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Abstract
Purpose: The �ve-year overall survival rate in metastatic prostate cancer (M-PRAD) is extremely low. In
this study, we constructed a more accurate and reliable prediction model for the overall survival (OS) of
M-PRAD by combining the expression of PD-L1 and TIGIT with the immune microenvironment, providing
a more accurate decision-making basis for clinical treatment.

Patients and Methods: This study, 200 in-house patients with PRAD who underwent prostatectomy
between January 2002 and December 2017 were included. In addition, 496 PRAD patients from TCGA
database and 102 PRAD patients from SU2C-PCF Dream Team Dataset were included. The
immunohistochemical slices in this test were assessed by two pathologists at least 10 years of
experience. Kaplan-meier survival curve, ROC curve and multivariate (muti) Cox regression analysis were
calculated using R language.

Results: PD-L1 was down-regulated while TIGIT was up-regulated expression in PRAD tumor tissues
compared with adjacent normal tissues, and differentially expressed PD-L1 and TIGIT can be used to
assess OS in patients with M-PRAD. Univariate survival analysis showed that tumor-associated
lymphocytes (TILs), B cells, dendritic cells (DCs), MHC_class_I, And T_cell_co-stimulation cannot be used
as a clinical indicator to evaluate the OS of M-PRAD patients. However, the mutiCox model of PD-L1 and
TIGIT combined with these six immune indicators were more accurately and reliably to predict the OS of
M-PRAD.

Conclusion: These data indicate that the prediction model developed in this study helps timely clinical
decisions in M-PRAD patients.

Introduction
Prostate cancer (PRAD) is the most commonly diagnosed non-skin cancer type and the leading cause of
cancer-related death in men [1]. Progression of metastatic disease status is a major factor in most PRAD
deaths and 98% of patients with metastatic prostate cancer (M-PRAD) are expected to have an overall
survival (OS) of less than �ve years [2; 3]. Therefore, the development of a model to predict the OS of M-
PRAD patients is conducive to timely treatment.

Tumor cells promote tumor progression, to some extent, by activating immune checkpoint pathways that
inhibit anti-tumor immune responses [4]. In recent years, PD-L1 (B7-H1, CD274, a ligand of PD-1 and
belongs to the protein B7 family) and T cell immunoglobulin and ITIM domain (TIGIT, an inhibitory
receptor expressed on lymphocytes) has attracted much attention as the targets for tumor
immunotherapy [5; 6]. PD-L1 was usually up-regulated in solid tumors, hemangioma and antigen-
presenting cells [7], and the tumor immune escape is mediated by abnormally high expression of PD-L1
[8]. TIGIT, a negative regulator of cytotoxic lymphocytes, is usually increased expressed on NK cells, T
cells and various malignancies, and its mechanism of limiting antitumor response plays an important
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role in tumor immune escape [5]. Therefore, we intend to develop a model to predict the OS of patients
with M-PRAD based on the expression of PD-L1 and TIGIT.

In this study, we performed immunohistochemical (IHC) detection on PRAD tumors and paired normal
tissues, and combined The Cancer Genome Atlas (TCGA) -PRAD and SU2C-PCF Dream Team dataset [9]
to evaluate the diagnostic utility of PD-L1 and TIGIT for PRAD patients. We used PRAD queues (including
non-M-PRAD and M-PRAD) initially, and selected M-PRAD cases intentionally to evaluate the diagnostic
value of PD-L1 and TIGIT for predicting the OS of PRAD. In addition, in the mutiCox risk model
established based on the expression of PD-L1 and TIGIT, we found that PD-L1 and TIGIT have a
substantial impact on the immune microenvironment of the tumor tissues, and the PD-L1/TIGIT- and
immune microenvironment-combined mutiCox risk model revealed a signi�cant difference in the OS of M-
PRAD patients. Toward this end, we have developed a new diagnostic model for predicting OS in M-PRAD
patients, which may be suitable for clinical applications.

