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ABSTRACT 
 

Drugs that target immune checkpoint have become the most popular weapon in cancer immunotherapy, yet 
only have practical benefits for a small percentage of patients. Tumor cells constantly interact with their 
microenvironment, which is made up of a variety of immune cells as well as endothelial cells and fibroblasts. 
Immune checkpoint expression and blocked signaling of immune cells in the tumor microenvironment (TME) 
are key to tumor progression. In this study, we perform deliberation convolution on the TCGA database for 
human lung, breast, and colorectal cancer to infer crosstalk between immune checkpoint receptors (ICRs) 
and ligands (ICLs) in TME of pan-carcinogenic solid tumor types, validated by flow cytometry. Analysis of 
immune checkpoints showed that there was little variation between different tumor types. It showed that 
CD160, LAG3, TIGIT were found to be highly expressed in CD8+ T cells instead of CD4+ T cells, PD-L1, PD-L2, 
CD86, LGALS9, TNFRSF14, LILRB4 and other ligands were highly expressed on macrophages, FVR, NECTIN2, 
FGL1 were highly expressed on Epithelial cells, CD200 was highly expressed in Endothelial cells, and CD80 was 
highly expressed in CD8 High expression on T cells. Overall, our study provides a new resource for the 
expression of immune checkpoints in TME on various types of cells. Significance: This study provides immune 
checkpoint expression of immune cells of multiple cancer types to infer immune mechanisms in the tumor 
microenvironment and provide ideas for the development of new immune checkpoint-blocking drugs. 
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INTRODUCTION 
 

Tumor microenvironment (TME) has been the focus of 

tumor prognosis research in recent years, in which 

immune cells and stromal cells are two important 

components of TME. Recent studies have shown that 

immune cell infiltration in TME leads to host-tumor 

interactions. Immune cells play an integral role in cancer 

progression and treatment response and are important 

prognostic factors for cancer [1–3]. Immunotherapy has 

shown strong anti-tumor activity in the treatment of 

breast, liver, ovarian and other cancers, and was therefore 

named the most important scientific breakthrough of the 

year by Science magazine in 2013 [4, 5]. The U.S. Food 

and Drug Administration (FDA) has approved several 

tumor immunotherapy drugs for clinical use. 
 

With the application of immune checkpoint blockers 

(ICBs), scientists have come to realize that the immune 

activation generated by targeting programmed cell 

death 1 (PD-1) combined with PDL1and PDL2 [6], or 

cytotoxic T-lymphocyte associated protein 4 (CTLA-4) 

combined with CD80 and CD86 [7], is not enough to 

control tumor progression. Based on the conclusions of 

current preclinical and clinical studies, we can 

preliminarily see that the most promising targeted 

immune checkpoint receptors and ligands include,  

but are not limited to: lymphocyte-activation gene-3 

(LAG-3) combined with fibrinogen like 1 (FGL1) 

[8, 9], T-cell immunoglobulin and ITIM domain 

(TIGIT) combined with poliovirus receptors (PVR) and 

nectin cell adhesion molecule 2 (NECTIN2) [10–12], 

Hepatitis A virus cellular receptor 2 (HAVCR2) 

combined with lectin galactoside-binding soluble 9 

(LGALS9) [12–15], CD200 receptor 1 (CD200R1) 

combined with CD200 [16–20], CD160 combined with 

TNF receptor superfamily member 14 (TNFRSF14) 

[21–24], B and T lymphocyte associated (BTLA) 

combined with TNFRSF14 [22, 23, 25, 26], Leukocyte 

associated immunoglobulin like receptor 1 (LAIR1) 

[27–30] mainly combined with collagen, and leukocyte 

immunoglobulin like receptor B4 (LILRB4) with a 

variety of ligands [31–33]. We will cover these immune 

checkpoint molecules and highlight their expression  

at different tumor, at different cellular levels. The 

mechanism of interaction between these immune 

checkpoints is clearly and schematically described 

(Figure 1). 

 

 
 

Figure 1. Interactions between frontier immune checkpoint receptors and corresponding ligands. PD-1 is a potent T cell 

inhibitory receptor that binds to PDL1 or PDL2 to inhibit T cell activation, differentiation, and proliferation, resulting in an immunotolerant 
state; CTLA-4 has a significant strong affinity for CD80 and CD86, leading to blockade of CD80 and CD86 co-stimulation and inhibition of 
sustained T cell activation; Cell 1 (Th1) apoptosis, resulting in reduced autoimmune and anti-tumor immune responses. T cell immune 
receptors with TIGIT are thought to activate inhibitory receptors in T cells, NK cells, and regulatory T cells (Tregs), including NECTIN2 and 
high-affinity homologous receptor PVRs. CD160 binds broadly but weakly to MHC class I molecules, binds strongly to HVEM to attenuate 
the activity of specific subsets of CD4 T lymphocytes or enhance the activity of CD8 T cells, and also controls cytokine production in NK cells, 
while BTLA has two immunoreceptor tyrosine-based inhibitory motifs, and binding to HVEM is involved in providing an overall inhibitory 
immune response. CD200 is a type 1 cell membrane glycoprotein of the immunoglobulin supergene family, and its interaction with its 
receptor CD200R leads to the attenuation of multiple immune responses, FGL1, as a novel checkpoint ligand that surpasses the LAG3 
classical ligand MHC II, is a proliferation and metabolism-related protein secreted by the liver, and their binding transmits negative signals 
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to activated T cells to prevent immune-mediated tissue damage, and LAIR-1, a novel immunosuppressive transmembrane protein. 
Interactions with several of its ligands (e.g., extracellular matrix collagen, C1q complement components, surfactant protein D, and 
adiponectin) induce phosphorylation of ITIM and inhibit immune cell activation or differentiation, while LILRB4 binds to ligands such as 
ALCAM, ApoE, fibronectin, Galectin-8 and others to inhibit antigen-presenting cell activation, leading to immune tolerance. 

 

We know roughly from previous research that PD-1 is 

expressed on the surface of various immune cells, 

including activated CD4+ T cells, CD8+ T cells, B 

cells, natural killer T cells, monocytes, and dendritic 

cells DCs) while PD-L1 and PD-L2 are mainly 

expressed in tumor cells [34]. CTLA-4 is thought  

to be expressed only on T cells [35], CD80 and  

CD86 mainly localizing to cell membranes and rarely 

expressing in tumor interstitium, are expressed in 

activated B lymphocytes, activated T lymphocytes, 

macrophages, peripheral blood mononuclear cells, and 

DCs [36]. LAG3 is expressed in CD4 and CD8+ T cells, 

as well as T regs, and is required for optimal T cell 

regulation and homeostasis [37], and FGL1 was found 

to be highly expressed in human cancer cells [8]. TIGIT 

is an inhibitory receptor expressed on lymphocytes 

including T cells and B cells [38], while its ligand PVR 

is mainly expressed on T cells and natural killer cells 

[39], at the same time another ligand, NECTIN2, is 

highly expressed in epithelial tumors but low in non-

epithelial tumors [40]. HAVCR2 is a novel immune 

checkpoint protein recently discovered in different 

immune-associated cells, including T cells, Tregs, DCs, 

and macrophages [41–43], and LGALS9 is mainly 

expressed in immune cells, especially myeloid cells, 

including dendritic cells and monocytes [44]. In humans 

and mice, CD200R1 is expressed predominantly on 

myeloid cells monocytes, granulocytes, macrophages, 

and DCs), but also on natural killer cells NK) and T 

lymphocyte and B lymphocyte subsets [43, 45], while 

CD200 is predominantly expressed on B cells, DCs, and 

activated T cells, as well as vascular endothelial cells 

and many non-hematopoietic cell types, including cells 

within the central nervous system and retina neurons) 

[46]. CD160 is highly expressed in CD56dimCD16 NK 

cells, NKT cells, γδ T cells, CD8+CD28− T cells, a 

small subset of CD4+ cells, and intestinal intraepithelial 

T cells, and is aberrantly expressed in B-cell chronic 

lymphocytic leukemia, but not in normal B lymphocytes 

[47, 48], while TNFRSF14 is widely expressed on 

APCs, endothelial cells, and lymphocytes, with the 

highest expression on naïve T cells [49]. For BTLA, it 

is expressed on T, B, and NK cells, as well as DC and 

endothelial cells, and is especially highly expressed on 

impotent T cells [50]. LAIR-1 is expressed on most 

peripheral monocytes, including NK cells, T cells, 

B cells, monocytes, and dendritic cells [51]. LILRB4  

is mainly expressed in the myeloid lineage, such as 

monocytes, macrophages, neutrophils, and dendritic 

cells, and to a lesser extent on B cells, NK cells, and 

T cells [52]. 

