
J Clin Lab Anal. 2022;36:e24259.	 ﻿	   | 1 of 11
https://doi.org/10.1002/jcla.24259

wileyonlinelibrary.com/journal/jcla

Received: 11 November 2021  | Revised: 3 January 2022  | Accepted: 15 January 2022
DOI: 10.1002/jcla.24259  

R E S E A R C H  A R T I C L E

High serum soluble CD155 level predicts poor prognosis 
and correlates with an immunosuppressive tumor 
microenvironment in hepatocellular carcinoma

An-Li Jin1 |   Yi-Hui Yang1 |   Xi Su1 |   Wen-Jing Yang1 |   Te Liu1,2 |   Wei Chen1 |   
Tong Li1 |   Lin Ding1 |   Hao Wang1 |   Bei-Li Wang1,3,4  |   Bai-Shen Pan1,3 |    
Jian Zhou5 |   Jia Fan5 |   Xin-Rong Yang5 |   Wei Guo1,3,4,6

1Department of Laboratory Medicine, Zhongshan Hospital, Fudan University, Shanghai, China
2Shanghai Geriatric Institute of Chinese Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai, China
3Department of Laboratory Medicine, Wusong Branch, Zhongshan Hospital, Fudan University, Shanghai, China
4Department of Laboratory Medicine, Xiamen Branch, Zhongshan Hospital, Fudan University, Xiamen, China
5Department of Liver Surgery & Transplantation, Liver Cancer Institute, Zhongshan Hospital, Fudan University, Key Laboratory of Carcinogenesis and Cancer 
Invasion, Ministry of Education, Shanghai, China
6Cancer Center, Zhongshan Hospital, Fudan University, Shanghai, China

This is an open access article under the terms of the Creat​ive Commo​ns Attri​bution-NonCo​mmercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC.

An-Li Jin, Yi-Hui Yang and Xi Su contributed equally to this study. 

Correspondence
Wei Guo, Department of Laboratory 
Medicine, Zhongshan Hospital, Fudan 
University, 180 Fenglin Road, Shanghai 
200032, China.
Email: guo.wei@zs-hospital.sh.cn

Xin-Rong Yang, Department of Liver 
Surgery & Transplantation, Liver Cancer 
Institute, Zhongshan Hospital, Fudan 
University, 180 Fenglin Road, Shanghai 
200032, China.
Email: yang.xinrong@zs-hospital.sh.cn

Funding information
This study was supported by grants 
from the National Key R&D Program 
of China (2019YFC1315800 and 
2019YFC1315802), the State Key 
Program of National Natural Science of 
China (81830102), the National Natural 
Science Foundation of China (81972000, 
81902139, 81872355, and 82072715), the 
Shanghai Municipal Health Commission 
Collaborative Innovation Cluster Project 
(2019CXJQ02), the Shanghai “Rising Stars 
of Medical Talent” Youth Development 
Program (Outstanding Youth Medical 
Talents), the Projects from the Shanghai 
Science and Technology Commission 

Abstract
Background: Hepatocellular carcinoma (HCC) is one of the most prevalent malignan-
cies with poor prognosis. There is no research about the clinical significance of serum 
soluble CD155 (sCD155) level for HCC. We aim to explore the prognostic and diag-
nostic value of sCD155 in HCC patients undergoing curative resection.
Methods: Serum sCD155  level in HCC patients was determined by enzyme-linked 
immunosorbent assay. The prognostic significance of sCD155 was evaluated by Cox 
regression and Kaplan–Meier analyses. CD155 expression and biomarkers of immune 
cells in HCC tissues were detected by immunohistochemistry staining. The diagnostic 
significance of sCD155 was evaluated using receiver operating characteristic curve.
Results: Serum sCD155  level was significantly increased in HCC patients and pre-
dicted poor prognosis. The prognostic value of sCD155 remained in low recurrent risk 
subgroups of HCC. Serum sCD155 level was positively related to CD155 expression 
in HCC tissues. High serum sCD155 level was associated with decreased numbers of 
CD8+T cells and CD56+NK cells and increased number of CD163+M2 macrophages. 
Serum sCD155  level had better performance in distinguishing HCC patients from 
healthy donors and patients with chronic liver conditions than α-fetoprotein. Among 
patients with α-fetoprotein ≤ 20 ng/ml, serum sCD155 level could differentiate HCC 
patients from non-HCC patients.
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1  |  BACKGROUND

