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Abstract

Background The investigational use of zolbetuximab (IMAB362), a groundbreaking monoclonal antibody medica-
tion targeting claudin 18.2 (CLDN18.2), for treatment of advanced gastrointestinal cancers is currently underway.
The unclear clinicopathological characteristics and tumour immune microenvironment of CLDN18.2-positive gastric
cancer (GC) make it difficult to develop and optimize CLDN18.2-targeted therapies.

Methods A total of 451 tumour tissues, 342 matched paraneoplastic tissues, and 107 matched metastatic lymph
nodes were collected from GC patients. These specimens were stained for CLDN18.2 expression and quantified using
immunohistochemistry (IHC). Correlations between CLDN18.2 expression and clinicopathological features as well

as immune-related factors were analysed. Survival curves were drawn using the Kaplan—Meier approach, and inde-
pendent factors affecting GC prognosis were identified using Cox regression analysis. Information from relevant
databases was used for corroboration.

Results Expression of the CLDN18.2 gene was significantly lower in gastric tumour tissues than in normal tissues
(p<0.001) but comparable in metastatic lymph nodes (p=0.851). CLDN18.2 expression was significantly associ-
ated with Borrmann type, degree of differentiation, PD-L1 expression, and survival in GC patients and was identified
as an independent risk factor for patient prognosis (HR=1.57,95% Cl 1.16-2.11, p=0.003). There was no correlation
between CLDN18.2 expression and HER2, Lauren type, tumour size, TNM stage, or any other clinicopathological
characteristic. In CLDN18.2-positive tumours, fractions of CD4+T cells and CD8+T cells were significantly higher
than those in CLDN18.2-negative tumours. Patients with CLDN18.2-negative expression and significant CD4 +T-cell
or CD8+T-cell infiltration had the best prognosis (5-year OS: 61.0%, P=0.036; 5-year OS: 62.2%, P=0.034).

Conclusions CLDN18.2 is expressed at a low level in tumour tissues and serves as an independent prognostic factor
for patients with GC. Furthermore, CLDN18.2 correlates with immune infiltrating cells and PD-L1 expression.
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Introduction

Gastric cancer (GC) is the fifth most common form of
cancer worldwide and ranks as the fourth leading cause
of cancer-related death [1]. The majority of GC cases
are diagnosed at an advanced stage, which leads to poor
prognosis for patients [2]. While several molecular tar-
gets have been investigated in clinical trials, only HER2-
targeted trastuzumab and immune checkpoint inhibitors
such as pembrolizumab or nivolumab have demonstrated
effective response rates and been established as standard
first-line therapies for advanced GC [3, 4]. There is an
urgent need for development of new therapeutic targets
and precise treatment regimens to improve the survival
rate of patients with advanced GC.

Claudins (CLDNS) are a class of tight junction proteins
that regulate the selective permeability and ion homeo-
stasis of epithelial cells and mediate intercellular adhe-
sion [5]. The human claudin gene family consists of 27
known members, each selectively facilitating passage
of charged and uncharged solutes in a distinct manner.
Claudin expression determines paracellular permeability,
and expression of specific claudin family members varies
across tissues. In the stomach, claudin-18 (CLDN18.2)
is the most abundant form, whereas claudin-18.1 is pre-
dominantly expressed in the lung [6]. Cancer patients
show claudin-18 deficiency (both pulmonary and gas-
tric subtypes) early in the Correa cascade [7], and clau-
din-18 deficiency is an independent predictor of poor
prognosis in cancer patients [8]. However, isoform 2 of
claudin-18 (CLDN18.2), encoded by the CLDN18 gene,
is typically inaccessible to antibodies due to its location
within tight junctions of gastric mucosal cells. Nonethe-
less, during malignant transformation and loss of cell
polarity, CLDN18.2 becomes exposed on the surface of
tumour cells and is expressed in a significant propor-
tion of primary gastric cancers and their metastases [9].
These unique features have drawn attention to the role of
CLDN18.2 as a potential therapeutic target in GC.

Zolbetuximab is a first-in-class chimeric monoclo-
nal IgG1 antibody that binds to CLDN18.2 and induces
tumour cell death through antibody-dependent cyto-
toxicity (ADCC) and complement-dependent cyto-
toxicity (CDC) mechanisms [10-12]. A randomized
phase II study (FAST) showed that in advanced gastric
adenocarcinoma patients with CLDN18.2 expression,
addition of zolbetuximab to first-line EOX therapy
improved progression-free survival (PFS) and overall
survival (OS) compared to EOX alone. Zolbetuximab
plus EOX is generally well tolerated, with manageable
adverse events [12]. Based on the therapeutic advan-
tage observed in the overall patient population and in
patients with moderate-to-strong CLDN18.2 expres-
sion in at least 70% of tumour cells, zolbetuximab
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800/600 mg/m2 is being evaluated in phase III trials.
In the MONO trial (phase Ila), zolbetuximab demon-
strated a 9% objective response rate (ORR) and a 23%
clinical benefit rate as second-line and subsequent first-
line therapy for GC [13]. According to the latest results
of a global phase III randomized trial (SPOTLIGHT)
[14], zolbetuximab plus mFOLFOX6 significantly
reduced patients’ risk of disease progression or death
compared to mFOLFOX6 alone in CLDN18.2-positive
and HER2-negative advanced gastric or gastroesopha-
geal junction adenocarcinoma. Another global phase
III trial, GLOW (NCT03653507), is currently compar-
ing the therapeutic efficacy of CAPOX plus zolbetuxi-
mab versus CAPOX plus placebo in CLDN18.2-positive
GC patients with recurrence or metastasis [15].

