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Abstract

Gene expression profile analyses of non–small cell lung
carcinomas (NSCLC) and esophageal squamous cell carcino-
mas (ESCC) revealed that lymphocyte antigen 6 complex
locus K (LY6K) was specifically expressed in testis and
transactivated in a majority of NSCLCs and ESCCs. Immuno-
histochemical staining using 406 NSCLC and 265 ESCC
specimens confirmed that LY6K overexpression was associated
with poor prognosis for patients with NSCLC (P = 0.0003), as
well as ESCC (P = 0.0278), and multivariate analysis confirmed
its independent prognostic value for NSCLC (P = 0.0035). We
established an ELISA to measure serum LY6K and found that
the proportion of the serum LY6K-positive cases was 38 of 112
(33.9%) NSCLC and 26 of 81 (32.1%) ESCC, whereas only 3 of
74 (4.1%) healthy volunteers were falsely diagnosed. In most
cases, there was no correlation between serum LY6K and
conventional tumor markers of carcinoembryonic antigen
(CEA) and cytokeratin 19-fragment (CYFRA 21-1) values. A
combined ELISA for both LY6K and CEA classified 64.7% of
lung adenocarcinoma patients as positive, and the use of both
LY6K and CYFRA 21-1 increased sensitivity in the detection of
lung squamous cell carcinomas and ESCCs up to 70.4% and
52.5%, respectively, whereas the false positive rate was 6.8% to
9.5%. In addition, knocked down of LY6K expression with
small interfering RNAs resulted in growth suppression of
the lung and esophageal cancer cells. Our data imply that a
cancer-testis antigen, LY6K, should be useful as a new type of
tumor biomarker and probably as a target for the develop-
ment of new molecular therapies for cancer treatment. [Cancer
Res 2007;67(24):11601–11]

Introduction

Aerodigestive tract cancer (including carcinomas of lung,
esophagus, oral cavity, pharynx, and larynx) accounts for one third
of all cancer deaths in the United States and is the most common
cancer in some areas of the world (1). Lung cancer is one of the

most common malignant tumors in the world, and non–small cell
lung cancer (NSCLC) accounts for nearly 80% of those cases (2).
Esophageal squamous cell carcinoma (ESCC) is one of the most
lethal malignancies of the digestive tract, and at the time of
diagnosis, most of the patients are at advanced stages (3). In spite
of the use of modern surgical techniques combined with various
adjuvant treatment modalities, such as radiotherapy and chemo-
therapy, the overall 5-year survival rate of ESCC patients still
remains at 40% to 60% (4) and that of lung cancer patients is only
15% (5, 6), although a reduced quality of life remains in those who
do survive. Several tumor markers, such as progastrin-releasing
peptide, neuron-specific enolase, cytokeratin 19-fragment (CYFRA
21-1), squamous cell carcinoma antigen (SCC), and carcinoem-
bryonic antigen (CEA) are shown to be elevated in serum of lung
cancer patients (7), whereas SCC, CEA, and CYFRA 21-1 are
elevated in the serum of advanced ESCC patients (8). However,
their sensitivity remains at 20% to 50% and no tumor marker has
been sufficiently useful for detection of lung cancer and ESCC at
potentially curative stage, and a limited number of practical
prognostic biomarker is presently available for selection of
treatment modalities for individual patients. Therefore, new
diagnostic tools and therapeutic strategies, such as development
of molecular targeted agents, antibody therapy, and cancer
vaccines, are urgently required (6).
Cancer-testis antigens are defined to be proteins that are highly

expressed in cancer cells but not in normal cells, except for cells in
reproductive tissues, such as testis, ovary, and placenta (9, 10).
Because the cells from these tissues do not express MHC class I
molecules, cancer-testis antigens are considered to be a promising
target for immunotherapy, such as cancer vaccines, and also a good
biomarker for diagnosis of cancer and monitoring of relapse.
Systematic analysis of expression levels of thousands of genes

using a cDNA microarray technology is an effective approach for
identifying molecules involved in pathways of carcinogenesis or
those associated with efficacy to anticancer therapy (11–16); some
of such genes or their gene products may be good target molecules
for development of novel therapies and/or cancer biomarkers. To
identify such molecules, particularly for cancer-testis antigens, we
had performed genome-wide expression profile analysis of 101 lung
cancer and 19 ESCC patients, coupled with enrichment of tumor
cells by laser capture microdissection (12–16) and then compared
with the expression profile data of 31 normal human tissues
(27 adult and 4 fetal organs; refs. 17, 18). To verify the biomedical
and clinicopathologic significance of the respective gene products,
we have established a screening system by a combination of the
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tumor-tissue microarray analysis of clinical lung and esophageal
cancer materials and RNA interference technique (19–33). This
systematic approach revealed that lymphocyte antigen 6 complex
locus K (LY6K; alias HSJ001348, cDNA for differentially expressed
CO16 gene), a member of LY6 family, is likely to be a novel cancer-
testis antigen that was overexpressed commonly in primary
NSCLCs and ESCCs and was essential for growth/survival of
cancer cells.
LY6K was initially identified as an unannotated transcript by

several groups (accession no. AJ001348; AB105187), and recent
analysis by Bioinformatics classified it as a member belonging to
the LY6 family that shows a high homology to the low–molecular
weight GPI-anchored molecule (34). A previous study showed the
elevated expression of LY6K mRNA in human head and neck
squamous cell carcinomas and breast cancers (34, 35); however, no
report has clarified the significance of activation of LY6K in human
cancer progression and its potential as a therapeutic target, as well
as serologic/prognostic biomarker.
Here, we report evidence that LY6K, a member of cancer-testis

antigen, plays a significant role in pulmonary and esophageal
carcinogenesis, and suggest that LY6K could be a new type of
diagnostic and prognostic biomarker that could detect certain
proportion of cancer patients that may not be diagnosed by
conventional tumor makers in the clinic.

