
Abstract. A full-length cDNA was identified using one STS
sequence containing an SNP (single nucleotide polymorphism)
derived from genomic DNAs of breast cancer patients using
a variety of bioinformatics tools. The cDNA encodes LY-6K,
a novel member protein of the Ly-6/uPAR superfamily. It
has been annotated as a target antigen for the HNSCC (head-
and neck squamous cell carcinoma). We isolated the LY-6K
gene from genomic DNAs obtained from breast cancer patients
through large scale, case-control-screening. We performed
Northern blot hybridization and semi-quantitative RT-PCR on
a human multiple-tissue mRNA blot from several breast
cancer patients. We investigated the expression level of the
LY-6K gene in human breast cancer, and compared this to
expression in human normal breast tissue. We found that LY-6K
was more highly expressed in the mRNA of breast tumors
compared to its expression in normal breast tissue. These results
suggest that LY-6K is not only a target antigen for HNSCC
but also a significant new molecular marker for diagnosis and
gene therapy in patients with breast cancer.

Introduction

The knowledge of human genetic variation derived from the
human genome sequence makes feasible a polygenic approach
to disease prevention. A major goal of the application of this
knowledge is to identify individuals who are susceptible to
disease based on their genotype and to prevent the develop-
ment of disease by targeting interventions to those at risk (1).

Many studies have been performed to identify candidate
genes that contribute to the risk for the development of sporadic

breast cancer (2). The identified genes including: BRCA1
(3), BRCA2 (4), TP53 (5), ATM (6) and PTEN (7) are well
known to contribute to familial cases of breast cancer.
However, these high penetrance germ line mutations are
responsible for less than 10% of all breast cancer cases. Genetic
variation is estimated to contribute approximately 25% to the
population risk for breast cancer; this is likely to be accounted
for by a large number of yet undiscovered common, low
penetrance alleles (1,8). It is possible that these more common
low penetrance markers may serve as a useful tool for diagnosis
and prognosis in the general population (9).

The Ly-6/uPAR superfamily of receptor and secreted
proteins, is a group of lymphocyte antigens that have a
carboxyl-terminal consensus sequence motif CCXXXXCN
and one or several repeats of the Ly-6/uPAR domain, which
is defined by a distinct disulfide bonding pattern between
eight or 10 cysteine residues; (10) these molecules have a
characteristic spacing pattern and attach to the cell surface by
a glycosylphosphatidylinositol (GPI) anchor (11). The Ly-6/
uPAR superfamily has two subfamilies: one represents the
transmembrane protein, as mentioned above, and the other is
a secretory protein without the GPI anchor (11). The identi-
fied human members of this group include: CD59, LY6H,
LY6C, uPAR (urokinase-type plasminogen activator receptor),
GML, PSCA (prostate stem cell antigen), RIG-E, SP-10, E48
(hLY6D), SLURP1 and SLURP2 (12). The LY-6K gene was
identified two years ago and has been proposed as a potential
target antigen for diagnosis and therapy of HNSCC (head-
and neck squamous cell carcinoma) (13).

Using STS containing SNPs derived from genomic DNAs
of breast cancer patients, we tried to identify the full-length
cDNA. To investigate whether the human Ly-6 antigen (LY-
6K) gene might be suitable as a novel molecular marker for
diagnosis and therapy of human breast cancer, breast tumor
cell-specific expression patterns were determined by
Northern blotting and semi-quantitative RT-PCR.

Materials and methods

EST database searches for identification of cDNAs and
genomic DNA clones. To confirm EST, cDNAs or genomic
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DNA matched with interesting STS (sequence tagged site,
about 200 bp) were identified; the DNA sequence was com-
pared with the redundant nucleotide and protein sequence
database (Genbank, EMBL, DDBJ) using BLASTN and
BLASTP. One mRNA transcript (GI:40068041) and several
genomic DNA clones were isolated. Homo sapiens cDNA,
HSJ001348, was identified as a candidate for encoding the new
ly6 molecule. A genomic DNA BAC clone, RP11-706C16, was
obtained from the BacPac resource and one cDNA I.M.A.G.E
clone, BC001291, was obtained from Open Biosystems.

To identify the mRNA transcript start site (TSS), we used
the DBTSS release 3.0 software (http://dbtss.hgc.jp/index.
html). To identify exon-intron boundaries, expressed DNA
and genomic sequences for the gene were aligned with each
other using SIM4, a similarity-based tool (http://pbil.univ-
lyon1.fr/sim4.php).

Northern blot analysis. Northern blot hybridization was per-
formed with a probe using the internal PCR products of the
BC001291 cDNA clone (239 bp-length, position 515-753).
The internal PCR primer sequence of LY-6K is 5'-ACGGAC
GAGGGTGACAATAG-3' and 5'-AGGTAAAAGAAGGG
CATGGG-3'. The GAPDH gene probe was used as a control
(5'-TGCACCACCAACTGCTTAGC-3' and 5'-GGCATGGA
CTGTGGTCATGAG-3'). PCR products were purified with the
gel extraction kit (D4001, Zymo research).