Recent retrospective studies have investigated the
clinicopathological characteristics and prognostic
implications of CLDN18.2-positive GC [16—19]. A Jap-
anese retrospective study reported significantly higher
CLDN18.2 expression in GCs of the diffuse histologi-
cal subtype according to the Lauren classification and
in high-grade (G3) tumours [19]. Another study by Jia
K et al. explored the relationship between CLDN18.2
expression, clinicopathological characteristics, and
immunotherapy outcomes in GC patients, finding that
CLDN18.2-positive tumours had a significantly higher
fraction of CD8+T cells than CLDN18.2-negative
tumours [20]. Tumour-infiltrating immune cells exhibit
diverse phenotypes and functions, which can have
both protumorigenic and antitumorigenic effects [21].
Understanding interactions among various components
of the tumour microenvironment may provide insights
into the biology of GC [22]. However, few studies have
investigated the association between CLDN18.2 and
HER2, PD-L1, and the tumour immune microenvi-
ronment in GC patients without prior preoperative
anticancer treatment, including chemotherapy, radio-
therapy, biotherapy, or immunotherapy.

The goal of this research was to explore expression
of CLDN18.2 in gastric cancer, its clinical significance,
and its relationship with the tumour immune micro-
environment. In this study, we evaluated the expres-
sion level of CLDN18.2 in 451 tumour tissues, 342
paracancerous tissues, and 107 metastatic lymph nodes
using immunohistochemistry (IHC). We also investi-
gated independent factors influencing the prognosis
of GC using Cox regression analysis, and we assessed
TILs (CD3+T cells, CD4+T cells, and CD8+T cells),
HER2, PD-L1, and Foxp3 expression levels to explore
their correlation with CLDN18.2. To support our find-
ings, we incorporated information from several public
medical databases.
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Materials and methods

Patient samples

From March 2008 to August 2017, we selected a total of
451 gastric cancer (GC) patients admitted to the Cancer
Hospital of Chinese Academy of Sciences (Zhejiang Can-
cer Hospital). The following inclusion criteria were used:
(1) all of the samples had a pathological diagnosis of gas-
tric cancer; (2) no antitumour treatment, such as chemo-
radiotherapy, biotherapy, or immunotherapy, had been
administered before surgery; and (3) the patients’ medi-
cal records were complete. The exclusion criteria were as
follows: (1) other types of malignant tumours; (2) metas-
tasis from other malignant tumours; and (3) severe car-
diopulmonary insufficiency, renal insufficiency, and other
underlying diseases.

The study population consisted of 451 GC patients
who underwent surgery at our centre. Haematoxylin
and eosin (H&E)-stained sections were prepared for
each patient’s surgically removed tumour. Paracancer-
ous tissue was defined as tissue 2 cm from the edge of the
tumour lesion, and in this study, the corresponding para-
cancerous tissue was obtained next to the tumour tissue.
Metastatic lymph nodes were also obtained from these
451 gastric cancer patients. All available slides for the
patients enrolled in this study were rereviewed following
a standard histologic protocol by two pathology doctors
holding the rank of Associate Chief Physician or above.

We collected a total of 451 tumour tissue samples,
342 paracancerous tissue samples, and 107 metastatic
lymph node samples. The collected gastric tumour tis-
sues, paracancerous tissues, and metastatic lymph nodes
were treated with 4% paraformaldehyde and embedded
in paraffin. Immunohistochemistry was performed on
tissue microarrays prepared from these paraffin-embed-
ded tissues to detect expression of CLDN18.2, Foxp3,
HER?2, and PD-L1 and CD3+T cells, CD4+T cells, and
CD8+T cells. Clinicopathological and survival data for
the 451 patients were obtained through telephone fol-
low-up and review of inpatient medical records. The col-
lected data included patient age, sex, history of smoking,
alcohol consumption, weight, family history of cancer,
tumour location, Borrmann type, Lauren type, degree of
differentiation, pathological type, tumour size, T stage, N
stage, M stage, TNM stage, and tumour markers. TNM
staging of gastric cancer was based on the eighth edition
of the American Joint Committee on Cancer’s (AJCC)
staging criteria.

