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Abstract. Immune checkpoints expressed on tumor cells may
suppress the cytotoxicity of tumor-infiltrating lymphocytes
(TILs) via interaction with their ligands. In the present study,
checkpoint proteins and ligands, including programmed
death-1 (PD-1), programmed death ligand-1 (PD-L1), cluster
of differentiation (CD)155 and T cell immunoreceptor
with immunoglobulin and ITIM domains (TIGIT) were
systematically analyzed in patients with small cell lung cancer
(SCLCQ). Furthermore their clinicopathological features and
survival rates were investigated. Immunohistochemistry
was performed in order to analyze the expression of PD-LI,
CD155, PD-1 and TIGIT in 60 patients with SCLC, and
survival analyses were performed using the Kaplan-Meier
method and Cox proportional hazards model. It was reported
that CD155/TIGIT and PD-L1/PD-1 were highly expressed on
tissues of surgically resected SCLC. High expression levels of
PD-LI1, CD155 or PD-L1+CDI155 were significantly associated
with shorter survival. However, high expression levels of PD-1
or TIGIT exhibited no obvious association with shorter survival
time. Moreover, patients with SCLC in whom PD-L1 and
CD155 levels were highly expressed had the shortest survival
rate. Multivariate survival analysis revealed that highly
expressed PD-L1 [hazard ratio (HR)=2.55, 95% confidence
interval (CI)=1.18-5.51, P=0.017] and CDI155 (HR=2.40,
95% CI=1.05-5.50, P=0.038) were independent prognostic
factors for overall survival (OS) time in SCLC. In addition,
it was reported that TIGIT and PD-1, the receptors of CD155
and PD-L1, respectively, were also constitutively expressed on
CD8* TILs and tumor cells in SCLC. High expression levels
of PD-L1 and CD155 were independent prognostic factors for
OS time in patients with SCLC.
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Introduction

Lung cancer is one of the most common malignant tumors
worldwide. Despite the use of multidisciplinary therapies,
including surgery, chemotherapy, radiotherapy and gene
targeting therapy, the overall survival rate for patients with
lung cancer remains poor, particularly for small cell lung
cancer (SCLC) (1). Though it only accounts for 15% of lung
cancer cases, SCLC is the most aggressive form of lung cancer,
with a 5-year survival rate of only 5% following diagnosis (2).
Despite having increased sensitivity to chemotherapy and
radiotherapy, only a small percentage of patients with SCLC
attain a complete response (CR), and the majority of patients
are likely to experience recurrence. One reason for this is
targeted therapies have not yet been developed for SCLC as
they have for lung adenocarcinoma, though there have been
increasing attempts (3). Therefore, the development of a novel
effective therapy is urgently required.

Programmed death-1 (PD-1) is able to directly inhibit the
proliferation and cytotoxicity of lymphocytes through interaction
with its ligands, programmed death ligand-1 (PD-L1, also termed
B7-H1) or PD-L2 (also termed B7-DC) (4). PD-L1 is expressed
on tumor tissues and lymphoid organs and is involved in tumor
immune suppression, whereas PD-L2 expression is restricted to
activated dendritic cells (DCs), macrophages, monocytes and T
cells (5,6). Therefore, PD-L1 was selected in order to study the
association between survival time and expression, rather than
PD-L2. Blocking the PD-1/PD-1 axis has served an important
role in immune therapy for a number of cancer types including
melanoma, non-small cell lung cancer (NSCLC), renal cell
carcinoma, bladder cancer and hematological malignancies (7,8).

