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Abstract

Background: It has been previously reported that CD155 is often over-expressed in a variety of cancer types. In fact,

it is known to be involved in cancer development, and its role in cancer has been widely established. However, clinical
and mechanistic studies involving CD155 yielded conflicting results. Thus, the present study aimed to evaluate overall
prognostic value of CD155 in cancer patients, using a comprehensive analysis.

Methods: Online databases were searched, data was collected, and clinical value of CD155 was evaluated by com-
bining hazard ratios (HRs) or odds ratios (ORs).

Results: The present study involved meta-analysis of 26 previous studies that involved 4325 cancer patients. These
studies were obtained from 25 research articles. The results of the study revealed that increased CD155 expression
was significantly associated with reduced OS in patients with cancer as compared to low CD155 expression (pooled
HR =1.772,95% Cl = 1.441-2.178, P < 0.001). Furthermore, subgroup analysis demonstrated that the level of CD155
expression was significantly associated with OS in patients with digestive system cancer (pooled HR = 1.570, 95%
Cl1=1.120-2.201, P = 0.009), hepatobiliary pancreatic cancer (pooled HR = 1.677,95% C/ = 1.037-2.712, P = 0.035),
digestive tract cancer (pooled HR = 1.512,95% C/ = 1.016-2.250, P = 0.042), breast cancer (pooled HR = 2.137,95%
Cl=1.448-3.154,P < 0.001), lung cancer (pooled HR = 1.706, 95% C/ = 1.193-2.440, P = 0.003), head and neck cancer
(pooled HR = 1.470,95% Cl = 1.160-1.862, P = 0.001). Additionally, a significant correlation was observed between
enhanced CD155 expression and advanced tumor stage (pooled OR = 1.697,95% Cl = 1.217-2.366, P = 0.002), LN
metastasis (pooled OR = 1.953, 95% C/ = 1.253-3.046, P = 0.003), and distant metastasis (pooled OR = 2.253, 95% C/
= 1.235-4.110, P = 0.008).

Conclusion: Altogether, the results of the present study revealed that CD155 acted as an independent marker of
prognosis in cancer patients, and it could provide a new and strong direction for cancer treatment.
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Background

It has been previously reported that CD155 is often over-
expressed in a variety of cancer types. In fact, it is known
to be involved in cancer development, and its role in can-
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patients, thereby attempting to define the role of CD155
in various cancer types.

Introduction

Cancer is the leading cause of death worldwide. In fact,
it is a major public health concern [1]. It is known that
cancer damages patient organ functions and extremely
affects patients’ psychological and social relations, which
further results in a significant deterioration of their qual-
ity of life. In order to reduce the impact of cancer on
patients, a large number of studies have been conducted
to explore the mechanism of occurrence and progression
of cancer. In fact, great advances have been made in the
prevention, surgery, chemotherapy, immunization, tar-
geting, and other aspects of cancer. In the past few years,
a number of different ways/strategies have been identi-
fied to ameliorate cancer burden. In particular, a number
of markers have been identified that are either abnor-
mally expressed in cancer or expressed only during can-
cer. These could partly explain cancer progression [2, 3].
However, tricky/complex nature of cancer has resulted in
significant variations among races, regions, and organs,
which in turn lead to conflicting results. Consequently,
no significant improvement has been reported in terms
of incidence and mortality associated with cancer, in the
recent years [4]. Therefore, the present study aimed to
identify a tumor marker that could guide clinicians in a
relatively stable way and thus mitigate current dilemma
to certain extent.

Certain molecules have been previously shown to be
barely expressed in most of the normal tissues; how-
ever, these molecules exhibited up-regulated expres-
sion in a variety of human malignancies and played a
vital role in cancer development. CD155 is one of these
molecules, which is often over-expressed in cancer
cells. It is known to be involved in various processes,
such as cell adhesion, migration, proliferation, and
tumor surveillance [5]. CD155 is also known as PVR,
NECL-5, and TAGE-4, primarily owing to its different
roles and attributions [6—8]. In particular, it has been
previously shown that CD155 aggregates at the lead-
ing edge of migrating tumor cells and co-locates with
actin and avfp3 integrin to promote cancer cell migra-
tion [9]. Cancer cell dispersal was found to be enhanced
by up-regulation of CD155 expression, which recruited
Src homology region 2 domain-containing phosphatase
and further potentiated focal adhesion kinase signaling
[10]. Besides this, aberrant expression of CD155 could
up-regulate cyclin D2 and shortened the GO/G1 phase.
In comparison to this, down-regulated CD155 inhib-
ited the proliferation of cancer cells and blocked the
cell cycle at G2/M phase [11]. Additionally, previous
studies reported that CD155 knockdown suppressed
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proliferation and promoted apoptosis via AKT/Bcl-2/
Bax [12]. Similarly, differential expression of CD155
might regulate PDGF-mediated cell proliferation,
VEGF expression, and intratumoral vascular density
[13, 14]. However, accumulating evidences revealed
that CD155 performed various other functions. In
fact, it was reported that CD155 played a more com-
plex role in tumor immunity and surveillance [15]. In
particular, over-expression of CD155 in cancer is rec-
ognized by a group of receptors, including DNAM-1,
TIGIT, and CD96, expressed on T and NK cells, which
further transmit an alert signal to the immune sys-
tem during malignant transformation. In brief, CD155
can be both immunostimulant if binding to DNAM-1
or immunosuppressant if binding to TIGIT or CD96.
Notably, studies have shown that CD155 might interact
with inhibitory receptors to attenuate DNAM-1-me-
diated signaling in advanced clinical stages, accompa-
nied by upregulation of the inhibitory receptors TIGIT
and CD96 and decreased expression of DNAM-1,
which would further lead to inhibition of activation
of NK and T cells and facilitate immune escape [16].
Although CD155 has the best affinity for TIGIT and
tends to immunosuppress and reduce the activity of
TIGIT expressing NK and T cells in the tumor micro-
environment, the sensitivity of tumor cells to NK cell-
mediated cytotoxicity is not only regulated by CD155/
TIGIT [17-19]. In fact, it was reported that expression
of CD155 mediated elimination of DNAM-1-depend-
ent tumor cells by NK and CD8+ T cells. Additional
evidences demonstrated that CD155 expression inhib-
ited anti-tumor activity of tumor cells in DNAM-1-de-
ficient mice, and over-expression of CD155 resulted in
tumor rejection of/by NK cells, which was mediated by
DNAM-1 [20, 21]. Moreover, CD155 expression, acti-
vated by DNA damage-response pathway, stimulated
NK cell-mediated elimination of malignant plasma
cells [22]. Remarkably, blockade of CD155 signaling has
been previously shown to augment anti-tumor immu-
nity [23]. The role of CD155 in cancer has been verified
in vitro and in vivo experiments. Importantly, clinico-
pathological analysis concluded that CD155 expression
was associated with prognosis of cancer patients [2, 3].
These findings highlighted that CD155 played a physio-
logical role as a cancer-associated molecule. Altogether,
CD155 played a critical in tumor progression; however,
certain results were contradictory. A large number of
studies have previously explored the clinical value of
CD155; however, no previous study comprehensively
analyzed CD155 expression and function in cancer
patients.