Immunohistochemical evaluation

After collection, the specimens of gastric tumour tis-
sues, paracancerous tissues, and metastatic lymph nodes
were fixed in formalin and embedded in paraffin. Two
pathologists independently examined the samples, and
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representative samples of gastric tumour tissue, para-
cancerous tissue, and metastatic lymph nodes were
selected for preparation of tissue microarrays. Among
them, 2 tissue cores were taken from each case of gastric
tumour tissue, 1 tissue core from each case of paracan-
cerous tissue, and 1 tissue core from each case of meta-
static lymph node. The tissue sections were dewaxed and
rinsed with distilled water, followed by antigen retrieval.
Subsequently, the tissue sections were rinsed three times
for 5 min each with PBS. Immunohistochemistry was
performed using specific antibodies against CLDN18.2,
CD3+T cells, CD4+T cells, CD8 + T cells, Foxp3, HER2,
and PD-L1. The antibodies used were against CLDN18.2
(Abcam, ab222512, dilution ratio 1:200), CD3+T
(Abcam, ab16669, dilution ratio 1:200), CD4+ T (Abcam,
ab133616, dilution ratio 1:200), CD8+T (Abcam,
ab17147, dilution ratio 1:200), Foxp3 (Abcam, ab20034,
dilution ratio 1:300), HER2 (Ventana, 790-4493), and
PD-L1 (DAKO/Agilent, SK006, dilution ratio 1:50). The
tissue microarrays were incubated overnight at 4 °C with
the respective primary antibodies, followed by washing
with PBS three times for 5 min each. Then, the appropri-
ate secondary antibodies, i.e., goat anti-rabbit IgG H&L
(PV-9003, ZSGB-BIO Corp., Shanghai, China; dilution
ratio 1:1000) or goat anti-mouse IgG H&L (ISH-7003,
ZSGB-BIO Corp., Shanghai, China; dilution ratio 1:500),
were added. After incubation for 30 min, the slides were
washed with PBS for 5 min three times. DAB colour
development and haematoxylin staining of cell nuclei
were performed using a DAB colour development kit
(ZLI-9065, ZSGB-BIO Corp., Shanghai, China). Finally,
the tissue microarrays were dehydrated and sealed with
neutral gel closure (G8590, Solarbio, Beijing, China).

For detection of HER2 in gastric cancer, immunohis-
tochemistry (IHC) was used as the preferred method
based on the guidelines for detection of HER2 in gastric
cancer from 2011 to 2016 [23]. Cases with IHC 3 +were
classified as HER2 positive; patients with IHC 1+and
IHC 0 were classified as HER2 negative. Cases with IHC
2+were considered “uncertain” and required further
testing by in situ hybridization to confirm the HER2 sta-
tus. If amplification was detected, the case was classified
as HER2 positive, and if no amplification was detected, it
was classified as HER2 negative.

Expression of PD-L1 was evaluated using the combined
positive score (CPS), which is calculated by dividing the
number of PD-L1-positive cells (including tumour cells,
lymphocytes, and macrophages) by the total number
of tumour cells. The CPS evaluation criteria involved
the presence of membrane staining in tumour cells at
any intensity, as well as membrane/cytoplasmic stain-
ing in lymphocytes and macrophages. The stained cells
are expressed as a percentage of the total tumour cells,
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excluding necrotic cells, mesenchymal cells, carcinoma
in situ, and other immune cells such as neutrophils,
eosinophils, and plasma cells [24]. CPS was calculated
as CPS= [number of PD-Ll-positive cells (tumour
cells, lymphocytes, macrophages)/total tumour cells]
X 100. CPS>10 was scored as positive. The number of
CD3+T, CD4+T and CD8+T cells on the microarrays
was counted. Patients were categorized into high and
low expression groups based on the median number of
stained cells.

Membrane expression of CLDN18.2 was assessed using
the H-score system. The H-score was calculated using the
Formula H-score = } (IS x AP), where IS represents the
staining intensity and AP represents the percentage of
positively stained tumour cells. The staining intensity (IS)
was assigned a value between 0 and 3 (0=no staining,
1=weak staining, 2=intermediate staining, 3=strong
staining); the percentage of positively stained cells (AP)
was assigned a value between 0 and 4 (0=0%, 1=1-25%,
2=26-50%, 3=51-75%, 4=76—100%). When assessing
the percentage of positively stained cells, the cancer cells/
epithelial cells in the normal adjacent tissue as well as the
stromal compartment were included. The H-score ranges
from O to 12, and an H-score of 1 or above indicates
CLDN18.2-positive expression; an H-score of 0 indi-
cates CLDN18.2-negative expression. Additionally, a cut-
off value of H-score=6 was defined to determine high
expression (H-score > 6) and low expression (H-score < 6)
groups.

Bioinformatics analysis

Expression of the CLDN18 gene in normal gastric tis-
sue and gastric cancer was analysed using TNMplot.com
(https://tnmplot.com/analysis/), which allows for online
analysis of The Cancer Genome Atlas (TCGA), Geno-
type-Tissue Expression, and Gene Expression Omnibus
(GEO) data [25].