Cluster of differentiation (CD)155, also termed PVR or
necl-5, was first discovered during a study about poliovirus
infection by Holland er al (9) in 1959. CD155 has been
reported to be expressed on numerous tumor cells and
activated DCs (10). It has also been reported to serve a
number of roles in tumor cells, including cellular adhesion,
migration, differentiation, proliferation, survival and
metastasis (11,12). Another important function of CD155
is immune regulation (13). The immune-regulatory role
and clinical significance of CD155 is complex and not well
understood in the tumor microenvironment. It is able to inhibit
cell cytotoxicity and the proliferation of lymphocytes via
interaction with T cell immunoreceptor with immunoglobulin
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and ITIM domains (TIGIT), CD96 or CD112R. It is also able
to activate lymphocytes by interacting with CD226 (Fig. 1).
TIGIT was first described in 2005 by Abbas et al (14).
TIGIT, CD96 and CD112R, as co-inhibitors, compete with
the co-stimulator CD226 for their ligands (CD155 and
CD112) (15). The inhibitory function of TIGIT still serves a
dominant role when TIGIT is co-expressed with CD226 and
CD96 (16). Notably, the anti-tumor effect was improved with
the addition of anti-TIGIT, anti-CD96 or anti-CDI112R (17-19).
However, there have been fewer studies performed to
investigate the immune-regulatory effect of CD155 in the
tumor microenvironment, though there are increasing numbers
of studies regarding immune checkpoint inhibitors in cancer
therapy.

In the present study, the association between the expres-
sion levels of immune checkpoint proteins (PD-1/PD-L1 and
TIGIT/CDI55) and the overall survival (OS) of patients with
SCLC was investigated. The expression levels of PD-1/PD-L1
and TIGIT/CDI55 in clinical specimens from 60 patients
with SCLC were analyzed by immunohistochemistry (IHC).
In addition, survival analyses were performed using the
Kaplan-Meier method and Cox proportional hazards model.
The expression levels of PD-1/TIGIT on CD8'T lymphocytes
were detected by immunofluorescence.

Patients and methods

Patients and tissue specimens. The present study was approved
by the ethics committee of Shengjing Hospital affiliated to
China Medical University (Shenyang, China; no.2016PS256K),
and the need for informed consent from patients was exempted
due to the use of retrospective paraffin-embedded specimens.
Pathological specimens were collected from 60 patients with
SCLC who underwent surgery at Shengjing Hospital affiliated
to China Medical University between 2008 and 2014, though
five patients were lost to follow-up. The majority (43/60) of
these patients with T2-3 or N1-2 (20) metastasis had not been
diagnosed correctly due to the lack of effective pathological
determination, and unnecessarily underwent surgery as a
result of this. The nodules from certain patients with estab-
lished SCLC were resected, and these patients were in the
1A stage (17/60 TINOMO in Tumor-Node-Metastasis staging)
with no infiltration in the visceral pleura, main bronchus,
surrounding lymph nodes or distant organs, and the tumor
size was <3 cm. Tumor staging was based on serum tumor
markers [carcinoembryonic antigen, Cyfra 21-1, neuron
specific enolase (NSE) and squamous cell carcinoma antigen]
and imaging [positron emission tomography/computed tomog-
raphy (PET/CT) or chest CT scan, bone emission CT and
brain contrast-enhanced magnetic resonance imaging] prior
to surgery. Patients who had received neoadjuvant therapy
or had an immune system-associated disease were excluded.
Histological diagnoses were based on the guidelines of the
World Health Organization (21).

NSE is one of the key markers used to evaluate the progres-
sion of patients with SCLC (22). Patients with SCLC may also
present with hyponatremia, which is caused by inappropriate
secretion of antidiuretic hormone or paraneoplastic syndrome.
Hyponatremia predicts a poor outcome for patients with
SCLC (23). Additionally, a number of patients with SCLC and
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Figure 1. Association between co-stimulatory (CD226) and co-inhibitory
(PD-1,TIGIT,CD96 and CD112R) molecules and their ligands (PD-L1,CD112
and CDI155) in the tumor microenvironment. CD, cluster of differentiation;
PD, programmed death; PD-L, programmed death ligand; TIGIT, T cell
immunoreceptor with immunoglobulin and ITIM domains; MHC, major
histocompatibility complex; NK, natural killer; TCR, T cell receptor.