However, the expression patterns of these ICRs and 

ICLs and their prognostic potential have not been 

studied from a pan-cancer perspective. And most 

current studies are based on a single cell subset or the 

interaction between two cells when studying the 

relationship between immune checkpoints and ligands, 

without macroscopic analysis of the expression of 

various cells in the immune microenvironment. The 

purpose of this study was to study the expression of 

multiple immune checkpoints and ligands in various 

immune cells and stromal cells in the tumor immune 

microenvironment, and to evaluate the role of different 

immune checkpoints in tumor immunotherapy. First,  

we searched the TCGA databases of breast cancer, 

colorectal cancer, and lung cancer, and performed 

bioinformatics analysis of 20 immune checkpoints and 

ligand expressions of 13 types of cells, and then used 

clinical fresh samples of breast cancer, colorectal 

cancer, and lung cancer for flow cytometry analysis. 

Finally, we uncover the effects of different immune 

checkpoints on different cells in the tumor immune 

microenvironment and provide potential therapeutic 

strategies for tumor immunotherapy. In conclusion, our 

study elucidates the differences in the expression of 

different immune checkpoints and ligands on different 

cells in different tumors and provides new possibilities 

for identifying better targets for tumor immunotherapy. 

 

RESULTS 
 

Distribution of immune cells and stromal cells in 

tumors 
 

First, the GEO database was used to analyze the 

expression of cell subsets in multiple cancer species. 

The results showed that 13 types of cells, including 

B cells, Plasma cells, CD4+ T cells, CD8+ T cells, 

classical dendritic cells cDCs), plasmacytoid dendritic 

cells pDCs), endothelial cells, epithelial cells, fibrocyte, 

macrophage, mast cells, monocyte, NK cells, could  

be detected in all the multi-cancer species evaluated 

Figure 2A, 2B). 

 

Then, the GEO database was used to evaluate the 

expression differences of these 13 cells in various types 

of tumors. Normal tissues and adjacent tissues were 

used as controls for differential expression analysis. We 

found that in bladder cancer, the expression of CD4 T 

cells, CD8 T cells, cDCs, epithelial cells, macrophages, 

mast cells, and plasma cells showed an up-regulated 

trend, while the expression of B cells, fibroblasts, and 
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monocytes showed a down-regulated trend. Breast 

cancer lacks a control between normal tissues and 

adjacent tissues, and its immune microenvironment is 

dominated by CD4 T cells, CD 8T cells, fibroblasts, 

epithelial cells, macrophages and B cells. In colorectal 

cancer, B cells, CD4 T cells, CD8 T cells are 

upregulated, and epithelial cells are downregulated.  

In gastric cancer, CD4 T cells are upregulated and 

fibroblasts and plasma cells are downregulated. And in 

ICC, cDCs, epithelial cells, and pDCs are upregulated 

while B cells are downregulated. In lung cancer, B cells, 

CD4 T cells, and CD8 T cells are up-regulated, while 

cDC, endothelial cells, fibroblasts, macrophages, and 

NK cells are down-regulated. In ovarian cancer, CD4 T 

cells, CD8 T cells, and epithelial cells were upregulated, 

and there were no significant differences in other cell 

subsets. In PDAC, B cells, CD4 T cells, CD8 T cells, 

endothelial cells, and fibroblasts are upregulated, and 

epithelial cells are downregulated. In prostate cancer,  

B cells, CD4 T cells, CD8 T cells, mast cells, and  

pDCs are upregulated, and cDCs, endothelial cells, 

monocytes, and plasma cells are downregulated. Finally 

in thyroid cancer, epithelial cells are upregulated, and  

B cells, CD4 T cells, CD8 T cells, cDCs, and NK cells 

are downregulated (Figure 2C). 

 

Expression levels of immune checkpoint inhibitors in 

pan-cancer 

 

Then, the GEO database was used to analyze the 

expression of these 10 ICRs in tumor, adjacent and 

normal tissues. The results showed that the expression 

of TIGIT, PD1, LILRB4, LAG3, CTLA4, CD200R1 

and BTLA was the highest in tumor tissues, the 

 

 
 

Figure 2. Distribution of various cells and immune checkpoints in the tumor immune microenvironment.  (A) t-SNE plots of 

tumor-infiltrating T cells and stromal cells, overlaid with color-coded clusters; (B) The expression of immune genes in different types of 
immune cells. The size of the dots represents the proportion of cells with positive gene expression, and the color represents the level of 
gene expression; (C) Heat map of the distribution ratio of cells in the immune microenvironment in normal tissues, adjacent tissues, and 
tumor tissues of a variety of tumors. 
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expression of LAIR1 and HAVCR2 in tumor tissues 

was lower than that of adjacent tissues but higher than 

that of normal tissues, and the expression of CD160 was 

the lowest in tumor tissues. A very special finding was 

that all kinds of receptors were least expressed in 

normal tissues, with the exception of CD160, which was 

expressed more in normal tissues than in tumor tissues 

(Kruskal-Wallis test, p < 0.001) (Figure 3A). 

 

 
 

Figure 3. Bioinformatics analysis of the distribution of 10 immune check site receptors on tissues and cells. (A) Expression 

ratios of 10 immune checkpoints receptors in tumors, blood, spleen, lung, muscle, and bone marrow tissues; (B) Bioinformatics analysis of 
the expression of 10 immune checkpoint receptors in 13 cell subsets showed a heat map of the normalized markers for each cluster, with 
data representing the entire tumor; (C) Bioinformatics analysis of receptor expression at 10 immune checkpoints, histogram showing high 
and low expression of each receptor on different cell subsets, and data representing the entire tumor. 
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In order to explore the correlation between ICRs 

expression and specific types of cell infiltration in  

the tumor immune microenvironment, the relative 

abundance of 13 cell types was inferred by gene set 

variant analysis (GSVA) based on the ICRs expression 

profile on TISIDB. The results showed that in n TCGA 

tumors, PD-1 expression was closely related to CD4+ 

T cells and CD8+ T cells, CTLA4 expression was 

closely related to CD4+ T cells, HAVCR2 expression 

was closely related to cDCs and macrophages, TIGIT 

expression was closely related to CD4+ T cells and 

CD8+ T cells, CD200R1 expression was closely related 

to cDC, LAG3 expression was closely related to CD8+ 

T cells, and CD160 expression was closely related to 

NK cellsBTLA expression was closely related to B 

cells, CD4+ T cells and pDCs, LAIR1 expression was 

closely related to macrophages and pDCs, and LILRB4 

expression was significantly related to macrophages and 

pDCs (Figure 3B). 

 

In addition, we again analyzed the correlation between 

the expression of these 10 ICRs and the gene 

expression of 13 cell subsets using other methods. The 

results showed that the expression trends of PD-1, 

TIGIT and LAG3 were similar in n TCGA tumors, 

with the highest expression levels in CD4+ T cells and 

CD8+ T cells, a small amount in B cells, cDCs, 

epithelial cells, fibroblasts, macrophages, NK and 

plasma cells, and almost no expression in endothelial 

cells, mast cells, monocytes and pDCs, and the 

expression trend of CTLA4 was similar to that of PD-

1, except that PD-1 was expressed in CD8+ T cells. 

