against MMPs and biological functions to inhibit
tumor growth and metastasis. As an initial attempt to evaluate the biological significance of
TIMP-4 to inhibit cancer growth and metastasis, we have transfected TIMP-4 full-length cDNA
into the highly tumorigenic MDA-MB-435 human breast cancer cells. Three positive clones have
been selected and expressed high levels of TIMP-4 transcript (Fig. 5A). Conditioned media (CM)
from two TIMP-4 positive and one control clones were collected, concentrated, and analyzed for
metalloproteinase inhibitory activity by reverse zymography. Fig. 5B shows that the CMs from
TIMP-4-producing clones contained a prominent MMP inhibitory activity at 24 kDa band in a
non-reducing gelatin containing SDS gel. In contrast, no such activity was observed in the CM
form control MDA-MB-435 cells, suggesting that no endogenous TIMP activities were detectable

in the same conditions for detection of recombinant TIMP-4 activity.
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Discussion.

The work described here introduces a new member of the TIMP family, on which we confer
the title TDMP-4 because of its high sequence homology to the TIMP family, 12 conserved cysteine
residues, and the expressed MMP inhibitory activity.

The classical approach to identify novel proteins begins with the discovery of an interesting
biological activity. This protein is then purified; biochemically characterized; and subsequently, the

gene is cloned. Since the introduction of the EST sequencing approach and the availability of tens

of thousands of ESTs, researchers can now shift their attention to high-throughput cDNA cloning
in conjunction with structural similarity analysis as an accelerated method for protein discovery.
In this regard, the nucleic acid sequences of randomly picked cDNAs from established EST data
bases are searched and analyzed by the BLAST program for sequence similarity to the protein
of interest. Where similarities are detected, it is possible to make functional inferences concerning
the encoded protein based upon what is known about the function of the matched sequences.
Using this approach, we identified an EST with high sequence homology to TIMP-2 and
subsequently, the novel TIMP-4 gene was cloned using this EST as a probe.

The predicted protein structure of TIMP-4 shows several interesting features. First, as
expected, essential features of other TIMPs are cqnserved, including the location of 12 Cys
residues, as well as their relative spacing and the presence of 29-amino acid leader sequence,
which presumably is cleaved to produce the mature protein (13). Second, the mature protein has
an expected size of 22 kDa which is similar to the sizes of TIMP proteins. Expressed rTIMP-4
protein migrates as a 24 kDa protein by reverse zymography SDS-PAGE at non-reducing
condition, which is consistent with that obtained for other TIMPs (55). Third, the deduced amino

acid sequence of TIMP-4 predicts a protein with an isoelectric point of 7.34, the most neutral
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human TIMP protein at the physiological condition (pH7.4) comparing to values of 8.00, 6.45,
and 9.04 for human TIMP-1, TIMP-2, and TIMP-3, respectively (24). Fourth, as expected, TIMP-
4 has a highly conserved N-terminal domain similar to other TIMPs. The N-terminal 126 amino
acid residues of mature TIMP-1 (51) and the N-terminal 127 residues of mature TIMP-2 (52,53)
have been shown to be adequate for the inhibition of MMPs, suggesting that this part of the
proteins is functionally critical for inhibition of MMPs. In this region, the first 22 amino acids
of the mature proteins is the most conserved among the TIMPs, 16 of the first 22 amino acids
(73%) are identical among human TIMP-1, TIMP-2, and TIMP-3. However, the first 22 amino
acids of mature TIMP-4 show a decreased sequence identity with other TIMPs: 63% identical to
TIMP-1 and TIMP-2, and 59% identical to TIMP-3. The consensus sequence
CXCXPXHPQXAFCNXDXVIRAK (single amino acid code; X = any amino acid) has been
proposed to serve a diagnostic hallmark of the TIMPs being present in TIMP-1, TIMP-2, and
TIMP-3 (54). Because TIMP-4 has a less conserved sequence in this region with only 12 of 22
amino acids identical in all four TIMPs, we suggest the use of consensus sequence VIRAK
(positions 47-51, Fig. 2) as a diagnostic hallmark of the TIMP family. We have shown that
TIMP-4 is more homologous to TIMP-2 and TIMP-3 than to TIMP-1.

Tissue expression of TIMP-4 appears to be limited. Although large amounts of transcript

were detected in heart, much lower levels of expressibn were detected in kidney, pancreas, colon
and testes; no TIMP-4 transcript were detected in other tissues such as liver, brain, lung, thymus,
small intestine and spleen. TIMP-4 may function in a tissue-specific fashion as part of ah acute
response to tissue remodeling. It is interesting to note that the highest levels of TIMP-4 expression

is seen in the heart, in which human cancer metastasis rarely occurs. The possibility that the high

expression of TIMP-4 in heart may contribute the inability of malignant cells to invade needs further
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consideration.

We have expressed TIMP-4 in MDA-MB-435 human breast cancer cells in an effort to
investigate the biological significance of this new TIMP in tumor growth and metastasis. Since
TIMPs block the activities of MMPs, the net inhibitory activity of TIMPs might be important in
preventing malignant progression from the benign to the metastatic phenotype. In fact, tumor cell
invasion and metastasis can be blocked by up-regulation of TIMP expression or an exogenous
supply of TIMPs [17, 40-44]. Alternatively, down-regﬁlation of TIMP-1 and TIMP-2 have been
reported to contribute significantly to the invasive potential of human glioblastoma [19]. We have
analyzed the MMP inhibitory activities of the expressed rTIMP-4 from the conditioned medium of
transfected clones. As expected, rTIMP-4 proteins expressed from human breast cancer cells possess
an inhibitory activity against MMP and are secreted extracellularly, thus confirming that the novel
protein is the new member of TIMP family.

In summary, we have cloned and sequenced a novel human TIMP gene designated TIMP-4,
whose expression is tissue-specific. We have also presented evidence indicating the MMP inhibitory

activity of expressed TIMP-4 protein.
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Figure Legends

Fig. 1. TIMP-4 cDNA sequence. The full-length cDNA was sequenced using ABI 373a Automated
Fluorescent Sequencer method. The deduced amino acid sequence is shown under the DNA
sequence. The translation termination codon (TAG) is labelled with *. The putative mature protein
cleavage site is underlined at position 29 for alanine. Numbers refer to nucleic acid positions. The

sequence has been deposited in the GenBank with an accession number of (10t yet known).

