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Background: CD155, an immunoglobulin-like adhesion molecule, plays an important role 

in carcinoma such as cells migration, proliferation, metastasis, and tumor immune. The 

upregulation of CD155 has been found in several human malignancies, but its expression in 

cholangiocarcinoma (CCA) still remains unclear. The aim of this study is to investigate CD155 

expression and its correlations with clinicopathologic data, angiogenesis, and prognosis in the 

patients with CCA.

Materials and methods: CD155 expression was investigated in 20 paired CCA tissues 

and corresponding paracancerous tissues by Western blotting and quantitative real-time poly-

merase chain reaction assays at protein and mRNA levels. Besides, this study evaluated the 

correlation between the tumor CD155 expression and the level of both vascular endothelial 

growth factor and intratumoral microvessel density by immunohistochemistry in 90 cases of 

CCA. Moreover, the clinical and prognostic significance of CD155 in CCA was assessed by 

immunohistochemistry.

Results: The protein and mRNA levels of CD155 were higher in CCA tumor tissues compared 

with corresponding paracancerous tissues (P,0.05). Immunohistochemical staining showed that 

CD155 was located in the cytoplasm of carcinoma cells and overexpressed in 61.2% (55/90) 

CCA tissues. Obviously, CD155 expression level was significantly correlated with tumor 

histological grade (P=0.002), lymph node metastasis (P,0.001), and tumor-node-metastasis 

(P=0.03). Additionally, Spearman rank correlation test demonstrated that CD155 expression 

was positively associated with vascular endothelial growth factor (r=0.481, P,0.001) and 

microvessel density (r=0.442, P,0.001) in CCA tissues. More importantly, CCA patients with 

high CD155 expression had a markedly shorter overall survival (P,0.001) and disease-free 

survival (P,0.001) after surgical resection, and multivariate analysis showed that high CD155 

expression was an independent poor prognostic predictor of overall survival and disease-free 

survival (P,0.001).

Conclusion: Our results revealed that upregulated CD155 correlated with aggressive clinico-

pathologic characteristics, angiogenesis, and poor prognosis in CCA and may be a promising 

prognostic biomarker for the CCA patients.
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Introduction
Cholangiocarcinoma (CCA), which is the second most common subtype of primary 

hepatobiliary cancer and accounts for about 3% of gastrointestinal tumors, arises 

from bile duct epithelial cells.1 It is one of the most aggressive malignancies with 

an extremely poor prognosis. According to bile duct anatomical position, it can be 
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subdivided into intrahepatic cholangiocarcinoma, perihilar 

cholangiocarcinoma, and distal cholangiocarcinoma.2 Since 

conventional chemotherapy and radiation therapy have a 

limited effect on improving long-term survival, currently, 

radical surgery is the only chance for cure or long-term 

survival of CCA patients.2–4 Unfortunately, owing to severe 

local invasion and distant metastases, many patients had 

missed the optimal timing for radical surgery by the time 

they are diagnosed with CCA.2–4 Therefore, it is urgently 

required to explore novel effective tumor markers and thera-

peutic strategies to improve the diagnosis and prognosis of 

CCA patients.

CD155, an immunoglobulin (Ig)-like adhesion molecule, 

is a domain structure composed of one transmembrane 

region, one extracellular region with three Ig-like loops, 

and one cytoplasmic region.5 Human CD155/Tage4/Necl-5/

poliovirus receptor, first identified as poliovirus receptor in 

humans, is broadly distributed in a great variety of normal 

cells and tissues.6,7 Recently, some studies have shown that 

CD155 is expressed at a relatively high level in a variety 

of malignant tumors such as colon cancer cells,8 malignant 

glioma cells,9 pancreatic cancer cells,10 and lung cancer 

cells.11 As is well known, natural killer (NK) cells, the most 

essential natural immune cells, play a significant role in 

tumor immune in human body.12 Also some recent researches 

demonstrated that CD155 could be recognized by an active 

receptor called DNAM-1(CD226) on NK cells’ surface 

and it enhanced the cytotoxicity of immune cells to tumor 

cells.13,14 Additionally, CD155, apart from its immunological 

roles, has a vital influence on cell biological functions.5 It has 

been reported that the downregulation of CD155 in cell lines 

decreases their migration, proliferation, and metastasis.15–18 

Finally, recent findings by Kinugasa et al showed that CD155 

may control the interaction of integrin αvβ3 with VEGFR2 

and regulate the vascular endothelial growth factor receptor 

(VEGFR)-induced angiogenesis.19

Against the above background, CD155 overexpression 

and its impact on cancer cells have been confirmed in 

different kinds of human tumors by previous studies. 

