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A-bomb survivor (Fig. 3). This is the initial study of gene expression in solid cancer among
A-bomb survivors which has not been possible using archival tissue samples. We could
identify 10 genes whose expression levels in the tumors were significantly different between
A-bomb survivors (LSS cohort members (>0 dose)) and control subjects (non-LSS
members) by one-way ANOVA (p<0.05). Those included two genes selected by SAGE
analysis and one gene related to DNA damage response. They might be candidate genes
which participate in radiation-induced carcinogenesis and possible genetic markers for
radiation-induced gastric cancer.

Thus, our project is the powerful way to approach the mechanism of radiation-induced
carcinogenesis and identify genetic markers for radiation-induced cancer. This must
contribute to not only an improvement of medical care for A-bomb survivors but also risk
assessment of cancer in radiation exposure by medicine and occupation and novel strategy
for effective cancer prevention based on molecular mechanism.

5. Project members

MHLW Study Group on A-bomb Diseases: W. Yasui (Representative), K. Arihiro
(Hiroshima University Hospital), T. Fukuhara (Hiroshima Prefectural Hospital), M. Fujiwara
(Hiroshima Red-Cross A-bomb Hospital), H. Matsuura (Hiroshima Citizens Hospital), Y.
Hayashi and M. Kaneko (Asa Citizens Hospital), Y. Daimaru (Hiroshima General Hospital),
K. Taniyama (Kure Medical Center), Y. Takeshima (Hiroshima University); Collaborating
investigators in RERF: K. Nakachi, K. Kodama, N. Nishi, H. Katayama, S. Fujiwara, and N.
Takahashi.

Research Group on “Molecular analyses of radiation-induced carcinogenesis and
their application to diagnosis and prevention” of MHLW Research Grant: W. Yasui
(Representative), N. Nishi, K. Nakachi, Y. Kusunoki, H. Eguchi (RERF), K. Kamiya
(Hiroshima University) and K. Miyagawa (University of Tokyo).
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Abstract

Objective: Regenerating islet-derived family, member 4 (re-
generating gene type IV, Reg IV) is overexpressed in colorec-
tal cancer (CRC). The aim of this study was to investigate the
diagnostic utility of Reg IV determination in sera from pa-
tients with CRC. Methods: We examined the expression and
distribution of Reg IV in CRC by immunohistochemistry and
determined Reg IV levels in sera from patients with CRC by
enzyme-linked immunosorbent assay. Results: Immuno-
staining revealed that 23 of 80 (29%) CRC cases were positive
for Reg IV. CRC cases with metastatic recurrence in the liver
showed more frequently Reg IV staining than those without
(p = 0.0102). Patients with CRC showing Reg IV staining had
a significantly worse survival than those without Reg IV

staining (p =0.0117). Preoperatively, serum Reg IV concentra-
tions were not elevated in CRC patients at stage 0-lil, being
in contrast to the significantly increased preoperative levels
in stage IV CRC patients with liver metastasis. Conclusion:
Theseresults suggest that Reg IV is a prognosticator for poor
survival. Serum Reg IV concentration may predict CRC recur-

rence in the liver. Copyright © 2008 S. Karger AG, Base!

Introduction

It is generally accepted that cancer develops as a result
of multiple genetic and epigenetic alterations. Better
knowledge of changes in gene expression that occur dur-
ing carcinogenesis may lead to improvements in the di-
agnosis, treatment and prevention. Identification of nov-
el biomarkers for cancer diagnosis and novel targets for
treatment is a major goal [1]. Genes encoding transmem-
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brane/secretory proteins expressed specifically in can-
cers may be ideal biomarkers for cancer diagnosis [2]. In
addition, if the function of the gene product is involved
in the neoplastic process, this gene may constitute a ther-
apeutic target. To identify potential molecular markers
for cancer and to better understand the development of
cancer at the molecular level, comprehensive gene ex-
pression analysis may be useful. Among the comprehen-
sive methods used to analyze transcript expression levels,
array-based hybridization [3] and serial analysis of gene
expression (SAGE) [4] are currently the most common
approaches. We previously performed SAGE in four pri-
mary gastric cancers (GCs) [5] and identified several GC-
specific genes [6]. Of these genes, Regenerating islet-de-
rived family, member 4 (REG4, which encodes Reg IV) is
a candidate gene for cancer-specific expression, at least in
patients with GC. REG4 was originally identified by high-
throughput sequencing of a cDNA library derived from
inflammatory bowel disease patients {7]. Reg IV is a
member of the Reg gene family, which includes three oth-
er genes (Reg I, Reg IB and Reg III) [7]. In GC, expres-
sion of Reg Iox has been reported [8, 9]. Reg I expression
is enhanced in advanced T grade GCs and in GCs that
were not well differentiated. Overall and disease-free
survival are poor. for patients with Reg lo-positive
GCs. Quantitative reverse transcription (RT)-polymerase
chain reaction (PCR) analysis revealed that approximate-
ly 50% of GCs overexpress the REG4 gene [5]. Although
various normal tissues express REG4, expression levels
are much lower in normal tissues than in cancerous tis-
sues [5]. Our previous immunohistochemical analysis re-
vealed that Reg IV was expressed in 30% of GC tissues
and was associated with both the intestinal mucin phe-
notype and neuroendocrine differentiation [10]. In addi-
tion, Reg IV is a secreted protein, and we showed that
serum Reg IV represents a novel biomarker for GC [11].
The diagnostic sensitivity of serum Reg I'V was superior
to that of serum carcinoembryonic antigen (CEA) or car-
bohydrate antigen 19-9 (CA19-9).

