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Introduction: CD155 is recently emerging as a promising target in malignancies.
However, the relationship between CD155 expression and tumor microenvironment
(TME) cell infiltration in gastric adenocarcinoma (GAC) has rarely been clarified.

Methods: We measured CD155 expression in specimens of gastric precancerous
disease and GAC by immunohistochemistry. The association of CD155
expression with GAC progression and cells infiltration in TME was evaluated
through 268 GAC tissues and public dataset analysis.

Results: We showed that the expression of CD155 was positively correlated with
the pathological development of gastric precancerous disease (r = 0.521, P <
0.0001). GAC patients with high CD155 expression had a poorer overall survival
(P = 0.033). Moreover, CD155 expression correlated with aggressive
clinicopathological features including tumor volume, tumor stage, lymph node
involvement, and cell proliferation (P <0.05). Remarkably, CD155 expression
positively related to the infiltration of CD68+ macrophages in TME (P = 0.011).
Meanwhile, the positive correlation was observed between CD155 and CD31 (P =
0.026). In addition, patients with high CD155 expression combined with low CD3,
CD4, CD8, IL-17, IFN-yor CD19 expression as well as those with high CD155 and
o-SMA expression showed significantly worse overall survival (P < 0.05).

Conclusions: CD155 may play a pivotal role in the development of GAC through
both immunological and non-immunological mechanisms and be expected to
become a novel target of immunotherapy in GAC patients.
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1 Introduction

Gastric cancer (GC) is the fourth leading cause of cancer-related
death worldwide, with gastric adenocarcinoma (GAC) being most
common type (1). Immune checkpoint inhibitors, such as monoclonal
antibodies against programmed death-1/programmed death-ligand 1
(PD-1/PD-L1), have revolutionized cancer immunotherapy in a variety
of malignancies by alleviating immune-escape and promoting
autoimmune activation (2-4). However, anti-PD-1/PD-L1 therapies
have limited application in GAC due to uncertain efficacy (5-7).
Therefore, it is important to explore novel targets improving
responsiveness of immunotherapy and prognosis of GAC.

T-cell immunoglobulin and immunoreceptor tyrosine-based
inhibitory motif domain (TIGIT), an co-inhibitory checkpoint
receptor widely expressing on T and NK cells, is a marker of
exhaustion of T cell function (8). Currently, numerous trials of
TIGIT-targeted antibodies alone or in combination with anti-PD-1/
PD-L1 are in progress, providing therapeutic strategies to enhance
anti-tumor immune responses (8, 9). In addition, CD155 is the
principal ligand of TIGIT with high affinity interaction than others
(10). Patients with high TIGIT and/or CD155-expressing tumor may
benefit from TIGIT blockade better. CD155, known as poliovirus
receptor or Nectin-like molecule 5, is a glycoprotein of the
immunoglobulin superfamily and emerging as a potential target in
immunotherapy (11). CD155 can also interact with the co-inhibitory
receptor (CD96) and co-stimulatory receptor (CD226) to suppress or
activate T/NK cell-mediated immune responses, respectively (12, 13).
Meanwhile, CD155 has various biological functions like regulating
cell proliferation, migration, adhesion and polarization, and plays an
important role in tumor progression (14, 15). Rarely expressed in
normal cells, CD155 usually overexpresses in many human tumors
(16-24), and is associated with poor prognosis.

Numerous studies demonstrated tumor microenvironment
(TME) can serves as novel targets for tumor immunotherapy
(25-27). Recently, the interaction between immune checkpoint
molecules and TME has attracted increasing attention. It has been
reported that CD155/TIGIT signaling can suppress CD8+ T cell
activity (28, 29). However, the relationship between CD155
expression and TME cell infiltration in GAC has rarely been clarified.

In this study, we detected CD155 expression in distinct
development stages of gastric cancer, including chronic superficial
gastritis (CSG), chronic atrophic gastritis (CAG), low-grade
intraepithelial neoplasia (LGIN), and high-grade intraepithelial
neoplasia (HGIN). We further analyzed the relationship between
CD155 expression and tumor progression and the cellular
components of TME in GAC.

2 Materials and methods

2.1 Specimens of patients with
precancerous disease

We collected specimens in different pathological stages of the
precancerous gastric disease acquired from Pathology of the First
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Affiliated Hospital of Soochow University from 2016 to 2021,
obtaining 20 cases of CSG, CAG, LGIN and HGIN respectively.
All specimens were fixed with formalin, embedded in paraffin and
diagnosed by two senior pathologists by Hematoxylin-eosin (HE)
staining. Then, the samples were cut into 4 pum slides, and
performed by immunohistochemistry (IHC) for CD155.

2.2 Bioinformatics of correlation of CD155
with tumor progression and immune cells

2.2.1 Expression of CD155 in STAD

TCGA-STAD data set (https://tcga-data.ncinih.gov/tcga) was used
to explore the expression level of CD155 in stomach adenocarcinoma
(STAD). According to the corresponding clinical data of 407 STAD
patients in the TCGA-STAD data set, we analyzed the relationship
between CD155 expression level and clinicopathological characteristics.
Receiver operating characteristic (ROC) curve was performed to assess
the diagnostic value of CD155 in STAD. In addition, we collected the
expression data of CD155 in various molecular subtypes and immune
subtypes of STAD from TISDB website (http://cis.hku.hk/
TISIDB/index.php).

2.2.2 Functional enrichment analysis

Person correlation analysis was performed to evaluate the
correlation between CDI155 and other genes using the TCGA-
STAD dataset. We selected the top 300 genes with the highest
correlation coefficient for further functional analysis. In addition,
10 proteins blinding to CD155 were obtained from the STRING
database according to the following criteria: active interaction sources
of experiments and low confidence (0.150). These 10 proteins were
validated by previous studies. Ultimately, 10 CD155-binding proteins
and 300 candidate genes were used for GO and KEGG enrichment
analysis by the R package cluster Profiler.

2.2.3 Gene set enrichment analysis

To explore the potential function of CD155, we performed
GSEA algorithm to estimate the altered signaling pathways between
high and low CD155 expression groups. Hallmark gene sets were
acquired from the MSigDB Collection. The analysis was conducted
with 5,000 gene set permutations.

2.2.4 Immune cell infiltration

The CIBERSORT algorithm was utilized to estimate the abundance
of 22 types of immune cells for each TCGA-STAD sample. The
correlation between CD155 expression level and infiltrating immune
cells was evaluated by Person correlation analysis.

2.3 Specimens of GAC and tissue
microarray (TMA) construction

We retrospectively examined specimens of 268 patients with

GAC who underwent surgery in 2011. The specific characteristics of
the patient, tissue sample acquisition and TMA construction can
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refer to our previous study (30). We retrieved the clinical data
including gender, age, tumor volume, tumor differentiation, tumor
stage, tumor depth, lymph node status and metastasis. Survival time
was defined as the time from the start of treatment to the date of
death or December 2017. It needs to be emphasized that
information on overall survival was available for only 198 patients.