The KM plotter tool was utilized to assess the effect
of CLDNI18 on survival in gastric cancer. KM plotter is
based on databases from TCGA, GEO, and European
Genome-phenome Archive (https://kmplot.com/analy
sis/). In addition, the Gene Expression Profiling Inter-
active Analysis (GEPIA) database, available at http://
GEPIA.cancer-pku.cn, was used to analyse the impact of
CLDN18 on survival in gastric cancer [26].

The TISIDB database (http://cis.hku.hk/TISIDB) was
employed to examine relationships between CLDN18
expression and tumour-infiltrating lymphocytes (TILs),
immunoinhibitors, and immunostimulators in gastric
cancer [27]. Differential expression analysis was con-
ducted using the TIMER database (https://cistrome.shiny
apps.io/timer/) [28].

Page 4 of 14

Statistical analysis

Statistical analysis was conducted utilizing SPSS version
26.0 for Mac software (IBM Corp., Chicago, IL, USA). The
chi-square and Fisher’s exact tests were utilized to compare
categorical variables. One sample t test was used for com-
parison of two groups of continuous variables. One-way
ANOVA was used for comparison of multiple continuous
variables. The Kaplan-Meier technique and the log-rank
test were used to determine survival rates. We determined
the hazard ratios (HRs) using Cox proportional hazards
regression with 95% confidence intervals (CIs). Cancer
mortality was designated as the endpoint. A P value<0.05
was considered significant to include variables in Cox
regression multivariate analysis. For each important vari-
able, HRs and 95% ClIs were calculated and compared to
the reference category. A P value<0.05 was considered
significant. A forest plot was formulated using R 4.2.1 (The
R Foundation for Statistical Computing, Vienna, Austria)
with the forestmodel and survival packages.

Results

CLDN18.2 is expressed at low levels in gastric tumours

and correlates negatively with the prognosis of patients
According to the analysis conducted at TNMplot.com,
gene expression of CLDN18 in gastric tumours was sig-
nificantly lower than that in normal tissues (Figure S1A, B,
P<0.01). However, when assessing the effect of CLDN18
expression on survival in gastric cancer patients using the
GEPIA database and KM plotter, no significant correlation
was found (Figure S1C, D, P>0.05).

In this study, the cut-oftf value for CLDN18.2 expres-
sion was an H-score of 1. A total of 245 tumour samples
(54.32%) showed positive expression of CLDN18.2; 206
samples were negative (Table 1). Representative images of
IHC staining for CLDN18.2 are shown in Fig. 1A. Among
the 342 matched patients, CLDN18.2 was positively
expressed in 187 (54.68%) tumour tissues and 339 (99.12%)
paracancerous tissues. High expression of CLDN18.2
(H-score>6) was significantly lower in tumour tissues
than in paracancerous tissues (Fig. 1B and 27.19% vs.
80.7%, p<0.001), indicating low expression of CLDN18.2
in gastric tumours. No significant differences in CLDN18.2
expression were found between gastric tumour tissues and
matched metastatic lymph nodes (Fig. 1C, p=0.851).

Kaplan—-Meier survival curves were utilized to analyse
the effect of CLDN18.2 on gastric cancer survival rates.

Table 1 Differential expression of CLDN18.2 in gastric cancer

Variables N Positive

rate(>1)

H-score=0 1<H-score<6 H-score>6

CLDN182 451 206 131 114 54.32%
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Fig. 1 ATissue microarrays of GC tumour tissues, paracancerous tissues and metastatic lymph nodes stained for the CLDN18.2 protein (4x and 20x
magnifications). B Differential expression of CLDN18.2 in tumour and paracancerous tissues of GC. C Differential expression of CLDN18.2 in tumour
tissues and metastatic lymph nodes of GC. D, E Kaplan—Meier OS curves of GC patients with different CLDN18.2 levels in tumour tissues (log-rank
test). * Statistically significant (P < 0.05). F-H Differences in CLDN18.2 expression levels by Borrmann type, Lauren type, and grade of differentiation
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Positive expression of CLDN18.2 was associated with
shorter overall survival (OS) in GC patients (Fig. 1D,
P=0.026). However, patients with high levels of
CLDN18.2 expression did not show a significantly worse
prognosis than those with low levels of CLDN18.2 expres-
sion (Fig. 1E). These findings suggest a potential negative
correlation between the level of CLDN18.2 expression in
gastric tumour tissues and patient prognosis.

Relationship between expression of the CLDN18.2 protein
and clinicopathological features

Based on Table 2, the expression level of CLDN18.2 in
gastric cancer showed little significant correlation with
various clinicopathological characteristics (chi-square
and Fisher’s exact tests), except for the level of PD-L1
expression (p=0.004). It is worth noting that this lack of
significant correlation may be due to the grouping vari-
able approach used in the analysis.