However, still there have been no report about CD155 in 

CCA. In the present study, we detected the expression of 

CD155 in CCA tumor tissues and surrounding nontumor 

tissues by immunohistochemistry, Western blotting, and 

quantitative real-time polymerase chain reaction (qRT-PCR) 

assays. Expression of vascular endothelial growth factor 

(VEGF) and CD31 in CCA tumor tissues was also assayed 

by immunostaining. Additionally, we analyzed the rela-

tionship of CD155 expression with VEGF, microvessel 

density (MVD), clinicopathologic features, and prognosis 

of the patients.

Materials and methods
Patients and tissue samples
In this study, 90 patients were registered from January 2008 

to December 2015 at the Affiliated Provincial Hospital 

of Anhui Medical University. All patients had undergone 

curative resection and were pathologically diagnosed with 

CCA. Neither of them had accepted chemotherapy nor radio-

therapy before surgery. Paraffin-embedded tissue samples 

including tumor tissue specimens and their corresponding 

paracancerous tissue specimens were obtained from the 

Department of Pathology and reviewed by two pathologists. 

CCA tissue beyond a tumor margin of 2 cm was defined as 

paracancerous tissue. The study was in accordance with 

the Helsinki Declaration and was approved by the Human 

Research Ethics Committee of the Affiliated Provincial 

Hospital of Anhui Medical University. Written informed 

consent was obtained from all patients for this study.

The clinicopathologic data acquired by retrospective 

medical records consisted of age, gender, tumor diameter, 

tumor location, histological grade, lymph node metastasis 

(LNM), perineural invasion (PNI), tumor-node-metastasis 

(TNM) stage, preoperative serum carcinoembryonic antigen 

(CEA) concentrations, and preoperative serum carbohydrate 

antigen19–9 (CA19–9) concentrations. The 90 patients 

consisted of 54 males and 36 females with a mean age of 

60.3 years (range 40–78 years). Tumor histological grade 

was defined in accordance with the WHO classification and 

tumor stage was performed in the light of the American Joint 

Committee on Cancer (AJCC) TNM classification.20 Overall 

survival (OS) and disease-free survival (DFS) were investi-

gated to evaluate CD155 influence upon patient prognosis. 

Follow-up data were collected and the median follow-up 

period was 19 months (range 4–62 months).

Immunohistochemistry for CD155, VEGF, 
and CD31
Immunohistochemistry was performed with a two-

step protocol following the manufacturer instructions. 

Paraffin-embedded specimens were sectioned at 4 mm, 

mounted on slides, heated at 60°C for 20 minutes, dew-

axed with xylene, rehydrated through in a graded series 

of alcohol (100%, 95%, 75%, respectively), and rinsed 

in PBS. Next, antigen retrieval was performed by heating 

tissue sections immersed in 0.01 mol/L sodium citrate buf-

fer (pH 6.0) at 80°C for 20 minutes in a microwave oven. 
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After endogenous peroxidase activity was blocked with 

0.3% H
2
O

2
 for 10  minutes, the sections were incubated 

overnight (at least 10 hours) in a humid chamber at 4°C with 

primary polyclonal rabbit antibody against CD155 (LifeSpan 

BioSciences, Inc., Seattle, WA, USA), VEGF (Zhongshan 

Golden Bridge Biotechnology Co., Ltd., Beijing, China), or 

CD31 (Zhongshan Golden Bridge Biotechnology Co., Ltd.). 