Hepatocellular carcinoma (HCC) is a malignant solid tumor, and the 
incidence and prevalence rates of HCC are increasing.1 Curative re-
section is the main treatment strategy for HCC; however, the 5-year 
survival rate of HCC patients after surgery remains low because of 
the high rates of recurrence and metastasis.2 Additionally, many 
HCC patients are diagnosed at advanced stages due to the lack of 
specific biomarkers for early-stage HCC and thus are not candidates 
for surgery, resulting in a 5-year survival rate of <16%.3,4 Therefore, 
identifying novel biomarkers for prognosis prediction and early diag-
nosis of HCC is critical.

Poliovirus receptor (PVR/CD155) is initially identified as a re-
ceptor for the poliovirus.5 CD155 is expressed at low levels in most 
normal tissues, but it is frequently overexpressed in tumor tissues 
of various cancers, including colorectal cancer,6 breast cancer,7 
etc. Recent studies have reported the cell-intrinsic role of CD155 
in promoting tumor progression through modulating cell adhesion, 
migration and polarization,8 and the cell-extrinsic role of CD155 in 
immune regulation.9 CD155 is the ligand for both co-stimulatory 
receptor (DNAM-1) and co-inhibitory receptors (TIGIT and CD96) 
on T cells and natural killer (NK) cells,10 and the balance between 
co-stimulatory and co-inhibitory signals in tumor microenvironment 
(TME) is often disturbed, resulting in an immunosuppressive TME.11 
Sun et al12 found that CD155 was overexpressed and predicted poor 
prognosis in HCC, and CD155-CD96 interaction resulted in NK cell 
exhaustion. A previous study showed that anti-CD155 monoclonal 
antibody reduced lung metastasis in osteosarcoma in vivo, suggest-
ing that CD155 might be a promising target for immunotherapy.13 
Recent studies reported the presence of soluble CD155 (sCD155) 
in serum, and serum CD155 level was significantly higher in cancer 
patients than levels in healthy donors.14 These studies indicated that 
sCD155 could be a promising biomarker for diagnosis and prognosis 
of various cancers. However, the clinical significance of sCD155 for 
HCC patients has not been investigated.

In this study, we conducted a retrospective study to explore the 
potential clinical significance of sCD155 in HCC patients undergoing 
curative resection and investigated the correlation between serum 
sCD155 level and immune cell infiltration in TME. Our results indi-
cated that serum sCD155 level was expected to be a novel biomarker 

for diagnosis and prognosis of HCC, which might provide valuable 
application for the management of HCC patients.

2  |  METHODS AND MATERIAL S

2.1  |  Clinical specimens and follow-up

Blood samples from 355 participants were collected from 2018 to 
2019 in the Department of Laboratory Medicine, Zhongshan Hospital, 
Fudan University. All specimens were defined as five groups: hepa-
tocellular carcinoma (HCC, n  =  148, HCC cohort 1), cirrhosis (CIS, 
n = 51), chronic hepatitis B (CHB, n = 59), intrahepatic cholangiocarci-
noma (ICC, n = 44), and healthy donors (HD, n = 53). For the analysis 
of immune cell infiltration, tumor tissues and corresponding blood 
samples from 24 HCC patients undergoing curative resection (HCC 
cohort 2) from 2019 to 2020 in the Liver Cancer Institute, Zhongshan 
Hospital, Fudan University, were collected. All HCC patients enrolled 
in this study were diagnosed by hematoxylin-eosin staining and had 
not accepted prior anti-cancer treatment. China liver cancer (CNLC) 
staging system was used to determine tumor stage.15 Complete 
clinical information of each patient had been obtained. Survival data 
were collected until June 2021. Time to recurrence (TTR) was de-
fined as the time between the liver curative resection and the first 
time of discovering intrahepatic recurrence or extrahepatic metasta-
sis. Approval for the use of human specimens was obtained from the 
Research Ethics Committee of Zhongshan Hospital, Fudan University. 
Informed consent had been obtained from all patients.

