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Abstract: Cell adhesion molecule 4 (CADM4) is a novel tumor suppressor candidate. The prog-
nostic implications of CADM4 in gastric cancer have not been conclusively elucidated. Therefore,
we evaluated the clinicopathological significance and prognostic value of CADM4 expression in a
large series of patients with gastric adenocarcinoma. Immunohistochemical staining for CADM4
was performed on 534 gastric adenocarcinomas. We evaluated the associations between CADM4
expression and the clinicopathological and molecular characteristics of the adenocarcinomas. The

prognostic effect of CADM4 expression was evaluated by survival analyses. Low CADM4 expression

check for

updates was significantly associated with young age (p = 0.046), aggressive histological type (p < 0.001), high
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(p = 0.001), and perineural invasion (p = 0.001). Low CADM4 expression was more frequently ob-
served in tumors without human epidermal growth factor receptor 2 (HER2) amplification (p = 0.002).
Low CADM4 expression was associated with worse overall survival (p = 0.007) and recurrence-free
survival (p = 0.005) in the survival analyses. Low CADM4 expression was associated with aggressive
clinicopathological features and poor clinical outcomes. CADM4 can act as a tumor suppressor in
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gastric adenocarcinoma and can be considered a prognostic biomarker.
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1. Introduction

Gastric cancer is a leading cause of cancer-related deaths in the world. In 2020, gastric
cancer was the fifth most common type of newly diagnosed cancer cases and the fourth
most common cause of cancer-related death [1]. Although the incidence and mortality rates
of gastric cancer are gradually decreasing worldwide, there are many new cases in East Asia
including Korea and Japan [2]. Gastric cancer is a heterogeneous group that can be divided
based on distribution and histological patterns. In addition, gastric cancer can be classified
according to molecular drivers, and the molecular classification published by The Cancer
Genome Atlas (TCGA) research network is representative [3]. Each molecular subtype
is associated with clinical characteristics such as the prognosis following surgery, benefit
from chemotherapy, and the effect of anti-programmed cell death-1 (PD-1) antibodies [4].
Clinical research on a novel therapy targeting various biomarkers is underway, such as anti-
PD-1 antibodies (for tumors with microsatellite instability high phenotype or expressing
programmed cell death-ligand 1) and trastuzumab (for tumors with HER? positivity) used
in routine clinical practice [4].

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Diagnostics 2022, 12, 941. https:/ /doi.org/10.3390/diagnostics12040941 https:/ /www.mdpi.com/journal /diagnostics


https://doi.org/10.3390/diagnostics12040941
https://doi.org/10.3390/diagnostics12040941
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-6872-5986
https://orcid.org/0000-0003-3895-817X
https://orcid.org/0000-0002-7106-1279
https://orcid.org/0000-0001-9612-5323
https://orcid.org/0000-0001-9114-8438
https://orcid.org/0000-0002-8935-7414
https://doi.org/10.3390/diagnostics12040941
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12040941?type=check_update&version=2

Diagnostics 2022, 12, 941

20f11

Cell adhesion molecule 4 (CADM4/TSLL2/SynCAM4/Necl-4/IGSF4C) is one of the
immunoglobulin (IG) superfamily molecules and has structural similarity to tumor sup-
pressor in lung cancer 1 (TSLC1) [5]. TSLC1 is a novel tumor suppressor gene for non-small
cell lung cancer [6]. CADM4 shows significant homology with TSLC1, including a short
cytoplasmic domain that is considered to play a critical role in tumor suppressor activity [7].
Therefore, there have been several studies on CADM4 expression in cancer cells and its role
in the development or progression of cancer. In vitro studies on several types of cancer, in-
cluding prostate cancer, glioma, colon cancer, renal cell carcinoma, and lung cancer, showed
that CADM4 was overall down-regulated [7-11]. In addition, overexpression of CADM4
was efficient in suppressing the tumorigenicity of cancer cells [8,9,11]. Similar to these
results, a decrease in or loss of expression of CADM4 in tumor cells was associated with
aggressive clinicopathological phenotypes and poor prognosis, suggesting the potential of
CADMA4 as a tumor suppressor [10,12-18].

For gastric cancer, Song et al. reported that a lower expression level of CADM4 mRNA
was associated with aggressive features [19]. However, Sayar et al. could not reveal a
significant relationship between CADM4 expression and clinicopathological characteristics
in gastric cancer [16]. Therefore, in this study, we investigated the associations between
CADM4 expression and clinicopathological features of gastric cancer by performing im-
munohistochemical (IHC) staining on a large series of resected samples. In addition, the
associations between CADM4 expression and molecular characteristics including HER2
status were evaluated.

