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ABSTRACT
Patients with gastric cancer typically face gastrectomies even when few or
no nodal metastases are reported. Current procedures poorly predict lymphatic
metastases; thus, evaluation of target molecules expressed on cancer cell membranes
is necessary for in vivo detection. However, marker development is limited by the
intratumoral heterogeneity of gastric cancer cells. In this study, multiple gene
expression arrays of 42 systemic normal tissue samples and 56 gastric cancer samples
were used to investigate two adhesion molecules, cadherin 17 (CDH17) and claudin
18 (CLDN18), which are intestinal and gastric markers, respectively. Expression
of CDH17 and CLDN18 was partially redundant, but overlapped in 50 of 56 cases
(89.3%). Tissue microarrays constructed using primary lesions and nodal metastases
of 106 advanced gastric cancers revealed CDH17 and CLDN18 expression in 98
positive cases of 106 (92%). Hierarchical clustering classified gastric cancers into
three subgroups, CDH17(++)/CLDN18(+/-), CDH17(++)/CLDN18(++) or CDH17(+)/
CLDN18(+), and CDH17(-)/CLDN18(++/+/-). Whole tissue sections displayed strong,
homogeneous staining for CDH17 and CLDN18. Together, these results indicate that
CDH17 and CLDN18 are useful target molecules; moreover, their coupling can aid in
the comprehensive detection and localization of gastric cancer metastases in vivo to
overcome challenges associated with intratumoral heterogeneity.

from the primary lesion and detected by intraoperative
injection of a dye or radioactive tracer [2]. However,
the complex distribution of lymphatic flow through
the stomach makes detection of SLNs quite difficult
[2]. Therefore, target molecules developed to detect
metastases in vivo, such as in the intraoperative imaging
method [4–6], could lead to limited operations and result
in relief of complications after gastrectomy. Recent
technological advances have enabled the visualization of
target molecules in vivo with intraoperative fluorescence
imaging procedures [7–12]. However, comprehensive and

INTRODUCTION
Gastric cancer is the third leading cause of cancerrelated death worldwide [1]. Although gastrectomy
with lymphadenectomy is a first-line choice for more
complicated cases [2], nodal dissection often extends to
non-metastatic lymph nodes [3]. These overtreatments are
attributed to the absence of effective methods to detect
cancer cells in vivo before or during an operation. The
classical concept of the sentinel lymph node (SLN) is
defined as the first node encountered by the lymphatic flow
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and could be inadequate for gastric cancer detection
(Figure 1D). To further explore the relative expression
patterns of CDH17, CLDN18, and CLDN7, hierarchical
cluster analysis was performed on these genes in 56 gastric
cancer cases (Figure 1E). While CDH17 and CLDN18
overlapped with respect to tissue localization, they also
showed exclusivity. Combination of CDH17 and CLDN18
covered 50 cases out of 56 (89.3%), which indicated that
the coupling of markers for CDH17 and CLDN18 provides
an opportunity to detect gastric cancer using specific
antibodies.
To compare expression of CDH17, CLDN18, and
CLDN7 in colon, stomach, lymph nodes, and adipose
tissue, immunostaining was performed (Figure 2A).
Intestinal-type CDH17 and CLDN7 were expressed in
colonic and atrophic gastric epithelia with intestinal
metaplasia (Figure 2A). Gastric-type CLDN18 was
expressed in gastric foveolar epithelium. CDH17 and
CLDN18 did not display immunoreactivity in interstitial
cells such as fibroblasts, immune cells, lymphatic tissue,
and adipose tissue (Figure 2A).

specific membrane-targeting molecules for gastric cancer
have not been recognized [13–15] because gastric cancer
often shows intratumoral heterogeneity as well as variance
among individual cases [16]. In practice, trastuzumab
combined with chemotherapy was approved for HER2overexpressing gastric cancers, but the HER2 expression
pattern is often not homogeneous, thwarting effective
therapy [15, 17, 18].
To detect lymph node metastases by intravenous
injection of a specific antibody binding to certain targets,
candidate molecules should meet the following criteria: (1)
expression on the cell membrane; (2) enriched expression
in gastric cancers; (3) intratumorally homogeneous
expression pattern; and (4) absence of expression in
other vital organs, lymph nodes, and subserous tissue.
In this study, we data-mined a published database of
gene expression arrays and focused on cadherin 17
(CDH17), also known as liver-intestine cadherin [19], and
claudin 18 (CLDN18), a component of tight junctions,
for further evaluation. Subsequently, tissue microarrays
(TMAs) were constructed by mounting primary lesions
and nodal metastases of advanced gastric cancers.
The immunostaining distribution ratio was evaluated
for CLDN18 and CLDN7, which are known adhesion
molecules in the stomach and intestine, respectively
[20]. Subsequently, clinicopathological information was
analyzed among subgroups classified by expression and
immunostaining patterns. Finally, whole tissue sections of
primary lesions and nodal metastases were analyzed, and
homogeneous immunostainability was confirmed. These
results indicate that co-detection of CDH17 and CLDN18
enables prediction of the general feature of individual
cancer cases by preoperative biopsy examination and
allows for comprehensive detection of gastric cancer
metastases.

Clustering analysis according to
immunohistochemistry (IHC) scores
IHC scores of CDH17, CLDN18, and CLDN7
expression levels were evaluated semi-quantitatively
in TMA-mounted primary lesions (IHC score (Pr)) and
lymph node metastases (IHC score (LN)) taken from
106 cases of advanced gastric cancers (Figure 2B).
Two-way hierarchical cluster analyses according to IHC
scores were performed to determine immunostaining
pattern correlations (Figure 3A). For each antibody, a
strong correlation in immunostaining patterns was found
between primary lesions and nodal metastases. Expression
of intestinal-type CDH17 and gastric-type CLDN18
was found to be partially redundant and partially specific
in representation, similar to the oligonucleotide microarray
data (Figure 1E). Combination of CDH17 and CLDN18
markers detected 92.5% of gastric cancer cases (98 of 106
cases). CLDN7 showed a similar immunostaining pattern
to that of CDH17, another intestinal-type marker, but the
intensity was lower than that of CDH17 and CLDN18.
The immunostainability of CDH17 and CLDN18
enabled detection of three major subgroups, depicted in
(Figure 3A).
According to hierarchical clustering applied to
the threshold of CDH17 and CLDN18 IHC scores of
primary lesions, gastric cancers could be classified into
three subgroups (Figure 3B). The three subgroups were
defined as follows: Group 1 (dark red), CDH17 showed
strong and homogeneous staining (CDH17(++) (IHC score
18–20)), and CLDN18 showed absent or weak staining
(CLDN18(+/-) (IHC score 0–13)); Group 2 (light green),
CDH17(++) (IHC score 18–20) and CLDN18 showed
strong and homogeneous staining (CLDN18(++) (IHC score

