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Frequent allelic loss at human chromosome 11g23-q24 occurs in a
wide variety of cancers, suggesting that this region may harbor a
tumor suppressor gene. By constructing a physical map of the
LOH11CR2 minimal region of loss on 11923-q24 associated with
lung and breast carcinomas, we were able to clone a hereditary
translocation, t(11;12)(q23;q24), in a patient with early-onset
breast cancer and family history of cancer. The breakpoint was
found within 6 kb of the BCSC-1 candidate tumor suppressor gene
located in the LOH11CR2 region whereas additional loss of het-
erozygosity (LOH) analysis in breast and ovarian tumors, including
that of the patient with the t(11;12)(q23;q24), implicated the
BCSC-1 locus as the primary target of deletion. Northern analysis
of the BCSC-1 mRNA revealed a lack of expression in 33 of 41 (80%)
tumor cell lines, and its ectopic expression led to the suppression
of colony formation in vitro and tumorigenicity in vivo. These data
suggest that BCSC-1 may exert a tumor suppressor activity and is
a likely target of the LOH observed on 11923-q24 in cancer.

hromosome 11q23-q24 has been identified as a region

frequently deleted in a variety of solid tumors including, but
not limited to, breast (1-7), lung (8-10), and ovarian cancer
ranging from 45-63%, suggesting that a putative tumor suppres-
sor gene exists at this locus. Functional evidence supporting the
existence of a tumor suppressor gene(s) is also provided by
microcell fusion experiments involving the transfer of partial
regions of normal chromosome 11q into a variety of tumorigenic
cells lines, including breast, lung, cervical, and ovarian cancers
(11). In addition, the introduction of normal regions of chro-
mosome 11q, corresponding to regions of frequent loss of
heterozygosity (LOH), had the ability to suppress in vitro growth
as well as in vivo growth in nude mice (12, 13). Whereas the distal
half of chromosome 11q contains several genes implicated in
tumorigenesis such as the ATM gene (14), ALL-1 (15), PPP2RIB
(16, 17), and CHEKI (18), none of these displays a high
frequency of gene inactivation in human tumors suggesting that
other candidate tumor suppressors exist in the region.

We have previously found that at least two independent
regions of LOH at 11q23-q24 are present in breast cancer: a 6-
to 7-Mb region between loci D11S2000 and D11S897 and a
second region between D11S528 and D11S990 (3). The first
region contains the ATM gene associated with the genetic
disorder ataxia telangiectasia and an increased risk of cancer (14,
19, 20). A second, more telomeric region, LOH region 2
(LOH11CR?2), is defined by the loci D11S528 and D11S990 in
breast carcinoma (3) and minimally defined by the loci
D11S1345 and D11S1328 in lung adenocarcinoma (9). LOH
frequencies at LOH11CR2 ranged from 40-60% in breast and
lung cancers, as well as in tumors of the cervix (21), of the ovary
(22), and of the thyroid (23), suggesting that genes found within
this region could reasonably be considered candidate tumor
suppressor genes whose inactivation may be required in many of
these tumors.

To identify possible candidate tumor suppressor genes in
LOH11CR2, we constructed a physical and sequence map
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defined by the microsatellite markers D11S1345 and D11S934
containing the LOH11CR2 critical region on chromosome
11g23-q24. In addition, we present the identification of an
inherited constitutional translocation, t(11;12)(q24;q23), in a
family characterized by early-onset breast cancer. Positional
cloning of the translocation breakpoint places it within the
LOH11CR2 region and 6 kb upstream of the BCSC-1I gene, also
known as LOH11CR2A (24). Whereas previous results failed to
implicate this gene as a tumor suppressor, additional data
presented here point to a role of the BCSC-1 gene in tumori-
genesis and as possibly being the critical tumor suppressor gene
located within the LOH11CR2 region at chromosome
11q23-q24.

Materials and Methods

Patient Samples, Tumor Specimens, and Cell Lines. Peripheral blood
specimens and archival material were obtained with informed
consent. Cytogenetic analysis was carried out by using standard
procedures according to the International System for Cytoge-
netic Nomenclature (ISCN) (25). Patient peripheral blood lym-
phocytes were isolated by Ficoll gradient (Pharmacia) and used
for the isolation of RNA and DNA as well as the establishment
of an Epstein—Barr virus-transformed lymphoblastoid cell line
by standard methods (26). Somatic cell hybrids of peripheral
blood lymphocytes isolated from the proband and the mouse cell
line LMTK™ (ATCC no. CCL-1.3) were created as described
(27). All mouse and human tumor cell lines were obtained from
the American Type Culture Collection (ATCC) and maintained
in either RPMI medium 1640 containing 10% FBS or DMEM
containing 10% FBS (GIBCO), each supplemented with 100
pg/ml gentamicin (BioWhittaker).

