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The impact of CLDN18.2 expression
on effector cells mediating
antibody-dependent cellular
cytotoxicity in gastric cancer
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Activating antibody-dependent cellular cytotoxicity (ADCC) by targeting claudin-18 isoform 2
(CLDN18.2) using zolbetuximab, a monoclonal antibody against CLDN18.2, has been considered

a promising novel therapeutic strategy for gastric cancer (GC). However, the impact of CLDN18.2
expression on natural killer (NK) cells and monocytes/macrophages—crucial effector cells of ADCC—
in GC has not been fully investigated. In the present study, we assessed the impact of CLDN18.2
expression on clinical outcomes, molecular features, and the frequencies of tumor-infiltrating NK cells
and macrophages, as well as peripheral blood NK cells and monocytes, in GC by analyzing our own
GC cohorts. The expression of CLDN18.2 did not significantly impact clinical outcomes of GC patients,
while it was significantly and positively associated with Epstein—-Barr virus (EBV) status and PD-L1
expression. The frequencies of tumor-infiltrating NK cells and macrophages, as well as peripheral
blood NK cells and monocytes, were comparable between CLDN18.2-positive and CLDN18.2-
negative GCs. Importantly, both CLDN18.2 expression and the number of tumor-infiltrating NK cells
were significantly higher in EBV-associated GC compared to other molecular subtypes. Our findings
support the effectiveness of zolbetuximab in CLDN18.2-positive GC, and offer a novel insight into the
treatment of this cancer type, highlighting its potential effectiveness for CLDN18.2-positive/EBV-
associated GC.
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Gastric cancer (GC) is the third most common cause of cancer-related deaths worldwide!?. Despite advance-
ments in treatment options based on the classifications of GC according to molecular features, the prognosis of
GC remains poor, and novel treatment options are needed. Claudin-18 isoform 2 (CLDN18.2) is a tight junction
protein normally and specifically expressed in gastric mucosa cells®. The expression of CLDN18.2 is sustained
during the malignant transformation of gastric mucosa, and its epitopes become exposed on the surface of
GC cells due to the loss of cell polarity. Therefore, CLDN18.2 is considered a promising therapeutic target for
GC**. In recent phase 3 clinical trials, including the SPOTLIGHT study (NCT03504397)¢ and GLOW study
(NCT03653507)7, first-line zolbetuximab, a chimeric monoclonal antibody against CLDN18.2, combined with
cytotoxic chemotherapy has been demonstrated to result in significant clinical improvement in patients with
CLDN18.2-positive, HER2-negative, locally advanced unresectable or metastatic gastric or gastro-oesophageal
junction adenocarcinoma. Although the anti-CLDN18.2 antibody mediates tumor cell death through antibody-
dependent cellular cytotoxicity (ADCC) triggered by immune effector cells, including natural killer (NK) cells
and macrophages®, the impact of CLDN18.2 expression on the frequency of tumor-infiltrating NK cells and
macrophages, as well as peripheral blood NK cells and monocytes in patients with GC, is not yet fully understood.
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ADCC is triggered via immune effector cells expressing Fc-y receptors (FcyRs), and FcyRIIIA, also know as
CD164, is essential for NK cell-mediated ADCC®. Human NK cells can be broadly categorized into two major
subsets: CD5649™CD16* and CD56™¢"CD16~ NK cells, distinguished by their expression of CD56 and CD16".
The former subset accounts for approximately 90% of NK cells, displays a high level of perforin and plays a cru-
cial role in cytotoxicity, whereas CD56"#"CD16~ NK cells have a minor role in cytotoxicity but predominantly
produce cytokines!. Our previous study, as well as others, demonstrated that the frequency and cytotoxicity
of tumor-infiltrating NK cells, particularly CD564™CD16* NK cells, progressively decrease in GC patients as
the disease advances''2. Li et al. reported that decreased infiltration of NK cells into intratumoral regions was
significantly associated with decreased survival and disease progression in GC patients'®. Additionally, Wang
et al. found that tumor formation might negatively impact the frequency and activity of blood NK cells in GC
patients'.