The highest expression was on T cells, while CTLA4 

was highest on CD4+ T cells, and CTLA4 was almost 

non-expressed on NK cells, HAVCR2 was highly 

expressed on cDCs and macrophages, and almost no 

expression on endothelial cells and plasma cells, in 

addition, CD200R1 was the highest expression on 

cDCs, followed by CD8+ T cells, macrophages and 

mast cells, and CD160 was expressed only in CD8+ 

BTLA was most expressed on cDCs, followed by 

CD4+ T cells, and moderately expressed on B cells, 

plasma cells, pDCs, and CD8+ T cells, and finally 

LAIR1 and LILRB4 had a similar expression trend, 

with only high expression on macrophages and a small 

amount on other cells (Figure 3C). 

 

Subsequently, we applied flow cytometry to validate in 

fresh samples of human breast cancer, colorectal cancer, 

and lung cancer. We can see that PD-1 is most 

expressed in CD4+ T cells and CD8+ T cells among all 

three tumors, and there is no difference between the  

two groups, followed by monocytes, although no 
difference is observed in breast cancer (Figures 4A,  

5A, 6A). For CTLA4, CD4+ T cells were the most 

expressed, significantly higher than the second CD8+ T 

cells, and the expression of the rest of the cells was low, 

but epithelial cells and fibroblasts in lung cancer also 

expressed CTLA4 higher, which was not observed in 

breast cancer and colorectal cancer (Figures 4B, 5B, 

6B). In addition, pDCs and CD8+ T cells were also 

found to express HAVCR2 in high expression and 

CD4+ T cells in lung cancer, while CD4+ T cells in 

breast cancer and colorectal cancer expressed HAVCR2 

significantly lower than CD8+ T cells (Figures 4C, 5C, 

6C). TIGIT was highly expressed on CD4+ T cells and 

CD8+ T cells in all three tumors, moderately expressed 

on NK cells in colorectal cancer, and moderately 

expressed in monocytes in lung cancer (Figures 4D, 5D, 

6D). CD200R1 had the highest expression on cDCs, 

followed by CD8+ T cells, and moderate expression  

on CD4+ T cells, macrophages, and mast cells, which 

was consistent with bioinformatics analysis, except  

that pDC cells were also highly CD200R1 expressed  

by flow cytometry (Figures 4E, 5E, 6E). Similarly,  

flow cytometry results showed that LAG3 was highly 

expressed in CD4+ T cells and CD8+ T cells, with the 

remaining cell subsets being low or not expressed 

(Figures 4F, 5F, 6F). The results of CD160 were similar 

to the results of Bioxin, with high expression on CD8+ 

T cells and NK cells, in addition to CD4+ T cells in 

colorectal cancer, which was not observed in breast and 

lung cancer (Figures 4G, 5G, 6G). BTLA was found  

to be significantly increased in CD4+ T cells, cDCs, 

plasma cells, and pDCs. In contrast to bioinformatics 

analysis, flow cytometry analysis showed that CD8+ 

T cells expressed BTLA higher than B cells in breast 

cancer, and this trend was observed in colorectal cancer 

and lung cancer but no significant difference was 

observed (Figures 4H, 5H, 6H). In addition to the high 

expression of LAIR1 in macrophages, flow cytometry 

also found that cDCs and pDCs were also highly 

expressed in cDC and pDC cells in three tumors, and 

monocytes from colorectal and lung cancers were also 

found to express LAIR1 (Figures 4I, 5I, 6I). LILRB4 

was most expressed in macrophages and moderately 

expressed in cDCs, and monocytes and pDCs were also 

found to express LILRB4 higher than most cell subsets 

(Figures 4J, 5J, 6J). 

 

Expression levels of immune checkpoint ligands in 

pan-cancer 

 

Next, we used the GEO database to analyze the 

expression of these 10 ICLs in tumor, adjacent and 

normal tissues. The results showed that CD200, CD80 

and TNFRSF14 were the highest in tumor tissues, 

CD274 (PDL1), CD86, LGALS9, NECTIN2, PDL2, 

PVR were lower than those in adjacent tissues but 
higher than those in normal tissues, and FGL1 was the 

lowest in tumor tissues. It is important to note that these 

ligands are all least expressed in normal tissues, with 
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Figure 4. Flow cytometry analysis of the differences in the expression proportions of 10 immune checkpoint receptors in 13 
cell subsets in human breast cancer. (A) Flow cytometry analysis of the expression ratio of PD-1 in 13 cell subsets; (B) Flow cytometry 
analysis of the expression ratio of CTLA4 in 13 cell subsets; (C) Flow cytometry analysis of the expression ratio of HAVCR2 in 13 cell subsets; 
(D) Flow cytometry analysis of the expression ratio of TIGIT in 13 cell subsets; (E) Flow cytometry analysis of the expression ratio of 
CD200R1 in 13 cell subsets; (F) Flow cytometry analysis of the expression ratio of LAG3 in 13 cell subsets; (G) Flow cytometry analysis of the 
expression ratio of CD160 in 13 cell subsets; (H) Flow cytometry analysis of the expression ratio of BTLA in 13 cell subsets; (I) Flow 
cytometry analysis of the expression ratio of LAIR1 in 13 cell subsets; (J) Flow cytometry analysis of the expression ratio of LILRB4 in 13 cell 
subsets. 
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Figure 5. Flow cytometry analysis of the differences in the expression proportions of 10 immune checkpoint receptors in 13 
cell subsets in human colorectal cancer. (A) Flow cytometry analysis of the expression ratio of PD-1 in 13 cell subsets; (B) Flow 

cytometry analysis of the expression ratio of CTLA4 in 13 cell subsets; (C) Flow cytometry analysis of the expression ratio of HAVCR2 in 13 
cell subsets; (D) Flow cytometry analysis of the expression ratio of TIGIT in 13 cell subsets; (E) Flow cytometry analysis of the expression 
ratio of CD200R1 in 13 cell subsets; (F) Flow cytometry analysis of the expression ratio of LAG3 in 13 cell subsets; (G) Flow cytometry 
analysis of the expression ratio of CD160 in 13 cell subsets; (H) Flow cytometry analysis of the expression ratio of BTLA in 13 cell subsets; (I) 
Flow cytometry analysis of the expression ratio of LAIR1 in 13 cell subsets; (J) Flow cytometry analysis of the expression ratio of LILRB4 in 13 
cell subsets. 

11690



www.aging-us.com 9 AGING 

 
 

Figure 6. Flow cytometry analysis of the differences in the expression proportions of 10 immune checkpoint receptors in 13 
cell subsets in human lung cancer. (A) Flow cytometry analysis of the expression ratio of PD-1 in 13 cell subsets; (B) Flow cytometry 
analysis of the expression ratio of CTLA4 in 13 cell subsets; (C) Flow cytometry analysis of the expression ratio of HAVCR2 in 13 cell subsets; 
(D) Flow cytometry analysis of the expression ratio of TIGIT in 13 cell subsets; (E) Flow cytometry analysis of the expression ratio of 
CD200R1 in 13 cell subsets; (F) Flow cytometry analysis of the expression ratio of LAG3 in 13 cell subsets; (G) Flow cytometry analysis of the 
expression ratio of CD160 in 13 cell subsets; (H) Flow cytometry analysis of the expression ratio of BTLA in 13 cell subsets; (I) Flow 
cytometry analysis of the expression ratio of LAIR1 in 13 cell subsets; (J) Flow cytometry analysis of the expression ratio of LILRB4 in 13 
cell subsets. 
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the exception of FGL1, which is indeed the highest 

expressed in normal tissues. (Kruskal-Wallis test,  

p < 0.001) (Figure 7A). 

 

In order to explore the correlation between ICLs 

expression and specific types of cell infiltration in  

the tumor immune microenvironment, the relative 

abundance of 13 cell types was inferred by gene set 

variant analysis (GSVA) based on the ICLs expression 

profile on TISIDB. The results showed that the 

expression of PDL1 and PDL2 was closely related to 

cDCs, macrophages and mast cells in TCGA tumors. 

 

 
 

Figure 7. Bioinformatics analysis of the distribution of 10 immune check site ligands on tissues and cells. (A) Expression ratios 

of 10 immune checkpoint ligands in tumors, blood, spleen, lung, muscle, and bone marrow tissues; (B) Bioinformatics analysis of the 
expression of 10 immune checkpoint ligands in 13 cell subsets showed a heat map of the normalized markers for each cluster, with data 
representing the entire tumor; (C) Bioinformatics analysis of ligands expression at 10 immune checkpoints, histogram showing high and low 
expression of each receptor on different cell subsets, and data representing the entire tumor. 