Overexpression of Reg IV has been reported in
colorectal cancer (CRC) [10, 12, 13]. In the normal colon,
little or no Reg IV immunostaining is observed in epi-
thelial cells, whereas strong Reg: IV immunostaining is
detected in neuroendocrine cells {10, 12, 14]. In our pre-
vious immunohistochemical analysis, Reg IV staining
was identified in 36% of CRC cases [10]. Real-time RT-
PCR analysis revealed that although more than 70% of
human CRC samples showed increased REG4 expression
[12, 13], the other REG mRNAs are present at very low
or undetectable levels in most samples [12]. Therefore,

372 Oncology 2007;72:371-380

Reg I'V may be a serum biomarker for CRC; however, se-
rum Reg IV concentrations have not been investigated in
CRC patients.

In the present study, we examined the expression and
distribution of Reg IV in human CRC by immunohisto-
chemistry, and the relationship between Reg IV staining
and clinicopathological characteristics. We have report-
ed two Reg IV staining patterns (mucin-like staining and
strong perinuclear staining) {10]. Mucin-like staining is
observed in goblet cells and goblet cell-like vesicles of
cancer cells. These cells are positive for MUC2 (a marker
of goblet cells). In contrast, strong perinuclear staining is
detected in neuroendocrine cells. These cells are positive
for chromogranin A (a marker of neuroendocrine cells).
Therefore, we examined the coexpression of Reg IV and
chromogranin A or MUC2 by double-immunofluores-
cence staining. We also assessed serum Reg IV levels in
CRC patients by enzyme-linked immunosorbent assay
(ELISA) to investigate the potential diagnostic utility of
Reg IV determination.

Patients and Methods

Tissue Samples

Primary tumor samples were collected from 80 patients with
CRC (35 women and 45 men; age range, 46-93 years; mean, 68
years) and serum samples from 78 patients with CRC (28 wom-
en and 50 men; age range, 46-84 years; mean, 67 years). Patients
were treated at the Hiroshima University Hospital or an affili-
ated hospital. For immunohistochemical analysis, we used ar-
chival formalin-fixed, paraffin-embedded tissues from 80 pa-
tients with CRC who underwent surgical excision. Information
on patient survival was available for 30 of the 80 CRC cases and
was not available for the remaining 50 CRC cases. Among the
serum samples from the 78 patients with CRC, primary CRC
tissue samples were available for immunohistochemical analysis
from 50 cases. The remaining 28 primary CRC tissue samples
were not available because of lack of tumor tissue samples. Se-
rum samples from 78 patients with CRC were obtained before
surgery and before initiation of therapy. Control serum samples
were obtained from 50 healthy individuals (14 women and 36
men; age range, 61-86 years; mean, 71 years). Serumn samples
were stored at —-80°C until analysis. Tumor staging was per-
formed according to the TNM classification system {15]. Be-
cause written informed consent was not obtained, for strict pri-
vacy protection, identifying information was removed from all
samples before analysis. This procedure was in accordance with
the Ethical Guidelines for Human Genome/Gene Research of
the Japanese Government.

Immunohistochemistry

Formalin-fixed, paraffin-embedded samples were sectioned,
deparaffinized and stained with hematoxylin and eosin to ensure
that the sectioned block contained tumor cells. Adjacent sections
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were then stained immunohistochemically. Sections were pre-
treated by microwave irradiation in citrate buffer for 30 min to
retrieve antigenicity. After blocking peroxidase activity with 3%
H,0;-methanol for 10 min, sections were incubated with normal
goat serum (Dako, Carpinteria, Calif., USA) for 20 min to block
nonspecific antibody binding. Sections were incubated with goat
anti-Reg IV antibody (diluted 1:50; R & D Systems, Abingdon,
UK) for 60 min at room temperature followed by incubation with
peroxidase-labeled anti-goat IgG for 60 min. Staining was com-
pleted with a 5-min incubation with the substrate-chromogen so-
lution (Dako). Sections were counterstained with 0.1% hematoxy-
lin. Reg IV staining was classified according to the percentage of
stained cancer cells, as described previously [10]. When >10% of
cancer cells were stained, immunostaining was considered posi-
tive.

Double-immunofluorescence staining was performed as de-
scribed previously [10]. Alexa Fluor 546-conjugated anti-goat IgG
{Molecular Probes, Eugene, Oreg., USA) and Alexa Fluor 488-
conjugated anti-mouse IgG (Molecular Probes) were used as sec-
ondary antibodies.