2. Materials and Methods
2.1. Patient Selection and Clinicopathological Data Collection

A total of 544 patients with gastric adenocarcinoma were enrolled retrospectively in
this study. All patients underwent surgical resection (gastrectomy or submucosal dissection)
between February 2005 and August 2010 at Hanyang University Hospital in the Republic
of Korea. We excluded 10 cases due to incomplete follow-up data or no available tumor
tissue and conducted the study with the remaining 534 cases. All tissue slides used at
the time of diagnosis and pathologic reports were reviewed by two pathologists (Bang, S.
and Shin, S.-].). We assessed pathologic features of tumor location, gross type, histological
type, Lauren classification, lymphatic or vascular invasion, perineural invasion, pT stage,
and pN stage. The histological type was assessed using the World Health Organization
classification for gastric adenocarcinoma, and the pathologic stage was assessed using
the 8th edition of the American Joint Committee on Cancer (AJCC). Medical records were
reviewed to obtain clinical information, including patient age, sex, and follow-up data.

2.2. Tissue Microarray Construction and Immunohistochemical Staining

Tissue microarray (TMA) construction was performed using a Tissue Microarray Set
(Labro, Seoul, Korea) and formalin-fixed paraffin-embedded tissues. All gastric cancer
tissues used in the study were resection specimens, and a representative portion of the
tumor was selected by light microscopy. Then, we obtained a 3.0 mm tissue core from
the donor block and transferred it to the recipient block (Labro, Seoul, Korea). Each TMA
consisted of 6 x 5 samples.

We cut 4-um-thick sections from each TMA block. IHC staining for CADM4 was
performed with a Benchmark XT automated staining system (Ventana Medical Systems,
Tucson, AZ, USA). Primary antibody against CADM4 (1:100, SAB4500746, Sigma-Aldrich,
St. Louis, MO, USA) was used according to the manufacturer’s instructions.

2.3. Interpretation of Immunohistochemical Staining

IHC staining assessment was performed by two pathologists (Bang, S. and Paik, S.)
without access to the clinical data. For semi-quantitative assessment, cytoplasmic stain-
ing of the tumor cells was assessed using the immunoreactive score (IRS) as previously
described [12]. The intensity of staining was categorized as 0 to 3 (0: negative, 1: weak,
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2: moderate, and 3: strong), and the proportion of staining was graded as 0 (0%), 1 (1-25%),
2 (26-50%), 3 (51-75%), and 4 (>75%). IRS was calculated as the product of the intensity
and proportion of staining and ranged from 0 to 12. A receiver operating characteristics
(ROC) curve analysis was used to determine optimal cutoff value. We divided the cases
into low expression (IRS < 4) and high expression (IRS > 4) groups, and these were used
for all statistical analyses.

2.4. Assessment of Molecular Characteristics

The TCGA Research Network proposed dividing the molecular classification of gastric
cancer into four molecular subtypes: Epstein—Barr virus (EBV), microsatellite instability
(MSI), genomic stability (GS), and chromosomal instability (CIN) [20]. To identify the MSI
subtype, we performed IHC staining on representative tumor sections. Four primary
antibodies against mismatch repair proteins were used: MLH1 (G168-728, Cell Marque,
Rocklin, CA, USA), PMS2 (MRQ-28, Cell Marque, CA, USA), MSH2 (G219-1129, Cell
Marque, CA, USA), and MSH6 (PU29, Leica Biosystems, Nussloch, Germany). If one or
more mismatch repair proteins was not expressed in all tumor cells, it was considered a
negative result and classified as an MSI subtype. EBV-encoded RNA in situ hybridization
(EBER-ISH) using an INFORM EBER Probe (Roche, Basel, Switzerland) was performed,
and cases showing diffuse positivity in tumor cells were classified as EBV subtype. GS and
CIN subtypes were not distinguished in our study.

IHC staining and silver DNA in situ hybridization (SISH) were used to determine
HER? status. Automatic staining was performed with anti-HER2 antibody on the whole
tumor sections according to the manufacturer’s instructions (4B5, Roche, Basel, Switzerland)
using the INFORM HER2 Dual ISH DNA probe cocktail (Roche, Basel, Switzerland). We
considered HER2-amplified cases as those with strong membranous reactivity (3+) in IHC
staining or with a HER2—-chromosome 17 ratio > 2.0 in SISH [21].

2.5. Statistical Analyses

All data were analyzed using SPSS software version 25.0 (IBM, Armonk, NY, USA).
Pearson’s chi-square test was performed to evaluate the correlations between CADM4
expression and clinicopathological characteristics and between CADM4 expression and
molecular characteristics. The Kaplan-Meier method with the log-rank test was used to
identify the influence of CADM4 expression on overall survival (OS) and recurrence-free
survival (RFS). The Cox proportional hazard model was used to determine the significant
prognostic factors. A two-tailed p-value < 0.05 was considered statistically significant.