RESULTS
Data mining microarray expression data
Candidate genes for detection of gastric cancer
nodal metastases were mined from microarray expression
data based on frequent and enriched expression in gastric
cancer, as well as low expression in tissues around the
stomach that could prevent detection of nodal metastases.
Three candidate genes, cadherin 17 (CDH17), claudin 18
(CLDN18), and proline rich 15 (PRR15), were extracted
(Figure 1A). CDH17 and CLDN18 showed high specificity
for gastric cancer cells (Figure 1B-1C). CDH17 encodes
a liver-intestine cadherin [19] expressed in the colon and
small intestine (Figure 1B). CLDN18 encodes a gastric
type adhesion molecule [20, 21] expressed in the stomach
and lung (Figure 1C). CLDN7 encodes an intestinal-type
adhesion molecule and was investigated as a comparative
control for the other two markers. However, CLDN7 is
expressed in various normal tissues with less specificity,
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14–20)), and CDH17 showed moderate staining (CDH17(+)
(IHC score 9–17)) and CLDN18 showed moderate staining
(CLDN18(+) (IHC score 6–13)); Group 3 (dark blue),
CDH17 showed absent or weak staining (CDH17(-) (IHC
score 0–8)) and CLDN18 showed any immunostainability
(CLDN18(++/+/-)). Groups 1, 2, and 3 contained 30, 30,
and 38 cases (out of 98), and 8 cases were removed without
application of the criteria described above.

using the Kaplan-Meier method (Figure 3C). Group
1 showed significantly better prognosis than that of
Groups 2 or 3, using a generalized Wilcoxon test (p
<0.05). Subsequently, prognostic analyses for all cases
with prognostic information (100 cases) were performed
according to CDH17, CLDN18, and CLDN7 staining
(Figure 3D–3F). Immunostaining patterns of CDH17 and
CLDN18 were categorized as CDH17(++)/(+)/(-) and
CLDN18(++)/(+)/(-) using the same criteria as in Figure
3B. CLDN7 was categorized as follows: CLDN7(++)
(IHC score_12–20), CLDN7(+) (IHC score_8–11), and
CLDN7(+) (IHC score_0–7). CDH17-strongly positive
cases (CDH17(++)) showed significantly better prognosis
than that of CDH17-moderately positive (CDH17(+))

Prognosis analyses
Prognosis analyses were performed on data
for Groups 1, 2, and 3 with prognostic information,
representing 92 cases (30, 27, and 35 cases, respectively)

Figure 1: Gene expression pattern in systemic organs and human gastric cancer. A. Scatter plot of Genechip score. The
horizontal axis indicates the maximum value of representative normal tissue (esophagus, pancreas, spleen, adipose, lymph node, artery,
vein, peripheral blood cells, monocyte, and macrophage without stomach, colon, and small intestine). The vertical axis represents the 40th
value from the top among 56 gastric cancer cases. When the threshold for normal tissues was set to <150 fold and that for gastric cancer was
≥500 fold, represented by the light yellow area, CLDN18, CDH17, and PRG15 are selected out of 9, 131 probes. B-D. Systemic expression
array data for CDH17, CLDN18, and CLDN7. Data are indicated by the following colors: normal tissue around stomach, light blue;
stomach, orange; colon, light green; small intestine, green; gastric cancer, dark red; others, black. CDH17 and CLDN18 were frequently
and specifically expressed in gastric cancer, except for colon and small intestine for CDH17 (B) and stomach and lung for CLDN18 (C).
CLDN7 was frequently expressed in gastric cancer. However, the gene showed less specificity because it was expressed in various normal
tissues such as pancreas and esophagus (D). E. Unsupervised two-way hierarchical clustering by Genechip score (GC score). Patterns of
expression among CDH17, CLDN18, and CLDN7 were analyzed by hierarchical cluster analysis. The horizontal axis indicates antibodies
and vertical axis indicates cases. High and low scores are shown by red and blue, respectively. CDH17 and CLDN7 clustered as intestinaltype features. Although expression of CDH17 and CLDN18 overlapped and thus was redundant (light green dendrogram), expression was
also partially mutually exclusive and specific (light blue and red dendrogram). Thus, the coupling of CDH17 and CLDN18 as molecular
markers covered gastric cancers in 50 of 56 cases (89.3%).
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and CDH17-weakly positive/negative cases (CDH17(-))
(Figure 3D). However, no correlation was found between
CLDN expression and prognosis (Figure 3E-3F).
Clinicopathological features were investigated for
each group (Table 1), and Group 1 showed a significantly
lower frequency of Stage IV cases than Group 2 (p = 0.04).
The number of nodal metastases in Group 3 appeared to
be higher than that in Groups 1 and 2. However, Group

3 contained two cases with frequent nodal metastases
(Figure 3G). No significant difference was revealed by
the non-parametric Mann–Whitney U test (p >0.05).
Univariate and multivariate survival analysis using a
Cox proportional hazards model was performed for each
parameter (Table 2). CDH17 hyperexpression, low stage,
less number of lymph node metastases, and intestinal
or mixed type histology were independent markers for

Figure 2: Immunohistochemical analysis of normal tissue and TMAs of gastric cancer tissue. A. Immunostaining patterns
of CDH17, CLDN18, and CLDN7 in colon, stomach, lymph node, and subserosal adipose tissue. Intestinal-type CDH17 and CLDN7
were expressed on the cell membrane of colonic and intestinal metaplastic epithelia (arrowhead). Gastric-type CLDN18 was expressed
on the cell membrane of gastric foveolar epithelium. B. Evaluation of immunohistochemistry (IHC) scores in TMAs. Representative
immunostaining patterns of CDH17 and CLDN18 with TMA cores are shown. The membranous immunostaining distribution of CDH17,
CLDN18, and CLDN7 was scored as an IHC score according to the proportion of membranous positive staining among total cancerous
cells on a zero-to-ten scale. IHC scores were evaluated in duplicate for both primary lesions (Core (Pr)-1 and -2) and lymph node metastases
(Core (LN)-1 and -2), respectively, and summed to 20 scores (IHC score (Pr)/(LN)).
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Figure 3: Unsupervised two-way hierarchical clustering and prognostic analyses. A. Unsupervised two-way hierarchical