Several subtypes of macrophages and subsets of monocytes also express CD16 to moderate extents, contrib-
uting to ADCC activity. Concerning tumor-associated macrophages (TAMs), two major subtypes exist: pro-
inflammatory M1 TAMs and anti-inflammatory M2 TAMs". Although CD16 might be expressed in both M1
and M2 phenotypes'®'°, van Ravenswaay Claasen et al. reported that CD16* macrophages may be involved in
antitumor cytotoxicity*. Additionally, Zhu et al. found that the density of CD16* TAMs significantly correlates
with survival time in patients with GC*. On the other hand, human blood monocytes are classified into three
subsets based on their expression of CD14 and CD16: classical (CD14**CD16"), intermediate (CD14**CD16%),
and non-classical monocytes (CD14*CD16**)?2. Yeap et al. reported that CD16" monocytes exhibit ADCC
activities, with non-classical monocytes showing particularly higher ADCC activity compared to that induced
by intermediate monocytes®. Intriguingly, Eljaszewicz et al. reported a significant increase in the frequency
of CD16" intermediate and non-classical monocytes in patients with GC compared to healthy volunteers.
Furthermore, Jeong et al. reported that the frequency of tumor-infiltrating non-classical monocytes increased
in GC patients with disease progression, although a high frequency of their infiltration into tumor tissues was
associated with lower overall survival (OS). Thus, the subtypes of monocytes/macrophages remain controversial
from the perspective of ADCC capability in GC.

In the present study, we investigated the association between CLDN18.2 expression and clinical outcomes,
molecular features, or the number of tumor-infiltrating NK cells and macrophages in patients with GC using
two cohorts: Fukushima Medical University (FMU) cohort 1 (n=284) and 2 (n=15). Additionally, we examined
the correlation between CLDN18.2 expression in tumor tissues and the peripheral frequencies of blood NK cells
and monocytes in patients with GC, analyzing FMU cohort 3 (n=79). Furthermore, we validated our findings
by analyzing public datasets of GC samples from The Cancer Genome Atlas (TCGA) and Gene Expression
Omnibus (GEO).

Results

Impact of CLDN18.2 expression on clinicopathological features and prognosis in GC patients
We initially assessed the association between CLDN18.2 status and clinicopathological features, as well as prog-
nosis in GC patients. A total of 284 GC patients who had not received any neoadjuvant therapies were included in
this analysis (FMU cohort 1). Among these, 84 cases (29.6%) were identified as CLDN18.2-positive [CLDN18.2
(+)] (Table 1). Representative immunohistochemistry (IHC) images of CLDN18.2 (+) and CLDN18.2-negative
[CLDNI18.2 (-)] cases are presented in Fig. 1A. CLDN18.2 expression significantly correlated with the depth of
tumor invasion (p=0.0014) and pathological TNM (pTNM) stage (p =0.0475) in GC (Table 1, Fig. 1B). How-
ever, there were no statistically significant correlations between CLDN18.2 status and recurrence-free survival
(RES) (p=0.8005, hazard ratio=0.9067, 95% CI 0.4303-1.910) or OS (p=0.0880, hazard ratio=1.481, 95% CI
0.9077-2.416) (Fig. 1C). We also investigated the association of CLDN18.2 expression and the molecular features
of GG, including the statuses of mismatch repair (MMR), Epstein-Barr virus (EBV), human epidermal growth
factor receptor 2 (HER2), and programmed cell death ligand 1 (PD-L1) (Fig. 1D). Significant positive associa-
tions were observed between CLDN18.2 expresson and EBV status (p=0.0131) or PD-L1 expression [combined
positive score (CPS) > 5] (p=0.0334) (Table 1 and Fig. 1E).

Given that CLDN18.2 represents one of the splicing forms of CLDN18, we examined mRNA expression
pattern of CLDN18 in GC by analyzing public datasets from TCGA and GEO. CLDN18 mRNA expression was
significantly decreased in GC tissues compared to adjacent normal mucosa (Fig. 2A). Among four subtypes of
GC [microsatellite instability (MSI), EBV, genomically stable (GS), and chromosomal instability (CIN)] and
HER?2, CLDN18 expression was significantly and distinctly higher in EBV-associated GC [EBV (+)], while ERBB2
(HER2) status did not influence CLDN18.2 expression (Fig. 2B). Furthermore, higher expression of CLDN18
in EBV (+) GC compared to EBV (-) GC was also observed in GSE51575 (Fig. 2C). These results suggest that
the expression of CLDN18.2 is highly maintained in EBV (+) GC compared to other molecular subtypes of GC,
possibly due to the elevated expression of CLDN18 mRNA.