3. Results
3.1. The Baseline Characteristics of Gastric Adenocarcinoma Patients

The median age of the patients was 60 years (range: 25-90), and the male/female ratio
was 2.32:1. Among the 534 patients, 45 (8.4%) underwent submucosal dissection, 253 (47.4%)
received gastrectomy alone, and 236 (44.2%) received gastrectomy with adjuvant chemother-
apy. In total, 103 (19.3%) patients received fluoropyrimidine-based chemotherapy, 6 (1.1%)
patients received platinum-based chemotherapy, and the remaining 127 (23.8%) patients
received combination therapy with fluoropyrimidine and platinum. No patients received
targeted therapy (including trastuzumab). None of the patients who underwent submu-
cosal dissection had clinically suspected lymph node metastasis. Of the patients, 340 (63.7%)
were diagnosed with early gastric cancer (pT1-2) and the remaining 194 patients (36.3%)
were diagnosed with advanced gastric cancer (pT3—4). No lymph node metastasis was
observed in 318 patients (59.6%, Nx + pN0). The clinicopathological characteristics of the
selected cases are summarized in Table 1.
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Table 1. Baseline characteristics of selected cases (n = 534).

Clinicopathologic Characteristics

Case No. (%)

Age, median (range, year)
Sex
Male
Female
Tumor size, mean (range, cm)
Location (center of tumor)
Cardia
Fundus
Body
Angle
Antrum
Pylorus
Gross type (early gastric cancer)
Typel
Type Ila
Type IIb
Type Ilc
Type III
Mixed
Borrmann type (advanced gastric cancer)
Borrmann type 1
Borrmann type 2
Borrmann type 3
Borrmann type 4
Histologic type
Tubular adenocarcinoma, well differentiated
Tubular adenocarcinoma, moderately differentiated
Tubular adenocarcinoma, poorly differentiated
Papillary adenocarcinoma
Mucinous adenocarcinoma
Poorly cohesive carcinoma (including signet ring cell carcinoma)
Other histologic subtypes *
Mixed adenocarcinoma
Lauren classification
Intestinal
Diffuse
Mixed
Indeterminate
Lymphovascular invasion
Present
Not identified
Perineural invasion
Present
Not identified
T category
pTla
pTlb
p12
pT3
pT4a
pT4b
N category
Nx
pNO
pN1
pN2
pN3a
pN3b

60 (25-90)

373 (69.9%)
161 (30.1%)
4.1 (0.3-20.0)

15 (2.8%)
2 (0.4%)
177 (33.1%)
23 (4.3%)
309 (57.9%)
8 (1.5%)

15 (5.1%)
28 (9.6%)
36 (12.3%)
159 (54.5%)

15 (5.1%)
39 (13.4%)

5 (2.1%)
52 (21.5%)
156 (64.5%)
29 (12.0%)

82 (15.4%)
129 (24.2%)
114 (21.3%)
2 (0.4%)
10 (1.9%)
107 (20.0%)
21 (3.9%)
69 (12.9%)

228 (42.7%)

135 (25.3%)

153 (28.7%)
18 (3.4%)

264 (49.4%)
270 (50.6%)

199 (37.3%)
335 (62.7%)

177 (33.1%)
115 (21.5%)
48 (9.0%)
101 (18.9%)
86 (16.1%)
7 (1.3%)

45 (8.4%)
273 (51.1%)
57 (10.7%)
62 (11.6%)
46 (8.6%)

51 (9.6%)
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Table 1. Cont.

Clinicopathologic Characteristics Case No. (%)
Stage (AJCC 8th edition)
1A 260 (48.7%)
IB 43 (8.1%)
A 53 (9.9%)
1B 33 (6.2%)
IIA 50 (9.4%)
1B 44 (8.2%)
1IC 51 (9.6%)
Treatment
Submucosal dissection 45 (8.4%)
Gastrectomy 253 (47.4%)
Gastrectomy + fluoropyrimidines 103 (19.3%)
Gastrectomy + platinum compounds 6 (1.1%)
Gastrectomy + fluoropyrimidines + platinum compounds 127 (23.8%)

* Other histologic subtypes, carcinoma with lymphoid stroma, hepatoid adenocarcinoma, micropapillary
adenocarcinoma.