2.4 IHC

IHC was performed on the TMA sections according to the
protocol described previously (31). The information on the primary
antibody used in the experiment was described as follows: anti-
CD155 (D8AS5G, Cell Signaling Technology), anti-Ki67 (8HS5,
ZSGB-BIO), anti-CD3 (LNI0, ZSGB-BIO), anti-CD4 (UMAB64,
ZSGB-BIO), anti-CD8 (EP334, ZSGB-BIO), anti-Foxp3 (1054C,
R&D Systems), anti-IL-17 (AF-317-NA, R&D systems), anti-IFN-
Y (sc-74108, Santa Cruz Biotechnology), anti-CD19 (EP169, ZSGB-
BIO), anti-CD11c (5D11, ZSGB-BIO), anti-CD56 (UMABS3,
ZSGB-BIO), anti-CD68 (KP1, ZSGB-BIO), anti-CD31 (UMAB30,
7SGB-BIO), and anti-o-SMA (1A4, ZSGB-BIO).

2.5 Evaluation of IHC staining

All slides were scanned with a Dmetrix image system. The staining
results were assessed by two pathologists independently in a blinded
manner. The score of CD155 staining was performed by both
immunostaining intensity and proportion in diseased gland or
cancer cells. The intensity was scored under high magnification
(x200) defining as follows: 0, 1+, 2+, and 3+. The percentage of
CD155-positive cells among diseased gland or total tumor cells was
estimated as four levels: 0 (<5%), 1 (5-25%), 2 (26-50%), 3 (>50%). The
immunoreactive score was calculated as the intensity multiplied by the
percentage of stained cells. And the sections scoring 0 were regarded as
no expression, scoring 1-4 as weak, scoring 5-7 as moderate, scoring 9
as strong. The patients graded as no and weak expression were
classified as the low expression group, and others high expression
group. The histoscore (H-score), ranging from 0 to 300, was assessed
by adding the multiplication of the different staining intensities in 4
gradations with each percentage of positive cells (30).

For molecules (Ki67, CD3, CD4, CDS8, IL-17, CD19, CDll1c,
CD56, CD68, CD31, and 0-SMA), the expression level was assessed
by the percentage of stained cells in total number of cells, with <10%
staining defined as low expression group and >10% as high. In the
case of Foxp3 and IFN-y staining, the expression level was evaluated
by manually counting the number of stained cells in five randomly
selected fields under high magnification (x200), with <50 defined as
low expression group and >50 as high.

2.6 Statistical analysis
Statistical analysis was performed using R software 3.6.3 and

SPSS Statistics 23.0. Chi-square test was used for comparison of
various groups. Spearman’s correlation was applied to analyze
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relationship between variables. ROC curve was designed to assess
predictive value of CD155 in diagnosing intraepithelial neoplasia.
Kaplan-Meier survival curve and log-rank test were performed to
evaluate survival differences. Cox proportional-hazards regression
model were conducted to identify independent risk factors.
Statistical significance was set at P <0.05.

3 Results

3.1 CD155 expression in different
pathological stages of precancerous
diseases of the stomach

The representative images of HE-staining for each precancerous
lesion are shown in Figures 1A-D. IHC showed that CD155 expression
was mainly localized in the mucosal cells with varying levels
(Figures 1E-L). As the disease risk heading to GAC increased, the
patient cases with strong CD155 expression gradually rose from 0 (0%)
in the CSG to 8 (40%) in the HGIN, while the cases with no CD155
expression gradually decreased from 11 (55%) in the CSG to 2 (10%) in
the HGIN (Table S1). The findings revealed that the differences in
CD155 expression levels and the proportion of CD155 high expression
groups were statistically significant when comparing each pathological
stage (* = 28.906, P = 0.001 and > = 22.606, P < 0.0001, respectively),
with the ratio of CD155 high expression in the HGIN group being
markedly higher than that in the CSG, CAG and LGIN groups (P <
0.05; Figures 1M, N). Additionally, Spearman analysis displayed a
positive correlation between CD155 high expression and progression of
gastric precancerous lesions, which tended to progress as the
percentage of CDI155 expression increased (r = 0.521, P < 0.0001)
(Figure IN; Table SI). We next evaluated the diagnostic significance of
CD155 in gastritis and intraepithelial neoplasia via ROC analysis. The
cutoff value of H-score was 115 with an area under the curve (AUC) of
0.728 (95% CI: 0.610-0.846, P = 0.001), sensitivity of 60.0%, and
specificity of 83.8% (Figure 10).

3.2 Association of CD155 with gastric
cancer progression in TCGA-STAD dataset

To investigate the role of CD155 in GC, we first analyzed the
mRNA expression level of CD155 in the TCGA-STAD database.
CD155 was significantly upregulated in STAD tumor tissues
(Figures 2A, B). Next, Kaplan-Meier survival curve was performed to
explore the relationship between CD155 and prognosis of GC.
Evidently, CD155 overexpression was related to poor prognosis in
GC patients (Figure 2C). For evaluating the diagnostic efficacy of
CD155 in GC, we conducted ROC curve and yielded an AUC value of
0.87, representing good diagnostic performance (Figure 2D).
Moreover, we analyzed the CD155 expression level in different
pathological stages and molecular typing. The outcomes showed that
CD155 expression was associated with GC patient stage (Figure 2E).
Meanwhile, there were significant differences in the CD155 expression
among different molecular subtypes and immune subtypes
(Figures 2F, G), indicating its role in the formation of the TME.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1173524
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

M N
g
8
HGIN g‘
i
LGIN =
v
a
CAG 8
G
15}
o
P g
8
§
Case percentage of CD155 expression levels(%) &~

FIGURE 1

CD155 expression in distinct stages of GAC development. (A—D) HE staining showing CSG, CAG, LGIN and HGIN, respectively (magnification x200).
(E—-L) Representative images of CD155 IHC staining in above stages, respectively (upper: magnification x50, lower: magnification x200). (M) CD155
expression levels in different pathological stages. As the development of pathological stage, CD155 expression has an increasing trend in moderate
and strong expression groups, and decreasing trend in no and weak groups. (N) Moderate and strong expression were defined as high expression.
The proportion of high expression of CD155 has significant difference in four progressing stages (11.1%, 21.1%, 40% and 80% respectively, P <0.0001).
Spearman correlation demonstrated that CD155 high expression was positively correlated with the pathological evolution of GAC (r = 0.521, P
<0.0001). (0O) ROC curve showed predictive power of CD155 expression in process from gastritis to intraepithelial neoplasia by H-score. **P < 0.01,
***%p < 0.001. CSG, chronic superficial gastritis; CAG, chronic atrophic gastritis; LGIN, low-grade intraepithelial neoplasia; HGIN, high-grade

intraepithelial neoplasia.