Impact of CLDN18.2 expression on tumor-infiltrating NK cells and macrophages in GC patients
We subsequently assessed the association between CLDN18.2 expression and the infiltration of NK cells and mac-
rophages in GC. CD56 and CD68, as well as CD16, served as markers for NK cells and macrophages, respectively
(Fig. 3A). The number of CD16" cells significantly correlated with the number of CD56* cells and CD68* cells
(Fig. 3B), suggesting that CD16 might be expressed in both NK cells and macrophages. The number of CD56*
cells was comparable across all pTNM stages in GC (Fig. 3C), whereas the numbers of CD68* cells and CD16*
cells, were significantly higher in pTNM stage II or III GCs than those in pTNM stage I GC (Fig. 3C). Moreover,
no significant associations between CLDN18.2 expression and the numbers of CD56" cells, CD16" cells, or
CD68" cells were observed in GC (Fig. 3D), suggesting that CLDN18.2 expression did not affect the infiltration
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Total CLDN18.2 (-) CLDNI18.2 (+)

n=284 n=200 (70.4%) n=284(29.6%) p-value
Age 0.829
Mean +SD 68.0+8.8 68.1+9.0 67.8+8.3
Gender 0.1526
Male 203 (71.5%) 148 (74.0%) 55 (65.5%)
Female 81 (28.5%) 52 (26.0%) 29 (34.5%)
Location 0.8257
Upper 86 (30.3%) 62 (31.0%) 24 (28.6%)
Middle 100 (35.2%) 74 (37.0%) 26 (31.0%)
Low 83 (29.2%) 58 (29.0%) 25 (29.7%)
Remnant GC 15 (5.3%) 6 (3.0%) 9 (10.7%)
Histological type 0.3586
Differentiated 151 (53.2%) 103 (51.5%) 48 (57.1%)
Undifferentiated 128 (45.1%) 94 (47.0%) 34 (40.5%)
Unclear 5(1.7%) 3(1.5%) 2 (2.4%)
Tumor invasion 0.0014
T1 149 (52.5%) 120 (60.0%) 29 (34.5%)
T2 39 (13.7%) 24(12.0%) 15 (17.9%)
T3 30 (10.6%) 18 (9.0%) 12 (14.3%)
T4 66 (23.2%) 38 (19.0%) 28 (33.3%)
Lymph node metastasis 0.3427
Absent 180 (63.4%) 131 (65.5%) 49 (58.3%)
Present 103 (36.3%) 69 (34.5%) 34 (40.5%)
Not available 1(0.3%) 0 (0%) 1(1.2%)
Distant metastasis 0.3134
Absent 264 (93.0%) 188 (94.0%) 76 (90.5%)
Present 20 (7.0%) 12 (6.0%) 8(9.5%)
pTNM stage 0.0475
I 159 (56.0%) 122 (61.0%) 37 (44.0%)
il 61 (21.5%) 39 (19.5%) 22 (26.2%)
111 45 (15.8%) 29 (14.5%) 16 (19.0%)
v 19 (6.7%) 10 (5.0%) 9 (10.7%)
MMR 0.6346
Deficient 23 (8.1%) 15 (7.5%) 8(9.5%)
Proficient 261 (91.9%) 185 (92.5%) 76 (90.5%)
EBV 0.0131
Positive 22.(7.7%) 10 (5.0%) 12 (14.3%)
Negative 262 (92.3%) 190 (95.0%) 72 (85.7%)
HER2 >0.9999
Positive 31 (10.9%) 22 (11.0%) 9 (10.7%)
Negative 253 (89.1%) 178 (89.0%) 75 (89.3%)
PD-L1 (CPS>1) 0.2564
Positive 245 (86.3%) 169 (84.5%) 76 (90.5%)
Negative 39 (13.7%) 31 (15.5%) 8(9.5%)
PD-L1 (CPS25) 0.0334
Positive 111 (39.1%) 70 (35.0%) 41 (48.8%)
Negative 173 (60.9%) 130 (65.0%) 43 (51.2%)