Fig. 2. Comparison of the predicted amino acid sequence of human TIMP-4 with human TIMP-1,
TIMP-2, and TIMP-3. The available amino acid sequence of TIMP-1 (accession number P01033),
TIMP-2 (accession number P16035), and TIMP-3 (accession number P35625) were obtained from
the SwissProt data base and aligned with the TIMP-4 deduced sequence using the clustal method
of the MegAling Program from the DNASTAR software package. Conserved bases are boxed, the
29 amino acid putative signal sequence is shown between two triangles (A), and the 12 conserved

cysteine residues are labeled with arrows.

Fig. 3. The expression of TIMP4 gene in a variety of normal adult human tissues. Twenty
micrograms of total RNA were analyzed in Northern blotting. A strong hybridizing band of 1.4
kilobase was recognized in the lane corresponding to RNA from adult heart. Additional bands with
much lower intensities corresponding to mRNA species of about 4.1 kb, 2.1 kb, 1.2 kb, and 0.97 kb
were also detected. The integrity of the RNA samples was ascertained by direct visualization of the

ribosomal RNAs in the stained gel.
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Fig. 4. Northern analysis of TIMP-4 expression in human breast cancer cells. RNAs were isolated
and subjected to Northern analysis by hybridization with either a full-length cDNA probe (A) or a
390 base riboprobe, which represents a specific nucleotide sequence of the 3’-untranslated TIMP-

4 (C). The integrity of the RNA was ascertained by hybridization with a house keeping gene 36B4

(B). Each lane contained 20 ug total RNA. Northern analysis failed to detect the TIMP-4 transcript

in most breast cancer cell lines, except MDA-MB-231 cells, which showed a strong 1.4 kb TIMP-

4 transcript; a very weak hybridization signal was also detected in MDA-MB-436 cells.

Fig. 5. Metalloprotease inhibitory activities produced by transforming human breast cancer cells.
Human breast cancer cell line, MDA-MB-435, was transfected with either the pCITIMP4 plasmid
containing the full-length TIMP-4 cDNA or the control pCI-neo plasmid, and the TIMP-4 positive
clones were selected as described in "Materials and Methods". A. Northern blot of RNAs from both
control and TIMP-4 transfected clones. Total RNAs were isolated from three control pCI-neo
transfected clones (N1-N3) and four TIMP-4 transfected clones (P1-P4), and then subjected to
Northern blot analysis with a random-labelled full-length TIMP-4 probe. Strong TIMP-4 transcripts
were detected in 3 of 4 transfected clones; clone P3 shows low level TIMP-4 expression. In contrast,
no endogenous TIMP-4 transcripts were detected in any of the control clones. The integrity of the
RNAs and loading control were ascertained by hybridization with a house keeping gene 36B4 (B).
C. Analysis of MMP inhibitory activity by reverse zymography. Conditioned media were prepared
from one control clone N1 and two TIMP-4-producing clones P1 and P4, concentrated, and analyzed
by protease-substrate gel electrophoresis as described under "Materials and Methods". Lane 1: clone
P1; lane 2: clone N1; lane 3: clone P4. Arrow indicates the molecular weight of expressed TIMP-4

protein.
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Fig. 1. TIMP-4 cDNA sequence. The full-length cDNA was sequenced using ABI 373a Automated
Fluorescent Sequencer method. The deduced amino acid sequence is shown under the DNA
sequence. The translation termination codon (TAG) is labelled with *. The putative mature protein
cleavage site is underlined at position 29 for alanine. Numbers refer to nucleic acid positions. The

sequence has been deposited in the GenBank with an accession number of (¢ yet known).
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Abstract

A high-throughput direct differential cDNA sequencing approach was employed to identify
genes differentially expressed in normal breast as compared with breast cancer. Approximately six
timusand expressed sequence tags (EST) from complementary DNA (cDNA) libraries of normal breast
and breast carcinoma were randomly selected and subjected to EST sequencing analysis. The relative
expression levels of more than 2,000 unique EST groups were quantitatively compared in normal versus
cancerous breast. Of many putative differentially expressed genes, a breast cancer specific gene BCSG1,
which was expressed in high abundance in a breast cancer cDNA library but scarcely in a normal breast
¢DNA library, was identified as a putative breast cancer marker. In situ hybridization analysis
demonstrated a stage-specific BCSG1 expression: undetectable in normal or benign breast lesions,
partial expression in ductal carcinoma in situ, but extremely high level in advanced infiltrating breast
cancer. The predicted amino acid sequence of BCSG1 gene has a significant sequence homology to
non-AB fragment of Alzheimer’s disease amyloid protein. BCSG1 overexpression may indicate breast
cancer malignant progression from benign breast or in situ carcinoma to the highly infiltrating

carcinoma.



INTRODUCTION

The onset and progression of breast cancer is accompanied by multiple genetic changes that
result in qualitative and quahtitat_ive alterations in individual gene expression (1). Our hypothesis is that
many of these quantitative genetic changes manifest themselves as alterations in the cellular
complement of novel transcribed mRNAs. Identification of these mRNAs, if sufficiently characterized,
could provide clinically useful information for patient management and prognosis while enhancing our
understanding of breast cancer pathogenesis. Although pathological endpoints such as tumor size,
lymph node status and status of estrogen receptor and progesterone receptor remain the most useful
guides in prognosis and selecting treatment strategies for breast cancer (2), there is a need to further
investigate the molecular mechanisms that determine the properties of an individual tumor e.g.,
probability of metastasis. While numerous prognostic factors have now been identified, few have
contributed to defining clinical response to therapy.

Identification of quantitative changes in gene expression that occur in the malignant mammary
gland, if sufficiently characterized, may yield novel molecular markers which may be useful in the
diagnosis and treatment of human breast cancer. Several differential cloning methods, such as
differential display polymerase chain reaction and subtractive hybridization, have been used to identify
the genes differentially expressed in breast cancer biopsies, as compared to normal breast tissue
controls (3-7). However, these investigations have involved the relatively time- and labor-intensive
steps of subcloning, library screening, and cDNA sequencing of individual genes (4,8). On the other
hand, creation of expressed sequence tag libraries is a rapid method used to identify or "tag" sequences
that are expressed in specific tissues (9-10). Since the introduction of the EST sequencing approach,
many novel human genes have been discovered (9-10). The advantage of this methodology, compared

to isolation and sequencing of individual cDNAs, is that a large number of sequences can be




"cataloged" with’small amounts of sequencing data.