To further investigate the relationship between
CLDN18.2 expression levels and specific clinicopatholog-
ical features, we analysed the association with Borrmann
type (one sample t test), Lauren type (one-way ANOVA),
and grade of differentiation (one-way ANOVA) (Fig. 1F-
H). The analysis revealed that CLDN18.2 expression
levels were higher in Borrmann types I and II than in
Borrmann types III and IV (p=0.001). Additionally,
there was a strong correlation between the degree of
gastric tumour hypodifferentiation and high CLDN18.2
expression levels (p=0.0098). These findings suggest
that CLDN18.2 expression levels are associated with the
degree of tumour differentiation, Borrmann type, and
PD-L1 expression levels.

CLDN18.2 is an independent prognostic marker for gastric
cancer

Cox regression analysis was performed to explore fac-
tors outside of gastric cancer (GC) itself that might influ-
ence its prognosis. In univariate Cox analysis, positive
CLDN18.2 expression was found to correlate signifi-
cantly with overall survival (OS) (P=0.028). Additionally,
age, pT stage, pN stage, pTNM stage, tumour location,
and tumour size were also identified as significant factors
in univariate analysis (Table 3, all P<0.05).

Multivariate Cox analysis was conducted to further
examine the data that showed significance in univari-
ate analysis. The results revealed significant associations
between CLDN18.2 expression and OS (HR=1.37, 95%
CI=1.03-1.81, P=0.031), as well as age, pN stage, and
tumour size (Fig. 2, all P<0.05). These findings suggest
that CLDN18.2 expression may act as an independent
risk factor in gastric cancer.
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CLDN18.2 expression regulates the GC immunological
microenvironment

In our investigation of the immunological microenviron-
ment in gastric cancer (GC) patients, we observed strong
correlations between CLDN18.2 expression levels and
CD4+T cells, CD8+T cells, and B cells according to the
TISIDB database analysis (Figure S2A, all p<0.05). How-
ever, when examining the TIMER database, we found
that CLDN18.2 expression levels correlated with CD8+ T
cells and Foxp3 expression levels (p<0.05) but not with
CD4+T cells, B cells, CD274 (PD-L1) expression levels,
or ERBB2 (HER2) expression levels (Figure S3, p>0.05).
These discrepancies between the two databases may con-
tribute to the contradictions in the results.

In our assessment of HER2 expression using the IHC
method and PD-L1 expression using the combined posi-
tive score (CPS) in 451 GC samples, we found that nei-
ther HER2 nor PD-L1 expression levels significantly
affected the overall survival (OS) of patients (Fig. 3A,
B). The positive rate of HER2 and PD-L1 expression in
tumour tissues was higher than that in paracancerous tis-
sues (p<0.05, Fig. 3C, F), but there was no significant dif-
ference compared to metastatic lymph nodes (Fig. 3D, G).
We observed a positive correlation between CLDN18.2
expression levels and PD-L1 expression levels (p=0.004,
Fig. 3H), yet no significant correlation was found for
HER?2 expression levels (Fig. 3E).

In our evaluation of tumour-infiltrating lymphocytes
(TILs) and Foxp3 expression in tumour tissues using
immunohistochemistry (IHC) in 358 patients, patients
with high levels of CD4+T cells or CD8+T cells exhib-
ited better prognosis (Fig. 4C, E, all p<0.05). However,
levels of CD3+T cells and Foxp3 expression had no sig-
nificant effect on the prognosis of GC patients (Fig. 4A,
@G). Furthermore, we found that the number of CD3+T
cells and CD8+T cells correlated positively with the
level of CLDN18.2 expression (Fig. 4B, F) but not with
CD4+T cells and Foxp3 (Fig. 4D, H).

Additionally, we examined relationships between
CLDN18.2 expression and immunosuppressive molecules
(CD96, IL10RB, KDR, LGALS9, PVRL2, and VTCN1) as
well as immune agonist molecules (C10orf54, ICOSLG,
TNFRSF14, TNFRSF17, TNESF13, and TNFSF15) using
the TISIDB database (Figure S2B, C, all p<0.05).

CLDN18.2- + CD4high status and CLDN18.2- + CD8high
status predict better prognosis

We performed Kaplan-Meier survival analysis in our
investigation of the combined effects of CLDN18.2 with
tumour-infiltrating lymphocytes (TILs), PD-L1, HER2,
or Foxp3 on the prognosis of gastric cancer (GC) (Fig. 5).
The analysis showed that the CLDN18.2~ + CD4hieh
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Table 2 Correlations between CLDN18.2 expression levels and the clinicopathological features of gastric cancer patients

Variables CLDN18.2 expression Total Positive rate X2 Pvalue

Positive Negative

Age (year)
=65 117 95 212 55.2% 0.121 0.728
<65 128 111 239 53.6%

Sex
Female 67 54 121 55.4% 0.073 0.787
Male 178 152 330 53.9%

Family history (gastric cancer)
Yes 25 16 41 61% 0.381 0.537
No 180 142 322 55.9%