Table 1. Clinicopathological characteristics of gastric cancer patients according to CLDN18.2 status (FMU
cohort 1). Data are presented as number (%) unless otherwise indicated. CLDN18.2; claudin-18 isoform 2,
CPS; combined positive score, EBV; Epstein-Barr virus, GC; gastric cancer, HER2; human epidermal growth
factor receptor 2, MMR; mismatch repair, PD-L1; programmed cell death ligand 1, pTNM; pathological
tumor-node-metastasis.

of NK cells and macrophages in GC. We also investigated the associations between CLDN18.2 expression and
the frequencies of CD56%™CD16* or CD56*8*CD16~ NK cells in GC. Fifteen GC patients were enrolled for this
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Figure 1. Association of CLDN18.2 expression with clinicopathological features and clinical outcomes in GC
(FMU cohort 1). (A) Representative IHC images for CLDN18.2 in CLDN18.2 (+) and CLDN18.2 (-) GCs in
FMU cohort 1 (n=284). Scale bars: 5 mm for a and d, 500 um for b and e, and 50 um for ¢ and f. N denotes the
adjacent normal region, while T denotes the tumor region. (B) Associations between CLDN18.2 expression
detected by IHC and the depth of tumor invasion (T1, n=149; T2, n=39; T3, n=30; T4, n=66) or pathological
TNM stage (I, n=159; II, n=61; II1, n=45; IV, n=19) in patients with GC. (C) Kaplan-Meier curves for RES
and OS according to CLDN18.2 expression detected by THC in patients with GC [CLDN18.2 (+), n=284;
CLDN18.2 (=), n=200]. (D) A panel illustrating the association between CLDN18.2 expression and molecular
characteristics detected by IHC or in situ hybridization (for EBV status) in GC (n=284). Dark grey indicates
positive cases, and light grey indicates negative cases for dIMMR, EBV, HER2, and PD-L1 (CPS>5). dMMR
stands for deficient mismatch repair, EBV for Epstein-Barr virus, HER2 for human epidermal growth factor
receptor 2, PD-L1 for programmed cell death ligand 1, and CPS for a combined positive score. (E) Associations
between CLDN18.2 expression and molecular characteristics detected by IHC or in situ hybridization (for EBV
status) in GC [AMMR, n=23 vs pMMR, n=261; EBV (+), n=22 vs EBV (), n=262; HER2 THC (+), n=31 vs
HER2 IHC (-), n=253; PD-L1 (+), n=111 vs PD-L1 (=), n=173]. Statistical significance was determined by
Fisher’s exact test or the Chi-square test (B,E) and the log-rank test (C). *p <0.05.

purpose (FMU cohort 2, Supplementary Table S1). The percentages of CD56%™CD16* or CD56*#"CD16~ NK
cells did not differ across all pTNM stages in GC (Supplementary Fig. S1A). Furthermore, the frequencies of
CD56"8"CD16~ and CD564™CD16* NK cells were comparable between CLDN18.2 (+) and CLDN18.2 (-)
GCs (Supplementary Fig. S1B).

We further investigated the association of the infiltrations of NK cells and macrophages with EBV status in
GC because the frequency of CLDN18.2 (+) cases was significantly high in EBV (+) GC (Fig. 1E). The numbers
of CD56" cells and CD16" cells were significantly higher in EBV (+) GC compared to EBV (-) GC, whereas the
number of CD68" cells was comparable between EBV (+) and EBV (-) GCs (Fig. 3E). Furthermore, the analysis
of datasets from TCGA and GEO revealed that the NK cell gene signature showed significantly higher expres-
sion in the EBV (+) GC subtype compared to the other three subtypes (Supplementary Fig. S2A). This higher
expression of NK cell gene signature in EBV (+) GC compared to EBV (-) GC was also observed in GSE51575
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Figure 2. Association of CLDN18 mRNA expression with molecular subtypes in GC (GC cohorts from

TCGA and GEO). (A) mRNA expression of CLDN18 in GC samples and paired normal tissues across eight
cohorts from GEO (GSE13861: Normal, #=19 vs Tumor, n=65; GSE26942: Normal, n =12 vs Tumor, n=202;
GSE27342: Normal, n=80 vs Tumor, n=_80; GSE29272: Normal, n =134 vs Tumor, n=134; GSE51575: Normal,
n=26vs Tumor, n=26; GSE54129: Normal, n=21 vs Tumor, n=111; GSE66229: Normal, n=100 vs Tumor,
n=300; GSE65801: Normal, n=32 vs Tumor, n=32). (B) mRNA expression of CLDN18 in each molecular
subtype of GC in TCGA cohort (CIN, n=221; EBV, n=30; GS, n=50; MSI, n="73; ERBB2 Amp +, n=55; ERBB2
Amp-, n=352). (C) mRNA expression of CLDN18 between EBV (+) (n=12) and EBV (-) (n=14) GCs in
GSE51575. Statistical significance was determined by the Mann-Whitney U test (A-C) and the Kruskal-Wallis
test with Dunn’s multiple comparisons test (B). ***p <0.001, ****p <0.0001.