The present study aimed to comprehensively explore
the relationship between CD155 expression and clinical
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characteristics and prognosis of cancer patients. The
study was based on comprehensive search of relevant lit-
erature. In particular, the study attempted to define the
role of CD155 in various cancer types.

Materials and methods

Search strategy and study selection

We conducted systematic retrieval through PubMed,
PMC, Web of Science, and other network databases
until May 2022 and used the following retrieval formula:
“CD155” AND “cancer OR tumor OR neoplasm OR car-
cinoma” AND “prognosis OR Prognostic OR survival OR
outcome,” with the retrieval formula adjusted accord-
ing to the format of different databases in the retrieval
process. Meanwhile, other aliases of CD155 such as
PVR, NECL-5, and TAGE-4 were also substituted in the
retrieval formula and retrieved them one by one. We also
attempted to retrieve the relevant researches from the
references as much as possible. The retrieval process was
independently perfected by two researchers, and the pos-
sible contradictions were resolved by a third researcher.
Details of the protocol for this systematic review were
registered on INPLASY (INPLASY202290087) and are
available in full on the inplasy.com (https://doi.org/10.
37766/inplasy2022.9.0087). Indeed, the meta-analysis of
this study was consistent with the reporting checklist as
a part of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement [24].

Inclusion and exclusion criteria

The pre-established inclusion criteria were as follows:
(1) all subjects were cancer patients who received stand-
ard treatment; (2) the expression of CD155 in the can-
cer patients was well-examined, and all patients were
assigned into two groups based on the expression; (3)
survival analysis was performed based on these two
groups and provided sufficient data to estimate the risk
ratio (HR) and 95% confidence interval (CI) for overall
survival (OS); and (4) scientific and reasonable research.
Case reports, reviews, abstracts, letters, bioinformatic
analysis, TCGA analysis, and articles that did not meet
the inclusion criteria were excluded from analyses.

Data extraction and quality assessment

In the included literature, we collected the study data
including authors, study region, sample size, cutoff
scores, cancer type, and HR estimation, as well as the
clinical data including age, gender, TNM stage, lymph
node (LN) metastasis, distant metastasis, tumor size, and
tumor grade. All data extraction was performed indepen-
dently by two researchers and verified and aggregated
by a third researcher. The Newcastle-Ottawa quality
assessment scale was applied to assess the quality of the

Page 3 of 13

included studies in this study [25]. As following catego-
ries: selection, comparability, and exposure. Briefly, based
on the sum of three categories, we considered studies as
high quality if the score > 6.

Statistical analyses

All statistical analyses were performed using the STATA
14.0 software, and two-sided P < 0.05 indicated statistical
significance. The prognostic value of the included stud-
ies was assessed by HR. The collected HR and their cor-
responding 95% CI were integrated and pooled in SPSS
software with established codes to estimate the asso-
ciation between CD155 expression and OS in cancer
patients. Similarly, we evaluated the correlation between
the CD155 expression and the clinical characteristics by
pooling odds ratios (ORs) and their corresponding 95%
CI. Notably, HRs derived from multivariate analysis were
applied in all analysis, except for specifically designated
grouping analyses. Consistent with other meta-analysis,
we also used chi-square test and I* statistic to evaluate
heterogeneity in STATA software with established codes.
However, irrespective of the results of chi-square test and
P statistics, the random models were used for all analyses
for reducing the heterogeneity. We further explored the
relationship between CD155 and the clinical characteris-
tics and prognosis of cancer patients and the possible fac-
tors that contributed to heterogeneity through subgroup
analyses. Moreover, the collected studies were grouped
according to their publication date, detection method,
sample size, analysis method, cutoff value, detected sam-
ple, and study region, and then meta-regression analysis
was performed to find possible sources of heterogeneity.
Sensitivity analysis was performed to evaluate the stabil-
ity of this study. Begg’s and Egger’s tests were performed
to analyze the publication bias.

Results

Literature search and study characteristics

The process followed to retrieve relevant articles from
literature is shown in Fig. 1. Initial search yielded a total
of 366 articles. These were further scanned for title,
abstract, and general content, and 321 articles were
excluded (correction, duplication, obviously irrelevant,
etc. [n = 65]; case reports, reviews, abstracts, letters,
bioinformatic analysis, and so on [# = 256]). Conse-
quently, a total of 45 articles were selected for further
screening. Among these, 20 were further excluded
owing to different reasons. In particular, some of these
studies involved incomplete examination of expression
of CD155 (n = 2); TCGA studies (n = 5); cancer-specific
survival, relapse-free survival, and disease-free survival
studies (n = 6); the absence of survival data (n = 3);
and animal or cell research (n = 4). Finally, the present
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Fig. 1 Flow chart of retrieving relevant articles from literature

study involved meta-analysis of 25 articles, published
between 2013 and 2022. These articles contained 26
studies that involved 4325 cancer patients. The tumor
types explored in these 26 studies included soft tissue
sarcoma [26], hepatocellular carcinoma [27-30], acute
myeloid leukemia [31], pancreatic cancer [32], cholangi-
ocarcinoma [33], bladder cancer [34], lung cancer [35—
38], esophageal cancer [39, 40], breast cancer [41-44],
head and neck squamous cell carcinoma [45, 46], gas-
tric cancer [47], gallbladder cancer [48], cervical adeno-
carcinoma [49], and colorectal cancer [50]. The study
samples ranged from 43 to 444. Each study provided
valid HRs based on reasonable cutoff values, obtained
using univariate and (or) multivariate analysis. Most of
the studies (22/26) were conducted in Asia, while the
remaining ones were conducted in Europe. In particu-
lar, 23 studies examined CD155 expression in tumor
tissues, wherein vast majority (20/26) of the studies
examined CD155 expression by immunohistochemistry.
The details of these studies are summarized in Table 1.
Importantly, results based on the Newcastle-Ottawa

quality assessment scale indicated that the included
studies were of high quality (supplementary Table 1).