2.2  |  Blood samples

Blood samples were collected before the surgery. A total of 3-ml pe-
ripheral blood was centrifuged at 4°C, 2000 × g for 10 min to elimi-
nate cells, followed by centrifugation at 4°C, 13,000 × g for 15 min to 
eliminate other cellular organelles. Samples were aliquoted and stored 
at −80°C until analysis. Routine laboratory parameters were meas-
ured in the Department of Laboratory Medicine, Zhongshan Hospital, 
Fudan University. Systemic inflammation index (SII, platelet ×neutro-
phil/lymphocyte) was defined according to our previous report.16
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2.3  |  Enzyme-linked immunosorbent assay (ELISA)

Serum sCD155  level was detected by ELISA according to manu-
facturer's instructions (Poliovirus receptor ELISA kit, USCN Life 
Science, Wuhan, China). Samples were blind to the person who per-
formed experiments. A cut-off value for serum sCD155 level was set 
at 4218.08 ng/ml, which was the median value of sCD155 concen-
tration in HCC cohort 1 (n = 148).

2.4  |  Immunohistochemistry (IHC) staining

Paraffin-embedded HCC tissues were made into sections. IHC 
staining assay was carried out using standard procedures as previ-
ously described.17 The antibodies used in this study were as follows: 
CD155 (1:200, Cell Signaling Technology, CST, USA), CD8 (1:200, 
CST), FOXP3 (1:100, CST), CD56 (1:200, Abcam, USA), and CD163 
(1:200, CST). Histochemistry score (H-score) = (percentage of weak 
intensity area ×1) + (percentage of moderate intensity area ×2) + 
(percentage of strong intensity area ×3).18,19 Two pathological inves-
tigators who were blind to samples evaluated the numbers of posi-
tive immune cells on sections. If there was any discrepancy between 
their results, it would be resolved by consensus. The average of the 
numbers of positive immune cells (cells/mm2) was used as the quan-
tification results of particular cell population.20

2.5  |  Statistical analysis

SPSS software 16.0 and Graphpad prism 8.0 were used for statis-
tical analysis. Experimental values for continuous variables were 
expressed as the mean ± standard deviation (SD). The chi-squared 
test, Fisher's exact test, Student's t test, Mann–Whitney U test, 
and Wilcoxon signed-rank test were used to evaluate the signifi-
cance of differences in data between groups. Kaplan–Meier survival 
curves and log-rank test were used to assess TTR of HCC patients. 
Univariate and multivariate analyses were performed via establishing 
Cox proportional hazards models. Receiver operating characteristic 
(ROC) curve and area under curve (AUC) were constructed to evalu-
ate the diagnostic value of biomarkers in HCC patients. The corre-
sponding sensitivity and specificity were recorded with the largest 
Youden index. P < 0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Serum sCD155 level is increased in HCC 
patients and correlates with advanced tumor stage

Serum sCD155 levels in all five groups (HCC, CIS, CHB, HD, and ICC) 
were listed in Table 1. Our results showed that serum sCD155 level 
was higher in HCC patients compared with levels in other groups, and 
serum sCD155 level increased with disease progression (Figure 1A). 

We also found that serum sCD155 level in the ICC group was higher 
than the level in the HD group, but it was lower than that of HCC 
patients (Figure 1A).

The median value of serum sCD155  level was set as cut-off 
value (4218.08  ng/ml), and HCC patients were divided into high 
sCD155 level group (sCD155high = 74) and low sCD155 level group 
(sCD155low = 74). The serum sCD155 level in early-stage HCC (CNLC 
I-II) patients was lower than that of late-stage HCC (CNLC III) pa-
tients (Figure 1B). Consistent with these findings, the percentage of 
sCD155high patients was higher in the late-stage HCC group than 
that in the early-stage HCC group (Figure 1C).

3.2  |  High serum sCD155 level predicts poor 
prognosis in HCC patients

We next analyzed the correlation between serum sCD155 level and 
the clinical characteristics of HCC patients. High serum sCD155 level 
was associated with incomplete tumor encapsulation, vascular in-
vasion, and advanced CNLC stage (Figure 2A-C; Table 2). We also 
found higher serum sCD155 levels in HCC patients with recurrence 
compared with levels in patients without recurrence (Figure 2D).