ELISA

For measurement of the serum Reg IV concentration, a sand-
wich ELISA method was developed as described previously [11].
First, polystyrene microtiter plates were coated with mouse mono-
clonalanti-Reg I'V antibody (R & D Systems) by overnight incuba-
tion of 50 wl antibody diluted in 125 ng Tris buffer/well (pH 7.4).
The plates were then washed 3 times with washing buffer. After
the plates were blocked with 1% milk in phosphate-buffered sa-
line, 50 pl of recombinant Reg I'V standard or sample were added
to each well and incubated overnight at 4°C. After 3 washes, 50
ul of biotinylated goat polyclonal anti-Reg IV antibody (R & D
Systems) in assay buffer (1% bovine serum albumin, Tris buffer,
pH 7.4, 0.05% normal goat serum) were added to each well (75 ng
antibody/well). The mixture was then incubated for 1 h with
shaking at 37°C and washed 3 times with washing buffer. The
plates were incubated with 50 pl alkaline phosphatase-conjugat-
ed streptavidin (Dako) diluted 1:2,000 in diluent containing 1%
BSA and Tris buffer (pH 7.4) per well for 1 h at 37°C and washed
3 times. Color development was performed with the addition of
pNPP. chromogenic: substrate (Sigma-Aldrich, St. Louis, Mo,
USA) followed by incubation at 37°C for 1 h. Absorbance at 405
nm was meastred with an ELISA plate reader. Asa reference stan-
dard, known concentrations of human recombinant Reg I'V {10]
(0-0ng/ml) were tested in triplicate.

Measurement of CEA and CA19-9

CEA and CA19-9 were measured with a commercially avail-
able automated immunoassay method (Modular Analytics, Roche
Diagnostics, Indianapolis; Ind.; USA). The upper limits of normal
for this method are 5.0 ng/ml for CEA and 37 U/ml for CA19-9.

Statistical Methods

Associations between clinicopathological parametersand Reg
1V staining were analyzed by x? test. Kaplan-Meier survival
curves were constructed for Reg IV-positive and Reg I'V-negative
patients to compare survival between both groups. Differences
between survival curves were tested for statistical significance by
log-rank test [16]. Differences in the serum Reg IV concentration
between two groups were tested by nonparametric Mann-Whit-

Reg IV Expression in Colorectal Cancer

ney U test. Correlations between the serum Reg IV concentration
and the serum concentration of CEA or CA19-9 were assessed by
Spearman’s rank correlation test. A p value <0.05 was considered
statistically significant.

Results

Immunohistochemical Analysis of Reg IV in CRC and

Peritumoral Mucosa

We performed immunohistochemical analysis of Reg
IV in 80 human CRC samples. Representative results of
Reg IV immunostaining in CRC are shown in figure 1. In
CRC tissues, Reg I'V staining was observed in goblet cell-
like vesicles of both well-differentiated (fig. 1a) and poor-
ly differentiated adenocarcinoma cells (fig. 1b). We con-
firmed that tumor cells showing mucin-like staining of
Reg IV were positive for MUC2 by double-immunofluo-
rescence staining (fig. 1c, d). In total, 23 of 80 (29%) CRC
cases were positive for Reg IV staining, and all Reg 1V-
positive cases showed mucin-like staining. We analyzed
the relationship between Reg IV staining and clinico-
pathological characteristics. No correlation was found
between Reg IV staining and depth of invasion, lymph
node metastasis or tumor stage (table 1). We next ana-
lyzed the relationship between Reg I'V staining and clin-
icopathological characteristics in 30 CRC cases followed
up at the hospital (table 2). CRC cases with metastatic re-
currence in the liver showed Reg IV staining more fre-
quently than those without (p = 0.0102, x? test, table 2).
In addition, patients with CRC showing Reg I'V staining
had a significantly worse survival rate than patients with-
out Reg IV staining (p = 0.0117, log-rank test, fig. le). Reg
IV staining was observed more frequently in poorly dif-
ferentiated/mucinous adenocarcinoma (6/9, 67%) than in
well-/moderately differentiated adenocarcinomas (17/71,
24%, p = 0.0228, X? test).

We then focused on the peritumoral mucosa of CRC
because overexpression of REG4 mRNA has been report-
ed in peritumoral mucosa of CRC by Northern blot anal-
ysis [12]. Interestingly, extensive Reg IV staining was ob-
served, and all peritumoral mucosa samples of the 80
CRC cases were positive for Reg IV regardless of Reg IV
staining in tumor cells. Reg IV staining gradually de-
creased with increasing distance from the tumor tissue
(fig. 2a). In the mucosa closest to the tumor tissue, almost
all goblet cells showed Reg IV staining (fig. 2b, ), where-
as only few goblet cells showed Reg IV staining in the
mucosa distant from the tumor tissue (fig. 2d). We con-
firmed that goblet cells showing Reg IV staining were

Oncology 2007;72:371-380 373

—622—



Fig. 1. Immunostaining of Reg IV in CRC tissues. a, b Immuno-
staining of Reg IV (brown) in well-differentiated (a) and poorly
differentiated adenocarcinoma (b; original magnification, X400).
Reg IV staining was observed in goblet cell-like vesicles. ¢;d Dou-
ble-immunofluorescence staining of Reg IV (red) and MUC2
(green) in well-differentiated (c) and poorly differentiated adeno-
carcinoma (d; original magnification, X400). Goblet cell-like
vesicles of tumor cells were positive for both Reg IV and MUC2
staining. e Prognostic value of Reg IV staining. CRC patients with
Reg IV immunostaining (n = 18) revealed a significantly worse
survival rate than those showing no Reg I'V staining (n=12;p =
0.0117, log-rank test). p = 0.0117.

positive for MUC2 by double-immunofluorescence stain-
ing (fig. 2e, f). Strong perinuclear Reg IV staining was
detected in both the mucosa closest to the tumor tissue
and the mucosa distant from the tumor tissue (fig. 2b-d).