Materials and Methods

Cell lines and tissue samples. The 18 human NSCLC cell lines, 14

esophageal carcinoma cell lines, and human small airway epithelial cells

were used as described elsewhere (19, 30). Primary NSCLC and ESCC
samples had been obtained earlier with informed consent (refs. 15, 16, 25,

30; see Supplementary Materials and Methods). A total of 406 formalin-fixed

samples of primary NSCLCs and adjacent normal lung tissues had been

obtained earlier along with clinicopathologic data from patients undergoing
surgery at Saitama Cancer Center. These NSCLC patients received resection

of their primary cancers without preoperative chemotherapy and/or

radiotherapy, and among them, only patients with positive lymph-node
metastasis were treated with cisplatin-based adjuvant chemotherapies after

their surgery. A total of 265 formalin-fixed primary ESCCs and adjacent

normal esophageal tissue samples had also been obtained from patients

undergoing curative surgery at Keiyukai Sapporo Hospital. These ESCC
patients received resection of their primary cancers without preoperative

chemotherapy and/or radiotherapy. NSCLC specimen and five tissues

(heart, liver, lung, kidney, and testis) from postmortem materials (two

individuals with SCC) were also obtained from Hiroshima University. The
pathologic stage was determined according to the classification of the

Union Internationale Contre le Cancer (36). This study and the use of all

clinical materials mentioned were approved by individual institutional
ethical committees.

Serum samples. Serum samples were obtained with informed consent

from 74 healthy individuals as controls and from 65 nonneoplastic lung

disease patients with chronic obstructive pulmonary disease (COPD)
enrolled as a part of the Japanese Project for Personalized Medicine

(BioBank Japan) or admitted to Hiroshima University Hospital. All of these

COPD patients were current and/or former smokers. [The mean (F1 SD) of

pack-year index was 55.6 F 50.1 SD; pack-year index was defined as the
number of cigarette packs (20 cigarettes per pack) consumed a day

multiplied by years]. Serum samples were also obtained with informed

consent from 112 NSCLC patients admitted to Hiroshima University

Hospital, as well as Kanagawa Cancer Center Hospital, and 81 esophageal
cancer patients, who were admitted to Keiyukai Sapporo Hospital or who

were registered in the BioBank Japan. These 112 NSCLC cases included 85

adenocarcinomas and 27 SCCs (see Supplementary Materials and Methods).
Samples were selected for the study on the basis of the following criteria: (a)

patients were newly diagnosed and previously untreated and (n) their

tumors were pathologically diagnosed as lung or esophageal cancers (stages
I-IV). Serum was obtained at the time of diagnosis and stored at �150jC.

Semiquantitative reverse transcription–PCR and Northern blot
analyses. We performed semiquantitative reverse transcription–PCR (RT-

PCR) and Northern blot analyses as described in Supplementary Materials
and Methods.

Preparation of anti-LY6K polyclonal antibody. Two types of rabbit

antibodies termed TM38 and MB44 specific for LY6K were raised by

immunizing rabbits with 6-histidine fused human LY6K protein (codons
23-109 and 71-204, respectively) and purified with standard protocols using

affinity columns (Affi-gel 10; Bio-Rad Laboratories) conjugated with the

6-histidine fused protein. On Western blots, we confirmed that the

antibodies were specific for LY6K, using lysates from NSCLC tissues and
cell lines, as well as normal lung tissues.

Western blot analysis. We used an enhanced chemiluminescence

Western blotting analysis system (GE Healthcare Biosciences). SDS-PAGE
was performed in 7.5% polyacrylamide gels. PAGE-separated proteins were

electroblotted onto nitrocellulose membranes (GE Healthcare Biosciences)

and incubated with a rabbit polyclonal antihuman LY6K antibody. A goat

antirabbit IgG–horseradish peroxidase (HRP) antibody (GE Healthcare
Biosciences) was served as the secondary antibodies for these experiments.

Immunohistochemistry and tissue microarray. Tumor-tissue micro-

arrays were constructed using 406 formalin-fixed primary NSCLCs and 265

ESCCs, as published previously (see Supplementary Materials and Methods;
refs. 37–39).

To investigate the status of the LY6K protein in clinical lung-cancer

samples that had been embedded in paraffin blocks, we stained the sections

in the following manner. Briefly, a rabbit polyclonal antihuman LY6K

antibody (TM38) was added after blocking of endogenous peroxidase and

proteins. The sections were incubated with HRP-labeled antirabbit IgG as

the secondary antibody. Substrate-chromogen was added, and the speci-

mens were counterstained with hematoxylin.
Three independent investigators assessed LY6K positivity semiquantita-

tively without prior knowledge of clinicopathologic data. The intensity of

LY6K staining was evaluated using the following criteria: strong positive

(2+), dark brown staining in >50% of tumor cells completely obscuring
cytoplasm; weak positive (1+), any lesser degree of brown staining

appreciable in tumor cells; absent (scored as 0), no appreciable staining

in tumor cells. Cases were accepted only as strongly positive if reviewers
independently defined them as such.

Statistical analysis. We used contingency tables to analyze the

relationship of LY6K expression levels and clinicopathologic variables of

NSCLC patients. Tumor-specific survival curves were calculated from the

date of surgery to the time of death related to NSCLC or to the last follow-

up observation. Kaplan-Meier curves were calculated for each relevant

variable and for LY6K expression; differences in survival times among

patient subgroups were analyzed using the log-rank test. Univariate and

multivariate analyses were performed with the Cox proportional hazard

regression model to determine associations between clinicopathologic

variables and cancer-related mortality (see Supplementary Materials and

Methods).

ELISA. Serum levels of LY6K were measured by sandwich-type ELISA,

which had been originally constructed. In brief, for detection of soluble

LY6K in serum, 96-well flexible microtiter plates (Nalge Nunc International)

were coated with 2 ng/mL of capturing polyclonal antibody to LY6K (TM38)

overnight. Wells were blocked with 200 AL PBS (pH 7.4) containing 1%

bovine serum albumin (BSA), 5% sucrose, and 0.05% NaN3 for 2 h and then
incubated for 2 h with 3-fold diluted serum samples in PBS (pH 7.4)

containing 1% BSA. After washing with PBS (pH 7.4) containing 0.05%

Tween 20, the wells were incubated for 2 h with 200 ng/mL of biotin-

conjugated polyclonal anti-LY6K antibody (MB44), followed by reaction

with avidin-conjugated peroxidase (P347; Dako Cytomation) for 30 min

using a substrate reagent (R&D Systems). To prepare biotinylating rabbit

polyclonal antibodies to LY6K (MB44), we used Biotin Labeling Kit-NH2

(LK03) according to the supplier’s protocol (Dojindo Laboratories). Levels of

CEA in serum were measured by ELISA with a commercially available

enzyme test kit (Hope Laboratories, Belmont, CA), according to the
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supplier’s recommendations. Levels of CYFRA 21-1 in serum were measured

by ELISA with a commercially available kit (DRG; see Supplementary

Materials and Methods).
RNA interference assay. We had previously established a vector-based

RNA interference system, psiH1BX3.0, to direct the synthesis of small

interfering RNAs (siRNA) in mammalian cells (see Supplementary Materials

and Methods; refs. 19, 21).