We then investigated the prognostic significance of serum 
sCD155  level in HCC patients. Kaplan–Meier analysis showed 
that sCD155high patients had a shorter TTR compared with sCD-
155low patients (Figure 2E). We also explored the prognostic value 
of sCD155 in the low recurrent risk subgroups of HCC.21  The 
prognostic significance of sCD155  remained in the α-fetoprotein 
(AFP) ≤20  ng/ml subgroup and single tumor lesion subgroup 
(Figure 2F-G).

Univariate analysis showed that AFP, γ-glutamyl transpeptidase 
(γ-GT), aspartate aminotransferase (AST), platelet-lymphocyte ratio 
(PLR), neutrophil-lymphocyte ratio (NLR), SII, tumor size, tumor 
number, satellite lesions, CNLC stage, and sCD155 level (HR = 1.962, 
95%CI = 1.158–3.324, p = 0.012) were related to TTR of HCC pa-
tients (Figure  3A; Table  3). Multivariate analysis demonstrated 
that high serum sCD155 level (HR = 2.212, 95%CI = 1.268–3.857, 
p = 0.005) was an independent prognostic indicator for predicting 
TTR in HCC patients (Figure 3B; Table 3).

TA B L E  1 The levels of sCD155 and AFP in the serum of 
participants (n = 355) in our study

Groups N
AFP, ng/ml
(mean ± SD)

sCD155, pg/ml
(mean ± SD)

HCC 148 3375.9 ± 11367.0 4670.5 ± 2264.4

CIS 51 54.3 ± 223.0 2460.3 ± 1055.8

CHB 59 15.5 ± 72.2 1972.0 ± 940.7

HD 53 3.6 ± 1.9 1781.5 ± 820.6

ICC 44 80.0 ± 236.5 2802.5 ± 1462.8

Abbreviations: AFP, α-fetoprotein; CHB, chronic hepatitis B; CIS, 
cirrhosis; HCC, hepatocellular carcinoma; HD, healthy donor; ICC, 
intrahepatic cholangiocarcinoma; sCD155, soluble CD155; SD, standard 
deviation.
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3.3  |  High serum sCD155 level is associated with  
decreased numbers of CD8+T cells and CD56+NK cells  
and increased number of CD163+M2 macrophages in 
HCC tissues

According to the cut-off value of serum sCD155 level, we next clas-
sified 24 HCC patients (tumor tissues and corresponding blood sam-
ples) into sCD155high (n = 12) group and sCD155low (n = 12) group. 
We found that CD155 expression in HCC tissues was higher in sC-
D155high patients compared with sCD155low patients (Figure  4A). 
We further analyzed the correlation between serum sCD155  level 
and CD155 expression in HCC tissues, and the results showed that 
serum sCD155 level was positively related to CD155 expression in 
HCC tissues (Figure 4B).

A previous study reported a significant role of CD155 in immu-
nosuppressive TME.11 We therefore next explored the relationship 
between serum sCD155  level and immune microenvironment sta-
tus in HCC tissues. Representative images of IHC staining for CD8+, 
CD56+, FOXP3+, and CD163+ cells in HCC tissues were shown in 
Figure  4C. The results demonstrated that the numbers of CD8+T 
cells and CD56+NK cells (anti-tumor lymphocytes) in HCC tissues 
were decreased in sCD155high patients compared with those in sCD-
155low patients, while the number of CD163+M2 macrophages (im-
munosuppressive cells) was increased (Figure 4D).

3.4  |  Diagnostic value of serum sCD155 level in 
HCC patients

We next explored the diagnostic value of sCD155 in HCC patients 
using ROC curve. AFP is a well-established biomarker for the diag-
nosis of HCC,22 and thus, we first analyzed the association between 
the levels of sCD155 and AFP in the serum of HCC patients. We 
found no significant correlation between the serum levels of AFP 
and sCD155 in HCC patients (Figure 5A), suggesting that serum 
sCD155 level might be an ideal biomarker for the diagnosis of HCC 

in addition to serum AFP level. Based on ROC curve, we found that 
sCD155 showed higher accuracy (AUC = 0.8949 [0.8572–0.9326]) 
than AFP (AUC = 0.8218 [0.7731–0.8705]) in distinguishing HCC 
patients from non-HCC patients; the AUC values of sCD155 for 
distinguishing HCC from HD, CHB, and CIS were 0.9301 (0.8894–
0.9709), 0.9132 (0.8699–0.9565), and 0.8370 (0.7753–0.8988), 
respectively (Figure 5B-E; Table 4). These findings indicated that 
serum sCD155 level was superior to AFP for the diagnosis of HCC. 
In addition, the combination of sCD155 and AFP achieved bet-
ter diagnostic performance than any single marker (Figure 5B-E; 
Table 4). More importantly, among patients with AFP ≤ 20 ng/ml, 
serum sCD155  level could also differentiate HCC patients from 
non-HCC patients; the AUC value was 0.8857 (0.8297–0.9417) 
(Figure 5F; Table 4).