To characterize the specific functions of CD155 in GC, GO and
KEGG enrichment analyses were performed. The analysis results
were mainly enriched in DNA replication, RNA transport, cell cycle,
and so on (Figure 2H). This biological process is most closely
associated with cell proliferation. At the same time, GSEA results
showed enrichment for several cell-cycle related pathways, such as
MYGC, E2F targets, and G2M checkpoint pathways (Figure 2I). Thus,
we hypothesized that there may be certain link between the
expression of CD155 and the proliferative capacity of tumor cells.

3.3 Correlation of CD155 expression with

clinicopathological characteristics and
prognosis of 268 GAC samples

Subsequently, we analyzed CD155 expression in 268 GAC tissues
by IHC, showing that CD155 was mainly localized in membrane and
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cytoplasm of tumor cells (Figures 3A-H). The statistical analysis of the
relationship between CD155 expression and clinicopathological
features revealed that CD155 expression was significantly correlated
with the tumor volume (r = 0.183, P = 0.003), tumor stage (r = 0.128, P
= 0.037) and lymph node metastasis (r = 0.151, P = 0.013, Table 1),
which also indicated that CD155 might be involved in tumor
progression in gastric cancer. Kaplan-Meier survival curves showed
that patients with high CD155 expression had a worse prognosis (log-
rank, P = 0.033) (Figure 3I). While overall survival was higher in
patients in the CD155 low expression group (x> ~ 5.134, P = 0.023,
Figure 3]). For examining the relationship between CD155 expression
and gastric cancer cell proliferation, we evaluated the expression of
CD155 and Ki67. The analysis showed that CD155 expression was in
accordance with Ki67 (Figures 3K-R). According to the correlation
analysis, CD155 expression was positively correlated with Ki67 in GAC
(r =0.229, P < 0.001, Figure 3S). We then counted four subsets based
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FIGURE 2

Relationship between CD155 mRNA expression and gastric cancer progression. The expression level of CD155 in non-paired tumors (A) and paired
tumors (B) in comparison with normal tissues. (C) The overall survival of CD155 in the TCGA database. (D) ROC curve analysis of CD155 diagnosis.

(E) The CD155 mRNA expression Level in STAD patients with different pathologic stages. (F) CD155 expression level in five immune subtypes in

STAD: C1 (wound healing), C2 (IFN-gamma dominant), C3 (inflammatory), C4 (lymphocyte depleted), and C6 (TGF-b dominant). (G) CD155 expression in
five molecular subtypes of STAD: CIN, Chromosome Instable; EBV, Epstein Barr virus; GS, Genetic Stable; HM-SNV, Hypermutated-SNV; HM-indel,
Hypermutated-indel. (H) GO and KEGG functional enrichment analysis of CD155. (I) Gene set enrichment analysis. *P < 0.05; ***P < 0.001.

on the staining results of CD155 and Ki67, and analyzed the prognostic =~ 3.4 Association of CD155 expression
differences between the subgroups. K-M curves showed no difference  \with inﬁ[trating immune cells in

between high or low Ki67 expression and prognosis (Figure 3T). There  TCGA-STAD dataset
were no significant differences in overall survival among the four

subgroups, but the patients with low CD155 together with high Ki67 For exploring the effect of CD155 on the TME, we first
expression had a tendency to have a better prognosis (Figure 3U). determined whether CDI155 expression was related to tumor
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The expression of CD155 in GAC tissue and its relationship with prognosis of patients. (A—H) Levels of CD155 expression by IHC staining was graded
as no, weak, moderate, and strong respectively (above, magnification x25; below, magnification x200). (I) Kaplan-Meier survival curve showed
significant difference between low and high CD155 expression (P = 0.033). (J) Overall survival rate was significantly higher in low CD155 expression
than high (47.4% vs. 31.7%, P = 0.023). *P < 0.05. (K-R) Identification of CD155 and Ki67 expression in the same GAC samples. (K=N) IHC staining of
CD155. (O—R) IHC staining of Ki67. (S) Correlation between CD155 and Ki67 expression by Spearman analysis. (T) Kaplan-Meier survival curve
according to low and high levels of Ki67. (U) Kaplan-Meier survival curve according to the combination of CD155 and Ki67 expression. *P < 0.05.

immune cell infiltration in STAD using the bioinformatic
methods. We found that the stromal, immune, and ESTIMATE
score for the TME of STAD patients were lower in the high-
CD155 group (Figures 4A-C). In addition, CIBERSORT
algorithm was used to assess the influence of CD155 expression
level on immune cell infiltration. The results indicated a
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significant positive correlation between CD155 expression and
specific immune cells, such as MO macrophages, M1 macrophages,
and resting NK cells. The converse was observed with resting CD4
memory T cells, resting mast cells, and memory B cells
(Figures 4D-K). Thus, we speculated that CD155 plays critical
and complicated roles with TME cells.
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TABLE 1 CD155 expression and clinicopathological characteristics.

Clinical or pathological

characteristics

10.3389/fimmu.2023.1173524

TABLE 1 Continued

Clinical or pathological

characteristics

All cases 268 125 143 Lymph node involvement 0.002
(46.6) | (534)
NO 85 45 40
Sex 0.381 (52.9) (47.1)
Male 210 95 115 NI 62 38 24
(452) | (54.8) (613)  (387)
Female 58 30 28 N2 56 16 40
(517) | (483) (286)  (714)
Age (years) 0.531 N3 65 26 39
(40.0) | (60.0)
<70 164 74 90
(45.1) (54.9) Metastasis 0.439
>70 104 51 53 Mo 238 113 125
(49.0) | (51.0) (475)  (525)
Tumor volume (cm?) 0.003 M1 30 12 18
(40.0) | (60.0)
<5 186 98 88
(527) | (473)
25 82 2 55 3.5 Infiltration level of TME cells in GAC
(29) (67 and relationship with prognosis
Tumor differentiation 0.973
To evaluate the relationship between CD155 expression and
Well 6 3 3 . . Lo .
500) | (500) immune or stromal cell infiltration in TME and prognosis in GAC
patients, we analyzed the expression of TME cellular markers,
Moderate 12 (4755 (526; including CD3, CD4, CD8, Foxp3, IL-17, IFN-y, CD19, CDI11c,
' ' CD56, CD68, CD31, and 0-SMA (Figures 5A-L), of which the
Poor 141 (4663 (53796) levels were found to correlate with some clinicopathological
i i features in GAC (Tables S2-S5). The difference in survival between
Tumor stage 0.046 the low and high expression of TME cell markers was presented by
0 1 4 7 Kaplan-Meier survival curves (Figure S1). Then, the correlation
(36.4) | (63.6) between CD155 expression and TME landscape was evaluated. The
1 0 21 I positive correlation was only observed between CD155 and CD68
(65.6) (34.4) (r =0.155, P = 0.011) and between CD155 and CD31 (r = 0.136, P =
5 o 3 30 0.026, Table 2). We further combined CD155 expression with these
(54.5) (45.5) markers to assess prognostic differences (Figures 5M-X). Patients
R s i s with high CD155 expression combined with low CD3, CD4, CD8, IL-
(390) | (61.0) 17, IEN-y or CD19 expression were associated with poorer overall
survival (log-rank, P = 0.008, P = 0.001, P = 0.001, P = 0.036, P =
6
4 % “ 4_1) (55_26(; 0.001, P < 0.001, respectively). The overall survival was shorter in
patients with high expression of both CD155 and a-SMA (P = 0.004).
Tumor depth 0.048
T1 36 20 16
55.6 44.4 . . . .
(59 | o 3.6 Univariate and multivariate Cox
2 34 21 13 regression analysis
(618)  (382)
T3 169 68 101 Univariate Cox proportional Hazard regression analysis for all
2 | 98 variables showed that tumor volume, tumor stage, depth of tumor
T4 29 16 13 infiltration, lymph node involvement, distant metastasis, CD155, CD4,
(552) (448) CD8, IEN-y, CD19, 0.-SMA, as well as CD155 and TME molecules co-
(Continued) expression patterns for CD155/CD3, CD155/CD4, CD155/CD8,
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FIGURE 4