3.2. Correlations between CADM4 Expression and Clinicopathological Characteristics

The cytoplasmic expression of CADM4 was detected, and representative photomi-
crographs are presented in Figure 1. CADM4 expression was reduced or absent in 303 of
534 gastric adenocarcinomas. Low CADM4 expression was significantly associated with
young age (p = 0.046), undifferentiated and other histologic types (p < 0.001), diffuse and
mixed types of Lauren subtype (p < 0.001), high pT category (p < 0.001), nodal metastasis
(p < 0.001), high stage (p = 0.002), lymphovascular invasion (p = 0.001), and perineural inva-
sion (p = 0.001). The patient’s sex and tumor location were not significantly associated with
CADM4 expression. The correlations between CADM4 expression and clinicopathological
characteristics are summarized in Table 2.
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Figure 1. Representative photomicrographs of immunohistochemical staining with CADM4 in gastric
adenocarcinoma ((a): negative, (b): weak, (c): moderate, (d): strong, x200).
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Table 2. Correlations between CADM4 expression and clinicopathological characteristics in patients
with gastric adenocarcinoma (1 = 534).

CADM4 Expression
Variables Low Expression (%) High Expression (%) p-Value
(n=303) (n =231)

Age 0.046
<65 years 195 (60.2%) 129 (39.8%)
>65 years 108 (51.4%) 102 (48.6%)

Sex 0.283
Female 97 (60.2%) 64 (39.8%)
Male 206 (55.2%) 167 (44.8%)

Location 0.845
Proximal 109 (56.2%) 85 (43.8%)
Distal 194 (57.1%) 146 (42.9%)

Histologic type * <0.001
Differentiated 77 (36.2%) 136 (63.8%)
Undifferentiated and others 226 (70.4%) 95 (29.6%)

Lauren classification <0.001
Intestinal 81 (35.5%) 147 (64.5%)
Diffuse and mixed 210 (72.9%) 78 (27.1%)
Indeterminate 12 (66.7%) 6 (33.3%)

pT category <0.001
pT1 and pT2 173 (50.9%) 167 (49.1%)
pT3 and pT4 130 (67.0%) 64 (33.0%)

Nodal status <0.001
Negative 157 (49.4%) 161 (50.6%)
Positive 146 (67.6%) 70 (32.4%)

Stage 0.002
I 154 (50.8%) 149 (49.2%)
I and 1I 149 (64.5%) 82 (35.5%)

Lymphovascular invasion 0.001
Not identified 135 (50.0%) 135 (50.0%)
Present 168 (63.6%) 96 (36.4%)

Perineural invasion 0.001
Not identified 172 (51.3%) 163 (48.7%)
Present 131 (65.8%) 68 (34.2%)

* Differentiated: well differentiated tubular adenocarcinoma, moderately differentiated tubular adenocarcinoma,
papillary adenocarcinoma; undifferentiated: poorly differentiated tubular adenocarcinoma, poorly cohesive
carcinoma; others: mucinous adenocarcinoma, other histologic subtypes; stage, AJCC 8th edition.

3.3. Correlations between CADM4 Expression and Molecular Characteristics

There was no significant correlation between CADM4 expression and the 35 (6.6%)
cases of EBV subtype or the 43 cases (8.1%) of MSI subtype. We identified 26 HER2 ampli-
fication cases (4.9%) that were not included in the EBV and MSI subtypes. Low CADM4
expression was more frequently observed in the tumors without HER2 amplification and
was statistically significant (p = 0.002, Table 3).

Table 3. Correlations between CADM4 expression and molecular characteristics in patients with
gastric adenocarcinoma (1 = 534).

CADM4 Expression
Variables Low Expression (%) High Expression (%) p-Value
(n =303) (n=231)
EBV status
Negative 283 (56.7%) 216 (43.3%) 0.960
Positive 20 (57.1%) 15 (42.9%)
MSI status
MSS 282 (57.4%) 209 (42.6%) 0.275
MSI 21 (48.8%) 22 (51.2%)
HER?2 status
No amplification 296 (58.3%) 212 (41.7%) 0.002
Amplification 7 (26.9%) 19 (73.1%)

Abbreviations: EBV, Epstein-Barr virus; MSS, microsatellite stable; MSI, microsatellite instability; HER2, human
epidermal growth factor receptor-2.
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3.4. CADM4 Expression and Prognostic Implication