To detect the level of expression, in both normal and cancer
breast tissue, a Northern Bound Human Single Tumor mRNA
Blot (Sigma, N7159) was used. Northern blot hybridization
was performed with a probe that is the internal PCR product
labeled by [·-32P]-dCTP (NEN) using the Random Primed
DNA Labeling Kit (1004760, Roche). Prehybridization and
hybridization were performed using the protocol received
from the Sigma Corp. 18S rRNA was used as a control gene
for normalization. The blot was exposed to X-ray film at -70˚C
for 3-4 days according to the manufacturer's instructions as
described in their manual (#PT-1200-1, Clontech Labora-
tories, Inc.). The bands were visualized and quantified as
described above using the Las-3000 image analyzer (Life
Science, Fujifilm, Japan) and Multigauge program (Fujifilm,
Japan).

Semi-quantitative RT-PCR. Total-RNAs were extracted using
Trizol (Invitrogen, USA) from non-lesion breast cancer tissue
as well as lesion tissue from two human breast cancer patients.
The 18S rRNA gene (5'-GTAACCCGTTGAACCCCATT-3'
and 5'-CCACCAATCGGTAGTAGCG) was used as a positive
control. The LY-6K gene was amplified using primers (5'-GC
GGCCGCGTTATCAGAGGTGAGCCCGT-3' and 5'-GAAC
CTTCGCAGCCTCCGCG CG-3'). This primer set amplified
the region (position 103-341) containing 5'-UTR. The PCR
conditions for LY-6K were as follows. The initial denaturing
phase for 5 min at 95˚C was followed by a 28-cycle
amplification phase consisting of denaturation at 95˚C for
40 sec, annealing at 58˚C for 40 sec and elongation at 72˚C
for 40 sec. Amplification was terminated at 72˚C for 10 min.
The PCR conditions for the 18S rRNA was the same as those
for the LY-6K but the annealing temperature was 59˚C.

Subcellular localization. The PCR products containing the
complete open reading frame of the LY-6K gene, with EcoRI
and BamHI Linker, was purified and inserted into the EcoRI/
BamHI restriction enzyme sites of pEGFP-N1 (Clontech).
The full-length CDS region was obtained from the MDA-
MB-231 cell line from RT-PCR. The primer sequences are
5'-CGGAATTCTGATGAGGCTCCAAAGACCCCGA-3'
and 5'-CGGGATCCGCAGACAGGCTGAGGCCGGCTGC-3'
containing the restriction enzyme linker. One microgram of
pEGFP-N1-LY-6K and pEGFP-N1 expression plasmid DNA
was transfected into 293T cells, respectively.

The transfection experiments were carried out in 6-well
plates with a coverslip for each well and grown for 36-48 h,
at 37˚C. Cells were washed with PBS twice for 5 min, and then
fixed with cold fixing solution (4% paraformaldehyde in PBS).
For nuclear staining, the fixed cells were incubated with DAPI
(0.1 mg/ml, Sigma) for 30 min at room temperature. Fluore-
scent signals were revealed under the fluorescent microscope
and images were recorded with a digital camera.

Results

Isolation of the full-length cDNA of LY-6K. We have selected
a few of the identified significant SNP markers from a case-
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Figure 1. The human LY-6K gene organization. (A), Genomic locus of BAC clone (RP11-706C16). Exons are numbered and shown as black boxes. (B), The
mRNA transcript of human LY-6K gene.
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control study of 5000 SNPs obtained from breast cancer
patients. Each STS (sequence tagged sites) containing one
SNP marker was matched with the EST (expressed sequence
tag) databases of NCBI using the BLASTn program; one full-
length cDNA was detected, the LY-6K gene (Homo sapiens
cDNA for differentially expressed LY-6K gene) encoding a
novel member protein of the Ly-6/uPAR superfamily (13).

Structural analysis of LY-6K. In an effort to define the structure
of this new gene, we identified the exon-intron boundaries
using DBTSS, SIM4 and the Vector NTI Suite (Info max)
program; then the mRNA sequence was translated into the
amino acid sequence. As a result, we determined that the new
gene having about 1735 bp-size mRNA contained three exons.
The exon-intron boundary sequence was consistent with the
GT-AG rule (Fig. 1).

Human LY-6K gene expression in the nuclear membrane. To
analyze the subcellular localization of LY-6K, we constructed
a clone containing LY-6K with a tag. The full-length CDS
region of the new annotated mRNA was cloned into the
pEGFP-N1. The constructed pEGFP-N1-LY-6K was trans-
fected into the 293T cell line. Fig. 2B shows the signal of
293T cell counterstained with DAPI. The results showed that
the new gene accumulated in the membrane region, as observed
by nuclear counterstaining with DAPI (Fig. 2).