With the availability of tens of thousands of ESTs, researchers now shift their attention to the
unveiling of expression profile of individual genes or pattens of genes in normal versus diseased states.
Several newly developed strategies, such as Serial Analysis of Gene Expression (SAGE) (11) and

¢DNA Microarray method (12), have demonstrated potential for broad application for quantitative
analysis of differential patterns of gene expression. Within this cohtext, we undertook a search, using
the differential cDNA sequencing approach, for isolation of differentially expressed sequence tags and
the possible presence of the new marker genes for breast cancer. In this initial report, we described
a novel breast cancer specific gene named BCSG1 that is overexpressed in advanced infiltrating breast
cancer cells but not in normal or benign breast lesion. The expression pattern of BCSG1 may be a

meaningful marker in the development of breast cancer.



MATERIALS AND METHODS

Reagents. Restriction enzymes, T7 polymerase, random primer DNA labeling kit, and digoxigenin-
labeled nucleotides were obtained from Boehringer Mannhem, Indianapolis. **P-dATP was purchased from
Amersham.

Differential cDNA Sequencing. We have used EST analysis to search for new genes differentially
expressed in breast cancer vefsus normal breast. A data bése coﬁtaining approximately 500,000 human
partial cDNA sequences (expressed sequence tags) has been established in a collaborative effort between
the Institute for Genomic Research and Human Genome Science Inc., using high throughput automated
DNA sequence analysis of randomly selected human ¢cDNA clones (10). RNAs from a stage III breast
carcinoma and patient-matched normal breast were isolated and subjected to preparation of cDNA
libraries. EST automated DNA sequence analysis was performed on randomly selected cDNA clones. Both
libraries had about 60% novel gene sequences which did not match exactly to published human genes.

A total of 3048 ESTs from breast cancer cDNA library and 2886 ESTs from normal breast cDNA

library were randomly picked and sequence analyzed. The ESTs with overlapping sequences were

grouped into unique EST groups; and each EST group may represent a gene or a family of sequence-

related genes. There were more than 2,200 EST groups that were analyzed for quantitative comparison
of EST hits in the pair of cDNA libraries from normal breast versus breast cancer by examining the

expression of individual EST sequences. The numbers of EST hits in the libraries reflect the relative

expression or mRNA transcript copy numbers of the EST. This direct differential cDNA sequence, as
illustrated in Fig. 1, utilizing the direct EST sequencing analysis simultaneously on a pair of cDNA

libraries made from normal breast and breast cancer, was used to study expression profile of individual

genes and patterns of genes in normal breast versus breast cancer.
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Tissue-Specific Expression Analysis. Analysis of relative expression of breast-derived ESTs

versus their expression in other tissues was performed. The differentially expressed EST groups
identified by differential cDNA sequence were analyzed for tissue-specific expression against the total

of 500,000 ESTs from a variety of different cDNA libraries.

Northern analysis. Total RNA was extracted from tissues according to the method of Chomcznski
and Sacchi (45). The RNA from human breast cancer cells was prepared using the RNA isolation kit
RNAzol B (Tel-Test, Inc) based on the manufacturer's instruction. Equal aliquots of RNA were
electrophoresed in a 1.2% agarose gel containing formaldehyde and transferred to nylon membrane
(Boehringer Mannheim). The membrane was pre-hybridized with ExpressHyb hybridization solution
(Clontech, Inc.) at 68°C for 30 min. The hybridization was carried out in the same solution with 32p_
labeled BCSG1 probe (1.5 x 10° cpm/ml) for 1 hour at 68°C. The membrane was then rinsed in 2 x SSC
containing 0.05% SDS three times for 30 min at room temperature, followed by two washes with 0.1 x
SSC containing 0.1% SDS for 40 min at 50°C. The full-length BCSG1 cDNA was isolated from the
Bluescript vector, following EcoRI and Xhol digestion, and used as a template for preparation of a
random-labelled cDNA probe.

In situ hybridization. In situ hybridization was carried out as described (13). Briefly,
deparaffinized and acid-treated sections (5-um thick) were treated with proteinase K, pre-hybridized, and
hybridized overnight with digoxigenin labeled anti-sense transcripts from a BCSG1 c¢DNA insert. The
BCSG] antisense probe is a 550 bp full-length fragment. The probe was generated by PstI cut of BCSG1
¢DNA plasmid and followed by T7 polymerase. Hybridization was followed by RNase treatment and three
stringent washings. Sections were incubated with mouse anti-digoxigenin antibodies (Boehringer)

followed by the incubation with biotin-conjugated secondary rabbit anti-mouse antibodies (DAKO). The



+

colorimetric detection were performed using a standard indirect streptavidin-biotin immunoreaction

method by DAKO's Universal LSAB Kit according to manufacturer's instructions.




RESULTS

Molecular cloning of BCSG1 complementary DNA. We generated cDNA libraries from breast
cancer biopsy specimen and patient-matched normal breast and analyzed these libraries by EST
séquencing. Approximately 6,000 ESTs were analyzed and grouped to different groups based on

sequence overlapping, and 2,200 unique EST groups were first analyzed for relative expression in the

cDNA libraries from normal breast versus breast cancer and then subjected to tissue-specific expression

by examining tissue origins of individual EST sequences against a large population of ESTs derived from