374 Oncology 2007;72:371-380
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We confirmed that cells showing strong perinuclear Reg
IV staining were positive for chromogranin A by double-
immunofluorescence staining (fig. 2g, h), indicating that
these cells were neuroendocrine cells.
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Table 1. Association of Reg IV expression with clinicopathologi-
cal features of 80 CRC cases

Characteristics ~ RegIVexpression,n  pralue
Spositive - omemative 0

Age
<65 years 5 (19%) 22 0.2372
>65 years 18 (34%) 35

Sex
Male 15 (33%) 30 0.4365
Female 8 (23%) 27

Tumor location
Right/transverse 4(17%) 20 0.1958
Left/sigmoid/rectum 19 (34%) 37

T grade
Tis/T1/T2 6 (43%) 8 0.3376
T3/T4 17 (26%}) 49

N grade
NO 12.(27%) 32 0.9406
N1/N2 11(31%) 25

Stage
0 1(50%) 1 0.7331
I 3(30%) 7
I 7.(23%) 24
1 11(31%) 25
IV 1(100%) 0

Histologic type
Well/moderately 17 (24%) 54 0.0228
Poorly/mucinous 6 (67%) 3

Metastatic recurrence in the liver (n = 30)
Positive 5(63%) 3 0.0102
Negative 2 (9%) 20

Table 2. Association of Reg I'V expression with clinicopathologi-
cal features of 30 CRC cases followed-up at the hospital

Characteristics Reg IV expression.n pvalue
e 3 : i s 9 g ,}(Efeﬁ
positive . negalive S

Age
<65 years 2 (18%) 9 0.9524
>65 years 5 (26%) 14

Sex
Male 4(22%) 14 0.8601
Female 3 (25%) 9

Tumor location
Right/transverse 2 (22%) 7 0.9250
Left/sigmoid/rectum 5 (24%) 16

T grade
Tis/T1/T2 0 0 -
T3/T4 7 (23%) 23

Ngrade
NoO 4 (20%) 16 0.8787
NI/N2 3 (30%) 7

Stage
0 0 0 0.8787
I 0 0
I 4 (20%) 16
11 3 (30%) 7
IV 0 0

Histologic type
Well/moderately 6 (21%) 22 0.9540
Poorly/mucinous 1 (50%) 1

Metastatic recurrence in the liver (n = 30)
Positive 5(63%) 3 0.0102
Negative 2 (9%) 20

Serum Reg IV Concentrations in Patients with CRC

We next examined whether Reg IV could be detected
by ELISA in sera from CRC patients. In 50 healthy indi-
viduals and 78 patients with CRC, serum Reg I'V levels
were assessed before surgery (fig. 3a). Previously, we stud-
ied serum Reg I'V concentrations in 101 healthy individu-
als [11]. Serum Reg I'V concentrations did not differ be-
tween the healthy individuals in the present study (mean
*+ SE, 0.59 * 0.08 ng/ml) and those in the previous study
(0.52 % 0.05 ng/ml). In total, the mean serum Reg IV
concentration was 0.54 % 0.04 ng/ml in 151 healthy in-
dividuals (the previous 101 samples plus the present 50
samples). Serum Reg IV concentrations were not signifi-
cantly elevated in presurgical CRC patients regarding
stage: stage 0 (n = 3) 0.58 £ 0.01 ng/ml; stage I (n = 17)
1.07 £ 0.25 ng/ml; stage II (n = 15) 1.20 £ 0.28 ng/ml,
and stage I1I (n = 31) 0.70 * 0.09 ng/ml (fig. 3a). In con-
trast, the serum Reg I'V concentration in presurgical CRC