Prognosis significance of CD155 expression in various
cancer types

As shown in Table 2, increased CD155 expression was
found to be significantly associated with reduced OS in
patients with cancer as compared to low CD155 expres-
sion (pooled HR = 1.772, 95% CI = 1.441-2.178, P <
0.001, Fig. 2). In case of digestive system cancer, OS of
the patients with high expression of CD155 was reported
to be significantly lower as compared to the patients with
low expression of CD155 (pooled HR = 1.570, 95% CI
= 1.120-2.201, P = 0.009), and significant correlation
was also obtained in hepatobiliary pancreatic cancer
(pooled HR = 1.677, 95% CI = 1.037-2.712, P = 0.035)
and digestive tract cancer (pooled HR = 1.512, 95% CI
= 1.016-2.250, P = 0.042). Besides this, subgroup analy-
sis demonstrated that the level of CD155 expression was
significantly associated with OS in patients with breast
cancer (pooled HR = 2.137, 95% CI = 1.448-3.154, P <
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Table 2 Meta-analysis of CD155 expression and prognosis in cancers
Categories Studies (patients) HR (95% CI) ? (%) Py V4 P
oS 26 (4325) 1.772(1.441-2.178) 845 <0.001 542 <0.001
Cancer type
Digestive system cancer 11(1719) 1.570 (1.120-2.201) 879 < 0.001 262 0.009
Hepatobiliary pancreatic cancer 7(1014) 1.677 (1.037-2.712) 90.0 < 0.001 211 0.035
Digestive tract cancer 4 (705) 1.512(1.016-2.250) 51.7 0.054 2.04 0.042
Breast cancer 4 (600) 2.137 (1.448-3.154) 0.0 0.497 3.82 < 0.001
Lung cancer 4(749) 1.706 (1.193-2.440) 588 0.063 293 0.003
Head and neck cancer 2 (490) 1470 (1.160-1.862) 0.0 0.623 3.19 0.001
Others? 5(767) 2.150(1.348-3.428) 63.2 0.028 3.22 0.001
Analysis method
Multivariate analysis 15 (2743) 1.635(1.319-2.027) 613 0.001 448 < 0.001
Univariate analysis 21(3403) 1.792 (1.404-2.288) 88.0 < 0.001 4.69 < 0.001
Publication date
> 3 years 13 (1950) 1.568 (1.127-2.183) 86.6 < 0.001 267 0.008
< 3years 13 (2375) 1.805 (1.493-2.182) 482 0.026 6.10 <0.001
Size
<200 18 (1943) 1.839 (1.357-2.494) 85.3 < 0.001 392 < 0.001
> 200 8(2382) 1.603 (1.365-1.881) 319 0.173 5.76 < 0.001
Detection method
IHC 20 (3373) 1.863 (1.470-2.363) 86.7 <0.001 5.14 < 0.001
Others 6(952) 1.519 (1.046-2.205) 49.8 0.077 2.20 0.028
Study region
Asian 22 (3604) 1.714(1.369-2.146) 852 < 0.001 4.70 < 0.001
Europe 4(721) 1.976 (1.411-2.769) 27.3 0.248 3.96 < 0.001

OS Overall survival, HR Hazard ration, C/ Confidence interval, P,, P-value for heterogeneity based on Q-test; P P-value for statistical significance based on Z-test, IHC

Immunohistochemistry; ?soft tissue sarcomas and acute myeloid leukemia and bladder cancer and cervical adenocarcinoma

0.001), lung cancer (pooled HR = 1.706, 95% CI = 1.193—
2.440, P = 0.003), and head and neck cancer (pooled
HR = 1.470, 95% CI = 1.160-1.862, P = 0.001). Similar
results were obtained for other cancer types, includ-
ing soft tissue sarcomas, acute myeloid leukemia, blad-
der cancer, and cervical adenocarcinoma (pooled HR
= 2.150, 95% CI = 1.348-3.428, P = 0.001). Significant
differences in OS were also confirmed in multivariate
analysis (pooled HR = 1.635, 95% CI = 1.319-2.027, P <
0.001) and univariate analysis (pooled HR = 1.792, 95%
CI = 1.404-2.288, P < 0.001) groups. Importantly, it was
observed that CD155 expression was associated with OS
of cancer patients in the studies that were published < 3
years ago (pooled HR = 1.805, 95% CI = 1.493-2.182, P
< 0.001) and at least 3 years ago (pooled HR = 1.568, 95%
CI=1.127-2.183, P = 0.008). Furthermore, a remarkable
association was observed between OS and expression
of CD155 in terms of different sample size (for sample
size < 200, pooled HR = 1.839, 95% CI = 1.357-2.494,
P < 0.001; for sample size > 200, pooled HR = 1.603, 95%
CI = 1.365-1.881, P < 0.001), detection method used

(for IHC, pooled HR = 1.863, 95% CI = 1.470-2.363, P
< 0.001; for other methods, pooled HR = 1.519, 95% CI
= 1.046-2.205, P = 0.028), and study region (for Asian
region, pooled HR = 1.714, 95% CI = 1.369-2.146, P <
0.001; for Europe, pooled HR = 1.976, 95% CI = 1.411—
2.769, P < 0.001).

Correlation between CD155 expression and clinical
characteristics of cancer

On the basis of included studies, the present study
further collected valid clinical data to analyze the role
of CD155 in cancer. As summarized in Table 3, a sig-
nificant correlation was observed between CD155
expression and gender (pooled OR = 0.657, 95% CI =
0.510-0.846, P = 0.001), tumor stage (pooled OR =
1.697,95% CI = 1.217-2.366, P = 0.002), LN metastasis
(pooled OR = 1.953, 95% CI = 1.253-3.046, P = 0.003),
and distant metastasis (pooled OR = 2.253, 95% CI
= 1.235-4.110, P = 0.008), which indicated that high
expression of CD155 was associated with advanced
tumor stage and positive of LN metastasis and distant



Zhang et al. World Journal of Surgical Oncology (2022) 20:351 Page 8 of 13
Study 1D HR (95% Cl) Weight %
Atsumi S(2013) —o'—%— 0.94 (0.38,2.31) 276
Gong J(2014) ! 0.94 (0.88,1.00) 5.81
Qu P(2015) — ! 0.52(0.28,0.94) 3.91
Nishiwada S(2015) —e— 148 (1.02,2.14) 4.92
Huang DW(2017) | —— 544 (2.82,10.50) 3.67
Stamm H(2018) —— 152 (1.04,223) 487
Stamm H(2018) S 3.39(1.45,7.94) 2.94
Zhang J(2019) —— 2.37 (1.60,3.50) 4.83
Xu Y(2019) — 2.40 (1.05,5.50) 3.01
Sun H(2019) = 161(1.00,2.61) 4.44
Yoshida J(2019) - i 0.31(0.07,1.09) 1.61
Yong H(2019) — 2.03(1.06,3.89) 3.70
Stamm H(2019) —— 1.82(1.05,3.16) 4.13
Sun Y(2020) e 1.37(1.03,1.83) 5.24
Yao Y(2020) —— 1.58 (1.09,2.30)  4.91
Li YC(2020) —————%———> 547(1.42,20.99) 1.68
Wang JB(2020) - 155(1.19,2.01) 5.34
Albrecht T(2021) —t 2.72(1.35,547) 3.50
Murakami T(2021) : —<——— 6.39(2.04,19.98) 2.10
Yoshikawa K(2021) ’ 2.99 (0.60, 15.01) 1.29
Zhao K(2021) —— 1.65(1.01,2.69) 4.39
Lee JB(2021) et 1.36(1.01,1.83) 5.21
Lim SM(2021) —04' 1.40(1.03,1.90) 5.18
Oyama R(2022) -{—0— 3.74 (1.71,8.15)  3.19
Jin AL(2022) —— 2.87 (151,545) 3.74
Murakami D(2022) —_— 217 (112,421) 365
Overall (I-squared = 84.5%, p = 0.000) <|> 1.77 (1.44,2.18)  100.00
NOTE: Weights are from random effeclts ana‘y is ! |