hypercoagulability (high levels of D-dimer) also have a worse
prognosis (24). Serum NSE levels, Na* levels and D-dimer
levels were measured 1 day following admission to hospital, at
least 1 week prior to surgery. The serum levels of these compo-
nents were measured using the NSE detection kit (Roche
Diagnostics GmbH, Mannheim, Germany), the OLYMPUS
K* and AU640/5400/5800 assays (Beckman Coulter, Inc.,
Brea, CA, USA), and the HemosIL D-dimer HS 500 assay
(Instrumentation Laboratory Co., Bedford, MA, USA),
according to the manufacturers' protocols. Clinicopathological
variables collected for analysis included sex, tumor location,
age at diagnosis, tumor size, node involvement (N), NSE expres-
sion levels, Na* levels and D-dimer expression levels. Disease
recurrence and survival were observed in the follow-up clinic
or obtained through telephone correspondence. Follow-up was
until mortality or December 2015.

IHC. A total of 60 paraffin-embedded SCLC specimens were
obtained from the Pathology Department of the Shengjing
Hospital affiliated to China Medical University. The samples had
been fixed in 10% formalin for 2 h at room temperature. IHC was
performed on the resected SCLC tumor tissues (3 #m thickness)
using primary antibodies: Anti-TIGIT antibody (1:50 dilution;
cat. no. sc-103319), anti-CD155 antibody (1:100 dilution; cat.
no. sc-514623; both Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), anti-PD-1 antibody (1:100 dilution; cat. no. 66220-1-Ig)
and anti-PD-L1 antibody (1:200 dilution; cat. no. 66248-1-Ig)
(both ProteinTech Group, Inc., Chicago, IL, USA), and THC kits
containing horseradish peroxidase-conjugated affinipure rabbit
anti-goat/goat anti-rabbit/goat anti-mouse secondary antibodies
(cat. nos. ZB-2306, ZB-2301 and ZB-2305, respectively; dilu-
tions as supplied; OriGene Technologies, Inc., Beijing, China)
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Figure 2. Expression of PD-L1, PD-1, CD155 and TIGIT in SCLC detected by immunohistochemistry (left panels, magnification, x200; right panels, magni-
fication, x400). CD, cluster of differentiation; PD, programmed death; PD-L, programmed death ligand; TIGIT, T cell immunoreceptor with immunoglobulin

and ITIM domains.

according to the manufacturer's protocols. The specimens were
deparaffinized in 100% xylene for 15 min at room temperature,
rehydrated in descending ethanol series for 5 min at room
temperature, and incubated in 3% H,O, for 1 h at room tempera-
ture. Antigen retrieval was achieved by heating the samples in
citrate buffer (pH 6.0) for 10 min at 95°C. The specimens were
incubated with the protein blocking solution provided by the
IHC kits for 1-2 h at room temperature, then incubated with the
primary antibodies in a humid chamber overnight at 4°C. The
negative controls were treated with PBS instead of the primary
antibodies. Following incubation with the secondary antibodies
for 1 h at room temperature, the specimens were stained using
a DAB kit (OriGene Technologies, Inc.). All sections were
counterstained with 100% hematoxylin for 30 sec at room
temperature. All images were recorded using a Nikon E800 fluo-
rescent microscope and analyzed with NIS-Elements Br version
4.60.00 (Nikon Corporation, Tokyo, Japan). All ITHC results were
assessed by two pathologists independently in a blinded manner.
Discordant opinions were settled by a third pathologist. The
intensity of staining was defined as follows: No staining was
considered a negative result (‘0°); positively stained sections were
analyzed using the integrated optical density (IOD) and the areas
of staining distribution with NIS-Elements Br version 4.60.00;
the mean density was obtained by dividing the IOD value by the
area, and an average from 5 representative fields was calculated
(magnification, x400).