LOH Analysis. Matched normal and tumor genomic DNA pairs
(28) were analyzed for LOH by the amplification of dinucleotide
or tetranuclueotide repeats by using fluorescently end-labeled
primers. Primer sequences for each highly polymorphic (>70%)
microsatellite marker (Table 1) are available at the National
Center for Biotechnology Information database (www.ncbi.
nlm.nih.gov). Markers were selected due to their location in
LOHI11CR?2 (3,9) and their existence in a well defined region of
loss associated with cervical carcinomas (21). PCR amplifica-
tions and analysis were performed according to Cesari ez al. (28).

Tumorigenicity in Nude Mice. Polyclonal populations of A549,
ES-2, and H460 cells transduced with and without the BCSC-1
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unique patient number; EGFP, enhanced GFP.

Data deposition: The sequences reported in this paper have been deposited in the GenBank
database (accession nos. AY366501-AY366509).

TTo whom correspondence should be addressed at: Department of Microbiology and
Immunology, Kimmel Cancer Center, Thomas Jefferson University, 233 South 10th Street,
1050 BLSB, Philadelphia, PA 19107. E-mail: carlo.croce@mail.tju.edu.

© 2003 by The National Academy of Sciences of the USA

PNAS | September 30,2003 | vol. 100 | no.20 | 11517-11522

GENETICS




z
/|
~ |

Table 1. Frequency of LOH in cases of sporadic breast and
ovarian carcinomas observed for markers at the 11q23-q24
locus

No. of cases with LOH/no. of informative
cases (% LOH)

Locus (% HET)** Breast Ovary Total

D1154094 (71) 5/14 (36) 3/11(27) 9/25 (36)
D11S1353 (74) 5/14 (36) 5/16 (31) 10/30 (33)
D11S4144 (75) 5/19 (26) 2/16 (13) 7/35 (20)
D1151328 (64) 7/16 (44) 5/13 (38) 12/29 (41)
D11S933 (82) 5/15 (33) 1/16 (6) 6/31(19)
D115934 (89) 2/14 (14) 3/18 (17) 5/32 (16)

*Marker sequences available at www.ncbi.nIm.nih.gov.
TMarker heterozygosities obtained from www.cephb.fr.

cDNA were evaluated for tumorigenicity in nude mice. Six-
week-old female athymic mice nude (nu/nu) were given s.c.
injections of 1-10 X 10° cells in 0.2 ml of PBS. Cells transduced
with each construct were injected into three to four mice each
and followed individually. Mice were examined two to three
times per week for tumor formation at the sites of injection.
Tumors were measured with linear calipers, and tumor volumes
were calculated (v = ab?/2).

Results

Cloning of a Hereditary, Constitutional t(11;12)(q24;q23) in a Family
with Breast and Brain Cancer. An unreported pedigree with a
predisposition to cancer was ascertained (Fig. 14). The proband
(ITII:1) is a Caucasian female whose medical history includes
recurrent miscarriages, a constitutional translocation, and cancer
of the left breast at age 42. Therapeutic mastectomy showed the
histopathology of an infiltrating lobular carcinoma with addi-
tional areas of lobular carcinoma in situ. The tumor was histo-
logically determined to be estrogen receptor negative and pro-
gesterone receptor positive, and her karyotype revealed the
presence of a constitutional t(11;12)(q24;q23) (Fig. 14). A
history of glioblastoma multiforme was identified in the pro-
band’s mother (II:1), with disease onset occurring at age 69, and
a maternal aunt (II:4) reportedly developed breast cancer also at
the age of 42. II:4 also has the constitutional t(11;12)(q24;q23)
and has been in remission. Cytogenetic analysis confirmed a
history of the constitutional translocation t(11;12)(q24;q23) in
one of the proband’s sisters (I11:3), who was healthy at age 44,
and one of her daughters (IV:2), also healthy at age 14. Although
no genetic material was available for testing, pedigree analysis
indicates that individual II:1 is an obligate carrier of the
t(11;12)(q24;q23) and I:1 or I:2 as the origin of this heritable
genetic lesion.