Methods

Patients and Samples
All the 200 tumor tissues and paired normal tissues, from the patients treated with radical prostatectomy
for PRAD who has not gained therapy like preoperative chemotherapy or radiotherapy before, were
obtained from specimen repository of Changhai Hospital from January 2002 and December 2017. This
experiment got written informed and consent of all patients. All procedures performed in studies involving
human participants were in accordance with the ethical standards of the Research Ethics Committee of
Changhai hospital. This study achieved the permission from the ethics committee of Changhai Hospital.

IHC detection
After cut into 4-µm sections, all the tissues were depara�nized and treated with EDTA (pH 9.0) to antigen
retrieval in a microwave for 20 min. Then, Autostainer Link 48 machine (Dako, Denmark A/S, Denmark)
was performed for staining. Subsequently, primary antibodies TIGIT (rabbit monoclonal, 1:100 dilution,
BLR047F, Abcam) and CD274 (rabbit monoclonal, 1:200 dilution; ab205921, Abcam) were added to the
sections, while PBS buffer was used as a blank control instead of the antibody. EnVision Flex Kit was
used as the second antibody (Dako, Denmark A/S, Denmark). All cases were examined by two senior
pathologists to validate initial scores. Percentage of positively stained cells and staining scores were
used to assess the IHC results and the detail referred to the previous article [10; 11]. Gene-Score =
(percentage of cells of weak intensity×1) + (percentage of cells of moderate intensity×2) + percentage of
cells of strong intensity×3).

Bioinformation analysis
The RNA-sequencing (RNA-seq) data was obtained from The Cancer Genome Atlas (TCGA)
(https://portal.gdc.cancer.gov/) and Genotype-Tissue Expression (GTEx,
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https://commonfund.nih.gov/GTEx/) database, and remove batch effects using the COMBAT function of
the R package “SVA”. The SU2C-PCF Dream Team dataset was provided by Sawyers CL et.al. [9]. The
Kaplan-Meier Survival Curve, Roc Curve and Muticox Model analysis were conducted using the R package
"ggPlot2". The in�ltration of immune cells was calculated via single sample gene set enrichment analysis
(ssGSEA) using the R package or via the cibersortx assays base on website tools
(https://cibersortx.stanford.edu/).

Statistical analysis
Data analysis was performed using IBM®SPSS®, version 24.0 (IBM Corp., Armonk, NY, USA). The data
was expressed in a mean ± standard deviation. Kruskal-Wallis test was used to compare data among
multiple groups. Wilcox test was used to compare data betwenn two groups. P < 0.05 was considered
signi�cant.

Results

The expression level and prognostic value of TIGIT and
CD274 mRNA in pan-cancer
TIGIT was up-regulated expression in tumor tissues compared to adjacent normal tissues in pan-cancer
(Figure 1A). However, CD274 was up-regulated or down-regulated expression in tumor tissues compared
to adjacent normal tissues in different tumor types (Figure 1B). In addition, uniCox analysis showed that
differentially expressed TIGIT (Figure 1C) or CD274 (Figure 1D) can be used to evaluate disease-free
survival (DFS), disease-speci�c survival (DSS), overall survival (OS) and progression-free survival (PFS) in
multiple tumor types. Compared with adjacent normal tissues, TIGIT (Figure 1A) was up-regulated
expression while CD274 (Figure 1B) was down-regulated expression in tumor tissues, and the
differentially expressed TIGIT (Figure 1C) or CD274 (Figure 1D) can be used as the risk factors for
assessing the prognosis of PRAD patients.