a variety of different tissue types. As a result, we identified three classes of EST groups that were
differentially expressed in normal breast versus breast cancer. As a demonstration of this approach,
Table 1 shows a partial list of three classes of genes that are differentially expressed in normal breast
versus breast cancer. Class I represents the genes more abundant in breast cancer than in normal breast
and includes cathepsin D, a well-studied steroid regulated extracellular matrix-degrading proteinase (14~
16). Cathepsin D is thought to play a role in breast cancer metastasis (14-16) and has been proposed
as a prognostic marker in breast cancer progression (17-19,38). As listed, there were 5 cathepsin D
ESTs sequenced in the breast cancer cDNA library and only 1 EST in the normal breast cDNA library.
Another proposed breast cancer metastasis-related gene and a prognostic marker for breast cancer, 67
kDa laminin receptor (20-24), was also picked up in this class by the differential cDNA sequencing
approach. Class II represents genes that are more abuﬁdant in normal breast than in breast cancer.
Although the genes in classes I and II are differentially expressed in normal breast versus breast
cancer, these genes are unique to breast tissues. Class III is a special group of genes that are selectively
expressed in breast relative to other tissue types. The tissue-specific expression of the unique gene was
searched against approximately 500,000 ESTs using the BLAST program (25). None of these breast

cancer specific genes (BCSG) except the first one matched with any sequences in public gene sequence



databases. BCSG1 was chosen for analysis as a first putative breast cancer maker gene because 1) its
sequence has been matched with the sequence in public gene sequence database; and 2) most of the
individual EST sequences in BCSG1 were derived from a breast tumor ¢cDNA library. Of the eight
distinctive EST clones in BCSG1, seven of them were discovered in breast cDNA libraries and only
one in a brain library. Of the seven EST clones discovered in the breast cDNA libraries, six of them
were identified in the breast tumor library and only one.in the normal breast library. After sequencing
analysis of all 6 EST clones, one EST cloﬁe was found to have a complete full-length sequence. The
open reading frame of the resulting full-length gene is predicted to encode a 127 amino acid
polypeptide. Comparison of the predicted amino acid sequence with the sequence of a similar human

protein is shown in Fig. 2. After optimal alignment, the putative BCSG1-encoded protein shows 54%

sequence identity with the recently cloned non-AB fragment of human Alzheimer’s disease (AD) amyloid
protein (26).

Tissue expression. The expression of BCSG1 gene in a variety of normal human tissues were

analyzed by Northern blotting (Fig. 3). As expected, the Northern blot showed that BCSG1 was
abundantly expressed as a 1 kb transcript in brain which is the rich source for AD amyloid family gene.

Similar bands with much lower accumulations in their relative intensity were also obtained in ovary, testis,
colon, and heart. By contrast, none of them was present in other specimens analyzed, such as breast,
kidney, liver, prostate, lung, small intestine, thymus and placenta.

Expression of BCSG1 in human breast cancer cells. In an attempt to evaluate the potential

biological significance of BCSG1 on human breast cancer development and progression, we studied
BCSG1 gene expression in human breast biopsy samples. The expression of BCSG1 in metastatic breast

carcinoma and normal breast tissue were analyzed by Northern blotting. Fig. 4 shows overexpression




of BCSG1 transcript in an infiltrating breast carcinoma. In contrast, the BCSG1 transcript was
undetectable in normal breast tissue. The presence of BCSG1 transcript in human breast tissue and its
Qverexpression in breast carcinomas are consistent with our differential cDNA sequencing cloning
strategy which suggests a possible role or a biomarker of up-regulation of BCSG1 in the development
of breast cancer.

The expression of BCSG1 was also. investigated. in a variety of human breast cancer cell lines
(Fig. 5). Northern blot detected the 1 Kb BCSG1 transcript in 2/4 lines derived from pleural effusion
and 4/4 lines detected from ductal infiltrating carcinomas. Among these lines, H3922 expressed the
highest level of BCSG1 mRNA. The absence of BCSG1 mRNA in some breast cancer cell lines may
suggest that the expression of BCSG1 gene requires specific in vivo conditions or that it is induced by
- interactions between the tumor cells and stromal cells.

In order to localize the cellular source of the BCSG1 expression and to further assess the
biological relevance of the overexpression of BCSG1 in breast cancers, we next performed in situ
hybridization on fixed breast sections from 20 infiltrating carcinomas, 15 ductal carcinomas in situ
(DCIS), and 18 benign breast lesions including 5 reduction mammoplasty specimens, 8 breast
hyperplasias, and 5 fibroadenomas. In these experiments, we examined two aspects of BCSGI
expression: 1) the tissue localization (stromal versus epithelial); and 2) the correlation of BCSGI
expression and breast cancer malignant phenotype. There was a wide variation in staining intensity for
BCSG1 expression among the human breast cancer specimens. Since the colorimetric in situ
hybridization is not quantitative, the tissue samples were classified into either positive or negative
staining for BCSG1 expression; no attempt was made to differentiate the levels of expression of BCSGl
among positive-staining specimens. The negative cases were confirmed with at least two independent

experiments. All stainings were reviewed by at least two people. Fig. 6 shows a representative in situ
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hybridization for BCSG1. We found a strongly positive BCSG1 hybridization in neoplastic epithelial
cells of highly infiltrating breast carcinomas (Fig. 6A,B). The expression of BCSG1 mRNA was
detectable in the neoplastic epithelial cells in 17 of 20 infiltrating breast carcinomas. No expression of
BCSG1 was detected in the stromal cells. In contrast, expression of BCSG1 was absent in 16 out of
18 cases of normal or benign breast lesions. A representative negative staining of BCSG1 in normal
ductal breast epithelial cells (Fig..6E), a benign proliferative breast lesion (Fig. 6F), and a benign
fibroadenoma (Fig. 6G) are presented. Furthermore, as demonstrated in Fig. 6B for a highly invasive
breast carcinoma, no detectable signal of BCSG1 expression was evident in the residual normal lobular
breast epithelial cells although the surrounding invasive breast carcinoma cells were stained positive
for BCSG1 expression. These in situ hybridization results are consistent with the Northern blot analysis
which showed a strong expression of BCSG1 transcript in breast carcinoma but not in normal or benign
breast lesions.