Correlation between CD155 and tumor immune infiltration. (A—C) Box plots show the immune score (A), stromal score (B), and ESTIMATE score

(C) between low- and high-CD155 groups. (D) Relative infiltrating proportion of immune cells in high- and low-CD155 groups. (E) Lollipop graph shows
the correlation between CD155 expression and immune cells. (F-K) Scatter plots present the correlation between CD155 expression and immune cells.
*p < 0.05; **p < 0.01; ***p < 0.001.

CD155/IL-17, CD155/IFN-y, CD155/CD19, and CD155/0-SMA were
factors affecting postoperative survival in GAC patients (Table 3).

4 Discussion

Meanwhile, Multivariate Cox regression analysis of survival related to Co-inhibitory receptor molecule TIGIT is a promising

co-expression of CD155 and TME biomarkers adjusted for  therapeutic target for tumor immunotherapy, with multiple
clinical trials and preclinical trials underway. CD155 is the most
important and widely expressed ligand of TIGIT. The elucidation

on CD155 expression changes in GC as well as in the evolution of

clinicopathologic features showed that co-expression model of
CD155/CD3, CD155/CD4 and CD155/CD19 served as independent
factors for overall survival in GAC patients (Table 4).
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FIGURE 5

Immune and stromal cell infiltration and prognosis predicted by combined CD155. (A—L) IHC was performed to measure the levels of immune and
stromal cell markers for CD3, CD4, CD8, Foxp3, IL-17, IFN-y, CD19, CD11c, CD56, CD68, CD31 and a-SMA in 268 GAC samples. Molecules levels of
TME cells was graded as low and high levels (upper: low levels, lower: high levels). Black bar: 50 pym, red bar: 25 pm. (M—X) Kaplan-Meier survival
curve according to combination of expression of CD155 and TME cells markers.

GC is valuable for patient screening and evaluation of clinical
efficacy when using anti-TIGIT antibodies in the treatment of
GC. Here, we found that CD155 expression was increased
gradually with disease progression and CD155 had a differential
diagnostic value on gastritis and intraepithelial neoplasia disease.
CD155 expression was significantly upregulated and associated with
poorer overall survival and tumor progression in GAC. Moreover,
considering the relationship of TME, our findings showed that
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CD155 expression was positively correlated with the infiltration of
CD68+ macrophages in TME and that combination of CD155
expression and levels of tumor-infiltrating T or B cells could predict
the prognosis in GAC patients.

The occurrence and development of GC is a complicated
biological process involving multiple factors and steps.
Traditionally, the typical development model of intestinal-type
GC, described by the Correa classification, is a progression from
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TABLE 2 Correlations between CD155 expression and markers levels of
TME cells.

CD3 Low 78 89 0.002 0.978
High 47 54

CD4 Low 78 92 -0.02 0.744
High 47 51

CDS8 Low 92 118 -0.108 0.077
High 33 25

Foxp3 Low 65 83 -0.061 0323
High 60 60

IL-17 Low 81 107 -0.109 0.074
High 44 36

IFN-y Low 50 72 -0.104 0.090
High 75 71

CD19 Low 73 82 0.011 0.862
High 52 61

CDl11c Low 66 69 0.045 0.459
High 59 74

CD56 Low 112 124 0.044 0.469
High 13 19

CD68 Low 71 59 0.155 0.011
High 54 84

CD31 Low 79 71 0.136 0.026
High 46 72

0-SMA Low 44 55 -0.034 0.583
High 81 88

chronic gastritis, atrophic gastritis, atrophic gastritis with intestinal
metaplasia to dysplasia, eventually developing into carcinoma (32).
We found that the CD155 expression level was lower in gastritis and
enhanced in neoplastic tissues, especially in the HGIN stage, and
high CD155 expression had a marked positive correlation with the
progression of the lesion. On one hand, the results indicated that
CD155 has diagnostic value for lesions of different character in the
stomach, which may be beneficial for the diagnosis of gastric cancer
at an earlier stage. On the other hand, we speculated that CD155
may drive the evolutionary process from gastritis to gastric
intraepithelial neoplasia in combination with the close
relationship between CDI155 and cell proliferation. Previous
studies have revealed that the expression of CD155 was
significantly higher in neoplastic tissues such as intestinal
adenomas and high-grade cervical squamous intraepithelial
lesions than in normal tissues (22, 33), consistently with our
results, suggesting that CD155 might play a role in tumorigenesis.
However, it is not completely clear which exact mechanism is
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involved. DNA damage, an important pathological process
normally activated in precancerous cells, could induce CDI155
expression (34, 35). It suggests that CD155 may be a stress-
induced ligand, in part reflecting potential danger and malignant
transformation inside the body. Meanwhile, CD155 was associated
with multiple DNA and RNA biological activities analyzed in high-
throughput data, which is supposed to be a potential mechanism for
CD155 to promote tumor cell proliferation. Moreover, CD155
enhanced the serum- and platelet-derived growth factor- induced
activation of the Ras-Raf-MEK-ERK signaling, up-regulated cyclins
D2 and E, and down-regulated p27™"", shortened the period of the
GO0/G1 phase of the cell cycle, eventually promoting cell
proliferation (36). Further studies in a variety of tumor cells have
also demonstrated that CD155 can promote tumor cell proliferation
by regulating cell cycle-associated proteins and cell cycle
progression (16, 17, 22). Just as PD-L1 expression can exert an
impact on the therapeutic efficacy of anti-PD1 antibodies, the tight
association of CD155 with cell proliferation may also influence the
clinical treatment efficacy of anti-TIGIT antibodies.