Because of its association with early-onset breast cancer and
glioblastoma, we hypothesized that the t(11;12)(q24;q23) chro-
mosomal translocation breakpoint could be responsible for the
disruption or inactivation of a tumor suppressor locus on chro-
mosome 11q23-q24. Fluorescence in situ hybridization analysis
using bacterial artificial chromosome (BAC) clones from the
D11S1284-D11S933 interval (Fig. 5, which is published as sup-
porting information on the PNAS web site, www.pnas.org.) was
performed on metaphase chromosomes from a lymphoblastoid
cell line derived from the proband. Subsequently, the BAC clone
44d21 (BAC44d21) was found to cover the breakpoint thereby
localizing it to within a cloned 220-kb region (Fig. 1B).

Subsequently, Southern blot analysis was used to identify
novel genomic fragments amenable for cloning that were the
consequence of the t(11;12)(q24;23) fusion localized to within
the 5’ BRKPT10-5'BRKPT11 interval (See Supporting Materials
and Methods, Supporting Data, and Fig. 6, which are published as
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supporting information on the PNAS web site). The 5S’BRKPT11
PCR product was used to probe EcoRI-digested genomic DNA
obtained from the proband, which identified an aberrant frag-
ment of ~3.2 kb (Fig. 1C). The aberrant 3.2-kb EcoR1I band was
cloned into lambda phage and sequenced (see Fig. 7, which is
published as supporting information on the PNAS web site).
BLAST analysis identified homology at the 5’ end to the chro-
mosome 12q BAC RP11-864A19 (GenBank no. AC012083), and
a probe generated for chromosome 12 sequence confirmed the
isolation of t(11;12)(q24;q23) breakpoint (Fig. 1C). In addition,
PCR primers derived from the chromosome 11 and 12 ends of
the fragment were used to amplify across the der(12) junction in
both the proband and the affected maternal aunt (Fig. 6). Direct
sequencing of these PCR products demonstrated that the se-
quence of the t(11;12)(q24;q23) breakpoint is identical in both
individuals (data not shown).

BLAST comparisons indicated that the translocation did not
disrupt any known gene locus either side of the breakpoint and
placed the translocation break ~6 kb centromeric to exon 1A of
the BCSC-1 gene located at chromosome 11q23-q24 (Fig. 6).

Whereas PCR analysis followed by direct sequencing of
proband and somatic cell hybrid KCI 221 CL1 ¢cDNA did not
identify any mutation of the BCSC-1 gene, the proximity with the
translocation breakpoint affected BCSC-1 expression. Northern
blotting of RNA derived from the lymphoblastoid cell line
derived from the proband’s peripheral blood lymphocytes re-
vealed the presence of the expected BCSC-1 transcripts (Fig.
1D), but the somatic cell hybrid KCI 221 CL1, containing only
human der(12), showed relatively low expression of BCSC-1
transcript, possibly due to cross-reactivity with the endogenous
murine besc-1 homolog of the parental mouse line LMTK™.

Because tumor suppressor genes are generally biallelically
inactivated in tumor cells, we verified whether the LOH11CR2
region was deleted in the tumor of the proband. LOH analysis
was performed on DNA from microdissected archival material,
peripheral blood, the somatic cell hybrid clone KCI 221 CL1, and
the mouse parental line LMTK™. Four of six 11q23-q24 markers
were found to be informative in the proband tumor sample (Fig.
1E). LOH was observed only for the D11S1328, a marker located
10 kb from the 3’ end of the BCSC-I locus, suggesting that it is
specifically deleted in tumor cells. Further inspection revealed
that the retained allele at D11S1328 is that of der(12), as
indicated by its amplification in the somatic cell hybrid clone KCI
221 CL1 (Fig. 1E).