4 .81 2
Fig. 2 Forest plot for overall survival in patients with cancers by CD155 expression. (Increased CD155 expression was found to be significantly
associated with reduced OS in patients with cancer as compared to low CD155 expression)

Table 3 Meta-analyses of CD155 expression classified by clinicopathological parameters

Study covariates Studies (patients) OR (95% CI) 2 (%) P, V4 P

Gender (male/female) 10 (1472) 0.657 (0.510-0.846) 94 0.355 3.26 0.001
Age (< 60/> 60) 3(366) 0.778 (0.512-1.181) 0.0 0.550 1.18 0.239
Tumor size (< 5/>5cm) 4(622) 1.141 (0.610-2.136) 46.0 0.135 041 0.679
TNM stage (1-2/3-4) 6(1062) 1.829 (0.980-3.413) 739 0.002 1.90 0.058
Tumor stage (T1 +T2/T3 +T4) 4(810) 1.697 (1.217-2.366) 0.0 0.819 312 0.002
LN metastasis (absence/presence) 8(1209) 1.953 (1.253-3.046) 62.1 0.010 2.95 0.003
Distant metastasis (absence/presence) 4(625) 2.253(1.235-4.110) 22.8 0.274 2.65 0.008
Histologic grade (well + moderately differen- 7 (1105) 1.793 (0.871-3.692) 753 <0.001 1.58 0.113

tiated/poorly differentiated)

LN Lymph node, OR Odds ratio, C/ Confidence intervals, Py, P-value for heterogeneity based on Q-test; P, P-value for statistical significance based on Z-test

metastasis. However, no significant association was
reported for age (pooled OR = 0.778, 95% CI = 0.512—
1.181, P = 0.239), tumor size (pooled OR = 1.141, 95%
CI = 0.610-2.136, P = 0.679), TNM stage (pooled OR
= 1.829, 95% CI = 0.980-3.413, P = 0.058), or histo-
logic grade (pooled OR = 1.793, 95% CI = 0.871-3.692,
P=0.113).

Assessment of the heterogeneity, stability, and publication

bias

To evaluate heterogeneity in this meta-analysis, chi-
square test and I statistic were performed. As illus-
trated in Table 2, an extreme heterogeneity was observed
in the assessment of overall HR for OS, by employing a
random-effects model (I* = 84.5%, P;, < 0.001). However,
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further subgroup analysis revealed that most of the het-
erogeneity was still remarkable. Therefore, for consist-
ency and to reduce heterogeneity, random-effects models
were employed for all analyses. The study also conducted
meta-regression analysis to find possible source of het-
erogeneity. Unfortunately, publication date (P = 0.571),
detection method (P = 0.542), sample size (P = 0.990),
analysis method (P = 0.684), cutoff value (P = 0.847),
detected sample (P = 0.707), and study region (P = 0.205)
were not identified as the main sources of heterogeneity.
Besides this, sensitivity analysis was applied to evaluate
individual impact of each study. As shown in Fig. 3, with
the points estimated for the omitted individual dataset,
all studies were distributed within 95% CI, which indi-
cates that meta-analysis results were co-produced by
each included study. Moreover, given the negative results
of Egger’s (P = 0.055, Fig. 4) and Begg’s tests (P = 0.158),
it was concluded that there was no publication bias in the
meta-analysis. Altogether, it was believed that conclu-
sions of this meta-analysis were robust and credible.

Discussion

In the recent years, there has been significant increase
in cancer incidence and mortality rate worldwide [4].
Importantly, cancer not only affects the patient’s health
but it also harms their families as well. Thus, it is impor-
tant to devise strategies to improve quality of life and
extend life expectancy of the patients. To alleviate this
situation, various strategies, including early detection
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methods, innovative surgical techniques, checkpoint
blockade immunotherapies, and targeted therapies, have
been applied in the recent years. Encouragingly, previ-
ous studies identified a series of profound molecules that
played a significant role in cancer development. Besides
this, these factors were also associated with tumor size,
tumor grade, and lymph node metastasis. Importantly,
these molecules more or less showed abnormal expres-
sion and suspicious biological activity in various can-
cer types. In fact, the tumor process could be inhibited
or even stopped by interfering or blocking these mol-
ecules [2, 12, 23, 37]. Molecular biomarkers, such as
RNA, IncRNA, and proteins, are used with clinical infor-
mation to enable experimental to clinical translation,
thereby improving patient care and outcomes [51-53].
These successful discoveries have assisted in reversing
the current crisis observed in the field of oncology, with
remarkable speed. However, significant differences have
been reported in various research results. In addition to
this, uncertainties in clinical application of these strate-
gies further limit their use. Therefore, it is necessary to
explore more suitable interventions that would be more
conducive in clinical practice and would provide new
direction for medical and health work.

CD155 is an adhesion molecule that was first discov-
ered in a study focused on poliovirus infection [54].
The mechanism of CD155 in cancer has been exten-
sively studied in the past. CD155 is now considered
as a member of immunoglobulin superfamily, which
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is characterized by four splice isomers. In particular,
a-isomers contain immunoreceptor tyrosine-based
inhibitory motif (ITIM) that is known to be essen-
tial for intrinsic biology of tumor cells [5, 6]. CD155 is
expressed in humans as a membrane-bound protein
encoded by CD155a and CD1558 and as a soluble pro-
tein encoded by CD155B and CD155y that lacks trans-
membrane regions. At present, the physiological effects
of CD155 mainly depend on avf3 integrin. However, the
biological functions of the 5 and y isoforms, which lack
transmembrane domains, remain unclear [9]. Previous
studies reported that up-regulated expression of CD155
in numerous malignant tumors. In particular, abnormal
expression of CD155 might be dependent on the acti-
vation status of DNA damage-response pathway, Raf/
MEK/ERK/activator protein-1 signaling pathway, and
sonic hedgehog signaling pathway. It has been previously
reported that toll-like receptor agonists could enhance
the expression of CD155 in tumor immune cells [10, 22,
55]. Evidence provided by previous studies suggested that
CD155 significantly correlated with unfavorable clin-
icopathological features and prognosis of certain cancer
types. Importantly, CD155 was reported to play a crucial
role in adhesion, migration, differentiation, proliferation,
survival, and metastasis of tumor cells [31-34]. Simi-
larly, the absence of CD155 exerted an inhibitory effect
on tumor growth and metastasis, and blocking of PD-1
or PD-1 and CTLA4 was found to be more effective in