After washing with PBS, the sections were incubated with 

a biotinylated secondary antibody (mouse anti-rabbit-IgG; 

Zhongshan Golden Bridge Biotechnology Co., Ltd.) for 

15 minutes at 37°C. Then, immunoreactivity was visualized  

with 3,3-diaminobenzidine (DAB) substrate (Sigma-Aldrich 

Corp., St Louis, MO, USA). Eventually, the sections were 

counterstained with hematoxylin, dehydrated, and mounted. 

In addition, for negative control groups, the primary antibod-

ies were replaced with PBS under the same conditions.

Semiquantitative assessment
Semiquantitative assessment was conducted according to 

the percentage of stained cells and intensity of immunos-

taining. The percentage of stained cells was classified as 

0 (0%–10%), 1 point (11%–30%), 2 points (31%–50%), 

and 3 points (51%–100%). Staining intensity was defined 

as 0 (−), 1 point (+), 2 points (++), and 3 points (+++). The 

total immunoreactivity score was the product of the stain-

ing percentage and intensity scores.21 A final total score #3 

was regarded as low expression, while a final total score .3 

as high expression. Measurement of MVD was carried out 

after CD31 was stained. Microvessels were preliminarily 

evaluated at low magnification (×100) to confirm the most 

vascularized areas (hot spots) and then the highest MVD of 

each hot spot was calculated at high magnification (×200). 

The final MVD was the average value of measurements made 

for three hot spots in each carcinoma tissue.22 All sections 

were analyzed by two experienced pathologists who were 

blinded to both the clinicopathologic data and the stained 

results of each other.

Western blot analysis
In this research, radioimmunoprecipitation assay lysis buffer 

(Beyotime Institute of Biotechnology, Shanghai, China) 

was used to lyse snap-frozen tumor tissues and adjacent 

nontumor tissue, and subsequently, the bicinchoninic acid 

protein assay was used to measure protein concentration. 

The same amount of protein samples were separated by 10% 

sodium dodecyl sulfate polyacrylamide gel electrophoresis 

and transferred onto polyvinylidene difluoride membranes 

(EMD Millipore, Billerica, MA, USA). After being blocked 

with 5% nonfat milk, membranes were incubated overnight 

at 4°C with rabbit primary antibodies against human CD155 

(LifeSpan BioSciences, Inc.) and human antibody of β-actin 

(Zhongshan Golden Bridge Biotechnology Co., Ltd.). After 

being washed with Tris-buffered saline/0.1% Tween three 

times, membranes were incubated with secondary antibodies 

for 1.5 hours at room temperature. The blots were captured 

and visualized with Alpha-EaseFC imaging system (Alpha 

Innotech, San Leandro, CA, USA). Using the Alpha-EaseFC 

software, the integrated density value (IDV) of each band was 

detected by drawing a rectangle outlining the band. A total 

IDV by summation of each band IDV was employed when 

a protein had double bands. Results were normalized to the 

internal control, β-actin.

Quantitative real-time PCR
Total RNA gathered from snap-frozen tissue samples was 

isolated using Trizol (Life Technologies, Carlsbad, CA, USA) 

according to the manufacturer’s protocol. The gene-specific 

primers for CD155 were designed as follows: forward, 

5′-TATCTGGCTCCGAGTGCTTGCC-3′ and reverse, 

5′-ACGACGGCTGCAAAAGTGGCG-3′. Glyceraldehyde 

3-phosphate dehydrogenase was used as the internalized 

control, and the sequences were shown as follows: forward: 

5′-CCTAGTTCGTCATGGGTGTGAACCA-3′ and reverse:  

5′-GCCAGTAGAGGCAGGGATGATGTTC-3′. CD155 level 

was determined by SYBR Green-based RT-PCR performed 

on a PikoReal RT-PCR system (Thermo Fisher Scientific, 

Waltham, MA, USA) in the following conditions: an initial 

denaturation step for 10 minutes at 95°C, followed by 40 ampli-

fication cycles involving denaturation for 15 seconds at 95°C, 

then annealing for 30 seconds at 60°C, and finally elongation 

for 30 seconds at 72°C. We performed melting-curve analysis 

to monitor PCR product purity, and the data of relative gene 

expression were analyzed using the 2−ΔΔCt method.

Statistical analysis
All data were analyzed with SPSS 22.0 software (SPSS 

Inc, Chicago, IL, USA) and presented using mean ± SD. 