It is interesting to note that although a strong BCSG1 signal was easily detected in the malignant
breast epithelial cells of infiltrating breast carcinoma, the in situ carcinomas showed a different BCSG1
expression patterns. Among 15 DCIS$ (8 are Comedo type and 7 are non-Comedo type), 8 specimens
were stained negatively (Fig. 6D) and 7 specimens were positive (Fig. 6C). Interestingly, 6 of 7 BCSG1
positive DCIS samples were Comedo type DCIS and only one was non-Comedo type; among the
BCSG1 negative specimens, there were 6 non-Comedo type DCISs and only two Comedo type DCISs.
These results, which demonstrated a stage-specific BCSG1 expression from virtually no detectable
expression in normal or benign breast to partial expression (7/15) in the in sifu breast carcinoma and
to the high expression (17/20) in the infiltrating malignant breast carcinomas, suggest an association
of BCSG1 expression with breast cancer malignant progression. Based on this BCSG1 expression

pattern, we propose that BCSG1 may be potentially used as a breast cancer progression marker.
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DISCUSSION

More than 190,000 new cases of breast cancer are diagnosed in the United States every year,
vyith incidence increasing by approximately 1% annually (27-28). Studies linked to the discovery of
new genetic markers will pfovide new information leading to understanding of breast cancer
development and progression. There are two classes of genes affecting tumor development. Genes
influencing the cancer phenotype that act directly as.a result of changes (eg., mutation) at the DNA
level, such as BRCA1, BRCA2, and p55, are called Class I genes. The Class II genes affect the
phenotype by modulation at the expression level. Development of breast cancer and subsequent
malignant progression is associated with alterations of a variety of genes of both classes. Many new
predictive and prognostic factors have been proposed and studied for breast cancer. HER 2/neu positive
tumors respond poorly to endocrine treatment (29-30). p53 alteration has an indication of poorer
prognosis and poor response to tamoxifen (31-32). The lack of Nm23 expression has an indicative value
of metastatic potential and poor prognosis in invasive ductal carcinoma (33). Cathepsin D, a protease
suggested to have a role in breast cancer, appears to affect the potential for invasive growth (11-13,34).
Positive immunostaining of tumor sections with Factor VIII antibodies seems to be a marker for
angiogenesis (35-37). It has been postulated that these tumors are targets for anti-angiogenesis drug
treatment. Expression of the mdr-1 gene is proposed to be an indicator of multidrug resistance (36-37).
Poor response to endocrine therapy bas been indicated for uPA/PAI-1, a plasminogen activator/inhibitor
(38). Also receiving major attention are the familial breast cancer related genes, BRCAI and BRCA2
(39-41). With the availability of tens of thousands of EST sequences, we have, using differential cDNA
sequence, identified a new putative breast cancer marker gene BCSG1 and studied its expression in
breast cancer.

The differential cDNA sequencing method described here is a direct approach that utilizes an
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automatic EST analysis on a pair of cDNA libraries. Unlike previously described methods, the

differential cDNA sequencing approach allows one to identify differentially expressed genes or pattens
of genes directly from computer database. With the advancement of more efficient and rapid sequencing

technology, the direct differential cDNA sequencing approach may offer a powerful method for

- simultaneous analysis of the expression profile of thousands of genes, as well as for the discovery of

novel genes of clinical interest.

Using in situ hybridization analysis, we have demonstrated the expression of BCSG1 transcripts
in the neoplastic epithelial cells of infiltrating breast carcinoma but not in epithelial cells of normal
and benign breast. The overexpression (17 of 20) of BCSG1 in malignant infiltrating breast epithelial
cells compared to the partial expression (7 of 15) in the in situ carcinoma suggests that up-regulation
of BCSG1 expression is associated with breast cancer malignant progression and may signal the more
advanced invasive/metastatic phenotype of human breast cancer. This implication is further supported
by detection of BCSG1 expression in 6/8 aggressive Comedo type DCISs and only 1/7 in non-Comedo
type DCISs. It is unlikely that BCSG1 is overexpressed as a secondary effect of cellular proliferation
because no detectable BCSG1 expression is evident in rapidly proliferating nonmalignant breast lesions
(Fig. 6F).

It will be interesting to investigate if BCSG1 expression in DCIS may indicate a malignant
progression leading to invasion and metastasis. There ié cause for concern about the large number of
DCIS cases that are being diagnosed as a consequence of screening mammography, most of which are
treated by some form of surgery. In addition, the proportion of cases treated by mastectomy may be
inappropriately high (28). DCIS by definition has intact basement membrane by light microscopy (47).
Defective basement membrane, however, have been found when they are stained with periodic acid-
Schiff reagent and when they are examined by electron microscopy (48). In fact, it has been reported
that re-evaluation by experienced pathologists showed that 28 and 15 percent of previously diagnosed
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DCIS demonstrated invasion (49-50). If BCSG1 expression can provide some prognostic information
on distinguishing the DCIS which is not likely to become invasive from the DCIS which is most likely
to become invasive, this will help to direct the treatment strategies and to reduce some inappropriate
dr unnecessary mastectomies.

It is interesting to note that the predicted amino acid sequence of BCSG1 gene shares high
sequence homology with non-Af component of Alzheimer’s disease (AD) afnyloid precursor protein
(26). A neuropathological hallmark of AD is a widespread amyloid deposition resulting from beta-
amyloid precursor proteins (beta APPs). Beta AAPs are large membrane-spanning proteins that either
give rise to the beta A4 peptide (A8 fragment) (42) or a non-AB component of AD amyloid (26) that
is either deposited in AD amyloid plaques or yielding soluble forms. While the insoluble membrane-
bound AD amyloid destabilizes calcium homeostasis and thus renders cell vulnerable to excitotoxic
conditions of calcium influx resulting from energy deprivation or overexcitation (43), the soluble AD
amyloid proteins are neuroprotective against glucose deprivation and glutamate toxicity, perhaps

through their ability to lower the intraneuronal calcium concentration (44). We currently do not know
whether BCSG1 is an instigator or a by-product during breast cancer progression. With the availability

of anti-BCSGI1 antibody to localize BCSG1 protein and the recombinant BCSG1 protein, we may start
to speculate that BCSG1, like soluble AD amyloid, may be potentially involved in protection of tissue
damage resulting from tissue remodeling due to the local cancer invasion. An elucidation of the

reasons for BCSG1 overexpression in infiltrating breast cancer cells may shed some light on the

pathogenesis of breast cancer progression. Nevertheless, we demonstrated a stage-specific BCSG1

expression and an association of BCSG1 overexpression with clinical aggressiveness of breast cancers.