Characterization of the Human BCSC-1 Gene. The BCSC-I (also
known as LOHI11CR2A) gene was previously identified as part
of an effort to identify putative tumor suppressor genes that were
localized to the frequently deleted 11q23 region (24). The cloned
cDNA (GenBank no. AF002672) was sequenced and found to
contain an ORF of 1,314 bp encoding a single protein with a
predicted molecular mass of 48 kDa, with no significant homol-
ogies to known proteins. The sequence of the coding region was
found to contain 10 exons, with at least two additional exons in
the 5S’UTR. Northern analysis revealed a single 3.3-kb transcript
ubiquitously expressed at low levels. However, our analysis shows
the genomic structure of the BCSC-1 gene to be comprised of at
least 20 exons across 27 kb and with the most 3" exon located 10
kb centromeric to the marker D11S1328 (Fig. 24). Comparison
of the AF002672 cDNA sequence to our reference sequence
revealed the absence of a single adenine base pair at nucleotide
position 915 in the published sequence (data not shown). This
result was confirmed by sequencing of the BCSC-1 cDNA in
several normal human tissues and normal human genomic DNA
samples. With the insertion of an adenine nucleotide, the
original ORF is extended to 2,361 bp encoding for a predicted
protein of 786 aa and a molecular mass of 86 kDa.

Northern analysis using the 2.3-kb ORF as a probe demon-
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Fig. 1.

Cloning and characterization of the constitutional translocation, t(11;12)(q24;q23), in a family with breast and brain cancer. (A Left) The constitutional

t(11, 12)(924;923) in an individual with early onset breast cancer (Ill:1). Karyotype analysis was performed by using standard GTG-banding techniques and the
der(11) t(11;12)(g24;923) and der(12) t(11;12)(q24;923) are designated by arrows. (Right) Pedigree of a family with early onset breast cancer and brain cancer
with onset of 69 years of age. The proband (Il1:1) is indicated by an arrow whereas individuals available for molecular and cytogenetic testing are indicated with
a plus sign. Identified constitutional translocation carriers are designated with t(11;12), and the obligate carriers are marked with a filled black circle. (B)
Fluorescence in situ hybridization analysis of the t(11;12)(q24;923) using the BAC clone 44d21. FITC-labeled BAC44d21 spans the translocation as shown by the
presence of signals (green) present on both der(11) t(11;12)(q24;923) and der(12) t(11;12)(q24;923). Rhodamine-labeled (red) chromosome 12 whole chromo-
some probe and chromosome 11 alpha-satellite probe were used as a reference. (C) Southern blot analysis of the t(11;12)(q24;923). A 3.2-kb aberrant EcoRI
fragment (asterisks) was identified by using the 5’'BRKPT probe. Confirmation of the sequence obtained from cloning of the 3.2-kb EcoRI fragment was performed
by using a chromosome 12-specific probe, BRKPT12.1, derived from the aberrant sequence. (D) Northern analysis of the BCSC-1 gene. (E) LOH analysis of
11923-g24in an individual with early onset breast cancer and a constitutional t(11;12)(q24;23). Six microsatellite markers from the LOH11CR2 region were used
to analyze microdissected normal/tumor and peripheral blood lymphocytes (PB) DNA from individual Ill:1 and the somatic cell hybrid clone KCl 221 CL1 DNA.
Noninformative loci are indicated by open circles, retention of heterozygosity by gray circles, and loss of heterozygosity by a filled circle. Results of the marker

D1151328 are shown and loss of the normal chromosome 11 allele is indicated by an arrow.

strated the existence of at least two additional transcripts that are
expressed at various levels in all normal human tissues examined
(Fig. 34). EST sequences derived from the BCSC-I unigene
cluster (Hs.152944) and direct sequencing of the IMAGE clone
1461599 also supported the existence of multiple alternative
splice variants. Through EST alignment and assembly, cDNA
sequencing, and 5’ and 3" RACE, we were able to determine the
structure of the various BCSC-1 splicing variants (see Supporting
Data). Our analysis revealed that seven mRNA splice variants (a
to g in Fig. 2A4) exist and are compatible with the observed
BCSC-1 transcripts detected by Northern blot (Fig. 3).

Each of the BCSC-1I splicing variants are predicted to encode
for four different proteins where all of the proteins share the
same N terminus while terminating at different points along the
C terminus (Fig. 8, which is published as supporting information
on the PNAS web site). Comparisons of the predicted amino acid
sequences failed to reveal any significant matches to known
proteins, but conserved protein domains were identified. The
first domain is a Vault protein Inter-alpha-Trypsin Inhibitor
domain, which is located in the amino terminus of all BCSC-1
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isoforms whereas the second, the von Willebrand Factor Type A
domain, is present only in the BCSC-1(a/d), BCSC-1(c/f), and
BCSC-1(g) variants (Fig. 8).