Human LY-6K overexpression in human breast cancer. The
LY-6K gene was derived from STS of human genomic DNA
obtained from breast cancer patients. Therefore, we investigated
the possibility that the LY-6K gene might be a novel marker
for human breast cancer. The expression level of LY-6K, in

affected tissues from patients with breast cancer, was examined
using Northern blotting and semi-quantitative RT-PCR. LY-6K
was highly expressed in the three breast tumor lanes compared
to the normal breast tissue lanes. Its transcript size was about
1735 bp (Fig. 3). The quantitative measurements of the LY-
6K transcript level, in the breast tissues of breast cancer
patients, were determined by quantitative RT-PCR. Total-
RNAs were prepared from the skin of both lesion and non-
lesion tissues from two breast cancer patients. LY-6K mRNA
was found to be significantly up-regulated, about 2.5-fold, in
the lesion compared to non-lesion skin (Fig. 4).

Discussion

Identification of the full-length cDNA and tissue specific
expression of LY-6K gene. In an effort to identify novel genes
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Figure 2. Subcellular localization of the LY-6K gene. (A), GFP fusion LY-6K expression in the plasma membrane of 293T cell lines. (B), DAPI staining of the
nucleus.

Figure 3. Northern blot analysis of the LY-6K gene using a human breast
tumor blot (Sigma). Different breast tumor donors (lanes 1-3) and normal
breast tissue (lane 4).

Figure 4. Expression analysis of the LY-6K gene in breast cancer tissues.
(A), LY-6K mRNA was assayed in the lesion (L) and non-lesion (NL)
tissues of two patients with breast cancer by RT-PCR. Expression level of
LY-6K mRNA was normalized to signals detected with the 18S rRNA gene.
(B), The amplified PCR products (position 103-341) were quantitated using
the Multiguage program and expressed relative to the 18s rRNA, as a
percentage of the NL (non-lesion tissue).
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involved in breast cancer susceptibility, we have conducted a
large-scale, case-control study using 5000 SNPs from
genomic DNAs of breast cancer patients. We detected and
isolated the partial cDNA from genomic DNAs isolated from
human breast cancer tumors using gene-screening consisting
of BLAST searches. Furthermore, the mRNA (NM017527)
sequence, containing the new full-length CDS (223 amino
acids, 1735 bp), was newly annotated on the NCBI database
following the mRNA clone (BC001291, 1373 bp). Therefore,
we obtained the full CDS region from the human breast
cancer MDA-MB-231 cell line, by semi-quantitative RT-
PCR. A significant SNP that was isolated as a result of the
case-control study had no amino acid change in the LY-6K
CDS.

The nucleotides and amino acid sequences of the LY-6K
gene were analyzed using several bioinformatic tools. The
LY-6K gene is a member of the Ly-6 superfamily. It contains
the Ly-6/uPAR common domain. We analyzed the structure
of the LY-6K gene to identify exon-intron boundaries as well
as to translate mRNA sequences to amino acid sequences. As
a result, the size of new gene was found to span about 1735 bp,
consisting of 3 exons; the third exon was identified as the
largest one.

To analyze the subcellular localization of LY-6K, we con-
structed a clone containing LY-6K with a tag. The full-length
CDS region of the new annotated mRNA was cloned into the
pEGFP-N1. The constructed pEGFP-N1-LY-6K was trans-
fected into the 293T cell line. The results showed that the
LY-6K gene accumulated in the nuclear membrane region, as
observed by nuclear counterstaining with DAPI.

LY-6K as a novel molecular marker of human breast cancer.
The LY-6K gene was annotated as a novel member of Ly-6/
uPAR family and a potential target antigen for HNSCC  (13).
We have isolated the gene from genomic DNAs of patients
with breast cancer. Current reports have suggested that the
uPA receptor (uPAR) can serve as diagnostic, therapeutic
and prognostic markers in patients with metastatic breast
cancer (14). Based on these facts, we investigated the
expression level of the LY-6K gene in human breast cancer
tissues. The LY-6K gene is a member of the Ly-6/uPAR
family and was found to be expressed in both human breast
normal and tumor tissues. In addition, the LY-6K gene is
highly expressed in breast tumor tissues, and this was
observed to be specific to the tumor tissue when compared to
normal breast tissue. Our findings suggest that LY-6K might
be a novel marker for human breast cancer.

The expression of the LY-6K gene was found to be about
2.5-fold up-regulated in breast cancer lesion skin compared to
non-lesion skin; as identified with semi-quantitative RT-PCR.
Therefore, LY-6K expression may be useful in establishing
a diagnosis of human breast cancer, as it is for HNSCC. The
consistency with which this receptor is overexpressed in breast
cancer suggests that it may be a novel molecular marker; thus
potential use in clinical practice may be possible for
diagnosis and therapy of breast cancer.
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