Results

LY6K expression in lung and esophageal tumors, cell lines,
and normal tissues. To identify novel molecules, such as cancer-
testis antigens to serve as diagnostic biomarkers and/or targets for
development of therapeutic agents for lung and esophageal
cancers, we had applied cDNA microarray analysis to search for
genes that were highly transactivated in a large proportion of these
tumors, but scarcely expressed in normal tissues. Among 27,648
genes screened, we identified the LY6K transcript to show >3-fold
expression in f80% of NSCLCs and ESCCs compared with normal
lung or esophageal tissue (control). Moreover, LY6K showed testis-
specific expression in normal tissues. Therefore, we determined to
select LY6K as a good candidate for further analyses. We confirmed
its transactivation by semiquantitative RT-PCR experiments in 9 of
10 additional NSCLC tissues, in 10 of 18 lung-cancer cell lines, in
8 of 8 ESCC tissues, and in 12 of 14 esophageal cancer cell lines
(Fig. 1A and B).
We subsequently generated rabbit polyclonal antibodies specific

for human LY6K and confirmed by Western blot analysis an
expression of LY6K protein in NSCLC samples in four representa-
tive pairs of NSCLC tissues and in four lung-cancer cell lines
(two LY6K-positive and two LY6K-negative cell lines; Fig. 1C). We
performed immunofluorescence analysis to examine the subcellu-
lar localization of endogenous LY6K in the four lung-cancer cell
lines (LC319, NCI-H1373, NCI-H226, and A427) and found that
LY6K was mainly located at cytoplasm of tumor cells with granular
appearance (Fig. 1D, left). Because LY6K encodes GPI-anchored
protein and some of GPI-anchored proteins were known to be
secreted into extracellular space (40), we applied ELISA to examine
its presence in the culture media of the lung-cancer cell lines. The
amounts of detectable LY6K in the culture media was concordant
to the expression levels of LY6K detected with semiquantitative
RT-PCR and Western blot analyses (Fig. 1D, right).
Northern blot analysis using a LY6K cDNA fragment as the probe

identified a transcript of f1.8 kb that was highly and exclusively
expressed in testis among 23 normal human tissues examined
(Fig. 2A). We subsequently examined expression of LY6K protein in
five normal tissues (heart, liver, lung, kidney, and testis), as well as
lung cancers using anti-LY6K antibody, and found that it was
hardly detectable in the former four tissues while positive LY6K
staining appeared in testis and lung tumor tissues (Fig. 2B).
Association of LY6K overexpression with poor clinical

outcomes for NSCLC and ESCC patients. To verify the biological
and clinicopathologic significance of LY6K, we examined the
expression of LY6K protein by means of tissue microarrays
consisting of 406 NSCLC and 265 ESCC cases that underwent
surgical resection. LY6K staining was observed mainly in the cell
membrane and cytoplasm of tumor cells, but was hardly detectable
in surrounding normal tissues (Fig. 2C, top and bottom). We
classified a pattern of LY6K expression on the tissue array ranging
from absent/weak (scored as 0-1+) to strong (2+). Positive staining
was observed in 219 of 254 (86.2%) lung adenocarcinoma cases, 103
of 112 (92.0%) lung SCCs, 24 of 28 (85.7%) lung large cell

carcinomas, and 12 of 12 (100%) lung adenosquamous carcinomas,
whereas no staining was observed in any of the normal portions of
the same tissues. Of the 406 NSCLC cases examined, LY6K was
strongly stained in 139 cases (34.2%; score 2+), weakly stained in
219 cases (54.0%; score 1+), and not stained in 48 cases (11.8%;
score 0; details were shown in Table 1A). NSCLC patients whose
tumors showed strong LY6K expression revealed shorter tumor-
specific survival compared with those with absent/weak LY6K
expression (P = 0.0003 by log-rank test; Fig. 2D, left). We also
applied univariate analysis to evaluate associations between
patient prognosis and other factors, including age (<65 versus
z65), gender ( female versus male), histologic type (adenocarcino-
ma versus nonadenocarcinoma), pT classification (T1, T2 versus T3,
T4), pN classification (N0 versus N1, N2), and LY6K status (0, 1+
versus 2+). Among those variables, LY6K status (P = 0.0004), elderly
(P = 0.0093), male (P = 0.0050), nonadenocarcinoma histologic
classification (P = 0.0108), advanced pT stage (P < 0.0001),
and advanced pN stage (P < 0.0001) were significantly associated
with poor prognosis (Table 1B). In multivariate analysis of the
prognostic factors, strong LY6K expression, elderly, higher pT stage,
and higher pN stage were indicated to be independent prognostic
factors (P = 0.0035, <0.0001, <0.0001, and <0.0001, respectively;
Table 1B).
Positive staining was observed in 252 of 265 (95.1%) esophageal

cancers, whereas no staining was observed in any of the normal
portions of the same tissues. LY6Kwas strongly stained in 175 cases
(66.0%; score 2+), weakly stained in 77 cases (29.1%; score 1+), and
not stained in 13 cases (4.9%; score 0; details were shown in
Table 2A). The median survival time of ESCC patients was
significantly shorter in accordance with the higher expression
levels of LY6K (P = 0.0278 by log-rank test; Fig. 2D, right). We also
applied univariate analysis to evaluate associations between ESCC
patient prognosis and several factors including age (<65 versus
z65), gender ( female versus male), pT stage (tumor depth; T1, T2
versus T3, T4), pN stage (node status; N0 versus N1), and LY6K
status (score; 0, 1+ versus 2+). Among those variables, LY6K status
(P = 0.0289), male (P = 0.0029), advanced pT stage (P < 0.0001), and
advanced pN stage (P < 0.0001) were significantly associated with
poor prognosis (Table 2B). In multivariate analysis, LY6K status did
not reach the statistically significant level as an independent
prognostic factor for surgically treated ESCC patients enrolled in
this study (P = 0.2266), whereas pT and pN stages, as well as male
gender, did, suggesting the relevance of LY6K expression to these
clinicopathologic factors in esophageal cancer (P = 0.0149, 0.0047,
and <0.0001, respectively; Table 2B).
Serum levels of LY6K in patients with NSCLC or ESCC.