To confirm the structural features of the human BCSC-1 gene,
we cloned the murine homologue. The mouse gene spans a
genomic region of 25 kb and is comprised of 20 exons (see
Supporting Data and Fig. 9, which is published as supporting
information on the PNAS web site). Unlike the human BCSC-1
gene, it is expressed as a single mRNA transcript of ~4 kb and
encodes for a 793-aa protein with a predicted molecular mass of
87 kDa. Similarly to human, the murine bcsc-1 lacks homology
to any protein of known function while possessing the two
conserved Vault protein Inter-alpha-Trypsin and the von Wille-
brand Type A domains.

LOH Analysis and Identification of a Common Minimal Region of Loss
at 11q23-q24 Encompassing the BCSC-1 Gene Locus. To refine the
LOH11CR2 minimal region of loss at 11q23-q24, we examined
20 breast and 20 ovarian matched normal-tumor DNA pairs by
using 6 microsatellite markers (Table 1 and Fig. 2B). Markers
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Fig. 2. Molecular characterization of the BCSC-1 gene at human chromo-
some 11923-q24. (A) Transcription map of the human BCSC-1 gene located
within the LOH11CR2 critical region on 11923-q24 (see Supporting Data). (B)
LOH analysis of chromosome 11923-g24 in breast and ovarian cancer. Sum-
mary of informative cases with LOH in at least one of the six loci examined.
Filled black circles, loss of heterozygosity; filled gray circles, retention of
heterozygosity; open circles, not informative (homozygous).

were selected based on their high heterozygosity (>60%),
positions in our physical map of the LOH11CR2 region (Sup-
porting Data), and association with previously reported LOH
studies (3, 21, 24). Allelotyping of these samples confirmed the
existence of a frequently deleted minimal region of loss centered
around the D11S1328 locus in both breast and ovarian tumors.
In the combined analysis, the highest LOH frequency observed
was 41% for D11S1328 (Table 1).

Tumors with interstitial deletions, that is, tumors with LOH at
one or more loci while retaining heterozygosity at flanking loci,
were used to identify a shared minimal region of loss. Of the 13
breast and 7 ovarian tumors with partial loss of 11q23-q24, 12
(92%) and 7 (100%), respectively, exhibited deletions including
at least one or more loci in the interval D11S1353-D11S4144-
D11S1328 (Fig. 2B). Within this interval, a common region of
loss containing either LOH of D11S4144 or D11S1328 was
minimally defined by four breast (UPN73, UPN391, UPN39%4,
and UPN405) and three ovarian (UPN78, UPN9S5, and UPN238)
samples. Boundaries of this shared deletion are flanked proxi-
mally by retention of heterozygosity at D11S1353 in 2 tumors
(UPN73 and UPN391) and D11S1933 distally by retention of
heterozygosity in 3 tumors (UPN73, UPN95, and UPN238). Our
analysis suggests that the D11S4144-D11S1328 region, where
BCSC-1 is located, is the more likely to harbor a tumor sup-
pressor gene.

Mutation and Expression Analysis of the BCSC-1 Gene in Cancer Cells.
Tumor biopsies available from the breast and ovarian cancer
patients (n = 40) used in the LOH analysis were screened for
mutations in the BCSC-1 coding sequence by PCR and direct
sequencing. Several previously reported polymorphisms (24)
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Fig. 3. Northern blot analysis of the human BCSC-1 gene in normal and
cancer-derived tissues. (A) BCSC-1 expression in normal human tissues. A
probe containing the entire coding region of the BCSC-1 gene was used to
detect its expression in a panel of normal tissues by Northern blotting. (B)
BCSC-1 gene expression in human tumor-derived cell lines. Representative
Northern blots are shown, and expected transcripts are indicated by each
dash. B-Actin was used as a control.

were found although no tumor-specific, somatic mutations were
observed. BCSC-1 expression was examined in normal tissues
and in a panel of 41 human cancer cell lines (Fig. 3B; Table 2,
which is published as supporting information on the PNAS web
site) by using a 2.3-kb cDNA probe containing the entire ORF
of the BCSC-1(c) transcript. Nine of 41 (22%) tumor cell lines
exhibited variable expression of each expected transcript by
Northern blot analysis whereas each normal tissue mRNA
control was positive for expression. Of interest, only 1 of 13 (7%)
breast and 0 of 7 (0%) ovarian cell lines were positive for BCSC-1
expression whereas 3 of 6 (50%) lung cancer cell lines were
positive for expression (Table 2). These results indicate that the
mechanism for BCSC-1 gene inactivation in tumor cells is the
loss of gene expression at one allele and deletion of the second.