Immunofluorescence. The deparaffinization and antigen
retrieval of the sections was carried out as described for the
IHC method. Nonspecific immunoglobulin binding was
blocked using 5% bovine serum albumin (cat. no. 8850; Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China)
for 2 h at room temperature. Sections were incubated with
primary anti-TIGIT antibody and anti-CDS8 antibody (1:75
dilution; cat. no. 17335-1-AP; ProteinTech Group, Inc.), or with

anti-PD-1 antibody and anti-CDS8 antibody (1:75 dilution; cat.
no. 17335-1-AP; ProteinTech Group, Inc.) at 4°C. Following
overnight incubation, the slides were incubated for 4 h at
room temperature with the following mixed fluorescent
secondary antibodies: i) Tetramethylrhodamine (TRITC)-goat
anti-rabbit secondary antibody (1:50 dilution; cat. no. ZF-0316);
ii) fluorescein isothiocyanate (FITC)-goat anti-mouse second
antibody (1:100 dilution; cat. no. ZF-0312; both OriGene
Technologies, Inc.); iii) TRITC-donkey anti-goat secondary
antibody (1:50 dilution; cat. no. sc-2094); and iv) FITC-donkey
anti-rabbit secondary antibody (1:100 dilution; cat. no. sc-2090;
both Santa Cruz Biotechnology, Inc.), followed by incubation
with DAPI (Beijing Solarbio Science & Technology Co.,
Ltd.) for 5 min at room temperature. Finally, the images were
observed and captured (x400 magnification) using a fluorescence
microscope (Eclipse NI; Nikon Corporation).

Statistical analysis. The association between the marker
expression levels and the clinicopathological features was
analyzed using a Pearson's ¥ test. The survival analysis for
different groups was performed using a Kaplan-Meier survival
(log-rank tests). The Cox regression model was used to perform
multivariate analysis. The statistical results were performed
using SPSS software, version 20.0 (IBM Corp., Armonk,
NY, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Association between PD-1, PD-LI, TIGIT and CDI155 expression
levels and clinicopathological features. PD-1,PD-L1, TIGIT and
CD155 expression levels were analyzed in 60 human SCLC tissues
by IHC. PD-1/PD-L1 and TIGIT/CDI155 were highly expressed,
particularly in the cytoplasm and cell membrane of cancer cells
and the matrix of tumor tissue (Fig. 2). The mean densities of
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Table I. Association between PD-L1/CD155 expression and patient characteristics in 60 patients with small cell lung cancer.

PD-L1 expression

CD155 expression

Characteristic Low,n High,n P-value Low, n High,n P-value

Sex 0.382 0.901
Male 15 28 21 22
Female 8 9 8 9

Location of tumor 0914 0.399
Left lung 9 15 10 14
Right lung 14 22 19 17

Age at diagnosis, years 0.986 0.768
<60 13 21 17 17
>60 10 16 12 14

Tumor size, cm 0.009 0.553
<3 19 18 19 18
>3 4 19 10 13

N status 0.317 0.835
NO 10 10 10 10
N1 6 9 8 7
N2 7 18 11 14

Preoperative serum NSE level (ng/ml) 0.007 0.021
Normal (0-16.3) 15 11 17 9
Elevated (>16.3) 8 26 12 22

Preoperative serum Na*level (mM) 0.103 0.945
Normal (136-145) 23 33 27 29
Reduced (<136) 0 4 2 2

Preoperative serum D-dimer level (zg/1) 0.690 0.245
Normal (0-252) 19 29 25 23
Elevated (>252) 4 8 4 8

CD, cluster of differentiation; PD-L, programmed death ligand; NSE, neuron specific enolase; N, node.

PD-1,PD-L1, TIGIT and CD155 staining in the 60 SCLC samples
from patients were 0.288, 0.316, 0.302 and 0.304, respectively
(data not shown). Detailed clinicopathological characteristics
are presented in Table I. It was reported that high expression
levels PD-L1 and CDI155 in tumors were associated with high
levels of NSE expression (PD-L1, P=0.007; CD155, P=0.021),
and larger tumor size was associated with high expression
levels of PD-L1 (P=0.009). Therefore, it was hypothesized that
NSE may be a useful factor when selecting patients with SCLC
who may benefit from checkpoint (anti-PD-L1 or anti-CD155)
targeting therapy. There was no significant association between
high PD-L1 or CD155 expression levels and N, Na* or D-dimer
expression levels.