11692



www.aging-us.com 11 AGING 

The expression of CD80 and CD86 was closely related 

to cDCs and macrophages. LGALS9 expression was 

closely related to cDCs, macrophages and monocytes, 

ADORA2A and NECTIN3 expressions were not 

correlated with each cell subset, PVR expression was 

closely related to endothelial cells and epithelial cells, 

NECTIN2 and FGL1 expression were closely related 

to epithelial cells, CD200 expression was closely related 

to endothelial cells, and TNFRSF14 expression was 

closely related to cDCs, epithelial cells and macrophages 

(Figure 7B). 

 

In addition, the correlation between the expression of 

these 10 ICLs and the gene expression of 13 cell 

subsets was again analyzed using Barplot. The results 

showed that the expression trends of PDL1 and PDL2 

were similar in n TCGA tumors, with the highest 

expression levels on macrophages, and the expression 

levels in cDC, epithelial cells, The expression trend  

of CD86 was similar to that of CD80, which was 

highly expressed in both cDCs and macrophages, 

except that CD86 was most expressed in macrophages, 

while CD80 was highest in cDC cells, and CD86  

was moderately expressed in mast cells without CD80, 

and LGALS9 was highly expressed in cDCs and 

macrophages, and was highly expressed in cDCs, 

CD200 was most expressed on endothelial cells  

and epithelial cells, followed by fibroblasts, and 

TNFRSF14 was most expressed on macrophages and 

moderately on cDCs, epithelial cells, endothelial cells, 

and B cells (Figure 7C). 

 

Subsequently, we applied flow cytometry to validate in 

fresh samples of human breast cancer, colorectal cancer, 

and lung cancer. Among the three tumors, PDL1 and 

PDL2 were the highest expressed in macrophages, 

followed by cDCs, and mast cells were expressed in low 

amounts. Unlike in the bioinformatics results, CD4+ 

T cells, CD8+ T cells, monocytes, and pDC cells were 

found to express PDL1 and PDL2 in moderate amounts 

by flow cytometry (Figures 8A, 8B, 9A, 9B, 10A,  

10B). For CD80, in addition to the high expression of 

cDCs and the moderate expression of macrophages, 

high expression of CD4+ T cells, moderate expression 

of CD8+ T cells and pDCs were also found to be 

significantly higher than those of other cell subsets 

(Figures 8C, 9C, 10C). The results of CD86 showed 

high expression on cDCs and macrophages, which were 

consistent with the results of bioinformatics analysis.  

In addition, pDCs were also found to moderately 

express CD86, and monocytes in colorectal cancer also 

moderately expressed CD86 (Figures 8D, 9D, 10D). 

The expression of LGALS9 cell subsets in the three 
tumors was quite different, with macrophages being the 

highest in breast cancer and lower in the rest of the cell 

subsets, and macrophages, epithelial cells, endothelial 

cells, and monocytes were all expressed more in 

colorectal cancer, while macrophages were only 

moderately expressed in lung cancer, and epithelial 

cells, endothelial cells, cDCs, CD8+ T cells, CD4+ T 

cells, and pDCs were all expressed higher (Figures 8E, 

9E, 10E). PVR showed high expression on endothelial 

cells, epithelial cells, fibroblasts, and cDCs in all three 

tumors, but only in breast cancer showed significant 

differences from other cell subsets, and unlike the 

bioinformatics results, pDCs also expressed moderate 

amounts of PVR (Figures 8F, 9F, 10F). The results of 

the NECTIN2 were also similar to the results of Bioxin, 

with the highest expression in epithelial cells and 

endothelial cells, and there was no difference between 

the two cells (Figures 8G, 9G, 10G). FGL1 was found 

to be most expressed in epithelial cells of breast and 

colorectal cancer, followed by fibroblasts, and there was 

a significant difference in lung cancer (Figures 8H, 

10H). In addition to this, we also found differences 

from bioinformatics analysis, which found that FGL1 

was highly expressed in endothelial cells, cDCs, CD8+ 

T cells, CD4+ T cells, and pDCs in breast and lung 

cancers, while only fibroblasts and epithelial cells were 

moderately expressed in colorectal cells (Figures 8H, 

9H, 10H). In addition to validating the high expression 

of CD200 in endothelial cells in bioletters, flow 

cytometry also found that epithelial cells and CD4+ 

T cells also expressed CD200 in three tumors, and 

fibroblasts in colorectal cancer were highly expressed 

CD200 (Figures 8I, 9I, 10I). The TNFRSF14 of breast 

and lung cancer is most expressed in macrophages, 

while in colorectal cancer the highest expression is in 

endothelial, epithelial, and fibroblasts, and macrophages 

are only moderately expressed (Figures 8J, 9J, 10J). 

CD4+ T cells, CD8+ T cells, monocytes, and pDCs 

were moderately expressed in the three tumors, which 

was TNFRSF14 higher than the proportion shown  

in the bioinformatics results. (Figures 8J, 9J, 10J). 

 

Correlation analysis and prognostic value of immune 

checkpoint expression in pan-cancer 

 

Use DriverDBv3 to study the relationship between  

the expression of immune checkpoint receptors and 

ligands and the clinical characteristics of various 

tumors, including overall survival (OS), progression 

free survival (PFS), and evaluate the prognostic value of  

the expression of various immune checkpoint receptors 

and ligands in different tumors. Lower NECTIN2 

expression levels were associated with longer OS 

(HR > 1) in ACC, LGG, and LUAD (Figure 11A–11D), 

and in KIRC, UCS, LUAD, STAD, ACC, and LUSC, 

lower NECTIN2 expression levels were associated with 
longer PFS (HR > 1) (Figure 11A–11D; Supplementary 

Figures 1–20). The expression of CD200 was positively 

correlated with the OS of SKCM and KIRC, and the 
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Figure 8. Flow cytometry analysis of the differences in the expression proportions of 10 immune checkpoint ligands in 13 
cell subsets in human breast cancer. (A) Flow cytometry analysis of the expression ratio of PDL1 in 13 cell subsets; (B) Flow cytometry 
analysis of the expression ratio of PDL2 in 13 cell subsets; (C) Flow cytometry analysis of the expression ratio of CD80 in 13 cell subsets; (D) 
Flow cytometry analysis of the expression ratio of CD86 in 13 cell subsets; (E) Flow cytometry analysis of the expression ratio of LGALS9 in 
13 cell subsets; (F) Flow cytometry analysis of the expression ratio of PVR in 13 cell subsets; (G) Flow cytometry analysis of the expression 
ratio of NECTIN2 in 13 cell subsets; (H) Flow cytometry analysis of the expression ratio of FGL1 in 13 cell subsets; (I) Flow cytometry analysis 
of the expression ratio of CD200 in 13 cell subsets; (J) Flow cytometry analysis of the expression ratio of TNFRSF14 in 13 cell subsets. 
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Figure 9. Flow cytometry analysis of the differences in the expression proportions of 10 immune checkpoint ligands in 13 
cell subsets in human colorectal cancer. (A) Flow cytometry analysis of the expression ratio of PDL1 in 13 cell subsets; (B) Flow 
cytometry analysis of the expression ratio of PDL2 in 13 cell subsets; (C) Flow cytometry analysis of the expression ratio of CD80 in 13 cell 
subsets; (D) Flow cytometry analysis of the expression ratio of CD86 in 13 cell subsets; (E) Flow cytometry analysis of the expression ratio of 
LGALS9 in 13 cell subsets; (F) Flow cytometry analysis of the expression ratio of PVR in 13 cell subsets; (G) Flow cytometry analysis of the 
expression ratio of NECTIN2 in 13 cell subsets; (H) Flow cytometry analysis of the expression ratio of FGL1 in 13 cell subsets; (I) Flow 
cytometry analysis of the expression ratio of CD200 in 13 cell subsets; (J) Flow cytometry analysis of the expression ratio of TNFRSF14 in 13 
cell subsets. 
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Figure 10. Flow cytometry analysis of the differences in the expression proportions of 10 immune checkpoint ligands in 
13 cell subsets in human lung cancer. (A) Flow cytometry analysis of the expression ratio of PDL1 in 13 cell subsets; (B) Flow 
cytometry analysis of the expression ratio of PDL2 in 13 cell subsets; (C) Flow cytometry analysis of the expression ratio of CD80 in 13 
cell subsets; (D) Flow cytometry analysis of the expression ratio of CD86 in 13 cell subsets; (E) Flow cytometry analysis of the expression 
ratio of LGALS9 in 13 cell subsets; (F) Flow cytometry analysis of the expression ratio of PVR in 13 cell subsets; (G) Flow cytometry 
analysis of the expression ratio of NECTIN2 in 13 cell subsets; (H) Flow cytometry analysis of the expression ratio of FGL1 in 13 cell 
subsets; (I) Flow cytometry analysis of the expression ratio of CD200 in 13 cell subsets; (J) Flow cytometry analysis of the expression 
ratio of TNFRSF14 in 13 cell subsets. 
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PFS of GBM, CHOL, and KIRP, but negatively 