the absence of CD155 [56]. In addition to this, TIGIT is
expressed on T and NK cells. It encoded immunoglobu-
lin domains and an ITIM and exhibited up-regulated
expression in cancer, where it was associated with poor
clinical prognosis [6]. And TIGIT could bind to CD155,
CD112, and CD113, which are ligands on tumor cells.
Among them, CD155 has been shown to be superior to
other ligands for TIGIT with high affinity [17-19]. When
CD155 is up-regulated in tumor cells, co-stimulatory
molecule DNAM-1 recognizes and binds to tumor cells
to stimulate immunity, while the inhibitory receptor
TIGIT induces intracellular signaling to exert inhibitory
effects. Therefore, DNAM-1 and TIGIT compete to bind
CD155 to produce different results; however, emerging
evidence has found that CD155 has the highest binding
ability to TIGIT [57]. Importantly, TIGIT is considered
a promising target for its immunomodulatory role in
carcinogenesis; at the same time, CD155/TIGIT, a novel
immune checkpoint in human cancers, can exert inhibi-
tory effect on PI3K/MAPK signaling, NF-«B signaling,
and AKT/mTOR signaling, which lead to downregulate
metabolism, suppress cytokine production, and inhib-
ited NK cell cytotoxicity [15, 58]. However, owing to the
limitation of current clinical and technical means, related
studies could not be unified. Several studies have previ-
ously suggested that CD155 played a dual role in various
cancer types. Atsumi et al. showed that there was no sig-
nificant difference in OS among patients with different
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CD155 levels [26]. Similarly, high CD155 expression did
not increase tumor burden [39]. Additional evidence
demonstrated that CD155 expression was decreased
in tumor cell, and loss of CD155 expression in cancer
patients was associated with worse prognosis [28]. In
fact, CD155 played different roles in different stages of
tumors. It has also been reported that CD155 expression
in different cell structures exerted obvious differences in
immunoregulatory function and clinical impact [5, 16].
In the present study, a scientific meta-analysis was con-
ducted on existing literature, to explore the clinical value
of CD155 in various cancer types, and thus provide guid-
ance for subsequent studies.

Current meta-analysis concluded that CD155 acted as
an independent marker of prognosis in cancer patients.
The study involved 26 studies, which included 4325
cancer patients, and was first to reveal an association
between increased CD155 expression and reduced OS in
cancer patients by meta-analysis. Interestingly, the sta-
tistical significance in the subgroup analysis of hepato-
biliary pancreatic cancer and digestive tract cancer was
affirmed; meanwhile, a strong association was identified
in digestive system cancer, breast cancer, lung cancer,
head and neck cancer, and other cancer types included
in this analysis, which indicated that CD155 might play
a consistent and compatible role in various cancers. In
addition to this, no variations were recorded in prog-
nostic value of CD155 in terms of analysis method, pub-
lication date, sample size, detection method, and study
region, which could be easily observed in the subgroup
analysis. These results also supported the stable role of
CD155 in various cancers. Furthermore, significant het-
erogeneity was observed in the present analysis without
suspense. Despite this kind of situation, the exploration
and analysis were continued. So far, no clarity is avail-
able on the same. Importantly, publication date, detec-
tion method, sample size, analysis method, cutoff value,
detected sample, and study region did not serve as the
main source of heterogeneity. Therefore, random-effects
models were used throughout the study to mitigate some
heterogeneity. Moreover, the study further analyzed the
relationship between CD155 and clinical characteristics,
and it was observed that abnormal expression of CD155
was related to tumor stage, LN metastasis, and distant
metastasis, which meant that differential expression of
CD155 in various cancers might lead to different biologi-
cal responses in the patients. In particular, high expres-
sion of CD155 would make cancer more aggressive and
lead to advanced tumor stage and positive of LN metas-
tasis and distant metastasis. It is known that significant
differences exist in the mechanisms of CD155 in cancer
progression; however, clinical evidence collected and
analyzed in this meta-analysis strongly suggested that
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CD155 played an effective role in cancer development,
and CD155 might ultimately act as a pro-oncogenic fac-
tor in tumorigenesis.

Importantly, conclusions drawn regarding the cor-
relation between CD155 and cancer need to be drawn
prudentially, primarily owing to the limitations of this
meta-analysis. Besides this, there are certain issues that
need to be considered. In particular, the present study
included only a few articles and many types of cancer, so
the data was obviously insufficient to analyze the progno-
sis and clinical characteristics of a single type of cancer.
Despite all the efforts, the HRs for some of the studies
were calculated from survival curve, and the detection
methods and cutoff values for CD155 expression were
not uniform, which was bound to have certain statisti-
cal errors. The study mainly involved studies from Asia
and Europe, and there was lack of information on other
continents and races. The study involved inevitable het-
erogeneity. Lastly, this study presented only a compre-
hensive analysis of a single molecule of CD155. Sufficient
data could not be obtained for combined analysis of its
related molecules. Thus, future studies must involve dif-
ferent geographical regions and populations. Addition-
ally, future studies must be carried out in more number
of patients, and more rigorous experiments should be
included, to better understand the role of CD155 in
cancer.

Conclusion

Altogether, the presented meta-analysis confirmed that
over-expression of CD155 was associated with advanced
tumor stage, positive of LN metastasis and distant metas-
tasis, and worse OS. Therefore, it could be concluded that
CD155 played a crucial role in cancer, and it could pro-
vide a strong/new direction for exploring/devising new
strategies for cancer diagnosis and treatment.

Abbreviations
ORs: Odds ratios; HRs: Hazard ratios; Cls: Confidence intervals; OS: Overall
survival; LN: Lymph node.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512957-022-02813-w.

Additional file 1. PRISMA NMA Checklist.
Additional file 2. Supplementary search strategies.

Additional file 3: Supplementary Table 1. The Newcastle-Ottawa Qual-
ity Assessment Scale of studies included in meta-analysis.

Acknowledgements
Not applicable.


https://doi.org/10.1186/s12957-022-02813-w
https://doi.org/10.1186/s12957-022-02813-w

Zhang et al. World Journal of Surgical Oncology

(2022) 20:351

Authors’ contributions

Study conception and design, DZ and JL; material preparation, data retrieval,
and analysis, DZ, JL, and CM; interpretation of the results, MZ and JL; and
paper writing, DZ and JL. The authors read and approved the final manuscript.

Funding
This study was not funded.

Availability of data and materials
All data are available from the corresponding author.

Declarations

Ethics approval and consent to participate
This was an analysis of previously published research; therefore, no ethical
permission or patient consent is required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Anesthesiology, Zhejiang Hospital, 12 Lingyin Road, Zheji-
ang 310013, Hangzhou, China. 2Department of Health Management, Sir Run
Run Shaw International Medical Centre, 9 Jingtan Road, Zhejiang 310000,
Hangzhou, China. *Department of Surgery, Zhejiang Hospital, 12 Lingyin Road,
Zhejiang 310013, Hangzhou, China.

Received: 7 May 2022 Accepted: 16 October 2022
Published online: 29 October 2022

References

1.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-

tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018,68(6):394-424. https://doi.org/10.3322/caac.21492.