Because the in vitro findings had suggested that LY6K could be
secreted into extracellular space (Fig. 1D, right), we examined
whether LY6K was secreted into serum from patients with NSCLC
or ESCC to validate its potential as a novel serum biomarker. ELISA
experiments detected LY6K in serologic samples from the great
majority of the 193 patients with lung or esophageal cancer. The
mean (F1 SD) of serum LY6K in 112 lung cancer patients was
331.3 F 739.3 pg/mL and those in 81 ESCC patients were 209.3 F
427.4 pg/mL. In contrast, the mean (F1 SD) serum levels of LY6K
in 74 healthy individuals were 34.2 F 65.3 pg/mL, and those in 65
patients with COPD, who were current and/or former smokers,
were 54.4 F 233.8 pg/mL. The levels of serum LY6K protein were
significantly higher in lung or esophageal cancer patients than in
healthy donors (between lung adenocarcinoma patients and
healthy individuals, P < 0.0001; between lung SCCs and healthy
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individuals, P = 0.0145; between ESCCs and healthy individuals,
P < 0.0001; Mann-Whitney U test), whereas the difference between
healthy individuals and COPD patients was not significant
(P = 0.5325; Fig. 3A). According to histologic types of lung cancer,

the mean (F1 SD) serum levels of LY6K were 324.1 F 737.4 pg/mL
in 85 adenocarcinoma patients and 354.1 F 758.8 pg/mL in 27 SCC
patients; the differences between the two histologic types were not
significant. High levels of serum LY6K were detected even in

Figure 1. Expression and subcellular
localization of LY6K in NSCLCs and ESCCs.
A, expression of LY6K in 10 clinical NSCLC
samples (top ) and 18 lung cancer cell lines
(bottom ) examined by semiquantitative
RT-PCR analysis. B, expression of LY6K in
eight clinical ESCC samples (top ) and 14
esophageal cancer cell lines (bottom ), as
detected by semiquantitative RT-PCR
analysis. C, expression of LY6K protein in
four representative pairs of NSCLC samples
(left ) and four lung cancer cell lines (right )
examined by Western blot analysis.
D, subcellular localization of endogenous
LY6K protein in lung cancer cells (left).
LY6K is stained at the cytoplasm of the cell
with granular appearance in LC319 and
NCI-H1373 cells, but not in NCI-H226 and
A427 cells (right ). Measurement of secreted
LY6K levels with ELISA in culture medium
of LY6K-expressing LC319 and NCI-H1373
cells and nonexpressing NCI-H226 and
A427 cells.
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patients with earlier-stage tumors (Fig. 3B). Using receiver-
operating characteristic curves drawn with the data of these 193
lung or esophageal cancer patients and 74 healthy donors (data not
shown), the cutoff level in this assay was set to provide optimal
diagnostic accuracy and likelihood ratios (minimal false negative
and false positive results) for LY6K, i.e., 157.0 pg/mL with a
sensitivity of 33.2% (64 of 193) and a specificity of 4.1% (3 of 74).
According to tumor histology, the proportions of the serum LY6K-
positive cases were 31.8% for adenocarcinoma (27 of 85), 40.7% for
SCC (11 of 27), and 32.1% for ESCC (26 of 81). The proportions of
the serum LY6K-positive cases were 9.2% (6 of 65) for COPD. We
then performed ELISA experiments using paired preoperative and
postoperative (2 months after the surgery) serum samples from
lung cancer and ESCC patients to monitor the levels of serum LY6K
in the same patients. The concentration of serum LY6K was
significantly reduced after surgical resection of primary tumors
(Fig. 3C). We further compared the serum LY6K values with the
expression levels of LY6K in primary tumors in the same set of 16
NSCLC cases whose serum had been collected before surgery (eight
patients with LY6K-positive tumors and eight with LY6K-negative

tumors). The levels of serum LY6K showed good correlation with
the expression levels of LY6K in primary tumor (Fig. 3D). The
results independently support the high specificity and the great
potentiality of serum LY6K as a biomarker for detection of cancer
at an early stage and for monitoring of the relapse of the disease.
Comparison of LY6K with CEA and CYFRA 21-1 as tumor

biomarkers. To evaluate the feasibility of using serum LY6K level
as a tumor detection biomarker, we also measured by ELISA serum
levels of two conventional tumor markers (CEA and CYFRA 21-1
for NSCLC patients) in the same set of available serum samples
from cancer patients and control individuals. Receiver-operating
characteristic analyses determined the cutoff value of CEA for
NSCLC detection to be 2.5 ng/mL (with a sensitivity of 39.3% and a
specificity of 94.6%) and also determined the cutoff value of CYFRA
21-1 to be 2.0 pg/mL (with a sensitivity of 33.9% and a specificity
of 97.2%; data not shown). As shown in Supplementary Fig. S1A
(left and middle), the correlation coefficient between serum CEA
and CYFRA 21-1 values was significant (Spearman rank correlation
q = 0.355, P = 0.0002), whereas the correlation between serum
LY6K and CEA values was not significant (Spearman rank

Figure 2. Expression of LY6K in normal tissues, as well as NSCLC and ESCC tissues, and association of LY6K overexpression with poor clinical outcomes for
NSCLC and ESCC patients. A, Northern blot analysis of the LY6K transcript in 23 normal adult human tissues. B, immunohistochemical evaluation of LY6K protein in
representative normal tissues: adult heart, liver, lung, kidney, and testis, as well as lung SCC tissues. C, immunohistochemical evaluation of LY6K expression on
tumor tissue microarrays (top , �100; bottom , �200). Examples are shown of strong, weak, and absent LY6K expressions in cancer tissues and of no expression in
normal tissues. Top, lung SCC and normal lung; bottom, ESCC and normal esophagus. D, Kaplan-Meier analysis of survival of patients with NSCLC (left, P = 0.0003
by the log-rank test) and ESCC (right, P = 0.0278 by the log-rank test) according to the expression levels of LY6K.
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correlation q = 0.021, P = 0.8275), indicating that measuring both
markers in serum can improve overall sensitivity for detection of
NSCLC to 61.6%. False-positive results for either of the two tumor
markers among normal volunteers (control group) accounted for
9.5%, whereas the false-positive rates for CEA and LY6K in the same
control group were 4.1% and 5.4%, respectively. According to tumor
histology, the sensitivity of the combination of serum LY6K and
CEA as a tumor detection marker was 64.7% for adenocarcinoma
and 51.6% for SCC, suggesting the usefulness of this combination
for adenocarcinoma detection.
The correlation coefficient between serum LY6K and CYFRA 21-1

values for NSCLC patients was not significant (Spearman rank

correlation q = 0.119, P = 0.2114; Supplementary Fig. S1A, right
panel), also indicating that measurement of serum levels of both
markers can improve overall sensitivity for detection of NSCLC to
59.8%; for diagnosing NSCLC, the sensitivity of CYFRA 21-1 alone
was 33.9%. False-positive cases for either of the two tumor markers
among normal volunteers (control group) were 6.8%, although
the false-positive rates for CYFRA 21-1 in the same control group
were 2.7%. According to tumor histology, the sensitivity of the
combination of serum LY6K and CYFRA 21-1 for the detection of
tumors was 56.5% for adenocarcinoma and 70.4% for SCC,
indicating the usefulness of this combination for SCC detection.
Combination of LY6K with both CEA and CYFRA 21-1 indicated

Table 1.

