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Identification of the CAB2/hCOS16 Gene Required for the Repair of DNA 
Double-strand Breaks on a Core Amplified Region of the 17q12 Locus in 
Breast and Gastric Cancers
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We previously reported that CAB1 and c-ERBB-2 genes were found to be located in a core ampli-
fied region of the 17q12 locus, which is frequently amplified in various cancers. During identifica-
tion of this core region, CAB2, a human homologue of the yeast COS16 required for the repair of
DNA double-strand breaks was cloned. Autofluorescence analysis of cells transfected with its GFP
fusion protein demonstrated that CAB2 translocates into vesicles, suggesting that overexpression of
CAB2 may decrease intercellular Mn2+ by accumulating it in the vesicles, in the same way as yeast
COS16. This is the first report identifying all of the genes on the core amplified region of the 17q12
locus in breast and gastric cancers.
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Amplification of various oncogenes has been examined
in different types of human cancers, and in some cases a
good correlation between oncogene amplification and the
prognosis of particular types of cancer has been demon-
strated.1) We previously reported that HST1 and INT2 on
chromosome 11q13 were amplified in about 40% of
esophageal cancers.2–4) By cosmid walking and exon trap-
ping, we further demonstrated that this amplicon contained
at least five genes, HST1, INT2, MB38, EXP1, and cyclin
D1.5, 6) It was reported by other laboratories that the
N-MYC locus at 2p24, frequently amplified in neuro-
blastoma, contained the DEAD box gene, HuDBP-RB/
DDX1,7) that the 12q13-14 locus amplified in human sar-
coma or glioma contained six genes including CDK4, SAS
and MDM2,8, 9) and that the 20q12-13 locus amplified in
breast and ovarian cancers contained the BTAK and AIB1
genes.10, 11) Amplification of c-ERBB-2 was found in vari-
ous cancers including well-differentiated types of gastric
cancers.12) We previously cloned four genes, CAB1, GRB7,
A39 and C51, from 500 kb of yeast artificial clone (YAC)
DNA containing the c-ERBB-2 gene located on the 17q12
locus.13, 14) These facts, together with the results from our
laboratory and those of other laboratories, established that
there are usually multiple expressed genes in a single
amplicon, providing a growth advantage to cells. There-
fore the identification of genes with increased expression
in a core amplified region will be required.

The predicted amino acid sequence of the CAB1 gene
had significant homology to the steroidogenic acute regu-
latory protein, StAR, which has an essential role in choles-
terol transport to mitochondria. GRB7 is an SH2 domain
protein, and may be a signaling adaptor molecule of recep-
tor-type tyrosine kinases.15–17) A putative gene, C51 has
been found to be derived from an alternative transcript of
c-ERBB-2, transcribed from a novel promoter.18) These
two genes, CAB1 and c-ERBB-2, were reported to be
always amplified in DNA samples of well-differentiated
gastric cancer and breast cancer, demonstrating that they
are present in a core amplified region on the 17q12
locus.13, 14) The gene map is shown in Fig. 1A. During the
identification of a major transcriptional start site of the
novel promoter of the c-ERBB-2 gene, approximately 3 kb
and 4 kb mRNAs that hybridized with a DNA fragment
containing an unknown exon were found to be overex-
pressed in 5 cancer cell lines, UACC-893, UACC-812,
BT-474, SKBR-3 and SKOV-3, with amplification of both
CAB1 and c-ERBB-2, but not in 6 other cancer cell lines,
BT-20, MDA-MB-436, ZR75-1, T47-D, MCF-7 and
OVCAR-3 without amplification (Fig. 1B), demonstrating
that a novel gene is present between CAB1 and c-ERBB-2.
This novel amplified gene, which must transcribe in the
opposite direction to the c-ERBB-2 gene, was designated
as CAB2 (a gene co-amplified with c-ERBB-2).

We cloned three cDNAs with the size of about 3
kb from a size-fractionated cDNA library of UACC-812
cells, and sequenced them. The full-length CAB2 cDNA
(AB088396) was found to consist of 2733 bp, encoding a
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319-amino-acid protein. Interestingly, CAB2 was con-
served among the amino acid sequences of the Saccharo-
myces cerevisiae gene COS16 (AL355013) and
Caenorhabditis elegans (NM072166) with 33% and 28%
overall sequence identity, respectively (Fig. 2). We also
found homologous sequences in a plant, Arabidopsis
thaliana (AAAB01008960), with 38% identity, and
Drosophila melanogaster (NM136379) with 37% identity
(data not shown). By Southern blot analysis of the newly
isolated cDNA, amplified signals were detected not only
in cancer cell lines, but also in primary gastric cancer tis-
sues with amplification of both CAB1 and c-ERBB-2 (data
not shown), and 4 exons were identified in the 5′-upstream