We performed Cox regression analyses to investigate the significant clinicopatholog-
ical factors and to reveal the prognostic significance of CADM4 expression (Table 4). In
univariate analyses, low CADM4 expression (p = 0.007), old age (p < 0.001), diffuse and
mixed types of Lauren classification (p = 0.019), high stage (p < 0.001), lymphovascular
invasion (p < 0.001), perineural invasion (p < 0.001), and HER2 amplification (p = 0.049)
were associated with short OS. Low CADM4 expression (p = 0.006), undifferentiated
and other histological types (p < 0.001), diffuse and mixed type of Lauren classification
(p < 0.001), high stage (p < 0.001), lymphovascular invasion (p < 0.001), and perineural
invasion (p < 0.001) were associated with short RFS. There was no prognostic difference
according to MSI subtype and EBV subtype (data not shown). In multivariate analyses,
low CADM4 expression (p = 0.002), old age (p < 0.001), high stage (p < 0.001), perineu-
ral invasion (p = 0.030), and HER2 amplification (p = 0.010) were associated with short
OS, and high stage (p < 0.001) was associated with short RFS. The Kaplan—-Meier method
was used to reveal the prognostic significance of CADM4 expression. Patients with low
CADM¢4 expression showed significantly shorter OS and RFS (log-rank test, p = 0.007 and
p = 0.005, respectively; Figure 2) compared to those with high CADM4 expression. In the
HER?2 non-amplified cases, patients with low CADM4 expression had shorter OS and RFS
(log-rank test, p = 0.003 and p = 0.004, respectively). However, CADM4 expression did not
significantly affect OS and RFS in patients with HER2 amplification (Figure 3).
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Figure 2. Kaplan-Meier analyses for overall survival (a) and recurrence-free survival (b). Overall sur-
vival and recurrence-free survival were significantly worse in patients with low CADM4 expression
(Log-rank test, p = 0.007 and p = 0.005, respectively).

Table 4. Univariate and multivariate Cox regression analyses among gastric adenocarcinoma patients
(n = 534).

Overall Survival

Univariate Analysis Multivariate Analysis
Variables

HR 95% CI p-Value HR 95% CI p-Value
CADM4 expression (high vs. low) 1.523 1.119-2.073 0.007 1.695 1.215-2.367 0.002
Age group (<65 vs.> 65) 1.932 1.437-2.597 <0.001 2.064 1.520-2.801 <0.001
Histologic type * 1.301 0.956-1.771 0.094
Lauren classification 1.446 1.062-1.970 0.019 1.208 0.850-1.572 0.292
Stage (I vs. II, III) 3.996 2.902-5.502 <0.001 2.659 1.572-4.498 <0.001
LVI (not identified vs. present) 3.088 2.236-4.265 <0.001 1.197 0.736-1.948 0.468
PNI (not identified vs. present) 3.486 2.575-4.719 <0.001 1.659 1.051-2.620 0.030

HER?2 amplification (negative vs. positive) 1.763 1.002-3.102 0.049 2.135 1.197-3.809 0.010
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Table 4. Cont.
Recurrence-Free Survival
Univariate Analysis Multivariate Analysis
Variables
HR 95% CI p-Value HR 95% CI p-Value

CADM4 expression (high vs. low) 1.802 1.186-2.737 0.006 1.299 0.842-2.005 0.237
Age group (<65 vs. >65) 0.973 0.651-1.453 0.892
Histologic type * 2.966 1.819-4.837 <0.001
Lauren classification t 3.558 2.181-5.806 <0.001 1.387 0.822-2.342 0.221
Stage (I vs. II, III) 15.873 8.258-30.510 <0.001 6.708 2.644-17.019 <0.001
LVI (not identified vs. present) 11.721 6.099-22.524 <0.001 2.236 0.917-5.454 0.077
PNI (not identified vs. present) 8.349 5.162-13.505 <0.001 1.543 0.847-2.810 0.156
HER?2 amplification (negative vs. positive) 1.274 0.588-2.906 0.566

* Histologic type: differentiated vs. undifferentiated and others; * Lauren classification, intestinal vs. diffuse
and mixed; stage, AJCC 8th edition. Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; LVI,
lymphovascular invasion; PNI, perineural invasion; HER2, human epidermal growth factor receptor 2.
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Figure 3. Kaplan—Meier analyses in the HER2-negative group (a,b) and the HER2-positive group
(c,d). Overall survival and recurrence-free survival were significantly worse in patients with low
CADM4 expression in the HER2-negative group (Log-rank test, p = 0.003 and p = 0.004, respectively).
In the HER2-positive group, there was no significant difference in overall survival or recurrence-free
survival according to CADM4 expression.

4. Discussion

In this study, we performed IHC staining with CADM4 antibody on 534 gastric adeno-
carcinomas. We evaluated the associations of CADM4 expression with clinicopathological
features, prognostic significance, and molecular characteristics. Low expression of CADM4
was significantly associated with aggressive histological type, high pT category, nodal
metastasis, high stage, lymphovascular invasion, and perineural invasion. The results
suggest that CADM4 down-regulation is associated with aggressive clinicopathological
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features. Low CADM4 expression is an independent prognostic factor for OS by univariate
and multivariate Cox regression analyses. Low CADM4 expression was associated with
worse RFS in univariate analysis. However, it lost statistical significance in multivariate
analysis. Using Kaplan-Meier survival analyses, we determined that low CADM4 expres-
sion was associated with poor prognosis. Low CADM4 expression was not associated with
EBV or MSI subtype.