correlated with the OS of BLCA; the expression  

of CD86 was positively correlated with the OS of 

SKCM, UCEC, and the PFS of UCS and ACC, but  

was negatively correlated with the OS of LGG, UVM, 

THYM’s OS, LGG, PRAD, and GBM’s PFS were 

negatively correlated; CD80 expression was positively 

correlated with SKCM, LUAD, CHOL’s OS, and OV’s 

 

 
 

Figure 11. A significant correlation between immune checkpoint receptor/ligand expression and pan-cancer prognostic 
value is dependent on DriverDBv3. Expression of NECTIN2 was associated with overall survival (OS) in ACC (A), LGG (B), and LUAD (C); 
(D) Correlation between the expression of 20 immune checkpoint receptors/ligands and OS of various tumors, red: positive correlation, 
P < 0.05, blue: negative correlation, P < 0.05, white: no significant difference, P > 0.05; (E) Correlation between the expression of 20 
immune checkpoint receptors/ligands and PFS of various tumors, red: positive correlation, P < 0.05, blue: negative correlation, P < 0.05, 
white: no significant difference, P > 0.05. 
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PFS, while it was positively correlated with LGG, 

KIRC’s OS, PRAD, GBM, and KIRP’s PFS was 

negatively correlated; the expression of PDL2 was 

positively correlated with the OS of SKCM, OV, 

CHOL, and the PFS of SKCM, CHOL, and LIHC, and 

negatively correlated with the OS of LGG and STAD, 

and the PFS of LGG and KIRP; the expression of PDL1 

was positively correlated with SKCM, KIRC, OV’s OS, 

KIRC’s PFS were positively correlated, and negatively 

correlated with LGG, THYM’s OS, and GBM’s PFS; 

LILRB4 expression was positively correlated with 

SKCM, CESC, KIRP, UCS’s OS, UCS’s PFS, and 

LGG’s OS. The PFS of LGG and PRAD were 

negatively correlated; the expression of LAIR1 was 

positively correlated with the OS of SKCM, THYM, 

and SARC, and negatively correlated with the OS  

of LGG and UVM, and the PFS of LGG, PRAD,  

and GBM; the expression of CTLA4 was positively 

correlated with the OS of SKCM and HNSC, the  

PFS of OV and LUAD was positively correlated, and 

negatively correlated with the OS of LGG, THYM, 

KIRC, and the PFS of LGG; the expression of CD160 

was positively correlated with the OS of SKCM, BLCA, 

and THCA, and negatively correlated with the OS of 

LGG, UVM, and THYM, and there is no significant 

difference in the PFS analysis of cancer types; the 

expression of LAG3 is positively correlated with the  

OS and PFS of SKCM, and negatively correlated with 

the OS of LGG, UVM, THYM, KIRC, LAML, and  

the PFS of PRAD, KIRP, UVM, and DLBC. The 

expression of CD200R1 was positively correlated with 

the OS of SKCM and LUAD, the PFS of SKCM and 

CHOL, and negatively correlated with the OS of LGG, 

UVM, THYM, and TGCT; the expression of TIGIT was 

positively correlated with the OS of SKCM, CESC, 

HNSC, BRCA, ACC. The PFS of UCEC was positively 

correlated with the OS of UVM and THYM, and 

negatively correlated with the PFS of GBM, UVM, and 

THYM; the expression of HAVCR2 was positively 

correlated with the OS of SKCM, KIRC, and KIRP, and 

the PFS of KIRC and ACC, and negatively correlated 

with the PFS of LGG, UVM, and TGCT. The OS and 

PFS of LGG and PRAD were negatively correlated; the 

expression of TNFRSF14 was positively correlated with 

the OS of THYM, SARC, BLCA, BRCA, CHOL, 

MESO, and the PFS of CHOL and KIRC, and 

negatively correlated with the OS and PFS of LGG; the 

expression of LGALS9 was positively correlated with 

the OS of SKCM, CESC, SARC, HNSC, and BLCA, 

and the PFS of SKCM, and negatively correlated with 

the OS of LGG, UVM, DLBC, and the PFS of LGG 

and THYM; the expression of FGL1 was positively 

correlated with the OS of UCEC and MESO. There 
was a negative correlation with the OS of LGG,  

KIRC, CESC, STAD, UCS, and ESCA, and the PFS of 

LGG, STAD, and CESC; the expression of PD-1 was 

positively correlated with the OS of SKCM, SARC, 

HNSC, BRCA, UCEC, STAD, and the PFS of OV  

and negatively correlated with OS of LGG, UVM, 

KIRP, and LAML; BTLA expression was positively 

correlated with OS of SKCM, CESC, SARC, HNSC, 

LUAD, BRCA, UCEC, OV, and PFS of LIHC, and 

UVM, TGCT, KICH OS, PFS of PRAD were 

negatively correlated; PVR expression was positively 

correlated with OS of PAAD, and with OS of LGG, 

CESC, HNSC, BLCA, LUAD, KIRP, MESO, THCA, 

ACC, PRAD, GBM, SKCM, UCS, LUAD, PFS of 

BRCA were negatively correlated (Figure 11D, 11E). 

 

In addition, we found that all CPR/CPL expressions 

with significant differences in LGG, CHOL, and OV 

were negatively correlated with OS and PFS, and all 

CPR/CPL expressions with significant differences in 

SKCM, SARC, BRCA, and UCEC were negatively 

correlated with OS and PFS. All are positively 

correlated with OS. All CPR/CPL expressions with 

significant differences in UVM, TGCT, LAML, and 

ACC are negatively correlated with OS. All CPR/CPL 

expressions with significant differences in ACC and 

LIHC are positively correlated with PFS, all CPR/CPL 

expressions with significant differences in PRAD, 

UVM, THYM, and STAD were negatively correlated 

with PFS. 

 

DISCUSSION 
 

Triggering suppressive immune checkpoints in TILs 

hampers cancer immune surveillance. Additionally, 

cancer cells elevate immune checkpoints due to  

local inflammation, fostering tumor growth and 

aggressiveness. Thus, ICBs serve not only to restore 

depleted/dysfunctional TILs but also to directly impact 

tumor cells. In our study, we investigated the expression 

patterns of new and old immune examination site 

receptors and ligands, including PD-1 and CTLA4, as 

well as 13 immune microenvironment cells in TCGA 

pan-cancer. We found that high expression of PVR and 

NECTIN2 predicts poor prognosis in a variety of 

cancers. Coincidentally, they are both ligands for 

TIGIT, and the expression of PVR and NECTIN2 is 

strongly correlated with epithelial and endothelial cells, 

and are more expressed in tumor tissues than in normal 

tissues. These results suggest that the expression of 

PVR and NECTIN2 is associated with the clinical 

features of a variety of tumors and can be used as 

prognostic predictors of LGG, LUAD, and ACC. 
 