4  |  DISCUSSION

HCC is one of the most leading causes of cancer-related death 
worldwide.1 In the patients diagnosed with HCC at an early stage, 
the 5-year survival rate is >70%.23 However, most HCC patients are 
diagnosed at a late stage and the 5-year survival of these patients is 
poor.3 Previous studies reported the increased level of sCD155 in 
the serum of cancer patients, including in lung cancer, gastric cancer, 
colorectal cancer, etc.14 However, serum sCD155 level has not been 
previously investigated in HCC.

CD155 functions as a multi-functional molecule in human 
cancers.24 Previous studies reported that CD155 promoted cell 
proliferation through Ras-Raf-MEK-ERK signaling pathway25 and 
contributed to mesenchymal phenotype in breast cancer.26 In addi-
tion, CD155 overexpression could induce tumor immune escape via 
interacting with co-inhibitory receptors on T cells and NK cells.12,27 
All of these findings implied that the effect of CD155 in TME was 
immunosuppressive in human cancers. However, the assessment of 
CD155 in tumor tissues is not possible without surgery. In contrast, 
the evaluation of serum sCD155 level is a low-cost and easy method 

F I G U R E  1 Serum sCD155 level is elevated and associated with advanced tumor stage in HCC. A, Serum sCD155 level in groups of HCC, 
CIS, CHB, HD, and ICC. B, Serum sCD155 level in patients with different CNLC stages. C, Percentages of sCD155low or sCD155high HCC 
patients in different CNLC stages. *p value < 0.05, **p value < 0.01, and ***p value < 0.001
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for diagnosis and prognosis of HCC. To the best of our knowledge, 
we first provide evidence for the diagnostic and prognostic value of 
serum sCD155 level in HCC.

In this study, we found that serum sCD155  level was higher in 
HCC patients and correlated with advanced tumor stage; these 
results were in accordance with a previous report in gastric can-
cer.14 Our results also showed that high serum sCD155  level was 
related to advanced HCC stage (CNLC III), indicating that high serum 
sCD155 level was associated with the aggressive phenotype of HCC; 

these findings were in accordance with a previous study in breast 
cancer.28 Importantly, we found that sCD155high patients had a 
shorter TTR than sCD155low patients in HCC. HCC is a highly hetero-
geneous disease,29 and thus, we also examined the prognostic signif-
icance of sCD155 in low recurrent risk subgroups of HCC. AFP is a 
well-established marker for monitoring recurrence and metastasis of 
HCC patients.30 However, there has been a lack of ideal biomarkers 
for HCC patients with normal AFP levels.31 We found that the prog-
nostic value of sCD155 remained in the AFP ≤ 20 ng/ml subgroup, 

F I G U R E  2 Serum sCD155 level is prognostically significant. A-C, Correlation between serum sCD155 level and clinical characteristics 
of HCC patients (n = 148). D, Serum sCD155 level in HCC patients with or without recurrence. E-G, Kaplan–Meier analysis of TTR of HCC 
patients in entire HCC cohort, single tumor lesion subgroup and AFP ≤ 20 ng/ml subgroup according to serum sCD155 level. *p value < 0.05, 
**p value < 0.01, and ***p value < 0.001
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which contributed to identifying AFP-negative patients with a high 
risk of recurrence in HCC.

A previous study reported that a higher level of sCD155 was 
associated with better response to chemotherapy and favorable 
overall survival in esophageal cancer, which was not consistent with 
our results.32 One possible reason for this discrepancy was the dif-
ference in tumor types. In addition, the previous study had a small 
cohort size (n = 47), which was not sufficient to obtain a definitive 
conclusion.