A. Association between LY6K positivity in NSCLC tissues and patients’ characteristics (n = 406)

LY6K strong

positive

LY6K weak

positive

LY6K

absent

P (strong versus

weak/absent)

n = 406 n = 139 n = 219 n = 48

Gender

Male 280 104 144 32 0.0707

Female 126 35 75 16

Age (y)
<65 198 70 107 21 0.6022

z65 208 69 112 27

Histologic type
ADC 254 70 149 35 0.0002*,c

SCC 112 51 52 9

Others 40 18 18 4

pT factor
T1 + T2 294 100 159 35 >0.9999

T3 + T4 112 39 60 13

pN factor

N0 253 78 142 33 0.0526
N1 + N2 153 61 77 15

B. Cox’s proportional hazards model analysis of prognostic factors in patients with NSCLCs

Variables Hazards ratio (95% CI) Unfavorable/favorable P

Univariate analysis

LY6K 1.684 (1.265-2.240) Strong (+)/weak (+) or (�) 0.0004c

Age (y) 1.467 (1.099-1.958) z65/<65 0.0093c

Gender 1.597 (1.151-2.216) Male/female 0.0050c

Histologic type 1.450 (1.090-1.929) Others/ADC1 0.0108c

pT factor 2.039 (1.515-2.745) T3 + T4/T1 + T2 <0.0001c

pN factor 2.430 (1.827-3.231) N1 + N2/N0 <0.0001c

Multivariate analysis

LY6K 1.554 (1.156-2.088) Strong (+)/weak (+) or (�) 0.0035c

Age (y) 1.838 (1.369-2.468) z65/<65 <0.0001c

Gender 1.368 (0.953-1.965) Male/female 0.0892

Histologic type 1.053 (0.762-1.456) Others/ADC1 0.7530

pT factor 1.947 (1.439-2.636) T3 + T4/T1 + T2 <0.0001c

pN factor 2.369 (1.763-3.184) N1 + N2/N0 <0.0001c

Abbreviations: 95% CI, 95% confidence interval; ADC, adenocarcinoma; others, large cell carcinoma plus adenosquamous cell carcinoma.

*Adenocarcinoma versus other histology.
cP < 0.05 (Fisher’s exact test).
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that 21 of 54 (38.9%) NSCLC patients who were negative for both
CEA and CYFRA 21-1 were diagnosed as LY6K-positive (Supple-
mentary Fig. S1B).
We further measured by ELISA serum levels of CEA and CYFRA

21-1 in the same set of serum samples from ESCC patients
(Supplementary Fig. S1C). The correlation coefficient between
serum LY6K and CEA values for ESCC patients was not
significant (Spearman rank correlation q = 0.153, P = 0.0781;
Supplementary Fig. S1C, middle), indicating that measuring both
markers in serum can improve overall sensitivity for detection of
ESCC to 44.3% whereas the sensitivity of CEA alone was 18.0%.
The correlation between serum LY6K and CYFRA 21-1 values for
ESCC patients was also not significant (Spearman rank correla-
tion q = 0.034, P = 0.6989; Supplementary Fig. S1C, right). A
combined assay for both LY6K and CYFRA 21-1 classified 52.5% of
ESCC patients as positive, whereas the sensitivity of CYFRA 21-1
alone was 23.0%. Combination of LY6K with both CEA and
CYFRA 21-1 indicated that 16 of 40 (40.0%) ESCC patients who
were negative for both CEA and CYFRA 21-1 were diagnosed as

LY6K-positive (Supplementary Fig. S1D). The data clearly suggest
that serum LY6K levels were also high in certain proportion of
cancer patients that could not be diagnosed by the combination
of CEA and CYFRA 21-1.
Effect of LY6K-siRNAs on growth of NSCLC cells. To assess

whether LY6K plays a role in growth or survival of lung cancer cells,
we designed and constructed plasmids to express siRNA against
LY6K (si-LY6K-1 and si-LY6K-2), along with two different control
plasmids (siRNAs for EGFP and SCR), and transfected them into
lung cancer (RERF-LC-AI and LC319) and esophageal cancer (TE8)
cells to suppress expression of endogenous LY6K (representative
data of RERF-LC-AI and TE8 was shown in Fig. 4 and
Supplementary Fig. S2). The amount of LY6K protein in the cells
transfected with si-LY6K-2 was significantly decreased in compar-
ison with cells transfected with any of the two control siRNAs or si-
LY6K-1 (Fig. 4 and Supplementary Fig. S2). In accordance with its
suppressive effect on protein levels of LY6K, transfected si-LY6K-2
caused significant decreases in the numbers of viable cells (Fig. 4
and Supplementary Fig. S2).

Table 2.

A. Association between LY6K positivity in esophageal cancer tissues and patients’ characteristics (n = 265)

Total LY6K strong

positive

LY6K weak

positive

LY6K absent P (strong versus

weak/absent)

n = 265 n = 175 n = 77 n = 13

Gender
Male 239 159 70 10 0.6645

Female 26 16 7 3

Age (y)

<65 171 110 55 6 0.4982
z65 94 65 22 7

pT factor

T1 + T2 124 72 42 10 0.0134*
T3 + T4 141 103 35 3

pN factor

N0 99 60 32 7 0.1800

N1 + N2 166 115 45 6

B. Cox’s proportional hazards model analysis of prognostic factors in patients with esophageal cancers

Variables Hazards ratio (95% CI) Unfavorable/favorable P

Univariate analysis

LY6K 1.480 (1.041-2.105) Strong (+)/weak(+) or (�) 0.0289*

Age (y) 1.024 (0.733-1.429) z65/<65 0.8924

Gender 3.165 (1.485-6.765) Male/female 0.0029*
pT factor 2.660 (1.883-3.745) T3 + T4/T1 + T2 <0.0001*

pN factor 3.984 (2.653-5.988) N1 + N2/N0 <0.0001*

Multivariate analysis

LY6K 1.246 (0.872-1.781) Strong (+)/weak(+) or (�) 0.2266
Gender 2.575 (1.202-5.514) Male/female 0.0149*

pT factor 1.866 (1.211-2.882) T3 + T4/T1 + T2 0.0047*

pN factor 3.096 (2.020-4.739) N1 + N2/N0 <0.0001*

*P < 0.05 (Fisher’s exact test).
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Discussion