Wu L, Mao L, Liu JF, Chen L, Yu GT, Yang LL, et al. Blockade of TIGIT/CD155
signaling reverses T-cell exhaustion and enhances antitumor capabil-

ity in head and neck squamous cell carcinoma. Cancer Immunol Res.
2019;7(10):1700-13. https://doi.org/10.1158/2326-6066.CIR-18-0725.
Triki H, Charfi S, Bouzidi L, Ben Kridis W, Daoud J, Chaabane K, et al. CD155
expression in human breast cancer: clinical significance and relevance to
natural killer cell infiltration. Life Sci. 2019;231:116543. https://doi.org/10.
1016/}.1fs.2019.116543.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin.
2020;70(1):7-30. https://doi.org/10.3322/caac.21590.

Gao J, Zheng Q, Xin N, Wang W, Zhao C. CD155, An onco-immunologic
molecule in human tumors. Cancer Sci. 2017;108(10):1934-8. https://doi.
org/10.1111/cas.13324.

Dougall WC, Kurtulus S, Smyth MJ, Anderson AC. TIGIT and CD96: new
checkpoint receptor targets for cancer immunotherapy. Immunol Rev.
2017,276(1):112-20. https://doi.org/10.1111/imr.12518.

Mendelsohn CL, Wimmer E, Racaniello VR. Cellular receptor for poliovirus:
molecular cloning, nucleotide sequence, and expression of a new mem-
ber of the immunoglobulin superfamily. Cell. 1989;56(5):855-65. https://
doi.org/10.1016/0092-8674(89)90690-9.

TakaiV, Irie K, Shimizu K, Sakisaka T, Ikeda W. Nectins and nectin-like
molecules: roles in cell adhesion, migration, and polarization. Cancer Sci.
2003;94(8):655-67. https://doi.org/10.1111/j.1349-7006.2003.tb01499 .
Minami'Y, lkeda W, Kajita M, Fujito T, Amano H, Tamaru Y, et al. Necl-5/
poliovirus receptor interacts in cis with integrin alphaVbeta3 and
regulates its clustering and focal complex formation. J Biol Chem.
2007;282(25):18481-96. https://doi.org/10.1074/jbc.M611330200.

. OdaT, Ohka S, Nomoto A. Ligand stimulation of CD155alpha inhibits

cell adhesion and enhances cell migration in fibroblasts. Biochem

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 12 of 13

Biophys Res Commun. 2004,319(4):1253-64. https://doi.org/10.1016/j.
bbrc.2004.05.111.

. KonoT, ImaiY, Yasuda S, Ohmori K, Fukui H, Ichikawa K, et al. The CD155/

poliovirus receptor enhances the proliferation of ras-mutated cells. Int J
Cancer. 2008;122(2):317-24. https://doi.org/10.1002/ijc.23080.

. 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(1):131-40. https://doi.org/10.1111/jcnm.13301.

. Kakunaga S, Ikeda 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(35):36419-25. https://
doi.org/10.1074/jbc.M406340200.

. 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(5):716-26. https://doi.
org/10.1161/CIRCRESAHA.111.256834.

. LiuL,You X, Han S, SunY, Zhang J, Zhang Y. CD155/TIGIT, a novel immune

checkpoint in human cancers (review). Oncol Rep. 2021;45(3):835-45.
https://doi.org/10.3892/0r.2021.7943.

. Molfetta R, Zitti B, Lecce M, Milito ND, Stabile H, Fionda C, et al. CD155:

a multi-functional molecule in tumor progression. Int J Mol Sci.
2020;21(3):922. https://doi.org/10.3390/ijms21030922.

. de Andrade LF, Smyth MJ, Martinet L. DNAM-1 control of natural killer

cells functions through nectin and nectin-like proteins. Immunol Cell Biol.
2014;92(3):237-44. https://doi.org/10.1038/icb.2013.95.

. Chan CJ, Andrews DM, Smyth MJ. Receptors that interact with nectin and

nectin-like proteins in the immunosurveillance and immunotherapy of
cancer. Curr Opin Immunol. 2012;24(2):246-51. https://doi.org/10.1016/j.
€0i.2012.01.009.

. Fuchs A, Cella M, Giurisato E, Shaw AS, Colonna M. Cutting edge: CD96

(tactile) promotes NK cell-target cell adhesion by interacting with the
poliovirus receptor (CD155). J Immunol. 2004;172(7):3994-8. https://doi.
0rg/10.4049/jimmunol.172.7.3994.

Iguchi-Manaka A, Kai H, Yamashita Y, Shibata K, Tahara-Hanaoka S, Honda
S, et al. Accelerated tumor growth in mice deficient in DNAM-1 receptor.
J Exp Med. 2008;205(13):2959-64. https://doi.org/10.1084/jem.20081611.
Tahara-Hanaoka S, Shibuya K, Kai H, Miyamoto A, Morikawa Y, Ohkochi

N, et al. Tumor rejection by the poliovirus receptor family ligands of the
DNAM-1 (CD226) receptor. Blood. 2006;107(4):1491-6. https://doi.org/10.
1182/blood-2005-04-1684.

Soriani A, lannitto ML, Ricci B, Fionda C, Malgarini G, Morrone S, et al.
Reactive oxygen species- and DNA damage response-dependent NK
cell activating ligand upregulation occurs at transcriptional levels and
requires the transcriptional factor E2F1. J Immunol. 2014;193(2):950-60.
https://doi.org/10.4049/jimmunol.1400271.

Zhang Q, Bi J, Zheng X, Chen Y, Wang H, Wu W, et al. Blockade of the
checkpoint receptor TIGIT prevents NK cell exhaustion and elicits potent
anti-tumor immunity. Nat Immunol. 2018;19(7):723-32. https://doi.org/
10.1038/541590-018-0132-0.

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods
for incorporating summary time-to-event data into meta-analysis. Trials.
2007;8:1-16. https://doi.org/10.1186/1745-6215-8-16.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5. https://doi.org/10.1007/510654-010-9491-z.
Atsumi S, Matsumine A, Toyoda H, Niimi R, lino T, Sudo A. Prognostic
significance of CD155 mRNA expression in soft tissue sarcomas. Oncol
Lett. 2013;5(6):1771-6. https://doi.org/10.3892/01.2013.1280.

Gong J, Fang L, Liu R, Wang Y, Xing J, Chen Y, et al. UPR decreases CD226
ligand CD155 expression and sensitivity to NK cell-mediated cytotoxicity
in hepatoma cells. Eur J Immunol. 2014;44(12):3758-67. https://doi.org/
10.1002/€ji.201444574.

Qu P, Huang X, Zhou X, LU Z, Liu F, Shi Z, et al. Loss of CD155 expression
predicts poor prognosis in hepatocellular carcinoma. Histopathology.
2015;66(5):706-14. https://doi.org/10.1111/his.12584.