CADM4 is a potential prognostic biomarker and is thought to play a role as a tumor
suppressor. Jang et al. showed that the loss of CADM4 expression is relatively frequent in
colorectal adenocarcinomas and proposed that CADM4 plays an important role in cancer
progression and patient survival [12]. Jang et al. demonstrated that a loss of or decrease
in CADM4 expression likely plays an important role in breast cancer invasiveness and is
associated with worse biological parameters [13]. Kawanishi et al. suggested that negative
Necl-4 expression is associated with carcinogenesis and the aggressiveness of pancreatic
ductal adenocarcinomas [14]. Kim et al. reported that the loss of CADM4 expression is
associated with poor prognosis in patients with small intestinal adenocarcinoma [15]. Luo
et al. showed that down-regulation of CADM4 promotes tumor growth and metastasis in
non-small cell lung cancer [11], and Du et al. predicted CADM4 as a therapeutic target [22].

The mechanism regulating CADM4 expression in tumors is unknown. According to
the TCGA’s Pan-Cancer Atlas studies, genetic alterations of CADM4 have been reported
in only a small number of cases (2.38%). Several studies have revealed that TSLC1, which
has structural similarity to CADM4, is down-regulated by promoter methylation in some
tumors (30-60%) [23]. CADM4 expression is also irreversibly down-regulated in cancer
cells in several studies, and there is a possibility of a decrease in CADM4 expression due to
DNA methylation [24,25], but further study is needed.

Two previous studies have reported the expression of CADM4 in gastric cancer. Song
et al. demonstrated that the expression of CADM4 is down-regulated in gastric cancer
tissues and cell lines, and that down-regulation of CADM4 in patients without lymph
node metastasis is significantly associated with the degree of cell differentiation, depth of
tumor invasion, lymph node metastasis, and TNM stage [19]. Sayar et al. performed IHC
staining on 51 gastric cancer tissues and reported that expression of CADM4 at the protein
level does not show a significant association with tumor differentiation, lymphovascular
invasion, perineural invasion, depth of tumor invasion, vascular invasion, or metastasis [16].
In our study, we evaluate CADM4 expression in a large series of patients with gastric
adenocarcinoma. Our study reveals that low CADM4 expression is significantly associated
with aggressive clinicopathological features and poor prognosis. The relationships between
CADMH4 expression and molecular characteristics also are evaluated, and low CADM4
expression is more frequently observed in HER2-negative tumors.

In conclusion, we demonstrate the associations between low CADM4 expression and
aggressive clinicopathological features and clinical outcomes for gastric adenocarcinoma.
CADMA4 can act as a tumor suppressor in gastric adenocarcinoma. Future studies are
needed to define the molecular mechanisms regulating the expression of CADM4 and its
usefulness as a therapeutic target.

Author Contributions: S.P. built the research conception. S.J., H.S., H.C. and Y.K. performed a
review of histological material. J.S., H.P,, ].M. and H.K. assisted with the revision of the manuscript.
S.-].S. contributed to case selection and tissue microarray construction. S.B. drafted the manuscript.
H.K. and S.P. supervised the study. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by a research fund of Hanyang University (HY-202200000001036).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the Hanyang University Hospital
(IRB file No. HYUH 2019-04-032-001, approval date: 22 May 2019). The requirement for informed
consent was waived.



Diagnostics 2022, 12, 941 10 of 11

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209-249. [CrossRef]
Thrift, A.P; El-Serag, H.B. Burden of Gastric Cancer. Clin. Gastroenterol. Hepatol. 2020, 18, 534-542. [CrossRef] [PubMed]

Russo, A.E.; Strong, V.E. Gastric Cancer Etiology and Management in Asia and the West. Annu. Rev. Med. 2019, 70, 353-367.
[CrossRef] [PubMed]

Nakamura, Y.; Kawazoe, A.; Lordick, F; Janjigian, Y.Y.; Shitara, K. Biomarker-targeted therapies for advanced-stage gastric and
gastro-oesophageal junction cancers: An emerging paradigm. Nat. Rev. Clin. Oncol. 2021, 18, 473-487. [CrossRef] [PubMed]
Fukami, T.; Satoh, H.; Williams, Y.N.; Masuda, M.; Fukuhara, H.; Maruyama, T.; Yageta, M.; Kuramochi, M.; Takamoto, S.;
Murakami, Y. Isolation of the mouse Tsll1 and Tsll2 genes, orthologues of the human TSLC1-like genes 1 and 2 (TSLL1 and
TSLL2). Gene 2003, 323, 11-18. [CrossRef] [PubMed]

Kuramochi, M.; Fukuhara, H.; Nobukuni, T.; Kanbe, T.; Maruyama, T.; Ghosh, H.P; Pletcher, M.; Isomura, M.; Onizuka, M.;
Kitamura, T.; et al. TSLC1 is a tumor-suppressor gene in human non-small-cell lung cancer. Nat. Genet. 2001, 27, 427-430.
[CrossRef] [PubMed]