Significant statistical differences between groups were esti-

mated applying the Student’s t-test and chi-square test. The 

chi-square test and Spearman’s correlation test were applied 

to assess the correlations of CD155 with VEGF and MVD. 

The relationship between the level of CD155 expression 

and patient survival time was analyzed with Kaplan–Meier 

survival analysis and the log-rank test. Multivariate survival 

analysis was implemented by Cox proportional hazards 

regression model to ascertain the independent prognostic 
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factors that were significant in univariate analysis. P,0.05 

was considered statistically significant.

Results
Expression of CD155 protein and mRNA 
in CCA tissues
To explore the CD155 expression in CCA, we first assessed 

the protein levels of CD155 in 20 paired tumor and adjacent 

nontumor samples by Western blotting method. The data 

showed that CD155 expression was significantly upregu-

lated in tumor sample tissues than that in adjacent nontu-

mor tissues (1.30±0.29 vs 1.03±0.27, P,0.05), and 80% 

of samples (16/20 paired) revealed that tumor tissues had 

a high expression (Figure 1). Meanwhile, qRT-PCR was 

used to detect CD155 expression at the protein level in all 

20 CCA tumor samples and corresponding paracarcinoma-

tous samples. As shown in Figure 2, CD155 mRNA expres-

sion level in tumor tissues was distinctly higher than adjacent 

nontumor tissues (4.09±1.24 vs 2.87±0.70, P,0.05) and the 

positive rate was 75.0% (15/20) in tumor tissues, which was 

consistent with the Western blotting result.

Immunohistochemical characteristics 
of CD155 and VEGF in CCA
Immunohistochemistry showed that CD155 was mainly 

localized in cytoplasm of tumor cells with different staining 

intensity (Figure 3). Statistical analysis (Table 1) showed 

that CD155 expression was remarkably higher in CCA tumor 

tissue samples (55/90, 61.2%) when compared to adjacent 

nontumorous tissue samples (19/90, 21.1%; P,0.001). 

Likewise, we explored the expression of VEGF in cancer-

ous tissues (Figure  3). The high expression of VEGF in 

cytoplasm of cancerous tissues was identified in 57 of 90 

samples (63.3%; Table 2). Furthermore, Spearman rank cor-

relation test revealed that CD155 expression was positively 

correlated with VEGF expression in CCA tissue (r=0.481, 

P,0.001; Table 2).

Relationship between CD155 expression 
and MVD in CCA tissues
CD31 staining was used to assess MVD in tumor tissues. The 

mean value of MVD was 30.9 per field (median, 31; range, 

15–45). Tumor tissues with high CD155 expression had 

positively greater MVD values than those with low CD155 

expression (33.5±5.8 vs 26.9±6.5; P,0.05; Figure 4). An 

MVD value $ the median value of 31 was considered to be 

high and an MVD value ,31 was regarded as a low density. 

Spearman rank correlation test also revealed that CD155 

expression was positively associated with MVD in carcinoma 

tissues (r=0.442, P,0.001; Table 2).

Relationship between CD155 expression 
and clinicopathological parameters 
in CCA
We investigated the relationship between CD155 expression 

and clinicopathologic characteristics in tumor tissues. As 

shown in Table 3, CD155 expression level was significantly 

related to histological grade (P=0.002), LNM (P,0.001), and 

β

Figure 1 Western blotting analysis of CD155 protein expression in CCA.
Notes: (A) Representative results of CD155 protein expression in paired CCA 
T and the matched ANT from four patients. CD155 protein expression was 
normalized to β-actin. (B) All of the paired CCA tissues and the matched adjacent 
noncancerous tissues from 20 patients. *P,0.05.
Abbreviations: ANT, adjacent nontumorous tissues; CCA, cholangiocarcinoma; 
T, tumorous tissues.