Detection of the mutation and protein expression levels of
CD274 and TIGIT in PRAD
The mutation rates of CD274 and TIGIT was both 1.3% in 7161 PRAD samples according to cbioportal
tool (https://www.cbioportal.org/) (Figure 2A). In our in-house cohort, the TIGIT was found up-regulated
expression while CD274 was found down-regulated expression in non-metastatic tumor tissues (n=67)
and metastatic tumor tissues (n=133) compared to paired adjacent normal tissues (n=200) via IHC
detection at protein level (Figure 2B), which was consistent with mRNA level in TCGA dataset (Figure 1A
and B). Differentially expressed CD274 and TIGIT, rather than mutations, may be related to prognosis of
PRAD patients.
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Differential expressed CD274 and TIGIT were only suitable
for predicting overall survival in the metastatic cohort of
PRAD patients
In the cohort of PRAD patients with or without metastatic tumor (n=495, TCGA), the differential expressed
CD274 and TIGIT mRNA had no signi�cant effect on OS in PRAD patients (Supplementary Figure 1), and
this result was con�rmed in in-house cohort of non-metastatic tumor tissues (n=98) and metastatic
tumor tissues (n=67) at protein levels (Supplementary Figure 2). However, the low expression of CD274
and the high expression of TIGIT predict poorer OS in M-PRAD patients at mRNA in the metastatic cohort
of SU2C-PCF Dream Team (n=102) (Figure 3) and at protein levels in the metastatic cohort of in-house M-
PRAD patients (n=67) (Figure 4).

CD274 and TIGIT are closely related to the immune
microenvironment of metastatic PRAD patients
We constructed risk models for CD274 and TIGIT by mutiCox. Compared with the low-risk group, the OS
of M-PRAD patients in the high-risk group were substantially reduced (Supplementary Figure 3). Based on
the Cibersort (Supplementary Figure 4) and ssGSEA algorithms (Figure 5), we further evaluate the tumor
immune microenvironment of M-PRAD patients. Due to the existence of many missing values in the
results obtained by Cibersortx algorithm, no difference in immune microenvironment was found between
risk-low and risk-high groups (Supplementary Figure 4). The results of ssGSEA algorithms showed that
tumor-associated lymphocytes (TILs), B cells, dendritic cells (DCs), MHC_class_I, and T_cell_co-
stimulation sub-groups were substantially increased, while the neutrophils were substantially reduced in
the risk-high group compared with the risk-low group (Figure 5).

The CD274/TIGIT- and immune microenvironment-
combined mutiCox risk model for predicting OS in
metastatic PRAD patients
Although B_cells, DCs, MHC_class_I, Neutrophils, T_cell_co-stimulation, and TILs are ineffective indicators
for predicting OS in M-PRAD patients in single factor level (Supplementary Figure 5). However, the
mutiCox risk model showed that the M-PRAD patients in the risk-high group had worse OS than the risk-
low group, according to the mutiCox risk model constructed from these six immune cells (Figure 6). In
addition, we further combined CD274, TIGIT and the six immune cells to construct the mutiCox risk
model, and the results showed substantial differences in OS between the risk-low and risk-high groups in
the M-PRAD patients (Figure 7).

Discussion
Although PD-L1 was highly expressed in small-cell lung cancer [12], urinary tract epithelial carcinoma [13]
and head and neck carcinoma [14], and these tumor types had shown clinical e�cacy in anti-PD-L1
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antibody treatment. However, PD-L1 was almost unexpressed or low expressed in primary PRAD [15] and
high-risk prostate cancer tissues [16]. In addition, no e�cacy was shown in the treatment of castration-
resistant PRAD with anti-PD-L1 antibody [17]. Based on the cohort of 52 adjacent normal tissues and 499
PRAD tumor tissues provided by TCGA database, the down-regulation of CD274 mRNA was also
observed in PRAD tumor tissues. In addition, we performed IHC detection of CD274 protein in 200
adjacent normal tissues, 67 M-PRAD tumor tissues and 133 non-M-PRAD tumor tissues. CD274 was
down-regulated expression in both M-PRAD and non-M-PRAD tumor tissues compared to adjacent normal
tissues substantially, and the expression of CD274 in M-PRAD tumor tissues was substantially lower than
that in non-M-PRAD tumor tissues. Immune checkpoint inhibitors tend to be more effective against
tumors with high tumor mutation load, such as melanoma and non-small cell lung cancer, the two tumors
with the highest average number of mutations [14]. However, based on 7161 PRAD samples provided by
the Cbiopotal database, the TMB of CD274 was only 1.3%. Therefore, CD274 was under-expressed in
patients with PRAD and may be ineffective against PD-L1 inhibition.