clustering by IHC score. Horizontal axis indicates antibodies for duplicated primary lesion (Pr) and lymph node (LN) TMA, and vertical
axis indicates cases (n = 106). Yellow and blue represent high and low IHC scores, respectively. Some nodal cores did not contain a cancer
component and were shown by a white column. Hierarchical cluster analysis revealed a strong correlation between primary lesions and nodal
metastases. A combination of CDH17 and CLDN18 provided broad diagnostic coverage (98 of 106 cases (92.5%)) with partially redundant
but specific immunostaining patterns. CDH17 and CLDN18 staining enabled detection of the three major subgroups. B. Subgrouping
by CDH17 and CLDN18 immunostaining patterns. Immunostaining patterns were defined as follows: CDH17(++)/CLDN18(++),
homogenously and strongly positive; CDH17(+)/CLDN18(+), partially and moderately positive; CDH17(-)/CLDN18(-), weakly positive
or negative. Gastric cancer was classified into three subgroups: Group 1 (CDH17(++)/CLDN18(+/-), red dendrogram in Figure 3A),
Group 2 (CDH17(++)/CLDN18(++) and CDH17(+)/CLDN18(+), green dendrogram), and Group 3 (CDH17(-)/CLDN18(++/+/-), blue
dendrogram). Groups 1, 2, and 3 contained 30, 30, and 38 cases, respectively. C. Prognostic analyses in Groups 1, 2, and 3. Prognostic
analyses were performed in Group 1 (dark red), Group 2 (light green), and Group 3 (dark blue). Numbers at risk are shown below the
graph. Group 1 (CDH17(++)/CLDN18(+/-)) demonstrated significantly better prognosis than that of Group 2 and Group 3 (p <0.05). D-F.
Prognostic analysis by evaluation of CDH17, CLDN18, and CLDN7. Prognostic analyses in all cases with prognostic information (100
cases) were performed according to CDH17, CLDN18, and CLDN7 immunostainability. Cases with strongly positive immunostainability
for CDH17 (CDH17(++)) showed significantly better prognosis than cases with moderate or negative CDH17 expression (CDH17(+)
or (-)). (D). However, there was no correlation between CLDN18 and CLDN7 expression and prognosis (EF). G. Scatter plot of nodal
metastasis. The horizontal axis represents the ratio of nodal metastases to total dissected lymph nodes, and the vertical axis represents the
number of dissected lymph nodes. Each case in Group 1, 2, and 3 is represented by dark red, light green, and dark blue dots, respectively.
Group 3 contained two extreme cases (arrows) with a high frequency of nodal metastases.
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Table 1: Clinicopathological features of gastric cancer groups

# of cases

p value G1
vs. G2

p value G1
vs. G3

p value G2
vs. G3

66.0 ± 12.4

0.567

0.904

0.640

0.896

0.538

0.854

0.588

0.861

0.439

88.9 ± 43.7

0.572

0.233

0.756

0.569

0.389

0.915

0.282

0.227

0.742

*0.042

0.360

0.580

0.895

0.939

0.537

All cases

Group 1

Group 2

Group 3

98 (100%)

30 (31%)

30 (31%)

38 (39%)

Age
mean ± SD (year)

64 ± 12.0

≤60 yo

35 (36%)

10 (33%)

12 (40%)

13 (34%)

61–70 yo

34 (35%)

13 (43%)

10 (33%)

11 (29%)

≥71 yo

29 (30%)

7 (23%)

8 (27%)

14 (37%)

Male

61 (62%)

18 (60%)

21 (70%)

22 (58%)

Female

37 (38%)

12 (40%)

9 (30%)

16 (42%)

64.0 ± 11.5 63.0 ± 12.3

Sex

Tumor size
mean ± SD (mm)

83.8 ± 40.5

77.7 ± 32.8 83.4 ± 44.4

≤50 mm

24 (24%)

5 (17%)

9 (30%)

10 (26%)

51-100 mm

49 (50%)

19 (63%)

14 (47%)

16 (42%)

≥101 mm

25 (26%)

6 (20%)

7 (23%)

12 (32%)

Tumor location in the stomach
Upper

29 (30%)

13 (43%)

8 (27%)

8 (21%)

Middle

36 (37%)

7 (23%)

14 (47%)

15 (39%)

Lower

33 (34%)

10 (33%)

8 (27%)

15 (39%)

IIA-B

6 (6%)

1 (3%)

3 (10%)

2 (5%)

IIIA-C

60 (61%)

24 (80%)

13 (43%)

23 (61%)

IV

32 (33%)

5 (17%)

14 (47%)

13 (34%)

T1b, T2

10 (10%)

3 (10%)

5 (17%)

2 (5%)

T3

24 (24%)

8 (27%)

6 (20%)

10 (26%)

T4a, T4b

64 (65%)

19 (63%)

19 (63%)

26 (68%)

Stage

T-classification

(Continued )
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All cases

Group 1

Group 2

Group 3

p value G1
vs. G2

p value G1
vs. G3

p value G2
vs. G3

ly0-1

32 (33%)

7 (23%)

8 (27%)

17 (45%)

1.00

0.115

0.200

ly2-3

66 (67%)

23 (77%)

22 (73%)

21 (55%)

v0-1

39 (40%)

9 (30%)

12 (40%)

18 (47%)

0.588

0.229

0.543

v2-3

59 (60%)

21 (70%)

18 (60%)

20 (53%)

1642 (36%)

465 (31%)

445 (36%)

732 (39%)

0.515

0.858

0.484

4625

1496

1238

1891

47.2

49.9

41.3

49.8

2 (2%)

1 (3%)

0 (0%)

1 (3%)

0.921

0.842

0.908

Diffuse type

47 (48%)

15 (50%)

13 (43%)

19 (50%)

Mixed type

49 (50%)

14 (47%)

17 (57%)

18 (47%)

Lymphatic invasion

Venous invasion

# of LN metastases
Metastatic
Total

Average # of dissected LN (/case)

Histology
Intestinal type

Group 1 showed a significantly lower frequency of Stage IV than Group 2. The degree of lymphatic/venous invasion was
evaluated using a 4-grade scale [16]; ly0/v0, no invasion; ly1/v1, minimal invasion; ly2/v2, moderate invasion; ly3/v3, marked
invasion. G1, Group 1; G2, Group 2; G3, Group 3; yo, year-old; SD, standard deviation; T1b, submucosa; T2, muscularis
propria; T3, subserosa; T4a, penetrates the serosa and is exposed to the peritoneal cavity; T4b, invades adjacent structures;
LN, lymph node. Student's t-test; age, tumor size. chi-squared test; sex, tumor location in the stomach, stage, T-classification,
lymphatic/venous invasion, histology. Mann–Whitney U test; # of LN metastases. *p <0.05.