“The notion that the BCSG1 overexpression may indicate breast cancer malignant progression from benign

breast or in situ carcinoma to the highly infiltrating carcinoma warrants further investigation.

14



Acknowledgments

We thank Drs. W. Cance and E. Liu of North Carolina University for providing normal breast tissue

and breast cancer for constructing cDNA libraries, Dr. G. Yu and L. Xing for technical assistance, and
Ms. Jane Shirreffs for reading the manuscript. The sequence analysis was conducted at the DNA

Sequencing Core Facility at Human Genome Science, Inc. and The Institute of Genomic Research.
Supported in part by grants from US Army Breast Cancer Research Program (DAMD17-94-J-4149)

and Irving and Helen Schneider’s family.

15




References:

L.

Porter-Jordan, K. and Lippman, M.E. Overview of the biological markers of breast cancer.
Hematol. Oncol. Clin. N. Am., 8: 73-100, 1994.

Manning, D.L., McClelland, R.A.,, Knowlden, JM., Bryant, S., Green, C.D., Sutherland,
R.L. and Ormandy, C.J. Differential expression of oestrogen regulated genes in breast cancer. Acta
Oncol., 34: 641-646, 1995.

Watson, M.A. and Fleming, T.P. Isolation of differentially expressed sequence tags from
human breast cancer. Cancer Res., 54: 4598-4602, 1994.

Sager, R., Anisowicz, A., Neveu, M., Liang, P. and Sotiropoulou, G. Identification by differential
display of alpha 6 integrin as a candidate tumor suppressor gene. FASEB J., 7: 964-970, 1993.
Chen, Z. and Sager, R. Differential expression of human tissue factor in normal mammary
epithelial cells and in carcinomas. Mol. Med., 1 153-160, 1995.

Zhang, M., Zou, Z., Maass, N. and Sager, R. Differential expression of elafin in human normal
mammary epithelial cells and carcinomas is regulated at the transcriptional level. Cancer Res., 55:
2537-2541, 1995.

Zou, Z., Anisowicz, A., Hendrix, M.J., Thor, A., Neveu, M., Sheng, S., Rafidi, K., Seftor, E. and
Sager R. Maspin, a serpin with tumor-suppressing activity in human mammary epithelial cells.
Science, 263: 526-529. |

Liang, P., Averboukh, L., Keyomarsi, K., Sager, R. and Pardee, A.B. Differential display and
cloning of messenger RNAs from human breast cancer versus mammary epithelial cells. Cancer
Res., 52: 6966-6968, 1992. '

Adams, M.D., Soares, M.B., Kerlavage, AR, Field, C. and Venter, J .C. Rapid cDNA sequencing
(expressed sequence tags) from a directionally cloned human infant brain cDNA library. Nat.

Genet., 4: 373-380, 1993.

16




10.

11.

12.

13.

14.

15.

16.

17.

18.

Adams, M.D., Kelley, JM., Gocayne, J.D., Dubnick, M., Polymeropoulos, M.H., Xiao, H., Merril,
CR., Wu, A, Oide, B., Moreno, RF., Kerlavage, AR., McCombie, WR., and Venter, J.C.
Complementary DNA sequencing: expressed sequence tags and human genome project. Science,
252:1651-6, 1991.

Velculescu, V.E., Zhang, L., Vogelstein, B. and Kinzler, K.W. Serial analysis of gene expression.
Science, 270: 484-7, 1995.

Schena, M., Shalon, D.,Davis, R W. and Brown, P.O. Quantitative monitoring of gene expression
patterns with a complementary DNA microarray. Science, 270: 467-70, 1995.

M.L. Angerer and R.C. Angerer, In: D. Rickwood and B.D. Hames (ed.), In situ hybridization, pp.
15-32, London: LRL Press., 1992.

Rochefort, H., Capony, F., Garcia, M., Cavailles, V., Freiss, G., Chambon, M., Morisset,
M. and Vignon, F. Estrogen-induced lysosomal proteases secreted by breast can;:er cells:
a role in carcinogenesis? J.Cell. Biochem., 35: 17-29, 1987.

Cavailles, V., Augereau, P. and Rochefort, H. Cathepson D gene of human MCF-7 cells
contains estrogen-responsive sequences on its 5' proximal flanking region. Biochem. Biophys. Res.
Commun, /74: 816-24, 1991.‘

Capony,F., Rougeot, C., Cavailles, V. and Rochefort, F. Estradiol increases the secretion by MCF-7
cells of several lysosomal pro-enzymes. Biochem.v Biophys. Res. Commun, /77: 972-8, 1990.
Brouillet, J.P., Theillet, C., Maudelonde, T., Defrenne, A., Simony-Lafontaine, J., Sertour, J., Pujol,
H., Jeanteur, P. and Rochefort, H. Cathepsin D assay in primary breast cancer and lymph nodes:
relationship with c-myc, c-erb-B-2 oncogene amplification and node invasiveness. Eur. J. Cancer,
26: 437-41, 1990.

Spyratos, F., Maudelonde, T., Brouillet, J.P., Brunet, M., Defrenne, A., Andrieu, C., Hacene, K.,
Desplaces, A., Rouesse, J. and Rochefort, H. Cathepsin D: an independent prognostic factor for

17



19.

20.

21.

22.

23.

24.

25.

26.

metastasis of breast cancer. Lancet, //: 1115-8, 1989.

Rochefort, H., Cavailles, V., Augereau, P., Capony, F., Maudelonde, T., Touitou, I. and
Garcia, M. Overexpression and hormonal regulation of pro-cathepsin D in mammary and
endometrial cancer. J. steroid. Biochem.,34: 177-82, 1989.

Horan-Hand, P., Colcher, D., Salomon, D., Ridge, J., Noguchi, P. and Schiom, J. Influence of
spatial configuration of carcinoma cell populations on the expression of a tumor-associated
glycoprotein. Cancer Res., 45: 833-40, 1986.

Hunt, G. The role of laminin in cancer invasion and metastasis. Exp. Cell Biol, 57(3): 165-76,
1989.

Castronovo, V., Colin, C., Claysmith, A P., Chen, P.H,, Lifrange, E., Lambotte, R., Krutzsch, H,,
Liotta, L.A. and Sobel, M.E. Immunodetection of the metastasis-associated laminin receptor in
human breast cancer cells obtained by fine-needle aspiration biopsy. Am. J. Pathol., 137(6): 1373-
81, 1990.