The up-regulated expression of TIGIT has been observed in melanoma, breast cancer, gastric cancer and
other malignant tumors [5]. However, the expression of TIGIT in prostate cancer has not been
characterized. Compared to adjacent normal tissues, TIGIT protein was substantially up-regulated
expression in both M-PRAD and non-M-PRAD tumor tissues, while no difference was found between M-
PRAD and non-M-PRAD tumor tissues via IHC detection, and consistent with TCGA-PRAD cohort at mRNA
level. Currently, six anti-TIGIT mAbs have started clinical trials, including tiragomab (MTIG7192A;
RG6058), AB154, MK-7684, BMS-986207, ASP8374, and ASP8374 [18]. Compared with PD-L1 inhibitors,
anti-TIGIT mAb may be a better choice for PRAD patients.

In both our in-house cohort of CD274/TIGIT protein and TCGA cohort of CD274/TIGIT mRNA shown that
the differentially expressed CD274 or TIGIT was not suitable for predicting OS in PRAD patients. However,
the down-regulated expression of CD274 or up-regulated expression of TIGIT predicted poorer OS in M-
PRAD patients in our in-house cohort and SU2C-PCF Dream Team cohort. In humans and mice, CD155 is
one of the main ligand of TIGIT, which interacted to inhibit the function of effector T cells and NK cells
[18]. In addition, CD274 was the main ligand of PD-1, which interacted to inhibit the function of immune
effector cells [19]. Based on the mutiCox risk model of CD274/TIGIT, we divided M-PRAD cohort into risk-
high group and risk-low group. Through ssGSEA analysis, we found that compared with risk-low group,
TILs, B Cells, DCs, MHC_class_I, and T_cell_co-stimulation were substantially increased but neutrophils
were substantially decreased in risk-high group.

In tumor microenvironment, DCs was generally regarded as necessary for T cell-mediated cancer
immunity [20]. Normally, tumor-associated DCs captured tumor antigens and activated tumor-speci�c T
cells in draining lymph nodes [21]. However, considering the inhibitory mechanism within the tumor, DCs
are usually insu�cient to induce effective tumor immunity and depend on a speci�c subset of DCs [20].
The activation of tumor antigen-speci�c T cells was effectively stimuli via tumor-associated CD103+ DCs
and CD11b+ DCs [22]. However, the release of nitric oxide and arginase I in tumor-associated DCs
inhibited the function of tumor-speci�c T cells [23]. As a carcinogenic driver, STAT3 enhances tumor cell
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proliferation, survival and invasion, and inhibits the differentiation, maturation and function of DCs [24;
25]. The tumor-derived factor Toll-like receptor 2 stimulates the production of autocrine IL-6 and IL-10 in
cDC, and promotes DCs dysfunction [25]. Moreover, after TIGIT interacted with CD155, the antigen
presentation ability of CD155+ DCs decreases, and the secretion of co-stimulatory molecules and
proin�ammatory cytokines decrease, which in turn inhibits the activation of T cells [5]. The up-regulation
of PD-L1 can inhibit the killing of DCs by cytotoxic T lymphocytes and inhibit the anti-tumor response
[26]. However, Blocking PD-L1 on dendritic cells promotes the secretion of IL-10 by T cells [27], which
impaired the function of DCs [25]. We speculate that DCs in the risk-high group may be
immunosuppressive subtypes, and the subtypes of DCs need to be further con�rmed.

Generally, tumors can evade T cell responses by down-regulating MHC class I molecules [28]. According
to reports, in metastatic uveal melanoma, MHC class I negative has a better prognosis than MHC class I
positive [46]. In the process of colonization of colorectal tumor cells in liver tissue, NK cells kill MHC class
I negative tumor cells, thereby selecting MHC class I positive tumor cells for metastasis [29]. The possible
explanation for this phenomenon is that the complete loss of MHC class I antigen expression makes cells
susceptible to NK cell-mediated killing [30]. In the high-risk group, the high expression of MHC I may be
bene�cial to the metastasis of PRAD tumor cells.