AFP is the most widely used biomarker for the diagnosis of 
HCC.22 However, approximately 40% of early-stage HCC patients 
and 15%-20% of advanced stage HCC patients are AFP-negative 
(AFP  ≤  20  ng/ml).33 In our study, we found that sCD155  showed 
better performance compared with AFP in distinguishing HCC pa-
tients from other groups, and the combination of sCD155 and AFP 
achieved better diagnostic performance than any single marker. 
Importantly, the diagnostic significance of serum sCD155  level in 
HCC patients with AFP ≤ 20 ng/mL that was demonstrated in this 
study indicated that serum sCD155 level might help clinicians iden-
tify HCC patients with normal AFP level that otherwise would es-
cape diagnosis or be misdiagnosed.

TA B L E  2 Correlation between serum sCD155 level and clinical 
characteristics of HCC patients (n = 148)

Clinical 
characteristics N

sCD155 level

pLow (n = 74) High (n = 74)

Sex

Male 119 60 59 0.836

Female 29 14 15

Age, years

≤50 49 29 20 0.116

>50 99 45 54

HBsAg

Negative 29 15 14 0.836

Positive 119 59 60

AFP, ng/ml

≤20 68 37 31 0.322

>20 80 37 43

PIVKA-II, mAU/ml

≤40 29 17 12 0.300

>40 119 57 62

γ-GT, U/L

≤45 74 41 33 0.188

>45 74 33 41

AST, U/L

≤35 100 46 54 0.160

>35 48 28 20

CEA, ng/ml

≤5 135 69 66 0.384

>5 13 5 8

CA199, U/ml

≤34 127 63 64 0.814

>34 21 11 10

Platelet, 109/L

≤300 137 67 70 0.347

>300 11 7 4

PLR

≤150 113 55 58 0.562

>150 35 19 16

NLR

≤5 126 65 61 0.355

>5 22 9 13

SII

≤330 72 36 36 1.000

>330 76 38 38

Liver cirrhosis

No 72 37 35 0.742

Yes 76 37 39

Tumor size, cm

≤5 84 43 41 0.740

>5 64 31 33

Clinical 
characteristics N

sCD155 level

pLow (n = 74) High (n = 74)

Tumor number

Single 124 65 59 0.181

Multiple 24 9 15

Satellite lesion

No 131 67 64 0.439

Yes 17 7 10

Tumor encapsulation

Complete 68 40 28 0.048

Incomplete 80 34 46

Vascular invasion

No 68 41 27 0.021

Yes 80 33 47

Edmondson stage

I-II 75 42 33 0.139

III-IV 73 32 41

CNLC stage

I-II 130 69 61 0.044

III 18 5 13

Abbreviations: AFP, α-fetoprotein; AST, aspartate transaminase; CA199, 
carbohydrate antigen 199; CEA, carcinoembryonic antigen; CNLC, 
China liver cancer; HBsAg, hepatitis B surface antigen; NLR, neutrophil-
lymphocyte ratio; PIVKA-II, protein induced by vitamin K absence or 
antagonist-II; PLR, platelet-lymphocyte ratio; PLT, platelet; sCD155, 
soluble CD155; SII, systemic immune-inflammation index; γ-GT, γ-
glutamyl transpeptidase.
The bold values were considered statistically significant (p< 0.05).

TA B L E  2 (Continued)
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F I G U R E  3 Metanalysis plot of univariate and multivariate Cox proportional regression analysis of factors associated with recurrence. A, 
Univariate analysis. B, Multivariate analysis

TA B L E  3 Cox proportional regression analysis of factors associated with recurrence in HCC patients (n = 148)

Variables

Recurrence

Univariate Multivariate

HR (95% CI) p HR (95% CI) p

Sex (Male vs. Female) 0.922 (0.489–1.739) 0.802 N.A. N.A.

Age (>50 years vs. ≤50 years) 0.842 (0.497–1.428) 0.524 N.A. N.A.

HBsAg (Positive vs. Negative) 0.992 (0.515–1.912) 0.982 N.A. N.A.

AFP (>20ng/ml vs. ≤20 ng/ml) 1.886 (1.106–3.217) 0.020 1.915 (1.068–3.434) 0.029

PIVKA-II (>40 mAU/ml vs. ≤40 mAU/ml) 2.165 (0.981–4.778) 0.056 N.A. N.A.