In Vitro and in Vivo Effects of Ectopic BCSC-1 Expression. To evaluate
the BCSC-1 gene’s potential as a tumor suppressor gene, we
examined the effects of expression on cell growth. Stable
transfection of an expression vector containing BCSC-1 or
vector alone into MCF-7 and NPA cells, BCSC-1 negative
breast and thyroid cancer cell lines, respectively, was per-
formed and assayed for colony formation. After several inde-
pendent experiments, MCF-7 (n = 3) and NPA (n = 2) cells
transfected with pIRESneo2.BCSCHA exhibited significantly
fewer G418 resistant colonies than those with only the vector,
suggesting that BCSC-1 has some influence on their growth
(Fig. 10, which is published as supporting information on the
PNAS web site).

To introduce and stably integrate the BCSC-1 gene into a
variety of human tumor cell lines with high efficiency, we used
a self-inactivating lentiviral system of gene transfer. Modifica-
tions were made to a lentivirus vector system (29-32) such that
gene expression was driven by a cytomegalovirus promoter
upstream of an internal ribosomal entry site (IRES) element and
enhanced green fluorescent protein (EGFP) and pseudotyped
with the vesicular stomatitis virus glycoprotein (VSVG) recep-
tor. Infection efficiencies of >50% were observed in target
human tumor cell lines such as Hela, A549, H460, ES-2,
SK-OV-3, ARO, and NPA whereas low efficiencies of infection

Martin et al.
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Fig.4. Invivo effects of ectopic BCSC-1 expression. In vivo tumorigenicity of

H460, A549, and ES-2 cells in athymic (nu/nu) mice infected with BCSC-1.
Tumor volumes (mm3) of xenografts from uninfected (WT) cells or cells trans-
duced with either EGFP alone or BCSC-1 lentiviral particles.

(<50%) were obtained for PANC-1 and MDA-MB-453 (data
not shown). Typically, BCSC-1 and EGFP gene expression levels
became stable 48 h postinfection and continued for several
weeks (>12 weeks). In each of these infections, there were no
cytotoxic effects or changes in growth characteristics and cell
cycle (Fig. 11, which is published as supporting information on
the PNAS web site). This finding was consistently observed in
cells that both express endogenous BCSC-1 (H460 and ARO) or
that lack its expression (A549, ES-2, and NPA) (data not shown).
These data suggest that in vitro there are no direct consequences
of ectopic BCSC-1 expression on the cell cycle in those human
tumor cell lines examined.

Because in vitro results do not necessarily predict in vivo
behavior, we injected 1, 5, and 10 X 10° of each of the H460,
ES-2, and A549 tumor-derived cell lines, respectively, infected
with either EGFP or BCSC-1 lentiviruses into the s.c. flanks of
6-week-old female nude mice to evaluate the growth suppression
ability of ectopic BCSC-1. Tumor cells transduced with virus
particles containing BCSC-1 or EGFP alone showed no signif-
icant differences in their ability to proliferate over the course of
96 h (Fig. 12, which is published as supporting information on the
PNAS web site). High levels of ectopic gene expression were
maintained in nearly 100% of the cells examined by flow
cytometry and Western analysis (data not shown). After injec-
tion, mice were monitored for up to 1 month, and tumor volumes
were measured with a metric caliper (Fig. 4). The H460 and ES-2
cell lines infected with BCSC-1 virus appeared to be reduced
relative to controls.

Discussion

Cancers are associated with frequent deletions of genetic ma-
terial that select for the loss of genes that prevent cells from
acquiring a neoplastic phenotype. Although several tumor sup-
pressor genes have been identified from these areas of deletion,
the identities of the vast majority, including those located at
human chromosome 11q23-q24, remain elusive. Frequent allelic
loss at 11q23-q24 has been observed in a wide spectrum of
human neoplasms, including breast, lung, and ovarian carcino-
mas, suggesting the existence of a gene or genes whose inacti-
vation is involved in the initiation and/or progression of these
diseases (1-3, 6-10, 22, 33-39). Despite the identification of a
few genes at 11923-q24 mutated in human cancers, the frequency
of their genetic alterations was too low to correspond to the
30-60% detected by LOH analysis of the this region.