Smoking history
Yes 55 53 108 50.9% 1.925 0.165
No 150 105 255 58.8%

Drinking history
Yes 43 35 78 55.1% 0.073 0.787
No 162 123 285 56.8%

Weight loss
Yes 59 47 106 55.7% 0.057 0.811
No 146 110 256 57.0%

Tumour location
Proximal stomach 84 59 143 58.7% 2.755 0.252
Distal stomach 149 140 289 51.6%
Total stomach 11 6 17 64.7%

Borrmann type
1 81 48 129 62.8% 3617 0.057
/v 120 109 229 52.4%

Lauren type
Intestinal 142 105 247 57.5% 5.642 0.060
Diffuse 66 74 140 47.1%
Mixed 36 21 57 63.2%

Tumour size (cm)
>5 137 119 256 53.5% 0.250 0.617
<5 104 82 186 55.9%

Grade of differentiation
Well or Moderate 40 38 78 51.3% 3.369 0.186
Moderate-poor 84 51 135 62.2%
Poor 115 100 215 53.5%

Pathological type
Adenocarcinoma 231 186 417 55.4% 2.562 0.109
Others 14 20 34 41.2%

pT stage
T1/2 19 24 43 44.2% 2.022 0.155
T3/4 220 176 396 556

pN stage
NO/1 73 71 144 50.7% 1.213 0.271
N2/3 166 129 295 56.3%

pM stage
MO 220 186 406 54.2% 0.141 0.707
M1 19 14 33 57.6%
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Table 2 (continued)

Variables CLDN18.2 expression Total Positive rate X2 Pvalue

Positive Negative

pTNM stage
I/11 45 37 82 54.9% 0.008 0.930
/v 194 163 357 54.3%

AFP (ng/ml)
>8.1 10 10 20 50% 0432 0.511
<81 180 133 313 57.5%

CEA (ng/ml)
>5 48 38 86 57% 0.038 0.845
<5 142 107 249 55.8%

CA199 (U/ml)
>37 56 44 100 56% 0.030 0.863
<37 134 101 235 57%

CA724 (U/ml)
>6.9 26 29 55 47.3% 2.874 0.090
<69 157 106 263 59.7%

CA125 (U/ml)
>35 12 6 18 66.7% 0.635 0425
<35 161 121 282 57.1%

CA50 (U/ml)
>25 26 17 43 60.5% 0.283 0.595
<25 129 101 230 56.1%

HER2
Positive 17 24 41 41.5% 3.006 0.083
Negative 228 182 410 55.6%

PD-L1
Positive 74 38 112 66.1% 8.287 0.004*
Negative 171 168 339 50.4%

a) * Statistically significant (P <0.05)

group had the best prognosis, with a 5-year overall sur-
vival (OS) rate of 61.0%. In contrast, the CLDN18.2% +
CD4"" group had the worst prognosis, with a 5-year OS
rate of 45.3% (Fig. 5A, P=0.036). Prognostic value analy-
sis of CLDN18.2 combined with CD8+T cells showed
similar results. The CLDN18.2~ + CD8"&" group had
the best prognosis among the four groups, with a 5-year
OS rate of 62.2% (Fig. 5C, p=0.034). On the other hand,
combined analysis of CLDN18.2 with CD3+T cells,
HER?2, PD-L1, or Foxp3 did not show statistically signifi-
cant differences in prognosis (Fig. 5A, D-F, p>0.05).

In summary, the combination of CLDN18.2-negative
status with high levels of CD4+T cells or CD8+T cells
predicts better prognosis in GC.

Discussion

The prevalence of gastric cancer (GC) remains high
worldwide, with over one million new cases diagnosed
in 2020, and the disease has the fourth highest mortality

rate among men and the fifth highest mortality rate
among women of all malignancies [1]. Claudins, a fam-
ily of proteins involved in forming tight junctions, play
a crucial role in cell adhesion and are important targets
for therapeutic interventions [6]. CLDN18.2, a specific
subtype of claudin, is found in supramolecular complexes
formed between normal epithelial cells and is maintained
during malignant transformation, making it an attractive
target for antibody binding and immune recruitment [9].
CLDN18.2 has the potential to be an important therapeu-
tic molecule for patients with advanced GC, with a trend
towards benefit in those who have higher CLDN18.2
expression [12]. The main objective of this study was to
investigate differential expression of CLDN18.2 in gas-
tric tumour tissues, adjacent normal tissues, and meta-
static lymph nodes using immunohistochemistry (IHC)
and then to explore the correlation of CLDN18.2 expres-
sion with various clinicopathological features, includ-
ing survival. Additionally, we sought to investigate the
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relationship between CLDN18.2 and other factors, such
as HER2, PD-L1, Foxp3, and tumour-infiltrating lympho-