Sun H, Huang Q Huang M, Wen H, Lin R, Zheng M, et al. Human CD9%
correlates to natural killer cell exhaustion and predicts the prognosis

of human hepatocellular carcinoma. Hepatology. 2019;70(1):168-83.
https://doi.org/10.1002/hep.30347.


https://doi.org/10.3322/caac.21492
https://doi.org/10.1158/2326-6066.CIR-18-0725
https://doi.org/10.1016/j.lfs.2019.116543
https://doi.org/10.1016/j.lfs.2019.116543
https://doi.org/10.3322/caac.21590
https://doi.org/10.1111/cas.13324
https://doi.org/10.1111/cas.13324
https://doi.org/10.1111/imr.12518
https://doi.org/10.1016/0092-8674(89)90690-9
https://doi.org/10.1016/0092-8674(89)90690-9
https://doi.org/10.1111/j.1349-7006.2003.tb01499.x
https://doi.org/10.1074/jbc.M611330200
https://doi.org/10.1016/j.bbrc.2004.05.111
https://doi.org/10.1016/j.bbrc.2004.05.111
https://doi.org/10.1002/ijc.23080
https://doi.org/10.1111/jcmm.13301
https://doi.org/10.1074/jbc.M406340200
https://doi.org/10.1074/jbc.M406340200
https://doi.org/10.1161/CIRCRESAHA.111.256834
https://doi.org/10.1161/CIRCRESAHA.111.256834
https://doi.org/10.3892/or.2021.7943
https://doi.org/10.3390/ijms21030922
https://doi.org/10.1038/icb.2013.95
https://doi.org/10.1016/j.coi.2012.01.009
https://doi.org/10.1016/j.coi.2012.01.009
https://doi.org/10.4049/jimmunol.172.7.3994
https://doi.org/10.4049/jimmunol.172.7.3994
https://doi.org/10.1084/jem.20081611
https://doi.org/10.1182/blood-2005-04-1684
https://doi.org/10.1182/blood-2005-04-1684
https://doi.org/10.4049/jimmunol.1400271
https://doi.org/10.1038/s41590-018-0132-0
https://doi.org/10.1038/s41590-018-0132-0
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.3892/ol.2013.1280
https://doi.org/10.1002/eji.201444574
https://doi.org/10.1002/eji.201444574
https://doi.org/10.1111/his.12584
https://doi.org/10.1002/hep.30347

Zhang et al. World Journal of Surgical Oncology

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

(2022) 20:351

Jin AL, Zhang CY, Zheng WJ, Xian JR, Yang WJ, LiuT, et al. CD155/SRC
complex promotes hepatocellular carcinoma progression via inhibiting
the p38 MAPK signalling pathway and correlates with poor prognosis.
Clin Transl Med. 2022;12(4):794. https://doi.org/10.1002/ctm?2.794.
Stamm H, Klingler F, Grossjohann EM, Muschhammer J, Vettorazzi E, Heu-
ser M, et al. Immune checkpoints PVR and PVRL2 are prognostic markers
in AML and their blockade represents a new therapeutic option. Onco-
gene. 2018;37(39):5269-80. https://doi.org/10.1038/541388-018-0288-y.
Nishiwada S, Sho M, Yasuda S, Shimada K, Yamato |, Akahori T, et al.
Clinical significance of CD155 expression in human pancreatic cancer.
Anticancer Res. 2015,;35(4):2287-97.

Huang DW, Huang M, Lin XS, Huang Q. CD155 expression and its correla-
tion with clinicopathologic characteristics, angiogenesis, and prognosis
in human cholangiocarcinoma. Onco Targets Ther. 2017;10:3817-25.
https://doi.org/10.2147/0TT.S141476.

Zhang J, Zhu 'Y, Wang Q, Kong Y, Sheng H, Guo J, et al. Poliovirus receptor
CD155 is up-regulated in muscle-invasive bladder cancer and predicts
poor prognosis. Urol Oncol. 2020;38(2):41.e11-8. https://doi.org/10.
1016/j.urolonc.2019.07.006.

Xu'Y, Cui G, Jiang Z, Li N, Zhang X. Survival analysis with regard to PD-L1
and CD155 expression in human small cell lung cancer and a comparison
with associated receptors. Oncol Lett. 2019;17(3):2960-8. https://doi.org/
10.3892/01.2019.9910.

SunY, Luo J, Chen'Y, Cui J, Lei Y, Cui Y, et al. Combined evaluation of the
expression status of CD155 and TIGIT plays an important role in the
prognosis of LUAD (lung adenocarcinoma). Int Immunopharmacol.
2020;80:106198. https://doi.org/10.1016/j.intimp.2020.106198.

Lee JB, Hong MH, Park SY, Chae S, Hwang D, Ha SJ, et al. Overexpression
of PVR and PD-L1 and its association with prognosis in surgically resected
squamous cell lung carcinoma. Sci Rep. 2021;11(1):8551. https://doi.org/
10.1038/541598-021-87624-x.

Oyama R, Kanayama M, Mori M, Matsumiya H, Taira A, Shinohara S, et al.
CD155 expression and its clinical significance in non-small cell lung
cancer. Oncol Lett. 2022;23(5):166. https://doi.org/10.3892/01.2022.13286.
Yoshida J, Ishikawa T, Doi T, Ota T, Yasuda T, Okayama T, et al. Clinical sig-
nificance of soluble forms of immune checkpoint molecules in advanced
esophageal cancer. Med Oncol. 2019;36(7):60. https://doi.org/10.1007/
$12032-019-1285-x.

Zhao K, Ma L, Feng L, Huang Z, Meng X, Yu J. CD155 overexpression
correlates with poor prognosis in primary small cell carcinoma of the
esophagus. Front Mol Biosci. 2021;7:608404. https://doi.org/10.3389/
fmolb.2020.608404.

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. https://doi.org/10.1016/j.
biopha.2019.108884.

Stamm H, Oliveira-Ferrer L, Grossjohann EM, Muschhammer J, Thaden

V, Brauneck F, et al. Targeting the TIGIT-PVR immune checkpoint axis

as novel therapeutic option in breast cancer. Oncoimmunology.
2019;8(12):1674605. https://doi.org/10.1080/2162402X.2019.1674605.
LiYC, Zhou Q, Song QK, Wang RB, Lyu S, Guan X, et al. Overexpression

of an immune checkpoint (CD155) in breast cancer associated with
prognostic significance and exhausted tumor-infiltrating lymphocytes:

a cohort study. J Immunol Res. 2020;2020:3948928. https://doi.org/10.
1155/2020/3948928.

Yoshikawa K, Ishida M, Yanai H, Tsuta K, Sekimoto M, Sugie T. Immunohis-
tochemical analysis of CD155 expression in triple-negative breast cancer
patients. PLoS One. 2021;16(6):0253176. https://doi.org/10.1371/journal.
pone.0253176.