Figure 2 qRT-PCR analysis of CD155 mRNA expression in CCA.
Notes: Real-time polymerase chain reaction analysis of CD155 expression in 
20 pairs of CCA tissues and matched adjacent nontumorous tissues. *P,0.05.
Abbreviations: CCA, cholangiocarcinoma; mRNA, messenger RNA; qRT-PCR, 
quantitative real-time polymerase chain reaction.
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TNM (P=0.03). However, immunohistochemistry results 

demonstrated that CD155 had no significant association 

with other parameters such as age, gender, tumor size, tumor 

location, PNI, serum CA19–9, and serum CEA.

Relationship between CD155 expression 
and prognosis in CCA
Kaplan–Meier method was applied to construct the survival 

curves in order to compare the DFS and OS between high 

CD155 expression and low CD155 expression in patients. 

As shown in Figure 5, patients with high CD155 expression 

(18.23±1.37 months) had a markedly shorter OS compared 

to patients with low CD155 expression (38.78±2.91 months, 

P,0.001). Meanwhile, the DFS of high CD155 expression 

(12.81±1.10 months) was also significantly lower than that 

of low CD155 expression (33.43±3.12 months, P,0.001) 

in patients.

Univariate analysis (Table 4) showed that CD155 

expression, histological grade, LNM, and TNM staging had 

Table 2 Correlations of CD155 expression with VEGF and MVD 
in CCA

Immunoreactivity CD155 expression

Low High r-value P-value

VEGF expression ,0.001
Low 23 10 0.481
High 12 45

MVD value ,0.001
Low 26 16 0.442
High 9 39

Notes: Data presented as number of patients. The MVD was calculated after staining 
for CD31. The MVD was categorized as either low or high based on the median 
value of 31.
Abbreviations: CCA, cholangiocarcinoma; MVD, microvessel density; VEGF, 
vascular endothelial growth factor.

Table 1 Differential expression of CD155 in CCA tissues and 
corresponding paracarcinoma tissues (n=90)

Tissue CD155 expression P-value

Low (%) High (%)

Carcinoma tissues 35 (38.8) 55 (61.2) ,0.001
Paracarcinoma tissues 71 (78.9) 19 (21.1)

Abbreviation: CCA, cholangiocarcinoma.

Figure 3 Immunohistochemical staining for CD155, VEGF, and CD31 in CCA tissues and adjacent nontumor tissues.
Notes: The CD155 and VEGF were principally localized in cytoplasm of tumor cells with varying staining intensity. (A) Low CD155 expression in adjacent nontumor tissues. 
(B) High CD155 expression in CCA tissues. (C) Low CD155 expression in CCA tissues. (D) High VEGF expression in CCA tissues. (E) Low VEGF expression in CCA 
tissues. (F) MVD by CD31 staining in CCA tissues. (G) High MVD staining. (H) Low MVD staining. (I) Negative control. (A–E, G–I) Magnification 200×; (F) magnification 
100×, bar =50 μm.
Abbreviations: CCA, cholangiocarcinoma; MVD, microvessel density; VEGF, vascular endothelial growth factor.
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significant prognostic influences on OS and DFS. Multivari-

ate survival analysis (Table 5) further revealed that CD155 

expression served as an independent prognostic factor for OS 

(hazard ratio [HR] 3.995; 95% CI 1.985–8.039; P,0.001) 

and DFS (HR, 3.353; 95% CI, 1.752–6.416; P,0.001). 

Additionally, LNM and TNM staging were also independent 

predictors of OS or DFS.