(Figure 4). The proportion of immunostaining reactivity
was classified into four stepwise categories according
to score: Category 1 (strongly positive (+++)), score
8–10; Category 2 (moderately positive (++)), score
5–7; Category 3 (weakly positive (+)), score 1–4; and
Category 4 (negative or absent (-)), score 0 (Figure 4A).
For CDH17, 7 cases in Group 1 and two cases in Group
2 showed high IHC scores in TMA (≥16). Seven of 9
cases showed diffuse and moderate staining. The other
two cases (Group 1_09 and Group 2_10) also showed
diffuse staining despite a portion with absent staining, and
all nodal metastases showed strong or moderate staining
(Figure 4B-4C). For CLDN18, one case in Group 2 and
four cases in Group 3 showed high IHC scores (≥18).
CLDN18 appeared to show relatively diffuse staining

better prognosis (p <0.05). Prognostic analyses for each
parameter using the Kaplan-Meier method were also
performed (Supplementary Figure S1A-S1I). Stage,
T-classification, and number of lymph node metastases
were found to be significant factors for worse prognosis
as progression using a generalized Wilcoxon test
(Supplementary Figure S1D-S1E, S1H).

Whole-section analysis of IHC staining patterns
Immunostaining patterns of CDH17 and CLDN18
were investigated in whole sections of cancer tissue
from representative cases (9 cases for CDH17 and 5
cases for CLDN18), including primary tumors and nodal
metastases to remove some of the focal biases of TMAs
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Table 2: Univariate and multivariate survival analysis using Cox proportional hazard model for overall survival
Variables

Univariate

Multivariate

p value

HR

95% CI

p value

0.030*

0.640

0.425-0.963

0.032*

0.549

0.810

0.541-1.214

0.308

0.131

0.870

0.594-1.276

0.476

0.473

1.015

0.989-1.042

0.252

0.903

1.268

0.692-2.325

0.443

0.091

0.720

0.445-1.164

0.18

<0.001**

2.493

1.284-4.837

0.007*

0.0013**

1.787

0.966-3.309

0.064

0.133

1.381

0.67-2.845

0.381

0.717

0.568

0.309-1.046

0.069

<0.001**

1.753

1.143-2.688

0.010*

0.211

0.506

0.272-0.941

0.032*

CDH17
[-] vs. [+] vs. [++]
CLDN18
[-] vs. [+] vs. [++]
CLDN7
[-] vs. [+] vs. [++]
Age
[≤60] vs. [61-70] vs.
[≥71]
Sex
[Male] vs. [Female]
Tumor size (mm)
[≤50] vs. [51-100]
vs. [≥101]
Stage
[IIA-B] vs.
[IIIA-C] vs. [IV]
T classification
[T1b+T2] vs. [T3]
vs. [T4a+T4b]
Lymphatic invasion
[ly0-1] vs. [ly2-3]
Venous invasion
[v0-1] vs. [v2-3]
# of LN metastases
[5-10] vs. [11-20]
vs. [≥21]
Histology
[I+M] vs. [D]

Multivariate survival analysis demonstrated that weak or negative expression of CDH17, advanced stage, more lymph node
metastases, and diffuse-type histology are independent factors for significantly worse prognosis. HR, Hazard ratio; CI,
confidence interval. I, intestinal type; M, mixed type; D, diffuse type. *p <0.05, **p <0.01.
but slightly more heterogeneity compared to CDH17.
Moreover, several nodal metastases showed an absence of
staining in Group 3_26.

cancer tissues and absence of expression in other major
vital organs. These markers are candidates for practical
membranous target molecules to detect metastases of
gastric cancer in vivo to complement intraoperative
imaging procedures. Three superior characteristics were
identified using this pair of markers. Firstly, CDH17 and
CLDN18 demonstrated homogeneous immunostaining
in gastric cancer tissue. Secondly, just two markers,
CDH17 and CLDN18, was sufficient to account for more