It is well known that PVR is associated with the tumor 

immune microenvironment [53]. PVR is considered to 
be a modulator of the immune response in cancers 

such as LUAD, colorectal cancer, melanoma, etc., 

[54–57]. NECTIN2 also gives new expectations in 
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cancers such as HCC, BRCA, PRAD [58–60].  

Our analysis revealed the correlation between PVR  

and NECTIN2 expression and the tumor immune 

microenvironment or tumor microenvironment in 

cancer, and further solidified the critical role of  

PVR and NECTIN2 in tumor immune regulation. 

Subsequently, our flow cytometry results revealed that 

PVR, NECTIN2 epithelial cells, endothelial cells, 

fibroblasts, cDCs, and pDCs concentrated in tumor 

tissue, as expected. Other reports suggest that PVR, 

NECTIN2 are expressed on epithelial and endothelial 

cells. Our findings confirm these results to some 

extent. In addition, the latest studies have pointed out 

that in most tumors, the expression of PVR and 

NECTIN2 is positively correlated with PD-L1, B7-H3, 

LGALS9 and CD80/CD86 [61–63]. Upregulation of 

immune checkpoints and immunosuppressive molecules 

(e.g., PD-L1, B7-H3, LGALS9 and CD80/CD86) has 

been described as one of the hallmarks of T cell 

depletion and suggests a state of T cell dysfunction 

[64, 65]. T cell depletion status has been reported  

to serve as a drug guide for immunotherapy [65]. 

Based on these findings, we can speculate that PVR 

and NECTIN2 may predict T cell status based on  

our results and may become molecular markers for 

immunotherapy. It is worth noting that PVR, NECTIN2 

have a low correlation with immune checkpoint 

receptors in tumors, which may be due to the almost 

non-existent expression of PVR and NECTIN2 on 

immune cells (Figure 7) and explain the beneficial  

role of low expression of PVR, NECTIN2 in tumor 

survival assays. 

 

LGG is a common malignant primary tumor in the 

central nervous system, and most patients will 

eventually develop a highly aggressive glioma despite 

comprehensive conventional treatment. Notably, our 

results suggest that OS and PFS of LGG are inversely 

correlated in the expression of various ICRs/ICLs. 

Recent studies have shown that LGGs in the poor 

prognostic subtype are characterized by high mutational 

burden, high frequency of copy number changes,  

and high levels of tumor-infiltrating lymphocyte and 

immune checkpoint genes [66]. However, the study  

was limited to PD-1/PD-L1/CTLA-4. In addition,  

LGG has a unique immunosuppressive tumor immune 

microenvironment compared to IDH-wild-type HGG 

and brain metastases, but there is still a lack of 

awareness of the LGG immune microenvironment, 

potential biological pathways, and impact on immuno-

therapy [67]. 

 

To combat melanoma, surgery stands as the primary 
approach for treating localized instances of this 

formidable skin cancer. Yet, even after excising  

the tumor, the potential for both local and distant 

recurrence looms, especially in cases of thicker or 

ulcerated tumors, or when lymph nodes are affected 

[68]. Immunotherapy utilizing immune checkpoint 

inhibitors (ICIs) directed at PD-1, PD-L-1, or CTLA-4 

has become a prominent treatment strategy for SKCM. 

Additionally, innovative approaches such as anti-

LAG-3 ICIs, adoptive cell therapies, intratumoral 

immunotherapies, and cancer vaccines are under 

development to address drug resistance and enhance 

patient outcomes [69]. 

 

UVM stands as the prevalent primary intraocular 

malignancy among adults, which exhibits less 

responsiveness to chemotherapy or immune checkpoint 

inhibitors compared to SKCM [70]. There is a suggestion 

that immune cells infiltrating UVM encompass a variety 

of cell types, including CD8+ T cells that primarily 

express the checkpoint marker LAG3 rather than PD1 

or CTLA4. This proposes LAG3 as a potential target  

for immune checkpoint blockade in high-risk UVM 

patients [71]. 

 

PRAD ranks as the primary cause of mortality among 

men [72], and inherently exhibits resistance to ICBs 

[73], and neither monotherapy targeting anti-PD-1/PD-

L1 nor anti-CTLA-4 demonstrates a significant impact 

on the overall survival of prostate cancer patients [74, 

75]. Resistance to ICBs in PRAD has been associated 

with intrinsic mechanisms within tumor cells as well as 

the limited presence of immune infiltrates dominated 

by macrophages [76]. In PRAD, tumor-specific CD4+ 

and CD8+ T cells exhibit rapid upregulation of LAG-3 

upon encountering antigens in vivo. Treatment with 

anti-LAG-3 monoclonal antibodies enhances both the 

number and effector function of tumor-specific CD8+ 

T cells in TRAMP mice, thereby slowing tumor growth 

[77]. Moreover, Tregs within human PRAD lesions 

demonstrate upregulation of CTLA-4 and LAG-3 [78]. 

However, recent data have shown low expression of 

LAG-3 in infiltrative PRAD lesions, which challenges 

the aforementioned finding [79]. Further research is 

necessary to elucidate the precise role of LAG-3 in  

T cell depletion and/or Treg function in PRAD. 

Currently, a clinical trial is underway to investigate  

the efficacy of an anti-LAG-3 monoclonal antibody  

in combination with anti-PD-1 for the treatment of 

castration-resistant PRAD (ClinicalTrials.gov identifier: 

NCT03365791). Data regarding TIM-3 in PRAD 

patients are conflicting. One study indicates that 

elevated TIM-3 expression on PRAD cells predicts 

shorter recurrence-free survival and progression-free 

survival in chemotherapy- and radiotherapy-naïve 

PRAD patients [80]. Conversely, other studies have 
identified negative TIM-3 expression as an independent 

prognostic factor for a poor prognosis in advanced 

metastatic PRAD [81]. 
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MATERIALS AND METHODS 
 

Human samples 

 

Fresh samples of 286 cases of breast cancer, 302 cases 

of colorectal cancer, and 308 samples of lung cancer 

(see Table 1 for clinical data of patients) were collected 

from the operating room of our hospital to isolate 

immune cells and stromal cells. 

 

Specimen collection 

 

Within 30 minutes of separation of the surgical 

specimens, the intestinal lumen was longitudinally 

dissected in the sterile environment of the operating 

room, rinsed with sterile saline, and an appropriate 

amount of colorectal cancer, paired cancer, and normal 

tissue specimens were cut with a sterile scalpel. Masses 

should be selected to avoid necrotic or purulent tissue. 

Paracancerous tissue is defined as a 2–3 cm opening on 

the edge of the lump. Paired normal tissue is defined as 

the colorectal mucosal epithelial tissue with normal 

margins (2–10 cm from the tumor). The obtained tissue 

specimens were placed in 10× bispecific antibody 1640 

medium and quickly transferred to the laboratory or 

−80°C cryogenic freezer for storage in a cryogenic 

container. 

 

Primary cell separation 

 

Trim the tissue into a sterile six-well plate to remove 

necrosis, bruising, fat, and excess tissue. Specimen 

washing was performed: 10× bispecific antibody + 

40 μg/mL gentamicin PBS 25 mL in a 50 mL sterile 

centrifuge tube were washed 3 times. Then, 10× 

bispecific antibody + 40 μg/mL gentamicin 10% FBS 

1640 were washed in a 50 mL sterile centrifuge tube at 

40–60 rpm for 15 min × 3 times, each microscopic 

examination. For each of these steps, the sterile 

centrifuge tube needs to be replaced. Tissue digestion is 

followed: 1–2 mm of tissue is first minced with sterile 

ophthalmic scissors. (Optionally, a 1 mM dithiothreitol 

(DTT) solution in PBS containing tissue equivalent to 

6 times the amount of tissue pellet was added and 

incubated at 37°C for 30 min.) Then centrifuge at 

800 rpm for 5 min and discard the supernatant, followed 

by 1:6 digest (collagenase 41 mg/mL, hyaluronidase  

20 μg/mL) at 37°C for 2 h with vigorous shaking for  

30 sec every 30 minutes. It was then filtered with a 40 

μm filter. Finally, lymphocyte pre-enrichment (optional): 

the first step is 800 rpm low-speed centrifugation to 

remove debris. In the second step, resuspend the cells in 

complete medium (lymphocytes pre-enriched with 70–

30% percoll centrifugation for 25 min). The third step, 

PBS wash 2 times. Finally, the pellet is resuspended  

in complete medium overnight or for further testing. 