Fukuhara, H.; Kuramochi, M.; Nobukuni, T.; Fukami, T.; Saino, M.; Maruyama, T.; Nomura, S.; Sekiya, T.; Murakami, Y. Isolation
of the TSLL1 and TSLL2 genes, members of the tumor suppressor TSLC1 gene family encoding transmembrane proteins. Oncogene
2001, 20, 5401-5407. [CrossRef] [PubMed]

Williams, Y.N.; Masuda, M.; Sakurai-Yageta, M.; Maruyama, T.; Shibuya, M.; Murakami, Y. Cell adhesion and prostate tumor-
suppressor activity of TSLL2/IGSF4C, an immunoglobulin superfamily molecule homologous to TSLC1/IGSF4. Oncogene 2006,
25,1446-1453. [CrossRef]

Raveh, S.; Gavert, N.; Spiegel, I.; Ben-Ze’ev, A. The cell adhesion nectin-like molecules (Necl) 1 and 4 suppress the growth and
tumorigenic ability of colon cancer cells. J. Cell Biochem. 2009, 108, 326-336. [CrossRef]

Nagata, M.; Sakurai-Yageta, M.; Yamada, D.; Goto, A.; Ito, A.; Fukuhara, H.; Kume, H.; Morikawa, T.; Fukayama, M.; Homma, Y.;
et al. Aberrations of a cell adhesion molecule CADM4 in renal clear cell carcinoma. Int. J. Cancer 2012, 130, 1329-1337. [CrossRef]
Luo, E; Zhao, Y;; Liu, J. Cell adhesion molecule 4 suppresses cell growth and metastasis by inhibiting the Akt signaling pathway
in non-small cell lung cancer. Int. |. Biochem. Cell Biol. 2020, 123, 105750. [CrossRef] [PubMed]

Jang, SM.; Han, H.; Jun, YJ.; Jang, S.H.; Min, KW.; Sim, J.; Ahn, H.IL; Lee, K.H.; Jang, K.S.; Paik, S.S. Clinicopathological
significance of CADM4 expression, and its correlation with expression of E-cadherin and Ki-67 in colorectal adenocarcinomas. J.
Clin. Pathol. 2012, 65, 902-906. [CrossRef] [PubMed]

Jang, SM.; Sim, J.; Han, H.; Ahn, H.I,; Kim, H.; Yi, K;; Jun, Y.J.; Rehman, A.; Chung, M.S,; Jang, K.; et al. Clinicopathological
significance of CADM4 expression in invasive ductal carcinoma of the breast. J. Clin. Pathol. 2013, 66, 681-686. [CrossRef]
[PubMed]

Kawanishi, A.; Hirabayashi, K.; Yamada, M.; Takanashi, Y.; Hadano, A.; Kawaguchi, Y.; Nakagohri, T.; Nakamura, N.; Mine,
T. Clinicopathological significance of Necl-4 expression in pancreatic ductal adenocarcinoma. J. Clin. Pathol. 2017, 70, 619-624.
[CrossRef] [PubMed]

Kim, KJ.; Kim, J.Y.; Hong, S.M.; Gu, M.J. Loss of CADM4 expression is associated with poor prognosis in small intestinal
adenocarcinomas. APMIS 2017, 125, 437-443. [CrossRef]

Sayar, I.; Gokce, A.; Demirtas, L.; Eken, H.; Cimen, EK.; Cimen, O. Necl 4 and RNase 5 Are Important Biomarkers for Gastric and
Colon Adenocarcinomas. Med. Sci. Monit. 2017, 23, 2654-2659. [CrossRef] [PubMed]

Saito, M.; Goto, A.; Abe, N.; Saito, K.; Maeda, D.; Ohtake, T.; Murakami, Y.; Takenoshita, S. Decreased expression of CADM1 and
CADMH4 are associated with advanced stage breast cancer. Oncol. Lett. 2018, 15, 2401-2406. [CrossRef]

Kanke, Y,; Saito, M.; Abe, N.; Saito, K.; Goto, A.; Ohtake, T.; Murakami, Y.; Kono, K. Expression profile of CADM1 and CADM4 in
triple negative breast cancer with primary systemic therapy. Oncol. Lett. 2019, 17, 921-926. [CrossRef]

Song, J.; Dong, W.-G.; Guo, R.-F,; Nie, H. Expression of Cell Adhesion Molecule 4 in Gastric Cancer Tissue and Its Effect on
Apoptosis, Autophagia, Invasion and Metastasis of Gastric Cancer Cell Line bgc-823. Acta Med. Mediterr. 2020, 36, 3271-3275.
Cancer Genome Atlas Research, N. Comprehensive molecular characterization of gastric adenocarcinoma. Nature 2014, 513,
202-209. [CrossRef]