(Supplementary Fig. S2B). These results suggest that both CLDN18.2 expression and the number of tumor-
infiltrating NK cells were significantly higher in EBV (+) GC compared to other molecular subtypes.

Impact of CLDN18.2 expression on peripheral blood NK cells and monocytes in GC patients
Peripheral blood NK cells and monocytes are important sources of tumor-infiltrating NK cells and monocytes/
macropahges. Thus, we finally examined the association between CLDN18.2 expression in GC tumor tissues
and the frequency of peripheral blood NK cells, including CD56%™CD16* and CD56™#"CD16~ NK cells, as well
as monocytes, including classical (CD14**CD167), intermediate (CD14**CD16%), and non-classical monocytes
(CD14*CD16"") (Supplementary Fig. S3). We enrolled 79 patients with GC for this analysis (FMU cohort 3,
Table 2). The frequency of CD56™"CD16~ NK cells was significantly decreased in the GC patients compared
to healthy donors (HDs) (Fig. 4A), while the frequencies of other subsets of NK cells and monocytes were
comparable between the GC patients and HDs (Fig. 4A). Moreover, the frequencies of all subsets of NK cells
and monocytes did not differ across all pTNM stages in GC (Fig. 4B). Furthermore, there were no significant
associations between CLDN18.2 expression in tumor tissues and the frequency of all subsets of NK cells and
monocytes in the GC patients (Fig. 4C), suggesting that CLDN18.2 expression might not affect the frequency of
peripheral blood NK cells and monocytes in GC.

Discussion

In the present study, we investigated the impact of CLDN18.2 expression on tumor-infiltrating NK cells and
macrophages, as well as peripheral blood NK cells and monocytes, in patients with GC. The numbers of tumor-
infiltrating NK cells and macrophages, as well as the frequencies of peripheral blood NK cells and monocytes,
were comparable between CLDN18.2 (+) and CLDN18.2 (-) GCs, suggesting that CLDN18.2 expression has
no significant adverse impacts on the ADCC-related compornents, particularly the frequency of NK cells and
monocytes/macrophages, in GC patients. Additionally, CLDN18.2 expression and NK cell infiltration were
significantly higher in EBV (+) GC compared to other molecular subtypes. These results suggest that EBV (+)
GC, particularly CLDN18.2 (+) cases accounting for more than 50% of all EBV (+) cases, might be a suitable
target for zolbetuximab therapy.

Our current results suggest that CLDN18.2 expression has no significant impact on prognosis in GC patients
(Fig. 1C). Consensus regarding the impact of CLDN18.2 expression on clinical outcomes in GC patients is
still lacking. Jun et al. and Sanada et al. reported that loss or downregulation of CLDN18.2 expression was
associated with poor survival in patients with GC?*?’. Jun et al. found that decreased expression of CLDN18.2
was an independent indicator of poor prognosis in GC patients?®. On the other hand, Wang et al. and Jia et al.
reported that positive expression of CLDN18.2 was significantly associated with poor OS in GC patients?*%.
Wang et al. identified CLDN18.2 expression as an independent risk factor for patient prognosis (p=0.003, hazard
ratio=1.37, 95% CI 1.03-1.81)%. Furthermore, Kubota et al. and Kayikcioglu et al. reported that there were no
significant associations between CLDN18.2 expression and prognosis, including progression-free survival and
OS, in patients with unresectable locally advanced or metastatic GC***!. CLDN18.2 has been reported to be
involved in maintaining the barrier function of gastric mucosal cells to prevent leakage of H* and other cations®.
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Figure 3. Association of CLDN18.2 expression with the infiltration of NK cells and macrophages in GC
(FMU cohort 1). (A) Representative ITHC images for CLDN18.2, CD56, CD16, and CD68 in CLDN18.2 (+)
and CLDN18.2 (-) GCs in FMU cohort 1 (n=284). Scale bars: 50 um. (B) Correlations between the number
of tumor-infiltrating CD16" cells and CD56" cells or CD68" cells detected by IHC in GCs (n=284). (C)
Comparison of the number of CD56" cells, CD16" cells, and CD68* cells detected by IHC across all pathological
TNM stages (I, n=159; II, n=61; III, n=45; IV, n=19) in GC. (D) Associations between CLDN18.2 expression
and infiltration of CD56" cells, CD16" cells, or CD68" cells detected by IHC in GC [CLDN18.2 (+), n=284;
CLDN18.2 (=), n=200]. (E) Associations between EBV status and infiltration of CD56" cells, CD16" cells,