DISCUSSION
In this study, we selected CDH17 and CLDN18
through mining of systemic microarray gene expression
data, based on their high frequency of expression in gastric
www.impactjournals.com/oncotarget
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Figure 4: Whole section analysis of immunostaining of CDH17 and CLDN18. A. The proportion of staining was classified
into four stepwise categories according to IHC scores: Category 1 (strongly positive (+++)) corresponding to a score of 8–10 by dark red
and dark blue; Category 2 (moderately positive (++)), score of 5–7 by light orange and light blue; Category 3 (weakly positive (+)), IHC
score_1–4 by pale orange and pale blue; and Category 4 (negative; absent staining (-)), IHC score_0 by both black. B. Schematic depiction
of immunostaining quantification for CDH17 and CLDN18. Two cases each are shown for CDH17 and CLDN18. Circular defect parts of
each section are where TMA cores were obtained. Left upper panel shows Group 1_01, with an IHC score (Pr) for CDH17 of 20. Whole
sections in the primary lesion and nodal metastasis show diffuse and strong immunostaining of CDH17 in Category 1. The left lower panel
shows Group 2_10, with an IHC score (Pr) for CDH17 of 20. Whole sections of primary lesions show heterogeneous immunostaining of
CDH17 in Categories 1 to 4. The right upper panel shows Group 3_36, with an IHC score (Pr) in CLDN18 of 18. Whole sections in primary
lesion and nodal metastasis show diffuse and strong immunostaining of CLDN18 in Category 1. The right lower panel shows Group 3_26,
with an IHC score (Pr) in CLDN18 of 20. Whole sections of primary lesions show heterogeneous immunostaining in Categories 1 to 4.
C. Representative cases with high IHC scores (Pr) in CDH17 and CLDN18 were evaluated in whole tissue sections. Sample names are
expressed as Group-x_case number (IHC score in TMA). CDH17 showed homogeneous and strong immunostaining in most cases. Some
cases showed Category 4 (negative) in CDH17; however, all nodal metastases show strong positive staining (Category 1 or 2). Although
CLDN18 also showed clear immunostaining, the pattern was slightly more heterogeneous than that of CDH17 and some nodal metastases
in Category 4 (negative or absent staining).
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than 90% of gastric cancer cases. Lastly, the CDH17hyperexpression subgroup displayed significantly better
prognosis than that of the other subgroups.
The most innovative point of this study is that
the combination of CDH17 and CLDN18 demonstrated
homogeneous and robust expression in more than 90%
cases of gastric cancer, even in diffuse-type cases.
Homogeneity is important not only for actual in vivo
detection by intraoperative imaging procedures, but
also for prediction of immunostaining properties by
preoperative biopsy examination. According to mucin
phenotypes, gastric cancer has been classified as gastric,
intestinal, mixed, and null-type varieties [22]. Intestinaltype CDH17 and gastric-type CLDN18 could be a useful
combination to enable coverage of most gastric cancers
that show a partial redundancy but primarily specific
behavior. Because previous studies focused on the
heterogeneity of gastric cancer, notably concerning HER2
status [17, 18, 23–30], potentially important information
regarding homogenous aspects has been neglected. The
cocktail of fluorescently labeled anti-CDH17 and antiCLDN18 antibodies in the present study could be applied
to detect metastatic foci by means of intraoperative
imaging procedures. In fact, we have developed an antiCDH17 monoclonal antibody that could eventually be
used in clinical settings (unpublished data). It should be
noted that, CDH17-negative/CLDN18-positive cases
could warrant a certain level of caution, as CLDN18 rarely
showed heterogeneous staining in the primary lesion or
in nodal metastases (Figure 4B-4C). Preoperative biopsy
specimens should be obtained from multiple sites to avoid
false negatives.
In terms of biology, CDH17 is a cell-cell adhesion
molecule reported to be expressed on the cell membrane
of normal small and large intestinal epithelia, atrophic
gastric mucosa with intestinal metaplasia, normal
pancreatic ductal epithelium, and several types of tumors,
e.g., colorectal cancer, gastric cancer, pancreaticobiliary
adenocarcinoma, and hepatocellular carcinoma [19,
31–33]. The characteristics of CDH17 in gastric cancer
concerning prognosis or biological significance have been
reported [19, 31–38], although the correlation between
CDH17 expression and prognosis has been controversial
[34–36]. In this study, only advanced cases with more
than five nodal metastases were selected. Among the cases
with the worst original prognoses, univariate analysis
demonstrated that cases with CDH17 hyperexpression
showed significantly better prognosis, with fewer Stage
IV cases (Figure 3C-3D). Multivariate analysis confirmed
that CDH17 hyperexpression property was an independent
factor for better prognosis (Table 2). These results
suggest that CDH17 could be utilized for a marker for
better prognosis. If these procedures enable detection of
metastatic foci in vivo during an operation in real time,
then less invasive operations, such as laparoscopy and
endoscopy cooperative surgery [39, 40], could be applied
www.impactjournals.com/oncotarget

when no metastases are detected. In particular, cases with
CDH17 hyperexpression cases have a better prognosis
with less distant metastasis and represent an ideal initial
application for less invasive or limited operations.
The CLDN18 gene encodes a claudin that is a
component of tight junction strands. CLDN18 has been
reported to encode a gastric type of claudin expressed
specifically on the cell surface of the gastric foveolar
epithelium [20]. CLDN18 is a superior marker for
gastric differentiation and is broadly implicated in
various tumors, including those of the ovary [21] and
pancreaticobiliary neoplasms [41, 42]. Notably, CLDN18
splice variant 2 (CLDN18.2) has been reported as a pancancer target for therapeutic antibody [43–46], and more
recently a randomized phase II trial of an anti-CLDN18.2
antibody combined with first-line chemotherapy
reported a clinically relevant benefit profile in patients
with CLDN18.2-positive gastric and gastroesophageal
junction adenocarcinoma (American Society of Clinical
Oncology annual meeting 2016, Clinical trial information:
NCT01630083). Homogenous expression of CLDN18
would thus be expected to be beneficial for molecular
targeted therapy. Furthermore, CLDN18 was also found
to be focused in CLDN18–ARHGAP26 fusions in gastric
cancer [47], which mediated epithelial disintegration [48].
In summary, we identified a useful pair of
target molecules, CDH17 and CLDN18, to aid in the
comprehensive detection and localization of gastric cancer
metastases in vivo to overcome challenges associated with
intratumoral heterogeneity.

MATERIALS AND METHODS
Ethics statement
This study was approved by the University of
Tokyo Institutional Ethical Committee. Clinical samples
were collected with written informed consent under the
University of Tokyo Institutional guidelines for the study
of human tissues.

Data-mining for extraction of candidate genes
To extract candidate genes associated with gastric
cancer, genome-wide gene expression data were analyzed
using Affymetrix GeneChip Human Genome U133 plus
2.0 oligonucleotide arrays in 42 types of systemic normal
tissue, as we previously reported [49]. Data were analyzed
using a GeneChip Scanner 3000 (Affymetrix, Fremont,
CA, USA). To obtain signal value Genechip scores for
each probe set, Affymetrix GeneChip Operating Software
v1.3 with the MAS5 algorithm was used. Expression array
data of systemic normal tissues are available at GEO
datasets (GSE43346). In addition, gene expression levels
in 56 gastric cancer samples were evaluated using U133
plus 2.0 oligonucleotide arrays collected from the GEO
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datasets (GSE34942) [50]. In global normalization, the
MAS5 algorithm was used [51]. Candidate genes were
extracted based on the following criteria: Genechip score
<150 fold that of normal tissues, which could prohibit
detection of nodal metastases if expressed (esophagus,
pancreas, spleen, adipose, lymph node, artery, vein,
peripheral blood cells, monocyte, and macrophage without
stomach, colon, and small intestine) and ≥500 fold in 40
gastric cancers of 56 cases (71.4%).

evaluated markers included CDH17 (7 cases from
Group 1 and 2 cases from Group 2) and CLDN18
(one case from Group 2 and 4 cases from Group 3).
The tumor area of the primary lesion was categorized
into four levels according to the zero-to-ten scale,
as for the TMA evaluation: Category 1, strongly
and homogeneously positive (+++) corresponding
to a score of 8–10; Category 2, moderately and nonhomogeneously positive (++) corresponding to a
score of 5–7; Category 3, weakly and heterogeneously
positive (+) corresponding to a score 1–4; and Category
4, negative (-) corresponding to a score of 0. The total
cancer area in the primary lesion was divided arbitrarily
into 10 sections and assigned to the appropriate
category. Lymph node metastases were classified into
representative categories for individual nodes.