γ-GT (>45 U/L vs. ≤45 U/L) 2.015 (1.193–3.404) 0.009 1.135 (0.583–2.209) 0.710

AST (>35 U/L vs. ≤35 U/L) 2.125 (1.272–3.548) 0.004 1.833 (0.956–3.518) 0.068

CEA (>5 ng/ml vs. ≤5 ng/ml) 0.843 (0.305–2.326) 0.741 N.A. N.A.

CA199 (>34 U/ml vs. ≤34 U/ml) 1.514 (0.785–2.917) 0.216 N.A. N.A.

Platelet (>300 × 109/L vs. ≤300 × 109/L) 1.303 (0.520–3.261) 0.572 N.A. N.A.

PLR (>150 vs. ≤150) 2.084 (1.214–3.577) 0.008 1.574 (0.773–3.203) 0.211

NLR (>5 vs. ≤5) 1.867 (1.009–3.457) 0.047 1.842 (0.895–3.792) 0.097

SII (>330 vs. ≤330) 1.851 (1.091–3.138) 0.022 1.297 (0.621–2.708) 0.489

Liver cirrhosis (Yes vs. No) 0.899 (0.540–1.499) 0.684 N.A. N.A.

Tumor size (>5 cm vs. ≤5 cm) 2.538 (1.508–4.274) <0.001 1.382 (0.707–2.703) 0.345

Tumor number (Multiple vs. Single) 1.993 (1.106–3.593) 0.022 1.283 (0.678–2.427) 0.444

Satellite lesions (Yes vs. No) 3.949 (2.120–7.356) <0.001 5.726 (2.740–11.964) <0.001

Tumor encapsulation (Incomplete vs. Complete) 1.248 (0.743–2.096) 0.402 N.A. N.A.

Vascular invasion (Yes vs. No) 1.089 (0.652–1.819) 0.745 N.A. N.A.

Edmondson stage (III-IV vs. I-II) 1.282 (0.768–2.139) 0.342 N.A. N.A.

CNLC stage (III vs. I-II) 4.171 (2.280–7.631) <0.001 2.160 (1.023–4.561) 0.043

sCD155 level (High vs. Low) 1.962 (1.158–3.324) 0.012 2.212 (1.268–3.857) 0.005

Abbreviations: 95% CI, 95% confidence interval; AFP, α-fetoprotein; AST, aspartate transaminase; CA199, carbohydrate antigen 199; CEA, 
carcinoembryonic antigen; CNLC, China liver cancer; HBsAg, hepatitis B surface antigen; HR, hazard ratio; N.A., not applicable; NLR, neutrophil-
lymphocyte ratio; PIVKA-II, protein induced by vitamin K absence or antagonist-II; PLR, platelet-lymphocyte ratio; PLT, platelet; sCD155, soluble 
CD155; SII, systemic immune-inflammation index; γ-GT, γ-glutamyl transpeptidase.
The bold values were considered statistically significant (p< 0.05).
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TME is an immunosuppressive microenvironment that is com-
posed of innate and adaptive immune cells, stromal cells, endothelial 
cells, cancer-associated fibroblasts, and cancer cells.34 CD8+T cells 
and NK cells are two major effector anti-tumor lymphocyte pop-
ulations in TME. It had been reported that the numbers of CD8+T 
cells and CD56+NK cells were decreased in tumor-infiltrating lym-
phocytes in HCC, and CD8+T cells showed impaired ability for the 
production of interferon-γ and perforin.35 Previous studies demon-
strated that CD155 reduced anti-tumor immune responses through 
interacting with CD96 or TIGIT on T cells and NK cells.12,36 M2 mac-
rophages produced angiogenic molecules, such as vascular endothe-
lial growth factor, platelet-derived growth factor, and transforming 
growth factor β, leading to the promotion of tumor progression.37 
A previous study reported that M2 macrophages re-forced the ex-
pression of oncogenes and stemness, such as CD155 and SRC.38 In 
our study, we found that serum sCD155 level was positively related 

to CD155 expression in HCC tissues, suggesting that sCD155 in the 
serum might be derived from primary tumor tissues. Moreover, high 
serum sCD155 level correlated with decreased numbers of CD8+T 
cells and CD56+NK cells and increased number of CD163+M2 mac-
rophages, representing an immunosuppressive TME in HCC. Our re-
sults suggested that the detection of serum CD155 level might be a 
low-cost, easy, fast, and non-invasive approach to gain insights into 
the immune microenvironment status of HCC patients.