Expression levels and prognostic value of PD-1/PD-LI and
TIGIT/CDIS55 in human SCLC. Patients were divided into two
groups according to the median PD-L1 or CD155 expres-
sion levels; these groups were a PD-L1 high/low group and a
CDI155 high/low group, respectively. As presented in Fig. 3,
patients with higher PD-L1 or CD155 expression levels tended

to have shorter OS times (PD-L1, 16.26+2 .91 months; CDI155,
16.20+2 .42 months) compared with patients in the low expression
group (PD-L1, 36.43+6.46 months; CD155, 29.87+3.66 months)
(PD-L1, P=0.001; CD155, P=0.002). However, in the PD-1 and
TIGIT high and low expression groups, there were no signifi-
cant associations with survival time.

Patients were subsequently divided into three groups:
i) PD-L1 and CDI55 low expression levels (n=14); ii) either
PD-L1 or CDI155 overexpression (n=22); or iii) PD-L1 and
CD155 overexpression (n=24). Significant differences in OS
were reported between groups (P<0.001 for OS, as presented
in Fig. 3). The OS of patients with PD-L1 or CDI155 over-
expression alone (26.70+6.99 months) tended to be shorter
compared with patients with low expression of the two
(38.82+2.67 months), and the OS of patients who had high
expression levels of PD-L1 and CD155 together was the
poorest (13.13+2.53 months) (P<0.001).

To determine the prognostic value of the expression
levels of these immune checkpoints, Kaplan-Meier survival
calculations (log-rank tests) were used for sex, tumor
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Figure 3. Kaplan-Meier curves comparing OS rates between the high and low expression groups of PD-LI1, PD-1, CD155 and TIGIT. SCLC patients with
higher PD-L1 expression (PD-L1-high group) tended to have a shorter OS (16.26+2.91 months) compared with the PD-L1-low group (36.43+6.46 months;
P=0.001). SCLC patients with higher CD155 expression (CD155-high group) tended to have a shorter OS (16.20+2.42 months) compared with the CD155-low
group (29.87+3.66 months; P=0.002). Furthermore, patients were divided into three groups based on the expression levels of CD155 and PD-L1. The OS of
SCLC patients with PD-L1 or CD155 overexpression (26.70+6.99 months) tended to be shorter compared with patients with low expression levels of both
(38.82+2.67 months), and the OS of patients who had high expression levels of PD-L1 and CD155 was poorest (13.13£2.53 months) (P<0.001). In the PD-1
and TIGIT high or low expression groups, there were no significant associations with survival time. Low or high-censored indicates censored data in the
low/high expression groups. These censored data represent patients with SCLC who were lost to follow-up or still alive at the end of the follow-up time.
CD, cluster of differentiation; PD, programmed death; PD-L, programmed death ligand; TIGIT, T cell immunoreceptor with immunoglobulin and ITIM

domains; SCLC, small cell lung cancer; OS, overall survival.

location, age at diagnosis, tumor size, N status, PD-LI,
CDI155, PD-1, TIGIT, NSE, Na*, D-dimer and postoperative
therapeutic methods. It was reported that PD-L1 (P=0.001),
CD155 (P=0.002), N status (P=0.046), NSE (P=0.047) and
postoperative therapeutic methods (P=0.004) were associated
with the OS of patients with SCLC (Table II). Furthermore,
a multivariate Cox regression model was used to analyze
PD-L1, CDI55, N status, NSE and postoperative therapeutic
methods to determine their prognostic value. High expression
levels of PD-L1 [hazard ratio (HR)=2.55, 95% confidence
interval (CI)=1.18-5.51, P=0.017] and CDI155 (HR=2.40,
95% CI=1.05-5.50, P=0.038) were independent predictors of
poor OS in patients with SCLC (Table III).