or CD68"* cells detected by in situ hybridization (for EBV) or IHC in GC [EBV (+), n=22; EBV (-), n=262].
Statistical significance was determined by the Spearman rank-correlation coefficient (B), the Kruskal-Wallis
test with Dunn’s multiple comparisons test (C), and the Mann-Whitney U test (D,E). *p <0.05, **p <0.001,
et < 0.0001.

Downregulation of CLDN18.2 expression, which is observed in 57.5% of GC cases?, disrupts the homeostasis
of gastric mucosal cells, and may be involved in the early stages of GC development*”**. However, the remain-
ing CLDN18.2 becomes highly and stably expressed in specific tumor tissues, probably contributing to the
proliferation and differentiation of tumor cells*. Furthermore, the results of the current study indicate that the
frequency of CDLN18.2 (+) cases was the lowest in pTNM stage I GC, and gradually increased depending on
the pTNM staging. To assess the actual prognostic impact of CLDN18.2 in GC patients, a meta-analysis using
comprehensive adjusted outcome data in each pTNM stage may be needed.

The frequency of CLDN18.2 (+) cases was significantly higher in EBV (+) GC compared to EBV (-) GC
(Fig. 1E). Similar trends were also observed in previous studies by Coati et al.** and Pellino et al.*. Based on
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Total
n=79
Age
Mean +SD 69.7+11.7
Gender
Male 47 (59.5%)
Female 32 (40.5%)
Location
U 19 (24.1%)
M 21 (26.6%)
L 37 (46.8%)
Remnant GC 2 (2.5%)
Histological type
Differentiated 33 (41.8%)
Undifferentiated 45 (56.9%)
Unclear 1(1.3%)
Tumor invasion
T1 35 (44.3%)
T2 13 (16.4%)
T3 7 (8.9%)
T4 24 (30.4%)
Lymph node metastasis
Absent 48 (60.8%)
Present 31 (39.2%)
Distant metastasis
Absent 71 (89.9%)
Present 8(10.1%)
PTNM stage
I 41 (51.9%)
II 16 (20.3%)
i 14 (17.7%)
v 8(10.1%)
CLDN18.2
Positive 13 (16.5%)
Negative 64 (81.0%)
Not available 2 (2.5%)

Table 2. Clinicopathological characteristics of gastric cancer patients (FMU cohort 3). Data are presented
as number (%) unless otherwise indicated. CLDN18.2; claudin-18 isoform 2, GC; gastric cancer, pTNM;
pathological tumor-node-metastasis.

our current analyses using public datasets of GC, mRNA expression of CLDN18 was maintained at a high level
in EBV (+) GC (Figs. 2B and 2C), suggesting that CLDN18.2 might remain high in EBV (+) GC. Yano et al.
demonstrated that the extracellular signal-regulated kinase (ERK)/mitogen-activated protein kinase (MAPK)
pathway was involved in upregulating mRNA expression of CLDN18 in GC cells®’. Additionally, the ERK/
MAPK pathway has been reported to be constantly activated by the latent membrane protein 2A (LMP2A, an
EBV protein) in GC cells®, which is expressed in approximately 50% of EBV (+) GC*. Therefore, activation of
the ERK/MAPK pathway induced by the LMP2A might be involved in the high expression of CLDN18 mRNA
and CLDN18.2 protein in EBV (+) GC.