Ruschoff, ].; Hanna, W.; Bilous, M.; Hofmann, M.; Osamura, R.Y.; Penault-Llorca, F.; van de Vijver, M.; Viale, G. HER2 testing in
gastric cancer: A practical approach. Mod. Pathol. 2012, 25, 637-650. [CrossRef] [PubMed]

Du, L,; Borkowski, R.; Zhao, Z.; Ma, X.; Yu, X,; Xie, X.J.; Pertsemlidis, A. A high-throughput screen identifies miRNA inhibitors
regulating lung cancer cell survival and response to paclitaxel. RNA Biol. 2013, 10, 1700-1713. [CrossRef] [PubMed]

Sugiyama, H.; Mizutani, K.; Kurita, S.; Okimoto, N.; Shimono, Y.; Takai, Y. Interaction of Necl-4/CADM4 with ErbB3 and integrin
alpha6 beta4 and inhibition of ErbB2/ErbB3 signaling and hemidesmosome disassembly. Genes Cells 2013, 18, 519-528. [CrossRef]
[PubMed]


http://doi.org/10.3322/caac.21660
http://doi.org/10.1016/j.cgh.2019.07.045
http://www.ncbi.nlm.nih.gov/pubmed/31362118
http://doi.org/10.1146/annurev-med-081117-043436
http://www.ncbi.nlm.nih.gov/pubmed/30355265
http://doi.org/10.1038/s41571-021-00492-2
http://www.ncbi.nlm.nih.gov/pubmed/33790428
http://doi.org/10.1016/j.gene.2003.09.018
http://www.ncbi.nlm.nih.gov/pubmed/14659875
http://doi.org/10.1038/86934
http://www.ncbi.nlm.nih.gov/pubmed/11279526
http://doi.org/10.1038/sj.onc.1204696
http://www.ncbi.nlm.nih.gov/pubmed/11536053
http://doi.org/10.1038/sj.onc.1209192
http://doi.org/10.1002/jcb.22258
http://doi.org/10.1002/ijc.26160
http://doi.org/10.1016/j.biocel.2020.105750
http://www.ncbi.nlm.nih.gov/pubmed/32325280
http://doi.org/10.1136/jclinpath-2012-200730
http://www.ncbi.nlm.nih.gov/pubmed/22718847
http://doi.org/10.1136/jclinpath-2012-201405
http://www.ncbi.nlm.nih.gov/pubmed/23559354
http://doi.org/10.1136/jclinpath-2016-204028
http://www.ncbi.nlm.nih.gov/pubmed/27980052
http://doi.org/10.1111/apm.12684
http://doi.org/10.12659/MSM.902648
http://www.ncbi.nlm.nih.gov/pubmed/28561015
http://doi.org/10.3892/ol.2017.7536
http://doi.org/10.3892/ol.2018.9727
http://doi.org/10.1038/nature13480
http://doi.org/10.1038/modpathol.2011.198
http://www.ncbi.nlm.nih.gov/pubmed/22222640
http://doi.org/10.4161/rna.26541
http://www.ncbi.nlm.nih.gov/pubmed/24157646
http://doi.org/10.1111/gtc.12056
http://www.ncbi.nlm.nih.gov/pubmed/23611113

Diagnostics 2022, 12, 941 11 of 11

24. Yamana, S.; Tokiyama, A.; Mizutani, K.; Hirata, K; Takai, Y.; Rikitake, Y. The Cell Adhesion Molecule Necl-4/CADM4 Serves as a
Novel Regulator for Contact Inhibition of Cell Movement and Proliferation. PLoS ONE 2015, 10, e0124259. [CrossRef]

25. Dreval, K,; Tryndyak, V.; de Conti, A.; Beland, F.A.; Pogribny, I.P. Gene Expression and DNA Methylation Alterations During
Non-alcoholic Steatohepatitis-Associated Liver Carcinogenesis. Front. Genet. 2019, 10, 486. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pone.0124259
http://doi.org/10.3389/fgene.2019.00486
http://www.ncbi.nlm.nih.gov/pubmed/31191608

	Introduction 
	Materials and Methods 
	Patient Selection and Clinicopathological Data Collection 
	Tissue Microarray Construction and Immunohistochemical Staining 
	Interpretation of Immunohistochemical Staining 
	Assessment of Molecular Characteristics 
	Statistical Analyses 

	Results 
	The Baseline Characteristics of Gastric Adenocarcinoma Patients 
	Correlations between CADM4 Expression and Clinicopathological Characteristics 
	Correlations between CADM4 Expression and Molecular Characteristics 
	CADM4 Expression and Prognostic Implication 

	Discussion 
	References