Case selection for tissue microarray (TMA)
Overall, 1, 424 consecutive cases of gastric cancer
involving surgical resection between 2000 and 2009
were reviewed from pathological files at the University
of Tokyo Hospital. Of cases with more than five
pathological nodal metastases, 295 cases were extracted.
Then, hematoxylin and eosin (HE)-stained slides from
these cases were reviewed by a pathologist (KM), and
106 cases containing abundant lesions in both the primary
lesion and lymph node were selected for construction of
TMAs. Each case was represented by duplicated 2.0 mm
tissue cores of both primary lesions and nodal metastases
obtained from formalin-fixed paraffin-embedded (FFPE)
tissue blocks.

Hierarchical clustering analysis
Unsupervised two-way hierarchical clustering
analysis was performed using oligonucleotide array data
for gastric cancers and IHC scores of primary lesions and
nodal metastases based on the City Block distance and
Correlation distance with an average linkage clustering
algorithm for the sample and antibody, respectively, using
Cluster 3.0 software (http://bonsai.hgc.jp/~mdehoon/
software/cluster/). A heat map was drawn using Java
TreeView software (http://jtreeview.sourceforge.net/).
For the oligonucleotide array data, Genechip scores were
represented log base 150.

Immunohistochemical studies in TMA
FFPE blocks of TMA were cut into 4-μm-thick
sections and deparaffinized by xylene using an antigen
retrieval procedure. Immunohistochemical analyses were
performed with antibodies against CDH17 (clone #141713,
1:100), CLDN18 (polyclonal, 1:1000), and CLDN7
(clone 5D10F3, 1:200) using a Ventana Benchmark XT
autostainer system [20]. A CDH17 antibody was purchased
from R&D Systems (Minneapolis, MN, USA), and CLDN
antibodies were purchased from Zymed (San Francisco,
CA, USA). Immunostaining of CDH17, CLDN18, and
CLDN7 was scored semi-quantitatively according to the
proportion of positive membrane staining among total
cancerous cells on a zero-to-ten scale as follows: score 0,
0%; score 1, 1%-10%; score 2, 11%-20%, score 3, 21%30%, score 4, 31%-40%, score 5, 41%-50%; score 6, 51%60%; score 7, 61%-70%; score 8, 71%-80%; score 9, 81%90%; and score 10, 91%-100%. Scores were calculated
as duplicate cores of both the primary lesion (Core (Pr)-1
and -2) and lymph node metastases (Core (LN)-1 and -2),
respectively, presented as an immunohistochemistry (IHC)
score ((Pr)/(LN)).

Statistical analyses
Fisher’s exact tests or chi-squared tests were applied
to compare categorical variables among groups. Student’s
t-tests were used to compare age and tumor size. The nonparametric Mann–Whitney U test was used to compare
the frequencies of nodal metastases. Differences were
considered to be significant when p <0.05.

Prognostic analyses
Prognostic analyses were performed among
Groups 1, 2, and 3, and among all cases with observed
immunostaining for CDH17, CLDN18, and CLDN7.
Cases without prognostic data were excluded. Survival
was defined as the time elapsed between the day of
surgery and the day of death by primary gastric cancer.
Follow-up of surviving patients was censored on the
last day. Survival was analyzed using the Kaplan-Meier
method, which invokes generalized Wilcoxon tests
for comparison. Statistical prognostic analyses were
performed using MS Excel Statistics Software 2015
(Social Survey Research Information Co., Ltd., Tokyo,
Japan), and differences were considered statistically
significant when p <0.05.

Evaluation of immunostaining patterns in whole
sections
Representative cases of gastric cancer were
evaluated for staining patterns for each marker in whole
sections of primary lesions and all lymph nodes. The
www.impactjournals.com/oncotarget

64178

Oncotarget

ACKNOWLEDGMENTS

folate receptor-alpha targeting: first in-human results. Nat
Med. 2011; 17:1315-1319.

The authors thank Kei Sakuma, Harumi Yamamura,
and Yumiko Nagano for technical assistance, and Editage
(www.editage.jp) for English language editing.

8. Kirsch DG, Dinulescu DM, Miller JB, Grimm J, Santiago
PM, Young NP, Nielsen GP, Quade BJ, Chaber CJ, Schultz
CP, Takeuchi O, Bronson RT, Crowley D, Korsmeyer SJ,
Yoon SS, Hornicek FJ, et al. A spatially and temporally
restricted mouse model of soft tissue sarcoma. Nat Med.
2007; 13:992-997.

CONFLICTS OF INTEREST
All authors have no potential conflicts of interest to
disclose.

9. von Burstin J, Eser S, Seidler B, Meining A, Bajbouj M,
Mages J, Lang R, Kind AJ, Schnieke AE, Schmid RM,
Schneider G, Saur D. Highly sensitive detection of earlystage pancreatic cancer by multimodal near-infrared
molecular imaging in living mice. Int J Cancer. 2008;
123:2138-2147.

GRANT SUPPORT
This research was supported by a grant from the
Japan Society for the Promotion of Science through the
“Funding Program for World-Leading Innovative R&D on
Science and Technology (FIRST Program),” initiated by
the Council for Science and Technology Policy (M.F.), and
Grants-in-Aid for Scientific Research (KAKENHI) from
the Japan Society for the Promotion of Science (26253021
to M.F., 16H05412 to A.K., and 16K08729 to K.M.).

10. Sevick-Muraca EM, Sharma R, Rasmussen JC, Marshall
MV, Wendt JA, Pham HQ, Bonefas E, Houston JP, Sampath
L, Adams KE, Blanchard DK, Fisher RE, Chiang SB,
Elledge R, Mawad ME. Imaging of lymph flow in breast
cancer patients after microdose administration of a nearinfrared fluorophore: feasibility study. Radiology. 2008;
246:734-741.
11. Tagaya N, Yamazaki R, Nakagawa A, Abe A, Hamada K,
Kubota K, Oyama T. Intraoperative identification of sentinel
lymph nodes by near-infrared fluorescence imaging in
patients with breast cancer. Am J Surg. 2008; 195:850-853.

REFERENCES
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015; 65:87-108.

12. Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella
F, Reulen HJ, Group AL-GS. Fluorescence-guided surgery
with 5-aminolevulinic acid for resection of malignant
glioma: a randomised controlled multicentre phase III trial.
Lancet Oncol. 2006; 7:392-401.

2. Maruyama K, Sasako M, Kinoshita T, Sano T, Katai
H. Can sentinel node biopsy indicate rational extent of
lymphadenectomy in gastric cancer surgery? Fundamental
and new information on lymph-node dissection.
Langenbecks Arch Surg. 1999; 384:149-157.