Immune checkpoint inhibitors (ICIs), including anti-programmed cell death 1 (PD-1)/PD-L1 antibodies, have
been developed as a first-line chemotherapy in metastatic GC patients with tumors with a PD-L1 CPS of > 1%
Furthermore, several combination therapies involving ICIs with chemotherapy, other molecular targeted therapy,
or oligo-fractionated irradiation, have resulted in improved outcomes for patients with GC*#2, However, onlya
minority of GC patients benefit from ICI therapy and its combination therapies. Therefore, additional molecu-
lar targets for combination therapy with ICI are needed in the treatment of GC. In the present study, we found
that CLDN18.2 status was significantly associated with PD-L1 expression (CPS25) in GC patients (Table 1 and
Fig. 1E). This result suggests that the combination therapy of zolbetuximab with anti-PD-1/PD-L1 antibodies
may be a novel therapeutic strategy for CLDN18.2 (+) GC. Elucidating the potential of combination therapy
using anti-PD-1/PD-L1 antibodies and zolbetuximab in CLDN18.2 (+) GC is the next line of our investigation.
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Figure 4. Association of CLDN18.2 expression with the frequencies of peripheral blood NK cells and
monocytes in GC (FMU cohort 3). (A) Comparison of the frequencies of CD56%™CD16* NK cells,
CD56"8"CD16~ NK cells, classical monocytes, intermediate monocytes, and nonclassical monocytes in
PBMCs detected by flow cytometry between healthy donors (HD) (n=10) and GC patients (GC) (n=79). (B)
Comparison of the frequencies of the CD569mCD16* NK cells, CD56™"CD16~ NK cells, classical monocytes,
intermediate monocytes, and nonclassical monocytes in PBMCs detected by flow cytometry across all
pathological TNM stages (I, n=41; II, n=16; III, n=14; IV, n=8) in patients with GC. (C) Associations between
CLDN18.2 expression and the frequencies of CD564mCD16* NK cells, CD56™"CD16~ NK cells, classical
monocytes, intermediate monocytes, and nonclassical monocytes in PBMCs in patients with GC [CLDN18.2
(+), n=13; CLDN18.2 (-), n=64]. The frequency of each subset of NK cells and monocytes was determined

by flow cytometry, while CLDN18.2 positivity was assessed by IHC using surgically resected GC specimens.
Statistical significance was determined by the the Mann-Whitney U test (A,C) and the Kruskal-Wallis test with
Dunn’s multiple comparisons test (B). *p <0.05.

In conclusion, CLDN18.2 expression has shown no significant adverse impacts on the frequencies of effector
cells mediating ADCC, such as tumor-infiltrating NK cells and macrophages, as well as all subsets of peripheral
blood NK cells and monocytes, in patients with GC. Additionally, the findings of the current study provide a
novel insight into CLDN18.2-targeted therapy in CLDN18.2 (+) GC, highlighting its effectiveness for EBV (+)
cases and its potential for combination therapy with anti-PD-1/PD-L1 antibodies.

Methods

Patient samples

We enrolled patients with GC who had undergone surgical resection at FMU hospital during different time
periods: FMU cohort 1 (2013-2019; n=284) (Figs. 1 and 3, Table 1), FMU cohort 2 (2023; n=15) (Supplemen-
tary Fig. S1, Supplementary Table S1), and FMU cohort 3 (2019-2021; n=79) (Fig. 4, Table 2). Clinical and
pathological information was retrospectively collected by reviewing medical records. This study was approved
by the Institutional Ethical Committee of FMU (Reference Nos. 2329 and REC2023-144), and all procedures
were conducted in accordance with the Helsinki Declaration. Written informed consent to be included in the
study was obtained from all participants.
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IHC analysis

Paraffin-embedded 4-pm sections of GC tissue were deparaffinized in xylene and rehydrated in ethanol. Endoge-
nous peroxidases were blocked with 0.3% hydrogen peroxide in methanol. Antigens were retrieved by autoclaving
with Target Retrieval Solution at pH 6.0 or pH 9.0 (Dako/Agilent Technologies, Santa Clara, CA). After washing
with PBS, the sections were incubated overnight at 4 °C with primary antibodies (see Supplementary Table S2).
Subsequently, the sections were incubated with HRP-conjugated anti-mouse or anti-rabbit secondary antibodies
(K4003 or K4001, Dako/Agilent Technologies). Peroxidase activity was visualized with diaminobenzidine, and
nuclei were counterstained with Mayer’s hematoxylin solution.