We showed here that CD155 was closely associated with the
aggressive clinicopathological characteristics including tumor volume,
tumor stage, and lymph node involvement according to the analysis of
TCGA-database and 268 GAC tissue specimens. Several studies have
demonstrated that upregulated expression of CD155 in cancer cells
enhanced tumor proliferation, invasion, migration and distant
metastasis (22, 37-39). In contrast, knockdown of CD155 in
colorectal cancer cells inhibited tumor cell proliferation, invasion,
and conversely induced apoptosis via AKT/Bcl-2/Bax (16). By
blocking CD155, cancer cell metastasis to the lungs were inhibited
(38). In agreement with our results, these findings suggested that
CD155 can not only affect gastric carcinogenesis, but contribute to the
progression of GC, and consequently lead to worse prognosis as well.

The function of CD155 in tumor immunomodulation has
become a research hotspot, and has attracted increasing attention.
CD155 combines with CD226 to enhance T/NK cell-mediated
cytotoxicity and promote anti-tumor immune response, but also
interacts with TIGIT and CD96 to induce tumor immune escape
and promote tumor progression (11-13). Interestingly, it was
shown that the binding of CD155 to TIGIT was able to dampen
the immune activity of CD226 (8, 10). Thus, the relationship
between CD155 and the immune microenvironment is complex.
It was reported that CD155 expression on human pancreatic cancer
cells might hinder the infiltration of various tumor-infiltrating
lymphocytes (TILs), which was based on the negative correlation
between CD155 and TILs (17). In this study, we examined the
correlations between CD155 and various immune cells and stromal
cells of TME in GAC at both mRNA and protein levels, respectively,
to investigate whether the tumor tissues with high CD155
expression were accompanied by an immunosuppressive state or
a high degree of stromal cell infiltration, and to assess the TME
landscape of GAC corresponding to different levels of CD155
expression. Our results revealed an inverse correlation which at
the RNA level or no correlation which at the protein level between
CD155 and infiltration of T and B lymphocytes, whereas CD155
was significantly related to the expression of tumor-infiltrating
macrophages (CD68+ macrophages) which at both RNA and
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TABLE 3 Univariate Cox regression analysis of survival.

Variables

Univariate analysis

HR (95% Cl)

10.3389/fimmu.2023.1173524

Sex (female vs. male) 0.901 (0.583-1.391) 0.638
Age (<70 years vs. 270 years) 1.203 (0.839-1.724) 0.315
Tumor volume (<5 cm® vs. =5 cm?) 1.829 (1.267-2.640) 0.001
Tumor differentiation (well, moderate vs. poor) 1.030 (0.745-1.424) 0.859
Tumor stage (0, 1, 2, 3 vs. 4) 2.062 (1.661-2.560) <0.001
Tumor depth (T1, T2, T3 vs. T4) 1.737 (1.383-2.181) <0.001
Lymph node involvement (NO, N1, N2 vs. N3) 1.797 (1.527-2.115) <0.001
Metastasis (MO vs. M1) 2.118 (1.278-3.509) 0.004
CD155 (low vs. high) 1.476 (1.027-2.121) 0.035
CD155/CD3 (others vs. high/low) 1.643 (1.134-2.380) 0.009
CD155/CD4 (others vs. high/low) 1.863 (1.295-2.679) 0.001
CD155/CD8 (others vs. high/low) 1.788 (1.247-2.562) 0.002
CD155/Foxp3 (others vs. high/low) 1.425 (0.986-2.060) 0.060
CD155/IL-17 (others vs. high/low) 1.465 (1.021-2.101) 0.038
CD155/IFN-y (others vs. high/low) 1.831 (1.253-2.674) 0.002
CD155/CD19 (others vs. high/low) 2.145 (1.486-3.095) <0.001
CD155/CD11c (others vs. high/low) 1.390 (0.951-2.033) 0.089
CD155/CD56 (others vs. high/low) 1.425 (0.996-2.040) 0.053
CD155/CD68 (others vs. high/low) 1.262 (0.861-1.849) 0.234
CD155/CD31 (others vs. high/low) 1.176 (0.788-1.756) 0.427
CD155/0-SMA (others vs. high/low) 1.716 (1.178-2.500) 0.005

TABLE 4 Multivariate Cox regression analysis of survival related to coexpression of CD155 and TME biomarkers adjusted for

clinicopathologic features®.

Variables

Multivariate analysis

HR (95% Cl)

Clinicopathologic features + CD155 1.160 (0.795-1.694) 0.442
Clinicopathologic features + CD155/CD3 1.500 (1.028-2.188) 0.036
Clinicopathologic features + CD155/CD4 1.488 (1.019-2.173) 0.040
Clinicopathologic features + CD155/CD8 1.378 (0.945-2.007) 0.096
Clinicopathologic features + CD155/Foxp3 1.429 (0.985-2.072) 0.060
Clinicopathologic features + CD155/IL-17 1.208 (0.825-1.767) 0.331
Clinicopathologic features + CD155/IFN-y 1.337 (0.908-1.970) 0.141
Clinicopathologic features + CD155/CD19 1.565 (1.072-2.286) 0.020
Clinicopathologic features + CD155/CD11c 1.321 (0.896-1.948) 0.160
Clinicopathologic features + CD155/CD56 0.983 (0.673-1.436) 0.929
Clinicopathologic features + CD155/CD68 1.009 (0.683-1.491) 0.964
Clinicopathologic features + CD155/CD31 0.946 (0.630-1.420) 0.789
Clinicopathologic features + CD155/0-SMA 1.344 (0.909-1.988) 0.138

!Clinicopathologic features include tumor volume, tumor stage, tumor depth, lymph node involvement and metastasis (Statistically significant in Table 3).
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protein levels. Hence, it can be thought that the adverse prognosis of
patients with high CD155 expression is not only related to its
promotion of tumor cell proliferation, invasion and metastasis, but
also might be involved in its mediated tumor immunosuppression.
Tumor-associated macrophages (TAM:s), one of the main types of
immune cells in TME, have a major role in the development of
tumors. Targeting tumor-infiltrating macrophages has also become
one of the principal strategies in current tumor immunotherapy
(40). Apart from our finding of an expression correlation between
CD155 and macrophages, CD155 related to CD68/CD163 was also
observed in breast cancer tissues (21). Nevertheless, the relationship
between CD155 and tumor-infiltrating macrophages remains to be
illuminated. It was observed that TIGIT interacted directly with
CD155 on macrophages and inhibited M1 macrophage-mediated
cytotoxicity and reduced the expression of pro-inflammatory genes
such as TNFaq, IL-1f and IL-12 in part via the phosphorylation of
SHP-1 (41). Another study has shown that cisplatin-resistant lung
cancer cells can promote M2 polarization of TAM:s via Src/CD155/
macrophage inhibitory factor, contributing to cancer progression
(42). Thus, CD155 might influence tumor progression by inhibiting
function of M1 macrophages and promoting M2 polarization.
However, there are few studies on the role of CD155 in relation
to CD68 in malignant tumors, especially GAC. Further exploration
of the interaction between CD155 and macrophages is needed in
order to discover more effective therapeutic strategies for blocking
tumor immunosuppression.