Reg IV Expression in Colorectal Cancer

patients at stage I'V was significantly elevated (n =12, 3.54
%+ 0.47 ng/ml, p < 0.0001, Mann-Whitney U test). Be-
cause metastatic recurrence in the liver was frequently
found in Reg IV-positive CRC by immunohistochemis-
try, the serum concentration of Reg IV was compared in
patients with CRC with and without liver metastasis. The
serum Reg IV concentration was significantly higher in
CRC patients with liver metastasis (n = 6, 4.58 * 0.48
ng/ml) than in those without liver metastasis (n = 6, 2.48
*+ 0.56 ng/ml, p = 0.0260, Mann-Whitney U test; fig. 3a).
Among the serum samples from the 78 CRC patients, pri-
mary CRC tissue samples were available for immunohis-
tochemical analysis of Reg IV from 50 cases. In case 12,
which showed a high serum Reg IV concentration, strong
and extensive Reg IV staining was observed in the pri-
mary CRC sample (fig. 3b). In contrast, in case 25, in
which the serum Reg IV concentration was very low, no
Reg IV staining was observed in the primary CRC sample
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Fig. 2. Immunchistochemistry of Reg IV in the peritumoral mu-
cosa of CRC. a Immunostaining of Reg IV (brown) in the periti-
moral mucosa of CRC (original magnification, X5). RegI'V stain-
ing decreased gradually with increasing distance from the tumor
tissue. b-d High-magnification images of the fields indicated by
boxes in a. b, ¢ Immunostaining of Reg IV (brown) in the mu-
cosa closest to the tumor tissue. Almost all goblet cells demon-
strated Reg IV staining. Strong perinuclear staining of Reg IV
(arrowheads) was also present (original magnification, X200).
d Immunostaining of Reg IV (brown) in the mucosa distant from
the tumor tissue. Few goblet cells showed Reg IV staining; where-
as strong perinuclear Reg IV staining (arrowheads) was present
(original magnification, X 200). e, f Double-immunofluorescence

(fig. 3b). In serum samples from CRC patients showing
Reg IV-positive immunostaining (n = 16, 1.12 £ 0.20 ng/
ml), the Reg IV concentration was significantly higher
than that in those showing no Reg IV immunostaining
(n = 34, 0.47 * 0.07 ng/ml; p = 0.0052, Mann-Whitney
U test). However, all CRC cases with high serum concen-
trations of Reg IV did not necessarily show Reg IV im-
munostaining in the primary tumor. In serum samples
from patients with CRC showing Tis (intraepithelial or
invasion of the lamina propria, n = 3,0.58 * 0.01 ng/ml),
the Reg IV concentration was not elevated compared to
that from healthy individuals (p = 0.7576, Mann-Whit-
ney U test). The Reg IV concentrations were significantly

376 Oncology 2007;72:371-380

staining of Reg IV (red) and MUC2 (green) in the mucosa closest
to the tumor tissue () and distant from the tumor tissue (f; orig-
inal magnification, X200). Goblet cells. (MUC2-positive cells)
were positive for Reg IV in the mucosa closest to the tumor tissue
{e), but not in the mucosa distant from the tumor tissue (f).
g, h Double-immunofluorescence staining of Reg IV (red) and
chromogranin A (CgA; green) in the mucosa closest to the tumor
tissue (g) and in the mucosa distant from the tumor tissue
(h; original magnification, X400). Neuroendocrine cells (chro-
mogranin A-positive cells) were positive for Reg I'V in both the
mucosa closest to the tumor tissue (g) and the mucosa distant
from the tumor tissue (h).

elevated in serum samples from patients with CRC show-
ing T1/2 (T1: tumor invading the submucosa, T2: tumor
invading muscularis propria, n = 22, 1.22 % 0.25 ng/ml)
and T3/4 (tumor invading beyond the subserosa, n = 53,
1.42 * 0.20 ng/ml) compared to that from healthy indi-
viduals (p = 0.0456 and 0.0026, respectively, Mann-Whit-
ney U test) and therefore detectable in serum samples
from patients with CRC invading the submucosa. The
Reg IV concentration was significantly higher in serum
samples from patients with CRC showing poorly differ-
entiated/mucinous adenocarcinoma (n = 13, 2.25 *+ 0.39
ng/ml) than that in those showing well/moderately dif-
ferentiated adenocarcinoma (n = 65, 1.14 £ 0.16 ng/ml;
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Fig. 3. ELISA of serum samples from the 50 healthy individuals
and the 78 patients with CRC. a Detection of Reg [V protein in
serum samples by ELISA. Yellow bar indicates the cutoff levels
defined on the basis of the previous study (2.00 ng/ml [11]). Dif-
ferences in the serum Reg IV concentrations between both groups
were tested by Mann-Whitney U test. Serum Reg IV concentra-
tions of 101 healthy individuals were meastured in our previous
study [11]. NS = Nonsignificant. b Immunostaining of Reg IV in

p = 0.0058, Mann-Whitney U test). In our previous study,
the cutoff level for Reg IV was set at 2.00 ng/ml [11]. The
sensitivity and specificity to detect CRC were 24 (19/78)
and 99% (149/151), respectively.

Reg IV Expression in Colorectal Cancer

primary CRC samples. Strong and extensive Reg IV staining was
observed in case 12, which also showed a high serum concentra-
tion of Reg IV. In case 25, no Reg I'V staining was observed in tu-
mor tissue despite Reg IV staining in peritumoral tissue (arrow-
heads). The serum Reg IV concentration was low. ¢, d Relation
between serum concentrations of Reg IV and CEA and CA19-9
(d). Correlations were examined using Spearman’s rank correla-
tion test.