13. Tatematsu M, Tsukamoto T, Inada K. Stem cells and gastric
cancer: role of gastric and intestinal mixed intestinal
metaplasia. Cancer Sci. 2003; 94:135-141.

3. Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJ,
Welvaart K, Songun I, Meyer S, Plukker JT, Van Elk P,
Obertop H, Gouma DJ, van Lanschot JJ, Taat CW, de Graaf
PW, von Meyenfeldt MF, Tilanus H, et al. Extended lymphnode dissection for gastric cancer. N Engl J Med. 1999;
340:908-914.

14. Saito A, Shimoda T, Nakanishi Y, Ochiai A, Toda G.
Histologic heterogeneity and mucin phenotypic expression
in early gastric cancer. Pathol Int. 2001; 51:165-171.
15. Grabsch H, Sivakumar S, Gray S, Gabbert HE, Muller W.
HER2 expression in gastric cancer: Rare, heterogeneous
and of no prognostic value - conclusions from 924 cases of
two independent series. Cell Oncol. 2010; 32:57-65.

4. Troyan SL, Kianzad V, Gibbs-Strauss SL, Gioux S, Matsui
A, Oketokoun R, Ngo L, Khamene A, Azar F, Frangioni
JV. The FLARE intraoperative near-infrared fluorescence
imaging system: a first-in-human clinical trial in breast
cancer sentinel lymph node mapping. Ann Surg Oncol.
2009; 16:2943-2952.

16. Japanese Gastric Cancer A. Japanese classification of
gastric carcinoma: 3rd English edition. Gastric Cancer.
2011; 14:101-112.
17. Urabe M, Ushiku T, Seto Y, Fukayama M. Pathologic
Response of HER2-positive Gastric Cancer to Trastuzumabbased Chemotherapy. Am J Surg Pathol. 2016.

5. Luker GD, Luker KE. Optical imaging: current applications
and future directions. J Nucl Med. 2008; 49:1-4.
6. Tromberg BJ, Pogue BW, Paulsen KD, Yodh AG, Boas DA,
Cerussi AE. Assessing the future of diffuse optical imaging
technologies for breast cancer management. Med Phys.
2008; 35:2443-2451.

18. Matsusaka K, Ishikawa S, Nakayama A, Ushiku T,
Nishimoto A, Urabe M, Kaneko N, Kunita A, Kaneda A,
Aburatani H, Fujishiro M, Seto Y, Fukayama M. Tumor
Content Chart-Assisted HER2/CEP17 Digital PCR Analysis
of Gastric Cancer Biopsy Specimens. PLoS One. 2016;
11:e0154430.

7. van Dam GM, Themelis G, Crane LM, Harlaar NJ, Pleijhuis
RG, Kelder W, Sarantopoulos A, de Jong JS, Arts HJ, van
der Zee AG, Bart J, Low PS, Ntziachristos V. Intraoperative
tumor-specific fluorescence imaging in ovarian cancer by

www.impactjournals.com/oncotarget

19. Berndorff D, Gessner R, Kreft B, Schnoy N, LajousPetter AM, Loch N, Reutter W, Hortsch M, Tauber
64179

Oncotarget

30. Yang J, Luo H, Li Y, Li J, Cai Z, Su X, Dai D, Du W,
Chen T, Chen M. Intratumoral heterogeneity determines
discordant results of diagnostic tests for human epidermal
growth factor receptor (HER) 2 in gastric cancer specimens.
Cell Biochem Biophys. 2012; 62:221-228.

R. Liver-intestine cadherin: molecular cloning and
characterization of a novel Ca(2+)-dependent cell adhesion
molecule expressed in liver and intestine. J Cell Biol. 1994;
125:1353-1369.
20. Shinozaki A, Ushiku T, Morikawa T, Hino R, Sakatani T,
Uozaki H, Fukayama M. Epstein-Barr virus-associated
gastric carcinoma: a distinct carcinoma of gastric phenotype
by claudin expression profiling. J Histochem Cytochem.
2009; 57:775-785.

31. Su MC, Yuan RH, Lin CY, Jeng YM. Cadherin-17 is a
useful diagnostic marker for adenocarcinomas of the
digestive system. Mod Pathol. 2008; 21:1379-1386.
32. Panarelli NC, Yantiss RK, Yeh MM, Liu Y, Chen YT.
Tissue-specific cadherin CDH17 is a useful marker of
gastrointestinal adenocarcinomas with higher sensitivity
than CDX2. Am J Clin Pathol. 2012; 138:211-222.

21. Halimi SA, Maeda D, Shinozaki-Ushiku A, Koso T,
Matsusaka K, Tanaka M, Arimoto T, Oda K, Kawana K,
Yano T, Fujii T, Fukayama M. Claudin-18 overexpression
in intestinal-type mucinous borderline tumour of the ovary.
Histopathology. 2013; 63:534-544.

33. Wong BW, Luk JM, Ng IO, Hu MY, Liu KD, Fan ST.
Identification of liver-intestine cadherin in hepatocellular
carcinoma--a potential disease marker. Biochem Biophys
Res Commun. 2003; 311:618-624.

22. Koseki K, Takizawa T, Koike M, Ito M, Nihei Z, Sugihara
K. Distinction of differentiated type early gastric carcinoma
with gastric type mucin expression. Cancer. 2000;
89:724-732.

34. Lee HJ, Nam KT, Park HS, Kim MA, Lafleur BJ, Aburatani
H, Yang HK, Kim WH, Goldenring JR. Gene expression
profiling of metaplastic lineages identifies CDH17
as a prognostic marker in early stage gastric cancer.
Gastroenterology. 2010; 139:213-225 e213.

23. Kanayama K, Imai H, Yoneda M, Hirokawa YS, Shiraishi
T. Significant intratumoral heterogeneity of human
epidermal growth factor receptor 2 status in gastric cancer:
A comparative study of immunohistochemistry, FISH,
and dual-color in situ hybridization. Cancer Sci. 2016;
107:536-542.

35. Ito R, Oue N, Yoshida K, Kunimitsu K, Nakayama H,
Nakachi K, Yasui W. Clinicopathological significant and
prognostic influence of cadherin-17 expression in gastric
cancer. Virchows Arch. 2005; 447:717-722.

24. Ye P, Zhang M, Fan S, Zhang T, Fu H, Su X, Gavine PR,
Liu Q, Yin X. Intra-Tumoral Heterogeneity of HER2,
FGFR2, cMET and ATM in Gastric Cancer: Optimizing
Personalized Healthcare through Innovative Pathological
and Statistical Analysis. PLoS One. 2015; 10:e0143207.