Yao Y, Yan Z, Lian S, Wei L, Zhou C, Feng D, et al. Prognostic value of novel
immune-related genomic biomarkers identified in head and neck squa-
mous cell carcinoma. J Immunother Cancer. 2020;8(2):e000444. https://
doi.org/10.1136/jitc-2019-000444.

Lim SM, Hong MH, Ha SJ, Hwang D, Chae S, Koh YW, et al. Overexpres-
sion of poliovirus receptor is associated with poor prognosis in head

and neck squamous cell carcinoma patients. J Cancer Res Clin Oncol.
2021;147(9):2741-50. https://doi.org/10.1007/500432-021-03531-8.
Wang JB, Li P, Liu XL, Zheng QL, Ma YB, Zhao YJ, et al. An immune check-
point score system for prognostic evaluation and adjuvant chemother-
apy selection in gastric cancer. Nat Commun. 2020;11(1):6352. https://
doi.org/10.1038/541467-020-20260-7.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Page 13 of 13

Albrecht T, Brinkmann F, Albrecht M, Lonsdorf AS, Mehrabi A, Hoffmann
K, et al. Programmed death ligand-1 (PD-L1) is an independent negative
prognosticator in Western-world gallbladder cancer. Cancers (Basel).
2021;13(7):1682. https://doi.org/10.3390/cancers13071682.

MurakamiT, Takasawa A, Takasawa K, Akimoto T, Aoyama T, Magara K,

et al. Aberrant expression of junctional adhesion molecule-A contributes
to the malignancy of cervical adenocarcinoma by interaction with polio-
virus receptor/CD155. Cancer Sci. 2021;112(2):906-17. https://doi.org/10.
1111/cas.14734.

Murakami D, Matsuda K, lwamoto H, Mitani Y, Mizumoto Y, Nakamura Y,
et al. Prognostic value of CD155/TIGIT expression in patients with colo-
rectal cancer. PLoS One. 2022;17(3):e0265908. https://doi.org/10.1371/
journal.pone.0265908.

Zhao H, Liu X, Yu L, Lin S, Zhang C, Xu H, et al. Comprehensive landscape
of epigenetic-dysregulated INcRNAs reveals a profound role of enhancers
in carcinogenesis in BC subtypes. Mol Ther Nucleic Acids. 2021,23:667-81.
https://doi.org/10.1016/j.omtn.2020.12.024.

Ou FS, Michiels S, Shyr Y, Adjei AA, Oberg AL. Biomarker discovery and
validation: statistical considerations. J Thorac Oncol. 2021;16(4):537-45.
https://doi.org/10.1016/jjtho.2021.01.1616.

ShiJ,Wang L, Yin X, Wang L, Bo L, Liu K, et al. Comprehensive charac-
terization of clonality of driver genes revealing their clinical relevance in
colorectal cancer. J Transl Med. 2022;20(1):362. https://doi.org/10.1186/
$12967-022-03529-x.

Fujito T, Ikeda W, Kakunaga S, Minami Y, Kajita M, Sakamoto Y, et al. Inhibi-
tion of cell movement and proliferation by cell-cell contact-induced
interaction of Necl-5 with nectin-3. J Cell Biol. 2005;171(1):165-73.
https://doi.org/10.1083/jcb.200501090.

Gilfillan S, Chan CJ, Cella M, Haynes NM, Rapaport AS, Boles KS,

et al. DNAM-1 promotes activation of cytotoxic lymphocytes by
nonprofessional antigen-presenting cells and tumors. J Exp Med.
2008;205(13):2965-73. https://doi.org/10.1084/jem.20081752.

Larkin J, Chiarion-SileniV, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined nivolumab and ipilimumab or monotherapy in untreated
melanoma. N Engl J Med. 2015;373(1):23-34. https://doi.org/10.1056/
NEJMoa1504030.

Yu X, Harden K, Gonzalez LC, Francesco M, Chiang E, Irving B, et al. The
surface protein TIGIT suppresses T cell activation by promoting the
generation of mature immunoregulatory dendritic cells. Nat Immunol.
2009;10(1):48-57. https://doi.org/10.1038/ni.1674.

Stanietsky N, Simic H, Arapovic J, Toporik A, Levy O, Novik A, et al. The
interaction of TIGIT with PVR and PVRL2 inhibits human NK cell cytotoxic-
ity. Proc Natl Acad Sci U S A. 2009;106(42):17858-63. https://doi.org/10.
1073/pnas.0903474106.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/ctm2.794
https://doi.org/10.1038/s41388-018-0288-y
https://doi.org/10.2147/OTT.S141476
https://doi.org/10.1016/j.urolonc.2019.07.006
https://doi.org/10.1016/j.urolonc.2019.07.006
https://doi.org/10.3892/ol.2019.9910
https://doi.org/10.3892/ol.2019.9910
https://doi.org/10.1016/j.intimp.2020.106198
https://doi.org/10.1038/s41598-021-87624-x
https://doi.org/10.1038/s41598-021-87624-x
https://doi.org/10.3892/ol.2022.13286
https://doi.org/10.1007/s12032-019-1285-x
https://doi.org/10.1007/s12032-019-1285-x
https://doi.org/10.3389/fmolb.2020.608404
https://doi.org/10.3389/fmolb.2020.608404
https://doi.org/10.1016/j.biopha.2019.108884
https://doi.org/10.1016/j.biopha.2019.108884
https://doi.org/10.1080/2162402X.2019.1674605
https://doi.org/10.1155/2020/3948928
https://doi.org/10.1155/2020/3948928
https://doi.org/10.1371/journal.pone.0253176
https://doi.org/10.1371/journal.pone.0253176
https://doi.org/10.1136/jitc-2019-000444
https://doi.org/10.1136/jitc-2019-000444
https://doi.org/10.1007/s00432-021-03531-8
https://doi.org/10.1038/s41467-020-20260-7
https://doi.org/10.1038/s41467-020-20260-7
https://doi.org/10.3390/cancers13071682
https://doi.org/10.1111/cas.14734
https://doi.org/10.1111/cas.14734
https://doi.org/10.1371/journal.pone.0265908
https://doi.org/10.1371/journal.pone.0265908
https://doi.org/10.1016/j.omtn.2020.12.024
https://doi.org/10.1016/j.jtho.2021.01.1616
https://doi.org/10.1186/s12967-022-03529-x
https://doi.org/10.1186/s12967-022-03529-x
https://doi.org/10.1083/jcb.200501090
https://doi.org/10.1084/jem.20081752
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1038/ni.1674
https://doi.org/10.1073/pnas.0903474106
https://doi.org/10.1073/pnas.0903474106

	Prognostic and clinicopathological significance of CD155 expression in cancer patients: a meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Introduction
	Materials and methods
	Search strategy and study selection
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analyses

	Results
	Literature search and study characteristics
	Prognosis significance of CD155 expression in various cancer types
	Correlation between CD155 expression and clinical characteristics of cancer
	Assessment of the heterogeneity, stability, and publication bias

	Discussion
	Conclusion
	Acknowledgements
	References