PD-1, and TIGIT expression levels on CD8* tumor-infiltrating
lymphocytes (TILs). Using immunofluorescence double
staining, it was demonstrated that PD-1 and TIGIT were
expressed on CD8* TILs in certain specimens from SCLC
patients (Fig. 4). These results confirmed that in SCLC, the
receptors of CD155 and PD-L1, TIGIT and PD-1, were consti-
tutively expressed on CD8* TILs. It is possible that PD-1*
or TIGIT* CD8* TILs are involved in immune regulation by
interacting with ligands expressed on tumor cells.

Discussion
Increasing attention has been focused on tumor immunotherapy,

which primarily includes blocking immune checkpoints,
designing genetic modifications in patient lymphocytes targeted

to tumor-specific antigens and tumor-associated antigens prior
to infusion (25), or vaccines that improve the immunogenicity
of tumor antigens (26). As pioneering immune checkpoint
blockers, anti-CTLA-4 (Ipilimumab), anti-PD-1s (Nivolumab
and Pembrolizumab) and anti-PD-L1s (Durvalumab and
Atezolizumab) have already been applied in the therapy of a
number of solid cancer types, including melanoma (27) and
non-small cell lung cancer (28), and these immune checkpoint
inhibitors display marked clinical efficacy, particularly in
patients with overexpression of checkpoint proteins (29). Thus,
it is vitally important to assess the expression levels of check-
point proteins in SCLC prior to further immune therapy.

The present study investigated the expression levels of
PD-1/PD-L1 and TIGIT/CD155 in SCLC. As in NSCLC,
melanoma, renal cell carcinoma and pancreatic cancer (30),
high expression levels of PD-L1 in SCLC were demonstrated
to be an independent risk factor for an unfavorable outcome.
In addition, a multivariate survival analysis revealed that a
high expression level of CD155 was also an independent risk
factor for an unfavorable outcome in patients with SCLC.
Certain studies have reported that CDI155 is overexpressed
in lung adenocarcinoma (31), soft tissue sarcoma (32) and
pancreatic cancer (33), and that survival times in patients with
CDI155 overexpression are significantly shorter compared
with patients with low CD155 expression. Another study on
hepatocellular carcinoma (HCC) reported that CD155 expres-
sion was lower compared with adjacent tissue, and patients
with highly expressed CD155 were significantly more likely
to have a good prognosis (34). This may partly be due to the
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Table II. Univariate prognostic analysis of 60 patients with small cell lung cancer.
Characteristic Patients, n OS time, months P-value
Sex 0.741
Male 41 22.13
Female 14 18.03
Location of tumor 0.494
Left lung 24 18.13
Right lung 31 26.70
Age at diagnosis, years 0.091
<60 31 26.70
>60 24 17.02
Tumor size, cm 0.328
<3 34 2593
>3 21 18.03
N status 0.046
NO 18 26.3
N1 15 259
N2 22 174
PD-L1 expression 0.001
Low 21 36.43
High 34 16.26
CD155 expression 0.002
Low 26 29.87
High 29 16.20
PD-1 expression 0.781
Low 25 22.13
High 30 22.03
TIGIT expression 0.874
Low 34 2593
High 21 18.03
Preoperative serum NSE level 0.047
Normal 24 27.80
Elevated 31 18.03
Preoperative serum Na*level 0.857
Normal 52 22.03
Reduced 3 22.67
Preoperative serum D-dimer level 0.684
Normal 45 2593
Elevated 10 17.02
Postoperative therapy 0.004
No therapy 9 17.02
Chemotherapy 16 18.13
Chemotherapy and radiotherapy 30 28.13

CD, cluster of differentiation; PD, programmed death; PD-L, programmed death ligand; NSE, neuron specific enolase; TIGIT, T cell

immunoreceptor with immunoglobulin and ITIM domains.

fact that the liver is an immune organ and thus has a number of
lymphocytes, including natural killer (NK) cells, NKT and vd

T cells. Furthermore, the tumor microenvironment is notably
more complex compared with solid tumors; CD155/DNAM-1
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Table III. Multivariate Cox regression analysis of overall survival in 60 patients with small cell lung cancer.