It is well known that B cells promote T cell activation and proliferation through antigen presentation [31].
However, studies have shown that suppressor B cells have the ability to maintain immune tolerance and
promote the expression of IL-10 [32; 33]. In this study, we did not classify the subtypes of B cells. The
proportion of inhibitory B cells in the risk-high group may increase, and further veri�cation is needed.

T cell co-signaling receptors can transduce positive (co-stimulatory receptors) or negative (co-inhibitory
receptors) regulated TCR signals into T cells. However, there is a big gap in the characterization of the
unique functions of each co-stimulatory and co-inhibitory receptor [34]. In this study, we initially found
that in the risk-high group, the proportion of T_cell_co-stimulation increased, but its underlying
mechanism deserves further exploration.

Neutrophils are a plastic heterogeneous population with tumor-promoting and anti-tumor effects. Studies
have shown that neutrophils can promote tumor proliferation by secreting elastase, drive angiogenesis by
providing secretion of MMP-9, and promote tumor cell metastasis by degrading extracellular matrix [35].
However, tumor-associated neutrophils inhibited tumor cell metastasis by releasing hydrogen Peroxide
(H2O2) that kills disseminated tumor cells [36; 37]. Neutrophils may inhibit the metastasis of PRAD cells
by releasing H2O2 In metastatic PRAD tumor tissues. In this study, the cell proportion of neutrophils was
substantially reduced in the high-risk group, prompting the risk of tumor metastasis.

In summary, we further constructed a mutiCox model based on CD274/TIGIT and the above-mentioned
immune cells, and the results showed that it has signi�cance clinical value in predicting OS in M-PRAD
patients, and has good sensitivity and speci�city via ROC analysis.
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Figures

Figure 1

The TIGIT or CD274 was differentially expressed in pan-cancer, and associated with prognosis of PRAD
patients. The mRNA expression of TIGIT (A) and CD274 (B) in pan-cancer, and the disease-free survival
(DFS), disease-speci�c survival (DSS), overall survival (OS) and progression-free survival (PFS) in
multiple tumor types were provided by TCGA dataset. Note: *P<0.05, **P<0.01, *** P<0.0001.

Figure 2
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The mutation rates and protein expression of TIGIT or CD274 was detected in PRAD. (A) The mutation
rates of TIGIT or CD274 was obtained from cbioportal tool (https://www.cbioportal.org/). (B) The protein
expression of TIGIT or CD274 was detected via IHC detection. Note: *P<0.05, **P<0.01, *** P<0.0001, ns
represents no signi�cance. 

Figure 3

Up-regulated TIGIT or down-regulated CD274 predicted poor prognosis in M-PRAD patients at mRNA level
via the SU2C-PCF Dream Team dataset. The up-regulated TIGIT (A) and down-regulated CD274 (B)
predicted poor prognosis in M-PRAD patients via Kaplan-Meier survival curve. (C) The down-regulated
CD274 combined with the up-regulated TIGIT has better clinical value in predicting overall survival in M-
PRAD patients via mutiCox model.



Page 13/16

Figure 4

Up-regulated TIGIT or down-regulated CD274 protein expression predicted poor prognosis in M-PRAD
patients via IHC detection. The up-regulated TIGIT (A) and down-regulated CD274 (B) protein expression
predicted poor OS in M-PRAD patients via Kaplan-Meier survival curve. (C) The down-regulated CD274
protein expression combined with the up-regulated TIGIT protein expression has better clinical value in
predicting OS in M-PRAD patients via mutiCox model.

Figure 5

The in�ltration of immune cells in tumor tissues of M-PRAD patients was evaluated based on ssGSEA
algorithms.
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Figure 6

The mutiCox model based on B_cells, DCs, MHC_class_I, Neutrophils, T_cell_co-stimulation, and TILs has
good clinical value in predicting the OS of M-PRAD patients.
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Figure 7

The CD274/TIGIT and immune environment combined mutiCox model has good clinical value in
predicting the OS of M-PRAD patients.
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