Recent acceleration in identification and characterization of

novel molecular targets for cancer therapy has enhanced

development of new types of anticancer agents or antibodies and

cancer vaccines (8). Molecular targeted drugs are expected to be

highly specific to malignant cells, with minimal adverse effects due

to their well-defined mechanisms of action. As an approach to such

goal, one promising strategy is to combine the power of genome-

wide expression analysis to effectively screen genes that are

overexpressed in cancer cells but scarcely expressed in normal

organs, with high throughput screening of their protein expression

related to clinical outcome by means of tissue microarray, as well

as with examining loss of function phenotypes by RNA interference

systems (19–33). Using this combination of approaches for the

study, we have shown that LY6K is a novel cancer-testis antigen,

whose overexpression shows unfavorable prognostic significance in

NSCLC patients and affects on growth of the cancer cells.
Like other LY6 antigens, LY6K has 10 cysteine residues in a

conserved position and harbors the sequence structure that
theoretically determines GPI anchoring. Members of the LY6

family are suspected to have functions related to cell signaling and/
or cell adhesion (41), although the precise role of LY6K in lung
carcinogenesis or the physiologic function in the normal cells is
unknown. Because LY6K gene is located at chromosome 8q24, a
region of allelic gain in more than half of lung cancers (42), its
overexpression might be partly explained by amplification or
chromosomal aberration at this locus.
There are several known GPI-anchored proteins that are

applicable to diagnosis of human cancer in certain clinical or
preclinical settings (43). Human CEA is supposed to be a GPI-
anchored protein (43) and expressed highly in a significant
proportion of relatively advanced adenocarcinomas, particularly
those from the colon, pancreas, breast, and lung (44). Its presence
in serum in cancer patients has been used for disease staging and
as an indicator of residual disease and/or tumor recurrences (44).
In addition, some tumor-specific markers and prognostic markers,
such as CD109, glypican-3, CEA-related cell adhesion molecule 6,
and prostate stem cell antigen, are categorized as the GPI-
anchored protein (40, 45–47). Among them, CD109 and glypican-3
are also known to be the cancer-testis antigens. On the other
hand, there are several reports on GPI-anchored proteins as

Figure 3. Serologic concentration of
LY6K determined by ELISA in serum of
patients with lung cancers or esophageal
cancers and in healthy controls or
nonneoplastic lung disease patients with
COPD. A, distribution of LY6K in sera from
patients with lung adenocarcinoma (ADC ),
lung SCC, and ESCC. Averaged serum
levels are shown under the panel.
Differences were significant between lung
adenocarcinoma patients and healthy
individuals (P < 0.0001, Mann-Whitney
U test), between lung SCC patients and
healthy individuals (P = 0.0145), and
between ESCC patients and healthy
individuals (P < 0.0001). B, distribution of
LY6K in sera from patients at various
clinical stages of lung cancers.

Cancer Research

Cancer Res 2007; 67: (24). December 15, 2007 11608 www.aacrjournals.org

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/67/24/11601/2577470/11601.pdf by guest on 19 M

ay 2023



immunotherapeutic targets for human cancer. The CEA-TRICOM
(three T-cell costimulatory molecules: B7-1, intercellular adhesion
molecule (ICAM)-1, and LFA-3, which were designated TRICOM)
vaccines has been shown to safely generate significant CEA-specific
immune responses against advanced cancer in the phase I clinical
trial (48). Recently, two independent studies showed that a passive
immunotherapy approach using anti–prostate stem cell antigen
monoclonal antibody inhibited prostate tumor growth and
metastasis formation and further prolonged survival times of mice
bearing human prostate cancer xenografts (49, 50).
In this study, we showed that LY6K was expressed only in

testis among the normal tissues examined and was highly
expressed in 88.2% of surgically resected samples from NSCLC
patients and in 95.1% of those from ESCC patients. The LY6K
overexpression was associated with the shorter cancer-specific
survival period. Suppression of LY6K expression with siRNA
effectively suppressed growth of lung and esophageal cancer cells
that expressed LY6K. The combined results strongly suggest that
LY6K is likely to be associated with highly malignant phenotype

of those tumors. Because LY6K is considered to be the cancer-
testis antigens, LY6K might be a good target for cancer
immunotherapy.
We also found that LY6K protein was secreted into serum from

patients with lung cancer or esophageal cancer that strongly
expressed LY6K. Positivity of serum LY6K seems to be
considerably correlated with the presence of primary tumors,
because the concentration of serum LY6K was dramatically
reduced after surgical resection of primary tumors and the levels
of serum LY6K showed good correlation with the expression
levels of LY6K in primary tumor tissue in the same patients.
Interestingly, the correlation coefficient between serum LY6K and
CEA or CYFRA 21-1 values was not significant, whereas the
correlation coefficient between serum CEA and CYFRA 21-1
values was significant. In fact, 38.9% to 40.0% of NSCLC and
ESCC patients who were negative for both CEA and CYFRA 21-1
were diagnosed to be positive for LY6K (Supplementary Fig. S1B
and D). An assay combining both LY6K and CEA/CYFRA 21-1
increased the sensitivity, such that 64.7% to 70.4% of the patients

Figure 3 Continued. C, serologic
concentration of LY6K before and after
surgery (postoperative days at 2 mo)
in patients with NSCLC and ESCC.
Dotted line, cutoff level for LY6K (157.0
pg/mL). D, serum LY6K levels (pg/mL) and
the expression levels of LY6K in primary
tumor tissues in the same NSCLC patients.
Score, intensity of LY6K staining that
was evaluated using the criteria described
in Materials and Methods.
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with NSCLC and 52.5% of ESCC were diagnosed as positive
whereas 6.8% to 9.5% of healthy volunteers were falsely diagnosed
as positive. On the other hand, the sensitivity of the combination
of conventional serum tumor marker, CEA and CYFRA 21-1 in the
same set of serum samples, was 51.8% for NSCLC (53.0% for
adenocarcinoma and 48.1% for SCC) and 34.4% for ESCC, whereas
false-positive cases for either of the two tumor markers among
normal volunteers (control group) were 6.8% (Supplementary
Fig. S1B and D). Although additional validation with a larger set
of serum samples covering various clinical stages will be
necessary, the data presented here sufficiently show a potential
clinical application of LY6K itself as a serologic/histochemical
biomarker for lung and esophageal cancers. It should also be
noted that we observed activation of LY6K in more than half of a
series of other types of cancers, such as cervical carcinomas (data
not shown), suggesting its diagnostic and therapeutic application
to a wide range of tumors.