Flow cytometry 

 

Flow cytometry is divided into two parts, the first is 

extracellular staining: the first step is to collect cells, 

2500 rpm for 5 min, and discard the supernatant; stain 

with buffer 1 mL at 2500 rpm, wash cells for 5 min× 

1 time. In the second step, discard the supernatant and 

resuspend the cells with 50 μL of buffer. In the third 

step, add 2-5-10-20 μL of antibody, and incubate for 15 

min at room temperature and in the dark. Finally, stain 

buffer 1 mL at 2500 rpm for 5 min, wash once, and 

carefully aspirate and discard the supernatant. 

 

For the intracellular stained fraction: first collect the 

cells, 2,500 rpm for 5 min, and discard the supernatant. 

The cells were then resuspended in 250 μL of fixation 

and perforated at 4°C for 20 minutes. Then 1 mL wash 

buffer 3500 rpm was washed twice in 5 minutes. Cells 

are then resuspended in 50 μL of staining buffer. 

Antibodies were then added, 2-5-10-20 μL, protected 

from light, and incubated for 30 min. Then stain buffer 

1 mL at 3500 rpm and wash once for 5 min. Finally, 

stain the cells with buffer 250 μL-500 μL and resuspend 

them for detection. 

 

Data collection 

 

We downloaded a total of 1217 breast cancer patients’ 

gene expression profiles from The Cancer Genome 

Atlas (TCGA) based on the cancer genomics data 

analysis platform UCSC Xena (https://xena.ucsc.edu/, 

accessed on 17 June 2022) [33]. By integrating clinical 

data such as age, grade, survival status, and survival 

time, a total of 1069 cases of breast cancer patients were 

obtained. Then, the gene expression profiles (GSE20711) 

[34] and clinical information of 90 breast cancer 

patients were retrieved from the Gene Expression 

Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/ 

accessed on 3 July 2022). For the above datasets, we 

converted the Ensemble ID into a gene symbol and 

averaged the values when multiple probes were mapped 

to the same gene. 

 
Correlation of immune checkpoints expression to 

tumor clinical characteristics 

 
GEPIA2 (http://gepia2.cancer-pku.cn/#index) was used 

to analyze the correlation between tumor stages  

and Siglec-9 mRNA expression using “major stage”  

and “log2 (TPM + 1) for log-scale”. The association 

between Siglec-9 mRNA expression and overall 

survival (OS), disease-specific survival (DSS), disease-

free interval (DFI), and progression-free interval (PFI) 

depended on TCGA databases and was analyzed on  

the DriverDBv3 (http://driverdb.tms.cmu.edu.tw/) with 

mean of Siglec-9 expression as cutoff value. The online 
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Table 1. Characteristics of clinicopathological information in patients with colorectal, breast, and lung cancer. 

 All patients Colorectal cancer Breast cancer Lung cancer 

Number 896 302 286 308 

Age (range) 49.38 (25–70) 48.81 (29–70) 47.26 (25–68) 51.91 (35–70) 

Male/Female 367/ 171/131 2/284 194/114 

Tumor size  ≤5 cm: ≤2 cm: ≤10 cm: 
  >5 cm: >2 cm: >10 cm: 

TNM stage, number (%)     

I  61 (20.20) 86 (30.07) 47 (15.26) 

II  93 (30.79) 115 (40.21) 78 (25.32) 

III  90 (29.80) 57 (19.93) 93 (30.19) 

IV  58 (19.21) 28 (9.90) 90 (29.22) 

Vascular invasion  91 (30.13) 64 (22.38) 137 (44.48) 

Lymphatic invasion  99 (32.78) 87 (30.42) 123 (39.94) 

TNM stage is referred to AJCC cancer staging manual (8th version). 
 

database UALCAN network (http://ualcan.path.uab.edu/) 

was also used to verify the OS analysis with default 

settings. Siglec-9 expression in diverse molecular 

subtypes was analyzed on The Integrated Repository 

Portal for Tumor-Immune System Interactions (TISIDB, 

http://cis.hku.hk/TISIDB/index.php). 

 

Correlation of immune checkpoints expression to 

immunological characteristics 

 

TIMER (https://cistrome.shinyapps.io/timer/) and 

TIMER2.0 (http://timer.comp-genomics.org/) were used 

to assess the correlation between the Siglec-9 

expression and immune cell infiltration for TCGA 

tumors and CGGA-LGG dataset with TIMER score  

and CIBERSORT score (Newman et al., 2015) using 

immune infiltrates query function and estimation 

function. The results of estimation were visualized  

by R package “psych”. TISIDB, a user-friendly web 

instrument to explore comprehensive investigation of 

tumor-associated immunity, was used to analyze the 

association between Siglec9 mRNA expression and 

tumor immune subtypes, and specific types of immune 

cell infiltration. We estimated Siglec-9 expression in 

diverse molecular subtypes, and immune subtypes 

involving C1 (wound healing), C2 (IFN-γ dominant), 

C3 (inflammatory), C4 (lymphocyte deplete), C5 

(immunologically quiet), and C6 (TGF-β dominant) 

subtypes. Specific types of immune cell infiltration of 

28 TIL types were inferred by using gene set variation 

analysis (GSVA) based on the Siglec-9 expression 

profile on TISIDB. 

 

Statistical analysis 

 

The expression of ICRs and ICLs in different tissue was 

used by Kruskal–Wallis test, and between tumor tissues 

and normal tissues were estimated by t-test. Additionally, 

the expression of ICRs and ICLs in different grades of 

glioma was utilized by t-test and ANOVA test. Kaplan–

Meier curves were visualized to compare the survival 

patients stratified based on different levels of expression 

of ICRs and ICLs. The relationship between ICRs  

and ICLs and TMB (tumor mutation burden), MSI 

(microsatellite instability), MMR gene mutation, immune 

checkpoints, DNMT, immune score, stromal score, 

ESTIMATE score, and immune cells was evaluated by 

Pearson and Spearman correlation analyses. p < 0.05  

was recorded as statistically significant for all analyses 

unless otherwise specified. 

 

tSNE 

 

Statistical analysis was conducted using RStudio 

(R version 4.1.2). The counts data was read using  

the CreateSeuratObject function from the Seurat 

package (Version 4.0.4) and the matadata was read 

using the read.table function. The identified clusters 

were visualized using the tSNE method. For subcluster 

analysis, similar procedures were used, including 

normalization, variably expressed feature selection, 

dimension reduction, and cluster identification. To 

annotate different clusters, the FindAllMarkers function 

was used to identify differential expression markers in 

the resulting clusters by the default non-parametric 

Wilcoxon rank sum test with Bonferroni correction.  

The top 3 markers between different clusters were 

visualized by the plot_genes_by_group function in 

monocle3 package (Version 1.0.0). 

 

Heatmap 

 

Visualization of the proportion of each cell type was 

performed using the heatmap package (Version 1.0.12). 
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Barplot 

 

For 20 markers (PDCD1, CTLA4, HAVCR2, TIGIT, 

CD200R1, LAG3, CD160, BTLA, LAIR1, LILRB4, 

CD274, PDCD1LG2, CD80, CD86, LGALS9, PVR, 

NECTIN2, FGL1, CD200, TNFRSF14), the proportion 

of positive cells was calculated separately, and chi 

square test was used for inter group comparison 

between tumor, normal, and adjacent tissues. The 

barplots were visualized by the ggplot function in 

ggplot2 package (Version 3.3.5). 

 

Data availability statement 

 

This work is based on a secondary analysis of publicly 

available datasets. Informed consent is not required. 

Data used and analyzed during the current study are 

available from UCSC Xena (https://xena.ucsc.edu) and 

GEO (https://www.ncbi.nlm.nih.gov/geo). The datasets 

generated and analyzed in this study may be obtained 

from the corresponding authors upon reasonable request. 