CEA and CA19-9 levels were also measured in the
same serum samples. The sensitivity and specificity of
CEA to detect CRC were 44 (34/78) and 100% (151/151),
respectively, and 21 (16/78) and 100% (151/151) for CA19-
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Table 3. Diagnostic sensitivity of serum Reg IV, CEA and CA19-9
with respect to tumor stage

‘ Regl\e(,iz\ pvalue CA19:9 p vah;e

Stage
0(n=3) 0 33 0.3496 0 1.0000
I(n=17) 18 29 0.8076 18 1.0000
I (n=15) 33 47 0.8835 40 0.7964
I (n=31) 3 42 0.0084 6 0.5728
IV(n=12) 83 67 0.9644 42 0.4906
Specificity 99 100 100

Significant differences were assessed by x* test (Reg IV vs.
CEA and Reg IV vs. 19-9).

9, respectively. Spearman’s rank correlation test revealed
significant correlations between serum Reg IV and CEA
(r = 0.4119, p = 0.0002) and CA19-9 levels (r = 0.4368,
p < 0.0001; fig. 3¢, d). Of 44 CRC patients with normal
serum CEA values, 6 patients (14%) were found to express
Reg IV at 99% specificity, and of 62 CRC patients with
normal serum CA19-9 values, 12 patients (19%) were
found to express Reg IV at 99% specificity. The sensitivi-
ties of serum Reg IV, CEA and CA19-9 with respect to
tumor stage are listed in table 3. The sensitivity and spec-
ificity of serum Reg IV combined with CEA and CA19-9
for CRC detection were 56 (44/78) and 99% (149/151), re-
spectively.

Discussion

Although overexpression of Reg IV has been reported
in several human cancers, the biologic function of Reg IV
is poorly understood. In recent studies, Reg IV overex-
pression has been ascribed a role in the pathogenesis of
GC and CRC. Reg IV is a potent activator of the epider-
mal growth factor receptor (EGFR)/Akt/AP-1 signaling
pathway, and CRC cell lines treated with recombinant
Reg 1V showed increased expression of Bcl-2, Bclxl and
survivin, which are proteins associated with the inhibi-
tion of apoptosis [17]. In fact, EGFR activation modulates
apoptotic susceptibility [reviewed in ref. 18]. We previ-
ously demonstrated that forced expression of Reg IV in-
hibits apoptosis induced by 5-fluorouracil. Forced Reg IV
expression inhibited cytochrome C release, activation of
caspases-9 and -3 and PARP cleavage in 5-fluorouracil-
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treated GC cells, and induced phosphorylation of the
EGFR at Tyr*? and expression of Bcl-2 [11]. Adenomas
from the intestines of 14-week-old APC™"* mice showed
significantly increased Reg I'V expression and an associ-
ated increase in Bcl-2 expression {13]. Thus, overexpres-
sion of Reg I'V may lead to a tumor phenotype displaying
increased resistance to apoptosis. Nanakin et al. reported
that Reg IV enhances proliferation of the DLD-1 cell line
[19]. In the present study, 29% of the CRC cases were pos-
itive for Reg I'V staining. CRC cases with metastatic re-
currence in the liver showed Reg IV staining more fre-
quently than those without. In addition, patients with
CRC showing Reg IV staining had a significantly worse
survival rate than those showing no Reg I'V staining. Be-
cause an increase in the resistance to apoptosis is part of
the metastatic evolution of CRC cells [20], inhibition of
apoptosis by Reg IV may participate in liver metastasis. It
has also been reported that Reg IV induces the expression
of matrix metalloproteinase-7 (MMP-7, also known as
matrilysin) [17] which promotes liver metastases [21].
Overexpression of Reg IV may contribute to liver metas-
tasis through induction of MMP-7.

Interestingly, extensive Reg IV staining was observed
in peritumoral mucosa of CRC, and Reg IV staining de-
creased gradually with increasing distance from the tu-
mor tissue. This tendency was observed in goblet cells but
not in neuroendocrine cells. It is well known that the pe-
ritumoral mucosa of CRC is often hyperplastic [22].
Whether the hyperplastic mucosa adjacent to CRC is a
precancerous lesion or is a response to the growing can-
cer is unclear. We reported that EGFR is induced in the
peritumoral mucosa of CRC [22], suggesting that inhibi-
tion of apoptosis may contribute to hyperplastic changes
in the peritumoral mucosa of CRC. Enhancement of pro-
liferative activity by Reg IV may also account for hyper-
plastic changes in peritumoral mucosa. Because Reg IV
is a secreted protein, Reg IV from the peritumoral mu-
cosa may assist in the proliferation of cancer cells. It has
been reported that various growth factors, e.g. trans-
forming growth factor-a and basic fibroblast growth fac-
tor, are increased in the peritumoral mucosa of CRC [22],
and these growth factors induce Reg IV expression. Thus,
RegIV protein expression induced by growth factors may
function as a growth-promoting and/or an antiapoptotic
factor in the peritumoral mucosa of CRC.