In summary, we have shown LY6K cancer-testis antigen as a
potential biomarker for diagnosis of lung and esophageal cancers,
as well as for monitoring patients with these diseases. LY6K,
combined with other tumor markers, could significantly improve
the sensitivity of cancer diagnosis, whereas it could be used at
initial diagnosis to identify patients who might benefit from early
systemic treatment. Moreover, LY6K is likely to be an essential
contributor to aggressive features of NSCLC and ESCC and a likely
target for development of therapeutic approaches, such as
molecular targeted drugs and immunotherapy to any types of
cancers overexpressing this molecule.
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Figure 4. Growth inhibition of NSCLC
cells by siRNA against LY6K . Response
of RERF-LC-AI cells to si-LY6K -1 and
si-LY6K -2 or control siRNAs (EGFP or
SCR). Left top, the level of LY6K protein
expression detected by Western blot
analysis in cells treated with either
control or si-LY6Ks. Left bottom, colony
formation assays using RERF-LC-AI cells
transfected with si-LY6K -1 and si-LY6K -2,
si-EGFP, or si-SCR. Right, the effect of
siRNA against LY6K on cell viability,
detected by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide assays.
All assays were performed thrice and
in triplicate wells.

References

1. Berwick M, Schantz S. Chemoprevention of aerodi-
gestive cancer. Cancer Metastasis Rev 1997;16:329–47.

2. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2006.
CA Cancer J Clin 2006;56:106–30.

3. Shimada H, Nabeya Y, Ochiai T, et al. Prediction of
survival with squamous cell carcinoma antigen in
patients with reseable esophageal squamous cell
carcinoma. Surgery 2003;133:486–94.

4. Tamoto E, Tada M, Murakawa K, et al. Gene-
expression profile changes correlated with tumor
progression and lymph node metastasis in esophageal
cancer. Clin Cancer Res 2004;10:3629–38.

5. Parkin DM. Global cancer statistics in the year 2000.
Lancet Oncol 2001;2:533–43.

6. Naruke T, Tsuchiya R, Kondo H, Asamura H. Prognosis
and survival after resection for bronchogenic carcinoma
based on the 1997 TNM-staging classification: the
Japanese experience. Ann Thorac Surg 2001;71:1759–64.

7. Rastel D, Ramaioli A, Cornillie F, Thirion B. CYFRA 21–
1, a sensitive and specific new tumour marker for
squamous cell lung cancer. Report of the first European
multicentre evaluation. CYFRA 21-1 Multicentre Study
Group. Eur J Cancer 1994;30A:601–6.

8. Kawaguchi H, Ohno S, Miyazaki M, et al. CYFRA 21-1
determination in patients with esophageal squamous
cell carcinoma: clinical utility for detection of recur-
rences. Cancer 2000;89:1413–7.

9. Boon T, Old LJ. Cancer tumor antigens. Curr Opin
Immunol 1997;9:681–3.

10. Scanlan MJ, Simpson AJ, Old LJ. The cancer/testis
genes: review, standardization, and commentary. Can-
cer Immun 2004;4:1.

11. Kakiuchi S, Daigo Y, Tsunoda T, Yano S, Sone S,
Nakamura Y. Genome-wide analysis of organ-preferen-
tial metastasis of human small cell lung cancer in mice.
Mol Cancer Res 2003;1:485–99.

12. Kikuchi T, Daigo Y, Katagiri T, et al. Expression
profiles of non-small cell lung cancers on cDNA
microarrays: identification of genes for prediction of
lymph-node metastasis and sensitivity to anti-cancer
drugs. Oncogene 2003;22:2192–205.

13. Kakiuchi S, Daigo Y, Ishikawa N, et al. Prediction of
sensitivity of advanced non-small cell lung cancers to
gefitinib (Iressa, ZD1839). Hum Mol Genet 2004;13:
3029–43.

14. Kikuchi T, Daigo Y, Ishikawa N, et al. Expression
profiles of metastatic brain tumor from lung adeno-
carcinomas on cDNA microarray. Int J Oncol 2006;28:
799–805.

15. Taniwaki M, Daigo Y, Ishikawa N, et al. Gene
expression profiles of small-cell lung cancers: molec-
ular signatures of lung cancer. Int J Oncol 2006;29:
567–75.

16. Yamabuki T, Daigo Y, Kato T, et al. Genome-wide
gene expression profile analysis of esophageal squa-
mous-cell carcinomas. Int J Oncol 2006;28:1375–84.

17. Saito-Hisaminato A, Katagiri T, Kakiuchi S,
Nakamura T, Tsunoda T, Nakamura Y. Genome-wide
profiling of gene expression in 29 normal human tissues
with a cDNA microarray. DNA Res 2002;9:35–45.

18. Ochi K, Daigo Y, Katagiri T, et al. Expression profiles
of two types of human knee joint cartilage. J Hum Genet
2003;48:177–82.

19. Suzuki C, Daigo Y, Kikuchi T, Katagiri T, Nakamura Y.
Identification of COX17 as a therapeutic target for non-
small cell lung cancer. Cancer Res 2003;63:7038–41.

20. Ishikawa N, Daigo Y, Yasui W, et al. ADAM8 as a novel
serological and histochemical marker for lung cancer.
Clin Cancer Res 2004;10:8363–70.

21. Kato T, Daigo Y, Hayama S, et al. A novel human
tRNA-dihydrouridine synthase involved in pulmonary
carcinogenesis. Cancer Res 2005;65:5638–46.

22. Furukawa C, Daigo Y, Ishikawa N, et al. Plakophilin 3
oncogene as prognostic marker and therapeutic target
for lung cancer. Cancer Res 2005;65:7102–10.

23. Ishikawa N, Daigo Y, Takano A, et al. Increases of
amphiregulin and transforming growth factor-a in
serum as predictors of poor response to gefitinib among
patients with advanced non-small cell lung cancers.
Cancer Res 2005;65:9176–84.

24. Suzuki C, Daigo Y, Ishikawa N, et al. ANLN plays a
critical role in human lung carcinogenesis through the
activation of RHOA and by involvement in the
phosphoinositide 3-kinase/AKT pathway. Cancer Res
2005;65:11314–25.