Parameters HR 95% ClI Pvalue
cytes (TILs).
Age (years) (265 vs. <65) 1332 1.013-1.751 0.040% Previous studies have reported downregulation of
Sex (male vs. female) 1.063 0.778-1452 0703 CLDNI18 in nearly half of GC cases, suggesting its poten-
Tumour Location <0.007*  tial as an early event in gastric carcinogenesis [7]. Stud-
Proximal gastric cancer 1373 1.026-1.837 0.033* ies involving CLDN18 knockout in mice revealed that its
Distal gastric cancer 1 deletion leads to tumour formation, even in the absence
Total stomach 3379 1.902-6.004 <0.001*  of Helicobacter pylori infection [29]. Our analysis using
Borrmann type (Il/IV vs. /1) 1.340 0.960-1.870 0.080 the TNMplot.com database showed significantly lower
Lauren type 0.063 expression of the CLDNI18 gene in gastric tumour tis-
Intestinal 1 sues than in normal tissues. In our cohort of 342 gastric
Diffuse 1247 0.920-1.691 0.155 tumour tissues and their corresponding adjacent tissues,
Mixed 1.570 1.052-2.344 0.027* we observed significantly lower positive expression of
Tumour size (cm) (=5 vs. <5) 1.708 1273-2.293 <0.001*  CLDN18.2 in tumour tissues (54.68%) than in adjacent
pT stage (T3/4vs. T1/2) 2.966 1.520-5.788 0.001* tissues (99.12%, p <0.001), which is consistent with data-
PN stage (N2/3 vs. NO/1) 3.038 2.101-4.392 <0.001*  base results. Several prior studies have also reported
PTNM stage (II/IV vs. /1) 2.299 1464-3.612 <0.001*  downregulation of CLDN18 as a characteristic of GC
HER2 1.106 0.704-1.737 0661 [8, 30, 31]. A low expression level of claudin proteins in
PD-L1 0.991 0.720-1.362 0.953 tumour cells is consistent with the concept of destruction
CLDN18.2 expression 1.366 1.035-1.803 0.028* of tight junctions leading to disruption of epithelial cell
a) * Statistically significant (P <0.05) cohesion and promoting cell invasiveness [32]. In addi-
tion, we did not find a significant difference in CLDN18.2
expression between gastric tumour tissues and corre-
sponding metastatic lymph nodes.
Variable N Hazard ratio P value
Age (year) <65 232 Iﬂl Reference
65 204 |} —=—i 1.52 (1.15, 2.00) 0.003
pN NO/1 144 Iil Reference
N2/3 292 | F——=—— | 3.05(2.10, 4.43) <0.001
CLDN18.2 Negative (H-score=0) 198 Iil Reference
Positive (H-score=1) 238 El+| 1.37 (1.03, 1.81) 0.031
size (cm) <5 182 Iﬁl Reference
>5 254 |1 —=— 1.57 (1.16,2.11) 0.003
’II 1.5 25 3 354

Fig. 2 Forest plot of the results of the multivariate COX regression model for exploring potential risk factors for OS in GC patients from the Zhejiang

Cancer Hospital



Wang et al. BMC Gastroenterology ~ (2023) 23:283
A Tumor tissue

i 00_5 p=0.658 (Log Rank ) — HER2+
= ] —— HER2-
2 ]
g
3 -
7 ]
= 50+ 5-year OS: 54.3%
5;: 5-year OS: 47.4%
o ]

0 : T I 1 T 1
0 20 40 60 80 100

Months after surgery

Cc D

p<0.001

B

o

=3
-
o
=3

©w

=1

o
®
o

=3 Tumor tissue

o
o

E@ Paracancerous tissue

B
o

-
=)
=3

Number of people with positive
and negative of HER2
N
(=3
o
N
o

Number of people with positive
and negative of HER2

'|1
@

p<0.001

'
o
=]

w
=3
=3

=3 Tumor tissue
E& Paracancerous tissue

-
=)
=3

Number of people with positive
and negative of PD-L1
S
o o

Number of people with positive
and negative of PD-L1

N NN N g
b M N » v o
& Q< R

Page 10 of 14
Tumor tissue
100 p=0.959 (Log Rank ) —— PD-L1+
= —— PD-L1-
2
§
7] 5-year OS: 53.0%
® 50 5-year OS: 53.7%
g
o
0-1 T T T T 1
0 20 40 60 80 100
Months after surgery
p=0.465

=3 Tumor tissue
E=& Metastatic lymph nodes

Number of people

0\'
Chi-square Value: 8.287
p=0.004
200
° 171 168
T 1s0 =
: 2 =
=3 Tumor tissue s =
=
E@ Metastatic lymph nodes 3 100 =
£
2 50 |
=
=
0 —_—
N N N N
N N N N
NN '\380 '1380 'vgo 'vgo
» ) 4 Vo
&P &S S S
& & & &
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in tumour tissues

In our patient cohort, positive expression of CLDN18.2
was associated with PD-L1 positivity, and lower
CLDN18.2 expression was observed in Borrmann
type 3/4 tumours and moderately or highly differenti-
ated tumours [20]. These findings differ from a study by
Kubota et al. [33], who reported an association between
CLDN18.2 positivity and Borrmann type 4, KRAS ampli-
fication, low CD16 expression, and high CD68 expres-
sion. A related study reported that CLDN18.2 expression
was associated with advanced stage (IIL, IV) [20]. Earlier
single cohort studies demonstrated that expression of
CLDN18.2 in GC is related to a diffuse phenotype [16,
19, 34]. However, in our study, we did not find differential

expression of CLDN18.2 based on Lauren type or TNM
stage. A recent meta-analysis also reported no signifi-
cant correlation between CLDN18.2 expression and
Lauren type or TNM stage [17]. The correlation of high
CLDN18.2 expression with tumour hypodifferentia-
tion may be one of the reasons for the poor prognosis of
CLDN18.2-positive cancers.