Marques, L.A., Franco, EL., Torloni, H., Brentani, M.M,, da-Silva-Neto, J.B., and Brentani, R R.
Independent prognostic value of laminin receptor expression in breast cancer survival. Cancer-
Res., 50(5): 1479-83, 1990.

Gasparini, G., Barbareschi, M., Boracchi, P., Bevilacqua, P., Verderio, P., Dalla-Palma, P. and
Menard, S. 67-kDa laminin-receptor expressioﬁ adds prognostic information to intra-tumoral
microvessel density in node-negative breast cancer. Int. J. Cancer., 60(5): 604-10, 1995.
Altschul, S.F., Gish, W., Miller, W., Myers, EW. and Lipman, D.J. Basic local alignment
search tool. J. Mol. Biol., 215(3): 403-10, 1990.

Ueda, K., Fukushima, H., Masliah, E., Xia, Y., Iwai, A, Yoshimoto, M., Otero, D.A,, Kondo, J,,
Thara, Y. and Saitoh, T. Molecular cloning of cDNA enéoding an unrecognized component of

amyloid in Alzheimer disease. Proc. Natl. Acad. Sci. U.S.A., 90(23): 11282-6, 1993.

18



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Goldhirsch, A., Commentary: Meeting highlights (St Gallen 1995): International Consensus
Panel on the Treatment of Primary Breast Cancer. INCI, 97: 1141-1145, 1995.
Emster, V.L., Barclay, J., Kerlikowske, K., Grady, D., Henderson, C. Incidence of and treatment

for ductal carcinoma in situ of the breast. JAMA, 275: 913-918, 1996.

Allred DC, Clark GM, Tandon AK, Molina R, Tormey DC, Osborne CK, Gilchrist KW, Mansour
EG, Abeloff M, Eudey L. Her-2/neu in node-negative breast cancer. Prognostic significance of
overexpression influenced by the presence of in situ carcinoma. J Clin Oncol., 10: 599-605, 1992.
Gusterson BA, Gelber RD, Goldhirsch A, Price KN, Save Soderborgh J, Anbazhagan R, Styles J,
Rudenstam CM, Golouh R, Reed R. Prognostic importance of c-erbB-2 expression in breast cancer.
J Clin Oncol.. 10: 1049-56, 1992.

Bergh J, Norberg T, Sjogren S, Lindgren A, Holmberg L. Complete sequencing of the p53 gene
provides prognostic information in breast cancer patients, particularly in relation to adjuvant
systemic therapy and radiotherapy. Nature Medicine, /0: 1029-34, 1995.

Elledge RM, Fuqua SA, Clark GM, Pujol P, Allred DC. The role and prognostic significance of
p53 gene alterations in breast cancer. Breast Cancer Res Treat., 27: 95-102, 1993.

Steeg PS, De La Rosa A, Flatow U, Macdonald NJ, Benedict M, Leone A. Nm23 and breast cancer
metastasis. Breast Cancer Res Treat., 25: 175-87, 1993.

Ferno M, Baldetorp B, Borg A, Brouillet JP, Oléson H, Rochefort H, Sellberg G, Sigurdsson H,
Killander D. Cathepsin D, both a prognostic factor and a predictive factor for the effect of adjuvant
tamoxifen in breast cancer, South Sweden Breast Cancer Group. Eur J Cancer, 304: 2042-8,1994.
Klijn JGM, Berns EMJJ, Foekens JA. Prognostic factors and response to therapy in breast
cancer. Cancer Surveys: Breast cancer /8: 165-98, 1993.

Harris AL, Fox S, Leek R, Zhang H, Scott P, Bicknell R, Gatter K. Breast cancer angiogenesis.
Therapy target and prognostic factor. Eur J Cancer, 314: 831-2, 1995.

19



37.

38.

39.

40.

41.

42,

43.

44..

45.

Gasparini G, Pozza F, Hariss AL. Evaluating the potential usefulness of new prognostic and
predictive indicators in node-negative breast cancer patients. JNCI, 85: 1206-19, 1993 (errata JNCI
1993; 85:1605).

Foekens JA, Look MP, Peters HA, Van Putten WL, Portengen H, Klijn JG. Urokinase-type
plasminogen activator and its inhibitor PAI-1: predictor of poor response to tamoxifen therapy in
recurrent breast cancer. JNCI, 87: 751-6, 1995.

Miki, Y., Swenson, J., Shattuck-Eidens, D., Futreal, P.A,, et al. (1994) A strong candidate for
the breast and ovarian cancer susceptibility gene BRCA1. Science, 266: 66-71.

Wooster, R., Neuhausen, S.L., Mangion, J., et al. (1994) Localization of a breast cancer
susceptibility gene, BBCA2, to chromsome 13q12-13. Science, 265: 2088-2090.

Futreal, P.A., Liu, Q., Shattuck-Eidens, D. (1994) BBCA1 mutations in primary breast and
ovarian carcinomas. Science, 266: 120-122.

Masters, C.L., Simms, G., Weinman, N.A., Multhaup, G., McDonald, B.L. and Beyreuther, K.
Amyloid plaque core protein in Alzheimer disease and Down syndrome. Proc. Natl. Acad. Sci.
USA 82: 4245-4249, 1985.

Mattson, M.P., Rydel, R.E.,-Lieberburg, I, Smith-Swintosky, V.L. Altered calcium signaling
and neuronal injury: stroke and Alzheimer's disease as example. Ann. N. Y. Acad. Sci, 679: 1-
21,1993,

Barger, S.W., Fiscus, R.P., Ruth, P., Hofmann, F. and Mattson, M.P. Role of cyclic GMP in the
regulation of neuronal calcium and survival by secreted forms of beta-amyloid precursor. J.
Neurochem. 64: 2087-96, 1995.

Chomczynski, P. & Sacchi, N. Single-step method of RNA isolation by acid guanidinium

thiocyanate-phenol-chloroform extraction. Anal. Biochem. 762, 156-159, 1987.

20



46.

47.

48.

49.

50.