Notably, the role of CD155 in tumor angiogenesis is also attracting
increasingly attention. There was a positive correlation between CD155
expression and vascular endothelial growth factor (VEGF) and
intratumoral micro vessel density (MVD) levels in human pancreatic
cancer and cholangiocarcinoma, respectively, suggesting that CD155
contributes to angiogenesis (17, 19). Conversely, knockdown of CD155
in human umbilical vein endothelial cells inhibited the VEGF-induced
capillary-like network formation (43). Together, these results suggested
that CD155 could regulate VEGF-induced angiogenesis. Our findings
also showed that CD155 was correlated with CD31, suggesting that
CD155 may also participate in facilitating the angiogenesis of GAC,
which accelerated the progression of GAC and led to unfavorable
prognosis ultimately. In addition, the present study showed that the
patients with high CD155 expression and low expression of CD3, CD4,
CD8, IL-17, IFN-y or CD19, as well as those with high CD155 and a-
SMA expression, had a poorer prognosis. Studies on the combined
CD155 expression and TME cell infiltration in relation to the prognosis
of GAC patients have not been reported. Here, we revealed inconsistent
results in the relationship between CD155 and T or B cells in gastric
cancer based on the database analysis and clinical tissue assays,
indicating that post-transcriptional modifications of CD155 might be
involved. Our results illustrated the dismal prognosis of GAC patients
with high-CD155 along with a decreased level of tumor-infiltrating T/B
lymphocytes, indicating that the expression level of CD155 and the
infiltration degree of T or B lymphocyte could be a combined indicator
for the prognosis of patients, which provides a potential marker for the
subsequent treatment with anti-TIGIT antibodies. Among stromal cells
in TME, Cancer-associated fibroblasts (CAFs) are the most abundant
and have a critical role in cancer progression (44). The worse prognosis
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of patients with high expression of both CD155 and o-SMA might be
related to the factor that CAFs can inhibit the killing activity of NK cells
through CD155, aggravating tumor immunosuppression (45).
Altogether, CD155 may in part promote the suppressive effects of
TME in GAC patients. Moreover, CD155 expression and levels of
tumor-infiltrating T or B cells could be combined to predict the
prognosis in patients with GAC.

In summary, our study showed CD155 expression was gradually
increased with the pathological evolution of gastritis to intraepithelial
neoplasia. High CD155 expression was associated with tumor
progression and worse prognosis in GAC patients. The levels of
CD155 expression combined with multiple TME cells infiltration can
serve as an indicator of prognosis. Based on these findings, we conclude
that CD155 plays an important role in the development of GAC, and is
expected to become a novel target of immunotherapy in GAC patients.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the Clinical Research Ethics Committee of the First
Affiliated Hospital of Soochow University (approval number:
2018121). The patients/participants provided their written
informed consent to participate in this study.

Author contributions

XL: Methodology, Formal analysis, Writing — original draft. CX:
Formal analysis, Writing - original draft. TG: Resources,
Methodology. SZ: Data curation, Validation. QQ: Investigation,
Methodology. ML: Formal analysis. ZW: Formal analysis. XZ
Supervision. LG: Project administration, Resources, Supervision.
LC: Conceptualization, Funding acquisition, Project administration,
Writing — review & editing. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by the National Natural Science
Foundation of China (81874163).

Acknowledgments

We are greatly thankful to the TCGA databases for
providing data.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1173524
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin (2021) 71:209-49. doi: 10.3322/caac.21660

2. Formica V, Morelli C, Patrikidou A, Shiu KK, Nardecchia A, Lucchetti J, et al. A
systematic review and meta-analysis of PD-1/PD-L1 inhibitors in specific patient
subgroups with advanced gastro-oesophageal junction and gastric adenocarcinoma.
Crit Rev Oncol Hematol (2021) 157:103173. doi: 10.1016/j.critrevonc.2020.103173

3. Eggermont AMM, Blank CU, Mandala M, Long GV, Atkinson V, Dalle S, et al.
Adjuvant pembrolizumab versus placebo in resected stage III melanoma. N Engl ] Med
(2018) 378:1789-801. doi: 10.1056/NEJMoal802357

4. XiaL, Liu Y, Wang Y. PD-1/PD-L1 blockade therapy in advanced non-Small-Cell
lung cancer: current status and future directions. Oncologist (2019) 24:831-s41. doi:
10.1634/theoncologist.2019-10-S1-s05

5. Heery CR, O'Sullivan-Coyne G, Madan RA, Cordes L, Rajan A, Rauckhorst M,
et al. Avelumab for metastatic or locally advanced previously treated solid tumours
(JAVELIN solid tumor): a phase la, multicohort, dose-escalation trial. Lancet Oncol
(2017) 18:587-98. doi: 10.1016/51470-2045(17)30239-5

6. Shitara K, Ozgiiroglu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu MH, et al.
Pembrolizumab versus paclitaxel for previously treated, advanced gastric or gastro-
oesophageal junction cancer (KEYNOTE-061): a randomised, open-label, controlled,
phase 3 trial. Lancet (2018) 392:123-33. doi: 10.1016/S0140-6736(18)31257-1

7. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in
patients with advanced gastric or gastro-oesophageal junction cancer refractory to, or
intolerant of, at least two previous chemotherapy regimens (ONO-4538-12,
ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet (2017) 390:2461-71. doi: 10.1016/S0140-6736(17)31827-5

8. Chiang EY, Mellman I. TIGIT-CD226-PVR axis: advancing immune checkpoint
blockade for cancer immunotherapy. J Immunother Cancer (2022) 10(4):e004711. doi:
10.1136/jitc-2022-004711

9. Banta KL, Xu X, Chitre AS, Au-Yeung A, Takahashi C, O'Gorman WE, et al.
Mechanistic convergence of the TIGIT and PD-1 inhibitory pathways necessitates co-
blockade to optimize anti-tumor CD8(+) T cell responses. Immunity (2022) 55:512—
26.€9. doi: 10.1016/j.immuni.2022.02.005

10. Alteber Z, Kotturi MF, Whelan S, Ganguly S, Weyl E, Pardoll DM, et al.
Therapeutic targeting of checkpoint receptors within the DNAMI1 axis. Cancer
Discovery (2021) 11:1040-51. doi: 10.1158/2159-8290.CD-20-1248

11. Kucan Brli¢ P, Lenac Rovi$ T, Cinamon G, Tsukerman P, Mandelboim O, Jonji¢
S. Targeting PVR (CD155) and its receptors in anti-tumor therapy. Cell Mol Immunol
(2019) 16:40-52. doi: 10.1038/s41423-018-0168-y

12. Gao J, Zheng Q, Xin N, Wang W, Zhao C. CD155, an onco-immunologic
molecule in human tumors. Cancer Sci (2017) 108:1934-8. doi: 10.1111/cas.13324

13. Wu B, Zhong C, Lang Q, Liang Z, Zhang Y, Zhao X, et al. Poliovirus receptor
(PVR)-like protein cosignaling network: new opportunities for cancer immunotherapy.
J Exp Clin Cancer Res (2021) 40:267. doi: 10.1186/s13046-021-02068-5