Factor HR (95% CI) P-value
PD-L1 expression (high vs. low) 2.55(1.18-5.51) 0.017
CD155 expression (high vs. low) 2.40 (1.05-5.50) 0.038
NSE (elevated vs. normal) 1.76 (0.88-3.53) 0.113
N status (N2/N1/NO) 1.45(0.94-2.23) 0.092
Therapy (chemotherapy and radiotherapy vs. 0.76 (0.46-1.25) 0.278

chemotherapy vs. surgery)

HR, hazard ratio; CI, confidence interval; CD, cluster of differentiation; PD-L, programmed death ligand; NSE, neuron specific enolase.
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Figure 4. Immunofluorescence double staining of PD-1/TIGIT and CD8 in small cell lung cancer. Nuclear staining with DAPI (blue); CD8 staining with
TRITC-goat anti-rabbit second antibody (red) or FITC-donkey anti-rabbit second antibody (green); PD-1 staining with FITC-goat anti-mouse second
antibody (green); TIGIT staining with TRITC-donkey anti-goat second antibody (red). Sections were photographed at magnification, x400. CD, cluster of
differentiation; PD, programmed death; TIGIT, T cell immunoreceptor with immunoglobulin and ITIM domains; FITC, fluorescein isothiocyanate; TRITC,

tetramethylrhodamine; TILs, tumor-infiltrating lymphocytes.

may serve a more important role compared with CD155/TIGIT
in HCC, or CD155/TIGIT may safeguard liver regeneration by
regulating NK cell-hepatocyte crosstalk (35). SCLC, however,
is a classical neuroendocrine tumor, and its immune regulation
is more complex compared with other types of solid tumors
due to the existence of autocrine or paracrine molecules,
including NSE. Consequently, it is useful to understand the
prognostic value of CD155 in SCLC. Furthermore, CD155
has four isoforms created by alternative splicing: o, B, v
and 9; CD155a and CD1559 are transcribed into membrane
proteins, while CD155f and CDI155y are transcribed into
serum proteins (36,37). The secreted CD155 (sCD155) isoform
was reported to be expressed in the liver, serum and other
human tissues, and it may compete with membrane CD155 in
poliovirus entry and immune regulation (36). Recently, it was
hypothesized that sSCDI155 in serum may be a biomarker to
predict cancer development and progression (38). The prog-
nostic value of CD155 in SCLC requires further investigation.

Finally, it was demonstrated that TIGIT/PD-1 was
expressed on CD8* TILs, which suggested that tumor cells
may upregulate PD-L1 and CDI155 during immune evasion,
by interacting with their ligands expressed on lymphocytes to
suppress their cytotoxic functions. The association between
co-stimulatory molecules, co-inhibitory molecules and their
ligands is complex and not well defined. On the one hand,

CD155 and CD112 (nectin-2) expressed on antigen presenting
cells are able to interact with co-inhibitory molecules,
including TIGIT, CD96 and CDI112R, which are expressed
on immunocytes to weaken their immune function; on the
other hand, CD155 is also able to react with its co-stimulatory
molecule, CD226 (DNAM-1), to activate immunocytes and
strengthen immunological surveillance (18,19,39-41). The
competition between them leads to immune invasion. However,
the present study was a retrospective analysis, therefore
there are limitations. It is not possible to use retrospective
postoperative paraffin-embedded sections for the efficient
extraction of protein or RNA required for subsequent western
blotting or reverse transcription-quantitative polymerase chain
reaction. Therefore, further investigations are required.

In conclusion, the present results indicated that high expres-
sion levels of PD-L1 and CDI155 were independent indicators
of a decreased OS in patients with SCLC. In addition, patients
with SCLC and high expression levels of CD155 and PD-L1
displayed the shortest survival times.
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