Discussion
According to recent studies, upregulated CD155 expression 

has already been reported in human carcinoma such as colon 

cancer cells,8 malignant glioma cells,9 pancreatic cancer 

cells,10 and lung cancer cells.11 In addition, an increasing 

number of studies have demonstrated that the upregulation 

of CD155 expression in carcinoma cells strengthens migra-

tion, proliferation, and distant metastasis.15–18 For example, 

Morimoto et al concluded that the upregulated CD155 in 

cancer cells interacted with its counterreceptor in platelets 

(CD226), which affects metastasis of cancerous cells to the 

lungs.18 Sloan et al suggested that CD155 played a vitally 

important role in mediating tumor cell invasion and migration 

and that CD155 might contribute to tumorigenesis.15 Never-

theless, there has been a contrary conclusion. Qu et al showed 

that hepatocellular carcinoma tissues exhibited a significantly 

lower CD155 expression in comparison with adjacent non-

tumorous tissues and that CD155 expression deficiency may 

be critical for the tumor immune escape of hepatocellular 

carcinoma cells.23 These conflicting findings showed that 

CD155 may serve dual functions owing to its immunologi-

cal and nonimmunological mechanisms in different types of 

tumors. In the present study, our immunohistochemistry 

results initially showed CD155 expression and its clinical 

significances in CCA. Compared with paracarcinomatous tis-

sues, the CD155 was overexpressed in CCA tissues. Statistical 

analysis demonstrated that CD155 expression was markedly 

higher in tumors with aggressive clinicopathological features 

like poor histological grade, LNM, and advanced TNM stage. 

In addition, we also investigated CD155 expression by West-

ern blotting and qRT-PCR assays at protein and mRNA levels 

in 20 paired CCA samples, and the results were coincident 

with those in immunohistochemistry experiments.

Some researchers have indicated that tumor angiogen-

esis plays a significant part in tumor growth, invasion, 

metastasis, and prognosis.24,25 VEGF, as one of the most 

important angiogenesis facilitating factor, influences both 

physiological and pathological angiogenesis and regulates 

the tumor angiogenesis.26,27 MVD has been used to reflect the 

status of novo blood vessel formation and has been applied as 

Figure 4 The association between MVD and CD155 intensity by immunohis
tochemistry.
Note: *P,0.001.
Abbreviation: MVD, microvessel density.

Table 3 Correlations between CD155 expression and 
clinicopathological characteristics in CCA

Parameters Total CD155 
expression

P-value

Low High

Age (years) 0.864
#60 37 14 23
.60 53 21 32

Gender 0.377
Male 54 19 35
Female 36 16 20

Tumor size, mm 0.878
#30 60 23 37
.30 30 12 18

Tumor location 0.108
Intrahepatic 26 10 16
Perihilar 33 17 16
Distal 31 8 23

PNI 0.361
Absent 46 20 26
Present 44 15 29

LNM ,0.001
Absent 55 30 25
Present 35 5 30

Histological grade 0.002
Moderate–poor 36 7 29
Well 54 28 26

TNM stage 0.03
I–II 57 27 30
III–IV 33 8 25

Serum CA19–9, U/mL 0.561
#37 13 6 7
.37 77 29 48

Serum CEA, U/mL 0.147
#5 69 24 45
.5 21 11 10

Abbreviations: CA19–9, carbohydrate antigen19–9; CCA, cholangiocarcinoma; 
CEA, carcinoembryonic antigen; LNM, lymph node metastasis; PNI, perineural 
invasion; TNM, tumor-node-metastasis.
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an index for tumor angiogenesis.22 Other studies have showed 

that VEGF and MVD are significantly associated with many 

different tumor entities, including CCA.28,29 Mobius et al sug-

gested that high tumor VEGF and MVD expression is related 

to decreased survival and poor prognosis in CCA.28 Likewise, 

Yao et al revealed that the VEGF and MVD were efficient 

predictors of vascular invasion and metastasis of hepatocel-

lular carcinoma.29 Recently, the role of CD155 in tumor 

angiogenesis has drawn increasing attention. For instance, 

Kinugasa et al showed that CD155 interacted with VEGF 

receptor 2 and regulated VEGF-induced angiogenesis.19 

Nishiwada et al demonstrated that CD155 expression was 

positively correlated with intratumoral MVD in human 

pancreatic cancer.10 Consistent with previous studies, our 

results suggested that tumors with high CD155 expression 

had higher MVD than those with low CD155. Meanwhile, 

Spearman’s rank correlation test showed that CD155 expres-

sion had a strong and positive correlation with VEGF and 

Table 4 Univariate analysis of factors related with DFS and OS

Variables OS DFS

HR 95% CI P-value HR 95% CI P-value

Age, years (#60 vs .60) 0.748 0.456–1.228 0.252 0.784 0.492–1.247 0.303
Gender (male vs female) 0.729 0.443–1.200 0.214 0.762 0.477–1.219 0.258
Tumor size, cm (#3 vs .3) 1.023 0.613–1.706 0.931 1.086 0.671–1.758 0.737
Tumor location (intrahepatic vs
perihilar/distal)

