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associated with both risk of BCR and risk of progression 
(P < 0.05, Table 3).

Furthermore, we investigated the relationship between 
serum biomarkers and corresponding ICK-related genetic 
variations. Four SNPs located in CD80 (rs7628626, 
rs12695388, rs491407 and rs6804441) were significantly 
correlated with sCD80 level (P < 0.05). Among them, 
rs7628626 demonstrated the strongest association to the 
sCD80 level (Rho = 0.22, P = 0.004, Table S4).

To validate our findings, we turned to the CIT and 
TCGA cohorts. rs491407 was significantly associ-
ated with BCR (HR, 0.23, 95% CI 0.06–0.73, log-rank-
P = 0.024), which is consistent with MDACC-PCa cohort 
data (Fig. 3a, Table S5). To examine whether ICK-related 
genes were altered transcriptionally in PCa, we retrieved 
19 ICK-related gene expression data from TCGA. The 
expression of CD28, CD274, CTLA4, LAG3, PDCD1LG2, 
TNFRSF14, TNFRSF18 and TNFSF18 demonstrated 

Fig. 1   Kaplan Meier analyses of biochemical recurrence (BCR)-free 
survival by levels of soluble immune checkpoint proteins in local-
ized prostate cancer (PCa) patients. BCR-free survival was estimated 

according to the levels of a sCD28, b sCD80, c sCTLA4, d sHVEM, 
e sIDO, f sGITR, g sPDCD1, and h sPDL2. Patients were dichoto-
mized into high- and low-level groups based on the spline model
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significant differential expression between tumor and 
normal tissues (P < 0.05, Figure S2). Among these genes, 
CD80 expression showed significant association with T3 
stage, high-GS (> 7) and age. High CD80 expression cor-
related with poor BCR-free survival in patients with PCa 
(Log-rank P = 0.005) (Fig. 3b, c). In a meta-analysis of 
TCGA and CIT cohorts, CD80 was associated with BCR 
in multi-variate Cox model (HR, 1.85, 95% CI 1.06–3.22, 
P = 0.03) (Table S6).

Discussion

In this study, we found that serum ICK-related proteins 
and genetic variations in ICK-related genes were associ-
ated with outcomes of localized PCa. Specifically, high 
levels of sBTLA and sTIM3 correlated with the risk of 
aggressive PCa. sCD28, sCD80, sCTLA4, sHVEM, 
sIDO, sGITR, sPDCD1, and sPDL2 were significantly 

Fig. 2   Kaplan Meier analyses of progression-free survival (PFS) by 
levels of soluble immune checkpoint proteins in patients with local-
ized PCa. Progression-free survival was estimated according to the 

levels of a sBTLA, b sCD28, c sCD80, d sCTLA4, e sHVEM, f 
sIDO, g sGITR, h sPDCD1, and i sPDL2. Patients were dichotomized 
into high- and low-level groups based on the spline model