Cancer Research

Cancer Res 2007; 67: (24). December 15, 2007 11610 www.aacrjournals.org

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/67/24/11601/2577470/11601.pdf by guest on 19 M

ay 2023



25. Ishikawa N, Daigo Y, Takano A, et al. Characteriza-
tion of SEZ6L2 cell-surface protein as a novel prognostic
marker for lung cancer. Cancer Sci 2006;97:737–45.

26. Takahashi K, Furukawa C, Takano A, et al. The
neuromedin u-growth hormone secretagogue receptor
1b/neurotensin receptor 1 oncogenic signaling pathway
as a therapeutic target for lung cancer. Cancer Res 2006;
66:9408–19.

27. Hayama S, Daigo Y, Kato T, et al. Activation of
CDCA1–2, members of centromere protein complex,
involved in pulmonary carcinogenesis. Cancer Res 2006;
66:10339–48.

28. Kato T, Hayama S, Yamabuki Y, et al. Increased
expression of insulin-like growth factor-II messenger
RNA-binding protein 1 is associated with tumor
progression in patients with lung cancer. Clin Cancer
Res 2007;13:434–42.

29. Suzuki C, Takahashi K, Hayama S, et al. Identification
of Myc-associated protein with JmjC domain as a novel
therapeutic target oncogene for lung cancer. Mol Cancer
Ther 2007;6:542–51.

30. Yamabuki T, Takano A, Hayama S, et al. Dickkopf-
1 as a novel serologic and prognostic biomarker for
lung and esophageal carcinomas. Cancer Res 2007;67:
2517–25.

31. Hayama S, Daigo Y, Yamabuki T, et al. Phosphoryla-
tion and activation of cell division cycle associated 8 by
aurora kinase B plays a significant role in human lung
carcinogenesis. Cancer Res 2007;67:4113–22.

32. Kato T, Sato N, Hayama S, et al. Activation of holiday
junction-recognizing protein involved in the chromo-
somal stability and immortality of cancer cells. Cancer
Res 2007;67:8544–53.

33. Taniwaki M, Takano A, Ishikawa N, et al. Activation
of KIF4A as a Prognostic Biomarker and Therapeutic
Target for Lung Cancer. Clin Cancer Res. In press 2007.

34. de Nooij-van Dalen AG, van Dongen GA, Smeets SJ,
et al. Characterization of the human Ly-6 antigens, the
newly annotated member Ly-6K included, as molecular
markers for head-and-neck squamous cell carcinoma.
Int J Cancer 2003;103:768–74.

35. Lee JW, Lee YS, Yoo KH, et al. LY-6K gene: a novel
molecular marker for human breast cancer. Oncol Rep
2006;16:1211–4.

36. Travis WD, Colby TV, Corrin B, Shimosato Y,
Brambilla E. Histological Typing of Lung and Pleural
Tumors: World Health Organization International His-
tological Classification of Tumors. 3rd ed. Berlin:
Springer; 1999.

37. Chin SF, Daigo Y, Huang HE, et al. A simple and
reliable pretreatment protocol facilitates fluorescent
in situ hybridisation on tissue microarrays of paraffin
wax embedded tumour samples. Mol Pathol 2003;56:
275–9.

38. Callagy G, Cattaneo E, Daigo Y, et al. Molecular
classification of breast carcinomas using tissue micro-
arrays. Diagn Mol Pathol 2003;12:27–34.

39. Callagy G, Pharoah P, Chin SF, et al. Identification
and validation of prognostic markers in breast cancer
with the complementary use of array-CGH and tissue
microarrays. J Pathol 2005;205:388–96.

40. Nakatsura T, Yoshitake Y, Senju S, et al. Glypican-3,
overexpressed specifically in human hepatocellular
carcinoma, is a novel tumor marker. Biochem Biophys
Res Commun 2003;306:16–25.

41. Bamezai A, Rock KL. Overexpressed Ly-6A.2 mediates
cell-cell adhesion by binding a ligand expressed on
lymphoid cells. Proc Natl Acad Sci U S A 1995;92:4294–8.

42. Balsara BR, Sonoda G, du Manoir S, Siegfried JM,
Gabrielson E, Testa JR. Comparative genomic hybrid-
ization analysis detects frequent, often high-level,
overrepresentation of DNA sequences at 3q, 5p, 7p,

and 8q in human non-small cell lung carcinomas.
Cancer Res 1997;57:2116–20.

43. Gold P, Freedman S. Demonstration of tumor-specific
antigens in human colonic carcinomata by immunolog-
ical tolerance and absorption techniques. J Exp Med
1965;121:439–62.

44. Hammarstrom S. The carcinoembryonic antigen
(CEA) family: structures, suggested functions and
expression in normal and malignant tissues. Semin
Cancer Biol 1999;9:67–81.

45. Hashimoto M, Ichihara M, Watanabe T, et al.
Expression of CD109 in human cancer. Oncogene
2004;23:3716–20.

46. Jantscheff P, Terracciano L, Lowy A, et al. Expression
of CEACAM6 in resectable colorectal cancer: a factor of
independent prognostic significance. J Clin Oncol 2003;
21:3638–46.

47. Reiter RE, Gu Z, Watabe T, et al. Prostate stem cell
antigen: a cell surface marker overexpressed in prostate
cancer. Proc Natl Acad Sci U S A 1998;95:1735–40.

48. Marshall JL, Gulley JL, Arlen PM, et al. Phase I study
of sequential vaccinations with fowlpox-CEA(6D)-TRI-
COM alone and sequentially with vaccinia-CEA(6D)-
TRICOM, with and without granulocyte-macrophage
colony-stimulating factor, in patients with carcinoem-
bryonic antigen-expressing carcinomas. J Clin Oncol
2005;23:720–31.

49. Ross S, Spencer SD, Holcomb I, et al. Prostate stem
cell antigen as therapy target: tissue expression and
in vivo efficacy of an immunoconjugate. Cancer Res
2002;62:2546–53.

50. Saffran DC, Raitano AB, Hubert RS, Witte ON, Reiter
RE, Jakobovits A. Anti-PSCA mAbs inhibit tumor growth
and metastasis formation and prolong the survival of
mice bearing human prostate cancer xenografts. Proc
Natl Acad Sci U S A 2001;98:2658–63.

LY6K: A Novel Cancer Biomarker

www.aacrjournals.org 11611 Cancer Res 2007; 67: (24). December 15, 2007

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/67/24/11601/2577470/11601.pdf by guest on 19 M

ay 2023