To search for a candidate tumor suppressor gene at 11q23-q24,
we took advantage of an inherited translocation,
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t(11;12)(q24;q23), associated with an individual who presented
with early-onset breast cancer and a family history of cancer. By
physical mapping and cloning of the translocation breakpoint, we
could place it ~6 kb upstream of the BCSC-I1 gene. Within
11g23-q24, at least two independent regions of allelic loss have
been identified by LOH analysis in breast and lung cancers (3,
9, 24). The more telomeric region, LOH11CR2, spans ~2 Mb
and is minimally defined in lung adenocarcinoma between loci
D11S1345 and D11S1328. In addition, the BCSC-1 gene, also
known as LOHI11CR2A, mapped to the LOH11CR2 region (24).

Whereas initial studies failed to prove, but did not exclude, a role
for the BCSC-1 gene in breast, lung, and ovarian cancers (24), we
present data suggesting that this gene may have tumor suppressive
properties. We have shown that BCSC-1 is down-regulated as a
consequence of the t(11;12)(q24;q23) translocation associated with
early onset breast cancer. Furthermore, we observed that the tumor
material obtained from the patient carrying the translocation
displayed a very narrow deletion at the normal, nontranslocated
allele, demonstrating a “two-hit” mechanism at the BCSC-I locus
typical for the inactivation of many tumor suppressor genes. In
addition, the absence of breast cancer in individual II:1 who
developed glioblastoma at age 69, as well as the remaining unaf-
fected carriers, clearly indicates that the penetrance of the breast
cancer trait associated with the translocation is incomplete. In
addition, by careful LOH analysis, specifically designed to refine the
area of minimal deletion within the LOH11CR2 region, we have
also shown that the critical area seems to be within the loci
D11S4144-D11S1328. This region is precisely where the BCSC-1
gene is located, again demonstrating this gene to be the target of
deletion in this region.

Despite identifying a larger ORF of the BCSC-1 gene, we did
not observe any inactivating mutations in any human cancer
cells. However, we could demonstrate that most of the breast and
ovarian cancer cell lines and several lung cancer cell lines
examined do not express BCSC-1 relative to their normal tissue
counterparts. Northern analysis of several tumor cell lines
demonstrated a lack or a reduction of expression in 33 of 41
(80%) analyzed. These results suggest that disruption of BCSC-1
expression may be a necessary component of malignant trans-
formation whereby inactivation of this gene in tumor cells occurs
by loss of gene expression of one allele in combination with
deletion of the second allele.

With the aim to understand its potential functions, we also
characterized in detail the BCSC-I gene and transcriptional
structure. Contrary to the original characterization of this gene
(24), we found that it consists of 20 exons instead of 10 and
possesses a larger ORF. These structural features were con-
firmed also for the mouse homologue. We also found that, in a
panel of normal human tissues, the human BCSC-I gene is
alternatively spliced, encoding for several proteins with a com-
mon N-terminal sequence. The most common transcript seems
to be a 3.5-kb mRNA that encodes for a protein of 786 aa
encoding for a predicted protein with a molecular mass of 86
kDa. The mouse gene expresses only a single 4-kb transcript that
encodes a protein of 793 aa and a molecular mass of 87 kDa.
Other variants encode for proteins of predicted molecular mass
of 29 and 46 kDa. Despite this new information, all BCSC-1
isoforms continue to lack significant homology with any proteins
of known function, and the presence of potential functional
domains did not help to clarify any possible functional mecha-
nism of tumor suppression associated with the BCSC-1 gene.

Finally, to establish the BCSC-1 as a bona fide tumor suppressor
gene, we examined the biological effect of its ectopic expression in
several cell lines derived from human tumors. We found that
BCSC-1 could significantly suppress in vitro and in vivo growth,
suggesting that it may indeed have tumor suppressor capabilities.

Overall, our observations suggest that the BCSC-I gene is the
frequent target of deletions in a variety of solid tumors leading to
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the deregulation of its normal expression. Altered expression of this
gene and disruption of the molecular pathways it is involved in may
contribute directly to or modify tumorigenesis. In addition, these
results will provide the basis for future investigations into its role in
normal physiological functions and carcinogenesis.
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