In the present study, we measured Reg IV levels in the
sera of patients with CRC by ELISA. Although expression
of Reg IV was detected in CRC by immunohistochemis-
try, preoperative levels of Reg IV were increased in a small
number of serum samples from CRC patients at stage 0—
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111, indicating that serum Reg IV is unsuitable for early
detection of CRC. The sensitivity of serum Reg IV was
lower than that of CEA. In addition, Spearman’s rank
correlation test revealed a significant correlation between
serum Reg IV and CEA levels, suggesting that measuring
both markers in serum may not improve overall sensitiv-
ity for the detection of CRC. The sensitivity of a combina-
tion of serum Reg IV, CEA and CA19-9 for CRC detection
(56%) was slightly higher than that of serum CEA alone
(44%). In the present study, Reg I'V staining was observed
in the peritumoral mucosa of all CRC cases examined,
suggesting that Reg IV protein from intramucosal cells
may flow into the intestinal lumen but not into blood ves-
sels. In fact, high serum concentrations of Reg IV (>2.00
ng/ml) were not detected in CRC cases showing Tis. Al-
though we confirmed that Reg IV levels in serum samples
from CRC patients showing Reg I'V staining were signif-
icantly higher than those in patients showing no Reg IV
staining, high serum concentrations of Reg IV did not
necessarily correspond with Reg IV immunostaining of
the primary tumor in all CRC cases. This discrepancy
between immunostaining and ELISA results may be due
to methodological differences. Immunohistochemical
results of Reg IV were evaluated as the percentage of
stained cancer cells; the intensity of immunostaining was
not evaluated because we had no suitable internal control
for the intensity of immunostaining. More detailed quan-
titative methods for the measurement of Reg IV protein,
such'as intratumor Reg IV concentration, are needed to
clarify the relation between Reg IV protein levels in sera
and Reg IV levelsin primary CRC samples. In GC tissues,
both mucin-like staining and strong perinuclear staining
of Reg IV were observed [10], whereas only mucin-like
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intensity of perinuclear staining was higher than that of
mucin-like staining, it is possible that tumor cells show-
ing strong perinuclear staining of Reg IV may be the
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In contrast, in CRC patients at stage I'V the serum Reg
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tastases than in those without liver metastasis. This result
is consistent with our immunohistochemical results
showing that Reg IV-positive CRC cases frequently
showed metastatic recurrence in the liver. The effect of
secreted Reg IV on liver metastases should be investi-
gated.

In summary, we showed that Reg IV is a good marker
for poor survival in patients with CRC. Although the se-
rum Reg IV concentration is unsuitable for early detec-
tion of CRC, it may predict metastatic recurrence in the
liver. The mechanism by which Reg IV promotes liver
metastasis remains unclear. Identification of a cell sur-
face receptor for Reg IV will further improve our under-
standing of the basic mechanisms of action of Reg IV.
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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, Qur 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 Ilung,
esophagus, oral cavity, pharyn, 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

Note: Supplementary data for this article are available at Cancer Research Qnline
{http//cancerres.sacrjournals.org/).
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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 1
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 ¢DNA 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
nornial 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, huig, 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. Seriim samples were obtained with informed consent
from 74 healthy individuals as controls and from 65 nonneoplastic lung
disease - patients - with - chronic. obstruictive: 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 (1 SD) of
pack-year index was 55.6 % 50.1 SD; pack-year index was defined as the
number of cigarette packs (20 cigarcttes 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 (1) their

tumors were pathologically diagnosed as lung or esophageal cancers (stages
1-IV), Serum was obtained at the time of diagnosis and stored at —150°C.

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 cohunns (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 blol 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 1gG 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 twmor 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 inserum, 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 pL PBS (pH 7.4) containing 1%
bovine serum albumin (BSA), 5% sucrose, and 0.05% NaN; for 2 h and then
incubated for 2 h with 3-fold diluted sertun 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 3¢ min
using a substrate reagent (R&D Systems). To prepare biotinylating rabbit
polyclonal antibodies to LY6K (MBd4), we used Biotin Labeling Kit-NH2
(LKO3) 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, psiHIBX3.0, to direct the synthesis of small
interfering RNAs (siRNA) in mammalian cells (see Supplementary Materials
and Methods; refs. 19, 21).

Resuits

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 ¢DNA 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 ~ 80% 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. 14 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 GPl-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 ¢DNA fragment as the probe
identified a transcript of ~ 1.8 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 fop 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 14). 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, lefl). We also
applied univariate analysis to evaluate associations between
patient prognosis and other factors, including age (<65 versus
265), gender (female versus male), histologic type (adenocarcino-
ma versus nonadenocarcinoma), pT classification (T1, T2 versus T3,
T4), pN classification (NO 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 <0.000], 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. LY6K was 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 24). 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
>65), gender (female versus male), pT stage (tumor depth; T1, T2
versus T3, T4), pN stage (node status; NO 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 (1 SD) of serum LY6K in 112 lung cancer patients was
3313 % 739.3 pg/mL and those in 81 ESCC patients were 209.3 +
4274 pg/mL. In contrast, the mean (£1 SD) serum levels of LY6K
in 74 healthy individuals were 34.2 £ 65.3 pg/mL, and those in 65
patients with COPD, who were current and/or former smokers,
were 54.4 + 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. 34). According to histologic types of lung cancer,