36. Long ZW, Zhou ML, Fu JW, Chu XQ, Wang YN.
Association between cadherin-17 expression and
pathological characteristics of gastric cancer: a metaanalysis. World J Gastroenterol. 2015; 21:3694-3705.

25. Stahl P, Seeschaaf C, Lebok P, Kutup A, Bockhorn M,
Izbicki JR, Bokemeyer C, Simon R, Sauter G, Marx AH.
Heterogeneity of amplification of HER2, EGFR, CCND1
and MYC in gastric cancer. BMC Gastroenterol. 2015; 15:7.

37. Ordonez NG. Cadherin 17 is a novel diagnostic marker for
adenocarcinomas of the digestive system. Adv Anat Pathol.
2014; 21:131-137.
38. Lin F, Shi J, Zhu S, Chen Z, Li A, Chen T, Wang HL, Liu
H. Cadherin-17 and SATB2 are sensitive and specific
immunomarkers for medullary carcinoma of the large
intestine. Arch Pathol Lab Med. 2014; 138:1015-1026.

26. Saito T, Kondo C, Shitara K, Ito Y, Saito N, Ikehara
Y, Yatabe Y, Yamamichi K, Tanaka H, Nakanishi H.
Comparison of intratumoral heterogeneity of HER2
expression between primary tumor and multiple organ
metastases in gastric cancer: Clinicopathological study of
three autopsy cases and one resected case. Pathol Int. 2015;
65:309-317.

39. Irino T, Nunobe S, Hiki N, Yamamoto Y, Hirasawa T,
Ohashi M, Fujisaki J, Sano T, Yamaguchi T. Laparoscopicendoscopic cooperative surgery for duodenal tumors: a
unique procedure that helps ensure the safety of endoscopic
submucosal dissection. Endoscopy. 2015; 47:349-351.

27. Nishida Y, Kuwata T, Nitta H, Dennis E, Aizawa M,
Kinoshita T, Ohtsu A, Ochiai A. A novel gene-protein assay
for evaluating HER2 status in gastric cancer: simultaneous
analyses of HER2 protein overexpression and gene
amplification reveal intratumoral heterogeneity. Gastric
Cancer. 2015; 18:458-466.

40. Hiki N, Nunobe S, Matsuda T, Hirasawa T, Yamamoto
Y, Yamaguchi T. Laparoscopic endoscopic cooperative
surgery. Dig Endosc. 2015; 27:197-204.
41. Tanaka M, Shibahara J, Fukushima N, Shinozaki A, Umeda
M, Ishikawa S, Kokudo N, Fukayama M. Claudin-18
is an early-stage marker of pancreatic carcinogenesis. J
Histochem Cytochem. 2011; 59:942-952.

28. Li S, Zhu X, Liu B, Wang G, Ao P. Endogenous molecular
network reveals two mechanisms of heterogeneity within
gastric cancer. Oncotarget. 2015; 6:13607-13627. doi:
10.18632/oncotarget.3633.

42. Shinozaki A, Shibahara J, Noda N, Tanaka M, Aoki T,
Kokudo N, Fukayama M. Claudin-18 in biliary neoplasms.
Its significance in the classification of intrahepatic
cholangiocarcinoma. Virchows Arch. 2011; 459:73-80.

29. Lee HE, Park KU, Yoo SB, Nam SK, Park do J, Kim
HH, Lee HS. Clinical significance of intratumoral HER2
heterogeneity in gastric cancer. Eur J Cancer. 2013;
49:1448-1457.

www.impactjournals.com/oncotarget

43. Sahin U, Koslowski M, Dhaene K, Usener D, Brandenburg
G, Seitz G, Huber C, Tureci O. Claudin-18 splice variant
64180

Oncotarget

48. Yao F, Kausalya JP, Sia YY, Teo AS, Lee WH, Ong AG,
Zhang Z, Tan JH, Li G, Bertrand D, Liu X, Poh HM, Guan
P, Zhu F, Pathiraja TN, Ariyaratne PN, et al. Recurrent
Fusion Genes in Gastric Cancer: CLDN18-ARHGAP26
Induces Loss of Epithelial Integrity. Cell Rep. 2015;
12:272-285.

2 is a pan-cancer target suitable for therapeutic antibody
development. Clin Cancer Res. 2008; 14:7624-7634.
44. Klamp T, Schumacher J, Huber G, Kuhne C, Meissner U,
Selmi A, Hiller T, Kreiter S, Markl J, Tureci O, Sahin U.
Highly specific auto-antibodies against claudin-18 isoform
2 induced by a chimeric HBcAg virus-like particle vaccine
kill tumor cells and inhibit the growth of lung metastases.
Cancer Res. 2011; 71:516-527.

49. Sato T, Kaneda A, Tsuji S, Isagawa T, Yamamoto S, Fujita T,
Yamanaka R, Tanaka Y, Nukiwa T, Marquez VE, Ishikawa
Y, Ichinose M, Aburatani H. PRC2 overexpression and
PRC2-target gene repression relating to poorer prognosis in
small cell lung cancer. Sci Rep. 2013; 3:1911.

45. Micke P, Mattsson JS, Edlund K, Lohr M, Jirstrom K,
Berglund A, Botling J, Rahnenfuehrer J, Marincevic M,
Ponten F, Ekman S, Hengstler J, Woll S, Sahin U, Tureci O.
Aberrantly activated claudin 6 and 18.2 as potential therapy
targets in non-small-cell lung cancer. Int J Cancer. 2014;
135:2206-2214.

50. Lei Z, Tan IB, Das K, Deng N, Zouridis H, Pattison S, Chua
C, Feng Z, Guan YK, Ooi CH, Ivanova T, Zhang S, Lee M,
Wu J, Ngo A, Manesh S, et al. Identification of molecular
subtypes of gastric cancer with different responses to PI3kinase inhibitors and 5-fluorouracil. Gastroenterology.
2013; 145:554-565.

46. Woll S, Schlitter AM, Dhaene K, Roller M, Esposito I,
Sahin U, Tureci O. Claudin 18.2 is a target for IMAB362
antibody in pancreatic neoplasms. Int J Cancer. 2014;
134:731-739.

51. Hubbell E, Liu WM, Mei R. Robust estimators for
expression analysis. Bioinformatics. 2002; 18:1585-1592.

47. Cancer Genome Atlas Research N. Comprehensive
molecular characterization of gastric adenocarcinoma.
Nature. 2014; 513:202-209.

www.impactjournals.com/oncotarget

64181

Oncotarget