0.604 0.359–1.016 0.058 0.654 0.397–1.076 0.094

Histological grade (moderate/poor vs well) 0.589 0.363–0.955 0.032 0.574 0.363–0.908 0.018
LNM (absent vs present) 6.128 3.421–10.977 ,0.001 5.228 3.062–8.928 ,0.001
PNI (absent vs present) 1.316 0.811–2.137 0.266 1.288 0.817–2.032 0.276
TNM stage (I–II vs III–IV) 6.398 3.372–12.138 ,0.001 4.696 2.662–8.282 ,0.001
Serum CEA, U/mL (#5 vs .5) 0.729 0.413–1.286 0.275 0.731 0.428–1.250 0.253
Serum CA19–9, U/mL (#37 vs .60) 0.965 0.491–1.894 0.917 0.945 0.509–1.757 0.859
CD155 expression (low vs high) 5.443 2.822–10.498 ,0.001 5.068 2.836–9.054 ,0.001

Abbreviations: CA19–9, carbohydrate antigen19–9; CEA, carcinoembryonic antigen; DFS, disease-free survival; HR, hazard ratio; LNM, lymph node metastasis; OS, overall 
survival; PNI, perineural invasion; TNM, tumor-node-metastasis.

Figure 5 Kaplan–Meier analysis of OS and DFS curves of CCA patients based on CD155 expression as high or low.
Notes: (A) Patients with high CD155 expression had a shorter OS than those with low CD155 expression (n=90; P,0.001; log-rank test). (B) Patients with high CD155 
expression had a shorter DFS than those with low CD155 expression (n=90; P,0.001; log-rank test).
Abbreviations: CCA, cholangiocarcinoma; DFS, disease-free survival; OS, overall survival.
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MVD in CCA. These results disclosed that CD155 might 

participate in facilitating angiogenesis of tumor and might be 

concerned with VEGF-mediated tumor angiogenesis in CCA. 

However, further studies are needed to unlock the specific 

mechanism of CD155 in tumor angiogenesis of CCA.

Several studies have demonstrated the prognostic value 

of CD155 expression in different tumors.10,11,30 For example, 

Nishiwada et al reported that CD155 expression had an 

independent prognostic value in pancreatic carcinoma, and 

patients with high CD155 expression had poorer postop-

erative prognosis than those with low CD155 expression.10 

Meanwhile, Nakai et al demonstrated that the overexpres-

sion of CD155 by lung adenocarcinoma cells was evidently 

related to TNM staging, LNM, and the bronchioloalveolar 

carcinoma ratio of tumors and was also correlated with poor 

prognosis in patients.11 Consistent with previous studies, 

Kaplan–Meier survival analysis and log-rank test suggested 

that CCA patients with high CD155 expression had a sig-

nificantly shorter DFS and OS than those with low CD155 

expression. Univariate analysis revealed that high CD155 

expression reduced survival time including OS and DFS. 

Moreover, multivariate survival analysis showed that high 

CD155 expression was an independent prognostic factor for 

unfavorable DFS and OS. Therefore, these results suggested 

that high CD155 expression had a negative influence on 

prognosis of CCA patients and may be used as a promising 

prognostic biomarker.

We have to acknowledge that our studies are somewhat 

limited. It is a typical single-institute retrospective study with 

a relatively small sample size, which was designed with a 

potential selection bias. At the same time, this study lacks 

some well-designed experiments such as cell invasion assay 

and cell migration assay. Therefore, we need to carry out 

more randomized, prospective, and multicentric researches 

with a larger sample size to support the present findings.

In summary, we, for the first time, revealed that CD155 

is overexpressed in CCA tissues and that high CD155 

expression is associated with aggressive clinicopathological 

features and angiogenesis. More importantly, high CD155 

expression serves as an independent predictor of unfavorable 

prognosis in CCA patients after surgery. These findings may 

be of great value to discover a new strategy for the treatment 

of the CCA patients and thereby further prolong their survival 

time. However, further studies are needed to explore the 

precise mechanism of increased expression and biological 

function of CD155 in CCA.
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