the mean (&1 SD) serum levels of LY6K were 324.1 £ 737.4 pg/mL
in 85 adenocarcinoma patients and 354.1 X 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
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Figure 2. Expression of LYSK in normal tissues, as well as NSCLC and ESCG tissues, and association of LYBK overexpression with poor clinical outcomes for
NSCLC and ESCC patients. A, Northern biot analysis of the L Y6K transcript in 23 normal adult human tissues. B, immunohistochemical evaluation of LYK protein in
representative normal tissues: adult hear, liver, lung, kidney, and testis, as well as lung SCC tissues. C, immunohistochemical evaluation of LY6K expression on
tumor tissue microarrays (fop, x100; bottom, »x200). Examples are shown of strong, weak, and absent LYSK expressions in cancer tissues and of no expression in
normal fissues. Top, lung SCC and normal lung; bottom, ESCC and normai esophagus. D, Kaplan-Meier analysis of survival of patients with NSCLC (feft, 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 LYGK.

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, ie, 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 LYGK 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
charagteristic 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. S14
(left and middle), the correlation coefficient between serum CEA
and CYFRA 21-1 values was significant (Spearman rank correlation
p = 0355, P = 0.0002), whereas the correlation between serum
LY6K and CEA values was not significant (Spearman rank
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Table 1.

A. Association between LY6K positivity in NSCLC tissues and patients’ characteristics {n = 408)

LYBK strong LYBK weak LY6K P (strong versus
positive positive absent weak/absent)
n =406 n =139 n=219 n =48
Gender
Male 280 104 144 32 0.0707
Female 126 35 7 16
Age (y)
<65 198 70 107 21 0.6022
265 208 69 112 27
Histologic type
ADC 254 70 149 35 0.0002%*
sce 112 51 52 9
Others 40 18 18 4
pT factor
T, +T, 294 100 159 35 >0.9999
Ta+ Ty 112 39 60 13
pN factor
Ny 253 78 142 33 0.0526
N, + Na 153 61 77 15
B. Cox’s proportional hazards model analysis of prognostic factors in patients with NSCLCs
Variables Hazards ratio (95% Cl) Unfavorable/favorable P
Univariate analysis
LY6K 1.684 (1.265-2.240) Strong (+)/weak (+} or (-} 0.0004 t
Age (y) 1.467 (1.099-1.958) 265/<65 0.0093 t
Gender 1.597 (1.151-2.216) Male/female 0.0050 t
Histologic type 1.450 {1.090-1.929) Others/ADC’ 0.0108 1
pT factor 2039 (1.515-2.745) Ty + T/t + Ty <0.0001 t
pN factor 2430 (1.827-3.231) Ny + No/Ng <0.0001 1
Multivariate analysis
LY6K 1.554 (1.156-2.088) Strong (+)/weak (+) or (=) 0.0035 1
Age (y) 1.838 (1.369-2.468) >65/<65 <0.0001 1
Gender 1.368 {0.953-1.965) Male/female 0.0892
Histologic type 1.053 (0.762-1.456) Others/ADC! 0.7530
pT factor 1.947 (1.439-2.636) Ty + Ty/Ty + Ta <0.0001 1
pN factor 2.369 (1.763-3.184) Ny + No/N, <0.0001 1

*Adenocarcinoma versus other histology.
t P < 0.05 (Fisher's exact test).

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

correlation p = 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 p = 0.119, P = 0.2114; Supplementary Fig. S14, 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
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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 p = 0153, P = 0.078%;
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 LYGK and CYFRA 21-1 values for
ESCC patients was also not significant {Spearman rank correla-
tion p = 0034, P = 0.698% 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 (5i-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-Al and LC319) and esophageal cancer (TE8)
cells to suppress expression of endogenous LYGK (representative
data of RERF-LC-AI and TE8 was shown in Fig. 4 and
Supplementary Fig. §2). 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. 52). 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 LYSK posltivity in esophageal cancer tissues and patients’ characteristics (n = 265)
Total LY8K strong LYBK weak LY6K absent P (strong versus
positive positive weak/absent)
n =265 n =175 n=77 n=13
Gender
Male 239 159 70 10 0.6645
Female 26 16 7 3
Age (¥)
<65 171 110 55 6 0.4982
265 94 65 22 7
pT factor
T+ Ta 124 72 42 10 0.0134*
T+ T, 141 103 35 3
pN factor
Ny 929 60 32 7 0.1800
N, +N; 166 115 45 6
B. Cox's proportional hazards mode! analysis of prognostic factors in patients with esophageal cancers
Variables Hazards ratio (95% Cl) 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) 265/<65 0.8924
Gender 3.165 (1.485-6.765) Male/female 0.0029*
pT factor 2,660 (1.883-3.745) Ty + TfTy+ Ty <0.0001*
pN factor 3,984 (2.653-5.988) N, + No/Ny <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) Ts+ Ty/T; + Ty 0.0047*
pN factor 3.096 (2.020-4.739) Ny + No/N, <0.0001*
*P < 0.05 {Fisher's exact test).
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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

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 GPl-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 GPIl-anchored proteins as
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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 LYGK 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 coelfficient between serum CEA and CYFRA 2I-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. S18
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
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