This study has several limitations. Our study had a relatively 
small number of patients, and data from only a single center were 
used. Therefore, multi-center studies with more HCC patients are 
needed. Additionally, it should be noted that most HCC patients in 
China have a hepatitis B virus-positive background, and therefore, 
the diagnostic and prognostic significance of sCD155 in HCC should 
be validated in populations from other regions. A recent study re-
ported that sCD155 inhibited DNAM-1-mediated cytotoxic activity 

F I G U R E  4 High serum sCD155 level correlates with an immunosuppressive TME in HCC. A, CD155 expression in HCC tissues 
was detected by IHC staining. Scale bar: 20 μm. B, Correlation between CD155 expression in HCC tissues and serum sCD155 level in 
corresponding blood samples. C, Representative IHC staining images of CD8+, CD56+, FOXP3+, and CD163+ cells in HCC tissues. Scale bar: 
20 μm. D, Numbers of CD8+, CD56+, FOXP3+ and CD163+ cells in HCC tissues of sCD155high patients and sCD155low patients, respectively. 
*p value < 0.05, **p value < 0.01, and ***p value < 0.001
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F I G U R E  5 The diagnostic value of serum sCD155 level in HCC. A, Correlation between serum sCD155 level and serum AFP level in HCC 
patients. B-E, The diagnostic performance of sCD155 in distinguishing HCC patients from non-HCC, HD, CHB, and CIS, respectively. F, 
Among patients with AFP ≤ 20 ng/ml, the diagnostic performance of sCD155 in distinguishing HCC patients from non-HCC patients

TA B L E  4 The diagnostic value of serum sCD155 level in HCC

Groups AUC (95% CI) Sensitivity (%) Specificity (%) p

HCC vs. HD

AFP 0.8536 (0.8030–0.9042) 68.24 96.23 <0.0001

sCD155 0.9301 (0.8894–0.9709) 88.51 92.45 <0.0001

AFP+sCD155 0.9762 (0.9569–0.9954) 93.92 94.34 <0.0001

HCC vs. CHB

AFP 0.8229 (0.7646–0.8812) 75.00 81.36 <0.0001

sCD155 0.9132 (0.8699–0.9565) 88.51 88.14 <0.0001

AFP+sCD155 0.9394 (0.9044–0.9744) 87.16 91.53 <0.0001

HCC vs. CIS

AFP 0.7876 (0.7185–0.8566) 72.97 78.43 <0.0001

sCD155 0.8370 (0.7753–0.8988) 75.00 86.27 <0.0001

AFP+sCD155 0.8678 (0.8147–0.9209) 84.46 76.47 <0.0001

HCC vs. non-HCC

AFP 0.8218 (0.7731–0.8705) 75.00 80.98 <0.0001

sCD155 0.8949 (0.8572–0.9326) 88.51 81.60 <0.0001

AFP+sCD155 0.9202 (0.8878–0.9526) 85.81 88.34 <0.0001

HCC vs. non-HCC (AFP ≤ 20 ng/ml)

sCD155 0.8857 (0.8297–0.9417) 89.71 81.58 <0.0001

Abbreviations: 95% CI, 95% confidence interval; AFP, α-fetoprotein; AUC, area under curve; CHB, chronic hepatitis B; CIS, cirrhosis; HCC, 
hepatocellular carcinoma; HD, healthy donor; sCD155, soluble CD155.
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of NK cells, promoting the lung colonization of B16/BL6 melanoma 
cells.39 Our data also demonstrated that high serum sCD155  level 
was related to an immunosuppressive TME in HCC. However, the 
role and underlying mechanism of sCD155 in immune regulation in 
HCC require further investigations.

5  |  CONCLUSION

Here, we demonstrate the diagnostic and prognostic significance 
of serum sCD155 level for HCC patients. Our findings suggest that 
serum sCD155 level is a promising biomarker for the management of 
HCC patients. High serum sCD155 level is related to an immunosup-
pressive TME in HCC. Further research into the correlation between 
sCD155 and immune cell infiltration may provide novel insights into 
HCC progression.
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