14. Takai Y, Irie K, Shimizu K, Sakisaka T, Ikeda W. Nectins and nectin-like
molecules: roles in cell adhesion, migration, and polarization. Cancer Sci (2003)
94:655-67. doi: 10.1111/§.1349-7006.2003.tb01499.x

15. Takai Y, Miyoshi ], Ikeda W, Ogita H. Nectins and nectin-like molecules: roles
in contact inhibition of cell movement and proliferation. Nat Rev Mol Cell Biol (2008)
9:603-15. doi: 10.1038/nrm2457

16. Zheng Q, Wang B, Gao J, Xin N, Wang W, Song X, et al. CD155 knockdown
promotes apoptosis via AKT/Bcl-2/Bax in colon cancer cells. J Cell Mol Med (2018)
22:131-40. doi: 10.1111/jcmm.13301

Frontiers in Immunology

13

10.3389/fimmu.2023.1173524

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1173524/
full#supplementary-material

17. Nishiwada S, Sho M, Yasuda S, Shimada K, Yamato I, Akahori T, et al. Clinical
significance of CD155 expression in human pancreatic cancer. Anticancer Res (2015)
35:2287-97.

18. Zhang C, Wang Y, Xun X, Wang S, Xiang X, Hu S, et al. TIGIT can exert
immunosuppressive effects on CD8+ T cells by the CD155/TIGIT signaling pathway
for hepatocellular carcinoma In vitro. ] Immunother (2020) 43:236-43. doi: 10.1097/
CJ1.0000000000000330

19. Huang DW, Huang M, Lin XS, Huang Q. CD155 expression and its correlation
with clinicopathologic characteristics, angiogenesis, and prognosis in human
cholangiocarcinoma. Onco Targets Ther (2017) 10:3817-25. doi: 10.2147/OTT.S141476

20. Zhang H, Liu Q, Lei Y, Zhou J, Jiang W, Cui Y, et al. Direct interaction between
CD155 and CD96 promotes immunosuppression in lung adenocarcinoma. Cell Mol
Immunol (2021) 18:1575-7. doi: 10.1038/s41423-020-00538-y

21. Yong H, Cheng R, Li X, Gao G, Jiang X, Cheng H, et al. CD155 expression and
its prognostic value in postoperative patients with breast cancer. BioMed Pharmacother
(2019) 115:108884. doi: 10.1016/j.biopha.2019.108884

22. Liu L, Wang Y, Geng C, Wang A, Han S, You X, et al. CD155 promotes the
progression of cervical cancer cells through AKT/mTOR and NF-kB pathways. Front
Oncol (2021) 11:655302. doi: 10.3389/fonc.2021.655302

23. Lim SM, Hong MH, Ha SJ, Hwang D, Chae S, Koh YW, et al. Overexpression of
poliovirus receptor is associated with poor prognosis in head and neck squamous cell
carcinoma patients. ] Cancer Res Clin Oncol (2021) 147:2741-50. doi: 10.1007/s00432-
021-03531-8

24. Ducoin K, Bilonda-Mutala L, Deleine C, Oger R, Duchalais E, Jouand N, et al.
Defining the immune checkpoint landscape in human colorectal cancer highlights the
relevance of the TIGIT/CD155 axis for optimizing immunotherapy. Cancers (Basel)
(2022) 14(17):4261. doi: 10.3390/cancers14174261

25. Bejarano L, Jordao MJC, Joyce JA. Therapeutic targeting of the tumor
microenvironment. Cancer Discovery (2021) 11:933-59. doi: 10.1158/2159-8290.CD-20-1808

26. Anderson NM, Simon MC. The tumor microenvironment. Curr Biol (2020) 30:
R921-r5. doi: 10.1016/j.cub.2020.06.081

27. Quail DF, Joyce JA. Microenvironmental regulation of tumor progression and
metastasis. Nat Med (2013) 19:1423-37. doi: 10.1038/nm.3394

28. He W, Zhang H, Han F, Chen X, Lin R, Wang W, et al. CD155T/TIGIT
signaling regulates CD8(+) T-cell metabolism and promotes tumor progression in
human gastric cancer. Cancer Res (2017) 77:6375-88. doi: 10.1158/0008-5472.CAN-17-
0381

29. Xu D, Zhao E, Zhu C, Zhao W, Wang C, Zhang Z, et al. TIGIT and PD-1 may
serve as potential prognostic biomarkers for gastric cancer. Immunobiology (2020)
225:151915. doi: 10.1016/j.imbi0.2020.151915

30. Zhan S, Liu Z, Zhang M, Guo T, Quan Q, Huang L, et al. Overexpression of B7-
H3 in 0.-SMA-Positive fibroblasts is associated with cancer progression and survival in
gastric adenocarcinomas. Front Oncol (2019) 9:1466. doi: 10.3389/fonc.2019.01466

31. Guo L, Liu Z, Zhang Y, Quan Q, Huang L, Xu Y, et al. Association of
increased B7 protein expression by infiltrating immune cells with progression
of gastric carcinogenesis. Med (Baltimore) (2019) 98:¢14663. doi: 10.1097/
MD.0000000000014663

32. Correa P, Haenszel W, Cuello C, Tannenbaum S, Archer M. A model for gastric
cancer epidemiology. Lancet (1975) 2:58-60. doi: 10.1016/S0140-6736(75)90498-5

33. Chadéneau C, LeCabellec M, LeMoullac B, Meflah K, Denis MG. Over-
expression of a novel member of the immunoglobulin superfamily in Min mouse
intestinal adenomas. Int ] Cancer (1996) 68:817-21. doi: 10.1002/(SICI)1097-0215
(19961211)68:6<817::AID-1JC21>3.0.CO;2-W

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1173524/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1173524/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.critrevonc.2020.103173
https://doi.org/10.1056/NEJMoa1802357
https://doi.org/10.1634/theoncologist.2019-IO-S1-s05
https://doi.org/10.1016/S1470-2045(17)30239-5
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1136/jitc-2022-004711
https://doi.org/10.1016/j.immuni.2022.02.005
https://doi.org/10.1158/2159-8290.CD-20-1248
https://doi.org/10.1038/s41423-018-0168-y
https://doi.org/10.1111/cas.13324
https://doi.org/10.1186/s13046-021-02068-5
https://doi.org/10.1111/j.1349-7006.2003.tb01499.x
https://doi.org/10.1038/nrm2457
https://doi.org/10.1111/jcmm.13301
https://doi.org/10.1097/CJI.0000000000000330
https://doi.org/10.1097/CJI.0000000000000330
https://doi.org/10.2147/OTT.S141476
https://doi.org/10.1038/s41423-020-00538-y
https://doi.org/10.1016/j.biopha.2019.108884
https://doi.org/10.3389/fonc.2021.655302
https://doi.org/10.1007/s00432-021-03531-8
https://doi.org/10.1007/s00432-021-03531-8
https://doi.org/10.3390/cancers14174261
https://doi.org/10.1158/2159-8290.CD-20-1808
https://doi.org/10.1016/j.cub.2020.06.081
https://doi.org/10.1038/nm.3394
https://doi.org/10.1158/0008-5472.CAN-17-0381
https://doi.org/10.1158/0008-5472.CAN-17-0381
https://doi.org/10.1016/j.imbio.2020.151915
https://doi.org/10.3389/fonc.2019.01466
https://doi.org/10.1097/MD.0000000000014663
https://doi.org/10.1097/MD.0000000000014663
https://doi.org/10.1016/S0140-6736(75)90498-5
https://doi.org/10.1002/(SICI)1097-0215(19961211)68:6%3C817::AID-IJC21%3E3.0.CO;2-W
https://doi.org/10.1002/(SICI)1097-0215(19961211)68:6%3C817::AID-IJC21%3E3.0.CO;2-W
https://doi.org/10.3389/fimmu.2023.1173524
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