Assessment of IHC

CLDN18.2 positivity was defined as >75% of tumor cells exhibiting moderate-to-strong membranous CLDN18
staining (Supplementary Fig. S$4), as previously described*’. CLDN18.2 positivity in GC patients from FMU
cohorts 1-3 was determined by IHC analysis of surgically resected GC specimens. To assess CD16*, CD56", and
CD68" cells, we reviewed four independent areas in the tumor core of GC tissues, counting the number of cells
at a magnification of x 400. IHC analyses of MMR, HER2, and PD-L1 CPS, and an in situ hybridization analysis
of the integrated EBV genome were performed as previously reported**-%*. The IHC evaluation was conducted
by at least two observers (A.M and S.N) who were blinded to all clinical and pathological information.

Dissociation of human GC tissues

Resected GC samples were minced into small pieces and digested using the gentleMACS™ Octo Dissociator with
Heaters (#130-096-427, Miltenyi Biotec, Bergisch Gladbach, Germany) and the Tumor Dissociation Kit, human
(#130-095-929, Miltenyi Biotec) following the manufacturer’s protocol. After completing the gentleMACS Dis-
sociator program, the cell suspension was passed through a 70-pum strainer and centrifuged. The collected cells
were then washed twice with RPMI and utilized for further experiments.

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated from GC patients (n=79, FMU cohort 3) and HD
(n=10) using the BD Vacutainer® CPT™ system (362,753, BD Biosciences, San Jose, CA). Contaminating red
blood cells were lysed by the BD Pharm Lyse™ (#555,899, BD Biosciences). After lysing red blood cells, the col-
lected PBMCs were washed twice with PBS and employed for subsequent experiments.

Flow cytometry analysis

PBMCs and cells isolated from GC tissues were incubated with primary antibodies (see Supplementary Table S2)
for 30 min at 4 °C in the dark. Following PBS washing, the stained cells were incubated with 7-amino-actino-
mycin D (420,404, BioLegend, San Diego, CA) for 15 min at room temperature in the dark and then analyzed
using a BD FACSCanto II flow cytometer (BD Biosciences). Flow cytometry data were analyzed with Flow]Jo
software version 10.7.1 (Flow]Jo, Ashland, OR, proprietary commercial software). The gating strategy employed
in this study is illustrated in Supplementary Fig. S3.

Data analyses of public datasets

We obtained publicly accessible datasets of mRNA expression in stomach adenocarcinoma from TCGA via
cBioPortal (https://www.cbioportal.org)* and GEO. For comparison of CLDN18 mRNA expression levels, we
compared GC tissues with adjacent normal mucosa, EBV (+) versus EBV (-), HER2 (+) versus HER2 (-),
and across four molecular subtypes of GCs (MSI, EBV, GS, and CIN). The log, signal intensity of CLDN18 was
extracted from TCGA-STAD, GSE13861, GSE26942, GSE27342, GSE29272, GSE51575, GSE54129, GSE66229,
and GSE65801. Additionally, we calculated a multi-gene expression signature for NK cells (NKG7, GZMA,
EOMES, SMAD3, TBX21, KLRK1, NCR1, PLCG2, STYKI) based on a previous report by Davoli et al.*’. We
compared these signature scores among four molecular subtypes of GCs and between EBV-associated [EBV
(+)] and EBV-negative [EBV (-)] GCs using TCGA and GSE51575.

Statistical analysis

Data are presented as means * SD. Statistical analyses were conducted using Graph Pad Prism 9 version 9.5.1
(Graph Pad Software, La Jolla, CA). We conducted two-group comparisons of means using the Mann-Whitney U
test. For comparisons involving multiple groups, we employed the Kruskal-Wallis test with Dunn’s multiple com-
parisons test. Correlation analysis was conducted using the Spearman rank-correlation coefficient. Proportions
of groups in categorical variables were compared using Fisher’s exact test or the Chi-square test. Kaplan-Meier
estimates were employed to assess the probability of RES or OS among 284 GC patients (FMU cohort 1) until
December 2023. Differences in survival rates and recurrence rates between the two groups were analyzed using
the log-rank test. A p-value of less than 0.05 was considered statistically significant.

Data availability
The datasets generated and/or analyzed during this study are available from the corresponding author on rea-
sonable request.
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