region of the novel promoter of c-ERBB-2 (Fig. 1A),
which has been sequenced previously.18) These data clearly
showed that CAB2 is transcribed from the downstream
region of the novel promoter of c-ERBB-2 in the reverse
direction (Fig. 1A). Expression of CAB2 was examined in
21 adult human tissues: adrenal medulla, thyroid, adrenal
cortex, stomach, spleen, thymus, prostate, testis, ovary,
small intestine, colon, peripheral blood leukocytes, heart,
brain, placenta, lung, liver, skeletal muscle, kidney, pan-
creas and mammary gland, and 4 fetal tissues: brain, lung,
liver and kidney. Ubiquitous expression was observed, and
the expression was high in the thyroid and placenta out of
the 21 adult tissues and in all 4 fetal tissues (data not
shown).

The yeast gene COS16 has recently been isolated as a
recessive suppressor gene of cdc1 (Ts) temperature-sensi-
tive growth, and it encodes a vacuolar membrane protein
that appears to regulate intercellular Mn2+ homeostasis.19)

To compare the structures of COS16, CAB2 and a candi-
date homologue of C. elegans, transmembrane domains
were predicted according to the Kyte and Doolittle hydrop-
athy algorithm.20) As shown in Fig. 3A, CAB2 and the
candidate homologue for C. elegans are probably mem-
brane proteins with about 10 transmembrane domains.
Although overall sequence similarity among these three
genes was not high, several key features such as size,
membrane topology and some highly conserved amino
acid sequences (for example, QFHGKWPF) were retained.
Thus, we concluded that CAB2 is a good candidate for a
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Fig. 1. Cloning of the CAB2 gene from a core amplified region
of the 17q12 locus. (A) Schematic presentation of gene map of
the 17q12 region. The order and direction of A39, CAB1, CAB2,
c-ERBB-2 and GRB7 genes were determined with chromatin
fiber fluorescence in situ hybridization (FISH) of the EMBL3
clones containing each gene, which were derived from the YAC
clone containing the c-ERBB-2.14) (B) Northern blot analysis
of the CAB2 gene in the cancer cell lines. Ten micrograms of
total RNA from 2 cell lines derived from mammary epithelial
cells, Hst578Bst and HBL-100, 9 breast cancer cell lines,
UACC-893, UACC-812, BT-474, SKBR-3, BT-20, MDA-MB-
436, ZR75-1, T47-D and MCF7, and 2 ovarian cancer cell lines,
SKOV-3 and OVCAR-3, was hybridized with a genomic DNA
fragment containing the sequence corresponding to exons of the
CAB2 gene. +, a cell line with c-ERBB-2 amplification; −, a cell
line without c-ERBB-2 amplification.

Fig. 2. Comparison of the predicted amino acid sequences of
CAB2 among different species. Residues from 1 to the end of
CAB2 are shown aligned with corresponding regions of other
sequences. The standard single-letter symbols for amino acid res-
idues are used. Identical residues of at least two species among
the CAB2 sequences of human, C. elegans, and S. cerevisiae are
indicated by asterisks underneath.
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human homologue of the yeast COS16 gene. To examine
the subcellular localization of the CAB2/hCOS16 protein,
we expressed the full-size of CAB2/hCOS16 fused in-
frame to green fluorescent protein (GFP) and monitored
the cellular localization of the fusion products. Autofluo-
rescence analysis of SKBR-3 cells transfected with a vec-
tor encoding the GFP fusion protein demonstrated that
CAB2/hCOS16 translocates to and accumulates in vesi-
cles, but not in either the cell membrane or the nucleus
(Fig. 3B). This is analogous to the finding that yeast
COS16 accumulates in the vacuole,19) an organelle known
to sequester cytosolic Mn2+, and suggests that overexpres-
sion of CAB2/hCOS16 may decrease intercellular Mn2+

by accumulating it in the vesicles. The yeast CDC1 pro-
tein has been reported to be a small subunit of DNA poly-
merase δ.21, 22) Cdc1 mutants were sensitive to killing by
the DNA-damaging agent methyl methanesulfonate
(MMS) and γ-irradiation, and showed a low efficiency for
the repair of DNA double-strand breaks.23) Key molecules,

including ataxia-telangiectasia mutated (ATM) kinase fam-
ily members and DNA-activated protein kinase catalytic
polypeptides, for the repair of DNA double-strand breaks
have been reported to be Mn2+-dependent enzymes.24)

Therefore, overexpression of CAB2/hCOS16 may increase
the sensitivity of the cells to DNA damage, and cause
chromosome instability.
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