34. Gorgoulis VG, Vassiliou LV, Karakaidos P, Zacharatos P, Kotsinas A, Liloglou
T, et al. Activation of the DNA damage checkpoint and genomic instability in human
precancerous lesions. Nature (2005) 434:907-13. doi: 10.1038/nature03485

35. Soriani A, Zingoni A, Cerboni C, Iannitto ML, Ricciardi MR, Di Gialleonardo V,
et al. ATM-ATR-dependent up-regulation of DNAM-1 and NKG2D ligands on
multiple myeloma cells by therapeutic agents results in enhanced NK-cell
susceptibility and is associated with a senescent phenotype. Blood (2009) 113:3503-
11. doi: 10.1182/blood-2008-08-173914

36. Kakunaga S, Tkeda W, Shingai T, Fujito T, Yamada A, Minami Y, et al.
Enhancement of serum- and platelet-derived growth factor-induced cell
proliferation by necl-5/Tage4/poliovirus receptor/CD155 through the ras-Raf-
MEK-ERK signaling. J Biol Chem (2004) 279:36419-25. doi: 10.1074/
jbc.M406340200

37. Zheng Q, Gao J, Yin P, Wang W, Wang B, Li Y, et al. CD155 contributes to the
mesenchymal phenotype of triple-negative breast cancer. Cancer Sci (2020) 111:383-
94. doi: 10.1111/cas.14276

38. Morimoto K, Satoh-Yamaguchi K, Hamaguchi A, Inoue Y, Takeuchi M, Okada
M, et al. Interaction of cancer cells with platelets mediated by necl-5/poliovirus receptor
enhances cancer cell metastasis to the lungs. Oncogene (2008) 27:264-73. doi: 10.1038/
sj.onc.1210645

Frontiers in Immunology

14

10.3389/fimmu.2023.1173524

39. O'Donnell JS, Madore J, Li XY, Smyth MJ. Tumor intrinsic and extrinsic
immune functions of CD155. Semin Cancer Biol (2020) 65:189-96. doi: 10.1016/
j.semcancer.2019.11.013

40. Ge Z, Ding S. The crosstalk between tumor-associated macrophages (TAMs)
and tumor cells and the corresponding targeted therapy. Front Oncol (2020) 10:590941.
doi: 10.3389/fonc.2020.590941

41. Noguchi Y, Maeda A, Lo PC, Takakura C, Haneda T, Kodama T, et al. Human
TIGIT on porcine aortic endothelial cells suppresses xenogeneic macrophage-mediated
cytotoxicity. Immunobiology (2019) 224:605-13. doi: 10.1016/j.imbi0.2019.07.008

42. Huang WC, Kuo KT, Wang CH, Yeh CT, Wang Y. Cisplatin resistant lung cancer
cells promoted M2 polarization of tumor-associated macrophages via the Src/CD155/MIF
functional pathway. J Exp Clin Cancer Res (2019) 38:180. doi: 10.1186/s13046-019-1166-3

43. Kinugasa M, Amano H, Satomi-Kobayashi S, Nakayama K, Miyata M, Kubo Y,
et al. Necl-5/poliovirus receptor interacts with VEGFR2 and regulates VEGF-induced
angiogenesis. Circ Res (2012) 110:716-26. doi: 10.1161/CIRCRESAHA.111.256834

44. Chen X, Song E. Turning foes to friends: targeting cancer-associated fibroblasts.
Nat Rev Drug Discov (2019) 18:99-115. doi: 10.1038/s41573-018-0004-1

45. Inoue T, Adachi K, Kawana K, Taguchi A, Nagamatsu T, Fujimoto A, et al.
Cancer-associated fibroblast suppresses killing activity of natural killer cells through
downregulation of poliovirus receptor (PVR/CD155), a ligand of activating NK
receptor. Int ] Oncol (2016) 49:1297-304. doi: 10.3892/ij0.2016.3631

frontiersin.org


https://doi.org/10.1038/nature03485
https://doi.org/10.1182/blood-2008-08-173914
https://doi.org/10.1074/jbc.M406340200
https://doi.org/10.1074/jbc.M406340200
https://doi.org/10.1111/cas.14276
https://doi.org/10.1038/sj.onc.1210645
https://doi.org/10.1038/sj.onc.1210645
https://doi.org/10.1016/j.semcancer.2019.11.013
https://doi.org/10.1016/j.semcancer.2019.11.013
https://doi.org/10.3389/fonc.2020.590941
https://doi.org/10.1016/j.imbio.2019.07.008
https://doi.org/10.1186/s13046-019-1166-3
https://doi.org/10.1161/CIRCRESAHA.111.256834
https://doi.org/10.1038/s41573-018-0004-1
https://doi.org/10.3892/ijo.2016.3631
https://doi.org/10.3389/fimmu.2023.1173524
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Clinical significance of CD155 expression and correlation with cellular components of tumor microenvironment in gastric adenocarcinoma
	1 Introduction
	2 Materials and methods
	2.1 Specimens of patients with precancerous disease
	2.2 Bioinformatics of correlation of CD155 with tumor progression and immune cells
	2.2.1 Expression of CD155 in STAD
	2.2.2 Functional enrichment analysis
	2.2.3 Gene set enrichment analysis
	2.2.4 Immune cell infiltration

	2.3 Specimens of GAC and tissue microarray (TMA) construction
	2.4 IHC
	2.5 Evaluation of IHC staining
	2.6 Statistical analysis

	3 Results
	3.1 CD155 expression in different pathological stages of precancerous diseases of the stomach
	3.2 Association of CD155 with gastric cancer progression in TCGA-STAD dataset
	3.3 Correlation of CD155 expression with clinicopathological characteristics and prognosis of 268 GAC samples
	3.4 Association of CD155 expression with infiltrating immune cells in TCGA-STAD dataset
	3.5 Infiltration level of TME cells in GAC and relationship with prognosis
	3.6 Univariate and multivariate Cox regression analysis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