In terms of prognosis, our study showed that patients
with positive CLDN18.2 expression had significantly
worse prognosis than those with negative expression
(5-year overall survival: 50.2% vs. 57.6%, p=0.026). How-
ever, we analysed the prognosis of GC patients in both
databases using the median as the cut-off value, and
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CLDN18.2 expression did not show a significant differ-
ence in the prognosis of patients. Previous studies have
also reported no correlation between CLDN18.2 expres-
sion and survival [17, 35]. Smaller studies by Sanada et al.
(n=65) and Jun et al. (n=134) suggested that reduced
CLDN18.2 expression is associated with poor prognosis
[7, 8], which contradicts our findings. To further explore
prognostic implications, we reclassified the CLDN18.2-
positive expression group into high and low expression
groups based on the median (H-score=6) cut-off value.,
though there was no statistically significant difference in
prognosis between these two groups.

CLDN18.2 has been identified as an independent fac-
tor affecting patient prognosis [6, 8], as confirmed by
our univariate and multivariate analyses. However, con-
trary to the study by Jun KH et al. [8], positive CLDN18.2
expression in our study predicted poor prognosis for
patients. This discrepancy may be attributed to differ-
ences in sample inclusion and exclusion criteria, as well

as CLDN18.2 grouping differences. Notably, our patient
sample had more advanced disease than the patients
studied by Jun et al. (79.16% vs. 50.0% in stage III/IV).
However, CLDN18 expression starts to decline in early
gastric cancer or even in some intestinal chemosis of gas-
tric tissue [7]. These reasons may have led to inconsistent
results with previous studies.

The correlation between CLDN18.2 expression and
other factors, such as HER2 and PD-L1, has been inves-
tigated in several studies. In advanced gastric or gas-
troesophageal junction cancers, Kubota Y et al. found
no correlation between CLDN18.2 expression and HER2
or PD-L1 levels and that CLDN18.2 expression does not
influence the efficacy of anti-PD-1 antibodies [33]. Simi-
larly, Pellino A et al. reported no correlation between
CLDNI18 expression and HER2 or PD-L1 expression
levels (CPS>1 and CPS>5) [36]. In our study, we used
IHC to examine expression of CLDN18.2, HER2, and
PD-L1 in 451 GC tissues and found a positive correlation
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between CLDN18.2 expression and PD-L1 (p=0.004) but
no correlation with HER2. We also observed high expres-
sion levels of HER2 and PD-L1 in gastric tumour tissues.
Further investigation of the role of tumour-infiltrating
lymphocytes (TILs) may contribute to a comprehensive
understanding of the immune microenvironment and
aid in the development of personalized immunothera-
pies [37]. TILs, including CD3+, CD4+, and CD8+T
cells, have been associated with a favourable prognosis
in GC [38]. In our study, we found that high infiltration
of CD4+and CD8+T cells was associated with better
prognosis. Additionally, when CLDN18.2 expression was
paired with CD4+or CD8+ T-cell infiltration, patients
with CLDN18.2-negative expression and significant
T-cell infiltration had the best prognosis.

Our study has a few limitations. First, we included data
from only a single medical institution, which is somewhat
insufficient and may not be representative of the national
patient population. Second, this was a retrospective
study, which inevitably results in selection bias and infor-
mation bias. Third, we used relatively old archival speci-
mens for the study, which may have affected the rate of
CLDN18.2 positivity as well as other indicators.

The findings suggest that CLDN18.2 may play a role
in gastric cancer development and serve as a potential
prognostic marker. It may also have a regulatory role in
the immune microenvironment of gastric cancer. Further
research is needed to elucidate the precise mechanisms
and potential therapeutic implications of CLDN18.2 in
gastric cancer.

Conclusion

Expression of CLDN18.2 was found to be decreased in
gastric tumour tissues compared to adjacent noncan-
cerous tissues. Specifically, CLDN18.2 expression is sig-
nificantly lower in Borrmann type 3/4 tumours, as well
as in moderately or highly differentiated tumours. Addi-
tionally, a negative correlation exists between CLDN18.2
expression and patient prognosis. Interestingly, a com-
bination of CLDN18.2-negative status with high levels
of CD4+T cells or CD8+T cells is predictive of better
prognosis in gastric cancer.
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