 

CONCLUSIONS 
 

In summary, our investigation reveals associations 

between various immune checkpoint expressions and 

their correlation with pan-cancer as well as specific 

cellular components of the immune microenvironment. 

PVR and NECTIN2 expression serve as prognostic 

indicators in patients diagnosed with LGG, LUAD, 

ACC, and UCS. Across most tumor types, there exists 

a robust correlation between PVR and NECTIN2 

expression and infiltration of epithelial cells. However, 

in LUAD and UCS, epithelial cells do not emerge as 

the primary cellular component, suggesting that PVR 

and NECTIN2 might hold greater significance in  

LGG and ACC. Notably, elevated levels of PVR and 

NECTIN2 are predictive of poorer prognosis and could 

potentially influence the progression of LGG and ACC 

through immune modulation and disruption of normal 

physiological functions. Overall, our findings propose 

PVR and NECTIN2 as promising biomarkers for 

prognostic assessment and evaluation of immune 

infiltration across various tumor types, particularly in 

LGG and ACC. Nevertheless, further experimental 

validation is essential to corroborate these findings. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. A significant correlation between PDL1 expression and pan-cancer prognostic value. Expression of 

PDL1 was associated with overall survival (OS) in KIRC (A), SKCM (B), OV (C), LGG (D), THYM (E), and progression free survival (PFS) in KIRC 
(F), GBM (G), PAAD (H). 

 

11709



www.aging-us.com 28 AGING 

 
 

Supplementary Figure 2. A significant correlation between PDL2 expression and pan-cancer prognostic value. Expression of 

PDL2 was associated with overall survival (OS) in CHOL (A), SKCM (B), OV (C), LGG (D), STAD (E), and progression free survival (PFS) in CHOL 
(F), LIHC (G), SKCM (H), KIRP (I), LGG (J). 
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Supplementary Figure 3. A significant correlation between PD1 expression and pan-cancer prognostic value. Expression of 

PD1 was associated with overall survival (OS) in BRCA (A), HNSC (B), UCEC (C), SKCM (D), STAD (E), SARC (F), LAML (G), LGG (H), KIRP (I), 
UVM (J) and progression free survival (PFS) in OV (K). 
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Supplementary Figure 4. A significant correlation between CD80 expression and pan-cancer prognostic value. Expression of 

CD80 was associated with overall survival (OS) in CHOL (A), SKCM (B), LUAD (C), KIRC (D), LGG (E), and progression free survival (PFS) in OV 
(F), KIRP (G), LGG (H), PRAD (I). 
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Supplementary Figure 5. A significant correlation between CD86 expression and pan-cancer prognostic value. Expression of 

CD86 was associated with overall survival (OS) in CESC (A), SKCM (B), UVM (C), LGG (D), THYM (E), and progression free survival (PFS) in ACC 
(F), UCS (G), GBM (H), LGG (I), PRAD (J). 
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Supplementary Figure 6. A significant correlation between CTLA4 expression and pan-cancer prognostic value. Expression of 
CTLA4 was associated with overall survival (OS) in HNSC (A), SKCM (B), KIRC (C), LGG (D), THYM (E), and progression free survival (PFS) in 
LUAD (F), OV (G), LGG (H). 
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Supplementary Figure 7. A significant correlation between CD86 expression and pan-cancer prognostic value. Expression of 

CD86 was associated with overall survival (OS) in BLCA (A), CESC (B), HNSC (C), SKCM (D), SARC (E), DLBC (F) and progression free survival 
(PFS) in LGG (G), UVM (H), SKCM (I), LGG (J), THYM (K). 
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Supplementary Figure 8. A significant correlation between HAVCR2 expression and pan-cancer prognostic value. Expression 

of HAVCR2 was associated with overall survival (OS) in KIRC (A), KIRP (B), SKCM (C), LGG (D), TGCT (E), UVM (F) and progression free survival 
(PFS) in ACC (G), KIRC (H), LGG (I), PRAD (J). 
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Supplementary Figure 9. A significant correlation between PVR expression and pan-cancer prognostic value. Expression of 

PVR was associated with overall survival (OS) in PAAD (A), BLCA (B), ACC (C), MESO (D), THCA (E), PRAD (F), LUAD (G), LGG (H), KIRP (I), 
HNSC (J), CESC (K) and progression free survival (PFS) in BRCA (L), GBM (M), LUAD (N), SKCM (O), UCS (P). 
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Supplementary Figure 10. A significant correlation between NECTIN2 expression and pan-cancer prognostic value. 
Expression of NECTIN2 was associated with overall survival (OS) in ACC (A), LGG (B), LUAD (C), and progression free survival (PFS) in ACC 
(D), KIRC (E), LUAD (F), LUSC (G), STAD (H), UCS (I). 
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Supplementary Figure 11. A significant correlation between TIGIT expression and pan-cancer prognostic value. Expression of 
TIGIT was associated with overall survival (OS) in BRCA (A), CESC (B), HNSC (C), SKCM (D), THYM (E), UVM (F), and progression free survival 
(PFS) in ACC (G), UCEC (H), THYM (I), GBM (J), UVM (K). 
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Supplementary Figure 12. A significant correlation between TNFRSF14 expression and pan-cancer prognostic value. 
Expression of TNFRSF14 was associated with overall survival (OS) in THYM (A), SARC (B), MESO (C), CHOL (D), BRCA (E), BLCA (F), LGG (G), 
GBM (H), and progression free survival (PFS) in CHOL (I), KIRC (J), LGG (K). 
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Supplementary Figure 13. A significant correlation between CD160 expression and pan-cancer prognostic value. Expression 

of CD160 was associated with overall survival (OS) in BLCA (A), THCA (B), SKCM (C), LGG (D), THYM (E), UVM (F). 

 

11721



www.aging-us.com 40 AGING 

 
 

Supplementary Figure 14. A significant correlation between BTLA expression and pan-cancer prognostic value. Expression of 
BTLA was associated with overall survival (OS) in BRCA (A), CESC (B), HNSC (C), LUAD (D), OV (E), SARC (F), SKCM (G), UCEC (H), UVM (I), 
KICH (J), TGCT (K) and progression free survival (PFS) in LIHC (L), PRAD (M). 
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Supplementary Figure 15. A significant correlation between CD200 expression and pan-cancer prognostic value. Expression 

of CD200 was associated with overall survival (OS) in KIRC (A), SKCM (B), BLCA (C), and progression free survival (PFS) in CHOL (D), GBM (E), 
KIRP (F). 
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Supplementary Figure 16. A significant correlation between CD200R1 expression and pan-cancer prognostic value. 
Expression of CD200R1 was associated with overall survival (OS) in LUAD (A), SKCM (B), LGG (C), TGCT (D), THYM (E), UVM (F), and 
progression free survival (PFS) in CHOL (G), SKCM (H). 
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Supplementary Figure 17. A significant correlation between FGL1 expression and pan-cancer prognostic value. Expression of 
FGL1 was associated with overall survival (OS) in UCEC (A), MESO (B), KIRC (C), LGG (D), ESCA (E), STAD (F), CESC (G), UCS (H), and 
progression free survival (PFS) in CESC (I), LGG (J), STAD (K). 
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Supplementary Figure 18. A significant correlation between LAG3 expression and pan-cancer prognostic value. Expression of 
LAG3 was associated with overall survival (OS) in SKCM (A), KIRC (B), LAML (C), LGG (D), THYM (E), UVM (F), and progression free survival 
(PFS) in SKCM (G), KIRP (H), PRAD (I), DLBC (J), UVM (K). 
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Supplementary Figure 19. A significant correlation between LAIR1 expression and pan-cancer prognostic value. Expression of 

LAIR1 was associated with overall survival (OS) in SARC (A), SKCM (B), THYM (C), LGG (D), UVM (E), and progression free survival (PFS) in 
GBM (F), LGG (G), PRAD (H). 
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Supplementary Figure 20. A significant correlation between LILRB4 expression and pan-cancer prognostic value. Expression 
of LILRB4 was associated with overall survival (OS) in CESC (A), KIRP (B), UCS (C), SKCM (D), LGG (E), and progression free survival (PFS) in 
UCS (F), LGG (G), PRAD (H). 
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