Liu, J., Spence, M.J., Wallace, P.M., Forcier, K., Hellstrom, I and Vestal, R.T. Oncostatin M-
specific receptor mediates inhibition of breast cancer cell growth, antagonism of growth factors,
and down regulation of c-myc protooncogene, submitted to Cancer Res.

Ozzello, L. Intraepithelial carcinoma of the breast. In Hollman, K.H. and Verley, J.M. (eds):
New Frontiers in Mammary Pathology. Plenum Press, New York, 1983.

Barsky, S.H., Siegal, G.P., Jannotta, F., and Liotta, L.A. Loss of basement membrane
components by invasive tumors but not by their benign counterparts. Lab Invest. 49: 140-147,
1983.

Brown, P.W., Silverman, J., Owens, E., Tabor, D.C., Terz, J.J., and Lawrence, W.Jr.
Intraductal"non-filtrating" carcinoma of the breast. Arch. Surg. 111: 1063-1067, 1976.
Lagios, M. Duct carcinoma in situ: pathology and treatment. Surg. Clin. North Am. 70: 853-871,

1990.

21




Table 1. Partial list of differential expressed genes in normal versus cancerous
breasts identified by differential cDNA sequencing

Genes more abundant in breast cancer

Genes EST

Cancer Normal
Breast basic conserved gene 33 9
Cathepsin D 5 1
67kDa laminin Receptor 4 0
Elongation factor 1 13 5
Genes More Abundant in Normal Breast
Genes EST

Cancer Normal
Matrix Gla protein 0 8
23 kDa Highly basic Protein 3 11
Genes as Breast-Specific and Differentially Expressed
Genes EST

NB' BC? All Tissues
BCSG1 1 6 8
BCSG2 0 7 7
BCSG3 0 5 5
BCSG4 4 0 4
BCSG5 0 4 4

! normal breast; ? breast cancer

Table 1. Complementary DNA libraries were established from a stage III breast carcinoma and patient-

matched normal breast. A total of 5,934 ESTs were randomly picked and sequence analyzed. More than

2,200 distinctive EST groups were analyzed for quantitative comparison of EST hits in the pair of cDNA
libraries from breast cancer versus normal breast as described in "Materials and Methods". The same EST
groups were also analyzed by examining the tissue-specific expression against the total of 500,000 ESTs
from a variety of different cDNA libraries. Only a unique EST group with more than 3 breast-specific EST
hité was listed and the rest of the several dozens EST groups with fewer fhan 4 breast-specific EST hits

were omitted in this list.
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Fig. 1. Messenger RNAs from normal and diseased tissues were extracted and used for making the
cDNA libraries. These libraries are searched by EST method involving automated DNA sequence
a_nalysis of randomly selected cDNA clones. The ESTs with overlapping sequences were grouped into
unique EST groups. Each unique EST group, which does not overlap to each other in sequence, was
analyzed for its relative expression by examining the number of expressed individual EST in the
libraries of normal vs diseased tissues. Three EST groups are listed. Blue EST group represents gene
that is equally expressed in both libraries. Green EST group represents gene that is more expressed in
normal library compared to diseased library. Red EST group represent gene that is more expressed in

diseased library compared to normal library.

Fig. 2. Comparison of the predicted amino acid sequence with the sequence of non-Afl component of
AD amyloid protein using SwissProt. After optimal alignment using the clustal method of the MegAlign
Program from the DNASTAR software package, the putative protein shows 54% sequence identity with

the non-Af fragment of human AD amyloid protein.

Fig. 3. The expression of BCSG1 gene in a variety of normal human adult tissues. Twenty micrograms
of total RNA from each of the above tissues was analyzed in Northern bolt using a random primer
probe. A strong hybridizing band of about 1 kilobase was recognized in the lane corresponding to RNA

from adult brain. A weak 1 kb transcript was also detected in testis, heart, spleen, colon, and ovary.

Fig. 4. Northern blot analysis of BCSG1 expression in human breast. Total RNAs were prepared from
breast tissues and breast cancer cells and then subjected to Northern blotting analysis with **P-labeled

full-length BCSG1 ¢DNA probe (A). The integrity and the loading control of the RNAs were
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ascertained by direct visualization of the 18 S rRNA in stained gel (B). Each lane contained 30 ug of

total RNA. 1: normal breast reduction mammoplasty specimens; 2: infiltrating breast carcinoma; 3:

breast cancer cell CAMA-1.

Fig. 5. Northern blot analysis of BCSG1 expression in human breast cancer cell lines. Total RNA was
isolated and analyzed (15 ug/lane) by Northern blot. After hybridization and washing, the filter was
exposed to X-ray film for 48 hours. Lanée 1: H3396 (derived from pleural effusion). Lane 2: MCF7
(derived from pleural effusion). Lane 3: SKBR-3 (derived from pleural effusion). Lane 4: MDA-MB-
231 (derived from pleural effusion). Lane 5: H3914 (derived from infiltrating ductal carcinoma). Lane
6: H3922 (derived from infiltrating ductal carcinoma). Lane 7: ZR-75-1 (derived from infiltrating ductal

carcinoma). Lane 8: T47D (derived from infiltrating ductal carcinoma). Cell lines of T47D, ZR-75-1,

SKBR-3, MCF-7 and MDA-MB-231 are from ATCC; all other lines are initially isolated at Bristol-

Myers Squibb Pharmaceutical Research Institute (46).

Fig. 6. In situ hybridization analysis of BCSG1 expression in human breast. Cells labelled with brown
color indicate BCSG1 gene expression. All sections were counterstained lightly with hematoxylin for
viewing negatively stained cells. (A) A highly infiltrating breast carcinoma showed a very strong
BCSG1 expression in virtually every malignant cell. (B) High magnification view of breast cancer cell
invasion to normal lobule; solid arrow indicates negatively-stained residual normal lobular epithelial
cells and open arrow indicates positively-stained invasive cancer cells. (C) Comedo type DCIS showing
BCSG1 staining. (D) Negative staining of BCSG1 in a non-Comedo type DCIS. (E). Negative staining
of normal ductal epithelial cells. (F) Negative staining of epithelial cells in a benign hyperplasia. (G)

Negative staining of a benign fibroadenoma.
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